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Q. PLEASE STATE YOUR NAME AND BUSINESS ADDRESS. 

A. 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. 

Q. COULD YOU BRIEFLY DESCRIBE YOUR EDUCATIONAL 

BACKGROUND AND YOUR PROFESSIONAL QUALIFICATIONS 

RELATIVE TO THE WATER AND WASTEWATER INDUSTRY. 

A. 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 training sessions and 

seminars. 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 Carolina, 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. 

Q. PLEASE DESCRIBE YOUR PROFESSIONAL ENGINEERING 

EXPERIENCE CONCERNING WATER AND WASTEWATER 

UTILITIES. 

A. 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 wastewater process evaluations from 

secondary treatment to advanced 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, single 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). 

Q. HAVE YOU TESTIFIED PREVIOUSLY AS AN EXPERT IN THE 

AREA OF WATER AND WASTEWATER FACILITY ENGINEERING 

PREVIOUSLY? 

A. 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 wastewate'r 

proceedings before county regulatory authorities. 

I have been accepted by the Florida DOAH and 

Florida courts as an expert in a variety of water 

and wastewater utility cases for subject areas such 

as water and wastewater facility design and 

valuation. 

Q. WHAT IS THE PURPOSE OF YOUR COMMENTS? 

A. To present expert .,opinion on behalf of and to 

present the position of Southern States Utilities, 

Inc . ( IISSU" ) regarding the Commission' s proposed 

Rule 25-30.431, Margin of Reserve. 

Q. WHAT IS THE POSITION OF SSU? 

A. SSU supports the position of the Florida Waterworks 
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Association (llFWWA1l) and the revisions to the 

proposed rule which FWWA advocates in the comments 

it has filed. In 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 . 
Q. WOULD YOU LIKE TO MAKE ANY GENERAL COMMENTS FIRST? 

A. Yes. As I have testified to previously and cannot 

emphasize enough, it is 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 utilities provide 

service "as prescribed by Part VI of Chapter 403 

and Parts I and I1 of Chapter 373, or rules adopted 

pursuant thereto; but such service will not be less 

safe, less efficient, or less suffic,ient 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 

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 l1efficient" 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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regulatory requirements and engineering 1 

considerations. 2 

There is no question that the incentive 

created by the Commission’s current used and useful 

3 

4 

methodologies, and in particular the margin reserve 

policy now reflected in the Commission’s proposed 

5 

6 

rule, is for utilities to design and construct 

facilities in the smallest possible increments 

7 

8 

necessary to meet only immediate demand as that 9 

demand becomes clear and present. This incentive 10 

does not promote the prudent planning, economies of 11 

scale, and environmental protection goals the 

Commission should promote. There is also no 

12 

13 

question the incentive of the current policy will 

increase the cost to the utility to current and 

14 

15 

future customers, and to the State, as well as 

increase the likelihood of harm to the environment. 

16 

17 

The Commission’s proposed Rule 25-30.431 does 18 

not cure the inappropriate deprivation of required 19 

and economic investment which is caused by the 

Commission’s current policies and does not strike a 

20 

21 

more reasoned balance between proper incentives and 22 

the Commission’s concern with fair allocation of 23 

costs to different generations of customers. 24 

25 WHY IS THAT? 
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A. 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 a of 
the benefits of economies of scale - -  a lower per 

unit cost, more reliable service, environmental 

safety - -  while the utility must bear 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 reserve 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 is inconsistent in that the margin 

reserve is 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 
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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. Yet 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 
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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. 

Q. WHY IS A MARGIN RESERVE, AND MORE SPECIFICALLY AN 

ADEQUATE MARGIN RESERVE, NECESSARY? 

A .  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 portion of the economy of scale benefits 

I will describe. Second, if no margin reserve or 

an inadequate margin reserve is 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 
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insufficient wastewater treatment to name a few. 

All of these problems can occur due simply to the 

variability of demand. Third, if utilities cannot 

earn a return on economically sized plant, forcing 

the utilities to constantly operate facilities on 

the edge of their capacity limitations, all of the 

activities associated with needed improvements and 

expansions will likewise be in constant motion. A 

perpetual permit and construction apparatus on the 

part of utilities requires the perpetual attention 

of the regulatory . authorities’ engineers, 

inspectors, analysts, etc. - -  all at an increased 

cost to the utility, the customers and the state. 

Each of these adverse consequences results from 

there being no margin reserve or an inadequate 

margin reserve and should be scrupulously avoided. 

Q. IS MARGIN RESERVE SOLELY FOR FUTURE CUSTOMERS? 

A .  No. The existing customers benefit from the 

capacity to serve their needs, to attenuate the 

impacts of growth in connections, and from the 

long-term economies of scale. 

The variability of demand over the useful life 

of an asset (30-50 years) can be great, and only 

the existing customers create this variability, and 

smaller facilities demonstrate higher variability 

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 reserve is an accepted 

regulatory allowance for growth in the need for 

service from both existing and new customers. The 

margin reserve cannot be sequestered for, or 

dedicated exclusively to, future customers. 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. 

Q. COULD YOU PLEASE DESCRIBE ECONOMIES OF SCALE AND 

HOW ECONOMIES OF SCALE SHOULD BE CONSIDERED IN 

SETTING MARGIN RESERVE? 

A. Yes. First, an economy of scale is the phenomenon 

of a decreased per unit cost attained through the 

use of larger units. To illustrate, a 10,000 

gallon per day (gpd) wastewater treatment plant may 

cost $60,000 to build and thus have a per unit cost 

of $6.00 per gallon per day, whereas a 100,000 gpd 

plant may cost $250,000 and have a per unit cost of 

11 
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$ 2 . 5 0  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. 

A s  I indicated earlier, that the economy of 

scale phenomenon occurs with water and wastewater 

facilities and facility components is without 

question. 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/components: extended aeration package 

wastewater treatment-'plants; 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 

1 2  
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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 per unit of capacity on 

one axis of a graph and capacity on the other, were 

created for all facilities/components examined and 

appear 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 storage"' tank (IIGSTII) . 
From the steel GST unit cost curve in Exhibit 

(GCH-2), one should note the Ilinflection 

point" in the curve. The Ifinflection 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 unit 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 is not to say, 

however, that a tank of that size is appropriate in 

all cases - -  only that it is the threshold size 

required to achieve the optimal economy of scale. 

