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PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.

My name is Gerald C. Hartman. My business address
is Hartman & Associates, Inc., Southeast Bank
Building, Suite 1000, 201 East Pine Street,
Orlando, Florida 32801.

COULD YOU BRIEFLY DESCRIBE YOUR EDUCATIONAL
BACKGROUND AND YOUR PROFESSIONAL QUALIFICATIONS
RELATIVE TO THE WATER AND WASTEWATER INDUSTRY.

I received my Bachelors of Science degree in Civil
Engineering from Duke University in 1975 and my
Masters of Science degree in Environmental
Engineering in 1976 from Duke University. I have
published over thirty papers on water and
wastewater utility systems and have been involved
in numerous technical traihing sessions and
geminars. I have co-authored one book and my
second book concerning water and wastewater systems
is in preparation. I am a registered professional
engineer in the States of Florida, Georgia,
Maryland, North Caroiina, South Carolina, Alabama,
Arizona, Mississippi, Pennsylvania and Virginia. I
am a Diplomate of the American Academy of
Environmental Engineers. I also am a member of and
have served as an officer in numerous organizations
and associations operating in the water/wastewater
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industry.

PLEASE DESCRIBE YOUR PROFESSIONAL ENGINEERING
EXPERIENCE CONCERNING WATER AND WASTEWATER
UTILITIES.

I have been the engineer of record for over forty
water and wastewater master plans and numerous
capital improvement programs. I have been involved
in over fifty hydraulic model analyses of water and
wastewater systems. In addition, I have been
involved in numerous studies and investigations
ranging from pilot programs to value engineering
investigations. I have performed numerous water
process evaluations from simple aeration to reverse
osmosis and wasté&ater process evaluations from
secondary treatment to adVanceé'biological nutrient
removal systems.

I also have been involved in the design of
over $500 million of water and wastewater
facilities in the State of Florida. These designs
range from small, méingle well systems to large
municipal and investor-owned systems. I have been
involved in over $1 billion in publicly owned water
and wastewater financing in Florida. Finally, I
have prepared used and useful analyses on over 200
water and wastewater facilities for investor-owned
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utilities across the State of Florida. A copy of
my resume and qualifications are attached to my

comments as Exhibit (GCH-1) .

HAVE YOU TESTIFIED PREVIOUSLY AS AN EXPERT IN THE
AREA OF WATER AND WASTEWATER FACILITY ENGINEERING
PREVIOUSLY?

Yes. I have testified before this Commission as an
expert in the area of water and wastewater utility
engineering in a number of cases, including
Southern States’ last four rate filings (Docket No.
950495-WS being the most recent). I have also
testified as an expert in water and wastewater
proceedings before county regulatory authorities.
I have been accepted by the Florida DOAH and
Florida courts as an expert iﬁ a variety of water
and wastewater utility cases for subject areas such
as water and wastewater facility design and
valuation.

WHAT IS THE PURPOSE OF YOUR COMMENTS?

To present expert “épinion on behalf of and to
present the position of Southern States Utilities,
Inc. ("SSU") regarding the Commission’s proposed
Rule 25-30.431, Margin of Reserve.

WHAT IS THE POSITION OF SSU?

SSU supports the position of the Florida Waterworks
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Association ("FWWA") and the revisions to the
proposed rule which FWWA advocates in the comments
it has filed. 1In the event, however, that FWWA's
positions are not accepted, SSU supports certain
alternatives I will identify later in my testimony.
My comments focus primarily on economies of scale
and the traditional approach to margin reserve --
reminiscent of my testimony in Docket No. 950495-
WS.

WOULD YOU LIKE TO MAKE ANY GENERAL COMMENTS FIRST?
Yes. As I have testified to previously and cannot
emphasize enough, it 1is absolutely critical that
the Commission consider investment required by
statutes, rules and regulations as used and useful.
The Commission must keep this in mind when
considering a proper margin reserve. In Section
367.111(2), Florida Statutes, the Commission is
charged with insuring that wutilities provide
service '"as prescribed by Part VI of Chapter 403
and Parts I and II kachapter 373, or rules adopted
pursuant thereto; but such service will not be less
safe, less efficient, or less sufficient than is
consistent with the approved engineering design of
the system and the reasonable and proper operation
of the utility in the public interest." Rule 25-
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30.225, Florida Administrative Code, reinforces
Section 367.111. It is improper for the Commission
to disallow through the used and useful mechanism
utility investment required by governmental
regulations or by generally accepted design
criteria referenced by those regulations. The
Commission should not put the utility in the
position where the utility cannot recover costs
sufficient to comply with the rules and regulations
which other governmental units and agencies (and
the Commission itéelf through the laws I have
cited) impose on the utility and for violation of
which the utility is held accountable. It is
similarly inappropriate for the Commission to
disallow through an artificially short margin
reserve period that investment necessary to provide
the "efficient" service which is "consistent with
the approved engineering design" of facilities, as
referred to in Section 367.111(2) (i.e., economy of
scale). The Commission must therefore utilize and
develop used and useful practices, and in this
situation margin reserve practices specifically,
which do not deprive utilities of investment in
facilities prudently planned and economically
sized. Used and useful cannot be divorced from

5
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regulétory requiremenﬁé and engineering
considerations.

There 1s no question that the incentive
created by the Commission’s current used and useful
methodologies, and in particular the margin reserve
policy now reflected in the Commission’s proposed
rule, 1is for utilities to design and construct
facilities in the smallest possible increments
necessary to meet only immediate demand as that
demand becomes clear and present. This incentive
does not promote the prudent planning, economies of
scale, and environmental protection goals the
Commission should promote. There 1is also no
question the incentive of the current policy will
increase the cost to the utility to current and
future customers, and to the State, as well as
increase the likelihood of harm to the environment.

The Commission’s proposed Rule 25-30.431 does
not cure the inappropriate deprivation of required
and economic invespment which 1is caused by the
Commission’s current policies and does not strike a
more reasoned balance between proper incentives and
the Commission’s concern with fair allocation of
costs to different generations of customers.

WHY IS THAT?
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The proposed rule reflects current Commission
policy on margin reserve and imputation of CIAC,
which ignores the concerns I have mentioned.

The unfairness of the current used and useful
policy is further underscored by the fact that
under this policy, current customers receive all of
the benefits of economies of scale -- a lower per
unit cost, more reliable service, envirconmental
safety -- while the utility must bear all of the
risk from economies of scale -- a cost difference
in unit sizes that is deemed non-used and useful
and relegated to uncertain recovery through AFPI.

Current margin reserxrve policy is that a
utility should have plant capacity available for
growth without having to undertake plant expansion;
therefore, the margin reserve period is equal to an
estimated average duration for plant construction,
when, the theory goes, most expansion costs are
incurred. Aside from its other flaws, this
reasoning 1is incogéistent in that the margin
reserve 1is considered a surrogate for plant
expansion, but the higher costs associated with
expansion are not considered. Current margin
reserve policy, a substitute for expansion, takes
full advantage of the lower cost characteristics of

7



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

existing plant -- due to economies of scale and
other factors -- while ignoring the higher cost
characteristics of the plant expansion the policy
would have utilities avoid.

It is beyond doubt that economies of scale
exist for utility facilities. The Economy of Scale
Evaluation which I presented in Docket No. 950495-
WS and which I will discuss herein proves the
extent of those economies. Yet, it has only been
in extremely rare cases, where a utility has
invested a great deal of time and expense to
present the Commission with a cost comparison/cost
separation study showing the economies of a
specific plant or plant component, that the
Commission has in any way reflected economies of
scale in used and useful. (E.g. Order No. PSC-93-
1288-FOF-SU, issued September 7, 1993, Florida
Cities Water Company, South Fort Myers.) Economies
of scale are known to exist. They can be and have
been measured. Xét economies of scale are
steadfastly ignored by the Commission on a routine
basis. It is not reasonable to require a
painstaking dissection of a known fact at a
considerable price in rate case expense. Nor is it
practical to expect a utility to build facilities

8



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

and take advantage of economies of scale when the
utility’s investment in those facilities, despite
the fundamental existence of economies of scale, is
subject to this kind of uncertainty and risk in a
Commission rate proceeding.

I therefore strongly urge the Commission to
accept the industry’s proposals.
WHY IS A MARGIN RESERVE, AND MORE SPECIFICALLY AN
ADEQUATE MARGIN RESERVE, NECESSARY?
There are three basic reasons: (1) economic
benefit 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 some portioﬂ of the'econoﬁy of scale benefits
I will describe. Second, if no margin reserve or
an inadequate margin reserve 1s 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
water pressure, connection moratoria, insufficient
chlorine contact time, lack of sufficient disposal
facilities, improper discharge of wastewater, and

9
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insufficient wastewater treatment to name a few.
All of these problems can occur due simply to the
variability of demand. Thirxrd, 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 results from
there being no margin reserve or an inadequate
margin reserve and should be scrupulously avoided.
IS MARGIN RESERVE SOLELY FOR FUTURE CUSTOMERS?

No. The existing customers Dbenefit from the
capacity to serve their needs, to attenuate the
impacts of growth Min 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 variability, and
smaller facilities demonstrate higher wvariability

10
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in demand than do larger facilities. To
illustrate, if growth were only about 3% per year,
in 3 years only 9% to 10% growth on the average
would occur. For most water ©plants, the
variability of the maximum day demand from existing
customers can easily be 10% from year to year.
Further, margin vreserve 1is 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. Those
who oppose margin reserve expect the customers to
receive all the benefits of the margin reserve but
with the costs and risks therefor borne exclusively
by the utility.
COULD YOU PLEASE DESCRIBE ECONOMIES OF SCALE AND
HOW ECONOMIES OF SCALE SHOULD BE CONSIDERED IN
SETTING MARGIN RESERVE?
Yes. First, an economy of scale is the phenomenon
of a decreased per\phit 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 unit cost of
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$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 attained in the operation and
maintenance costs for running a larger versus a
smaller plant.

As I indicated earlier, that the economy of
scale phenomenon occurs with water and wastewater
facilities and facility components is without
guestion. The purpose of the Economy of Scale
Evaluation I prepared and which was submitted into
evidence in Docket No. 950495-WS was to identify
and measure the economies of scale for the capital
costs of water and wastewater treatment facilities
and components.

Briefly stated, this Evaluation examined the
average cost and per unit;cost of the following
facilities/componehts: extended aeration package
wastewater treatmen;ﬁplants; contact stabilization
wastewater treatment plants; blowers, filters, and
chlorination units for wastewater plants; standby
generators for water and wastewater plants;
prestressed concrete ground storage tanks, steel
ground storage tanks; water plant disinfection

12
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(chlorination) equipment; high service pumps;
hydropneumatic tanks; lime softening water
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 pér unit of capacity on
one axis of a graph and capacity on the other, were
created for all facilities/components examined and
appéar in the Evaluation text. These unit cost
curves clearly demonstrate the economy of scale
associated with the identified facilities/
components. 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. For ease in reference, I have attached as
Exhibit (GCH-2) a one page summary
illustration of water plant component unit cost
curves and a blow-up of the unit cost curve for a
steel ground storaggftank ("GST") .

From the steel GST unit cost curve in Exhibit
__ (GCH-2), one should note the "inflection
point" in the curve. The "inflection point" of the
unit cost curve refers to the point at which the
relative maximum economy of scale is achieved and

13
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beyond which the wunit price remains nearly
constant. In the case of the steel GSTs, 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 1is 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.
Exhibit (GCH-3) contains a series of
graphs which .illustrate the appropriate margin
reserve period needed to promote and preserve the
economies of scale for certain of the facilitiesg/
components analyzed in the Economies of Scale
Evaluation, which is itself attached as Exhibit

(GCH-4) . Note that the presentation of

information on the illustrations in Exhibit
(GCH-3) is somewhat different from what was
presented in Docket No. 950495-WS. Modifications
were made so the /presentation would be more
condensed and simplified. As before, however, all
of the underlying data comes from the Economy of
Scale Evaluation.

For purposes of illustration and analysis
here, I would group the facilities/components

14
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inciuded in the Economies"of Scale Evaluation in
three categories: (1) facilities/components with a
nature conducive to expressing economies in terms
of growth in flow/volume over time, (2) 1lines
(water lines and wastewater gravity and force
mains) and (3) other components. Facilities/
components in the first group are generally sized
based on flow/volume requirements, so economies of
scale can be examined with growth in flow/volume
over a period of time. This group includes the
following: Steel ground storage tanks, prestressed
concrete ground storage tanks, pressure filters,
gravity filters, contact stabilization wastewater
treatment plants, extended aeration wastewater
treatment plants, reverse osmésis water treatment
plants, lime softening water treatment plants,
blowers, pumps, and water wells. Lines have been
segregated for analysis because of regulatory
requirements, design considerations, economic
features, etc. wbich are not conducive to
expressing economies in terms of growth over time.
The same is also true for components in the third
group, which  includes auxiliary generators,
hydropneumatic tanks, and chlorination equipment.
As I will explain below, the approach for
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demonstrating economies of scale for 1lines 1is
somewhat different than that for facilities in the
first group. Components in the third group are not
addressed in Exhibit (GCH-3) and should be
considered 100% used and useful (and margin reserve
not a consideration) for reasons I will explain
below.

The illustrations in Exhibit _ (GCH-3) are
largely self explanatory. I will however make a
few brief points to better relate their purpose.
The Exhibit covers a sample of various facilities/
components in the first group referenced above.
Each page of the Exhibit contains a number of
panels as follows: (1) a graph showing growth in
demand at a steady rate of 3% per year, (2) a
timeline comparison of various phasing scenarios,
(3) a graph depicting phasing intervals over time
for the same scenarios, and ﬂ4) a graph identifying
the investment savings associated with larger
sizing and the margin reserve period necessary to
insure that savings is captured. For example, the
steel GST on page 1 of Exhibit (GCH-3)
requires a 15 year margin reserve to insure
customers receive the benefit of, and utilities
take advantage of, economies of scale. None of the

-«
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illustrations in Exhibit (GCH-3) for
facilities/components in the first group reveal a
margin reserve period less than 7 years as the
duration necessary for insuring economies of scale
savings.

Attached as Exhibit _  (GCH-5) are present
value charts, preceded by an explanation of those
charts, which illustrate an important point about
economies of scale. The charts show the present
value for installing a steel GST (as an example)
assuming the scenarios therein described. From
these charts one can clearly see the illogical
economic signal the Commission sends utilities by
measuring used and useful and limiting margin
reserve as it has in 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 and
margin reserve pracpices act as a disincentive to
economies of scale and corrupt the decision-making
process. Without a change to margin reserve
practices and assuming used and useful 1is
unchanged, the Commission encourages a utility to
install the smallest tank necessary so the utility
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may recover the greatest portion of its total
investment. The present value tables reveal that
the smallest GST necessary 1s not the most cost-
effective choice. The Commission can correct this
illogical economic signal and encourage economies
of scale through an appropriate allowance for the
margin reserve.

ARE THERE OTHER REASONS ECONOMIES OF SCALE SUPPORT
THE FIVE YEAR MARGIN RESERVE?

All of the arguments I have made above and those
asserted by FWWA support an economic investment
approach to margin reserve. The idea is to capture
in margin reserve the cost of the economic
investment needed to provide service during the
margin reserve period.

The proposed rule refers to the margin reserve
period as the "time period needed to install the
next economically feasible increment of plant
capacity that will preclude a deterioration in the
quality of ser#ice.ﬂf I believe that such language
is appropriate. However, it stands to reason that
if the time period for installing the next
economically feasible increment of plant 1is
considered, the costs should be as well.

SSU supports FWWA’'s rule proposal for margin

18
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reserve on water source and treatment and
wastewater treatment and effluent disposal (other
than reuse). The illustrations for the group one
facilities/components in Exhibit (GCH-3)
clearly support FWWA’s proposal. FWWA’s proposal
is a step toward properly insuring economies of
scale consideration in used and useful and will
take the Commission one step <closer to the
threshold sizing approach for used and useful which
the Commission should consider. Through that
approach one directly analyzes the level of
investment needed for the standard sized facilities
required for providing service to customers through
the margin reserve period. While that analysis may
be more complicated, the‘marg{n reserve period 1is
less critical because greater focus is placed on
the level of investment required for a facility
than on projections for demand.

There 1is a portion of required utility
investment which thé FWWA proposal for group one
facilities/componeﬁts does not fully capture in the
margin reserve which a threshold approach would,
including (1) saturation loss (the recognized
phenomenon that not all capacity required will be
utilized, e.g. not all lots will connect); (2) the
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project costs which afe wincurred regardless of
facility size for planning, engineering, permitting
and start-up operations (hereinafter referred to as
"PEPO costs") ; and (3) the material and
installation costs for threshold facility sizing
and the minimum facility sizing. The FWWA proposal
as to lines (and pump stations) does, however,
appropriately capture such costs.
WHAT IS "SATURATION LOSS"?
Saturation loss is a well known and recognized
phenomenon in development. A project may have 100
platted lots, but it is rare that the project has
100 utility customers. In a single development
there are exceptions, although a utility has this
phenomenon compounded from development to
development for each one served. The phenomenon
occurs due to any of the following reasons
reminiscent of why the lot-count method is
inappropriate:
(1) A lot may be uﬁbuildable.
(2) Redevelopment for stormwater, roads or other
reasons can use up lots.
(3) Utility facilities may encumber a few lots.
(4) A.family may wish to locate their home on more
than one lot.
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(5) Zoning can change to affect lots.

(6) A lot could be environmentally encumbered
(wetlands, vegetation, stormwater, pollution,
etc.)

(7) Due to regulations (i.e. septic tank density
agreements) lots may be unbuildable though the
water lines are present.

(8) A community may wish to convert lots into
parks, nature areas, etc.

(9) A lot may never sell.

(10) A lot may sell but never be built on, etc.

It is even less likely in larger more regional
facilities to attain saturation or build-out of all
lots, in fact the "saturation loss" increases. My
work in bonding over $3 billiond of public water and
wastewater facilities in the Southeast, my work
with both Moody’s Standard & Poors and Fitch and my
work in the Easterly Orange County $27 million
"tri-party" bonds all have exposed me to the
reality of this fggf. Standard texts in Urban
Structure, Urban Studies, and Planning and Decision
Analysis reflect this concept. The amount can vary
from facility to facility. Taking the example for
the 100 lot subdivision possibly 10% of the lots
would never become customers (they may be sold but
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will not result in customers) of the utility.

WHAT ARE "PEPO" COSTS?

As indicated earlier, PEPO is the planning,
engineering, permitting and operations start-up
requirements of a project. PEPO costs will be
incurred regardless of the size of the facility
constructed. Typical PEPO costs are shown in the
table in Exhibit (GCH-#6) . From a cost
standpoint, as a percent Qf construction cost
facilities, a PEPO curve, also shown in Exhibit

(GCH-6) can be developed. Investment in PEPO

costs primarily occurs prior to construction.

Typically, PEPO costs for investor owned utilities

generally from 10 to 25 percent.

WHAT IS THRESHOLD SIZING?

Threshold sizing involves three factors:

(a) Standard sizes or manufacture for pipelines
and plants.

(b) Minimum State/Local Regulatory Requirements
(e.qg. gravitxf sewers being 8~inch in
diameter) .

(c¢) Level of Service Requirements (such as minimum
pressure, chlorination, back-up requirements,
maintenance, etc.)

To illustrate, the standard size plant may be
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20,000 gpd for a margin reserve period demand of
17.920 gpd. The cost for the remaining 2,080 gpd
in this example should be allocated to the margin
reserve as reasonably economically feasible and not
adjusted as non-used and useful for the simple
reason that the 20,000 gpd plant costs less than a
custom 17.920 gpd plant. Also, for a utility which
must serve a development the required pipe size may
be 6-inch though an approximate 4.5-inch pipe may
hydraulically suffice. The utility has no option
to build a 4.5-inch pipe as 4.5-inch pipe is not a
standard pipe size. The difference between a four
(4) inch and six (6) inch may be about $2/foot or
15%. That 15% threshold extra cost should be
reflected in used and useful. Exhibit ______ (GCH-
7) contains a 1listing of standard facility and
component sizes éé well as a brief 1list of
pertinent regulatory requirements which address
facility and component sizing.

WHAT DO YOU MEAN BYWSAYING NO "LESS OF A FACILITY"
CAN BE USED?

If you must serve a customer, and the smallest
facility or component to serve the cusﬁomer or set
of customers is used, then nothing less would work.
This amount can be determined and should be
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recognized as used and usefﬁl.

PLEASE EXPLAIN WHY YOU SUPPORT FOR THE FWWA’S
POSITION ON LINES?

As I indicated earlier, water lines and wastewater
gravity and force mains must be constructed and
designed to meet certain regulatory requirements.
Where fireflow 1is required, for example, the
minimum size water line permittable is 6 inches.
Further, the utility is required to provide service
to all customers in it service area, and, as Mr.
Seidman states, there are economic considerations
to consider for repiping areas. Similarly, for
gravity lines the minimum size gravity sewer line
is 8-inches. This is a requirement set forth in
Rule 62-604.300(4) (b), PF.A.C.  In addition these
lines are required to be laid at relatively steep
slopes and have excess hydraulic capacity. The
minimum line size is a threshold size established
based on practical field experience. And for force
mains the minimum a;lbwable force main size is four
inches and this 1is set forth in Rule 62-
604.300(4) (b), F.A.C. In addition to being state
requirements these minimum requirements are
consistent with the Land Development Regulations of
cities and counties throughout Florida.
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Exhibit __ (GCH-8) attached hereto contains
several tables and charts comparing the capacity
and costs for various line sizes and line types.
In summary, this Exhibit illustrates the following
points: (1) the cost of oversizing a line 1is
substantially less than the cost of undersizing a
line only to replace or run another line parallel
to the undersized line; (2) the difference in the
customer serving capacity of lines is significant
from one standard line size to the next, while the
cost difference is not as significant; and (3) the
economies of scale associated with installing lines
of a greater versus shorter linear distance 1is
substantial.

I believe it will be in extraordinarily rare
cases that the Commission may find an investor-
owned utility in Florida which has installed lines
of a size greater than required by and permittable
under the pertinent regulations. Such situations
would have to be gﬁamined case-by-case and cost
efficiencies considered. However, SSU believes
FWWA’s proposed rule for lines (and sewage pump
stations) 1is appropriate because of regulatory
requirements, economic considerations, and, most
importantly, the utility’s service obligation.
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WHAT IS THE PURPOSE OF THE INFORMATION FOR WATER
LINES, WASTEWATER GRAVITY LINES, AND WASTEWATER

FORCE MAINS IN EXHIBIT (GCH-8) ?

If the Commission rejects FWWA’s proposal as to
lines (and sewage pump stations), the referenced
information should serve as the basis for an
alternative approval. The Exhibit shows the
tremendous economies of scale for different line
types -- economies which in large part arise from
savings in installation and PEPO costs. These
economies of scale should be considered in
establishing margin reserve for lines if FWWA's
proposal is rejected.

COULD YOU PLEASE‘ ADDRESS THE THIRD GROUP OF
FACILITIES EXAMINED IN - THE ECONOMIES OF SCALE
EVALUATION?

Components in the third group are not addressed at
in Exhibit (GCH-3) and should be considered
100% used and useful (and margin reserve not a
consideration) . \The economies ©of scale and
standard sizing @ for auxiliary generators,
hydropneumatic tanks, and chlorination equipment
specifically are displayed in the Economy of Scale
Evaluation, on pages 48, 62 and 47, respectfully,
in Exhibit (GCH-4). The Commission ruled
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that auxiliary generators and hydropneumatic tanks
should be 100 % used and useful in SSU’s last rate
proceeding, Docket No. 950495-WS. Chlorination
equipment should not be treated any differently
because of economies of scale and threshold sizing
considerations.

REGARDING THE PROPOSED RULE, DO YOU HAVE ANY

RECOMMENDATIONS AS TO THE DEFINITION OF "MARGIN

RESERVE"?

Yes. Margin reserve is not only what is stated but

also should include:

(1) wvariability in demand,

(2) long-term economic cost-effectiveness
considerations,

(3) regulatory reserve capacity requirements
(i.e., FDEP and WMD rules, regulations and
practices),

(4) standard sizing of facilities,

(5) threshold costs and

(6) the concept of no less of a facility would be
required.

The FWWA definition of Margin Reserve 1is
appropriate. Margin reserve should provide the
economic incentive to build facilities which can
attain lower long-term rates over the useful life
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of the asset and to assure the quality of service
to meet the varying demand conditions. This
results in the lowest present value of all rates
paid by the customer. Currently, with the
practices of the Commission and the application of
the present used and useful and margin reserve
policies, the wutility, which provides for the
public health, safety and welfare, is not put in
the position of being made-whole on a stand-alone
basis.

DO YOQU AGREE WITH THE COMMISSION PROPOSED RULE'’S
DEFINITION OF THE "MARGIN RESERVE PERIOD"?

No. "Installation" refers solely to construction
time. The total time necessary is that to plan and
finance, plant, engineer/design, permit, construct
and "shake-down" operate the facility improvement/
expansion.

In the public sector, without economic
regulation, this period is shown in the utility
element of the Comprehensive planning documents. A
minimum of a 5-year planning period with the
commensurate capital improvement element/funding is
the Statewide practice. In my 20 years of Florida
water and wastewater utility consulting engineering
practice, all of the plans I have been associated
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with include a minimum term of 5 years and a few
have gone out over forty (40) years. The necessary
margin reserve period is not just the construction
time the "PEPO" (planning, engineering, permitting
and initial start-up operations) time period is
missing.

IS EIGHTEEN MONTHS ADEQUATE TIME FOR PLANT
EXPANSION?

No. In most instances today, if a utility must
construct additional capacity to keep ahead of the
customer demands, it needs more than eighteen
months to complete the process. This is especially
true in some areas such as Lehigh where there is a
fragile water supply and a relatively complex

treatment process necessary to treat the water.

Three vyears is more realistic. Attached as
Exhibit (GCH-9) is a step by step process for
the addition of water treatment capacity. It

should be noted that the attached list is not all
inclusive and outlines only the major activities
for the addition of water treatment plant. This
outline assumes a relatively simple water treatment
facility with no major delays in the permitting,
design or construction _processes. In a more
complicated process, for example one involving an
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R.O. facility with an injection well, the
permitting and construction time would more than
likely be extended by at least one vyear.

The basic steps for wastewater treatment plant
expansion are extensive and similar to the water
treatment plant list discussed previously. With
wastewater plants, further delays can arise after
construction. Since effluent quality standards
must be met for all wastewater treatment plant
additions as of the start-up date, additional time
may be reqguired to adjust treatment operations
prior to a plant’s becoming fully operational.

As I have stated earlier, in prior rate cases,
the Commission has concluded that the margin
reserve for treatment plént should only represent
the time necessary to construct additional
treatment plant. This theory assumes the utility
has begun the construction phase as of the test
year and that construction will come off without a
hitch. 1In today’s complex regulatory environment,
I believe this presumption is incomplete, in error,
and flawed. Moreover, this theory dictates that
the utility be forever at the point of constructing
an increment of capacity while it plans designs and
permits the increment needed after the one under
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construction. The persuasive power of used and
useful is such that the reality of utility decision
making will mirror Commission theory. And it is
not fair, safe, efficient, or economical for the
Commission to promote this kind of reality.
THE COMMISSION’S PROPOSED RULE DOES NOT CREATE A
SEPARATE USED AND USEFUL PROVISION FOR REUSE AS A
MEANS OF EFFLUENT DISPOSAL. DO YOU AGREE WITH
THIS?
No. As I testified in Docket No. 950495-WS, reuse
facilities should be considered 100% used and
useful. Therefore, margin reserve should not be a
consideration for reuse facilities. Sections
403.064(10) and 367.0817(3), Florida Statutes,
require that reuse faciiities be considered 100%
used and useful. DEP, as evidenced by the letters
contained in Mr. Harvey’s Exhibits (RMH-2)
and (RAM-4) the DEP-Commission memorandum of
understanding contained in Mr. Harvey’s Exhibit ___
(RMH-1) support this position. Moreover, if the
Commission is to encourage reuse, it must consider
reuse facilities 100% used and useful.

Despite SSU and DEP testimony to the contrary,
in Docket No. 950495-WS, the Commission applied a
used and wuseful ©percentage to those reuse
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facilities SSU claimed 100% used and useful. (Even
though DEP’s definition of reuse is broader, SSU
only requested public access reuse facilities be
considered 100% used and useful.) 1In so doing, the
Commission treated SSU’s investment in reuse
facilities no differently than its investment in
any other effluent disposal facilities and excluded
from rate base approximately $4.6 million dollars
of plant-in-service for public access reuse. One
must therefore ask what the purpose of Sections
403.064(10) and 367.0817(3) 1s if reuse is treated
no differently than other means of effluent
disposal.

The Commission’s decision in 8SU’s case will
definitely have a far-reaching chilling effect on
all investor-owned utilities contemplating reuse.
It will render reuse economically infeasible in
most cases Dbecause a utility not assured of

recovering its costs for reuse will not be able to

~afford/finance reuse. As I have testified to

previously, reuse 1is essential to conserving
Florida’s water resources and protecting Florida’s
environment. The Commission’s recent action is
clearly detrimental to these purposes. If the
Commission desires to encourage reuse and advance
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the environmental and conservation benefits of
reuse, the Commission should reverse itself by
rule, as FWWA advocates. Further, the Commission’s
definition of reuse facilities should follow DEP’s
definition of reuse for consistency.

COULD YOU EXPLAIN THE SIGNIFICANCE OF DEP RULE 62-
600.405 ON MARGIN RESERVE?

Yes. DEP’'s rules concerning planning for
wastewater facilities expansion dictate the
extension of the margin reserve period beyond
eighteen months for wastewater treatment
facilities. DEP Rule 62-600.405, F.A.C., attached
to my testimony as Exhibit ______ (GCH-10), requires
a utility to provide timely planning, design and
construction of blant expansions based on the
schedule delineated in the rule. Essentially, this
rule requires a wutility providing wastewater
service to submit annual capacity analysis reports
Lo the DEP once a certain level of capacity is
reached. These reports must analyze an existing
facility and its capacity to provide service.
Basically, the rule has established four triggers
to determine when certain activities need to be
commenced concerning th¢ design, permitting and
construction of additional wastewater treatment
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facilities. 1If the projected flows of the facility
exceed the permitted capacity of the facility
within 5 years of the date of the report, then the
report must include a statement by a registered
engineer that planning and preliminary design of a
plant expansion has been initiated. When the
projected flows are expected to exceed the capacity
within 4 years, the report must include a statement
from the registered engineer that plans and
specifications for the expansion are being
prepared. If the engineer determines that projected
flows are going to exceed the capacity within 3
years, then a construction permit application must
be submitted to the DEP within 30 days of such a
determination. The final trigger is that if the
capacity analysis report indicates that the
projected flows are going to exceed the permitted
capacity of the treatment facilities within ¢
months, an operating permit application must be
submitted by the utility along with the capacity
analysis report.

Although the rule does not directly state that
a utility must maintain capacity necessary to meet
demand for the next 5 years, the clear intent of
the rule is that capacity should be maintained for

34



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

a 5-year window, especially if the utility does not
wish to perpetually be in a permitting and
expansion mode for every wastewater treatment plant
it operates. The stated purpose of the rule is to
provide for the 'timely planning, design, and
construction of wastewater facilities necessary to
provide proper treatment and reuse or disposal

..." Clearly, the rule reflects DEP’'s recognition
that the planning, design, and construction process
takes five years.

This situation with wastewater treatment plant
expansions appears to be an instance of DEP’s
requiring one thing -- reserve capacity for five
years -- and the Commission’s sending a contrary
signal -- by limiting utilities to an 18 month
margin reserve and by imputing CIAC. I can bring
this disparity into focus by stating that if a -
utility filed a permit application in accordance
with this DEP rule and suggested in the application
that it would build capacity sufficient only to
serve 18 months of growth beyond its present
capacity, I have no doubt the application would be
rejected.

Is IT PROPER TO CHARAQTERIZE RULE 62-600-405,
F.A.C., AS ESTABLISHING NOTHING MORE THAN INTERVALS
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FOR SUBMITTING A CAPACITY ANALYSIS REPORT?

No. The rule is applied by DEP to assure that at
least a 5 year margin reserve of capacity exists or
that the expansion process 1s underway. To
interpret the rule as only a reporting requirement
is to separate the words of the rule, which on the
surface address reporting, from the rule'’'s meaning,
which focuses on performing the acts reported.
Further, a shorter margin reserve period would
place utilities in a position where the expansion
activities for one interval and the next interval
overlap, which makes no economic or regulatory
sense whatsoever as I have already stated.

DOES DEP HAVE IN PLACE A RULE FOR WATER FACILITIES
SIMILAR TO RULE 62.600-405%

No. However, on recent submittals I have made to
the DEP, adequate capacity has been an issue in the
permit application process. Those reviewing water
plant permit applications have asked with increased
regularity if 5 years of water plant capacity is
available or planned.

DO THE COUNTIES AND CITIES WHICH YOU DO WORK FOR
GENERALLY CONSTRUCT WASTEWATER TREATMENT PLANT IN
INCREMENTS NEEDED TO MEET\DEMAND OVER AT LEAST A 5-
YEAR PERIOD?

36



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

25

Yes. A good number build for demand beyond five
years. Their reasons for building for at least
five years include all of those I’'ve already
mentioned, the rule requirements, prudent planning,
environmental protection, and economies of scale.
Local governments also consider growth management
reqguirements. Although the Commission does not
enforce growth management laws, I mention this
because it relates to prudent planning. State
planning requirements are such that public
facilities, including utilities, must be in place
concurrent with growth. In order to fulfill these
requirements, local governments size their
wastewater and theilr water facilities to meet
planned changes in demand within their service
areas over a five year, or longer, period.

DO THE COUNTIES AND CITIES WHICH YOU DO WORK FOR
GENERALLY CONSTRUCT WATER TREATMENT PLANT 1IN
INCREMENTS NEEDED TO MEET DEMAND OVER AT LEAST A 3-
YEAR PERIOD?

Yes, and frequently beyond, for the same reasons I
have just mentioned.

ARE THERE ANY OTHER SOURCES OF INFORMATION YOU
WOULD REFER THE COMMISSION TO 1IN MAKING ITS
DECISION IN THIS MATTER?
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Yes. In both of the letters contained in Mr.
Harvey’s Exhibits (RMH-2) and (RMH-4),
specifically in the second comment on page 2 of Mr.
Drew’s letter and in the second paragraph of the
first page of Mr. Harvey’'s letter, DEP’s
representatives state that the Commission’s rules
should allow a utility to recover investment for
timely expenses for needed wastewater treatment
facilities consistent with the rule which I have
cited. I also note that in the May 12, 1995, draft
rule written by the Commission staff, Mr. Harvey’'s
Exhibit (RMH-3), staff recognizes the need
for a three year margin reserve for water treatment
plant and a three year margin reserve for
wastewater treatment. This same draft rule also
states that utilities are encouraged to undertake
planning that recognizes conservation,
environmental protection, and economies of scale.
While I agree with the three year margin reserve
proposed for water treatment plant, a three year
margin reserve for wastewater treatment plant would
be in conflict DEP rules. For the reasons I have
explained, I believe a five year margin reserve for
wastewater treatment plant is appropriate.