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 facilities/ 

components analyzed in the Economies of Scale 

Evaluation, which is itself at'tached 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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included 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 )  lines 

(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 osmosis 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. which 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 lines is 

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 (4) 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 

customers receive the benefit 

take advantage of, economies of 

16 

reserve to insure 

of, and utilities 

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 practices 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 is 

unchanged, the Commission encourages a utility to 

install the smallest tank necessary so the utility 

17 
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may recover the greatest portion of its total 

investment. The present value tables reveal that 

the smallest GST necessary is 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? 

Q. 

A .  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 service.Il-' 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 is 

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 margin reserve period is 

less critical because greater focus is placed on 

the level of investment required for a facility 

than on projections for demand. 

There is a portion of required utility 

investment which the FWWA proposal for group one 

facilities/components 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 

19 
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project costs which are incurred 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. 

Q. WHAT IS "SATURATION LOSS"? 

A .  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 unbuildable. 

( 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 

2 5  than one lot. 
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Zoning can change to affect lots. 

A lot could be environmentally encumbered 

(wetlands, vegetation, stormwater, pollution, 

etc.) 

Due to regulations (i.e. septic tank density 

agreements) lots may be unbuildable though the 

water lines are present. 

A community may wish to convert lots into 

parks, nature areas, etc. 

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 Itsaturation loss11 increases. My 

work in bonding over $3 billion 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 $ 2 7  million 

Ittri-partyt1 bonds all have exposed me to the 

reality of this fact. 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. 

Q. WHAT ARE "PEPO" COSTS? 

A .  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 of 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. 

Q. WHAT IS THRESHOLD SIZING? 

A. Threshold sizing involves three factors: 

(a) Standard sizes or manufacture for pipelines 

and plants. 

(b) Minimum State/Local Regulatory Requirements 

(e.g. gravity. 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 listing of standard facility and 

component sizes as well as a brief list of 

pertinent regulatory requirements which address 

facility and component sizing. 

WHAT DO YOU MEAN BY SAYING NO "LESS OF A FACILITY" 

CAN BE USED? 

Q. 

A .  If you must serve a customer, and the smallest 

facility or component to serve the customer or set 

of customers is used, then nothing less would work. 

This amount can be determined and should be 
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Q. PLEASE EXPLAIN WHY YOU SUPPORT FOR THE FWWA'S 

POSITION ON LINES? 

A. As I indicated earlier, water lines and wastewater 

gravity and force mains must be constructed and 

designed to meet certain regulatory requirements. 

Where fireflow is 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), F.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 allowable force main size is four 

inches and this is 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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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 is 

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 is 

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 examined case-by-case and cost 

efficiencies considered. However, SSU believes 

FWWA's proposed rule for lines (and sewage pump 

stations) is appropriate because of regulatory 

requirements, economic considerations, and, most 

importantly, the utility's service obligation. 
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Q. WHAT IS THE PURPOSE OF THE INFORMATION FOR WATER 

LINES, WASTEWATER GRAVITY LINES, AND WASTEWATER 

FORCE MAINS IN EXHIBIT (GCH- 8) 3 

A. 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. 

Q. COULD YOU PLEASE ADDRESS THE THIRD GROUP OF 

FACILITIES EXAMINED IN THE ECONOMIES OF SCALE 

EVALUATION? 

A .  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. 

Q. REGARDING THE PROPOSED RULE, DO YOU HAVE ANY 

RECOMMENDATIONS AS TO THE DEFINITION OF “MARGIN 

RE S ERVE ? 

A. Yes. 

also 

(1) 

(2) 

( 3 )  

Margin reserve is not only what is stated but 

should include: 

variability in demand, 

long-term economic cost-effectiveness 

considerations, 

regulatory reserve capacity requirements 

(i.e., FDEP and WMD rules, regulations and 

practices) , 

standard sizing of facilities, 

threshold costs and 

the concept of no less of a facility would be 

required. 

The FWWA definition of Margin Reserve is 

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 utility, which provides for the 

public health, safety and welfare, is not put in 

the position of being made-whole on a stand-alone 

basis. 

Q. DO YOU AGREE WITH THE COMMISSION - PROPOSED RULE'S 

DEFINITION OF THE "MARGIN RESERVE PERIOD"? 

A. No. llInstallationll refers solely to construction 

time. The total time necessary is that to plan and 

finance, plant, engineer/design, permit, construct 

and lrshake-downll 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 ( 4 0 )  years. The necessary 

margin reserve period is just the construction 

time the f lPEPOff  (planning, engineering, permitting 

and initial start-up operations) time period is 

missing. 

Q. IS EIGHTEEN MONTHS ADEQUATE TIME FOR PLANT 

EXPANSION? 

A. 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 years 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 year. 

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 required 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 plant 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. In 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? 

Q. 

A .  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 facilities 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 useful 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.) In 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) is if reuse is treated 

no differently than other means of effluent 

disposal. 

The Commission‘s decision in SSU’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 because 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 is 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. 

Q. COULD YOU EXPLAIN THE SIGNIFICANCE OF DEP RULE 

600.405 ON MARGIN RESERVE? 

62- 

A. 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-lo), requires 

a utility to provide timely planning, design and 

construction of plant expansions based on the 

schedule delineated in the rule. Essentially, this 

rule requires a utility providing wastewater 

service to submit annual capacity analysis reports 

to 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 the design, permitting and 

construction of additional wastewater treatment 
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facilities. If 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 6 

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 
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a 5-year window, especially if the utility does not 

wish to perpetually be in a permitting and 

expansion mode f o r  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 

. . . . I '  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. 

Q. IS IT PROPER TO CHARACTERIZE RULE 62-600-405, 

F.A.C., AS ESTABLISHING NOTHING MORE THAN INTERVALS 

35 
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FOR SUBMITTING A CAPACITY ANALYSIS REPORT? 