SHOULD CIAC BE IMPUTED ON MARGIN RESERVE AS THE
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COMMISSION PROPOSES IN ITS RULE?

No. From an engineering standpoint, the imputation
of CIAC on the margin reserve 1s incorrect because
the margin reserve is a known and continuous
obligation whereas the collection of CIAC is an
unpredictable future event. The imputation of CIAC
significantly undermines the stated purpose of the
margin reserve and negatively impacts the goals of
achieving propéf planning, environmental
preservation, and economies of scale for the
benefit of the customers. I have reviewed
instances where the CIAC imputed on the margin
reserve has completely or substantially eliminated
the margin reserve.

DO YOU HAVE ANYTHING FURTHER TO ADD?

Yes. The cause-and-effect relationship at work
with used and useful'is simple. The Commission’s
used and useful practices of recent years, combined
with no margin reserve, an insufficient margin
reserve, or a margin reserve with CIAC imputed
thereon provide utilities no incentive to take
advantage of economies of scale and instead cause
economic harm to those utilities who do. A utility
company should notvbe asked to make investment of
shareholder money when the recovery of and a return
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totally at risk. This is particularly true for
regulated utilities as the rate of return to the
shareholders is set by regulators, not the market,
and does not increase to the extent which would be
necessary to compensate for that risk. Thus, the
economic message under the Commission’s proposed
rule is to build plant in small increments, ignore
economies of scale, and bear inordinate risk for
even threshold sizing.

Plant is not built to accommodate the need for
service on a gallon-for-gallon and lot-for-lot
basis. Used and useful should not treat utility
investment as though plant can be so built.

DOES THIS CONCLUDE YOUR TESTIMONY?

Yes.
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GERALD C. HARTMAN, P.E.
PRESIDENT

HARTMAN & ASSOCIATES, INC.

EXHIBIT (@aon- )

DANE \ OF l

EDUCATION B.S., Duke University, 1975
M.S., Duke University, 1976

PROFESSIONAL REGISTRATION Professional Engineer No.
Professional Engineer No.
Professional Engineer No.
Professional Engineer No.
Professional Engineer No.
Professional Engineer No.
Professional Engineer No.
Professional Engineer No.
Professional Engineer No.
Professional Engineer No.

27703, Florida

12410, Maryland
131184, Virginia
15264, North Carolina
38216, Pennsylvania
17597, Georgia
15389, South Carolina
19422, Alabama
28939, Arizona
12717, Mississippi

PROFESSIONAL AFFILIATIONS Diplomate - American Academy of Environmental

Engineers

American Society of Civil Engineers

National Society of Professional Engineers
Florida Engineering Society

American Water Works Association

Florida Pollution Control Association
American Water Resources Association

Water Pollution Control Federation

Florida Water and Pollution Control Operators

Association

Florida Waterworks Association

QUALIFICATIONS SUMMARY

Mr. Hartman is an experienced environmental engineer with special expertise in water and
wastewater systems. Mr. Hartman is a qualified expert witness in the areas of water supply and
treatment, wastewater treatment and effluent disposal, utility system valuation and financing,

facility siting, and utility creation/management/acquisition projects.

EXPERIENCE

Mr. Hartman's experience exclusively involves water, wastewater, solids, and utility

valuation/financing projects, and expert testimony assignments.
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* Gerald C. Hartman, P.E., President (Continued)
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Financial Reports

Mr. Hartman has been involved in over 100 capital charge, impact fee, and installation charge
studies involving water, wastewater and fire service for various entities. He also has participated
in over 100 user rate adjustment reports. Mr. Hartman assisted in the development of over 50
revenue bond issues, 10 short-term bank loan systems, 2 general obligation bonds, 8 construction
grant programs, 10 capacity sale programs, and 4 privatization programs. Mr. Hartman has been
involved in over $2 billion in utility financings for water and wastewater utilities.

Water and Wastewater Acquisition Valuations and Evaluations

Mr. Hartman has been involved in over 100 water and wastewater negotiations, valuations and
evaluations, and has been a qualified expert witness by the courts with regard to water and
wastewater negotiations, arbitrations, and condemnation cases. He has participated in the
valuation of numerous major utility systems. His most recent experience in the 1987-96 period

includes:
Year Project Party Represented
1996 Longwood Run Utility Company
1996 Keystone Heights City
1996 Keystone Club Estates City
1996 Lakeview Villas City
1996 Geneva Lakes City
1996 Postmaster Village City
1996 Tega Cay County
1996 River Hills County
1996 Consolidation Program Game Plan Marion County
1996 Marion Oaks Marion County (Ongoing)
1996 Marco Shores Company (Ongoing)
1996 Marco Island Company (Ongoing)
1996 Cayuga Water System Authority
1996  Glendale Water System Authority
1996 Lehigh Acres W & WW Authority
1996 Lindrick Services Company (Ongoing) Company
1996  Carolina Blythe Utility Calabash
1996 Ocean Reef R.O. WTP's NKLUA
1995  Sanibel Bayous City of Sanibel
1995 Rotunda West Utilities Investor
1995  Palm Coast Utility Corporation ITT
1995  Sunshine State Parkway Company
1995 Orange Grove Utilities, Inc. Company (Ongoing)
1995  Georgia Utilities (Ongoing) City of Peachtree City
1995 Beacon Hills Utilities Company
1995 Woodmere Utilities Company
1995  Springhill Utilities Company
1995  Okeechobee Utility Authority OUA
1995  Okeechobee Beach Water Association OUA
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" Gerald C. Hartman, P.E., President (Continued)

Year Project Party Represented
1995  City of Okeechobee ovA

1995 Mad Hatter Utilities, Inc. Company

1994 Eastern Regional Water Treatment Plant Owner

1994 GDU - Port St. Lucie Water and Wastewater City of Port St. Lucie
1994  St. Lucie County Utilities City of Port St. Lucie
1994  Marco Island/Marco Shores Sun Bank

1994  Heater of Seabrook Heater Utilities, Inc.
1994  Placid Lakes Utilities, Inc. Company

1994  Ocean Reef Club Solid Waste System ORCA

1994  Ocean Reef Club Wastewater System ORCA

1994  South Bay Utilities, Inc. Company

1994 Kensington Park Utilities, Inc. Company

1993  River Park Water System SSU

1993  Taylor Woodrow - Sarasota County Taylor Woodrow
1993  Atlantic Utilities - Sarasota County Company

1993  Alafaya Utilities, Inc. Bank

1993  Anden Group Wastewater System Company

1993  West Charlotte Utilities, Inc. Englewood Water District
1993  Sanlando Utilities, Inc. Investor

1993 Venice Gardens Utilities Company

1992  Myakka Utilities, Inc. City of North Port
1992  Kingsley Service Company Clay County
1992 Mid Clay Utilities, Inc. Clay County
1992 Clay Utilities, Inc. Clay County
1992 RUD #1 - 4 Systems Review Meadowoods/Kensington Park
1992  Martin Downs Utilities, Inc. Martin County
1992  Fox Run Utility System Martin County
1992  Leilani Heights Martin County
1992 River Park Water and Sewer SSU

1992  Central Florida Research Park Bamett Bank
1992  Rolling Oaks Utility Investor

1992  City of Palm Bay Utilities PBUC

1992  South Bay Utilities, Inc. Investor

1992 North Port - GDU Water and Sewer City of North Port
1992  Palm Bay - GDU Water and Sewer City of Palm Bay
1992 Sebastian - GDU Water and Sewer City of Sebastian
1991  Sanibel - Sanibel Sewer System, Ltd. City of Sanibel
1991  St. Augustine Shores - St. Johns County SSU

1991 Remmington Forest - St. Johns County SSU

1991 Palm Valley - St. Johns County SSU

1991 Valrico Hills - Hillsborough County SSU

1991 Hershel Heights - Hillsborough County SSU

1991  Seaboard Utilities - Hillsborough County UFUC

1991 Federal bankruptcy - Lehigh Acres Topeka

1991 Meadowoods Utilities - Regional Utility District #1 Investor

1991 Kensington Park Utilities - Regional Utility District #1 Investor

1991 Industrial Park - Orange City City of Orange City
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" Gerald C. Hartman, P.E., President (Continued)

EXHIBIT ( GCn-\)
PAGE ]'J\ OF (o

Year Project Party Represented

1991 Country Village - Orange City City of Orange City

1991 John Knox Village - Orange City City of Orange City

1991 Land 'O Lakes - Orange City City of Orange City

1990 Orange Osceola Utilities - Osceola County Osceola County

1990 Momingside East and West - Osceola County Osceola County

1990 Magnolia Valley Services, Inc. - New Port Richey City of New Port Richey

1990 West Lakeland Industrial - City of Lakeland City of Lakeland

1990 Highlands County Landfill Owner

1990  Venice Gardens Utilities - Sarasota County SSU

1990  South Hutchinson Services - St. Lucie County SHS

1990 Indian River Utilities, Inc. - Edgewater City of Edgewater

1990  Terra Mar Utility Company - Edgewater City of Edgewater

1989  Seminole Utility Company - Winter Springs Topeka

1989  North Hutchinson Services, Inc. - St. Lucie County NHS

1989  Sugarmill Utility Company Utilities Comm. City of New

Smyma Bch.

1989  Ocean Reef Club, Inc. ORCA Company

1989 Prima Vista Utility Company - City of Ocoee PVUC

1989 Deltona Utilities - Volusia County SSU

1989  Poinciana Utilities, Inc. - Jack Parker Corporation JPC

1989  Julington Creek Investor

1989  Silver Springs Shores Bank

1988  Eastside Water Company - Hillsborough County Hillsborough County

1988 Twin County Utilities Company

1988  Burnt Store Utilities Company

1988  Deep Creek Utilities Company

1988 North Beach Water Company - Indian River County NBWC

1988  Bent Pine Utility Company - Indian River County BPUC

1988  Country Club Village - SSU CCcv

1987  Sugarmill Utility Company - Florida Land Corporation FLC

1987 North Orlando Water and Sewer Company - Winter NOWSCO
Springs

1987  Osceola Services Company - FCS (non-for-profit) 0SC

1987  Orange City Water Company - Orange City City of Orange City

1987 West Volusia Utility Company - Orange City City of Orange City

1987 Seacoast Utilities, Inc. ~ Florida Land Corporation FLC

And numerous other water and wastewater utility valuations in the 1976-87 period.

Facility Planning

Mr. Hartman has been involved in over 50 water, wastewater and/or solid waste master plans,
several interlocal negotiations and agreements, over 100 capital improvement programs, and
numerous capital construction fund plans. He represented the American Society of Civil Engineers
in the State Comprehensive Plan as a Policy Advisory Committee Member on the utility element,
and participated in the preparation of Comprehensive Plans, Chapter 9J5, for more than 20
communities.
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" Gerald C. Hartman, P.E,, President (Continued)

Analyses and Design

Mr. Hartman has participated in over 50 computer-assisted hydraulic analyses of water and
wastewater transmission systems including extended period simulations as well as hydraulic
transient analyses. He was involved in 4 wastewater treatment investigations, 2 sludge pilot
testing programs, 14 effluent disposal pilot programs and investigations, several energy efficiency
analyses, several odor control studies, and other process evaluations for operations. Mr. Hartman
participated in 4 value engineering investigations oriented toward obtaining the most cost-
effective alternatives for regional and private programs. Mr. Hartman has been involved in the
design of package WWTP's through AWT facilities and simple well and chlorination systems
through reverse osmosis facilities. He has been involved in numerous water blending,
trihalomethane, synthetic organic contaminant removal, secondary precipitation, corrosion
control, and alum precipitation studies. Mr. Hartman has performed process evaluations for
simple aeration facilities, surface water sedimentation facilities, water softening facilities, as well
as reverse osmosis facilities. He was involved in water conservation programs, as well as
distribution system evaluation programs. He participated in both sanitary sludge management and
disposal studies and co-authored the book entitled "Sludge Management and Disposal for the
Practicing Engineer." He also participated in numerous lime sludge thickening, management, and
utilization/disposal investigations. Mr. Hartman has been involved in wellfield management
studies, wellfield protection ordinances, wellfield siting, water resource evaluations, and water
resource planning for several entities in sand aquifer, sand and gravel aquifer and limestone
aquifer systems. ’

Utility Management Consulting

Mr. Hartman has been involved in utility transfers from public, not-for-profit, district, investor-
owned, and other entities to cities, counties, not-for-profit corporations, districts, and private
investors. He has been involved in staffing, budget preparation, asset classification, form and
standards preparation, utility policies and procedures manuals/training, customer development
programs, standard customer agreements, capacity sales, and other programs. Mr. Hartman has
been involved in over 50 interlocal agreements with respect to service area, capacity, service,
emergency interconnects, back-up or other interconnects, rates, charges, service conditions,
ownership, bonding, and other matters. Additionally, Mr. Hartman has assisted in the formation
of newly certificated utilities, newly created utility departments for cities and counties, new
regional water supply authorities, new district utilities, and other utility formations.
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PUBLICATIONS/PRESENTATIONS

Mr. Hartman has presented several training sessions and seminars for the American Water Works
Association, the American Society of Civil Engineers, the Water Pollution Association, and the
Water and Pollution Control Operators Association. He has presented and/or published
numerous papers on water, wastewater and utility management topics including:

Hartman, G.C., Utility Management and Finance, (presently under contractual preparation with
Lewis Publishing Company/CRC press).

Vesilind, P.A., Hartman, G.C., Skene, E.T.; Sludge Management and Disposal for the Practicing
Engineer; Lewis Publishers Inc.; Chelsea, Michigan; 1986.

Hartman, G.C., and R. . Ori, “ Water and Wastewater Utility Acquisition,” AWWA Specialty
Conference, 1994.

Hartman, G.C. and R.C. Copeland, “ Utility Acquisitions - Practices, Pitfalls and Management,”
AWWA Annual Meeting, 1995.
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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 a 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 "power 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 inflectionpoint 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.

JIW/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
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 jobs. “If he won both projects, he would be moving men and material to essentially
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.

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

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 mimmmum economic threshold size is the point at which the rate of
change of the unit cost begins to decline.

JTW/dt/mb/R-S-2/secl.mpt
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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 materials.
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 oa 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 primary point

‘at which the rate of change of the unit 'pn'ce 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
J Growth rate of system
. Projected build-out demand
. Useful life of the component
) 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.

JJW/dt/mb/R-S-2/secl.rpt '
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TABLE 1-1

SOUTHERN STATES UTILITIES
ECONOMY OF SCALE .

Treatment Component Threshold Sizes

3 el Wvherhi

e

Wohd W EE W B e

Component/System

Economic Minimum
Threshold Size

WASTEWATER TREATMENT FACILITY

1
2)
3)
4)
5)

6) .

Extended Aeration WWTP
Contact Stabilization WWTP
Pos. Displacement Blower
Centrifugal Blower '

Tertiary Filters
Generator

WATER TREATMENT FACILITY

1)

2)

3)
4)
5)
6)

Prestressed Concrete GST

Steel Ground Storage Tank
High Service Pumps
Hydropneumatic Tank

250 ft. Deep Water Supply Well
500 ft. Deep Water Supply Well

JIW/dt/mb/R-S-2/1-1.tab
HAI #94-145 00

0.25 MGD
0.5 MGD
500 scfm
2,000 scfm

0.25 MGD
300 KW

600,000 gal.
100,000 gal.
1,000 gpm
10,000 gal
1,440,000 gpd
1,440,000 gpd

020896

e



b

v

k,—-

[ (] R -

EXHIBIT (L0 H-Y)

PAGE__ |3 oF 284

If build-out is less than the economic minimum size, it follows 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.

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

2.1 GENcRAL

This section details the sources of informatiqn 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 firn. 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.

2.2.1 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, Office of Water Supply. Washington, D.C., August 1977.

JIW/dt/mb/R-S-2/sec2.mpt
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(2) "The Cost Digest: Cost Summaries of Selected Environmental Control
Technologies." U.S. Environmental Protection Agency. Washington, D.C.,
October 1984. '

(3)  "Construction Costs for Municipal Wastewater Treatment Plants: 1973-1978.:
U.S. Environmental Protection Agency, Facility Requirements Division.
Washington, D.C., April 1980.

ruad

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.

@) “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
Manpower Requirements for Conventional Wastewater Treatment Plants." U.S.
Environmental Protection Agency, Water Quality Office. Black & Veatch, 1971.

J 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 .

‘i"’ we s

1104,

JIW/dt/mb/R-S-2/sec2.rpt
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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
I 200 MGD Treatment Plants.”" Gumerman, R.C., et al. (Culp/Wesner/Culp) Santa
Ana, CA, August 1979. (Produced for USEPA).

-
~

(2)  “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:

Bririd  oemn bl Bwel e eud

(1)  Package Wastewater Treatment Plants

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

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

L

JJW/dt/mb/R-S-2/~ec2.rpt
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(2) Blowers

a. Hoffman, via Jacobs Group

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

Oldsmar, Florida 34677

Ve 7

3 W r Tr nt Filter.

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)  Chlorination Feed Systems

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

B  son ey pvew W e

: b. Wallace & Tiernan, via Heyward, Inc.
f 1865 North Semoran Boulevard
Winter Park, Florida

(5)  Standby Generator Sets

a. Ringhaver Equipment Company
9901 Ringhaver Drive
Orlando, Florida 32824

"!'emv""’
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b. Cummins Southeastern Fower, Inc.
4820 North Orange Blossom Trail
Orlando, Florida 32810

6) und Stor. nks (Steel and Prestre neret

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

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

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

N High Service Pumps

a. Worthington, via Barney's Pumps, Inc.
3907 Highway 98 South
Lakeland, Flonda

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

(8)  Hydropneumatic Tanks

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

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

Peerless Pump Company

~ 811 50th Street North

Tampa, Florida

Peabody-Floway, via Flanagan-Metcalf & Associates, Inc.
6708 Benjamer Road '
Tampa, Florida

(10) Sewage Pump Stations (Precast items and Pumps)

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

Gorman Rupp Pumps, via Blankenship & associates
3004 Konarwood Court
Oviedo, 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, rlorida '
PVC force main, water main, and gravity sewer.

JIW/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 gathéred. 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 updaied using the ENR construction costs index,
present current indices of the cost of water and wastewater system components.

23  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.

JTW/dt/mb/R-S-2/sec2.rpt
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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
June, 1995 index number to the original index number. This cost updating method is shown

below.

N (June 1995 Index)
June 1995 Cost = Original Cost * “FroriTrger)

'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 difficult 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 (3/gpm) for pumps and pump stations

. dollars per lot ($/1ot) for gravity sewers

el inaid

. dollars per foot ($/Ft) for force and water mains
o dollars per scfm (3/scfm) for blowers

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

boeid
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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 type 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 differing factor is that

JIW/dt/R-S-2/sec3 .rpt
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Notes: 1) Costs include complete tank, concrete floor, prestressed wall, free-
span concrete dome, aluminum interior and exterior ladders, vents,
precast overflows, painting, and installation. 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 logarithrr:ic scale, due to the large capacity range. This
unit cost curve presents the same economy of scale relationship as Figure 3-1 when plotted ona
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.

3.1.2 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 slopé of the unit cost curve equals zero, or no chahge. 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:

a; +ayx+ayxt +ax’ +asxt

Polynomial equation:  f{x)
First derivative: f(x)
Second derivative: £'(x)

a; + 2a;x + 34X + dasx’
2a3; + bayx + 12a5x2

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

bl

Power equation: f(x) = a1 x
First derivative: f(x = (bi)(a) x °*
Second derivative: f'ix) = (a1 by)(bi-1) x **2

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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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.

3.1.2 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:

a;+a X +a3xt+ax +asxt
a, + 2a3x + 32, x° + 4asx°
233 + 6a4x + 1235)(2

Polynomial equation:  f{x)
First derivative: f(x)
Second derivative: f'(x)

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: flx) = ax"
(bl)(ax) x °t
(a1 by)(b;-1) x **2

First derivative: f'(x

Second denivative: f'x)

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 °Iohn 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

41 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 tum 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 30.7/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 expand a 500,000 galion 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.

JTW/dt/R-S-2/Sec4 rpt -
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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, dollars
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
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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.

43 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
(scfim) 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 scfm. 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 scfm or larger, the blower cost curve, Figure 4-6, will be
used. The 500 scfm positive displacemeni 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 scfm 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 thereafter. Thérefore, 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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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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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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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 availabte 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 $5C,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.
45 CHLORINATION

Ths chiorination of wastewater is commonly accomplished using gas chlorinators‘. The gas is fed
to the chlorinators from 150 poﬁnd or 1 ton storage cylinders. The size of the storage cylinders is
dependent on the quantity of wastewater 10 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.
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The unit cost curve, Figure 4-11, displays an economy of scale throughout the treatment
capacities of 0.01 MGD to 5 MGD. This relationship is further emphasized when the
components 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 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 chlorination feed equipment curve was constructed using manufacturers' quotations and EPA
cost curves. Included in the cost of both size systems are dual chiorinators, 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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Notes: 1) Gas chlorination unit with 10 mg/! feed rate at capacity.

2) Dual chlorinators w/ switchover, dual scales, gas detector, alarm
panel, vacuum switch, booster pump, housing, and hoists all are
included in the manufacturers’ quotations.

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

4) Costs are based on June 1995, ENR Index = 5433.
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Notes: 1)} Values obtained from manufacturer’'s quotations.
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.
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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, dollars 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 gallons
and 600,000 galions. 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’imerior 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.
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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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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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5.2 STEEL GROUND STORAGE TANKS

Steel ground storage tanks are typically found in the smaller capacity range (10,000 gallon 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 relaﬁonships
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 thereafier the economy of scale begins to decrease. The decreasing economy of scale
occurs between the 100,000 gallon and maximum 250,000 galion 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 larger 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

JJW/dUR-S-2/secs.mpt
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in the manufacturers’ quotations.
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3) Costs are based on June 1995, ENR Iindex = 5433.
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3) Costs are based on June 1995, ENR Index = 5433.
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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 S 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 concemn. 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.

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 10
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Notes: 1) Gas chlorination unit with 5 mg/l feed rate capacity.

2) Dual chlorinators w/ switchover, dual scales, gas detector, alarm
panel, vacuum switch, booster pump, housing, and hoists are
included in the manufacturers' quotations.

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

4) Costs are based on June 1995, ENR Index = 5433.
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All costs obtained from manufacturer's quotations include
pumps, factory testing, and freight to jobsite.

Horizontal Split Case pumps and motors.

Pump head is 175 feet (76 psi).

Costs are based on June 1995, ENR Index = 5433.
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Notes: 1) Values obtained from manufacturer's 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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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 gallon 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 contro} panel. To
these values, 15% piping, 20% electrical, 10% sitework, and 20% installation was added to

determine the total cost of a hvdropneumatic tank system.
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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

= b433.
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Capacity (Gal)

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 exi the site, raw water wells can vary tremendously in the depth required to produce a
functional w:!l. 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
capacity 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 charactenistically 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 documenied EPA cost information and includes the following cost
considerations: raw water pumping equipment, chemical addition facilities, rapid mix/flocculation
equipment, sedimentation basin, filtration units, disinfection equipment, finished water storage and

pumping equipment, and sludge disposal facilities.
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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’
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’
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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Lime Softening WTP

Unit Cost ($/Gal) |

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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Lime Softening WTP
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Treatment Capacity (Mgd)

Notes: 1) Values obtained usmg 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.

i
og A JB| HARTMAN & ASSOCIATES, INC. . 30  wre cons
; o COST CURVE
B3 léﬁ g o e e |

P 39vd
a3

40
-~

bt

-H =)

Ch



IS
vy

o

-

oy foud  bbewd v V0D L

St

pace_(]  oF _2HY

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 Softening Water Treatment Plants were constructed using information
gathered from EPA cost curves.

$.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 are 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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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 contmgencnes 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.

S1-§
3HN0Id

A g NARTHAN & ABSOCIATES, INC.

oyer

& menoge

=B

- WMATE V008 -
mno-t(nnumo -

ORAOD, R 3001
A (407) a3-3790

REVERSE OSMOSIS CONSTRUCTION
COST CURVE

[ 39ovd

RET 40

110701 I/

@ S = v



EXHIBIT (A 13-

pace_ 12 oF Y

- -

)

SECTION 6



—— Gy

R

Do
e lodd

La/\L H3LIL R

(({/‘LH‘H_}

PAGE 1>  OF

244

SECTION 6
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 2 beginning
manhole, 400 feet of 8-inch PVC pipe, and a portion of the cost of the sewage pump station. The
pump station cost fer this example would be calculated by multiplying the total cost for the pump
station by the ratio of the number of lot§, 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 ali 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
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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, installation, 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 a 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.
63  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 a 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 matenal prices per foot that would apply to
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Sewage Pump Stations

Unit Cost ($100/gpm)

) 200 - 400 600 800 1,000
Reliable Capacity (gpm)

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., 500-600 gpm =>
8' diam., 700-900 gpm = > 10' diam., 1000 gpm => 12' diam.
4) Costs are based on June 1995, ENR Index = 5433.
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of 3 to 4 respective of average flow, and a 3 ft high effective volume.

2) Costs include two {2) equal size pumr)s 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)

large {25,000')

a4 & 8 10" 12"

pipe pipe pipe pipe pipe

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

* 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 valves, fittings, and restoration work.

; 4) Costs are based on June 1995, ENR Index = 5433.
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DIP (Class 50 - Epoxy Lined) Force Main
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Project Size (If)

6" 8" 10" 12" 14" 16"
Pipe pipe pipe pipe pipe  pipe

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 quantities of pipe receive the most
economical unit costs for each of the pipe sizes that were examined.
227

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.

6.4  WATER MAINS

Typically, water mains will be made of either C300-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
smali (250 ft), medium (2,500 ft), or large (25,000 f) project. This footage represents the linear
amount of certain diameter pipe to be instalied 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

JTW/dU/R-S-2/sec6.rpt
HAI#95-145.00 6-9 . 020896
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small {250°) medium (2,500') large (25,000°)

Project Size (If)

4" 6" 8" 10" 12"
pipe 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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Unit Cost ($/ft)

20

15

10
small (250')

Notes:

DIP {Class 50 - Cement Lined) Water Main

25}

L I I

medium (2,500°')
Project Size (If)

6" 8" 10" 12" 14" 16"
pipe pipe pipe pipe pipe _pipe

1) Material cost obtained from manufacturer's quotes.

2) Costs include $500 permitting, 10%-15% mobilization,
$1-$2/ft disinfection, $.25-$.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/dUR-S-2/sec6 rpt
HAI#95-145.00 6-12 . ‘ 020896
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Package Wastewater Treatment Plants

s Unit Costs
. Total Overall
Davco Sanitaire Ext. Aeration E.A. Cost Unit
Capacity Ext. Aer. Ext. Aer. Const. Cost w/ Chlor. Cost
(MGD) ($) ($) ($) ($) 1$/Gal)
0.01 50000 -- 50000 77500 7.75
0.025 78000 - 78000 105500 4.22
'0.05 135000 125495 130247.5 160248 3.205
0.075 185000 159630 172315 202315 2.6975
0.1 217000 184948, 200974 235974 2.3597
0.15 210000 2335635 221767.5 256768 1.7118
0.25 260000 308045 284522.5 319523 1.2781 '
0.5 375000 479368 427184 462184 0.9244
- 0.75 450000 622920 536460 571460 0.7618
‘ 1 533000 758860 645930 680830 0.6808

Notes: 1) Values include materials, electrical, piping, installation, blowers, grading,
chiorination feed sys., and conc. siab; but exclude land, engineering,
fencing, paving, drainage, lighting, and building facilities.

All costs obtained from manutacturer's quotes and EPA cost curves.
Costs are based on June 1995, ENR Index = 5433,
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CURVE FORMULA  {For any capacity on the curvel

Capacity

{MGD}

0.0100
0.0250
0.0400
0.0500
0.0650
0.0750
0.0800
0.1000
0.1150
0.1300
0.1500
0.18650
0.1800
0.1950
0.2700
0.2250
0.2400
0.2500
0.2650
0.2800
0.2850
0.3100
0.3250
0.3400
0.3550
0.3700
0.3850
0.4000
0.4150
0.4300
0.4450
0.4600
0.4750
0.4900
0.5000
0.5150
0.830C
0.5450
0.5600
0.5750
0.5%00
0.6050
0.6200
©.6350
0.6500
0.6650
0.6800
0.6950
0.7100
0.7250
0.7400
0.7500
0.7650
0.7800
© 7950
0.810C
08250
0.840C
0.8550
08700
0.885C
0 800C
0.915¢C
©.8300
0.9450
0 9600
€.8750

1

Unit Cost

($/Gal)

7.45447
4.59087
3.58022
3.18157
2.76925
2.5673%5
2.33128

2.2048
2.04775
1.91815
1.77823
1.89174
1.61563
1.54865
1.48911
1.43573
1.38754

1.3579
1.31668
1.27888
1.2440¢
1.21184
1.18182
1.15404
1.12798
1.1035%

1.0806
1.05897
1.03854
1.01822
1.00088
0.98349
0.966%4
0.95118
0.94105
0.92645
0.91248
0.89811
0.88629
0.87398
0.86216
0.85078
0.83983
0.82927

0.819
0.80827
0.79877

0.7906
0.78172
0.77312
0.76478
0.75838
0.75146
0.74378
0.73632
0.72908
0.72204
0.71518
0.70852
0.70203
0.69871
0.6895%
0.68355
0.67769
067198
0 66641
v 66086
0.65217

Y = (0.86521692)°X"(-0.6200282)

Manut.
Unit Cost

(4/Gel)

7.75
4.22

3.20496

2.69753

2.35874

1.71179

1.27809

0.82437

0.76185

0.680¢3
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EXTENDED AERATION WWTP INFLECTION POINT
i
Capacity j
(MGD) F*{x) I .
0.01 1286.7 | Extended Aeration WWTP inflaction Point }
0.025 1107.93 } :‘
0.05 847.824 1400 ‘ |
0.075  631.193 [ 200 R |
0.1 453,15 ! t\ |
’ 0.15 195.964 ! 1000 |
= 0.175 108.824 w0 | &
0.2 44.38 e Y
2 e00 4§ |
0.225 -0.7796 N ; \‘ ’
.'-! 0.25 -29.831 o | .
5 0.5 34,7526 ; }
10.75 -39.895 ; 200 -
1 445.206 . o ! e — .
200 @ T 02 0.4 0.6 0.8 3
Capacity IMGD) }
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! EXTENDED AERATION. MECHANICAL AND DIFFUSED AERATION FACT SHEET 2.1.10 .

H Descriptiom - Extended seration is the "lov rate” modification of the activated sludge process. The F/H loading
is in the vampe of 0.05 to 0.15 1b stld/lb KLVSS, and the detention time is about 24 hours. Primary clarifi-
cation is ragely used. The ~xtended airation systan eperates ia the endogensus Tespiretion phase of the bacterial
growth cycle, because of the low 30D, loading. The erganimms are starved and forced to undergo partial auto-
oxidation. Veolatile compounds are diiven off o & certain extent in the seration process. Metals will also be
partially removed, with accumulation in the sludge.

In the complete mix version of the utm nndna process, all pesrtioas of the aeration bazin are essentially
homogensous, resulting in & unifors oxyg h the aeration tank. This condition can be accom—
plished fairly simply in 2 sysmetrical (square or eimh:) basin with a single mechanical aerator or by diffused
AeTatioa. The Tav vastewater and return sludge eater at a point (e.g., wnder & mechanical aerator) where they are
quickly dispersed throughout the basin. In rectangular basins with mechanical aerators or diffused air, the
incoming wvaste and return sludge are distrilrited along one side of the basin and the mixed liquor is withdrawn
from the opposite side.

Common Modifications - Step aeration, contact stabilization, and plug flow regimes. Alum or ferric chloride {s
sometimes added to the aeration tank for phosphorus removal.

Technology Status - Extended aeration p'hnu have evolved since the latter part of the 1940°s. Pre-engineered,
‘package plants hive been widely utilized for this process.

0

Typical Equipment/Mo. of Mfrs. - Aerators/30; package treatment plants/21; air diffusers/19; compressors/44.

Applications - Comacaly flows of less than 50,000 gal/d; esergency or temporary treatment needs; and biodegradable
- wastewater.

Linitations - High power costs, operation costs, and capital costs {for large permanent installations where the
Pre-engineered plants would not be appropriate).

Performance
BOD, Removal - 85-98s
N MM, "~ N Removed (Nitrificatien) o 50-90+

Rzsiduale Cenerated - BPecause of the lov F/M loadings and long hydraulic detention times employed, excess sludge
production for the extended aseration process (and the closely related oxidation ditch process) is the lowest of
any of the activated sludge process altermatives, generally in the range of 0.15 to 0.3 b total P
s0lids/lb aoos Iemoved.

Design Criteria 09 = A partial listing of design criteria for the extended aeration modification of the acti-
vated sludge process is summarized as follows:

L Volumetric loading, 1b ’005/4/1 000 tt S to 10
é MISS, mg/} 3,000 to 6,000
I/, 1b BOD./4/1b MLVSS 0.05 t» 0,15
Aeration detention time, hours (based on 10
average d.,uy £1lov)
Standard ft° air/1d Ioos applied 3,000 ’

000
i oz/l..b lws applied (based on 1.5 1> ozll.b Ioos removed + 4.6 1b O./
Sludge retentioa time, days
Recycle ratio (R
Volatile fraction of MLSS

i

5
Eg
£i08 ¥

¥y
g
Sg

o9
L3V
<
-
“

Process Raliabiliey - Cood
Envirormenta) Impact - See Fact Sheet 2.1.1

References - 23, Zé, i,
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EXTENDED AERATION, MECHANICAL AND DIFFUSED AERATION

FACT SHEET 2.1.10

FLOW DIAGRAM -

.y
b

Screened and Complete Mix ) ; Elfluent
Degritted Raw Aeration Tank Clarifier Chlorination]
Hastewater
Sludge
Return Sludge Exce. Aerobic To Disposal .
Sludge "] Dpigestion
1
kY
$10° sooisms———czol
- J;: :&’M'nﬁf: Diftusion
ENERGY NOTES - Assumptions: The hydraulic head loss through the . Mechanical Aeration
asration tank is negligible. Sludge recycle and sludge vasting = AMFine Bubble Diffusion
pumping eneryy are included. E AU Jiii
Water Quality: Influent(mg/1) Effluent(mg/1) - 7 : s
300, 210 20 » o | Y/
Suspended Solids 230 20 10 ===
] 20 1 N : B
Oxygen TTansfer Rate (wvire to vater) in wvastevater for: w y.
Mechanical Aeration = 1.8 1b 0./hph - K&
Diffused Aeration &. .
Coarse Bubble Diffusion - 1.5 ib O_/hph ot vl
Fine Bubble Diffusion = 2.5 1b ozlﬁpn M i
Oxygen Requirement: o lg o1 0.1

1.5 Oz/lb noos removed plus 4.6 1b Ozlx.b of
NH‘-N removed

dastewater Flow, Mgal/d

COSTS® - Assumptions: Construction cost includes comainutor, aeration basin, clarifier, chlorine contact
chamber, aercbic digester, chiorine feed facility, building, fencing for extended acration package plants

between 0.01 and 0.1 Mgal/d.
Annual power costs based on coarse bubble diffuser.