A. 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 is 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? 

Q. 

A .  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. 

Q. 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? 
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A. 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 

requirements. 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 their water facilities to meet 

planned changes in demand within their service 

areas over a five year, or longer, period. 

Q. DO THE COUNTIES AND CITIES WHICH YOU DO WORK FOR 

GENERALLY CONSTRUCT WATER TREATMENT PLANT IN 

INCREMENTS NEEDED TO MEET DEMAND OVER AT LEAST A 3 -  

YEAR PERIOD? 

A. Yes, and frequently beyond, for the same reasons I 

have just mentioned. 

Q. ARE THERE ANY OTHER SOURCES OF INFORMATION YOU 

WOULD REFER THE COMMISSION TO IN MAKING ITS 

DECISION IN THIS MATTER? 
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A. 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. 

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

A. No. From an engineering standpoint, the imputation 

of CIAC on the margin reserve is 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 proper 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? Q. 

A. 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 not be asked to make investment of 

shareholder money when the recovery of and a return 
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on a substantial portion of that money is virtually 

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? Q. 

A. Yes. 

4 0  



GERALD C. HARTMAN, P.E. 
PRESIDENT 

HARTMAN & ASSOCIATES, INC. 

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

PROFESSIONAL REGISTRATION Professional Engineer No. 27703, Florida 
Professional Engineer No. 124 10, Maryland 
Professional Engineer No. 13 1 184, Virginia 
Professional Engineer No. 15264, North Carolina 
Professional Engineer No. 3 8216, Pennsylvania 
Professional Engineer No. 17597, Georgia 
Professional Engineer No. 15389, South Carolina 
Professional Engineer No. 19422, Alabama 
Professional Engineer No. 28939, Arizona 
Professional Engineer No. 127 17, Mississippi 

PROFESSIONAL AFFILIATIONS Diplomate - American Academy of Environmental 

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 

Florida Waterworks Association 

Engineers 

Association 

QUALIFICATIONS SUMMARY 

Mi-. 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 creatiodmanagement/acquisition projects. 

E X P E m N C E  

Mr. Hartman’s experience exclusively involves water, wastewater, solids, and utility 
valuatiodfinancing projects, and expert testimony assignments. 

marketidresumedgch-acq. red06 12 96 



' Gerald C. Hartman, P.E., President (Continued) 

Financial ReDorts 

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. Mi-. Hartman has been 
involved in over $2 billion in utility financings for water and wastewater utilities. 

Water and Wastewater Acauisition Valuations and Evaluations 

Mi-. 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 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1995 
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1995 
1995 
1995 
1995 
1995 
1995 
1995 
1995 
1995 

Project 
Longwood Run Utility 
Keystone Heights 
Keystone Club Estates 
Lakeview Villas 
Geneva Lakes 
Postmaster Village 
Tega Cay 
River Hills 
Consolidation Program Game Plan 
Marion Oaks 
Marco Shores 
Marco Island 
Cayuga Water System 
Glendale Water System 
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Carolina Blythe Utility 
Ocean Reef R.O. WTP's 
Sanibel Bayous 
Rotunda West Utilities 
Palm Coast Utility Corporation 
Sunshine State Parkway 
Orange Grove Utilities, Inc. 
Georgia Utilities 
Beacon fills Utilities 
Woodmere Utilities 
Springhill Utilities 
Okeechobee Utility Authority 
Okeechobee Beach Water Association 

Party ReDresented 
Company 

City 
City 
City 
City 
City 

County 
County 

Marion County 
Marion County (Ongoing) 

Company (Ongoing) 
Company (Ongoing) 

Authority 
Authority 
Authority 

(Ongoing) Company 
Calabash 
NKLUA 

City of Sanibel 
Investor 

ITT 
Company 

Company (Ongoing) 
(Ongoing) City of Peachtree City 

Company 
Company 
Company 

OUA 
OUA 
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Year 
1995 
1995 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1993 
1993 
1993 
1993 
1993 
1993 
1993 
1993 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1991 
1991 
1991 
1991 
1991 
1991 
199 1 
1991 
1991 
1991 
1991 

Project Party Represented 
City of Okeechobee OUA 
Mad Hatter Utilities, Inc. 
Eastem Regional Water Treatment Plant 
GDU - Port St. Lucie Water and Wastewater 
St. Lucie County Utilities 
Marco Island/Marco Shores 
Heater of Seabrook 
Placid Lakes Utilities, Inc. 
Ocean Reef Club Solid Waste System 
Ocean Reef Club Wastewater System 
South Bay Utilities, Inc. 
Kensington Park Utilities, Inc. 
River Park Water System 
Taylor Woodrow - Sarasota County 
Atlantic Utilities - Sarasota County 
Alafaya Utilities, Inc. 
Anden Group Wastewater System 
West Charlotte Utilities, Inc. 
Sanlando Utilities, Inc. 
Venice Gardens Utilities 
Myakka Utilities, Inc. 
Kingsley Service Company 
Mid Clay Utilities, Inc. 
Clay Utilities, Inc. 
RUD #1 - 4 Systems Review 
Martin Downs Utilities, Inc. 
Fox Run Utility System 
Leilani Heights 
River Park Water and Sewer 
Central Florida Research Park 
Rolling Oaks Utility 
City of Palm Bay Utilities 
South Bay Utilities, Inc. 
North Port - GDU Water and Sewer 
Palm Bay - GDU Water and Sewer 
Sebastian - GDU Water and Sewer 
Sanibel - Sanibel Sewer System, Ltd. 
St. Augustine Shores - St. Johns County 
Remmington Forest - St. Johns County 
Palm Valley - St. Johns County 
Valrico Hills - Hillsborough County 
Hershel Heights - Hillsborough County 
Seaboard Utilities - Hillsborough County 
Federal bankruptcy - Lehigh Acres 
Meadowoods Utilities - Regional Utility District # 1 
Kensington Park Utilities - Regional Utility District ## 1 
Industrial Park - Orange City 

Company 
Owner 

City of Port St. Lucie 
City of Port St. Lucie 

Sun Bank 
Heater Utilities, Inc. 

Company 
ORCA 
ORCA 

Company 
Company 

ssu 
Taylor Woodrow 

Company 
Bank 

Company 
Englewood Water District 

Investor 
Company 

City of North Port 
Clay County 
Clay County 
Clay County 

MeadowoodsKensington Park 
Martin County 
Martin County 
Martin County 

ssu 
Bamett Bank 

Investor 
PBUC 

Investor 
City of North Port 
City of Palm Bay 
City of Sebastian 
City of Sanibel 

ssu 
ssu 
ssu 
ssu 
ssu 

UFUC 
Topeka 
Investor 
Investor 

City of Orange City 
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Year 
1991 
1991 
1991 
1990 
1990 
1990 
1990 
1990 
1990 
1990 
1990 
1990 
1989 
1989 
1989 

1989 
1989 
1989 
1989 
1989 
1989 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1987 
1987 

1987 
1987 
1987 
1987 

Project Party Represented 
Country Village - Orange City 
John Knox Village - Orange City 
Land '0 Lakes - Orange City 
Orange Osceola Utilities - Osceola County 
Momingside East and West - Osceola County 
Magnolia Valley Services, Inc. - New Port Richey 
West Lakeland Industrial - City of Lakeland 
Highlands County Landfill 
Venice Gardens Utilities - Sarasota County 
South Hutchinson Services - St. Lucie County 
Indian River Utilities, Inc. - Edgewater 
Terra Mar Utility Company - Edgewater 
Seminole Utility Company -Winter Springs 
North Hutchinson Services, Inc. - St. Lucie County 
Sugarmill Utility Company 

Ocean Reef Club, Inc. ORCA 
Prima Vista Utility Company - City of Ocoee 
Deltona Utilities - Volusia County 
Poinciana Utilities, Inc. - Jack Parker Corporation 
Julington Creek 
Silver Springs Shores 
Eastside Water Company - Hillsborough County 
Twin County Utilities 
Burnt Store Utilities 
Deep Creek Utilities 
North Beach Water Company - Indian River County 
Bent Pine Utility Company - Indian River County 
Country Club Village - SSU 
Sugarmill Utility Company - Florida Land Corporation 
North Orlando Water and Sewer Company -Winter 
Springs 
Osceola Services Company - FCS (non-for-profit) 
Orange City Water Company - Orange City 
West Volusia Utility Company - Orange City 
Seacoast Utilities, Inc. - Florida Land Corporation 

City of Orange City 
City of Orange City 
City of Orange City 

Osceola County 
Osceola County 

City of New Port Richey 
City of Lakeland 

Owner 
ssu 
SHS 

City of Edgewater 
City of Edgewater 

Topeka 
NHS 

Utilities Comm. City of New 
Smyma Bch. 

Company 
P W C  
ssu 
JP C 

Investor 
Bank 

Hillsborough County 
Company 
Company 
Company 
NBWC 
BPUC 
ccv 
FLC 

NOWSCO 

osc 
City of Orange City 
City of Orange City 

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 fimd 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 
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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. ' I  He also participated in numerous lime sludge thickening, management, and 
utilizatioddisposal 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. 

Utilitv Manapement 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 manualsltraining, 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., Utilitv 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. J. 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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Gravity Sewer Unit Cost Curve 
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SECTION 1 
INTRODUCTION 

: i  
. .  

I 1:l 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 purchase 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. 

> --. 
i 
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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 

u Q 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 inflection-point and it marks the 
range between the areas of increasing economy of scale and decreasing economy of scale 
Provided one could use the commodity in a reasonable period of time, the most cost-effective 
purchase of the commodity would be made for the volume or quantity with the lowest unit price. 
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Economies of scale exist in the construction i n d h y .  For imtance, a contractor who has just 
successhlly 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 projeczs with this strategy or will simply maximize his profit 
fiom 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 job& -If he won both projects, he would be moving men and materid 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 OBJECTIVE 

_- 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 

decreasing economy of scale begins. In other words, threshold size is the minimum s u e  

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

t . sizes of unit components. This is the point where the increasing economy of scale ends and the 
- 

JJW/dt.fmb/R-S-2/secl .rpt 
HAI#95- 145 .OO 1-2 



EXHiBIT 

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. 

I 

3 1.3 SUMMARY AND CONCLUSIONS 

Components and systems reviewed are classified as Wastewater Treatment Facilities, Water 
Treatment Facilities, and Wastewater Co l l edof l a t e r  Distribution. Economies of scale were 
found to exis& om aU unit components and systems. Table 1-1 presents the economic minimum 
threshold sizes for each component and system. ,J 

Such threshold sizes should not be construed or interpreted to mean that sigmficant 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 price begins to decrease. Thus, when considering system 
or component expansions, it is prudent to give serious consideration to construct or procure the 
component of the threshold size or larger. 

I 
1 
3 

The engineering economic considerations of the size of unit to construct are as follows: I 
0 Initial demand of system 
0 Growth rate of system 
0 Projected build-out demand 
0 Useful life of the component 
0 Rules and Regulations 
0 Operational Considerations 
a Interest rates and rate of inflation 

.- I 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. 

4 - 
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TABLE 1-1 

SOUTBERN STATES UTILITIES 
ECONOMY OF SCALE I 

Treatment Component Threshold Sizes  

Economic Minimum 
ComponendS ystem Threshold Size 

WASTEWATER TREATMENT FACILITY 

1) Extended Aeration WWTP 
2) Contact Stabilization WWTP 
3) Pos. Displacement Blower 
4) Centf igal  Blower 
5 )  Tertiary Filters 
6 )  Generator 

WATER TREATMENT FACILITY 

1) Prestressed Concrete GST 
2) Steel Ground Storage Tank 
3)  High Service Pumps 
4) Hydropneumatic Tank 
5 )  
6) 

250 fi. Deep Water Supply Well 
500 A. Deep Water Supply Well 

- - _. 
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0.25 MGD 
0.5 MGD 
500 s c h  
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 
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1 If build-out is less than the economic minimum size, it follows that it does not make sense to 
I 

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 
given to oversizing 
protection. 

peak demands and 
to standard sizes 

loadings. In these cases, special consideration should be 
to ensure satisfactory service and for environmental 
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SECTION 2 
METHODOLOGY 

2.1 GEhcRAL 

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

2.2 SOURCES 

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

2.2.1 USEPA 

Throughout the years, the United States Environmental Protection Agency @PA) 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 fbnction 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 folIows: 

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

i 
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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. 