. A #./5 (258

CONSTRUCTION COST 0.0S

Extended Acration Packige
0.1

A S
121,90 %
lwaosv
14a, 151
52, A%

Hillions of Dollsrs

2

0.01

0.01 v 3 3701
Wastevater Flov, Mgal/d

REFERENCES - 3, 4

“To convert construction cost O capital COst see Table A~2,

OPERATION AMD MAINTENANCE COST

Detention time: 24 hours (based on average daily flow). ENR Index » 2475

0.1
-
M
-
-
=
8 Yotat
- 0,0} :
L4 1=+
- ) -
€ epny
©
-t .
= %
% y.
- 1
V- -
u0.001 r—
8 HHc
] >
2
i 74
74
0.0001
0.0l 0.1

Wastewvater Flov, ngaf/d

updaly
CoHy

it &

s4>?

" 2475

<
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MOSS ___
KELLEY

INCORPORATED

FACSIMILE TRANSMISSION

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

DATE: 7— é - 9\.5/

FROM:

FAX NUMBER: (305 341-9370

FAX NUMBER:

TO:

COMPANY: /fg-.il,ova_, NUMBER OF PAGES:

REFERENCE: /M % L é;& zz él giﬁi pA ﬂ%‘

9 fore 72 oHlaclid o poffrert:

fMW docon t nq&/(lﬂ W/Zv/éwél

V- wyj”“‘ Lot 2 7"’%%'

g v

10100 W. SAMPLE RD., SUITE 408, CORAL SPRINGS, FL 33065 (305) 755-2092 FAX (305) 341.9370
21B0 WEST S.R. 434, SUITE 1178, LONGWOOD. FL 32779 (4C7) 774-7200 FAX (407) 774-7209
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i 1828 Metcalf Ave,
Thommasvills, Georgia 31752
Phone 912-226-5733
Telefax No.
912-228-0212

PACSIMILE TRANSMITTAL SBEET
From: Tommy Tyson

Phone 941-646-7694
Fax. 941-644-6319

To: HAT - Tomie Wallace Re: &A%vL Es-’-\ma:lcb

|

Fax‘. number: 45-1' g31-3190 pate: 1°2°9S
Total number of pages including this page is: 4
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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/ Chilor. ‘ Cost
{MGD) {($) ($) {$) ($) - ($/Mgd)
0.010 - - - -
0.025 - - - -
0.050 83,000 112,350 97,675 127,675 2.5535
0.075 122,000 127,225 124,613 154,613 2.0615
0.100 152,000 152,321 152,161 187,161 1.8716
0.150 180,000 177,950 178,975 213,875 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
0.750 375,000 466,160 420,580 455,580 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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CURVE FORMULA

#e

Y = {0.5248354)°X"(-0.5321867)

Manuf.
Capacity Cost Cost
(MGD) ($) (4}
0.08 2.58522 2.554
0.085 2.24832
0.07% 2.08345 2.062
0.08 1.88079
0.1 1.78768 1.872
0.118 1.85958
0.13 1.55472
0.1% 1.44072 1.427
0.165 1.36946
0.18 1.30749
0.195 1.25297
0.21 1.20451
0.225 1.16109
0.24 1.12189
0.25 1.09778 1.089
0.265 1.06426
0.28 1.03353
0.285 1.00522
0.3 0.97903
0.325 0.95472
0.34 0.93207
0.385 0.9108
0.37 0.8910%
0.385 0.87241
0.4 0.85484
0.415 0.83825
043 0.B2256
0.445 0.80768
0.46 0.79356
0.475 0.78013
0.49 0.76733
05 0.78912 0.747
0.515 0.74727
053 0.735%4
0.545 0.72508
0.56 0.714€9%
0.575 0.70471
0.59 0.68511
0.605 0.68583
0.62 0.67701%
0.635 0.66845 '
0.65 0.66018
0.665 0.65223
0.68 0.64453
0.695 0.63708
on 0.62989
0.728 0.62292
0.74 0.61617
0.75 0.61178 0.607
0.765 0.60537
0.78 0.69914
0.795 0.5931
0.81 0.56723
0.825 0.68152
0.84 0.57597
0.855 € 57087
0.87 0.56532
0.885 0.5602
0.8 0.5552"
0.915 0.65035
0.83 0.54561
0.94¢ 0.64098
0.96 0.53646
0.875 0.53206
1 052494 ©.52%

(For any capacity on the curve}
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Contact Stablkzation WWTP Unit Costs
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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
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CONTACT STABILIZATION, DIFFUSER AERATION FACT SHEET 2.l.§

Description - Contact stabilization is a modification of the sctivated sludge process (described more completely
in Fact Sheet 2.1.1). In this modification, the adsorptive capacity of the [loc is utilized in the contact tank
to adsord suspended, colloidal, and some dissolved eryanics. The hydraulic detention time in the contact tank is
only 30 to 60 mimwtes (based on average dally (lav). Altu the bhlﬂleu sludge is separated {rom the waste-
vater in the secsadary clarifier, the is ted im the stabilization tank with a
detention time of 2 to 6 hours (based on sludge recycle ﬂav). m auonod oryanics undergo oxidation in the
stabilization tank and are synthesizad inte microbial cells. 1f the detentiom time is long enough in the stabili-
zation tank, endogenous respiration will occur, alemy with & conczmitant decTmase in excess biological sludge
production. Following stabilization, the reserated sledge is mized with imcomisg wastevater in the contact tank
and the cycle starts anew, Volatile compounds are drives ¢ff to a esrtain extent by agration in the contact and
stabilization tanks. Metals will also ba partially resoved, vith acamulation (a the sludge.

This process requires smaller total aeration volums than the toaventional activated sludge process. It also can
handle greatsr organic shock and toxic loadings because of the biological buffering capacity of "the stabilization
tank and the fact that at any given time the sajerity of the activated sludge {3 isolated from the main streas of
the plant flov. Generally, the total ssration basia volume (comtact plus stabilization basins) is only 50 - 75
percent of that required in the conventional activated sludge systam. A description of diffused aeration tech-
niques is presented in Fact Sheet 2.1.1. .

Common Modifications - Used in a packige treatment plant vith clarification and chlorimation facilities in one
vessel. Other modifications include raw wastewatei feed to asratice tank: flov egqualization;: integral aercbic
digester.

Technology Status - Contact stabilization has evolved as an cutgrovth of activated sludge technology since 1950
and seen common usage in package plants and some usage for or-site constructed plants.

Typical Equipment/No. of Mfrs. - Air diffusers/19; compressors/44; package treatment plants/21.

Applications - Wastevaters that have an apprecilable amount of BOD, in the form of suspended and colloidal solids;
upgrading of an existing, hydraulically overloaded conventional attivated sludge plant; nev installations, to
take advantage of lov aeration volume requizrements: whare the plant might be subject to shock organic or texic
loadings: where larger, sore uniform flow conditions are anticipated (or 1if the flows to the ph.n: have been
equalized).

Limitations - It is unlixely that effluent standards can be met using contact stabilization in plants smaller
than 50,000 gal/d without sose prior flow equalizacion. Other limitations include operational cosplexity, high
operating costs. high energy consumption and high diffuser saintenance. As the fraction of soluble BOD, in the
influent vastevater increases, the required total aeration woluss of the coatact stabilization process approaches
that of the conventional process.

Performance ~

BOD, Removal 7 b . to 95 percent
IH‘-N Removal 0 to 20 percent

=3

Mesiduals Cenerated - See Fact Sheet 2.1.1.

Design Criteria (39) - A partial listing of design criteria for the comtact stabilization process is s\—ul.:ed
as follows:

P/, 1b 0D, /4/1b KLVSS 0.2 to 0.6
Volumetric sading, b B00,/d/1,000 £t> 30 to 50 (based on contact and stabilization volime)
WSS, mg/) 5 1,000 to 2,500, coatact tank; 4,000 to 10,000, stabilization tank
Mration time, h 0.5 to 1.0, contact tank (based on average daily flow)
' . 2 to 6, stabilization basin (based on sludge recycle flow)
Sludge retention time, days S w10 i
Recycle, ratio (R) 0.25 o 1.0
Std. £t~ air/lb BOD, removed 800 to 2,100
1b O_/ib 300, removed 0.7 to 1.0 ’
Volatlle fraction of MiLss 0.6 to 0.8 K

Process Raliability - Requires close operator attentioa.

Environmental Impact - See Fact Sheet 2.1.1

References - 23, 26, 31, 39

A-56
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, 1828 Metcalf Ave,
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Phone 912-226-5733
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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 15 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 11.5656555556
NOTES: 1)} All costs obtained from manufacturer's quotes.

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

retief valve, pressure gauge, and check valve.

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 capacity.

Y = (2150.968)+(7.348993)X + (1.133403E-03)X"2 +
(-5.4948E-08)X"3

Capacity P.D. Blower Manut,
@ 7 psig Cost Blower
{sctm) ($) Cost
50 50.4248% 438
100 28.971486 26
250 16.23278 16
350 13.88458
500 12.20388 11
600 11.5942
750 11.03608 13
850 10.80324
950 10.64031
1000 10.57842 10
1100 10.48467
1250 10.40066 1
1350 10.37225%
1500 10.35944 1
1600 10.36613
1780 10.39328 10
1850 10.42041
1950 10.45325
2000 10 47149 11
2100 10.51108
2200 10.65424
2300 10.80035
2400 10.648%
2500 10.69946 10
2600 10.75169
2700 10.80526
2800 10.85993
2900 10.81546
3000 10.87166 10.83333
3100 11.0283%
3200 11.08538
3300 11.14268
3400 11.2
3500 11.25735 11.42857
3600 11.31461
3700 11.37168
3800 11.42852
3800 17.48504
4000 11.54118 12
4100 11.5869
4200 11.65214
4300 11.70686
4400 11.76103
4500 11.8146 11.55586

LANIDL

PASE

Poesitive Displ Slower C jon Cost Curve
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1000 2000 3000 4000
Capacity (MGD)

5000




]
e

|

|

o

-

1w
W )

it

Capacity
{scfm) F*{x)

50 0.00235

100 0.001796
250 0.000657
500 -4.4E-05
750 -4.2E-05
1000 6.29E-05
1250 1.64E-05
1500 -8.9€-05
1750 0.000184
2000 0.001623

(HHY)
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POSITIVE DISPLACEMENT BLOWER INFLECTION POINT
P.D. Blower Inflection Point
0.0026 -
0.002 <!l
0.0015 4
f !
E o001 |
I |
! 0.0005 4
o . --— |
T w N’
d 500 1000 1500 2000
0.0005 4
Capecity (sctm)
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Capacity
@ 7 psig
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

100
125
150
200
200
200

EAHIBLH

PAGE
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P.D. Blower
Complete Parkage

Cost
)

2,450

2,625 .

3,950

5,625

8,600
10,000
13,850
16,225
17,675
21 ,000‘
25,000
32,500
40,000
48,000
52,000
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Hoffman

Centrifugal Blowers
Construction Costs

Capacity Motor

@ 7 psig Size

{scfm) {HP)
500 40
750 50
1,000 60
1,250 75
1,500 100
1,750 100
2,000 100
2,500 125
3,000 150
3,500 150
4,000 200
200

4,500

Cent. Blower
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

1) All costs obtained from manufacturer's quotes.
2) Costs include blower and TEFC motor.

3) Costs are based on June 1395, ENR index = 5433.

Cent. Biower
Unit Cost

($/scfm)

29

22

17.8

14.8

13
14.857143
13

10.8
10.666667
9.1428571
9.25
8.2222222
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CURVE EQUATION:

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

Y = (12737.73)+(1.53442)X +{4.868822E-031X"2 +
(-1.435126E-06)X"3 +(1.319283E-101X"3

Capacity Cent. Blower Manuf.
€ 7 psig Unit Cost Blower
(sctm) ($/sctm}) Unit Cost
500 29.0008 - 28
600 25.07579
750 21.26643 22
850 19.53076
850 18.1837¢€
1000 17.63557 18
1100 16.6865%
1250 15.57317 15
1350 14.97879
1500 14.2424 13
1600 13.82855
1760 13.29168 15
1850 12.87653
1850 12.68767
2000 12.565145 13
- 2100 12.28279
2200 12.04863
2300 11.81815
2400 11.68815
2500 11.38791 11
2600 - 11.18408
2700 10.98665
2800 10.79485
2800 10.60813
3000 10.42613 10.66667
3100 10.24861
3200 10.07549
3300 8.806776
3400 9.742578
3500 9.583081 9.142857
3600 9.428521
3700 9.27%24
3800 §.135568
3900 8.897819
4000 8.866736 8.25
4100 8.742496 '
4200 8.625707
4300 8.516501
4400 8.418636
4500 8.325491 8.222222
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Unit Cost ($/acfm)

Cantrifugal Blower Unit Costs

¢} 1000

2000 3000
Capacity (sctm)

4000

5000




2
.

- I - )

bbead

-

bl

L

[T

Capacity
{sctm) 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
1800 7.77E-06
1750 2.13E-06
2000 -7€-07
2500 -6.4E-07
3000 2.58E-06
3500 3.59E-06
4000 -3E-06
4500 -2.3E-05

Fo{x)

0.00014
0.00012

0.0001
0.00008
0.00006
0.00004
0.00002

0

-0.00002

-0.00004
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CENTRIFUGAL BLOWER INFLECTION POINT
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Hoffman
Centrifugal Blowers
Construction Costs
Centrifugal Blower
Capacity Motor Complete Package
@ 7 psig Size Cost
_(scfm) _(HP) ($)

50 _

100 --

250 --
500 40 14,500
750 50 16,500
1,000 60 17,500
1,250 75 18,500
1,500 100 19,500
1,750 100 26,000
2,000 100 26,000
2,500 125 27,000
3,000 150 32,000
3,500 150 32,000
4,000 200 37,000
4,500 200 37,000
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‘EXPRESS BLOWER PAC

Universal Biower Pag, Inc.

For more than a decade, you've counted on UNIVERSAL BLOWER PAC, INC for quahty
" and economy. With the EXP package, EXPRESS delivery Is added to the same high
standards without EXPRES S-related charges. This standard, pre-enginesred EXPunit has

an EXPRESS dellvery time of ten to twenty days with drawings availabie for EXPRESSING
on the same day as purchase. EXP units feature EXPRESS mstallatlon since all parts are

assembled as a complete package.

sTANDARD EXPreatures .

Featuring Sutorbilt Blowers
Heavy duty steel base
Dual take-up motor rails
High efficiency electric motor
Premium absorptive & chamber/
absorptive silencers
* Dual silencer supports
w/ holding straps
* V-beitdrive 1.5 S.F.
* Tool gray machinery enamel paint

* Spring-loaded relief valve set
at maximum blower pressure

* Pressure gauge w/ snubber &
petcock protection

* Check vaive w/ EPDM seal &
stainless steel spring

* Rugged flex joints

* Iniet fliter w/ weatherhood

* EZ access belt guard

. Cqmpletely assembled units

UNIVERSAL BLOWER PAC, INC. * 440 PARK 32 WEST DRIVE » NOBLFSVILLE, IN 480808252 * 317-773-7258 «FAX 317.775-5088
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BLOWER| A, | A, | B cC|D|E|F| G| H | J K* | WEIGHT!
2ML “ |335| 35 | 24 |175| 40 [335{10 |10 8 15| 1.25] 300
2LL “ | 465] 34 | 24 [175| 40 |335] 8.5 |10 8 2 |2 300
3HL | ™ | 38 60 | 24 |17.5| 40 [335]| 85 |10 8 2 1.5 | 400
) | 3aML * (465| 62 | 24 (175 40 [ 335/ 85 (105 & 25| 2 400
3LL » |585| 73| 24 [175] 40 |335|85{12 | 8 | 3 | 25| 450
4HL ** |475| 64 | 34 |26 | 50 |41 |8 {14 | 8 251 2 550
4ML ™ |575| 75 | 34 |26 | 50 |41 [10 |14 9 3 2.5 650
4LL *“* |815] 82| 34 {26 | 50 |41 | 85|15 9 35| 3 750
SHL * | 59 76 | 34 {28 | 50 |41 |10 |14 |105( 3 | 25| 800
SML ~ |82 84 | 34 |26 |50 |41 |8 |15 [105| 35| 3 1000
5LL 80 | 705) 60 | 34 |26 50 {41 [135 |17 |105| 5 | 4 1200
SHL = |645| 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
8LL 75 | 65 B5 | 38 {28 | 60 (48 |135 |19 |15 8 6 1800
7HL 70 | 77 64 | 38 |28 | 60 {48 |13 |18 |15 |.4 | & 1850
7ML | 75 |855| B2 | 38 |28 | 60 |48 |17 |18 |15 6 | 5 2300
7LL 96 | 79 99 | 44 1385 72 | 625|135 |22 |15 8 8 2200
BHL 84 (75 | 70 | 44 [365| 72 |825(14 |20 |15 5 4 2450
BML 96 (65 |102 | 44 |365| 72 | 825|145 |20 |15 8 6 3400
8LL 97 |79 |110 | 44 |365| 72 |[625[17.5 |22 |15 |10 | 8 | 4150
) © 115" are MPT, 6°-10" arw 125/150 Ib, ANS! flangs. ‘
™ inlet allencer is In vertica postion. UNIVERSAL BLOWER PAC, INC.
Dimentons wieren bt ot m <1 116~ 440 PARK 32 WEST DRIVE
Crher dimensions ars nominal, request certified drawing, . NOBLESVILLE, IN 48080.8252

Phone: 317/773-7256
Fax: 317/776-5088



N

PAGE_ JIY- o

EXHIBIT ([ -

o

APPENDIX D



u.--;'n ud‘.:; a

Yot

e

Worre  bwed  brerd e Lowed

|
e

CANIDLE

DI ! 'L{)

pace !4 oF

Davco
Wastewater Tieatment 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 guotes.

{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 = (0.15409381X*(-0.5751405)

Tersiary Fiiter Unit Cost Curve

1.200

1.000

Unit Cost ($/Gs})
o

i Treatment Capacity (MGD)

0.400
0.200 \\
0.000

0.000 0.200 0.400 0.600 0.800 1.000

TERTIARY FILTER INFLECTION POINT

Unit Manuf.
Capa ity Cost Unit Cost
{MGD)} ($/Gal) ($/Gal)
0.050 1.087 0.928
0.100 0.730 0.664
0.150 0.578 0.576
0.200 0.490
0.250 0.431 - 0.490
0.300 0.388
0.350 0.355
0.400 0.329
. 0.450 0.307
0.500 0.289 0.291
0.550 0.274
0.600 0.260
0.650 0.249
0.700 c.238
0.750 0.229 0.225
0.800 0.221
0.850 0.213
0.900 0.206
0.950 0.200
1.000 0.194 0.180
Capacity
(MGD} F*(x)
0.025 332.944256
0.05 253.868194 350
0.1 134.067582 300
0.15 56.3672339
0.25 -10.894528 250
0.5 11.35955
0.75 -12.063528 200
1 136.3878 T 180
-
100
. 0
0
-50

Tertiary Fiter Inflection Point

[} 0.2 0.4 0.8 0.8 1

Capacity {Mgd)
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Davce
Wastewater Treatment Filters
Construction Costs

Filter (1)

Capacity Type of Filter Cost Construction Cost
(GPD) Filter ($) 6]

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 include filter, media, 15% piping, 15% electrical, 5% sitework,

20% installation, and 5% for the concrete slab.
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. RECORD OF TELEPHONE COMMUNICATION

b‘r\ E: .JQ,ZIi_ TIME: _Z_.Lé_

ROJECT NAME: Mé_& PROJECT NO.. 75 - S 00

I}F\RTY CALLING: fawwf [Daflace. _ COMPANY: _HAL

PARTY CONTACTED: __Tm elley ( M) COMPANY: _HMass - Kedley

JUBJECT: //m‘r‘wy frratrant o ler cofi—

o

f’i’TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments)

L Pac»Kawab Gmm'l-';/ B Hes EDpO0 o -?#30@00 !
' )w,oeo 6P P ’Q?ymb g —ﬁ'&«‘)‘—d" v

i | 100 wn> B ssoee G O
L AB W ( {fawdlt‘s; Brﬁd?b>
} bxlt, O.28mep = (Steed) #‘7?,000
N 5.5 Mop - (s)* j\z , oco (var._b,) #‘?z,ooo
3 130 015 mop 7 (8)* 120,000 (O * 101,000
. 9 x40 10 mes 2 (S #140,00'0 (C>#“°l°°°

ACTION REQUIRED

HARTMAN & ASSOCIATES, INC.

engineers, hydrogeologists, scientists & management consultants

)
Lot

]




pace__ 12> ofF 284

e Y.l Cee &O. 7 r.ul

é “RERVING THE WATER WOUSTRY SINCE 1EM™

. 1828 Metcalf Ave,
Thomasville, Geargia 31752
Phone 812-226-5733
Telefax No.

| WBEETNR THE GROWING SEWMANS POR CLEAN WATER ' T 912-228-0312
L d

n

PACSIMILE TRANSMITTAL SREET

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

o: HAT - Tomie allace Re: &'ikoL Es-’-\ma."%

Fax. number: 457- 83%-3av

e

Date: 1-2:9S

Total number ¢f pages including this page is: [4

EEHARKS:

Budaet cohmakes are fo Pives thunderd  equpment deliered b
ceatral Ehpida. Oanco otd s Bluminpm ye‘-\;\L ed alominbm anlrc.[/..
Aleo demnm '>"l¢ duplex o2 tee rh» MQ"LQ}:"[M U‘bt.-) a~d
controls Bee indyded . I have nit wdlided l\-\&q«cuocus sechas cﬂo\nmv‘w—
{lsmeler o -l-dcﬂo}r-\ eqy: pmcr\+' (°'~ ctr o C&\
Tirn ko ouc, \-.J\.J;J s‘c‘os arw’r &- clonﬁa/f -p.\ac.Lb) and
installahon s (—usl\ gﬂl’m-\ 6( Cﬁ\:\pmm‘l' /( Gan(,_!nQ bkc

L i&z&’:ﬁ‘_&_pm_ugﬁa CM"“‘I‘MJ sagle "“'W' ‘5““!‘? ‘-t“" oo
- barts and Wb mot meet FDEP Clasy T 1°“

c(amﬁe«- 2@7\,1(%‘{’5 (nwu-\p\( Lne ;)
Fityen pPrices \nclw’c media. Coarse bbble de \C{v‘xfs ‘gﬂ. PlM\LS tas vhlized.
Clu-—\ ¢ tprbda._t- Juw q,/ sheo P"’ chcrhuq@ Pro}-dhbn

et et e el e

Uil

R.nu\ c\'tv\_s h““\b on

i)% hakm3 cka-Qe4> sch as: Albmmm i IQMAU> o $+°~;l¢u o Ar he oders
s and draP P‘P<—b J!rca‘ érm« clorfen clraw a~d % -{;.-J;k Can qacl

Slﬁnz{.bM+ {3 -H-.g_ PQ\Ceé L L‘KL\((, 3“‘“ - H¢Q$¢ 44&5% qao«-c(m'o(s.
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Davco Ring Steel izt Costs
Y
)
 Extended Aeration Contact Stabilization
j Capacity &-_l;o”r_ Price Turn Key BJ,J‘Price TurnKey
o —toRd) $) Instafl, ($) install.
T 10,000 Yedds lhvos kiA " (a
2 .
é 5o 25000 Ldd0D (Booo Ly b/
% g -
':st_é % 50,000 \lDoan iS00 S0 §-2-YY)
HELP
é ';7 75000  \508060 3500 lod oo 22000
S, 150000 lhbdsD RLYIES YTININ o000
l§ -,
L ;' . .
? Q c—‘ 250,000 {1Sooo R5s00 ISSo00 1IS66D
aig .
Q¥
?g . 500000 CSo6®O lzs6b0 2SO ISSYS
- v
(Y 57 '
s _3' _ '
" 1,000,000 358°00 115500 282000 (4D OOD
* | futees -{‘uolhsmu.nmbu CosTS lhu.ppc;o>
T 6 4o .OSKED : 2BoDO
TES CuTER > .05 L .dhahD - kddeo
> 1D & IS ME0 = 5000
.25nlLO ¢ SSooo o C € .ZHLN: IBIoSS
- hvelino LSONED) ¢ J0BDO 4 2 e IS HGP 3500
BP0 FUTEL qg G0 . Boson ee 7. e . Sk HuD: kSH0S
L LOMGD . QBotd ez L e .15 KGO 1BODD
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Wastewater Treatment Systems

Chiorine Feed Systems

EXHIBIT
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Unit Costs
) Overall
Chiorine . Package Treatment Construction Unit -
Feed Rate System Type Cost Capacity Cost Cost
{Ib/day) (150# or 1 ton) {($) (Mgd) ($) $
100 150 tb. (1) 16,400 0.01 25,420 2.54
200 150 Ib. 17,600 0.50 27,280 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 71,145 5.00 110,275 0.02
NOTES:

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

(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 chiorinators w/ switchover, dual scales, gas detector,
alarm panel, vacuum switch, booster pump, housing, and hoists all are

included in the manufacturer’'s quotes.
(4) Inciudes 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

PHONE: {407) 8791333

INCORPORATED FAX: (407) 8578859

ciend Gie

July 5, 18995

Bartman & Associates, Inc.
201 Bast Pine St.

Suite 1000

Orlando, FL 32801

Attention: Jamey Wallace

Subject: Wallace & Tiernan
Chlorination System

Dear Jamey:

In response to your request for an estimate for Wallace &
Tiernan Chlorine Gas Vacuum Systems with manual chlerinators,

~injectors, gas handling fixtures, cylinder scales, booster pump,

gas detector and miscellanecus safety items, pricing is as
follows: "

reed Rate Estimated
Chlorinator Model Per Day Gas Supply Cost
V=500 100 150¢ Cylinder $ 22,300
v-500 200 150% Cylinder $ 23,200
v-500 500 Ton 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 4x6
FRP building with appropriate fixtures and safety devices. For
the ton cylinder units, a facility for handling ton cylinders
will be required. Also, you will find the scales required for
the 150#% syetems are.included along with the ton cylinder scales
to be mounted in your handling facility.

SUCPI AN TS P s e s e M e
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Jamey Wallace
July 5, 1995
Page 2

The above are basic equipment costs and can be utilized for
basic estimates. Please advise if any additional peripheral
equipment is required, such as chlorine analyzers or pH
recorders.

ol

- 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

W%CB & TIEm, INC.
\

Richard E. Neal
) Winter Park Office

REN/gl

Enclosure

o

)
PR F 1Y

a»
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‘ Type: Gas Chiorinaion => includes: Dual trunnions, Dual chiorinators, Ty 2t
Auto Switch over, Ejector, Booster pump, FRP
housing (150|bsm!n).i.ad<ddactor,etc.
- Chiorine Type of Systom
Feed Rate &@Sbcﬂ.)or P&p
"j _ (hday) (1 ton) p
1m® o /S # 10 Soo T
\vSo ' . IR A -
20 O /150 # /2,600 —
% el ® TN /1%, 200 —
e SII@ - B ’ 'TQ,J‘ 1%, 800 —
§ 1@:@ TN 26,000 —
/b}"
37, 350 ~

N R e o T e
)
3
T

Ui

Note: (Any extra costs needed).

’D Ioo/Zoo /e, /Ca # CYL SYITEaU /~oCedZ ] COMVETE CHlot~30A ~/ Swiresmme
ETeron 4o DitEuue, AL SOHE, Ao PAVEC UACuom (Watk Boosr®_
pems S'x &' Fiamwy sHzose (2 corramse mmwiFoo o9 2eopr)

b Zso /Soo PPo, Tom LyssEmi INCLIOE!  JLL 0F AsE BEXXBPT Fhatiod

: SHECTEL Ber  Duse Gas DETEwwRS |, (ZT) T SeE, (2)ren
TN SToARGL  TIUAWNWAS.

%) /ooD/’ZAco P10 SYSTEMS INCLUPE | AU &F ABoVI BoT @) 7o 7oI

AAG TN (m\u/io) o (2) & 7o pqmm(u:o.ﬂm)/ LBUL AVUVTEY

CH WL/ VBTUA (BINET, (Z.) Dusi. 7o Scw(/ooo ;/n) v 2) &7

Scoes (zeso /’KD)] (4) e STOMeGE  TAUNNIONY.
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HARTMAN & ASSOCIATES, INC.

engineers, hydrogeologists, surveyors & management consultants

[ oednabon Curveld)

Vales, 100900 Gallon /pay ok less 3> 15D b cylinders

>1,000000 6D

® dvn cylinders

ﬁ

""'4_' % ©0.0% a'
. N\MkL ,O/O@ - 52'54 |,000, D00 = & o gé :
»jﬂ?o 20,000 = #}'17 {,5Do,000 => .

5,000 = #0.51
|00, 000 2> #0295
zoo,000:=> ¥y, 14
s00,000 > #0058
750,000 = $0.020
l,000,000 => 8 0.027

e ————

—_

/0,000 = 55'5
EPP\ 20,000 = ¥ 2.0
w?o 50,000 = a 0.90

- 100,000 => 3 0.4,

200,000 «> 80,28
500,000 > % 0,14
150,000 > & 0. 1]

1,000, co0 = 4 0.0485  __——
~

e

2,000,000 # 0.6495 \
3 000,000 7 8 v.022
4,000,000 => & 0.027

5000000 > # 0.022 J

————

/,SD0, 000 ¥ ¢ 0.073

2 000,000 D 0,003 \

3,000, 000 ¥ 0,048
40.0
4,000,000 2 A

5,000,000 » 40034

Nots - <ome as before  £xcept

774 Sowre s

PR btk Sowce £, peges (77,



Construciion Cost ($)

- A e T e ed L L J Gl
Chlorine Feed Systems
200,000
100,000 f-|- | {{{------ -t - - -
|
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4
50,000 |-t {{{------ . - |
30,000 |-t {{{------ R I 1------
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20,000 0
50 100 200 500 1,000 2,000 5
Feed Rate (Ib/day) m
150 Ib cylinders 1 ton cylinders iﬁ
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GRAPH #33
Chlorination Feed System
300,000
200,000
)
100,000
50,000
30,000 Lol L | TN S S s L o .
003 - 041 . 03 1 3 10 30

Wastewater Flow (magd)

Note: Source E, Figure 10, pp. 19-21.
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Water Treatment Systems
Chiorine Feed Systems

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

100 150 Ib. (1) 16,200 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 lb facilities are equipped with a 25 square foot shelter.
(2) The Ton systems are equipped with a 400 square foot sheiter 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. v
{(5) Costs are vased on June 1995, ENR Index = 5433.
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HARTMAN & ASS@®CIATES, INC. e
engineers, hydrogeologists, surveyors & management consultants \TE i
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2,000,000 Cmum/w ok less = 1D b cylindes
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1
T
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10 ooo asz, S4
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L, oo, 000 = *s.017
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10,000 ﬁ 2.0
20,000 » § 0.8Q

o0 3 F o

Ibo/ovo E "so. ;qb
00, 000 > ¥ 0. 1357
50,000 3, 30‘ oard

750,000 2 7 0.077

be 21006/090 Callon /Da_7 = Aoa C,y\l"\ws
\,500 000
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2,009,000
3 oo0, 002 ) '\/:\\.\)45 o
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GRAPH #4
Chlorine Feed Systems
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GRAPH #5

Chiorination System for Drinking Water ( Miust for Tt <t
- ?f'é.)e

200,000

100,000
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50,000
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Capital Cost ($)
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|
]
I
J
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R |__Note: Source B, Figure 2-6, pp. 13-14
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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 $147.90
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 inciude 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.
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RINCHAVER EQUIPMENT COMPANY
POWER SYSTYME DAVISION
A 2901 RINCHAVER DRIVE 32824
g P.0. BOX 590106
! ORLANDO, FLORIDA 32859-0204
PHONES 40785561935
FAXS 407-438-0922
: DATE:  Jaw.Z23 96 PAGE 1 0f 2
' T0: Fate Heavsde/? __|IAXS_3S5-074p
- , COMPANY: EMJL
} FROM: 2.4 BodaerT _ |EXT: 2258

7o - | ‘,
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Jansry 29, 1996

£M! Conaiting Specwites, inc.
M, Pens Hoanshel

3301 Liwde Cyprem Cove
wanter Park, P, 22792

X5 JS07a8

Submot Swndey Genarstar S0
Suagewry Mricing

Desr Pate:

. The stteched chart shews represantstive Dudge! prices o7 unt Sies » e
° Corepiar Otywsen oné Coiomilar Bnas. The Daaxk nit sonsists of s prokeget Slasst
HATTTIC 50 WK Duve, s LAWY IGUNAS FAMNAIOT Cubbay SYTiem and Serrol metaning

pensl.

Thess 370 GUrTant prICss. Subsedt to Thinpe wahout nsce. Povee Gat! # sgptvony!
Informadon is nesded.

Veouy Py yours,

/ert [oenirt

Sob Bohnert
Baies Enginaer
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8 96,800 .
12.5 ' 69,100
17.5 $10,000
25 $11,000
k13 $12,000 4_
50 $13,700
75 $15,400 L
100 $19,000 B K
150 $22.400
200 $24,400
250 . 427,300
300 | 833,500 » ’
360 $36,000
400 842,200 =
500 460,500 =
800 972,600
750 £95,000 i
1000 $13¢,000
1260 $168,000
1500 $192,000
1780 $2682,000
2000 $294,000

| [Ringhaver |
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Vil eLr a0 Lde CEPRISE- 1NN 1) AL PR WE LS PR realor [
from: RICK COOPER Teo: PETE MOANSHELT Oate: V3V Terwm: 20:30:20 Pags 1011

CUMMINS SOUTHEASTERN POWER INC.