(4) "Innovative and Alternative Technology Assessment Manual." U.S. Environmental 
Protection Agency, Office of Water Programs Operations. Washington, D.C., 
February 1980. 

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

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

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

(8) "Report on Initial Investment Costs, Operation and Maintenance Costs, and 
Manpower Requirements for Conventional Wastewater Treatment Plants." U. S, 
Environmental Protection Agency, Water Quality Office. Black & Veatch, 197 1.  

2.2.2 Culp/Wesner/Culp 

The engineering firm Culp/Wesner/Culp, based in Santa ha, 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 

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

(1) "Estimating Water Treatment Costs, Volume 2, Cost Curves Applicable to 1 to 
200 MGD Treatment Plants." Gumerman, RC.,  et al. (CulpNesnerKulp) 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/Wtsner/Culp) Santa 

Ana, CA, August 1979. (Produced for USEPA). 

(3) "Small Water System Treatment Costs." Gumerman, R.C., et aI. 
(CulplWesnerKulp) Santa h a ,  CA, August 1986. 

2.2.3 Manufacturers 

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

(1) Packaee Wastewater Treatment Plants 

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

b. Sanitaire, via MossKelley, Inc. 
10 100 West Sample Road 
Coral Springs, Florida 
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(2) Blowers 

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

b. Sutorbilt, via Jacobs Group 
160 Scarlet Blvd. 

, .L Oldsmar, Florida 34677 

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

b. InfXco-Degremont, via MossiKelley, Inc. 
10 100 West Sample Road 
Coral Springs, Florida 

(4) Chlorination Feed Svstems 

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

b. Wallace & Tieman, via Heyward, Inc. 
1865 North Semoran Boulevard 
Winter Park, Florida 

( 5 )  Standbv Generator Sets 

a. Ringhaver Equipment Company 
9901 Ringhaver Drive 
Orlando, Florida 32824 
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b. Cummins Southeastern Fower, Inc. 
4820 North Orange Blossom Trail 
Orlando, Florida 328 10 

Ground Storage Ta nks (Steel and Prestressed CO ncretel (6) 

'f 

1 

I 

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

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

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

(7) High Service Pumps 

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

b. Peerless Pump Company 
81 1 North 50th Street 
Tampa, Florida 

(8) Hydropneumatic Tanks 

a. Hydro-Air Systems, Inc. 
P.O. Box 585654 
Orlando, Florida 
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b. Modem Welding Company, Inc. 
180 1 Atlanta Avenue 
Orlando, Florida 

(9) Vertical Turbine P u m q  

L Peeriess Pump Company 
81 1 50th Street North 
Tampa, Florida 

, 
I_ 

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

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

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

b. Gorman Rupp Pumps, via Blankenship & associates 
3004 Konarwood Cpust 
Oviedo, Florida 

c. Flygt Pumps, via Ellis K. Phelps & Company 
21 52 Sprint Boulevard 
Apopka, Florida 

(1 1) PVC and Ductile Iron Piping 

a. B&H Sales, Inc. 
11 114 Satellite Boulevard 
Orlando, Florida 
PVC force main, water main, and gravity sewer. 
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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 Comparry 
230 1 Maitland Center Parkway 

DIP force main, water main, and gravity sewer. 
. Maitland, Florida 

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 fiom existing projects were gathered. The 

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

2.3 CURVE DESIGN SUMMARY 

i 
7 

_ .  
L 

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. 
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2.3.1 UDdatine Process 

The various sources of data utilized in this study, provided cost information at different time 
periods over the previous 25 years. In order for these values to be comparable, they were 
indexed. In other words, the costs must be updated to the time of this study, which is June, 1995. 
The costs are updated using established cost indexes. The two (2) indexes used during this study 
are the Enninee&g Ne ws Record (ENR) and The H andv-Whitman Index of Public Utilitv 

Constructio n w  . In order to update the costs, original costs were multiplied by the ratio of the 
June, 1995 indsnumber to the original index number. This cost updating method is shown 

7 z 

-. 

i below. 

(June 1995 Index) 
June 1995 Cost = Original Cost * (Original Index) 

2.3.2 Desian Co nsiderations 

To constmct 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 CulpiWesnerlCulp curves, the manufacturer's values were 
adjusted to include the identical components as found in the source curves. 

I 

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 

3 
3 

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 cuwe iiivolves cost in dollars per gallon ($/gal) versus 

1 

D 
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gallon capacity for such components as: uearnient plants, storage facilities, chlorine feed facilities, 
hydropneumatic tanks, water supply wells, etc. Other unit cost curve components are a follows: 

i 
f 

e dollars per gpm (%/em)  for pumps and pump stations 

e dollars per lot (Mot) for gravity sewers 

e dollars per foot ($Et) for force and water mains 

e dollars per scfin (Vscfin) for blowers 

In this format, the graphs show that cost per unit c?pacity decreases with increased capacity 
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3.1 THRESHOLD SIZING 

SECTION 3 
ANALYSIS 

7 ,  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. 

i 
T 
I 

3.1.1 Inflection Points 

In the water and wastewater unit cost cdrves 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 smaIler 
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 inflect,ion 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. 

8 

..- 
I 
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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 

1 -  
-3 
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Ground Storage Tanks 
Prestressed Concrete 

2.5 

2 

1.5 

1 

0.5 

I1 4 

Point of Inflection . 

0 1 I I 1 I 

0 500,000 1,000,000 1,500,000 2,000,000 

Capacity (Gal) 
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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0 . 1  

0.05 

0.03 

Potable Water Wells 

100,000 200,000 500,000 1,000,000 2,000,000 5,000,000 

Notes: 1) 

2) 
3) 

Capacity (Gpd) 

Vertical turbine pump, cement grout, black steel well and surface 
casing, well screen, and well development costs from manufacturers' 

quotes and bid tabulations. 
Includes 10% electrical, 1 5 %  well head, and 30% labor. 
Costs are based on the June 1 9 9 5 ,  ENR Index = 5433. 
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the values in this curve are plotted on a logarithmic scale, due to the large capacity range. This 
unit cost curve presents the same economy of scale relationship as Figure 3-1 when plotted on t 
linear scale; however, determining individual values from the linear plots is riare dif€icutt 
Therefore, to facilitate use of the graph, the data was plotted on a log-log axis. 

3.1.2 Econorm 'c Minimum Thresh0 Id Sizes 

The economic minimum threshold sizes were determined mathematically. The second derivatives 
of the unit cost w e  equations were plotted to determine the domain value at which the rate of 
change of the slope of the unit cost cuwe equals zero, or no change. The majority of curves were 

modeled using third order or higher polynomials. The solution of the second derivative is valid 
for the range considered and produces an inflection point. An example of the polynomial equation 
and the derivatives are as follows: 

Polynomial equation: f(x) = 
First derivative: fyx) = a2 + 2a3 x + 3a4 x2 + 4a5x3 
Second derivative: f'(x) = 2a3 + 6a4x + 12a9x2 

al + a2 x + a3 x2 + a4 x3 + as x4 

Some cost curves were modeled using power fbnctions 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 fbnction equation and its applicable derivatives are as 
follows 

Power equation: f ( x )  = al  x b 1  

First derivative: f(x 
Second derivative: f'(x) = (al bl)(bl-l) x b1-2 

(bJ(a1) x bl-l 
- - 

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. 

J 
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Potable Water Wells 

I 

0.5 

0.3 

0.2 

0.1 

0.05 

0.03 I I 1 I 1  I l l 1  I 1 I 

100,000 200,000 500,000 1,000,000 2,000,000 5,000,000 
Capacity (Gpd) 

1 250'  deep 500' deep .... I...... - 

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% well head, and 30% labor. 
3) Costs are based on the June 1995, ENR Index = 5433. 
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the values in this curve are plotted on a logarithmic scale, due to the large capacity range. This 

linear scale; however, determining individual values from the linear plots is nixe  dficuh. 
Therefore, to facilitate use of the graph, the data was plotted on a log-log axis. 

- 
unit cost curve presents the same economy of scale relationship as Figure 3-1 when plotted on a 1 

3.1.2 F: * n 1 '  

The economic minimum threshold sizes were determined mathematically. The second derivatives 
of the unit cost a w e  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 wcxe - 
modeled using third order or higher polynomials. The solution of the second derivative is valid 
for the range considered and produces an inflection point. An example of the polynomial equation 
and the derivatives are as follows: 

Polynomial equation: f(x) = al + a2x + a3x2 + a4x3 + a5x' 
First derivative: f(x) = a2 + 2a3 x + 3sq x2 + 4a5x3 
Second derivative: fyx) = 2a3 + 6a4x + 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 fbnction equation and its applicable derivatives are as 
follows 

Power equation : K X )  = al x b1 

First derivative: f(x 
Second derivative: fyx )  = (al bl)(bl-I) x b1-2 

(b, )(al) x bl-l - - 

As an example, Figure 3-3 is a plot of the second derivative of the hnction 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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Polynomial equation for the Steel GST's unit cost curve is the 
following: f(x) = 3.565 + (-9.337E-5)X + ( 1  .3717E-9)Xn2 + (-1.0034E-14)X-3 

+ (3.51 1 5E-20)Xa4 + (-4.6878E-26)Xn5 

The second derivitive of the Steel GST unit cost polynomial is as follows: 
f"(x) = 2.743E-9 + (-6.02E-14)X + (42.1 38E-20)Xa2 + (-93.756E-26)Xm3 

STEEL GST INFLECTION POINT 
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3.13 Curve Fitting 

The curves determined to represent the manufactuiers' and EPA cost curve data were generated 
with the use of either the Sigma Plot program by 'Jardel Scientific or the Hvdrolom and Water 
Ouality Conr rol course accompanied programs produced by OJohn Wdey & 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 fbnction equation. In all 
cases, the equations were determined to be the best fit for the given data. 

- 1  

3.1.4 Peplatory 

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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WASTEWATER TREATMENT PLANT FACILITIES 
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4.1 EXTENDED AERATION PACUGE WWTP 

The extended d o n  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/gdlon at 0.01 MGD to $0.7/gallon at 1.0 MGD. The 
straight line relationship of the unit cost translates into considerable savings with increased sizing. 

The curves in Figure 4-2 represent the construction cost as a function of package extended 
aeration treatment plant capacity. By examining the costs as they are related to capacity, the 
economy is apparent. For instance, the 'cost of a 500,000 gallon per day package plant. is 
approximately $465,000, and the cost of a 1,000,000 gallon per day package plant is 
approximately $710,000. Therefore, in order to Expand a 500,000 gallon per day facility to a 
1,000,000 gallon per day plant, the cost would be approximately $930,000. The design of the 1 0 

MGD plant originally would have saved approximately $220,000 overall. The savings would be 
greater if contractor mobilization, engineering, and pennjtting 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. 

JN'Idt/R-S-2/ Sec4.rpt 
HAI#95-145 00 4-1 . 020796 



Package Extended Aeration WWTP 
- ~ - _ _ _ _  

10 

5 

2 

1 

0.5 

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

.... 
0.. ... 

.... .... 0.. .. 
. ......,.. ....... . .. ...... 

0. ... 
-*m.. 
'-0 

- ~ -  I L d . 1  I I 1 I I 1 , , , , I  

0.1 0.3 1 0.01 0.03 

Plant Capacity (mgd) 

EPA Manual MFR. Data 
.... 0 .... 

Notes: 1 ) Costs include materials, electrical, piping, blowers, grading, 
installation,-chlorination feed system, and conc. slab. 

2) Costs exclude land, engineering, fencing, paving, drainage 

3) All costs obtained from manufacturers' quotes and EPA cost curvt 
4) Costs are based on June 1995, ENR Index = 5433. 

lighting, and building facilities. 

c 



. . -4 L 0 . .  