4820 North Orange Blossom Trail

Orlando, Fla. 32810

(407) 2982080 (Rick Cooper) FAX (407) 2908727

FACSIMILE COVER LETTER

Date: 1731/86

Post-it™ Fax Note 7671 [Owe Idages® /
Company Name:  EMI " Jomes Wausca ™ Fere Homshe/
P L EMY. | emT
FAX Number: 359-0743 Phone ¢ et 356 9797
Fax s Fax #
Aftention: PETE HOANSHELT 357-02¢8
subject: GENSET PRICING
PER YOUR REQUEST:
Xy PRICING Kw PRICING
75 7.524 15 11,357
20 11,773 o 25 12,780
35 13,629 <« 14,640
50 18,152 80 19,668
100 22,378 150 28,137
200 35547 . 250 40,773
300 46,175 350 51,388
400 86,818 500 93,896
800 102,521 ’ 750 135,887
1000 165,798 1250 215,888

1500 285,200
USE THIS INFORMATION WIiTH DISCRETION

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

regards, _

Rick G. Cooper

Energy System Sales Manager 813-664-5831
REPLY NEEDED YES NO AS SOON AS POSSIBLE ____ AT YOUR CONVENIENCE —
This 11ansmission corists cf ___ pages, including this cover leffer. It you ao not receive all of the pages

piecse notity our office at: 298-2080 OR FAX 2908727
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Prestressed Concrete Ground Storsge Tanks
Construction & Unit Costs

Uninstalied (1) instalied (2) w/ 1000 gpm w/ 4000 gpm Overall Overail
Volume Tank Cost Tank Cost Aerator Aerator Cost Unit Cost

(Gal) {$) {$) ($) ($) ($) ($/Gal)
50,000 70,900 77,990 96,034 112,188 104,111 2.08221
100,000 92,500 101,750 120,010 136,164 128,087 1.280865
300,000 149,540 164,494 183,324 199,478 191,401 0.638003
750,000 226,000 248,600 268,195 - 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
2,000,600 412,500 453,750 475,210 491,364 483,287 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 manutfacturer'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

Y = (1087.291)X~(-0.5848418)

Capacity Cons. Cost Manuf. Cost
{MGD) - ($) ($)
50000 1.941743 2.08221
75000 1.631815
100000 1.294604 1.280865
125000 1.136213
150000 1.021295
175000 0.83325
200000 0.863141
225000 0.805686
250000 0.757539
275000 0.716468
300000 0.68092 0.638003
325000 0.64978
350000 0.622219
375000 0.597612
400000 0.575476
425000 0.555429
450000 0.537169
475000 0.520449
500000 0.505068
§25000 0.48086
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
800000 0.383683
825000 0.376839
850000 0.370317
875000 0.364092
800000 0.358143
825000 0.352449
950000 0.346995
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 0.246899
1800000 0.238782
1900000 0.231349
2000000 0.224812 0.241643
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Prestressed Concrete GST's

Capacity

(GPD) F*{x)
50000 6.86E-11
100000 5.41E-11
300000 1.64E-11
500000 1.32E-12
600000 -1.08E-12
750000 -1.26E-12
1000000 1.26€-12
1500000 -1.15E-12
2000000 1.68E-11

(-4 )

EXHIBIT
PACE___ 1471 oOF

INFLECTION POINT OF PRESTRESSED GST

¥4

FT{x} Velue

7e-114
6E-11
5E-11
4E-11
3E-11
2E-11
1E-11

-1E-11

Prestressed GST Inflection Point

T \

,L 1

.

i

{

1 g

0 500000 1000000 1500000 2000000
Capacity (Gal)

esee 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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HARTMAN & ASSOCIATES, INC.

engineers, hydrogeologists, surveyors & management consultants

DATE:
DATE:

e o Cost (H)
i \)?k{’< Vol -
™ Nl i dmis
A0 D000 el #ag034 By iee

)00, 000 ap f 120,010 4 (LTSRS

5 200,000 <R ﬂ\%/&‘* # 199, 47¢

750,000 g2l % 203,195 F 284,249

I/CDO/OCID jﬁl 5315/057 $35\/\C7\
50,00 sl T 284 34) $ 415,495
2,000,000 gal *"47;’/2;9 éz?“;!/%ﬁ

Nolte : 0, ANl Values \nelude —onk rmien‘als/ Sideroocl
Cxrvete Da, po«\ak;rxa ) D255 Kon COMW'*’S}

erecic eal xd \0ovellaben

@ Values oble tngd. \OY ma,\ns ‘\'\OM&‘FO(-L{«Fefs

Coeyr €Sbrroles,

(Conerel)

Ratio (4/6:@
Jo00 A _ A0 A
#a, Fo24

® |.70 4 1.2
8o, & O

4 O- 3 # 5 28

% 0.3 ¥ 0323
8 017 #0029
5 ¢4 H o 25
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Mll-"“ THE CROM CORPORATION
 d A

R. 8rucs Simpson
H.E Puder
Jamas A. Nott, P.E

Lars Bakck, Jr. P.E
June 13, 1985 Charles 5. Hanekat, P.E.
Samuel ©. Sawyor, P.E

Richard L Bica, P.E
FAX: 407-839-3790 mbéfm{f
Mr. Jamie Wallace
Hartman & Associates, Inc.
201 East Pine Street, Suite 1000
Orlando, FL 32801

Subject: Preliminary Prices for Ground Storage Resefvoirs

Dear Jamie:

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

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

A

300,000-Gallon Domed Reservoir $145,000 \\ v
50'-0" ID x 20'-6" SWD \?,
750,000-Gallon Domed Reservoir $218,000 - ."
65'-0" ID x 30'-3" SWD \"( + |

-~ o e
1.0-MG Domed Reservoir $255000 00 I+
80'-0" ID x 26™-8" SWD v

o~ o®
The above estimates are based on open shop labor condition%mh construction
beginning in 1885. 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 overflows. Painting
the exterior surface with one coat of primer and two coats of latex paint.

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

)

250 SW. 36TH TERRACE ¢ GAINESVILLE, FLORIDA 32607-2888 ¢ (304) 372-3436
FAX (904) 372-6208

c00-/T00Q 40D Ro¥y JHI 8079 T.IC t06 TR 8g:01 g6/C1-80

Prestressed Composite Tanks Stephen W. Paviik, President
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PAGE__120 OF 2

Mr. Jamie Wallace June 13, 1985
Hartman & Associates, Inc. Page 2

Also per your request, to add a 1300 GPM aerator to the above tanks would be
approximately $11,100 and for a 2600 GPM aerator, $17,300. Aiso please 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

Lt 0. AT

&</ Richard L. Bice, P.E.
Project Manager

RLB/pd

c00/2000 "d¥0D Ro¥D JHL 802% TLC to6 18 8c:01 8/¢1-90
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| PRECON CORPORATION
M

Prestressed Concrete Tanks

TO: A™MM [\Y 5 =

115 S.W. 140ch Terrace
Newberry, Florida 32669
(504) 332-1200

Fax 332-1199

DATE: {2229

Ll 'e ) PAGE 1 oF _ >

PHESIDENT

PRECON CORPORATION | pnssmesszo CONCRETE TANKS
- 115, W, 1400 TERRACE OR WATER STORAGE

NEWBERRY, FLORIOA 32659 AND TREATMENT

prmann——
SUBJECT: IR R AN Y E:-;STmAATEs

T D3 -9

P.E. ) 332-1200
RICK MOORE, 04 3321200 FAX NO. (@1 R I SSZQD
o q_. Xy

U £ST <

MESSAGE:

luaogs  Fon  CALLING,

PICTON 600€T  ¢gizz ung

00¢1-28¢-pN6: 73] NOILHY04¥0D NODFNd
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m PRECON CORPORATION ESTIMATE PRICE .
Ep o - —CIRCULAR PRESTRESSED TANK
thessed Concrete Tanks 115 S.W. 140th Terrace WITH AERATOR

: Newberry, Flotida 32669
31 (904) 332-1200 (Fax) 332-1199

\

PRUJECT DESCRIPTION:” .
 pmes R T-Y I BY: “=Ziew Maoer
ioatiom : T Centon T ‘ Dete: ([ 722 45

' nk Capacity (Gal.): . S ¢ o L M 3M67

f’lametar (Pt.): 30“0" 351'0“ 50'-0 \
i;ator Depth (Ft.): g |_éu l%‘— \ \\\ 2@'-— 6u

Jcrator (GPM)1:

jis'rman: | ©.05Mg OWMG  O3MG
Base Tank (incl accessories, ext paint): § -4 000 Aoco ISIom

Aerator <€ R€\aw

Bafflewall (concrete block)
S0 /s0, FT,

. Interior fgint (dome, 2’ down wall) :
ATO 70 TO AN, PRI\LE

sfa)  Bisoo Bogo

Pipe (estipate
phD(O ‘\Oga m) Tawe PR\CE.

Site Work (estimate)
oo S7% To 0¥ To Tame PR

O R

b

AERATORL PRI, -
| 0OO BPANS :lo,aoo TOTAL

2500 &fM = \T,000
40 aom F28,000

e G.P.M. AERATOR

Hife Bin oome

ACCESS HATCH -

]
EXTERIOR LADDER L
]
INTERIOR LAODER , . 3 l E
12° WIDE WORK AREA oty § ' i
o A0, AROUND : - Je— .
’ £L Ao & T o
e | \ Y- -
2> RORFORCED CONCRETE
| MEMBRANE RLOOR —
SECTION ——— ELEVATION

70-d VIO'ON € . . .
“ 600 ¢ GR77 uUn -
; r ANZT=7CC-pNAR: 13! NATEHNTANAY NAYINA
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FRECON PRECON CORPORATION ESTIMATE PRICE
i CIRCULAR PRESTRESSED TANK
;é.:essed Concrete Tanks 118 S.W. 140nh Terrace

Newberry, Florida 32669
(904) 332-1200 (Fax) 332-1199

Fi, .
'i—.:gmc'r DESCRIPTION®

{-":Name : Ve oA : BY: T Phew
"Location: : C 'F‘{_oz -  Date: (-224<
i‘ank Capacity (Gal'):onsh‘\L |m6 lMé‘ .
ilancter (Ft.): _(_ei"Q“ @'—O‘ log'-o0"

4ater Depth (Ft.): 30\_3“‘-' N Zl_é‘*%“ 3_4.'.\-"

LJESTIHATE’ onsMmeg \ MC.T 2m G
Base Tank (incl accessories, ext paint): § ZﬁOOO ZQS@ 4728 000
Pipe (estimate) ("Ei'NO‘\’E.&:w\Q) : %

Site Work (egtimatg)
psvaw S7% To 107 02 TAank ek

it oo + (30 # iy ax

A

TOTAL D -}
4’9/
g me
é POL - WTuOUT AETOL - L/ 0 TANC PRI, - $ 2
p - W\Twa AEOATOL. - 4”0 o¢ Tane PRWOR -
—
ABERGLASS VENTILATOR .

FREESPAN CONCRETE

5 HATCH DOME ROOF

M EXTERIOR LADDER
, O REL O . ]
INTERIOR LADDER { E OVERFLOW J ,
. 1 v, 4 0 90 (TYP) :,.
12 WIDC WORK AREA | | 5 ] ) |
ALL AROUND i —__'—___" INSIDE DA
’ i FIN.GR.
_______ RN —) FLOOR Ei p— &
Tt/ REIRFORCED CONCRETE s
T MEMBRANE FLOOR
' SECTION ——— ELEVATION

€0'd PI0TON EC:¢T 67z ung 00¢1-2€¢-v06:131 NUI1Hd404400 NOD334
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Stee! Ground Storage Tanks

Construction & Unit Costs

CATUDI

Lol -4 )

PAGE_ |55

24

Manuf. Manuf. Overall
Steel Tank Steel Tank Steel Tank
Volume Standard Cost Installed Cost Unit Cost
(Gal) ($) ($) {$/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 77,5650 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 manutacturers' quotations.

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

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



..

oo

y

b oo Wil Dy

Sy
[V W) [

o

it

CURVE EQUATION:

EXHIBIT (GCH-4 )

PAGE__J5[, _ OF _284

Y = {284.0798)X"(-0.5089886)

Capacity Cons. Cost Manutf. Cost
{MGD! (8) ($) .
Stsel GST Link Cost Curve i
10000  2.61513404 253 |
20000  1.83769621 2.035 3 |
30000  1.49601527 1.46666667 a i
40000 1.2913783 ‘
50000  1.15272998 1.1 \
60000  1.05057087 ;
70000 - 0.87129326 s
80000  0.80747204 I
80000  0.85466772 i,
100000  0.81004166 0.7755
110000  0.77168318 o D .
120000 0.7382529 i
130000  0.70878042 |,
140000 0.6825432 , 0 0000 00000 500 200000 250000
150000  0.65899066 Capacity (Gai)
160000  0.63769501
170000  0.61831807
180000  0.60058858
180000  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)
Stecl GST inflaction Point
10000 2.1822E-09
20000 1.7001E-08 2508
30000 1.2908E-09 .
50000 $.6926€-10 oaoaoens
100000 -7.6E-13 15608
250000  -6.2012E-10 T~
L SE-10
]
[ S0000 100000 2200000 250000
0 —\«m\
Q0 3]

Capactty (Gal)
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HARTMAN & ASSOCIATES, INC. ‘ﬁ‘ i =

engineers, hydrogeologists, surveyors & management consultants

[ Grued. Shamge Tonke.y) (Steel)
Volues include @ Sidewak, Cone., kel eleck,) w%
— . Cost- W- \
\“'.

1/“ ;%;o 5,00 gel =7*¢f‘1,5b4 =7‘$5.‘H
T3 10,000 gal S%3a 312 > %3 33

z5,000 gel Y5757 >4 2,29

50,000 90| 93 72, 700 g:}"!g }r
100, 00 apf 5 fol, 125 74 0 /
Z2so,000 gol -7#;58}(018 " 0,03 //
: /’_‘__’_———_———-—--- . e ——— e = -
| 2 . Cost Recio ($/60D |
N2 Copecity »
6& sooo g £ 20,000 # 4.00
- oo @l H 25,30 v 2,53
somt ¥ 43,000 B 172
5D, 000 52| 5§5)000 §1.10
. A 77,550 0,77
1 100,000
‘. # 1375000 % 0.528 !
250)00080\ - :
__———____'____,..___4"'”.—_- - LN - !
N e

£

%k NDK:‘QAH valves, Inclabe makeriais, sideroork, Concrede bbase
elecsricel C,anh‘rse»cies ond. woollaton .

@ Volues  olorainede Uf{mé (\rw-gac-\-vres cost doto ard
wolesr Jreodnint  Comdant Souce C ) Poges 4i2-413,
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\ Florids Aquastors Water Reservoirs

List Costs
Capaclty | Standard Tank My é d Standard Tank w/ elnﬁ Cont
(Gal) w/ Conerate Fioor — m:qu! Boited 8Stas| Floor Fo-
X
10,000 * 23,000 g 45,000
. g ,
& 00
20,000 37,000 1414 3%,¢
5 $ 43 300
30,000 40,000 (719 X
50,000 * 50,000 204y H 3000
100,000 ¥ 70 500 3119 ¥ 97 500
* £
280,000 ® (20, 000 1224 136,000

¥ with Temcor Jome

Notes: (Any variations or extra costs raquired)

Must Add for any tank f,;f"':j [dozzles, liquid levcfﬂauje/
Color Selection, etc...

SH. +an¥[ includes concrete ﬁunJHm\/ root, r007[\r"\0nwa)r/
JNV”L/ veat, bottom masvay hotck, exterior pro'/"fd/‘«e

boH' Copf, EGJJC( ) o Caj&..,aSSemé(Y/ +0/ I'\am..lay f/a-le[r;fm
Cobal+ blue. color. (0el;vu¢5{ + instolled itl +ax) '

) ,// ‘ ’r‘\::\.\

%{ L
R ‘ﬁ\ [or!
_\ I /;i)'&\\‘ ‘ yb\ lo\\
N 9 4 34 -

i
i
]
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. - FETE
CLEARWELL STORAGE | TABLE 172. CONSTRUCTION COST SUMMARY FOR BELOW-GROUND COMCFE

CLEARVELL STORAGE
Construction Costs

: Clearvel) c:ren*. ga) 00T
Product f{ltered vater 13 commonly stored In a clearwell at the plant . Crst Category 2 2 ] . —

site which serves as 2 supplement to distribution systes storage before high- 00 316,500 3 25,300 $ 15,400

service pumping. In sany cases, filter backwash pumps also draw from the . tion and ${tework $ 3,300 55,7
clearvell, elfminating the need for a separate swep. Clesrwell storage may be E;cml::" 9,800 16,500 37,000 “'ggg u":g& v
sither below ground in refnforced concrete structures, or above ground (n Steel 300 400 800 2.600 2,600
steel tanks. Conceptusl desfgns for below and above-ground Yevel clesrwells tlectrical, Jnstrumentation 2,600 !%,_;8% !%'%&OI ~7rw 795000
are shown in Table 171, subtotal T‘I,% San a0 19900 T
1gn Contingencies 2 .
TABLE 171. CONCEPTUAL DESIGNS FOR CLEARMELL STORAGE oty STETU  $79°000 $E5.T00 STUS, I $79Y,3W
Below-Ground Concrete Clearwells Ground-Level Steel Clearwells
dize, TT 3fze, TV EL CLEARWELLS
Capacity, g0t Teng ath_Uepth . Capacity, gal _ Waneter Vepth TABLE 173, CONSTRUCTION COST SUMMARY FOR GROUND-LEVEL STE:
W
l3.1‘)0() 8 8 10 1,000 5.7 s Clearwell Capact al
. 000 [ §} 11 12 5.000 8.5 12 -t
30,000 18 19 20 10,000 12 12 Cost Category
00,000 26 26 20 25,000 15 20 y
500,000 8 8 20 100,000 3.5 R Excavation and 51005 10035 1005 1005 205 40 35 500
500,000 52 %2 Concrete 3,100 5,300 6,600 8,400 11,400 25,700 37-;00
1,000,000 7 2 Steel Tank 3/000 4,900 12,600 26,600 $2,300 121,200 191,
Electrical, 00 2.600 2,600
Instrumentation 2,600 2,600 2,600 2,600 2,6 R ;
Construction cos:s are shown {n Table 172 for below-ground reinforced Subtotal 50 17300 70500 ILTH WIW 1,50 '
corcrete clearwells and In Tadle 173 for ground-level stael clearwells. Costs Des{gn 1.900 3,300 8,700 10,000 22,500 34,700
for ground-level clearvells are based on field erected welded steel tanks Contingencies 1,300 .
designed to neet AVWA DI100 for 18.93 o (5,000 gal) and more, and on shop " Toqul STUSTOU sTE-000 $75.200 $T3,900 ST, 500 STTZA00 $765.900

fabricated welded steel tanks for the 3.79 o (1,000 gal) tank. Stee) tanks
are pafnted inside and out and are fInstalled on s concrete ring wall with .
ofled sand cushfon. Cathodic protection is fncluded for tanks with capacities Notes: 1. 0fled sand cost fs included In concrets category. X categor

of 14.63 o (25,000 gal) and larger. A typical ground-level storage reservoir Cathodic protection cost 1s included in the steel tank category.
{s shown fn Figuke 166. Figure 167 presents the construction costs for both
types of clearwelly, e

9 3ovd

40

[Bl{aliB)\Ves ]

(b -HDOST
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SHELL MANNOLE

PLAN

SLEVATION

RINO 'AL\,\
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Figure 16

cdyida, !

SLOPEL FLOORQ 1IN
Faow & TO SHELL

| —— |

oSSR CaREI'SACIILESET93

13’

{nmn 8010w
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anp Cusmion

G

6. Typlcal ground-ievel steel clearwell.

e D Wil el Ll B
v . 415
n}ooﬂo.ooo
q
]
L]
3
1
1,090,909
]
: !
-
. ? /I
! OW-GROUND GONGRETE 4 A p
o
: I
x - -
9 -
8
- s
z .,
. STEEL
3 . / Asove
10, o 2
]
4
3
]
1688 3 3 4 2413 '] 4 s 789 1 3 a4 st
1000 10,000 100,000 1,000,000
l CLEARWELL CAPACITY - gal
1 1 [
"0 1000

Flgure 167.

100 ’
CLEARWELL CAPACITY - m

Construction cost for clearwell storage.
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High Service Pumps
Standard Horizontal Split Case Pumps
Package Costs

EXHIBIT

PAGE_](2 _ oF _2H

(6eH-Y |

Worthing. Peerless Worthing. Peerless Overali Overall
Capacity @ Motor Package Package Const. Const. Package Unit
175" of Head Size Cost Cost Cost Cost Cost Cost
{gpm) (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 7,350 6,000 7,350 6.675 8.9
1,000 60 8,000 - 8,000 -- 8,000 8.7875
1,000 75 -- 9,575 - 9,675 9,575 8.7875
1,250 75 8,600 10,800 8,600 10,800 9,700 7.76
1,500 100 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 13,150 11,875 5.9875
2,500 150 14,700 16,200 14,700 16,200 15,450 6.18
3,000 200 15,600 17,800 15,600 17,800 16,700 5.56667
3,500 1200 -- 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 26,850 6.7375
5,000 300 24,600 33,200 24,800 33,200 28,800 E.78
Notes: 1} All costs obtained from manufacturers’' quotations include

pumps, factory testing, and freight to jobsite.
2) Horizonta! Split Case pumps and motcrs.
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 @
175" of Head
{gpm)}

100
150
200
250
300
350
400
450
500
600
750
850
950
1,000
1,250
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__ (>  oOF @ﬂ

Y = (3818.44)+(4.108873)X +(2.262638E-04)X"2

¢+ Const. Cost curve, divide by capacity for unit cost values.

Curve
Unit Cost
($/gpm)

42
30
23
19
17
15
14
13
12
11

NN DODDDDDH OO~ i~ 0000 WO @

Manuf.
Unit Cost

($/gpm)

43

18.08

11.885
8.9
8.7875
7.76
7.08
6.84286
5.9875
€.18
5.56667
5.85714

6.7375

High Service Pump Unit Cost Curve

(GeH-4])

Unit Cost {8/gpm}

High Service Pumps Unit Costs

50 o

40 “,

% |

204 Y

ol el .

. .

0 1,000 2,000 3,000 4,000

Capacity (gpm)

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-086

F{x)

0.0006
0.0008
0.0004
0.0003
0.0002
0.0001

-0.0001

High Service Pumps infiection Point

’—
1000 2000 3000 4000 5000
Capacity (gpm)
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~  Peerless Pump Company Fax Message

. /811 North 50th Street Nember ol pge bckiing covr. .,
. Tampa, FL 33619 Fa

' To: HARTMAN & ASSOCIATES Date: 07/07/35

' Fax Number. 407-838-3790
] 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 1S, AND WHAT ISN'T INCLUDED.

,
o

LET ME KNOW IF | CAN BE OF FURTHER SERVICE TO YOQU.
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B List Costs
1 Type: Standard Horizontsl Spift Case

. | @ . Molor Package
1 mdz oy Stize Cost
~>125 GPM @ 176" (PE-835) 100 10 § 730.00

250 2AE-11 25 4,925.00

3 500 3Af-14 40 6,185.00

3 750 SAE-18N . 50 7,350.00
| 1000 SAE-14 75 9.,575.00

i 1250 GAE-166 75 10,800.00

l ; 1500 BAE-16 100 11,650.00
1750 GAE-148 125 13,150.00

! GAE-14G 125 13,150.00

: o500 SAE1°6 150 16,200.00

; 3000 BAE-15 200 17,800.00
ag00 BAE-15 200 17,800.00
g 4000 8AE-17 250 30,700.00

4 | 5000 10AE-16 300 33,200.00
. Note: (Any extra costs needed).

- REEY THESE COSTS INCLUDE A NON WITNESSED FACTORY TEST, AND FREIGHT TO JOBSITE, BUT
NO TAXES, ELECTRICAL OR INSTALLATION.

)
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éb NEY’ PS INC.
2:5) BARNEY'S PUM

FT. LAUDERDALE ¢ JACKSONYILLE ¢ LAKELAND

BARNEY'S PUMPS INC. PHONE : (813) 8658500
3907 HIGHWAY 98 SOUTH
P.0. BOX 3529 FAX: (813) 686-3858

LAKELAND, FLORIDA 33802
T0: Ja MEY DAL;J}CE’
cor.m:mv: HART AL }‘ Assoc .

FROM:: DAVID THOMPSON
SUBJECT : D@RW/MQT—DM HERIZOWTRAL. SPUT_ cASE. FROriFe

SerecTion3 ATTACHED (

@e—:@ﬂ&?f

FAX NUMBER : (‘7"07,7 839 B79D

COVER PAGE PLUS / PAGES FOR A TOTAL OF Z PAGE(S)

t
SIGNED : M W

“ o
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068/27/8% 16:11 407 838 3780 uanTMAN ASSOC . Lé]ooﬁ
Worthington High Service Pumps
List Costs
Type: Standard Horizontal Split Case -
Cagadty@ _ Motor Package
175" of Head x Tv p5- Size Cost PONFP
_ (gpm) _(HP) ) B
100 20 4, 300 2.5LRI0O
250 5 4,600 2.5LR |3
500 Ho 5 700 LR 1Y
750 50 000 YLRIY
1000 (o & 800 SLR IS
1250 15" 8, &£60 SLR|S
1500 166 9 500 5LRI5
1750 |25 16,800 CLRIG
2000 125~ (6, 860 CLRIG
2500 160 4,760 CLRIE
3000 200 15,600 CLRIE
3500 250 23 200  SLRIBS
4000 250 23,200 &LRISS
5000 JCC 24,600 SLRIRS

Note: (Any extra costs needed).
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Hydropneumatic Tank

Construction & Unit Costs

EXHIBIT L0 )
pace_110  or _2%4

System Manufacturer Manufacturer
Capacity Estimate Cost Unit Cost
(Gal) ($) ($) ($)
500 6,594 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 quoted costs.
(3) Costs are based on June 1995, ENR Index

5433.
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Capacity
(Gal)

CURVE EQUATION:

Y = (680.1492)X"({-0.5484723)

Manuf.
Uni+ Cost
($/Gal}

WWWWWWHDLDELAEAERBNODOD OO

21.7602

16.08915

10.54845

6.34853

3.33784

3.072383

Unht Cost (0/Qal}

HydroTank Unit Cost

25 1
e
20 T‘,
R
15 4
'\
104 -
5 l \
| ————
] L
) 5000 10000 15000 20000
Capacity (Gal}
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HYDROTANK INFLECTION POINT

Capacity
(gpm) F"(x}

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

F {x)

HydroTank Inflection Point

0.000008
0.000006 I
0.000004
0.000002

0.000002 @ 5000 10000 15000 20000

Capecity (Gal)
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MYDRO~ARIR SYSTEMS, INC.
P.0. Box 585654
Orlando, Fl 32858-5654
Phone or Fax (407)-352-1531
o2 A S FAX TRANSMISSION b A ot A 2

This transmission consists of 1 pages including this page, i1f you do not receive
all pages please notify this office immediately.

DATE: June 27, 1995

T0: Hartman & Associates, Inc. REP: Hydropneumatic Tank
System Estimate
ATTN: Jamey kallace

FRQM: Ken Miller

Pursuant to your reguest we are pleased to offer the following for your
consideration and approval. All systems include the Hydro-Tank, Alr volume control
campressor control panel ard all accessories to 'provide an operable system. All
systems are based on a maximum pressure of 100psi, potadle 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 reguest. If we can be of further assistance
please feel free to call me at any time.

CAPACITY GALLONS SYSTEM ESTIMATE
500 $5,387.00
1,000 $9,102.00
2,000 $12,972.00
5,000 §21,982.00
15,000 $28,688.00
20,000 : $36,482.00
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RECORD OF TELEPHONE COMMUNICATION

'SA)TE: o/l e _9:SO

 ROJECT NAME: _SSU=_£eonarey 6F Scale: pROJCT NO. _25=/45- 00
PRTY calnG: Boo  Black COMPANY: Madarn Ta k<

N
PARTY CONTACTED: _ Some s Wajloce.  COMPANY: WAL
lBJECT: Cotts  &or  Hydnproumelic TanKs

Moden  Uelding W Thcorporated,

3 TELEPHONE COMMUNICATION SUMMARY (iIncluding Decisions & Commitments)
+ entms  (I8%pipiy, 20% eled. 2% ioml L 1o% gte)

SOC Gal > #4'3:0 +‘5wol 7800 (1.u$) -/ 12, 570

1000 cal > F LAD « 4o g""?'”“ > 1040 (168 * 17 (w0

2000 (o) = % €, L0 + $ 40 ) vutcs Lo (1.65) = 20,790

LA s

- (e S

| otoo et o Finsm + oo | : lgBo (s> + 27225
6,000 a1 > 4’271000 + ‘5””0,7 : 30 (uf) = 52 800
20,000 6o ¥33,0°° - Sho (i * oo (k&) = (2 700

mmmhr

ACTION REQUIRED

HARTMAN & ASSOCIATES, INC.

engineers, hydrogeologists, scientists & management consultants

|
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Potable Water Supply Wells

Construction Costs

Manuf. Manuf. Manuf. Manuf.
. 250 deep 250 deep 500' deep 500' deep
Capacity Const. Cost Unit Cost Const. Cost Unit Cost
(Gpd) ($) {$/Gal) ($) {$/Gal)
144,000 50,794 0.353 95,673 0.664
288,000 61,682 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 0.050 219,108 0.101
2,880,000 113,538 0.039 236,174 : 0.082
3,600,000 143,298 0.040 278,582 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:
(250" deep) Y = {1780.326)X*(-0.7180454)
{500° deep) Y = (2064.79)X"(-0.6817897)
250" 250°
Curve Manuf.
Capacity Cost Cost
(GPDI ($/Gal) {$/Gal)
144000 0.352014923 0.35 250' Deep Water Supply Well Unit Costs ‘
200000 0.278047715
288000 0.213987092 0.2 |
400000 0.169030909 J ’
576000 0.130093221 0.13 ! ;
600000 0.126335269 i ;
720000 0.110832946 0.10 | |
850000 0.098380166 | - ou . ?
1080000 0.082837572 0.08 | 2 T 7a
1200000 0.076801801 | g 034
1440000 0.067377621 0.06 | g oz ®
1750000 0.058575335 : 3 on . \\'“'\—45—"_-
2160000 0.050358659 0.05 i £E,
2500000 0.045340692 ! 000000 000000
2880000 0.040960238 0.04 ° k z 3000000 4000000
3000000 0.039777035 Capachty (Ged
3600000 0.034896083 0.04
500 500"
Curve Manuf.
Capacity Cost Cost
{GPD) 1$/Gal) 1$/Gal)
144000 0.62799686 0.66 500' Deep Water Supply Well Unit Cost
200000 0.501982108
288000 0.39148788 0.41
400000 0.31293136
576000 0.244050202 0.25
600000 0.237351445 07 -
720000 0.20960755 0.20 - o6 .t
850000 0.187179868 3 os .
1080000 0.158982644 0.15 Sos. ®
1200000 0.147962864 % 03 . \
1440000 0.130667557 0.12 S 4, . -—
1750000 0.114402852 £ 4. - . - ..
2160000 0.099108423 0.10 0 — e
2500000  0.089706991 0 1000000 2000000 © 3000000 4000000
2880000 0.081457039 0.08 _
3000000 0.079221184 Capactty (Ged)
3600000 0.069961059 0.08
4
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WATER SUPPLY WELL INFLECTION POINTS (250" & 500'}

Potable Water Wells {250 deep)

Capacity

{gpd) Fix) : 250' Deep Supply Well Inflection Point

144000 1.9547E-12
288000 1.50714E-12
576000 8.13596E-13
720000 5.66933E-13
1080000 1.35295E-13

1440000 -3.8732E-14 j 2E-12 -
2160000 2.25217E-14 ; 1812 ¢

et el Duiwd  ed Wl

=
2880000 7.36539E-14 ; w o - - ‘
3600000 -5.5238E-13 ! .1E-12 O 500000 1E+06 2E+06 2E+06 3E+06 3E:m 4E+06 ‘
‘ Capacity (Gpd) ‘
Potabie Water Wells (500" deep)
Capacity
(9pd) Fix) ' 500' Deep Supply Well inflection Point
144000 3.52E-12
288000 2.72€-12
576000 1.49E-12
720000 1.03E-12
1080000 2.73E-13
1440000 .5.2E-14 4E12 -

2160000 3.11E-14 2612
2880000 1.29E-13 Tes
3600000 -9.1E-13 ° g d —=
2612 @ 500000 1E+06 26406 ZE+06 3E+06 3Em 4E+06

Capacity (Gpd)

F ix)

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

144,000
288,000
576,000
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
46,720
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
15,892

17,027

21,204
22,856
26,960

AL T2 ] |

AP

pace_ I M oF M
¥* R
(30%) (10%) 1 Unit Cost
Labor Electrical Total ($/Gal)

9,831 3277 | $50,794 0.35
11,919 3973 | $61,582 0.21
14,016 4672 | $72,416 0.13
14,031 4677 | $72,404 0.10
15,768 5256 | $81,468 0.08
16,338 5446 | $84,413 0.06
20,835 6.945 | $107,648 0.05
21,975 7,325 | $113,538 0.04
27,735 9,245 | $143,298 0.04
18,498 6,166 | $95573 0.66
22,985 7,662 |$118,753 0.41
27,583 9,228 | $143,026 0.25
28,013 9,338 | $144,731 0.20
31,985 10,662 | $165,253 0.15
34,055 11,352 | $175,948 0.12
42,408 14,136 | $219,108 0.10
45,711 15,237 $236,174 0.08
53,919 17,973 |$278,582 0.08
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BARTMAN & ASSOCIATES, INC.

"~
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Peeriess Pump Company

811 50th Street No. - Tampa, AL 33819
Tampa Sales Otfice

Phone (813) 247-1521 ¢ Fax (813) 2474342

201 EAST PINE STREET-SUITE 1000

ORLANDO, FL. 32801

ATTEN: JAMEY WALACE

GPM
100
200
400
500
750
1000
1500
2000

2500

TDH
130
130
130
130
130
130
130
130

130

- RE: PRICING ON VERTICAL TURBINE PUMPS:

HP. REQ.

2.50
10

" 20
25
40
40
75
100

100

EXHIBIT

PAGE
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rna b, 1019€41434¢

S
7.225.00
8,500.00
9,400.00
9,100.00

11,000.00
11,000.00
14,000.00
. 17,000.00

21,500.00

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

SINCERELY,

ol

GOSSETT
SALES ENGINEER

PEERLESS PUMP CO.

roui
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374  Small ér System Treatment Costs

VATER WELLS

Introduction

Vater vells are drilled by the cable tool, hydraulfc rotary or reverte
rotary methods, vith hydraulfc rotary currently the most common nethod. Con-
struction of these types of water wells {s covered by “Amerfcan Vater Morty
Assocfatfon Stundard for Deep Mells, AWWA AlOO0-66° and by “Manual of Vater
Vell Construction Practices, EPA-570/9-75-001.°),2

Construction of watar wells by the hydraulic rotary method takes place In
<the following sequencs:

1. Install protactive casing and grout in place for sanitary seal.

2. 0rf11 15.2 w0 30.5 cm (6 to 12 in) dfameter pilot hole. .
3 Electric log pilot hole to help determine location of water bearing
formations. .

4. Rews hole to required diametar and depth.

5. Instal) blank and perforated casing or wall screen.

6. Place gravel rack and grout seals,

7. Oevelop well by pumping and dafling.

8. Conduct pumping tast to verify capacity before perwanent pump {3
fnstalled.

9. [Install pusp and construct enclogure.

Conceptuyal dulrn criterfa for wells are shown In Table 154 and a cross-
section for a typical vell s shown {n Figure 146.

TABLE 154. CONCEPTUAL DESIGNS FOR WATER WELLS

Casing Puxp Motor
¥ell Capacit 0f ametar, ¥ell Oepth, $ize, Enclosvure,

qar/diy gni,-in in fe hp 3q ft

144,000 100 (] 250 10 0
$00 20

432,000 Joo 10 2% 5 60
500 50

720,000 500 12 250 40 80
$00 75

1,008,00¢C 700 16 250 50 100
500 100

Notes: Kix{mum punping depth 50-100 ft less than well depth.
Enclosure has a 10 ft height.