Package Extended Aeration WWTP 
1,000,000 

500,000 

300,000 

200,000 

100,000 

50.000 
0.003 0.01 0.03 0.1 0.3 

J Plant Capacity (mgd) 

EPA Manual MFR. Data I -  .... 0 .... 

1 

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

2) Costs exclude land, engineering, fencing, paving, drainage, 
lighting, and building facilities. 

3) All costs obtained from manufacturers‘ quotes and EPA cost curves. 
4) Costs are based on June 1995, ENR Index = 5433. 

installation, chlorination feed system, and conc. slab. 

I 

I 

0 n 



4 

PAGE 6 OF 

ri 

f 
f 
3 
I 
f 
3 

3 
r. 

i 

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

4.2 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 cume, 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. Ygallon. 

The straight line decreasing aspect of the curve translatks 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 
n o t i d l e .  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 S525,OOO. Therefore, 
the cost to build the smaller 500,000 gallon plant and then expand it by another 500,000 gallons 
would be S750,OOO. By comparing this cost to the S525,OOO 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 u e r e  created using values obtained from the 
Environmental Protection Agency and manufacturers' quotations The manufacturers' costs 

.. -. 
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included tbe plant itself, concrete slabs, site work, electrical, piping, blowers, and installation. In 
order to be rble to compare these values with the EPA cost curve, a chlorination feed system was 
added using other manufacturers' quotations. 

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

4.3 BLOWERS 

.1 

PAGE 3% OF 

- 
1 

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 
(scfm) 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 sch. At this 
point, the economy of scale is decreasing. So the point of inflection lies at 500 scfin. To illustrate 
the benefit of designing a blower at 500 scfin or larger, the blower cost curve, Figure 4-6, will be 
used. The 500 s c h  positive displacemeni blower costs approximately $5,500 and a 100 s c h  
blower wsts about $2,750. Therefore, if the 100 scfm blower will need to be expanded to 500 

sch ,  the overall cost will easily exceed the original cost bf the 500 s c h  blower. By expanding 
with a 400 s c h  blower, the total cost of the two (2) blowers is approximately $7,750, which is 
about S2,250 more expensive than one (1) 500 s c h  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 s c h  and 
4,500 scfm. The curve experiences an increasing economy of scale between 500 s c h  and 2,000 

s c h ,  where the point of inflection lies. However, the economy of scale does not decrease at a 
very rapid rate thereafter. Therefore, considerable economies of scale are apparent throughout 
the entire range. For instance, by using Figure 4-8, the blower cost curve, the economies of scale 
are detectable. A 2,000 scfm blower costs about $22,000, and a 4,000 s c h  blower costs 
approximately $34,000. Therefore, one (1) 4,000 scfm blower is approximately $10,000 less than 
two (2) 2,000 s c h  blouers. 
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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. 

4.4 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 emuent 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 S50,OOO a gravity 
filter will be of the capacity to treat 50,000 gallons per day and $85,000 a gravity filter with 
f50,OOO 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, I 5  percent for electrical, 5 percent for sitework, 5 percent for the concrete slab, and 20 
percent for installation. These percentages were applied to the material subtotal and summed to 
determine the total cost. 

4 .5  CHLORMATION 

Thz chlorination of wastewater is commonly accomplished using gas chlorinators. The gas is fed 
to the chlorinators from 150 pound or 1 ton storage cylinders. The size of the storage cylinders is 
dependent on the quantity of wastewater to  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 sire of the storase cylirders 
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The unit aM a", Figure 4-11, displays an economy of scale throughout the treatment 
capacities of 0.01 MGD to 5 MGD. when the 
components me plotted on linear axes. Where the storage cyhder sizes change, the costs slightly 
hacase; 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 fbr chlorine feed systems than the smaller 
capacity plants. 

This relationship is fhther emphasized 

The chlorination feed equipment curve was constructed using manufacturers' quotations and EPA 
cost curves. Included in the cost of both site 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. 

4.6 STANDBY GEhERATOR 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, controllmonitoring 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 $1,088n<W at 8 KW capacity and reach values ranging 
between S124KW and S153KW 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 prisentations were formulated using manufacturers' quotations for the various 
standard sizes of standby generator packages. 
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SECTION 5 
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 p:ot 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 gallons. Therefore, $possible, the designer should avoid this area of the curve. The 
curve begins to flatten out and decrease after the infledon 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 ~ n s t r u c t  a 2,00Q,000 gallon facility 
is approximately %480,000, and the cost of a 1,300,000 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 5160,000 
overall. As this shows, the savings are present in both increasing and decreasing states of 
economy of scale 

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

e 
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5.2 STEEL GROUND STORAGE TANKS 

Steel g r o d  storage tanks are typically found in the smaller capacity range (10,000 gallon to 
250,000 gatlon). 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 f i shed  water intended for the distribution 
system, but they can also store efEluent or reuse flows. In order to study the cost relationships 
ofthese tanks, the design must be uniform throughout. Therefore, the steel tanks are above- 
ground and not equipped with an aeration unit. 

The unit cost curve, Figure 5-3, is very Similar to the prestressed concrete ground storage tank 
with cost curve. There is a sharply increasing economy of scale in the small design capacity 
range, which lies between 10,000 and .100,000 gallons. The inflection point occurs at 50,000 
gallons and thereafter the economy of scale begins to decrease. The decreasing economy of scale 
occurs between the 100,000 gallon and maximum 250,000 gallon capacity range. Since the unit 
cost is decreasing throughout the entire curve, the economy of scale is present through all sizes. 
This means that even though the economy of scale is decreasing in the 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 
5145,000. The cost to construct a 150,000 gallon tank is’about S108,OOO. Therefore, there is a 
savings of S50,OOO 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 batch, ladder and cage assembly, top manway platform, protective bolt caps, 
installation, 5% sitework, and 5% piping. 