Construction Costs

Construction costs were developed for watar well construction by the
Nydravlic rotary method, a3 cutlined in the previous section. The protective
ctsing and grout was tnstalled to & depth of 7.62 m (25 ft). Casing s blin:

cromed WD
o

~Oata 375

A d grout sedls.
ted copper bearing steel, with gravel packing an
:7:"?!:::;:':‘:“0:'9 the well ids #‘v;lopcg :y‘ 2:1‘1‘119‘ :::nptu:r:n:wndr;:o‘“
and fine sand. The complete 1
'u.':'v-'{zr"ﬂ} ,s’u,ftﬂchnt clarity for potable use. This oftan requires pumping

for up to 60 hours.

! Pt {ne type and the
t pump s the ofl lubricated, de p-well turd
chctPl': ':::rt‘::".lns {207“0 volt. A submersidle type pump at sonwl;;v.czcgtcsi:;
cost could be used in some cases, partfcularly for shillow, nc‘ :t e
vells. Pump motor sfres and casing diameter used fn the cost developme
shown in Table 154,

11 but does not
Tectrical cost {ncludes a)1 work required at the we
lnclu;:'p:oﬁﬂw service to the sits. Costs fnclude & vuve‘:‘nd 'ﬁ:f.::".‘f
Mow veter on the discharge, dbut no other piping or equipment. enc

provided over the motor, totalizing meter, &nd valve.

Fi
Constructfon costs are summarized in Table 155 and presen '76 '('i“, ‘65!

1e of producing 545, 1,638, 2,728, and 3,815
Eeor bl 000 ane 1,008,000 gna) froa’ wells 76.2 and 1§2.4 & {250 and $05

1) deep.
Operation and Maintenance Requirements and Costs

{ the motor,
fty requirements are based on continyous cperation o
1 .‘:ﬁ:ﬁ: ;ﬁnd $.2¢ m (50 ft) less than the well depth. rlo“u;l';? l::
{ncluded for the hou:ln‘g'. u' it vas 1"::\.&: !:lra‘t :::‘t.c:‘g .::n;':v:ll.s on are
and that hting requir .
it cinuenly’ nd in e e natort oy reaslremants are B418d
the actual load fa o
i Wty sy Bucih it (% o,
d tor once fin ve years.
3mu.nfor'1mptcuon and routine maintensnce. Labor and materisl ;-cm‘n‘!';:g ::
remove and service the pump and motor ance every five years are inc
the average annual values, .

Operation and maintenance requirements and costs are sunmarized 1A Table
156 and presented in Figures 148 and 149,
References

23, 1966, M;anun
1. "AWWA Standard for Oeep Mells,® AWWA Al00-66, January 23,
Vater Works Association, 2 Park Avenue, New York, N. Y. 10016

v EPA- -75-001, V.S.
° f ter VWell Construction Practices,” tPA-570/9-7 ,
- [::’::;:vuglulwr:orucnoﬁ Agency, Office of Watar Supply, \-luMng!on: 0.C.
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TABLE -156. OPERATION AND MAINTENANCE SUMMARY FOR VATER WELLS
m mmmmm mm m : wel :-...n..._..d_n. Labor M“”“.
nnnnn 0 n ] . . [ ’
o PleR| ~W9YR =2px Lm Capacity, x-uu... Lavor ot
“w -, ("3 9
S ) 9P ] . 1) 1s
SuER| 83238 mm R o i
~ o & ou. o > ¢ - ; - ° :.ns —-“8 . o
R R £ . 1121000 T 198000 132,000 1,800 500 16.600
g ) 720,000 - 220,200 220,200 2,300 550 22.800
| 83233 asg3 vm 1,008,000 - 308,300 308,300 2,700
m v Hn......uu =* us - Vell Oepth - 500 ft _ o
2 v\. - 000 - 99,700 99,100 1,800 5 130
0 e g | e T ogimoalw ome B CRE
: - B . - P ' : £9.000
2l 3 devide Al r%“””% -- 693,700 693,700 3,300 1§50
5l - A = |
w. M wwmm‘m wm 8 3 ! Notes: 3. Total cost {3 based on $0.07/kwh of electricsl anergy and $11.00/
4 -t ~ ~ ' . .
o ] ...-..l--\.-x.n... n-.l -D . ., 2 ”“ﬂﬂ.wm “."w“ﬂ.:o 200 ft for the 250 (% deep wel), wnd 450 (L for
i ~ . ’ 500 rt deep well. )
m L.? : 3. w"-.a..a {s continuous, 2¢ hours/day, 365 days/yesr
| Eor| asse seps . -
- “meer o () \ \ 3 ——
") - b - /%u % 9 w qa/l X \M
: ¥ = m e 9 o~ T
o LLE ssmme ssmap |\ 5| Ble s & 4\,
% ~“a~vae S°Rgs a= M W
“ - M\A.. 9
ol 8=kk| 88888 8 - N < 9
(") -~ - - =R P = W w
m l.o|°.cl-u.l.o$o L @ N T
b - > Mlv mw W/ 3/
)
i ® .
ﬂ.m b} _ m ¥ qu >
b .3 L ~
$ 35, =san 3 & X
3| Z3da-EaR3fp " N
- ~N ~
3 333gEs 18 %8 8 g 5
<t "M <
3 & & g g ¢ o
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Lime Softening WTP

Construction & Unit Costs

Treatment Const. June 1985 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
10 8,000,000 3,150 , 5433 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.

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

Lime Softening & Packaged Conventional Treatment

20,000,000
10,000,000

5,000,000

2,000,000

1,000,000

500,000
0]

1 02 05 1 2 5 10 20
System Capacity (mgd)

Capital Cost (eiioasd dollars)

Lime Softening Plant Packaged Conventional Plant

L. S. (Ha_r)c_j_y__Whitman) P. C. (Haiad_y_Whitman)

Note: Source B, Figure 2-2, pp. 11-12.

Cask Sumearies of  DRwcwd kv “iechnologi es
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GRAPH #3 .
Hydrated Lime Chemical Feed (Fig. 23)
Treatment Const. June 1995 Current
Capacity Cost ENR ENR Current Handy Handy Current
(Mgd) ($) Index index Cost ($) Whitman Whitman Cost (§)
200 mgfl
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 54,461 158 319 50,475
1.0 29,000 2494 5433 63,174 158 319 58,551
1.3 35,000 2494 5433 76,245 158 319 70,665
100mgh
0.3 15,000 2494 5433 32,676 158 319 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
1.3 24,000 2494 5433 52,282 158 319 48,456
50 mg/l
0.3 15,000 2494 ' 5433 32,676 158 319 30,285
0.5 15,000 2494 5433 32,676 158 319 30,285
0.7 18,000 2494 5433 32,676 158 318 30,285
1.0 15,000 2494 5433 32,676 158 318 30,285
1.3 16,000 2494 5433 32,676 158 319 30,285
- GRAPH #4
- Lime Softening & Packaged Conventional (Fig. 2~2)
Treatment Const. June 1995 Current
Capacity Cost ENR ENR Current Handy Handy Current
(Mg3) {8) 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 0
1.0 2,000,000 3150 5433 3,449,524 205 319 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 13,798,095 205 319 12,448,780
- - — Packaged Conventional Plant — — —
/ 0.1 300,000 3150 5433 517,429 205 319 466,829
i 0.5 800,000 3180 5433 1,379,810 205 319 1,244,878
1.0 1,100,000 3150 5433 1,897,238 205 319 1,711,707
5.0 0 3150 5433 0 205 319 0
0 3150 5433 0 205 319 0

\ 10.0

%
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discharge 10 a2 municipal sewer or hauled 10 a landfill
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
from the water as it passes through the filters. When
the pressure drop through the filters becomes great
enough due to accumulated solids, a backwash
stream of filtered water passes through the units in
reverse flow to clean the solids from the filter bed. The
spent backwash stream is sent to a sewer.
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 chiorine 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 a reasonable backwash cycie on the
filter units. Unlike conventional filtration plants, there
is an upper limit 10 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 sedimentation
prior 1o filtration are required.

Lime Softening {2.4.5)

The major features of a lime softening plant are also
essentially the same as those for a conventional
filtration plant, except that lime is substituted 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
Woater Act, a lime softening plant can also be expected
to achieve a greater removal of toxic mineral
substances. For example, a lime softening plant
operating in a pH range of 8.5 to 11 can reduce
cadmium concentratiohs from 0.5 mg/!t00.01 mg/L.
To achieve the same cadmium concentration in the
treated effiuent, a conventional filtration plant using
alum or iron salts can only accommoda*e 8 cadmium
concentration up to 0.1 mg/l of cadmium in the raw
water {2). The choice o! overall treatment process
therefore depends on individual raw water character-
Istics.

Lime can be added directly to the influent raw water
8s 3 solid. or as a pre-mixed wate: siurry. i 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 is the addiiion of gaseous carbon
dioxide (COJ) to the lime-treated water 10 neutralize
excess alkalinity resulting from lime addition.
Gaseous CO2 may be obtained from liquid CO; stored
onsite, submerged burners, or stack gas compressed
through a sparger system. 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
filtration piant costs includes 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.
¢ Sludge disposal.

As stated in the process descriptions, there is no sedi-
mentation step in direct filtration. The filtration
directly follows the rapid mix attd flocculation step.
The chemical feed system consists of chemical
storage and metering pump 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 well 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
filtration, except for modifications to the chemical
feed system and addition of recarbonation equipment.
Recarbonation basins are reinforced concrete, and
submerged natural gas burners are used for the CO»
source in the system considered here based on the
configuration and costs in Reference 2.

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

Total capita! investment for conventiona! filtration,
direct filtration, and lime softening is presented in
Figure 2-2. Netannual operating expenses are shown

in Figure 2-3. Figure 2-4 shows corresponding unit
annualized costs.

11
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Figure 2-3. Filtration plants for drinking water treatment

'd:lf; rs‘;‘"”’-‘ operating expenses (March, 1980 Ay50 provided in the figures are costs for packaged

conventional filtration plants which can be used for
Conventional Filtration Plant . small reatment systems {5). These plants would have
E:'f::lszlfl:;ti':";'aanf:* T the same unit processes as their larger field-
Packaged congvemionat PIant moesoemesoees constructed counterparts but would be primarily
shop fabricated and brought to the field for final
instaliation,
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2.1.3 Major Variables Affecting Costs

For any of the filtration 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 complete
analysis of the cos! impacts of changes in design is
beyond the scope of this report. However, examination
of the cost profile for capital investment reveals that
the greatest portion of the investment is in the filter
portion of the plant. Therefore, changes in design
requirements for the filters have a very large impact
on total plant capital costs. For lime softening plants
1% PR VTV DTS YV R P lime dosage is an important variable. Aiso, as can be
o3 1.0 10 100 Sseen from the figures, costs for shop fabricated
SYSTEM CAPACITY, mgd packaged plants are less than for field constructed

5 50 s Plants of similar size. Operating expenses, specifically

- I 1 J electricity costs for pumping, are affected by
POPULATION SERVED, 1housands irequency of backwashing in the filtration unit which
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Reverse Osmosis WTP

Construction & Unit Costs

EXHIBIT
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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) ($) () ($) ($) ($) ($/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 3.279
0.05 140,963 139,232 140,098 2.802
0.07 174,167 182,235 178,201 2.546
0.10 282,658 220,000 246,740 249,798 2.498
| 0.20 423,987 366,667 396,547 - 385,734 1.979
050 1 ,059,968 794,444 793,094 882,502 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 0.992
10.00 9,568.421_ 9,568,421 0.8957
NOTES: (1) Vaiues 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 Osmosis
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Note: Source A, Figure 19, page Vi-11.
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GRAPH #1
Reverse Osmosis (Fig. 19)
Treatment Const. June 1995 Current

Capacity Cost ENR ENR Current Handy Handy Current

(Mgd) (%) index Index Cost ($) Whitman Whitman Cost ($)
0.07 125,000 2494 5433 272,304 158 319 252,373
0.1 140,000 2494 5433 304,980 158 319 282,658
0.3 280,000 2494 5433 609,960 168 319 565,316
0.5 525,000 2494 5433 1,143,675 1568 319 1,059,958
1.0 1,500,000 2494 5433 3,267,642 158 319 3,028,481
1.5 3,250,000 2494 5433 7,079,892 158 319 6,561,709

GRAPH #2
Reverse Osmosis Enclosure (Fig. 20)
Treatment Const. June 1995 Current _

Capacity Cost ENR ENR Current Handy Handy Current

(Mgd) ($) Index Index Cost ($) Whitman Whitman Cost ($)
0.07 7,000 2494 5433 15,249 158 319 14,133
0.1 8,000 2494 5433 17,427 158 319 16,152
0.3 19,000 2494 5433 41,390 158 319 38,361
0.5 29,000 2494 5433 63,174 158 319 58,551
0.7 40,000 2494 5433 87,137 158 319 80,759
1.0 58,000 2494 5433 126,349 158 319 117,101
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A. CAPITAL COSTS

~ Cost rurves were developed for treatment processes judged applicable to
small water treatment systems. These 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 costs, 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 scpamtbe 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,
matenals, instailation, 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.
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m. Electrodialysis. The electrodialysis capital cost curve was developed
for a complete multiple-stage electrodialysis system. Costs 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 electrodialysis 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 electrodialysis 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 holiow
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.

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

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

(3) hydrated time.

VI-11
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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 ($) Whitman Whitman Cost ($)
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 185,066 261 319 171,114
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 1995 Current
~ Capacity Cost ENR ENR Current Handy Handy Current
(gpd) (%) Index Index Cost ($) Whitman Whitman Cost (3)
3,000 42,000 4110 5433 55,520 261 319 51,333
5,000 48,000 4110 5433 63,451 261 319 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 1,718,467 261 319 1,588,889
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REVERSE OSMOSIS

Introduction

Reverse osmosis utilizes semi-permesble membranes to remove 3 high per-
centage of almost all tnorganic loni, turbidity, dacteria, and viruses. Host
organic matter s also removed, with the exception of many halogenated ind
Tow-molecular-weight compounds.

There are differences between different membrane types in their ability
to handle variations in pH, turbidity, and chlorine. The cellulose dcetate
membranes generally require the feedwater pH to be between S and 6 to minimize
hydrolysis of the membrans, Polysmide type membranes ire damaged by exposure
to chlorine, The two most commonly used membrane configurations are hollow
fine fidber and spiral wound., The spiral wound element has a higher tolerance
for suspended solfds and 1s less susceptible to foullng than the hollow fine

fiber element.

The efficiency of the membrane elements in reverse owmosis systems miy be
impaired by scaling (because of slightly soluble or insoluble compounds) or by
fouling (because of the deposition of collefdal or suspended matertals).
Secause of the possibilfty of scaling and/or fouling, & very important consid-
eratton -in the design of raverse osmosis systems 1s the provision of adequate
pretreatment to protect the mambrane from excessive scaling and fouling and to
avold frequent cleaning requirements. In the davelopment of cost data for
reverse osmosis, adequate pretreatment was assumed to precede the reverse
osmosis process, but costs for pretreatment facilities such as chemtca) clert-
fication and filtratfon are not included.

8rine disposal can also be e major cost congideration. Potential disposal
methods include sewer discharge, evaporation ponds, ocean disposal and well
fnjection. 8rine disposa) facilities and costs are not included iIn the reverse
osmosis systems presented in this section, A separate section is included In
this report for brine disposal,

Advances in pembrane nchnolofy have Ted to the development of mambranes
which are capable of operating at lov pressures, about 14.06 kg/ (200 psi),
fn contrast to high pressure manbranes which operate at 28.12 kg/cw? (600 pst)
or more., Advantageously, low pressure mambranes result in a2 substinttal sav-
ings in process electrical energy. There may be disadvantages to the use of
low pressure mambranes however. g!udvcnt-gcs relative to high pressure mem-
branes Include lower percantige removal of many contaminants!, lower allowadie
feed water TOS or lower percent water recovery, and membrine technology which

s sti11 developing. 1

In the following discussion, low pressure refers to systems operated 4t
14,06 k?{cm’ (200 pst) and high pressure to systems operated at 28.12 kg/cm!
{400 psi).
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112 Small\_ : System Treatment Costs

Impact of Raw Water Quality on Treatment Cost

Pretreatoent Cost™~

Pretreatoent chenicals customarily utilized are sodium hexametaphosphate
and sulfuric acid, with quantftfes required being highly variabie, depending
upon riv wvater quality. Another fmportant parameter s stlica, which nay
necessftate pretreataent for fts removal. Costs for pretreatment chemfcals
1nd for silica pretreataent are not fncludad in the following cost data.

Reverse osmosfs units may be used for TOS removal, as well as the removal
of {individusl contaminants addressed in the Interim Primary Orinking Vater
Regulations. The folloving paragraphs discuss the fopact of raw water TS, as
n?l a3 {ndividuidl contaninants in the raw water, upon treatment cost.

Total Ofssolved Sol{ds--

Feed water concentratfons above 5,000 wg/L can Tead to excessively high
brine concentrations (>20,000 mg/L), which will generally result in a decrease
in product wvater quality. To prevent this bdrine concentration bufldup, ft s
necessary. to lower the percentags of product water recovery., Lower product
water recovery does not require a major changs fn the reverse osmos{s unit,
but does necessitate punping larger quantities of feed water to the reverse
omoasis unit. A revision fn pipfng between the pressure vessels may alsa be
required to change vessels to parallel operation, rather than operating some
in sertes. This {ncreases capital cost onl{ :l{ghtly, dye to the nesd for
Targer feed watar punps, but can creats o arge increase in electrichl con-
sumtion and pretrestzent chemicals, due to the larger quantity of water
pissed through the reverse osmmosis units, A single pass unit wi)) normally
have & refection of over 851 of feed water TOS. If & higher salt rejectfon is
required. & high rejection membrane can be used, or the system can be operated
at loser vater recovery.

Individual Contaoinants--

Little work has deen conducted to determing the impact of varying feed
concentrations of individual contaminants upon thefr percentage removal or the
cost of removal. A recent publfcatfon by Huxstep! on work st Charlotte Harbor,
Florida, {ndicated that arsenic (111), arsenfc (¥), fluoride, and nitrate
percentage rejections ware 211 {ndepandent of the feed concentratfons. Thess
contaminants ware each added by spiking & natural groundvater of known concen-
tration. Nigh pressure membranes removed significantly higher percentages of
these four components than did low pressure meadranes.

Construction Costs

Construction cost data was developed for single stage (only one pass
through the membrane) treatment systems which are capable of treating TO0S
concantrations vp to sbout 2,000 mg/L for Yow pressure membranes and 10,000
o9/L for high pressure membranes. An operating pressure of 14.06 kg/cm?
(200 psi) was utilized for low pressure membranes, and 28.12 kg/cm (400 psi)
for high pressure membranes. Constructfon costs are comparable for high and
low pressure systeus.
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The temperature of the fesdwater was - assused to be bitween 18.3° and

be adjustec

* * 85°F), and the pH of the feedvater was assumed to .
:Zi:gc l(csifl I:a?:ction)'to about 5.5 to 6.0 befors the reverse omosi:r:::u;; :
The scid injection will prolong the Vife of a2 cellulose acetate ne:'on R
the primary function is tb prevent caleium carbonate scale lo:u 1900 gases
systen. A degasifier following reverse osmosis wil} remove 4 s‘lp W
such as carbon dioxide and hydrogen suifide from the product water, )

reduce neutralization requirements.

At TDS concentrations up to 5,000 mg/L. 6!1 assumed water recoverfes for
different flow ranges are as follows:

Feed Vater .
Flow Range Vater Recovery (%}
2,500 - 10,000 gpd 40
16,000 - 50,000 gpd 50
$0,000 - 100,000 gpd { %
108,000 gpd - 1.0 ngd !

? 14 be
At concentrations above 5,000 wg/L, the giercent nc‘;:;rym'sovg): e

d in order to maintain a brine concentration less
gm:;.:: necessary to Vimit osmotic pressure on the drine side of 'thc n:o:b:::tr
1s wall as to maintain quality of the product water. Salt njcc‘t o::" fotono
851 should be achieved under these opersting conditions. To w ntl Kl
sg/l in the brine, the following percent watsr recoveries are necessary:

Water Recovery (%)

T0S Concentration

75

5:000 :g;t .

& :
g oy,

9,000 sg/L S5

10,000 mg/L 50

{s treatment
It ray be assumed that the capital cost of reverse osmos :
remaing usymthny unchanged as the ‘us {ncreases up to 10,000 I'M‘-. dﬂ&:gz
the water recovery f{s decressed. This does increase the capacity an e
fore the capital cost) of the feedwater pumps, but this would 1inc: un"..u
oversll reverse ogpuosis system cost less than § percent. Thus, no u: Tate
cost dats s presented for systems treating YOS concentrations greste
5,000 mg/L. The largest effect is on OSM costs since the energy and pretresi-

nent costs would increase in proportion to the facrease in flov rate.

fac-
Commercial reverse ommosis systems are available from numerous manu

turers as efther complete skid-mounted units or custom § :u:,s.d r&roos;&e)?
ranging from 9.47 o /d (2,500 gpd) up to Detween 378.5-946.3 o'/ 100,080
250,000 gpd), skid-mounted systess are generally used. Above 948, ;
(250,000 gpd), efther skid-mounted or custom systems are used. An ld:;ﬂt:q:':)-
using multiple standard systeas above 946.3 o' /d {250,000 gpd), v.l“ \ euem::
bility provided by having several systems {n case one unit needs to :
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114 Smallv. System Treatment Costs

down for v"!plirs. This cost analysis used skid-mounted units, or multiples of
such unfts, for all sfte ranges. .

Components taken {nto account {n the construciion cost estimates include
housing, structural steel and ofscellaneous metalwork, tanks, piping, valves,
high pressure feed water pumps, reverse osnosis membrane elements and pressure
vessels, (owseters, cartridge filters, ac{d and polyphosphate feed equip
ment, cleaning equipment, caustic fesd equipment, and a degasifier. The cost
data are based on the use of efther spirsl-wound or hollow fine-fiber reverse
osnos{s weabranes. Membrane materials can be cellulose acetate, polyamide, or
thin film cooposite. A layout of 1 typfcal small system reverse osmosis system
fs shown in Figure 36.

8rine. disposal costs and product water pumping costs are not included fn
the estimates. Construction cost estimates are presented In Table 46 and also
in Figure 37.

Operatiop ind Maintenance Requirewents and Costs

]

Process electrical energy f3 required for the feed water pumps, pre- and
post-treatament chemical feed puwps, and the degasifier., The combined feed
witer pusp/motor efficiency increases as flow {ncresses. The feed water pump/
wotor efficiencies which were used {n the calcutations were: 403 yp to 37.8S
w/d (10,000 gpd) plant capacity, %0% up to 378.5 o’ /d (100,000 gpd) plant
capacity, end 60% over 378.5% J/d (100,000 gpd} plant capacity. Energy
requirenents used for the chemical feed pumps and degasiffer were 103 of the
high pressure pump energy for plant capacitfes less than 189.3 w' /d (50,000
gpd), and SZ for plant capacities over 189.3 o’ /d (50,000 gpd).

Process energy viries with the percent water recovery. As discussed under
Construction Costs, higher percent watsr recoverfes are typically used as
tystas s{ze incresases, resulting In Tover process energy requirements per unit
of water produced. However, as TOS {ncreases above 5,000 mg/L, lower percent
water recoveries are necessary to wmaintain & ressonsble brine concentration
and to prevent deterforation of product water quality. Process electrical data
his been developed for feed water TOS concentrations of 2,000 mg/L for low
prassure syste=s and 5,000, 8,000, and 10,000 mg/L for high pressure systems.

Electrical energy for buillding Vighting. heating, and ventilating was
calculated based on an estimated floor ares required for complete housing of
the reverse osnosis equipoent, with the exception of the degasifier, which {3
Tocated outsfde. A building energy requirement of 209.8 kwh/m /y (19.5 kwh/sq
ft/yr) was used for lighting, heating, and ventilation., This requirement f{s
based upon s 1ighting use factor of three hours per day.

The largest maintenance materia) requirement {s for membrane replacement;
¢ veobrane 1ife of three years was used in the cost estimates. Other mainte-
nince raterial requirements are for replacement of cartridge fiiters, for
oetbrane cleaning chemicals, and for materfals needed for periodic repafir of
pumps, motors, and electrical control equipment. Costs for pretrestment chemi-
cals, such as acid and polyphosphate, and post-treatment chemicals, such as
caustic, are not fncluded {n the maintenance materfal estimates, but they

foas up to 10,000-mgA. ilowever, percentige

recavery of feed water decreases above 5,000 mg/t TOS.

Plaat c:roci't , 9pd

COMSTRUCTION COST SUMMARY FOR REVERSE 0SMOSIS SYSTEMS

TABLE 46.
and 1,500 sq Ft. Cailing hefght ia buildings {s 14 ft.

1. Housing requiremeats from smallest plant capactty to largest are. 140, 170, 210, 250, 800,

2. Costs are valtd for (eed water TDS conceatrat

3ovd

Subtotal
Des{gn Contingencies

Total

Electrical, Instrumentation

Manufactured Equipment
Hous{ng

Cast Category
Laber

Notes:

L

)
5

N




116 Small We__ System Treatment Costs

ire discussed in the following section. Mafntenance
slightly as the percent
reverse osmosis uynfrv.

materfal costs {ncrease
recovery drops, due to fincreased pumping to the

Labor requirements are for cleaning
cartridge f1lters, maintaining the hgh p
treatment chesicals and deteraining proper

tquipsent, and ronftoring performance of the reverse osmosis nembranes. Mem-
brane clesning vas assumed to occur monthly, In estimating lador requirements,
t ainfeum of aboyt one hr/day of lador was assumed for the S-:.un—:.:n.

Operation and caintenance
pressure systems and *in Table
trated for both high

and replacing membranes, rep acing
ressure and other pumps, preparing
dosages, mafntaining chemical feed

requiresents are susmarized n Table 47 for 1ow
43 for high pressure systems, and are {ljys-
ind low pressure systeams {n Figures 38 and 39.

. q»brnnw.ovnan_ozg MAINTENANCE SUMMARY FOR LOW PRESSURE REVERSE
OSHOSIS SYSTEMS

Average Plant

Mafntenance Total

Flow Rate, Ener kwh/yr Materia) Labor, Cost,
9pd ¥ulTdTag ms»ﬂuuu —TSAT 3/yr ) hr/yr 3$/yr
2,50 2,800 9,900 12,700 500 340 5,100
10,000 3,300 26,300 29,600 1,700 360 7,800
50,000 ° 4,100 100,100 104,200 8,000 480 20,600
100,000 4,900 180, 400 165,300 14,600 610 34,300
$00,000. 15,600 853,200 869,800 67,100 870  137,s00
1,000,000 29,300 1,506,000 1,638,300 117,900 1,130 244,800

Note: Total cost fs based on 30/07/kwh of electrical energy and $11.00/hour
° of labdor.

Typical Chemtcal Requirenents and Costs

The principal chemfcals required in small reverse osmos{s systems gre
sodfum hexametaphosphate for control of scaling and foulfng, sulfuric acid
for pN sdfustment prior to trestment, and sodium hydroxfde to fncrease the pH
following treatment. The required cost for esch ¢
dosage, the unit cost of whe cheafcal and the percent water recovery. Using
the percentsje of water recovery dfscussed v-..ioeu_u:.c_. n-xa.:ac_.

following dossges and unit chemfcal costs, the annua)l chemfcal costs fn
Table 49 were calculated.

Chenical

Dosage Unit Cost
Sodfum Hexametaphosphate ) 6 ng/L 31.10/1d
Sulfuric Acid 75 oy/L 50.08/10
Sodium Hydroxide 15 mg/L 30.17/1b

R

OPERATION AND MAINTENANCE SUMMARY FOR REVERSE OSHOSIS SYSTERS

TASLE 48.

Total

Cost,

Lador,

Matatenance
Materfal,

. kvh/

rocesss

Ener:

Average Plant
Flow Rate,

hr/yr S/Y"

$/yr

[i1:]

d

Feed Water TOS Concentrations Up to 5,000 mg/L

o W U G e B el Ml WA

238898

Feed Water TDS Conceatratioas = 8,000 mgA.

2,036,200

10,000
500
1,000,000

50,000
100,000
000

z.

[

-

Feed Water TOS Cancentrations = 10,000 wgA

‘Dats 117

5,700

§4,700
256,600

466,100

340
160
480
680
1,020
1,310

20,000
st,
195,200
452,600
2,450,10

4,628,300

18,000
48,200
191,100
447,700
2,441,500

4,599,000

100,000
500,000

1,100,000

Note:

' o $0.07 ¢ Y labor.
Total cost {s based on $0.07/kvh of electrfcal energy and §11.00/hour of

FEC 40 T 3ovd
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118  Small r Systemn Treatment Costs

TABLE $9. TYPICAL CHEMICAL COSTS FOR REVERSE OSMOSIS SYSTEMS

Average Plant Sodi
Flov Rate, N i
iy chuu’t;;:uwhau. Sulfuric Acid, Kydro;’l'dc. ChI::::I
: - 3$/yr 3/yr Cost, $/yr
sed Vater YOS Concentrations Up to §,000 ng/L
Z,500
R 130
10,000 ‘e
1012 2 g w8
(30000 2,000 1,830 780 Uito
500,000 13,400 2200 51200 2
1,000,000 26,80 261300 om0
~800 24,300 10,300 61'%

Feed Vater TDS Concentiations « 8,000 mg/t

2,500
. 130
10,000 P
50,000 2 ggg ] zgg ‘ i
100,000 3,400 3% 300 o
100,000 200 3,000 1,300 700
1,5%0.%00 16,800 15,200 6,500 38’500
_ . 30, 400 12,900 n':gg
Feed Water Concentrations = 10,000 og/L '
2, $00-
R 130
10,000 | ‘o
$0,000 2 ggg 830 zgg ‘ i
100, 000 4,000 3 700 A s
500,000 20,100 2300 ) oo 2. 2
1,000, 000 40,200 36300 7,800 €150
: 36,500 15,500 9:'§ocg

Note: Chewical dosages and
cOsts used in this t :
Sodium Hexametaphosphate - 6 /I.? I;b:;/;;"'
Sulfurtc Actd - 75 mg/L; 30.08015°
Sodfus Hydroafde - lg mng/L: 30.17/1b

The required chemical
dosages wili
e 1 9 vary widel
e h&r;'z&?““ypizl:: c?a‘s.t":f"="?’ should be uic:':.zz::::;n ’:::3:"'
; est! re-
fcs) ares and the quantity of chm(calc;t‘l:c::lldb. * function of the geograph.

Fleld Data Collection

Operating data on rev
Charl . erse osvosis treatment syst
v‘urog:wﬁ;bo;.\’l_aou’:‘g‘:o%ul&n, Harbor He(ght.:{ ﬂT:!::reazgll;:l;d "mv“
. ' orida. The Charlot ] o treat.
ment moduies which operate at 27.4 kg/cm? (J';O H;:t:?r .pn';";.c:, ‘t\u: t;:“-
ombined

L owew Gl Sod el wd L) . el

cd G
data 119

St

of 1,136 /4 (0.3 mgd) and one Jow pressure unit which
operates at 16.5 xg/cet (235 psi) and has a treatment capacity of 568 o /d
{0.15 mgd}. The total operating flow rate of both the high and low pressure
qits {3 1,120 ' /4 {0,296 ©gd). The TOS concentration in the rav watar supply

vas not obtained during the field sampling.
The Bryn Mawr plant at Vero seach has an installed capacity of 45¢ w/d
/4 (0,043 ngd). The operating

{0.12 mgd) and an operating flow rats of 163
(400 psi). The TOS in the rav water supply was not

pressure fs 28,1 kg/
noted during collection of field data.

A comparisen of field operating data

treatment capacity

snd information from Figures 38 and

39 1s shown following:
Charlotte Harbor Yero 8each
r TUata troe
Figures 38 Figures )8
Field Data and 39 Field Data and 39
flectrical Energy, kwh/hr
Process thod 750,000 - 160,000
guilding - 14,000 - 4,000
Total ~ 788,200 764,000 218,800 164,000
Maintenance Material, $/yr 10,300 38,000 890 6,000
8,140 800 640 : 480

Labor, hr/yr

Haintenance material requirements are 1
nent of mambranes has not been necessary st
dats Include a cost for membrane replacesent eve
difference in labor requirement at Charlotte Harbor
result of an fnappropriste divisfon of labor between th
the water distribution systes.

ov at both plants because replace-

either plant. Mowever, Figure 18
ry three years. The large
1s defleved to be the
e trestment plant and

fleferences
1.  Muxstep, H.R., °lnorganic Contamfnant Removal From Orinking Mater B8y
Reverse Osmosis,” EPA Report 600/52-81-115, Octabder, 1981. .

Nk 195‘6 3DVd
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120 Small +esior System Treatment Costs
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Flgure 36. Typlcal-skid mounted reverse osmosis Installation

CONSTRUCTION COST - §

Figure 37.

10,040,000

e Gl L0 LI ML

--ubst Data 121

- hb‘.'.d:

i 3 ¢ araee
3 eT8% 2 3 438788
!000 ! 10,000 100.000 1,000,000
PLANT CAPACITY ¢ gsl/dey
' ¥ 1
10 1000

Construction cost for reverse osmosls system:-

100 3
PLANT CAPACITY - m™/day
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Graph #11
Reverse Osmosis
20,000,000
»
210,000,000
(o]
O
-
S 5,000,000
I
S 3,000,000
-
7
@ 2,000,000
@]
U .
1,000,000 : - : L
1 2 3 5 7 10

Plant Capacity (mgd)

ENR Index Handy Whitman

Note: Source D, Figure 113, pp. 246-250.
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Treatment
Capacity
(mgd)

Treatment
Capacity
{mgd)

30 Feet TDH

1

2

5
10
20
50
100

100 Feet TDH

1

2

5
10
20
50
100

GRAPH #11
Reverse Osmosis (Fig. 113)
|
Const June 1995 Current
Cost ENR ENR Current Handy Handy Current
®) Index Index Cost ($) Whitman Whitman Cost ($)
780,000 2851 5433 1,486,405 171 303 1,382,105
1,300,000 2851 5433 2,477,341 171 303 2,303,509
2,800,000 2851 5433 5,335,812 171 303 4,961,404
5,400,000 2851 5433 10,290,495 171 303 9,568,421
GRAPH #12
Raw Water Pumping Facllities (Fig. 201)
Const. June 1995 ~ Current
Cost ENR ENR Current Handy = Handy Current
($) Index Index Cost ($) Whitman Whitman Cost ()
20,000 2851 5433 38,113 171 303 35,439
25,000 2051 5433 . 47,641 171 303 44,298
37,000 2851 5433 70,509 171 303 65,561
55,000 2851 5433 104,811 171 303 97,456
86,000 2851 5433 163,886 171 303 152,385
180,000 2851 5433 343,016 171 303 318,947
325,000 2851 5433 619,335 171 303 575,877
26,000 2851 5433 49,547 171 303 46,070
31,000 2851 5433 59,075 171 303 54,930
49,000 2851 5433 93,377 171 303 86,825
74,000 2851 5433 141,018 171 303 131123
125,000 2851 5433 238,206 171 303 221,491
250,000 2851 5433 476,412 171 303 442,982
490,000 2851 5433 933,767 171 303 868,246
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SECTION & |

COST CURVES

CONSTRUCTION COST CURVES

The construction cost curves were developed using equipment cost data
supplied by manufacturers, cost data fros actual plant construction, unit
takeoffs from actual and éobceptual designs, and published data. . When unit
cost takeoffs were used to determine costs from actval and conceptual designs,
estimating techniques from Richardson Engineering Services Process Plant

.Construction Estimating Standards,'® Mean's Building Construction Cost Data,2?

and the Dodge Guide for Estimating Public Werks Construction Costs™! were often
utilized. An exawple 1llustrating how costs vere determined using unit cost
takeoffs from an actual design for a reinforced concrete wall (similar to a
wall 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-Berrmann, Inc., using an

approach similar to that a general contractor would utilize in determining

his construction bid. Every attempt bas been made to present the conceptual
designs and assumptions that were incorporated into the curves. Adjustment

of the curves may be necessary to reflect site-specific conditions, geograpnic
or local conditicns, or the need for standby power. The curves should be
particplarly useful for estimating 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. &

The construction cost vas developed by determining and then aggregating
the cost nf the following eight principal components: (1) Excavatiom and
site work; (2) manufactured equipment; (3) concrete; (4) steel, (5) labor;
{6) pipe and valves; (7) electrical equipment and instrumentation; and
(8) housing, These eight categories were utilized primarily to facilitate
accurate cost updating, which is discussed in a subsequent section of this
chapter. The division vwill alsoc be helpful where costs are being adjusted
for site~specific, geographic and other special conditions. The eight
categories include the following general items:

‘!xcavation 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 landscaping.

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

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

3

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

Labor. The labor associated with installing manufactured equipment,
and piping and valves, constructing concrete forms, and placing
concrete and reinforcing steel are included here.

.3 AL
§‘,/ '

~ — Pipe and Valves. Cast iron pipe, steel pipe, valves, and fittings
. have been combined into a single category. The purchase price of
pipe, valves, firtings, and associated support devices are included
wvithin this category.

Electrical Bquipment and' Instrumentation. The cost of process electrical’
equipment, wiring, and general instrumentation associated with the
process equipment is ‘incluvded 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 material and equipment purchase and installation. and subcontractor's
overhead and profit. To this subtotal, a 15-percent allowance has been
added to cover miscellaneous items not inciuded in the cost takeoff as well
" as contirpency items. Experience at many vater treatment facilities has
" indicated that this 15-percent allowance is reasonable. Although blanket }
. application of this 15-percent allovance may result in sowe minor inequity
between processes, these are generally balanced out during the combination
of costs for individual processes into a treatment system.

The constriction cost for each unit process is presented as a function
of the most applicable desien parameter for the process. For example, con-
struction costs for package gravity filter plants are plotted versus capacity
in gallons per minute, whereas ozone generation system costs are presented
versus pounds per day of feed capacity. Use of such key design parameters
allows the curves to be urilized with greater flexibility than if all costs
vere plotted versus flow. '

T

i RS S S W) - o0 e A )

The comstruction costs shown i{n the curves are not the final capital
cost for the unit process, The construction cost curves do not include costs
for special site work, general centractor overhead and profit. engineering.
or land, legal, fiscgl and administrative work and interest during construc-
tion. These cost items are all wore directly related to the total cost of
e project rather than the cost of the individual unit processes. They are
"therefore wost 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 illustrate the recommended
oethod for the addition of these costs to the construction cost,

o (L

-

35

TS TSN . -
}
|
1



—

—r
Th

-~

ot Puend Tmar Theod

o R L —-

EATUDII

T H

g PAGE lei OF _ 2%

Construction costs ure presented for wash water storane tanks in Tab e
91 and Figure 112.

REVERSE “SMOSIS

Condtruction Cost

Raverse osmosis utilizes meabranes to remove a high percentage o aimist
all inorzanic lons, turhidicy, bacteria, and viruses. MosC oreanic matter
{s alsn removed, with the exception of several materiils, including most
halogenated and low molecular weight compounds.

Commereial units are avaflable In sizes up to akout 5,000 gpd for the
memhrane elements and up to 30,000 gpd for the ruverse vsmosis podules
(prossure vessels). Therefore, large-scale plants wonld be compescd o1 many
small, parallel modules. Compenents taken {nto account In the construction
cost estimites include housing, strucrural stevi and miscellancous ecta.work,
tanks, piping, valves, pumps, veverse vsmosis membrane elementx and pressure
vessels, flow neters, cartridge filters, acid and polyphosphate fevd equipment,
and cleaning equipmeat. The cost curves are based on the use of either
splral-wound or hollow fine-fiber revirse osmosis sembranes.

The efficiency of the membrane elements in reverse osmosis synt ms mav
he impaired by scaling tecause of slightly soluble or inscluble compeunds,
or by fouling as a reasult of the deposition of colleidail or suspended
materials. 2Jecause of this, a very important considi "ation in the design of
a reverse osmosis system ls the provision of adequate pretreatment tu pretect
the membrane {rom excessive scaling and fouling and to avoid frequent clearning
tequirements. Tn the development of the cost curves, adecuate pretreatment
-ras assumed to precade the reverse osmosis process, and costs for pretreatment
are not irrluded in th:: 2stimates.

The construcrtion coxt curve applics to vaters with a toral dissolved
solids (TDS) concentration ranging up to about 10,000 my:/i. Other considera-
tions. such as calc.um sulfate and silica concentrations and also the dusired
water recoverv, affezt costs more than the influent TDS cencentration.

The temperature of the feedwater is assumcd to be betwean 65V and 95TF, and
the pH c: the feedwater is adjusted to abcut 5.5 to 6.0 before the reverse
osmosis process. A single-pass treatment system (only one pass througn the
membrane) is assumed, with an operating pressure of 400 =0 450 psi. The
assumed water vecoveries for different [low ranges are as follows:

Flow Range (mgd): Water Recovery (2)

1T 1. .. ... ... 80
10 =200 . . .. oo .85

Brine disposal costs are not inrluded in . the estimates.

Constru~tion costs are presented ir Table 92 and also in Figure 113,

Y
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Table 92
Construct lon Cest for

Roverse Osmoois

Plant Capacity (mgd)

Cost_Cstegory __1.0__ 10 10 - __200
Manufactuved Equipment $474,210 $ 3,456,480 $29,174,260 $56,438,930
Labor ’ 70,420 346,850 2,312,349 2,837,870
Electricul and Instrumentation bk,700 486,270 3,635,690 6,947,480
Housirg ' 64,263 462,650 2,409,66C 4,176,740

SUBTOTAL 676,630 4,754,250 37,531,950 70,401,020
Miscellaneous and Cnntingency 101,190 713,140 5,629,790 10,560,150
TOTAL 775,820 5,467,390 ° 43,161,740 80,961,170
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“GRAPH #15

Reverse Osmosis
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Plant Capacity (mgd)

ENR Index Handy Whitman

Note: Source E, Figure 35, pp. 88, 92-95.
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GRAPH #15 ,
Reverse Osmosis (Fig. 35)
Treatment Const. June 1995 Current
Capacity Cost ENR ENR Current - Handy Handy Current
_ {gpd) $) Index Index Cost ($) Whitman Whitman Cost ($)
2,500 14,000 2851 5433 26,679 181 319 24,674
5,000 17,000 2851 5433 32,396 181 319 29,961
7,000 20,000 2851 5433 38,113 181 319 35,249
10,000 25,000 2851 5433 47,641 181 319 44,061
50,000 79,000 2851 5433 150,546 181 319 139,232
100,000 140,000 2851 5433 266,791 181 319 246,740
200,000 225,000 2851 5433 428,771 181 319 396,547
500,000 450,000 2851 5433 857,541 181 319 793,094
1,000,000 760,000 2851 5433 1,448,292 ’ 181 319 1,339,448
GRAPH #16
Package High—Service Pump Stations (Fig. 53)
Treatment Const. June 1995 Current
Capacity Cost ENR ENR Current Handy Handy Current
(gpm) (%) Index Index Cost ($) 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 27,632 155 259 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 38,113 155 259 33.419
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] was assumed, with only occasiinal shutdwwn to clean cells and veplace wveak
matraviolet lamps., Buildins energy is for heating, lightirg, and ventilation.

Maintenance materials are related to the replacement cost of the ultra-

violet lamps, which are generally replaced atter operatino continuously for
about 8,000 hr.

Labo~ requirements are related to occasional cleaning of the quart:z
sleeves and pericdic replacement of the ultraviolet lights.

. Operation and maintenance requirenents are stmarized in Table 38 and
also presented in Figures 33 and 34.

REVERSE 0910515

Reverse oswmosis utilizes wembranes to remove a high percentage of
“almost 'all inorganic ions, turbidity, bacteria, and viruses. Most organic

matter is also removed, with the exception of several materials, inetluding
" most halogenated and low-molecular-weight compoundc.

Construction costs were developed for complete reverse osmosis plants
in the sizc ranges from 2,500 gpd to 1 mgd. Commercisl units 3are available
in sizes up to about 5,000 gpd for the membrane elewents and up to 30,300 gpd
for the teverse osmosis modules (pressure vessels). Therefore, large-scale
plants are composed of many smaller, parallel modules. Components taken i.to
account in the construction cost estimates include housing, - structural steel
and miscellaneous metalwork, tanks, piping, vilves, pumps, revers~ 0smosis
wembrane elewents and pressure vessels, flow meters, cartridge filters, acid
and polyphosphate feed equipment, and also cleaning eauipment. The cost

curves are based on the use of either spiral-wound or hollow fine-fiber
reverse osmosis membranes.

Construction Cost : '
The efficiency of the membrane elements in reverse osmosis systems may B
be impaired by scaling (because of slightly soluble or insoluble compounds)
or by fouling (because of the depositisn of colloidal or suspended materials).
Because of this nossibility, a very iwmportunt consideration in tle design E
of a reverse osmosis system ir the provision of adequate pretreatmert to
protect the membrane from excessie scaling and fouling and Lu avoid fre-
quent cleaning requirements. In the development of the cost curves, adequate E
Pretreatment was 3ssumed to precede the reverse oswosis process, but costs
for pretreatment cre not included in the estimates.
The cornstruction cost curve applies to waters with a totsl dissolved E
solids (IDS) concentration ranging up to about 10,000 mg/l. Other consider-
ations, such 23 calcium sulfate and silica concentrations and also the
desired water tecovery, affect cost more than the influvent TDS concentration. E
The temperature of the feedwater is assumed to be between 65° and 95° F, ond
the pH of the feedwater is ndjustzd to about 5.3

to €£.0 before the reverse
osmosis process.

A single-pass treatment system (only one pass through the

membrane) is assumed, vith an operating pressure of 40C to 450 psi. The

88
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assumed wvater recoveries for different flow -anges are as follows:

Ui ‘ Flow Range Vsater Recovery (1)
: l 2,500 - 10,000 gpd 60
3.3. i 10,000 - 100,000 gpd 70
3 ‘ ! 100,000 gpd - 1.0 mgd : 75 i
! .
: ! . &
"‘. | Brine dispossl costs are not included in the estimates. Constructiun cost
B !l estimates are presented in Table 39 and alsoc in Pigure 35. !
i Operation and Maintenance Cost -
[}

L'.“ -

Electrical energy usage is included for the high-pressure feeduvater i
pumps, based on an operating pressure of 43D ps! and on the water recoveries ]
listed in the comstructiom cost write-up. FPer other pumps and cheoical
feed equipment, an energy usage of 10 yercent of the usage for the high-
pressure pumps was assumad . Electrical envryy for lighting, heating, and - 1
=cotilaring was calculated, based on an esciwated floor area required for
complete housing of the revers: osmosis equipment.

bowad

e - = et s it

The largest naintenance materis) requirement is for membrene replacement; -
" a membrane life of 3 years vas used in the co3t estimates. Other mainten—
ance material requirements are for replacement of carrridge filrurs, for
mexmbrane cleaning chemicrls, and for materials needed for periodic repair
! ’ of pumps, motors, and electrical control equipment. Costs for preireatment
: chemicals, such as acid and poiyphosphate, sre not included in the estimates.
: The chatirals utilized and the dosages requived will show g-eat variability

between differeat water supplies and should De determined frum pilot plant
testing.

Iabor requirements are for cleaning and replacing membranes, replacing
cartridge filters, maintaining the high-pressure axd other puzps, preparing
treatment chemicals and determinioy proper dosages, maintaining chemical
feed equipment, and mmitorinz perfurmance of the reverse osmosis membranes.
- Hexmbrane cleaning was assumed to occur monthly. Ip sstimating labor require-

ments, a minimum of about 1.5 hr/day of labor was asaumed for the smasllest
plant. -

pron ey [ ye——— A it

’

- Operation and maintenance requirewents are amtized in Table 40 and
11.1u.dttaced in Figures 36 a«nd 37. - .

mzssuxz ION EXCEANGE SOFTENING

St . Construction Lost o '

Cation exchange resins can be utilized fer the removal of hardness,
barium, trivalent chrvmium, lead, manganese, mercury, and radium. Construc-
- .~ - tlion costs vers developes [or pressure ion exchange softenitg systems using
& "™ - - the conceptual informstion presented in Table 41, The cont~ct vessels were
fobricated steel, with a Saked phenolic liping added after fabrication and
. constructed for 100 psl working pressure. The depth of resin was 6 ft,

4 .
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Table 39

T Construction Coat for

Cost Category

Kanuflcfurcd Equipment
Labor
Electrbcal and Ins:rumentation

Hou;iné
SUBTQTAL
Miscellaneous and Contingency
TOTAL

Reverse Osmosis

.P] ant Caplcit'y (gpd )

2,500

10,000 100,000 1,000,000

§ 3,710 $11,140  $81,050 § 474,210
770 2,210° 16,080 70,420
4,190 4,710 10,680 €5,740
2,680 - 4,070 6,430 64,260
11,350 22,130 114,240 674,630
1,700  -3,320 17,140 101,190
13,050 25,450 131,380 775,820
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400 I 8° PVC—SDR 35 (10'—12'deep)

sewage pump sta\tion

*.'Dne Street . (40 units)

Manhole

*» All pipe is 8' PVC (400’ sections)

N'.,';;']

Wit it Pl Wi

wrn

W wikinon

.

by v,

W

e A awd

r/
LS MH MH MH MH MH
"@@_—1 — m  cvmm— ———

(12-10.72)  (10.52-934) (924'-796) (7.86'-6.580) {(6.48'-52)

— cax Cy
- L Cose D |
- P 72
Whole Installation (120 units) Depth Manholes
P 10 )
) 10'-12’ 1,23
8* Gravity Sewer o7 8'-10’ 456
6'-8 7-12
10'=12' deep => 1782 K 4 0'-6' 13,14,15
8'—10' deep => 1782 Hf
6'-8' deep => 1688 If LS ¢t
0'—6' deep => 750 it ' 2 5 8 1 14 L
L4
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HARTMAN & ASSOCIATES, INC.

engineers, hydrogeologists, surveyors & management consultants

| Cost (Calaslatone )
(Case B

g #zico
# |50

Monkholes = (lo-17)
(g-10"D

pump Stabm > (3402016 120

#1098

g Iravity seuer > (lo-12”)
$3 290

(-1
0’ Tty > ( Boo X # 1/
mitiog 2 '

Mobiligation > (2407300 (o)

TOTAL

2 wits / lots

—>

—

]

-

A 4
i

Cest ()
—> #za00
# 4,558, 1L
# 14,285
#3800

¥ sto

$2L4°7'32

peesmsmm

[}

¥ 20, 4%0.5

16 lot=s
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SH NO- 4 l.ooeno_- 95 145 0o

HARTMAN & ASSOCIATES, INC.  mes = e,

engineers, hydrogeologists, surveyors & management consultants BY DATE:

( Cost Cala.«.la.{—n'mg

Case. C
Cost (8
Monholes > C)o-lL’) 91200
(e-19> ¥ /o0 > = $’5/462>
(-8 4,580
urp Shtion B (94412 (24/no) - #0882 24
?”@raw.' uwe > (lo-t2') "IO??"] -
1 (g-10") | 4‘7,/94 = #20/0:37
(o-8D #1144
[200” Testiog % Cliood( $ /7D = 4/12"0
PUMI'H'M?_ > - £ sto
Mobili zadien 2 (34, (bA3.24) (0.1 = #3400.92
TOTAL ' #-3‘3,/34./(9
# Units / lots - 24 lots

’ #
ONTT CosT 5  #/ler [,589. 0l
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engineers, hydrogeologists, surveyors & management consultants

CCo@-}- Ca‘aa.\d-v‘ogé_]

- Cont (B
' Movholes = (lo-w'd> #2100
1 (3-) #1800 > - ¥
(o-5/) # 3100
4 | pomp S ¥ (34 41,200y = *9,07%.32
3 8'3“*’"“"{ 2ue >  (lo-127) 8 /0,959
' (eon 814 N = Fzs 437
; (e-g?) # 4244
_‘ upog’ Tesrting 3 (eood>( 81/5> = f,wo :
I l P%’mf%‘n? ) * 510
l NMobili zation > (43,73.3D (0D = #4,371,33
3 ToTAL ‘$~18’,O85.
3 % ok inits = 3z lols
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HARTMAN & ASSOCIATES, INC.  foorsr o — ot
eagineers, hydrogeologists, surveyors & management consultants BY: DATE:
(Case £ Cost)
(¢ ost (‘2
Marholes <  (10-127) ($z21005(3) = #6300
. (g-10") (3 190)(2> & s900 o
lo-2") (b1 ¢9300 = 24,900
>-67) (F1(@) #3900
Rip Station > A,4ll20 # 34,420
3 grawity s (or) (1780 (15.3) « |
| (57100 (177 (lee)- . #3% o3
CotD Ues?) (12) =
(oD (70 (4,25~
o’ Zesting Z (Lord( 8 1/FD - #(o0
; P@’NH‘H(‘\Z =) = f 5D
Mooilizabion & (154,445, 7) (0.1) | - 3)5,444.57
oy - Pl Ise
¥ ok funtts = 20 fots
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~ RECORD OF TELEPHONE COMMUNICATION

;\ETE: ql'ﬂif Time: 730

F;QJECT NAME: __ S0 - Em%i Sale. PROJECT NO.: 95 -/45. 00

/}TY CALLINC: :S‘a% Wallace COMPANY: HA T

TY CONTACTED: __ Scot Eduards comPANY: Jourlor  Precast
L;BJECT: M“’\lwf?— &75'*5 4 ’ d(‘qw[ Suson Pogv
4 Toda  Philligs

wd

=
§ETEPHONE_ COMMUNICATION SUMMARY (including Decisions & Commitments)

I_gg; ¥ g S wall _ Mickyes X
O-L #5578 '

oy 6-% %0458
3 g0 4%,
q0-z #4950 * Np Fonumics of Scale X
3 -4 %070 -
1
3

]

ACTION REQUIRED

[

HARTMAN & ASSOCIATES, INC.

engineers, hydrogeologists, sciendsts &.rnzmgcmcnt consulans

nf

—— e
—_————
——
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{  RECORD OF TELEPHONE COMMUNICATION" -
o _ﬂZZ&{ Time: 379D
IOJECT NAME: S~ Economy af Scale  PROJCT NO.. _25:-/45. 00
"\RTY CALLING: ST W COMPANY:  MHAT
Jery contacTED: _Brien Peaner company: Ml & Stark
VeseCT: __Pipe lashal, Costs (g13) 597- 2I65~

-

E?TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments)

3 ‘

F Ressure deshing (werm) A-zg-. SO/t s> TSE/E
_———————“——ﬁ_ . 4

lvat job 2 25 ¢ /4

o s

T Niglafeeton (. mD # Avs, #//F}- small b > P /8
‘i #I.SUO = lorge. oo —=> # L/‘F}
& Gravily Sewer — T V. Test # .00,/ F+

:3 ACTION REQUIRED

—'C /

—  HARTMAN & ASSOCIATES, INC.

———

_ engineers, hydrogeologists, scientists & management consultants
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Vi SANITARY SEWER 9/19/94
s |
B! SIZE DESCRIPTION : PROJECT QUANTITY UNIT UNIT PRICE BIDDER YEAR
' 8° 90 DEG. BEND 2 4 €A $285.00 MEYER 1994
8° X 22 1/2° BEND 2 1 EA $275.00 MEYER 1994
© D.I. IMISC. FITTINGS} 1 20.% TN $5,000.00 MEYER 1988
o FITTINGS (OFF SITE) 2 1 LS $1,300.00 BRIAR 1994
* z |16° X 6 D.I. CROSS HITTINGS 3 2 EA $1,080.00 MEYER 1988
— 20" X 6° D.1. CROSS FHTTINGS 1 2 EA $1,400.00 MEYER 1988
~ |24° x 6= D.1. CROSS FITTINGS 1 3 EA $1,710.00 MEYER 1988 -
] + |30° x &* D.I. CROSS ATTINGS 1 2 EA $3,110.00 MEYER _ 1988
; . [8"X 6° WYE WITH 45 DEG. BEND 2 ] EA $37.00 MEVER 1994
w 10" X 6 WYE WITK 45 DEG. BEND 2 19 EA $80.00 MEYER 1994
6" X 4° DOUBLE WYE 2 56 EA $28.00 MEYER 1994
'7 © PAUG 2 112 EA $2.60 MEYER 1954
5 6" PLUG 2 83 EA $4.70 MEYER 1994
8°  DIP (RESTRAINED) 2 120 1 $48.00 MEYER 1884
10°  DIP(12.14' CUD 2 20 LF $38.00 BRIAR 1954
10" DIP (10°-12° CUT) 2 20 LF $35.75 MEYER 1994
i & OF FM 3 80 F $37.00 JMHC 1954
10" DIPFM 150 L $24.15 ESTERSON 1988
wl| 100 DIPFM 3 0 LF $49.50 IMHC 1954
22 ol 122 pirem 4SS5 L $28.26 ESTERSON 1985
I | e orem 180 LF $20.89 ESTERSON 1886
<4 ol & owermoecun 18 LF $18.00 HUBBARD 1990
8°  DIPFM (06" CUT) 18 v $19.70 GOPHER 1990
 z| 8  bIPFM (06 CUD . 18 LF $20.00 WITHERINGTON 1990
i of & Dro-6cun 18 LF $26.80 BLD 1990
«{ & OIF(6-8 CUD 20 v $1,500.00 X-RDS 1988 }
- | & owrea0cun 36 13 $28.15 B&D 1990
’ 8" DIP FM {£°-10° CUT) 36 LF $20.00 HUBBARD 1990
" w| 8  DIPEM (810" CUD 36 LF $21.95 GOPHER 1990
) 1 & oIPEMI(8.10' CUT) 36 LF $22.00  WITHERINGTON 1990
_ [ & ormacLso 1 3250 v $31.20 MEVER Y988
\ 16%  DIP FM (CL 50} 1 3250 LF $30.00 MEYER 1988
16" DIP FM (CL 50} 1 250 L $43.15 MEYER 1988
l > [ 200 OF FM(CL 50) 7 250 F $55.90 MEYER 1988
o 20° DIPFM(CL SO 1 2265 LF $27.00 MEYER 1988
20° _ DIP FM (CL 50) 1 3265 LF $40.20 MEYER 1988
24° OIP FM (CL 50 1 5645 LF $48.50 MEYER 1988
I 24°  DIP FM (CL 50) 1 5645 LF $45.00 MEYER 1988
24°  DIP FM (CL 50) 1 £10 LF $64.30 MEYER 1988
30 DIP FM (CL 50) 1 435 v3 $87.00 MEYER 1988
] 30" DIP FM (CL 50) 3 5600 L $60.00 MEYER 1588
] 8" PVC(0-6' CUT 338 W $2.50 X-RDS 1988
= ] 8 PVC (06 CUT 707 LF $6.80 HUSBARD 1990
\/ 8 PVC(0-6'CUT) 707 W $7.70 GOPHER 1990
N, 8" PVC{0-6' CUT 707 v $7.00 WITHERINGTON 1850
ML] 8°  PVC{0-6"CUT) 707 LF $11.70 B&D 1990
wi 8 PVCE-§CUTD 2 2906 LF $10.00 MEYER 1994
a| 8 PpvCto$ CUN 2 2950 1] $8.00 BAUR 1954
-1 (= Ppvemito-6 cun 7 30 V] $13.00  SOUTHWEST 1994 .
; a|pls  pvemios cum 7 30 LF $13.75 ROCKET 1954 (Bay
: 2°  PVC/OI 106’ CUT) . 7 20 LF $14.00 MUSTANG 1994
2 o[ & wmCE-goum 1058 3 $7.90 HUBBARD 1990
>1 &  pvcie-s cun 1055 L $8.75 GOPHER 1990
+ af 8 PVC(6-8'CUN . 1055 L $8.50 WITHERINGTON 1990
: g PVC(6-8CUT (7Y LF $14.50 X-RDS 1988
8 PVC(6-8' CUT) ' 1055 LF $12.35 LN 1990
8  PVC(6-8' CUM 2 243 LF 69.12 BRIAR 1994
B PVC (68’ CUT 2 700 L $8.60 BAWR 198¢
8" PVC(6-8' CUT 2 601 LF $11.50 MEYER 1994
* PVC/DIE-8' CUT) 7 635 LF $1500  SOUTHWEST 1994
e pvemiee cun 7 635 L $21.00 ROCKET 1894
° PVC/D! {6'-8' CUT) 7 635 LF $18.00 MUSTANG 1854

. tnd
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SANITARY SEWER 9/19/94
SIZE DESCRIPTION PPOJECT _QUANTITY UNIT UNIT PRICE BIDDER YEAR
8" PVC {8°-10°' UM [31] LF $5.37 HUBBARD 1990
8" PVC(8-10°CUT) 675 LF $9.95 GOPHER 1990
8°  PVC(8'-10°CUT 675 LF $9.00 WITHERINGTON 1990
8" PVC (810 CUT) 675 LF. $13.08 84D 1990
8"  PVC(8-10°'CUT 2 1480 LF $8.90 BRIAR 1984
B°  PVC (8-10°CUT) 2 800 LF $9.25 JMHC 1954
8°  PVC(8-10'CGUM 2 1513 LF $14.00 MEYER 1954
* PVC/OL (810 CUT) 7 390 (1] $20.00 SOUTHWESY 19594
;{. *  PVC/Di {8-10' CUT) ? 390 LF $24.00 ROCKET 1994
®  PVC/DI(8-10° CUT) 7 350 LF $25.00 MUSTANG 1994
8"  PVC (10-12' CUT) 317 [T $11.26 HUBBARD 1990
8° PVC(10-12°CUT) 317 LF $12.45 GOPHER 1990
8 PVC10-12°CUT) 317 LF $11.00 WITHERINGTON 1990
8" PVC(10-12°'CUN 317 LF $14.90 B&D 1880
8" PVC(10-12' CUT) 2 20 LF $9.75 JMHC 1994
8" PVC(12-14'CUT) 418 LF $13.25 HUBBARD 1990
8= PVC(12-14°'CUT 418 LF $15.45 GOPHER 1990
8" PVC(12-14'CUT) 418 LF $13.00 WITHERINGTON 1930
8" PVC{12-14'CUT 418 \F $16.05 B&D 1990
*  PVC/DI{12-14' CUT) 7 183 LF $30.00 SOUTHWEST 1994
"L. PVC/DI 112°-14° CUT) 7 183 LF $31.00 ®OCKET - 1934
s PVC/DI12-14' CUT 7 183 LF $45.00 MUSTANG 1954
8" . PVC (1416 CUT) 166 LF $16.35 HUBBARD 1990
8°  PVC(14-16° CUN 166 LF $16.35 HUBBARD 1990
8" PVC (14-16' CUM 166 LF $15.00 WITHERINGTON 1990
8" PVC (14'-16' CUN 166 LF $17.50 B&D 1990 Grav.
T PVC(16°-18° CUT) 357 F $21.80 HUBBARD 1980
8" PVC (1818 CUT) 357 \F $19.95 GOPHER 1890
8 PVC(16-18' CUT as? LF $17.00 WITHERINGTON 1990
* PVC {16518 CUT) 357 LF $19.35 B&D 1990
4° PVCFM 20 LF $10.00 HENSON 1886
4  PVCFM ? 675 LF $6.00 SOUTHWEST 1994
& PVCFM ? 675 LF $7.50 ROCKET 1954
4 PVCFM 7 675 LF $10.00 MUSTANG 1994
6 PVCFM 20 LF $10.00 ESTERSON 1986
6 PVCFM 5 198 LF $10.00 JENKINS 1993
6"  PVC FM 1 1125 LF $17.60 MEYER 1988
8" PVCFM 3425 LF $9.00 HENSON 1986
8" PVCFM 2 7050 LF $6.50 MEYER 1994
u 8" PVCFM 3 1360 LF $8.00 JMHC 1994 -
s 8° PVCFM (ON SITE) 2 3730 02 $7.40 SRIAR 1984 i
- 8" PVC FM (ON SITE) 2 3720 tF $8.00 JMHC 1994 .
a 8" PVCFM (OFF SITB 2 3060 LF $7.64 BRIAR 1994
8° PVC FM tOFF SITE) 2 3180 LF $8.00 JMHC 1994 )
o] 100 PVCEM 1950 LF $10.56 HENSON 1986
>! 100 PVCAM 3 244 83 $15.00 JMHC 1994
a| 12 PVCFM 2975 LF $12.00 ESTERSON 1986
4°  PVC SERVICE LATERAL 350 [V $5.30 X-RDS 1988
8°  PVC SERVICE LATERAL 1986 LF $12.45 s&D 1990
6"  PVC SERVICE LATERAL 1986 \F $10.16 GOPHER 1990
6°  PVC SERVICE LATERAL 1986 LF $5.00 WITHERINGTON 1990 v
6°  PVC SEAVICE LATERAL 1986 LF $7.80 HUBBARD 1990
§*  PVC SERVICE LATERAL 535 LF $8.10 VANNICE 1990
6"  DOUSLE SERVICE LATERALS 2 77 EA $326.62 BRIAR 1994
€°  DOUSBLE SERVICE LATERALS 2 60 EA $275.00 IMHC 1994
§°  DOUBLE SERVICE LATERALS 3 S0 LF $265.00 JMHC 1994
6°  DOUBLE SERVICE LATERALS 7. 18 EA $275.00 SOUTHWEST 1994
6"  DOUBLE SERVICE LATERALS 7 18 EA $310,00 ROCKET 1984
6°  DOUBLE SERVICE LATERALS 7 18 €A $450.00 MUSTANG 1994
6"  SINGLE SERVICE LATERALS 2 3 EA $301.67 BRIAR 1994
6"  SINGLE SERVICE LATERALS 2 1 EA $245.00 JMHC 1994
6°  SINGLE SERVICE LATERALS 3 14 EA $245.00 JMHC 1994
€°  SINGLE SERVICE LATERALS ? 5 EA $225.00 SOUTHWEST 1984
€°  SINGLE SERVICE LATERALS 7 5 EA $280.00 ROCKET 1994
6°  SINGLE SERVICE LATERALS 7 5 EA $350.00 MUSTANG 1994

Sewer 2
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NO: l l.DB NO. ?‘5-_ /45" [0°®)

ehgj.necrs, bydrogeologists, surveyors & management coasultants €D BY:

HARTMAN & ASSOCIATES, INC. &1 ik

DATE:
DATE:

/o7

Colculadinns, ( L.S, 'Ffow>

(D jco apm D 144,000 9ph- (':' 4) = 36,000 gpah (ADF}
36000 4/ 50 opbfunst

@ 200 gem Z¥%,000 gpdl (= 4\J = 72,000 gpd. (ADF}
72,000 308 / 300 apd fuatt = [ 240 wits)

D 3oam > 435,00 gpd  (£3.5) = 123,429 g (ADFD
13,42 9@/ s gt funi+ = T 4] unite

@ 400 opem D 570,000 apd (23.5 = 164,57/ 304 (AP
Wty ST o 300 g funitt = [ AT wits |

D 500 gm > 70000 e (2 38> = 2os, WE gt (AOFD
205,718 spek / 500 spd fark = (Bl wnhs

(D 0 gpm » W4 000 apd (F3.8> - 246, 57 apd  (ADFD
246,57 s /@%/m.‘-&» = @3 “”"BJ

@D Mopm > 1,008,094 (=3) = 336,000 gl (ADFD
55‘0/000.3?*/300394/«‘:1!- = [zo w:'f'sw

® IO om 2 1,152,000 spd (:3>= 384,000 (AP .

354,000 - /30 gk fuit = [ 1280 wi'fs )

@ 900 ym > 1y276,000 gpd (+5D = 432,000 sph ( ADF)

451/000 3;&/300 5pd /w.‘}— = l 1440 ggl'lf) l

, @ )OOOg'om? 1/440/000 5,04.(%5) = 4?0/0003p& _(ADF)

4?0/000 3‘04/5005/d/w,'&— = D(poo UAI.fZSﬁ\
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)
| ——y Juob No.  95-145.00
. lvede By JIW Date. B/14/95
Station No. 1 Submersible Chacked By Dats:
Instalied 1995 Depth {ft): 15 Diameter (ft): 6
Precast Well '
Wet Waell{ft ) 15.00 $125/FT cosT=  $1,875
Top Siab{cy) 0.70 $450/cy COST= $314
Base Slab(cy) 3.11 $450/cy COST= $1,398
Excavation
Surtace Diameter (ft) (2*Depth) + 10ft + Dia. = "SD" = 46 .
Surface Area (ft ) { (3.141 5)'('SD")‘2)/4 = "SA" = 1662
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")}{"BD"))/27 =
' "Vol® = 596
. $1.25/cy cosT= $745 i
Backfill{cy) "Vol™-{ (3.1415)(Dia.)"2(Depth)}/27= "BK"= 533
$1.25/cy COST= $667
Dewatering
Circumference 2* (3.1415)(("SD" + 2)/2¢f 150.8
$75/LF COST= $11,310
Valve Box: Length(ft) 5
width(ft) 5
Walls 8"
Base Slab (ft ) 25
Top Slab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $17,748.87
Pumps: 2 Motors: 2
Horsepower 5 5
GPM 100
Ma_nufacturer Fiyght/ABS
Model No. . TOTAL PUMP COST = $11,200.00
Controls/Electrical: Estimated 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

4" connector
Emergency pump out
4" Dl piping
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e ~{3ob No.  §6-145.00
. Made By JIW Date: 8/14/95
Station No. 2 Submersible |cneces By Dote:
instalied 1955 Cepth (ft): 16 Diameter {ft): 6
Precast Well
Wet Well(ft ) 16.00 $125/F7 cosT=  $2,000
Top Slab(cy) 0.70 $450/cy COST=» $314
Base Siab(cy) 3.11 $450/cy COST= $1,398
Excavation
Surface Diameter (ft} (2*Depth} + 10ft+ Dia. = “SD*= 48
Surface Area (ft ) { (3.1415) '("SD")‘Z)/4= "SA" = 1810
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 /13*(*"BA"}{"BD"))/27 =
"Vol" = 675
. $1.25/cy COST= $844
Backfill{cy) "Vo!"-( (3.1415)(Dia.}*2(Depth)}/27 = *BK"= 608
. $1.25/cy COST= $760
Dewatering
Circumference 2* {3.1415){("SD" + 2)/2f 157.1
$75/LF ) COST= $11,781
Vaive Box: Lengthift) 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) TOTAL LIFT STATION COST= $35,817.55

4" connector
Emergency pump out
4" DI piping
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— Jsob No.  95-145.00
snse By JIW {Oste: B/14/95
Checked By |

Instalied 1995 Depth (ft): 18 Diameter (ft): 6
Precast Well
Wet Well(ft } 18.00 $125/FT COST= $2,250
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" = 52
Surface Area (ft ) { (3.1415)*("SD")*2)/4 = "SA" = 2124
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"}{"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)/2¢ 169.6
$75/LF COST= $12,723
Vaive Box: Length{ft) 5
Width(ft) 5
Walis 8"
Base Siab (ft ) 25
Top Slab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $20,160.38
Pumps: 2 Motors: 2
Horsepower 9 5
GPM 300 .
Manutacturer Flyght/ABS
Model 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 Valive (2) TOTAL LIFT STATION COST= $40,192.46

6" connector
Emergency pump out
€" Dl piping
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[ lsob No.  95-145.00
. Mods By JIW joste: 8/14/95
Station No. 4 Submersible — [ouss:
Instalied 19985 Depth (ft): 20 Diameter (ft): 6
Precast Well
Wet Well(ft ) 20.00 $125/F7 cost-  $2,500 *
Top Slablcy) 0.70 $450/cy COST= $314
Base Slab(cy) 3.11 $450/cy COST= $1,398
Excavation
Surtace Diameter (ft) (2°Depth} + 10ft + Dia. = "SD"= 56
Surface Ares (f1 ) ( (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"}{"BD"))/27 =
‘ "Vol" = 1055
- $1.25/cy COST= $1,319
Backfill{cy) "Vol™-( {3.1415)(Dia.)*2(Depth})/27= "BK = 971
$1.25/cy COST= $1,214
Dewatering
Circumference 2* (3.1415)(("SD" + 2)/2¢ 182.2
$75/LF COST= $13,666
Valve Box: Lengthi{ft) 5
Width(ft) 5
~Walls 8°
Base Siab (ft )} 25
Top Slab Aluminum Hatch COST = $1,440
TOTAL STRUCTURAL COST= $21,850.47
Pumps: 2 Motors: 2
Horsepower 12 5
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 = $3,550.00
Piping/Fittings/Equipment: TCTAL EQUIPMENT COST = $4,370.09
6" Plug Valve (2)
$43,970.57

6" Check Valve {2)
6" connector
Emergency pump out
6" DI piping

TOTAL LIFT STATION COST =
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neet o, JJob No.  95-145.00
. Mace By JIW Date: 8/14/95
Station No. 5 Submersible Cnecked By Dete:
Installed 1995 Depth (f1): 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 Slab(cy) 4.42 $450/cy COST= $1,991
Excavation )
Surface Diameter (ft) {2*Depth) + 10ft + Dia. = "SD" = 54 -
Surface Area (ft ) { (3.141 5)'("50")“2)/4= "SA" = 2290
Base Diameter (ft) Dia + 10ft= "BD" = 18
Base Area (ft) { (3.1415)*("8D")"2}/4= "BA" = 254.5
Volume {cy) (1/3*("SA")*(Depth+ "BD")-1/3*{"BA")("BD"}}/27 =
' "Vol" = 961
. ]
$1.25/cy coST= $1,202
Backfili{cy} "Vo!"-{ (3.1415){Dia.}*2{Depth))/27 = "BK"= 827
$1.25/cy COST= $1,034
Dewatering
Circumference 2* (3.1415){({"SD" + 2)/2f 175.9
$75/LF COST= $13,195
Valve Box: Length{ft) 5
Widthi{ft) 5
Walis 8"
Base Slab {#t ) 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
Model No. . TOTAL PUMP COST = $14,800.00
Controis/Electrical: Estimated at 20% of Total Package Cost
TOTAL CONTROL COST = $3,700.00
Piping/Fittings/Equipment: TOTAL EQUIPMENT COST = $5,417.52
8" Plug Valve (2)
8" Check Valve {2) TOTAL LIFT STATION COST= $45,587 61

8" connector
Emergency pump out
8" D! piping
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Station No. 6

instalied 1995

Precast Well
Wet Well(ft ) 20.00
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Top Stablcy) 1.24

Base Slablcy) 4.42

Excavation
Surface Diameter (ft)

Surtace Area {ft )
Base Diameter (ft)

Base Area (ft)

Volume (cy) (1/3*{"SA")*{Depth+"BD")-1 /3*("BA")("BD"))/27 =
"Vol" = 1183
. $1.25/cy COST= $1,479
Backfili{cy) "Vol"-( (3.1415)(Dia.)*2(Depth}}/27= *BK"= 1034
$1.25/cy COST= $1,293
Dewatering
Circumference 2* (3.1415)(("SD" + 2)/2f 188.5
$75/LF COST= $14,137
Valve Box: Lengthi{ft) 5 :
Width(ft) 5
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
Manutacturer Flyght/ABS
Model No. TOTAL PUMP COST = $16,640.00

Controls/Electrical:

Piping/Fittings/Equipment:

8" Plug Valve (2)

B" Check Valve (2)
8" connector
Emergency pump out
8" DI piping

srvst No. foob No.  95-145.00

Made By JJIW Date: B/14/95
Submersible {Crecked By Dace:
Depth (ft): 20 Diameter (ft): 8
$125/F7 COST= $2,500
$450/cy COST= $559
$450/cy COST= $1,991
(2*Depth) + 10ft + Dia. = "SD" = 58
( (3.1415)%("SD")~2)/4= "SA"= 2642
Dia+ 10ft= "BD" = 18
{ (3.1415)*("BD")*2)/4 = "BA" = 254.5

Estimated at 20% of Total Package Cost

TOTAL CONTROL COST= $4,160.00
TOTAL EQUIPMENT COST = $5,849.50

TOTAL LIFT STATION COST = $50,047.50
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Sheet Mo ~ JJob No.  95-146.00
R Made By JIW Date: 8/14/95
Station No. 7 Submersible Chackec By Dete:
Installed 1995 Depth (f1): 20 Diameter (ft): 10
Precast Well
Wet Well(ft ) 20.00 $125/FT COST= $2,500
Top Slabicy) 1.84 $450/cy COST= $873
Base Slab(cy} 5.98 $450/cy COST= $2,689
Excavation
Surface Diameter {ft) {2*Depth) + 10ft + Dia. = "SD" = 60
Surface Area (ft ) { »(3.1415)'(”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 =
"Voi" = 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)/2¢ 194.8
$75/LF COST=~ $14,608
Valve Box: Length{ft) 5
Widthi{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 20.5 5
GPM 700
Manufacturer Flyght/ABS
Model No. v 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 Valve (2)
TOTAL LIFT STATION COST = $53,395.22

8" Check Valve (2)
8" connector
Emergency pump out
8" DI piping
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Job No.  95-145.00
. JJW ~ |Date: 8/14/95
Station No. 8 Submersible | T— Ioars:
Installed 18995  Depth (ft): 20 Diameter (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) 5.88 $450/cy COST= $2,689
Excavation
Surface Diameter (ft) {2*Depth) + 10ft + Dia. = "SD" = 60
Surface Area (ft) { (3.1415)'('50")*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 184.8
$75/LF COST= $14,608
Valve Box: Length{ft) 5
Width(ft) 5
Walls 8"
Base Siab (ft ) 25
Top Slab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $25,116.18
Pumps: 2 Motors:
Horsepower 21 5 .
GPM 800
Manufacturer Flyght/ABS
Model No. TOTAL PUMP COST = $18,400.00
Controls/Electrical: Estimated at 20% of Total Package Cost
TOTAL CONTROL COSY = $4,600.00
Piping/Fittings/Equipment: TCTAL EQUIPMENT COST = $10,046.47
10" Plug Valve (2)
10~ Check Valve (2) $58,162.65

10" connector
Emergency pump out
10" D! piping

TOTAL LIFT STATICN COST =
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Station No. 9

installed 1995

Precast Well
Wet Weli(ft ) 20.00
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loweine.  [JobNo. 95-145.00
» JJW Date: 8/14/95
Submersible {Cneckad By Date:

‘Depth (1) 20 Diameter (ft): 10

Top Slablcy) 1.84

Base Slablcy) 5.98

Excavation
Surface Diameter {(ft)

Surface Area (ft)
Base Diameter (ft)
Base Area (ft)

Volume {cy)

Backfill{cy)

Dewatering
Circumterence

Valve Box:

Pumps: 2
Horsepower 27.5
GPM 900

Manufacturer Flyght/ABS

Model No.

Controls/Electrical:

Piping/Fittings/Equipment:

10" Plug Valve (2)
10° Check Valve (2)
10" connector
Emergency pump out
10" DI piping

$125/F7 COST= $2,500
$450/cy COST= $873
$450/cy COST= $2,689
{2*Depth) + 10ft + Dia. = *SD" = 60 -
{ {3.1415)*("SD")}"2)/4 = "SA"= 2827
Dia+10ft= "BD" = 20
{ (3.1415)*("BD")*2)/4 = "BA" = 314.2
(1/3*("SA")*(Depth + "BD")}-1/3*(*BA"){"BD"))/27 =
"Vol" = 1319 |
$1.25/cy COST= $1,648
"Vol"-{ {(3.1415){Dia.)*2(Depth)}/27= *BK"= 1086
$1.25/cy COST= $1,357
2* (3.1415)({"SD" + 2)/21 194.8
$75/LF COST= $14,608
Length(ft) 5
Width(ft) 5
Walls 8"
Base Slab (ft ) 25
Top Slab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $25,1 16.5 8
Motors: 2
5
TOTAL PUMP COST = $19,600.00
Estimated at 20% of Total Package Cost
TOTAL CONTROL COST = $4,900.00
TOTAL EQUIPMENT COST = $10,046.47
TOTAL LIFT STATION COST = $59,662.65
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| —re [sob No.  95-145.00
. o JIW |Date: 8114195
Station No. 10 Submersible joneckad by foss:
Installed 1995 Depth (f1): 20 Diameter {f1): 12
Precast Well
Wet Well(ft } 20.00 $125/FT cost=  $2,500
Top Stabley) 2.79 $450/cy COST= $1.267
Base Slab(cy) 7.76 $450/cy COST= $3,492
Excavation
Surface Diameter (ft) (2*Depth) + 10ft +Dia. = "SD"= 62
Surface Area (ft ) ( (3.1415)%("SD"V'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
3 $1.25/cy COST= $1,828
Backfillicy) "Vol™-{ {3.1415)(Dia.)"2(Depth)}/27= °"BK"= 1127
$1.25/cy COST= $1,408
Dewatering
Circumference 2* (3.1415)({"SD" + 2}/2¢ 201.1
$75/LF COST= $15,080
Valve Box: Length(ft) 5 .
Width(ft) 5
Walls 8"
Base Slab (ft ) 25
Top Siab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $27,005.01
Pumps: 2 Motors: 2
Horsepower 30 5
GPM 1000
Manufacturer Flyght/ABS
Modei No. TOTAL PUMP COST = $20,400.00
Controis/Electrical: Estimated at 20% of Total Package Cost
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

10" connector
Emergency pump out
10" DI piping

4
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Directory: C:\AUS
Filename: PRECASTWIG
Date: 30-Masr—95
Time: 10:02 AM
PRECAST WETWELL INSTALLEC COST SUMMARY
Diameter Matenal Cost
(feet)
Cosi M oF SEg 2 ‘fg ® 33‘1/2
gepth) 315 1 5
Top 315 3500 31,000 51,400
Diameter instaltation Adder @ 30%
(feet)
4 6__ 8 10 12
[Cost i of depth $20 538 53 0 $113
Base $154 814 B4b $1,082
Top ] 68 »150 330 p )
Diameter Total Installed Cost
fleet
4 6 8 10 12
[CosT T/ of deplh] $85 3153 28 530 3483
Base 839 31358 32,373 §3,667 34,687
_Top 3163 23 X0 31,300 31,80
Nominal Quantity Quantity llem@Cost
i Achual Thickness Actul ity of ity of
Diameter Diameter Area Concrete Concrete 275 cuyd
Base {0 ] ® {sqft) fcuft) (cu.yd.) {8)
4 1.3 1.50 42 2 3645
3] 9.33 1.0 ) 103 4 $1,045
8 1233 1.50 119 179 3185
10 15.53 1.0 185 277 10 &1
12 17.33 1. 2% 354 13 3,
tem Cost
Nominal Achal Thickness Actal Quantity of ~ Quantity of @
Diameter Diameter Area Concrete Concrete $275  cuyd.
Top &) ) ) {sqft) cuft)  (ouyd) )
4 5.33 0.57 74 15 1 3152
3 1.33 0.6/ [Y] 2 1
8 9.33 0.67 ] 45 2 3465
10 11.33 1.00 101 101 4 31,027
12 13.53 1.00 140 140 5 $1 42
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Reference #

3825-1
3825-1
?
S5443A
80-200/3085
C-3082
C-3101
3085
3085
C-3101
C-3101
3126
?

CP 3127
CP 3127
CP 3127
CP 3152
3085.181
3085

ELLIS K. PHELPS & COMPANY

2152 Sprint Boulevard
Apopka, Floria 32703

To: Hartman & Associates

Bobby Wyatt

407-839-3790 (Fax)

From: Juan Citarella

Reference HP

9.4
5
S

75

25
3

2.5
3

1.5
5
10

9.4
2

9.4
10

8.5
20

23
2

Package Estimate

$21,000
$18,000
$18,000
$21,000
$16,000
$16,000
$16,000
$16,000
$16,000
$18,000
$21,000
$21,000
$16,000
$21.,000
$21,000
$21,000
$26,000
$16,000
$16,000

L AYIEY ]

N —xy

PAGE_253 _ oF __ 234

Current Flygt Pump

CP 3127
CP 3102
CP 3102
CP 3127
CP 3085
CP 3085
CP 3085
CP 3085
CP 3085
CP 3102
CP 3127
CP 3127
CP 3085
CP 3127
CP 3127
CP 3127
CP 3152
CP 3085
CP 3085

Note: Package estimates include (2) Fiygt submersible pumps,

Thank you for your inquiry!

accessories, control panel, and access covers.

Phone: (407) 880-2900

FAX:

(407) 880-2952
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. S ) ABS + Scanpump
3 ABE - Lawrence Pump & Engine

Q#Awhhmm —

, | ' bdjEhdS2__A5fi§i__EiL;§2£3£[I2AB__52E1£&Di§Zti
) ..
A 70: HARTMAN & ASSOCIATES DATE: 3/18/25
,1 ATIN: BOBBY WYATT
FROM: COLIN MARTIN
‘ SUBJECT: YOUR FAX INQUIRY 3/2/85
: CITY OF PORT ST.LUCIE REPLACEMENT OOSTS
. Mr. Wyatt,
In response to your subject inguiry I would like to offer the
following pricing for the pump models you reguested. 1 have
] indicated the old pump model number as well as the new current
model number. Plsase note that the pricing is per pump with
: accessories. For a typical duplex station multiply price by two.
I Controls are priced seperately.
The CP3127 model no. is a Flypt, equal to the 8 HP ABS model.
J i PRICE EACH UNIT
OLD MODEL HP NEW LODEL WITH AOCESSORIES
] AFIS 4-4 2 AFP104OM15/4 11. 60 4 $2 380 00
AF22-4-4 . 3 AFP1040M22/4~11.680-4" 2,550.00
AF40-4-4 6 AFP1042M46/4-21,.60~4" 2.990.00
i AFB80-4-4 8 AFP1046M70/4-22.60-4" 3,300.00
AF90-4-4 12 AFP104BM30/4-22.60-4" 3 400 00
§ — - S T S UPIP S S .
73
DUPLEX CONTROLS PER ST.LUCIE SPECS PRICE EACH DUPLEX
HP CONTROL W/FLOATS
2 or 3 $4,700.00
6 4,800.00
3 8 or 10 : 5,000.00
12 or 15 5 300 00

el e me mee o il

Pricing is for budpetary usage only. Taxes are not included. Freight
and startup are included. .

Should you have any qQuestions or require additional information,
please do not hesitate to contact ms.

Regards,

e —

wl
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To: iusfy Nelsar Pageof 2
From: 8&7 wf‘# Date: June 2, 1995
Gormaan Rupp

Lift station pump package (pump, guide rails, controls, flcats, ete)

MODEL P _ PACRAGE &
T4A3-Brpler) 20 hp ¢S s20—
T4A3-B(Diple) _15hp 6s rs2 —
TAA3-B(Dpler) Shp C4, /8 —
T4A3-B (Dupler) 7.5hp S o4 258
T4A3-B (Dupeq) 10bp b#,52r —
. T3A3-B &Dvp/e{) 75bp C3, 020 —
T6A3-B/Dwpler) 15 bp L%, 407 —

AU THESE  SoTIenlS MA LA Gaouwd  pny o
DES1D £ GuioZ KBS AnE NoT VT2,  THRSE
Paces INcwwsZ  BUSSEL (EUEL Go~TAS |, JF FRofTS
#oz sz, PamsE  PEOVCT F/,263 " Fron faen oF
THE PoovL  PucES, -

STwran  AE  rfacgs A B Feergge SO T I par
GIE INDIVIOUSL  ComPonEAT PACES. fhosvst - Becoe)
BAm.  USTEP  Alrexinstl.  C~Tas  foVEC Pailes cimen
AR 1NCwIZr (N TYE AASVE PAICES, Ao Somemung
BB omEs O G2 46D Voo, : '

S 47 - 7 S, ¢05
7.5 H - 5, 68087
[0 H - . 5§, 408 —
/S 4 - S, 686~
28 HE - S 702 —

FPeaasz  Coul (F yod  HAVE  QUESToNS.

BWW/dvMS/pumps bww %JL{/

ﬁu.s'ry AECS o)
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1 PROJCT NAME: _Coty of fort St. Luese PROJCT NO.: 9Y-354. Ja_
R ' /-$00-343- 709
| 1.«TY CALUNG: Scoft EJwads ’ COMPANY:

PARTY CONTACTED: _Babé}/ k,%i'ff COMPANY: __ HAT

% SUBJECT: _Mazmﬁmﬂﬁu&aﬁmm . and hictvsl)

@]&mf roxls

|

!
|

TELEPHONE COMMUNICATION SUMMARY (Inclyding Decisions & Commitments)
i __e//dun (TS 122 QRN buy mfmg
_ __m " Diangter ¥4 Bases/y ()
o-¢ | 50 4’ (s w/fmn{“ 125
€-8 | ¢«s g 125 a2s
8-/0 | 9as 8 1S S00 }
s0-12 | 818 /0’ 300 /000
2-15199% R |37s /900
15+ | 112s

ACTION REQUIRED

cC

——

)-——

l _

HARTMAN & ASSOCIATES, INC.

cngineers, hydrogeologists, sacnusts & management consuliants |
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Piping Costs

PVC (C900 — DR 25) Force Main

EXHIBIT

PAGE_258  ©OF

(2H-Y)
24

Large Job (25,000°)

size  Small Job (250') Med. Job (2,500')

(in) ($) ($/1) ($/1)

4 1225 9.80 9.10

& 1351 10.97 10.22

g" 15.28 12.68 11.82

10° 17.42 14.68 13.74

127 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 installation,

and $.25-$.75 per foot pressure testing.
3) Costs exclude valves, fittings, and restoration work.
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Piping Costs

DIP (Class 50 — Epoxy Lined) Force Main

Size Small Job (2507) Med. Job (2,500') Large Job (25,000
(in) ($/1) (s (sm

4" | 24.39 : 20.57 19.38

6" 27.58 23.13 21.7

8" 3.1 .58 26.44 24.75

10* _ 36.41 ' 30.49 28.50

2" 42.76 35.93 33.59

16" 47.75 40.13 37.47

Notes: 1) Values obtained using manufacturer'; quotes.

2) Costs include $500 permitting, 10%— 15% mobilization, $7/ft installation,
and $.25-8$.75 per foot pressure testing.
3) Costs exciude valves, fittings, and restoration work.
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HARTMAN & ASSOCIATES, INC. ﬁ‘ N

engineers, hydrogeologists, surveyors & managemen: consultants BY DATE:

NCE
¥ Tncludes oresswe Jesthn -

V\ <+ Dainf. (o W.mD &6(9
M= pye - (Cao - R 25D - Foree.  Maln 7
. 154 27 167 met £
Srall jJobe |,  Med. Mo lenge Ao 't/
.)1 2s° g;_go © 25,000 7 él
o Qe care Ca/E>
- 7 v Ve
4 v/, 191 12.25 1.s79.80 /.28 .10
1 ¢ 3011351 2.021097 2.2710.22
1 g 4.55 1528 414 12.68 2,73 I.¥2 M{/
. 4 (%]
B G.41 17.92 5.93 1968 5.47 /5'7;%5"4-,’5,“ !
. . ' : ﬂ" \
v o N N :
} 2 " \’%.35 2023 .26 17.29 1.70 l(a(ZW/
} * (Cqo57- DR25) 4¥ V/ \’
| .. ; '/'.:“;\r |
: 6" 14.8) 2703 14.0423.7, 13, zz-qu_;a W
L : | zze U5
LW
3 @’EYC (00~ DRIE) Walks Main :
Svall o . \o o™ \o
_ / ,____.f_75’ D;&A oo } 3&{;‘0
. ’ , = , 0.68
; 4 4 3”3.3) 11,97 2.9 106
. Lt 5. 741,05 4-8413.40 4.00 1212
g 798 11.23 (,99 /5.6] .04 4.2
o ” 10.5222.15 9,47 1%.L5 8.4] |L.97
: Vs | 13.71 2582 Jz.53 22.07 Il. 42 20.2%
@ Pre -(59R 35) Grviky @@ et
smalf rvod‘uMT ,lf—":?f~ *&}/ ?%(&5(

o«
s 2.33 2.2, 222 o
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SH. NO: NO.
HARTMAN & ASSOCIATES, INC.  fmorw—e i

engineers, hydrogeologists, surveyors & management consultants €D 8Y: JNTE-‘

(Pige Costs|

* Trdudes oressure “resting

@ DT P (fehte Corad Lind  Class DD force Maln

Epoxy
small oo rad. o L2 AT Iiacn
2’ 7 25947599. 25,0007 )
4/ (u@; Cas e ;.
o' g :7. 9 18.%1 6,23 1507 "5 Gl 13,39 5.50
3 lo 40 22.0 %’ S017.5 ‘7 LS lb. 14 557
10 I \5 5'02559 l\ 072044 IO 03 18,75 (» .00
124 M 105 .60 1. 0223.74 12752175 (5,75
14 21703501 1798288 10.4725%4  7.75
l.u” o 25. 3‘\5“52! 0L 3, b3 M 32.25.97 g.50
20" : 33, 1749.20 % 7. 55389095 .34 35.59 9,25
24" ;4\.(95"4@2 ‘3\.‘?0 [].40
0” Fs5.57 q'51.02 '43. 23 5. 80
@ _vre (fechminas Scunt_Qass ). foree Main . ,ﬁ”@
small job Ml b lome  oe ,
6" - 1.9423,73 10.53 4.83 4.8L 1857 5.50
3 5. 28276213 {38 8.0 1252 21. 49 5.57
10" 19.50359)7, 11411 24 1p. 09 2542 (.00
12 24.30% %) h53.% 20.00 227C ©. 18 ’
14" 32.0 1% %3 ban1z 26. 7€ 37.1%° 7.718
b 33,2535 g7 4597 32 \> AR 8.50
20" : . sD. Wi 445{ 42, 34 ng
247 4.15 57,12 54.40 Il. 40
Ny 85 .57 b LS 73 .23 5. 50

- 5

7 M &l/ﬁ, A>c Woks mMein e o bl‘a— Xbo. ‘A W " o
o ‘

§(.SD/Q( Aoc U guin BA O e ium :30‘0-\
|
ﬁz.m /Pi, 7 Uoder nuatn Ao vl oo, )
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& Gravily Sever — TV, Test # )00/ F+

ACTION REQUIRED

1 ool [ -

ey

HARTMAN & ASSOCIATES, INC.

engineers, hydrogeologists, scientists & management consulants

——
————
——

CAMIDL W2 —q)
PACE_2(2 O©F ng
n "RECORD OF TELEPHONE COMMUNICATION
yoos M Time: 3290
ROJECT NAME: S Econamy of Stale  PROJCT NO- 95"-145. 00
Jrry CALLING: ST W COMPANY: __ /AT
ﬂARTY CONTACTED: _Brion Penner compPany: Ml & StarK
;-OBJECT: Ppe oshll, Costs (g13) 597- 2leS |
9
“TELEPHONE COMMUNICATION SUMMARY (including Decisions & Commitments)
'Lﬁ essure  FesHng (‘“*F-"D A«%q-. 50¢ /b il > 7S ¢/H |
Leoslie JCoTliY g
j 5 gt job > 254 /F4
S
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1101 WESY 17TH STREET, AMERA SEASK, L (oo

p T1114 SATELLITE GLVD.. ORLANDO, M. 82837 (497) 3ss-8810
€761 2ETH OOURT. BAST. SARABOTA, FL 34243 (813) 766-87¢8

COVER SHEET

TO; ‘J:M M/ab(/ﬂzf/ #w‘/’/hwf,fss(/&

FROM: J ﬁ /0’
DATE: g

# OF PAGES SENT ( INC. COVER SHEET) sS/

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: 'ﬁw €§+fMev/r; 1(;/
¥@uf . %uom( 5": S¢4‘[‘€
f”’WJ'WHMJS Vs

7
S

7

SENDING FAX TO #

The Utility Supply Group, Inc.
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10"

12

16

2.3¢ 2

3,99 3.%0

5.99 &7/

g.57  g.2¢
_ Co08DR25 -~

'/¥,92. /3.89

EAHIBII =4y
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2./

3/7/

5.53

7.79

13.39
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A BB HARTMAN. & ASSOCIATES, INC.

angineers, hydrogesiogists, surveyers' & mancgement consulionts
LE, 201 ZAST. PIE STREET - SUTE 1000 « ORLANDO, R 32801
L bY TELEPHONE (4072 $39-3888 = FAX (4CT) 838-3780

FAX UADIDLASTRITY EXIL/NYDRO) = (40T) 833-8700
FAX (CIVL. ENG/SURVEY/FIMANCE - (607) 438447

g™ Qg SO

/
Fp_u—» Jd(m & 'FACSIMILE TRANSMITTAL

W* Cos T oo omey (hllace

urz__?ﬁ,[ié/
RE: C  piping —. Economu = Scale

¥E ARE SENDINC YOU (PAGES, INCLUDING THIS COVER SHEET.

 THESE PAGES ARE BEINC TRANSNITTED AS INDICATED BELCW:

Q AS REQUESTED

O FOR YOUR USE
OR YOUR COMMENTS

QO FOR YOUR APPROVAL

HARD COPY:
O WILL BE SENT VIA REGULAR MAIL
2 WILL BE SENT VIA OVERNICHT MAIL
\R(WILL BE SENT BY FACSIMILE ONLY
MESSAGE:

NOnn, et Ln__&_g__ﬁw_m&_bﬂ;&x o
linear ﬁdgl?“ of Jhe Db, b e bodn Ynow Yaore

ically onS.) vin o much /avyu-
g0b _Yha - o snaller oo based o Ho cirumsonces.
Tniebece , w_yz&i&_p‘_z
as Hee (3D A gdt, s one W/ §Q gq;:_#ﬁsc e -
(D0 oy 2500 . That Woy we Could See )

£y oltssional opin w Joll
oL ‘9(‘ aH ‘.. - @

7

IF THERE ARE QUESTIONS OR PROBLEMS WITH THIS TRANSMITTAL,
PLEASE CALL (407) 839-3955

-

s
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PVC — C900 DR 25
Force Malns
Cost Cost Cost
150 ft. 1,500 ft, 25,000 ft.
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AMERICAN CAST IRON PIPE COMPANY

2301 MAITLAND CENTER PARKWAY, SUTTE 430
MAITLAND, FLORIDA 32751
PHONE (407) 660-8786 FAX (407) 660-1851

DATE: 2///55 No. OF PAGES__ &
{3 £39-32 70 (including this page)

TO: NAMeY dacince — /,/,,zrmdz‘/lﬂvb

FROM: ‘%‘7%/_

SUBJECT: 'Z'fT/»mv/% fReces

5»7’7/1/"" JrAazes  UTeries .

PRIEE Lists fof  SAMe , MDD, @ MMEe dogs . AeTE

T FPhice Deirekrmees in CEASS SO, Bor A5 aeTiCe TiHe SAvAE S

' . 1 ’,
i JReSSutE Ceass FIPE 155, 200 f TS I~ SimeS (G4 +4AV Do

ﬂb - A[S7’Mu~c‘0 dewT p’/é
PACES S/tewr

77

Dy bnd ok CTE : pet (7 AoerS T2 ¢
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36°

lass 3}
wn
bR
39
L4
10.73
1361
11.36

.06

2).74
17.01
1398
47.03
[S N B)
$0.94
109.40
14190

Class 32 Clams 33 Clam 130 Class 200 Clase 230 Clasad00 Clase 330 R.).50

.
n
630
1.90
t.63
1em
109
7.4
13.47
29.9)
36.2¢
5L
7033
9.84
1nn
162.0

1n
€
107
944
12,358
5.0
20.26
1).63
37.20
3088
3833
33.20
7383
91.3¢8
129.97
171137

Amevican Cust Irem Pipe Company
Ductile Iron Plpe Price Shen
Pricing Caloulations

17.6)
0.7

92.6€1

121233
16139
174.62

mn
an

nn

nM”
100,51
135.44
176.67
19334

143}
1142
20.20
2.9
3148
4330
63.26
80.28
110.3¢
148.49
19108
217.00

149
13.03
1.4

33.2¢
.84
67.70
06,90
109.24
161.9)
20923
230.5¢

an
3.0
b3 )
6.96
199
11.54
1512
19.93
21.46
2633
33.54
2
nn
93.51
17806
174.57

2249

24679

NA
NA
L2 )]
nn
13.0¢
19.73
16.53
J e
3664
42.09
3413
7298
100.23
121.34
1387
204,59

kst

R).S1 R)35% R)300 RJL250 R).200 R.).150

N/A
217
10.4¢
1.00
167y
20.86
nea
Ja
3807
44.01
648
T7.0%
103.78
129.23
169.09
ns.qa

N/A
210
9.8
1184
13.03
n»
25.99
nn
1100
a1
30,04
na
1016
143.89
733
246.07

15.28
3086
36.08
2.09
35.76
.06
108.64
1352
17093
733.0)

S1.22
nn
98.63
122.10
161.19

L7

[~/
Mun
1437
15258
10.0

28712

(W

POLYBOND
N/A

350
.57

673
73

9.00
9225
1140
15.50
1800
.50
8.00
3400°
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o 8.00
10° 1097
17° 1).32
" 17.48
16° 20.356
e .74
20" 17.03
24"
30"
36°
ar
an
34"
o
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Chans 51
496
3.46
.40

EASTITE CEMENT LINED PER FT EFTIMATING PRICES
Class 31 Clam 3) Class 150 Class 200 Class 230 Claexd00 Clame 330 R ].50

3a
€.11
101
263
12.60
13.92
2038
nn
17.46
.19
9.9
s4.89
73.4)
96.40
121.93
1731

6.01
€7
1.63
10.42
13.60
nn
L84
23.30
19.3)
3.6
40.34
$9.27
(181
104.7¢
139.0)
189.16

40.39
36.96
10.77
98.63
129.09
16139
174,61

)0.8¢
“n
6.7
LAY
10123
14134
176.67
193.04

1339
1372
1710
BN
3383
49.16
.
26.1)
117.0
137192
19109
212.00

16.07

19.4)

2).09

11.n

.n

31.43

7136

2).2%

127.40
17191
209.23
130.36

M
pAL]
374
7.51
9.69
12.43
16.43
20.42
24.19
Pl )
3829
36.76
78.54
102,59
136.93
185.90
12439
246.19

NA
NA
10.03
1250
16.64
2077
7.7
Ny
h1 &1
44.03
34.62
6.3
104.4)
126.84
165.34
211294

R} 51
N/A

10.63
13.67
17.67
FiR4)
2918
33.00
4012
.12
3900
$0.52
110.92
133.18
176.49
228.8¢

R.J.350 R J.300 R ).250 R). 200 R.).150

NA
930
,99
1279
15.7¢
19.70
26.7¢
nn
nn
4338
©@.7”
86.7¢
119.47
130.90
196.62
15140

6.5
31.24
nn
4“0
nn
t2.43
113.30
14099
197.09
243.41

3N
3%

an

7.6
10870
TMAS
17752
a2

2450

.36
777

17743
1677
nsu
417
303.84

97.90
119.08
13832
mas
268.89
7.2

3.

‘.
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.I
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r
1¢*
6
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0
u
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“.
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Dudtile lron Fipe Prics Sheat
Pricing Calculations

/§ PASTITE CEMENT LINED PER FT ESTIMATING PRICES

q Clast 30)] Class 31 Clams 51 Class J3 Clem 13¢ Clams 200 Class 230 Clasa}00 Claas 330 R. .50

WTJ 360 6.20 'R, ) .57 NIA
wA | em 1m 1.63 &1 N/A
€9 7568 ra ”.18 'Y (IR W)
965 | 1060 1161 1288 902 1433
12713 1199 1320 1640 . 1.6 st
1630 | 1795 1949 2064 14 DI
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1.9
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20.06
25.00
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.01
121.52
15119
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263.11

RJ.360 R)3%0 RJL25¢ RJ.200 R )150

NA
1013
wn
13.90
17.69
2.9
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3724
.33
30.94
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7.40

136.43
17047
23008
29166

29.51
36.02
41121
4931
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.18
130.43
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PVC (C900 — DR 18) Water Main

Piping Costs

CATIDI | Cd-L
| L -

PAGE._ 211 oF %Y

Size Small Job (250") Med. Job (2,500') Largse Job (25,000")
(in) (/1) ($/1) (sm)
4" 15.04 11.97 10.68
6" 16.65 13.46 12.12
8" 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,
$1-32 per foot disinfectcn and $.25~$.75 per foot pressure testing.
3) Costs exclude valves, fittings, and restoration work.
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DIP (Class 50 — Cement Lined) Water Main

Piping Costs

L AYIIN A

PAGE 27%

C

Large Job (25,000")

Size Small Job (250) Med. Job (2,500")
(in) ($/f1) ($M) (/1)
6" 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
t4" 37.01 29.68 26.84
16" 41.25 33.13 29.97
Notes: 1) Values obtained using manufacturer'é quotes.

2) Costs include $500 permitting, 10%—15% mobilization, $7/ft installation,
$1-82 per foot disinfection and $.25-$.75 per foot pressure testing.
3) Costs exclude valves, fittings, and restoration work.
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AMERICAN CAST IRON PIPE COMPANY
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ExHIBIT __ GCH-S

PAGE ___ / .OF =N
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.

MAR/ch
Misc.12.SSU.sum -6-




EXHIBIT QCH-S

PAGE 2 OF _~

CONCLUSION

IN ALL CASES THE SMALLEST TANK ALTERNATIVE
PRODUCES THE HIGHEST PRESENT WORTH COST.

MAR/ch
Misc.12.SSU.sum -7-
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PAGE ' o 2
SSU MARGIN RESERVE
PEPO Table
Planning & Engineering Total (2)
Net Construction Cost  Engineering (1) Survey Permitting  Operations  Percentage
) (%) (%) (%) (%) (%)

$100,000 11.63% 3.00% 3.00% 1.00% 18.63%
$200,000 10.25% 2.64% 2.64% 0.88% 16.42%
$500,000 8.52% 2.20% 2.20% 0.73% 13.65%
$1,000,000 7.53% 1.94% 1.94% 0.65% 12.06%
$5,000,000 6.42% 1.66% 1.66% 0.55% 10.28%

$10,000,000 6.03% 1.56% 1.56% 0.52% 9.66%

Notes:

(1) The basic services (planning & engineering) are based on Figure 1, from "Consulting Engineering"”
by the American Society of Civil Engineers. Figure 1 is a representation of the basic services for
above-average complexity projects, which include: water and wastewater treatment plants, water
distribution lines under 168" diameter, and sanitary sewer lines under 24" diameter.

(2) The total percentage represents a percentage of the construction cost that must be added to the
construction cost in order to obtain the total project cost.

I:environ\jjw\96-458\piping
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SSU MARGIN RESERVE

Manufacturer's Standard Sizes

Description

1) Prestressed Concrete Ground
Storage Tank

2) Steel Ground Storage Tank

3) Extended Aeration Package
Wastewater Treatment Plant

a) Modular Concrete

b) Cylindrical (Tubular)
¢) Ring Steel

4) Contact Stabilization Package
Wastewater Treatment Plant

a) Cylindrical (Tubular)
b) Ring Steel

5) Hydropneumatic Tanks

l:environ\jjw\96-458.0C\piping

b)

c)

Standard Sizes

0.1 MG, 0.2 MG, 0.25 MG, 0.3 MG, 0.4 MG, 0.5 MG,
0.6 MG, 0.75 MG, 1.0 MG, 1.25 MG, 1.5 MG, and
2.0 MG.

0.016 MG, 0.022 MG, 0.024 MG, 0.027 MG, 0.031 MG,
0.032 MG, 0.033 MG, 0.037 MG, 0.038 MG, 0.043 MG,
0.047 MG, 0.053 MG, 0.054 MG, 0.064 MG, 0.071 MG,
0.074 MG, 0.081 MG, 0.088 MG, 0.105 MG, 0.107 MG,
0.114 MG, 0.122 MG, 0.132 MG, 0.149 MG, 0.151 MG,
0.158 MG, 0.183 MG, 0.185 MG, 0.189 MG, 0.218 MG,
0.22 MG, 0.246 MG, 0.256 MG, 0.286 MG, 0.294 MG,
0.326 MG, 0.341 MG, 0.355 MG, 0.421 MG, 0.423 MG,
0.428 MG, 0.491 MG, 0.53 MG, 0.553 MG, 0.567 MG,
0.632 MG, 0.685 MG, 0.691 MG, 0.734 MG, 0.744 MG,
0.816 MG, 0.874 MG, 0.906 MG, 0.921 MG, 0.948 MG,
1.099 MG, 1.1122 MG, 1.1147 MG, 1.338 MG, and 1.42 MG.

0.0033MGD, 0.005 MGD, 0.0083 MGD, 0.01 MGD,
0.015 MGD, 0.02 MGD, 0.025 MGD, 0.03 MGD,
0.035 MGD, and 0.04 MGD.

0.014 MGD, 0.015 MGD, 0.016 MGD, 0.017 MGD, 0.018 MGD,
0.019 MGD, 0.02 MGD, 0.022 MGD, 0.024 MGD, 0.025 MGD,
0.026 MGD, 0.028 MGD, 0.03 MGD, 0.035 MGD, 0.04 MGD,
0.045 MGD, 0.05 MGD, 0.055 MGD, 0.06 MGD, 0.07 MGD.

0.05 MGD, 0.075 MGD, 0.1 MGD, 0.125 MGD, 0.15 MGD,
0.175 MGD, 0.2 MGD, 0.25 MGD, 0.3 MGD, 0.4 MGD,
0.5 MGD, 0.625 MGD, and 0.75 MGD.

a) 0.03 MGD, 0.035 MGD, 0.04 MGD, 0.045 MGD, 0.05 MGD,

0.055 MGD, 0.06 MGD, 0.07 MGD, 0.075 MGD, 0.08 MGD,
0.08 MGD, and 0.1 MGD.

b) 0.05 MGD, 0.075 MGD, 0.1 MGD, 0.125 MGD, 0.15 MGD,

0.175 MGD, 0.2 MGD, 0.25 MGD, 0.3 MGD, 0.4 MGD,
0.5 MGD, 0.625 MGD, 0.75 MGD, 1.0 MGD, 1.25 MGD,
1.5 MGD, 1.75 MGD, and 2.0 MGD.

.
1,000 Gal., 2,000 Gal., 5,000 Gal., 7,500 Gal., 10,000 Gal.,
15,000 Gal., and 20,000 Gal.
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SSU MARGIN RESERVE
Manufacturer's Standard Sizes (Cont.)
Description Standard Sizes
6) Auxiliary Power Generators 7.5 KW, 12.5 KW, 15 KW, 17.5 KW, 20 KW, 25 KW, 35 KW,

50 KW, 75 KW, 100 KW, 150 KW, 200 KW, 250 KW, 300 KW,
350 KW, 400 KW, 500 KW, 600 KW, 750 KW, 1000 KW,
1250 KW, 1500 KW, 1750 KW, and 2000 KW.

7) Clarifiers (Pre-engineered) 30 foot, 35', 40, 48', 50' 55', 60', 65', 70", 75', 80", 85', 90".
95', 100", and 104 feet in diameter.

8) Tertiary Filters a) 0.01 MGD, 0.02 MGD, 0.03 MGD, 0.04 MGD, 0.05 MGD,
0.06 MGD, 0.07 MGD, 0.08 MGD, 0.09 MGD, 0.1 MGD,
a) TES Gravity Filter 0.11 MGD, 0.12 MGD, 0.15 MGD, 0.175 MGD, 0.2 MGD, and
b) Traveling Bridge 0.22 MGD.

b) 0.2 MGD, 0.25 MGD, 0.3 MGD, 0.35 MGD, 0.4 MGD,
0.5 MGD, 0.6 MGD, 0.7 MGD, 0.8 MGD, 0.9 MGD, 1.0 MGD,
1.25 MGD, 1.5 MGD, 1.75 MGD, and 2.0 MGD

9) Ductile fron Pipe (DIP) Water Mains 4-inch, 6", 8", 10", 12", 14", 16", 18", 20", and 24" diameter.
and Force Mains (2)

10) Polyviny! Chloride Pipe (PVC) DR18 4-inch, 8", 8" 10", 12", 14", 16", 18", 20", and 24" diameter.
Water Mains and DR25 Force Mains (2)

11) Polyviny! Chioride Pipe (PVC) SDR 35 4-inch, 6", 8", 10", 12", 15", 18", 21", 24", and 27" diameter.
Gravity Sewer

12) Elevated Storage Tank a) 0.05 MG, 0.06 MG, 0.075 MG, 0.1 MG, 0.125 MG, 0.15 MG,
and 0.2 MG.
a) Pedestal Spheres ) b) 0.1 MG, 0.15 MG, 0.2 MG, 0.25 MG, 0.3 MG, and 0.4 MG.
b) Hydropillar (Wineglass C) 0.2 MG, 0.25 MG, 0.3 MG, 0.4 MG, 0.5 MG, 0.75 MG,
c) Hydropillar 1.0 MG, 1.5 MG, 2.0 MG, 2.5 MG, and 3.0 MG.

Notes:

(1) The standard sizes for the water and wastewater components listed above were determined
through discussions with product representatives and product catalogs.

(2) The 14-inch and 18-inch diameter pipes listed in the water mains and force mains standard sizes
usually require very long delivery times due to lack of demand.

I:environ\jjw\96-458.00\piping
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SSU MARGIN RESERVE

Threshold Sizing -- State/Local Requirements and Level of Service

No. Description of Requirements
Piping
1 A B-inch diameter pipe is the smallest allowable water main, where fire flow is required. In some cases, an
8-inch diameter water main may be required to provide fire flow and required pressure within the main.

These requirements are outlined in the "Recommended Standards Far Water Works" (1992), as
referenced by 62-555.330 (3), F.A.C.

2 The minimum allowable force main size shall be 4-inches in diameter. This requirement is set forth by the
"Recommended Standards For Wastewater Facilities" (1990), as referenced by 62-604.300 (4) (b), F.A.C.

3 No public gravity sewer shall be less than 8-inches in diameter. The service laterals can be 4 or 6-inches
individually, but the main gravity sewer main must be 8-inches in diameter. This requirement is found in the
"Recommended Standards For Wastewater Facilities” (1990), as referenced by 62-604.300 (4) (b), F.A.C.

Wastewater Treatment Plants

4  In order for a wastewater treatment plant to provide reclaimed water for public access areas, a wastewater
treatment facility must have a design flow of no less than 0.1 MGD and the facility must meet Class |
reliability criteria, as stated in 62-610.451 (1) and 62-610.462 (1). The Class | requirements are as follows:

(1) A backup bar screen shall be provided (backup may be designed for manual cleaning).

(2) A backup pump shalil be provided for each set of pumps which performs the same function.

(3) If comminution of the total wastewater flow is provide, then an overflow bypass with an installed
manually- or mechanically cleaned bar screen shall be provided. '

(4) The backup sedimentation basins should have a design flow capacity of at least 50% of the total
design flow of the largest unit.

(5) For final and chemical sedimentation basins, trickling filters, filters and activated carbon columns,
there shall be a sufficient number of units of a size, such that with the largest unit out of service,
the remaining units shall have a design flow capacity of at least 75% of the total design flow of
the largest unit.

(6) Atleasttwo (2) equal volume aeration basins must be provided.

(7) There shall be a sufficient number of aeration blowers or mechanical aerators to enable the design

oxygen transfer with the largest unit out of service.

(8) The air diffusion system for each aeration basin shall be designed such that the largest section of

diffusers can be isolated without measurably impairing the oxygen transfer capability of the system.

(9) At least two (2) chemical flash mixing basins must be provided or a backup means for adding
and mixing chemicals, separate from the basin, shall be provided.

(10) Atleast two (2) flocculation basins must be provided.

(11) With the largest basin out of service, there shall be a sufficient number of units of size to provide

50% of the total design flow of the largest unit.

l:environ\jjw\96-458.00\piping
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SSU MARGIN RESERVE

Threshold Sizing -- State/Local Requirements and Level of Service (Cont.)

No. Description of Requirements

Wastewater Treatment Plants (Cont.}

5 "Unless otherwise stated, new, expanded, or modified wastewater treatment and domestic wastewater
treatment and domestic residuals treatment, handling, and dewatering facilities shall be designed to
provide Class Il reliability as described in Rule 62-600.300 (4) (I}, F.A.C." This rule references the
U.S. EPA "Design Criteria for Mechanical, Electric, and Fluid System and Component Reliability-
MCD-05." The Class Ill requirements are as follows:

(1) A backup bar screen shall be provided (backup may be designed for manual cleaning).

(2) A backup pump shall be provided for each set of pumps which performs the same function.

(3) If comminution of the total wastewater flow is provide, then an overflow bypass with an installed
manuaily- or mechanically cleaned bar screen shall be provided.

(4) There shall be at least two (2) sedimentation basins.

(5) There shall be at least two (2) blowers or mechanical aerators available for service.

(6) The air diffusion system for each aeration basin shall be designed such that the largest section of
diffusers can be isolated without measurably impairing the oxygen transfer capability of the system.

(7) With the largest disinfection contact basin out of service, there shall be a sufficient number of units
to provide 50% of the total design flow of the largest unit.

Water Treatment Plants

6  The number of drinking water supply wells required for a water treatment and distribution system is set forth in
62-555.315 (1), F.A.C. This rule requires a minimum of two (2) drinking water supply wells for all community
water systems that will serve 350 or more persons or have more than 150 connections.

7  The auxiliary power requirements of a public water system are detailed in 82-555.320 (6) (a), F.A.C.
Community systems that serve 350 or more persons, or have 150 or more service connections, shall
provide auxiliary power for operation of the source, treatment units and pumps at a rate equal to one-half
maximum daily flow. This requirement can be met by connection to at least two independent power lines,
interconnection to another public water system, or an in-place auxiliary power source equipped with an
automatic start-up device.

l:environ\jjw\96-458.00\piping
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WATER MAINS

Ultimate Buildout Cost Comparison

Descrintion of Pine C .

Comparison of a 6-inch diameter PVC (DR 18) water main installations on the basis of
ultimate buildout demand. For this analysis, an initial demand requiring 250 linear feet of
6-inch water main, an intermediate demand of 2,500 ft., and an ultimate buildout of 25,000 ft.
are utilized. The total cost for the piping options at these various stages are as follows:

A) Comparison of 250 ft to 2,500 ft buildout.

250 feet of 6-inch diameter WM installed as a single project =>  $5,327.77
2,500 feet of 6-inch diameter WM installed in 250" increments => §53,277.71
2,500 feet of 6-inch diameter WM installed as a single project => 840,653.49

Total Cost Savings = §12.62422

B) Comparison of 250 ft to 25,000 ft buildout

250 feet of 6-inch diameter WM installed as a single project =  §5327.77

25,000 feet of 6-inch diameter WM installed in 250" increments => §532,777.11

25,000 feet of 6-inch diameter WM installed as a single project => §349,172.89
Total Cost Savings => $§183,604.22

C) Comparson of 2,500 ft to 25,000 ft buildout.

2,500 feet of 6-inch diameter WM installed as a single project => §40,633.49
25,000 feet of 6-inch diameter WM installed in 2,500 increments => $406,534.93
25,000 feet of 6-inch diameter WM installed as a single project => $3.49,172.89

Total Cost Savings => $57,362.04

Notes:
1) Unir costs used to calculate project cost are based on values from HAT's Economy of Scale

Report. The project cost values also include adjustments for planning & engineering,
engineering survey, permitting, and operations.

{:environ\jjw\86-458.00\piping
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SSU MARGIN RESERVE

Water Mains Cost Per ERC

Pipe Pipe Flow Unit Cost
Diameter Unit Cost Capacity No. ERC's per ERC
(in.) (/1) (1) (gpm) (2) Served (3) (S/If per ERC)
2 $6.00 19 1 $6.00
4 $13.50 118 24 $0.56
6 $15.25 338 110 $0.139
8 $17.50 721 438 $0.040 |
10 ‘ $20.00 1,225 1,307 $0.0153
12 $23.00 1,782 2,381 $0.0097
16 $32.00 2,327 3,511 $0.0091
20 $40.50 4,191 7,239 $0.0056

Notes:

(1) The unit cost is based on manufacturers' material cost and open country installation.

(2) The water main flow capacity was determined using the criteria head loss <10f¥/10007ft for < 16" dia.
pipe and head loss <3ft/1000ft for pipe 16" dia. and greatsr, The flow is determined using
Q=VA with the above limiting criteria (which are provided from AVWVA),

(3) The number of Equivalent Residential Conections (ERC's) served by the ultimate capacity
cof the pipe is determined using the "Cemmunity Water Systems Scurce Book” by Joseph
S. Ameen. Using Table XXI, the maximum instatneous flow per residence is used in conjuntion with
the range of number of residences served to determine the correct range for each pipe size.

(4) The total pipe cost is determined using 100' width residential lots.

J:environ\[jw\36-458.00\piping
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SSU MARGIN RESERVE
Water Main Unit Cost and Available Servicas
Pipe
Diameter Unit Cost
{inches) {3/LF)Y (D) Services (2)
2 $6.00 1
[__s7.s0 23 |
4 $13.50 24
| S175 8 |
8 $15.25 110
| 8$2.25 326 |
38 $17.50 436

[_—__—_—___] => Incremental Casts and Services

Notes:

(1) The unit cost is based on manufacturers' material cost and open country installation.
(2) The number of Equivalent Residential Conections (ERC's) served by the ultimate capacity

of the pipe is determined using the "Community Water Systems Source Bock by Joseph

S. Ameen. Using Table XXl, the maximum instainecus flow per residence is used in conjuntion with
the range of number of residences served to determine the correct range for each pipe size.
(3) The water main flow capacity was determined using the criteria head loss <10ft/1000ft for < 16" dia.

pipe and head loss <3ft/1000ft for pipe 16" dia, and greater. The flow is determined using

Q=VA with the abave limiting criteria (which are provided from AWWA).

(4) The total pipe cost is determined using 100" width residential lots.

I:environ\jjw\96-458.00\piping
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FORCE MAINS
Ultimate Buildout Cost Comparison

No. Description of Pipe Comparisgon

1) Comparison of a 4-inch diameter PVC (DR 25) force main with a 6-inch diameter PVC (DR 25)
force main, where the ultimate need will necessitate a 6-inch diameter force main comparison
is based on the required length and quantity of 4-inch force main. The total cost of the
piping options are as follows:

4-inch FM => 5280 ft. serving 267 customers . => $63,108.89

Parallel with one (1) 4-inch FM =>'5,280 ft. serving 534 customers == $126217.77
-OR-

Install 6-inch FM => 5,280 fi. serving 643 customers => §70,805.35

Total Cost Savings => $55412.42

2) Comparison of a 4-inch diameter PVC (DR 25) force main with a 8-inch diameter PVC (DR 253)
force main, where the ultimate need will necessitate a 8-inch diameter force main comparison
1s based on the required length and quantity of 4-inch force main. The total cost of the
piping options are as follows:

4-inch FM => 5,280 ft. serving 267 customers =>  $63,108.89

Parallel with three 4-inch FM's => 5 280 fi. each, 1,068 customers => $252.435.54
-OR-

Install 8-inch FM => 5280 ft. serving 1,224 customners => $81,551.98

Total Cost Savings => §170,883.56

3) Comparison of a 6-inch diameter PVC (DR 25) force main with a 8-inch diameter PVC (DR 25)
force main, where the ultimate need will necessitate a 8-inch diameter force main comparison
is based on the required length and quantity of 6-inch force main. The total cost of the
piping options are as follows:

6-inch FM == 3,280 ft. serving 645 custorners => §70,805.35

Parallel with one (1) 6-inch FM => 5,280 fi. serving 1,290 customers => $141610.65
-OR-

Install 8-inch FM => 5,280 ft. serving 1,224 customers =>  $81,551.98

Total Cost Savings =>  $60,058.72

Notes:
1) Unit costs used to calculate project cost are based on values from HAI's Economy of Scale

Report. The project cost values also include adjustments for planning & engineering,
engineering survey, parmitting, and operations.

Ienviron\jjw\96-453.00\piping
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Farce Mains Cost Per ERC
Pipe Pipe Flow
Diameter Unit Cost Capacily No. ERC's Cost
(in.) ($/1) (1) (gpm) (2) Served (3) per ERC
4 $10.00 188 287 30.0375
6 $11.25 441 545 $0.0174
8 $13.00 783 1,213 $0.0107
10 $15.00 1,224 1,894 $0.0075
12 $17.50 1,762 3,009 $0.0058
14 $23.50 2,399 47274 $0.0055
16 $27.50 3,133 5,808 30.0047

Notes:

(1) The unit cost is based on manufacturers’ materal cost and open country installation.

(2) The force main flow capacity was determined using 5 fps flow velocity and the

relationship Q(gpd) = VA.
(3) The amount of Equivalent Residential Conections (ERC's) served by the ultimate
capacity of the pipe is determined using 270 gpd/ERC. Also, the peak factor was
determined using an average of 2.5 persons/ERC and the equation P.F.=(18+P*1.2)/(4+P"1/2)
where P is population in thousands.

l:environ\jw\36-458.00\piping
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SSU MARGIN RESERVE

Force Main Unit Cost and Available Services

Pipe
Diameter Unit Cost
{inches) (/LF) (1) Services (2)
4 $10.00 267
[_S1.25 378 |
6 $11.25 845
[ 3175 568 |
8 $13.00 1,213
| s$2.00 781 |
10 $15.00 1,894
|  S2.50 1,015 J
12 $17.50 3,008

I—___:] => Incremental Cost and Service

Notes:

{1) The unit cost is based on manufacturers' material cost and open country installation.
(2) The amount of Egquivalent Residential Conections (ERC's) served by the ultimate
capacity of the pipe is determined using 270 gpd/ERC. Also, the peak factor was

determined using an average of 2.5 persons/ERC and the equation P.F.=(18+P"1.2)/(4+P~1/2),

where P is population in thousands.

(3) The force main flow capacity was determined using 5 fps flow velocity and the

relationship Q(gpd) = VAL

lzenviron\jw\S6~458.00\piping
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GRAVITY SEWER

Ultimate Buildout Cost Comparison

Description of Pipe Comparison

Comparison of a 8-inch diameter PVC (SDR 35) gravity sewer installations on the basis of
ultimate buildout demand. For this analysis, an initial demand requiring 400 linear feet (or
8 ERC's based on 100' lot widths), an intermediate demand of 2,000 ft. (40 ERC's), and
an wltimate demand of 8,000 ft. (160 ERC's). The total costs of these piping options are
as follows:

A) Companson of individual 400 ft sections to 2,000 ft buildout.

400" of 8" Gravity, 1 MH, and 1 LS installed as a single project =>  $59,010.65

2,000' Gravity, 5 MH's, and 1 LS installed in 400’ increments => $102,950.39

2,000" Gravity, S MH's, and 1 LS installed as a single project => §97.330.20
Total Cost Savings = $5,660.19

B) Comparison of 400 ft to 8,000 ft buildout.

400" of 8" Gravity, 1 MH, and 1 LS installed as a single project => $59,010.65
8,000' Gravity, 21 MH's, and 1 L8 installed in 400’ increments = 3279,673.76
8,000' Gravity, 21 MH's, and 1 LS installed as a single project => $250,551.07

Total Cost Savings => $29,082.69

C) Comparison of 2,000 ft to 8,000 ft buildout.

2.000" of 8" Gravity, 5 MH's, and | LS installed as a single project => $957,330.20

8,000' Gravity, 21 MH's, and 1 LS installed in 2,000' increments => $255,275.55

8.000' Gravity, 21 MH's, and 1 LS installed as a single project => $250,591.07
Total Cost Savings =>  $8,684.48

Notes:

1) Unit costs used to calculate project cost are based on values from HAI's Economy of Scale
Report. The project cost values also include adjusttnents for planning & engineering,
engineering survey, permitting, and operations.

2) The 8-inch gravity sewer costs are based on depth of cut, which for an 8-inch diameter
PVC gravity sewer line is approximately 0.32 /1,000 fi.

3) The cost of manholes and a lift station is included with cach of the above scenarios.

[:environ\jw\S6-458.00\piping




SSU MARGIN RESERVE

Gravity Sewer Cost Per ERC

EXHIBIT GCH -8

PAGE 8 OF

Pipe Pipe Flow
Diameter Unit Cost Capacity No. ERC's Cost
(in.) (/') (1) (gpm) (2) Served (3) ger ERC
8 $12.28 344 4383 $0.0248
10 $14.71 522 778 $0.01€0
12 $16.91 752 1,158 $0.0146
15 $20.89 1,126 1,818 $0.01186
18 $24.00 1,637 2,768 $0.0087

Notes:

(1) The unit cost includes material cost and installation of 0-8 ft. in depth.

(2) The sanitary sewer flow capacity was determined using Manning's Equation
(V=(1.49"R*2/3*S"1/2)/n) and the relaticnship Q(gpd) = VA.

(3) The amount of Equivalent Residential Conections (ERC's) served by the ultimate
capacity of the pipe is determined using 270 gpd/ERC. Also, the peak factor was
determined using 2.5 persons/ERC and the equation P.F.=(18+P*1/2)/(4+P~1/2).

l:environ\jjw\86-458.00\piping
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SSU MARGIN RESERVE

Gravity Sewer Unit Cost and Available Services

Pipe
Diameter Unit Cost
(inches) ($/LF) (1) Services (2)
8 $12.28 433
[ s2.43 283 |
10 $14.71 778
[ s2.20 383 ]
12 $16.91 1,189
| $4.08 657 |
15 $20.99 1,816
[ $3.01 952 ]
18 $24.00 2,768

:] = |ncremental Cost and Service

Notes:

(1) The unit cost includes material cost and installation of 0-8 ft. in depth.

(2) The amount of Equivalent Residential Conections (ERC's) served by the ultimate
capacity of the pipe is determinad using 270 gpd/ERC. Also, the peak factor was
determined using 2.5 persons/ERC and ths equation P.F.=(18+P~1/2)/(4+P*1/2).

(3) The sanitary sewer flow capacity was determined using Manning's Equation
(V=(1.45*"R"2/3*S*1/2)/n) and the relationship Q(gpd) = VA

I:envirom\jw\96-458,C0\piping
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STEPS REQUIRED FOR WATER PLANT EXPANSION

In house review of records, capacity, customer commitments, etc. and the
determination of the abilities and manpower to complete the work.
Depending on the project’s scope, a request for a proposal, review of
qualifications and selection of an outside consultant may be undertaken.
Determination of the needed capacity increase to meet the demands of the
current and future customers via a planning document.

Study of the various raw water supply alternatives and the required treatment
facilities, as applicable.

Selection of the raw water supply and treatment alternatives and selection of
plant sites, as applicable, so as io ensure the highest quality product for the
lowest customer price.

Determination of the source of supply and the sizing of treatment facilities
taking into account economies of scale and used and useful considerations.
Preliminary planning level engineering estimate of planning, design permitting,
construction and start up costs including overhead expenses, capitalized
interest, etc.

If applicable, study of financing alternatives and determination of lowest cost
financing alternatives.

If applicable, preliminary approval of financing alternative by financial
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institution, local government, etc.

Consumptive Use Permit (CUP) application preparation with supporting
documentation.

Water Management District (WMD) review and request for additional
information.

Complete request for additional information.

WMD review and staff report.

WMD Board approval, noticing and CUP issuance.

Design wells and local government approval of wells.

Bidding, evaluation and award of well drilling contract.

Confirming funding for the well drilling contract.

Well construction and testing.

Water sampling and analysis.

Determination of water quality and its applicability to the treatment process.
At this point, project redesign may be necessary causing significant delays.
Water treatment facilities design completion.

Application for DEP construction permit.

DEP review and request of additional information.

Complete request for additional information.

DEP review and notice of intent.

DEP construction permit noticing and permit issuance if no objections.

Local government approvals: local jurisdictional agency’s review and
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31.
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35.

36.

37.
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permitting of construction; local zoning agency’s review and approval of any
requested zoning changes; and local planning agency’s review for consistency
with planning documents.

Final design completion and preparation of bidding documents.

Bidding, evaluation and award of construction contract.

Confirming funding for construction contract.

Water treatment plant construction and disinfection.

Substantial completion inspection and certification.

Punch list determination and completion of items.

Start up, operator training and operation and maintenance manual review.
Final walk through and inspection and completion of final punch list items.
Final payment to contractor and project close-out.

Final DEP certification and preparation of as built drawings.
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DOMESTIC WASTEWATER FACILITIES

DEP 62-600.400(3)(b)2. 9/95
PART II: TREATMENT FACILITIES

2. The preliminary design report does not provide reasonable assurances that the
proposed wastewater facility technology will function as intended at the design
capacity requested by the permittee.

(c) When the permit includes the treatment facilities and reuse or disposal systems,
different permitted capacities may be established for the treatment, reuse, and disposal

systems.
(4) Sampling Points

(a) Provisions shall be made in the design for easy access points for the purpose
of obtaining representative influent and effluent samples. These access points shall
be dry points which can be reached safely.

(b) Provisions for flow measurements shall be in accordance with Chapter 62-601,
FA.C.

Specific Authority: 403.061, 403.087, E.S. .
Law Implemented: 403.021, 403.061, 403.062, 403.086, 403.087, 403.088, F.S.
History: New 11-27-89, Amended 1-30-91, 6-8-93, Formerly 17-600.400.

62-600.405 Planning for Wastewater Facilities Expansion.

(1) The permittee shall provide for the timely planning, design, and construction of waste-
water facilities necessary to provide proper treatment and reuse or disposal of domestic
wastewater and management of domestic wastewater residuals.

(2) The permittee shall routinely compare flows being treated at the wastewater facilities
with the permitted capacities of the treatment, residuals, reuse, and disposal facilities.

(3) When the three-month average daily flow for the most recent three consecutive months
exceeds 50 percent of the permitted capacity of the treatment plant or reuse and disposal
systems, the permittee shall submit to the Department a capacity analysis report.

(4) The initial capacity analysis report shall be submitted according to the following:

(a) For new or expanded wastewater facilities for which the Department received a
complete construction permit application after July 1, 1991, the initial capacity analysis
report shall be submitted within 180 days after the last day of the last month in
the three-month period referenced in Rule 62-600.405(3), FA.C.

(b) For wastewater facilities for which the Department received a complete construction
permit application on or before July 1, 1991, the initial capacity analysis report shall
be submitted when the next application for a permit to construct or operaté¢ wastewater
facilities is submitted to the Department unless:

1. The three-month average daily flow for any three consecutive months during
the period July 1, 1990, to June 30, 1991, exceeds 90 percent of the permitted

Copyright 1995 REGfiles, inc., Tallahassee, Florida
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DOMESTIC WASTEWATER FACILITIES
DEP 62-600.405(4)(b)1. 9/95
PART II: TREATMENT FACILITIES

capacity. In such cases, the initial capacity analysis report shall be submitted
to the Department no later than January 1, 1992.

2. The three-month average daily flow for any three consecutive months during
the period July 1, 1990, to June 30, 1991, exceeds 75 percent of the permitted
capacity. In such cases, the initial capacity analysis report shall be submitted
to the Department no later than July 1, 1992.

(¢) In no case shall the initial capacity analysis report be required to be submitted
before July 1, 1991, or before the three-month average daily flow exceeds 50 percent
of the permitted capacity of the treatment plant or reuse or disposal systems, as described
in Rule 62-600.405(3), F.A.C.

(5) The permittee shall submit updated capacity analysis reports to the Department accord-
ing to the following:

(a) If the initial capacity analysis report or an update of the capacity analysis report
documents that the permitted capacity will not be equaled or exceeded for at least
10 years, an updated capacity analysis report shall be submitted to the Department
at five-year intervals or at each time the permittee applies for an operation permit
or renewal of an operation permit, whichever occurs first.

(b) If the initial capacity analysis report or an update of the capacity analysis report
documents that the permitted capacity will be equaled or exceeded within the next
10 years, an updated capacity analysis shall be submitted to the Department annually.

(6) The capacity analysis report or an update of the capacity analysis report shall evaluate
the capacity of the plant and contain data showing the permitted capacity; monthly average
daily flows, three-month average daily flows, and annual average daily flows for the
past 10 years or for the length of time the facility has been in operation, whichever
is less; seasonal variations in flow; flow projections based on local population growth
rates and water usage rates for at least the next 10 years; an estimate of the time required
for the three—month average daily flow to reach the permitted capacity; recommendations
for expansions; and a detailed schedule showing dates for planning, design, permit applica-
tion submittal, start of construction, and placing new or expanded facilities into operation.
The report shall update the flow-related and loading information contained in the prelimi-
nary design report submitted as part of the most recent permit application for the wastewater
facilities pursuant to Rules 62-600.710 and 62-600.715, FA.C.

(7) The capacity analysis report shall be signed by the permittee and shall be signed
and sealed by a professional engineer registered in Florida.

(8) Documentation of timely planning, design, and construction of needed expansions
shall be submitted according to the following schedule:

* (a) If the initial capacity analysis report or an update of the capacity analysis report
documents that the permitted capacity will be equaled or exceeded within the next
five years, the report shall include a statement, signed and sealed by a professional
engineer registered in Florida, that planning and preliminary design of the necessary
expansion have been initiated.

Copyright 1995 REGflles, inc., Tallahassee, Florida
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4 DOMESTIC WASTEWATER FACILITIES
DEP 62-600.405(8)(b) 9/95
PART II: TREATMENT FACILITIES

(b) If the initial capacity analysis report or an update of the capacity analysis report
documents that the permitted capacity will be equaled or exceeded within the next
four years, the report shall include a statement, signed and sealed by an engineer
registered in Florida, that plans and specifications for the necessary expansion are
being prepared.

(c) If the initial capacity analysis report or an update of the capacity analysis report

_documents that the permitted capacity will be equaled or exceeded within the next
three years, the permittee shall submit a complete construction permit application to
the Department within 30 days of submittal of the initial capacity analysis report or
the update of the capacity analysis report. -

(d) If the initial capacity analysis report or an update of the capacity analysis report
documents that the permitted capacity will be equaled or exceeded within the next
six months, the permittee shall submit to the Department an application for an operation
permit for the expanded facility. The operation permit application shall be submitted
no later than the submittal of the initial capacity analysis report or the update of
the capacity analysis report.

(9) If requested by the permittee, and if justified in the initial capacity analysis report
or an update to the capacity analysis report based on design and construction schedules,
population growth rates, flow projections, and the timing of new connections to the sewerage
system such that adequate capacity will be available at the wastewater facility, the Secretary
or Secretary’s designee shall adjust the schedule specified in Rule 62-600.405(8), FA.C.

Specific Authority: 403.061, 403.087, E.S.
Law Implemented: 403.021, 403.061, 403.086, 403.087, 403.088, 403.0881, 1403.101, F.S.
History: New 1-30-91, Formerly 17-600.405.

62~600.410 Operation and Maintenance Requirements.

(1) All domestic wastewater treatment plants shall be operated and maintained in accordance
with the applicable provisions of this chapter and so as to attain, at a minimum, the
reclaimed water or effluent quality required by the operational criteria specified in this
chapter, and to meet the appropriate domestic wastewater residuals management criteria
specified in Chapters 62-2, 62-7, 62-640, and 62-701, FA.C.

(2) All reuse and land application systems shall be operated and maintained in accordance
with the applicable provisions of this chapter and the provisions of Chapter 62-610, FA.C.

(3) All underground injection effluent disposal systems shall be operated and maintained
én accordance with the applicable provisions of this chapterand the provisions of Chapter
62-28, FA.C.

(4) Wetlands application systems shall be operated and maintained in accordance with
the applicable provisions of this chapter and the provisions of Chapter 62-611, F.A.C.
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