5.3 CHLORINATION 

The chlorination of raw water is commonly acconiplished using gas chlorinators The gas is fed 
to the chlorinators via 150 pound, or 1 ton storage cylinders. The size of the storage cylinders IS 
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dependent on the quantity of raw water to be treated. TypicaIly, 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 t& 1 ton cylinders are used for flows above. this point. The costs of the faad 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 MC9 to 5 MGD. This relationship is fbnher solidified when the capacities and unit costs 
are plotted on linear axes. Where the storage cylinder shes change, the costs slightly increase; 
however, the ton cylinder feed systems resume the continuous economy of scale. The overall 
cost, when compared with treatment plant capacity, is not much of a concern. The larger capacity 
plants will have a much smaller unit cost for chlorine feed systems than the smaller capacity 
plants. 

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

5.4 HIGH SERVICE PUMPS 

High service pumps are commonly used in the water distnbution 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 plorted 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 am, 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 ivill bring the total cost for 5,000 gpm of capacity to 

JJVt'/dwR-S;ZisecS .rpt 
HAM95- 145.00 5-7 020796 



Chlorine Feed Systems 
Water Treatment 

5 

2 

A - 
m " 
(3 . 0.5  
v) 
Y 

CJ 
v) 0.2 0 

0.1 

C 
3 0.05 

.w .- 

0.02 

0.01 
0.01 0.03 0.1 0.3 1 3 10 

- Capacity (MGD) 

€PA Curve Manuf cturers * --8-. 

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. 

t) 

F 
E 



a , ..$ I . I 

50 

40 
I 

E 

- 
+.' 
v) 
0 u 20 

0 

. .  

. .  

. . . -  

\ 
High-Service Pumps 

Horizontal Split Case 

II 

100 200 500 1,000 2,000 

Pump Capacity (gpm) 
5,000 10,000 

Notes: 1 ) All costs obtained from manufacturer's quotations include 

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. 

pumps, factory testing, and freight to jobsite. 

I 

COIT CURVE 

4 

. 



50,000 

30,000 

20,000 
A 

v) 
Y 

+-' 
v) 6 10,000 

5,000 

3,000 

High-Service Pumps 
Horizontal Split Case 

. .  

. . _ .  

/c 

50 100 200 500 1,000 2,000 5,000 10,000 

Pump Capacity (gpm) 

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. 



.a i 

? 

I 
3 

between $35,000 and $45,000. The overall saving would then be in the $10,000 range, which is 
considerable with horizontal spljt-case pumps. ' 

The values for the construction cod and unit cost curves were quoted from manufacturers of 
horizontal split case pumps. The costs for the pumps indude the pump, motor, factory testing, 
and fieight 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 c w e  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 infiection point, the curve possesses a 
strong economy of scale throughout the size range. Tbe 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, 332,000, 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 itsel6 an air volume control compressor, and a control panel. To 
these values, 15% piping, 20% electrical, 10% sit?work, and 20% installation was added to 
determine the total cost of a hydropneumatic tank system. 
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5.6 WELLS 
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Depending ad the site, raw water wells un vary tremendously in the depth required to produce a 
fbnctional wrll. In this case, deep wells of approximately 250 feet and 500 feet in depth were 
coddered appropriate. The pumps designed for these wclls are vertical turbine pumps. The cost 
of the well system includes only the well components and is represmted 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 SO.4/gal and S0.7/gal at 144,000 
gallons per day and ends around SO.W/gal to $O.O8/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 cast 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 pump, 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 LKMESOFTENTNGWTP 

The Lime Softening-WTP cost curves, Figures 5-12 and 5-13, represent the costs associated with 
the treatment facilities needed to treat raw water with lime and recarbonate the treated water with 
gaseous carbon dioxide. The lime softening plant is characteristically the same as a conventional 
filtration plant; however, lime is substituted for other chemicals and the treated water will need to 
be recarbonated. The unit cost curve, Figure 5-12, and the construction cost curve, Figure 5-13, 
were produced using documented EPA cost information and includes the following cost 
considerations: raw water pumping equipment, chemical addition facilities, rapid mix/fiocculation 
equipment, sedimentation basin, filtration units, disinfection equipment, finished water storage and 
pumping equipment, and sludge disposal facilities 
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The Lime Softening WTP cost curves show a Unau economy of scale throughout the capacity 
ranges. Tbe unit cost begins with approximately S3.5/gal at 1 MGD and ends with approximately 
S1.4/gal at 10 MGD. This shows that there is an economy of scale benveen these ranges of 
capacities. 

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

5.8 REVERSE OSMOSIS WTP 

The curves presented, Figure 5-14 and 5-15, in this Section were constructed using previous EPA 
cost curves and information contained in previous EPA reporu. 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 $0.9S/gal at 10 MGD. 
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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 a beginning 
manhole, 400 feet of &inch PVC pipe, and a ponion of the cost of the sewage pump station. The 
pump station cost fcr this example would be calculated by multiplying the total cost for the pump 
station by the ratio of the number of lots, in this case eight (S), 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, mobilizatioq electrical, and installation. 

-The unit cost cuwe was produced by dividing the total cost of an installation by the number of 
lots that are serviced and then plotting this value versus the total number of lots. The design was 
carried all the way out to the 100 gallon per minute pump station capacity of 120 lots. The actual 
curve, Figure 6-2, shows that the gravity sewer installations experience an increasing economy of 
scale up to the inflection point, which is located at about 32 lots serviced. From this point, the 
economy of scale decreases all the way to the 120 lot endpoint. Therefore, the gravitjl 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 PUbP STATIONS 

The pump station configuration that was studied for this report is the submersible duplex pumps 
in a wet well with an adjoining val\,e box The costs of these wastewater collection and 
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transmissiOn components is directly related to the amount of wastewater that is entering the wet 
well. The m g e  of capacities of the pump stLtions are fiom 100 gallons per minute to 1,000 
gallons pa 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 fiom 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 signtficant. 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 S63,000, and the cost 
of a 500 gpm pump station is $46,000. Therefore, there is a $29,000 savings to build the 1,000 
gpm pump station when compared to two (2) 500 gpm pump stations. 

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

6.3 FORCE MAINS 

In the transmission of wastewater, force mains are used to convey wastewater fiom 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 material prices per foot that would apply to 
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8' diam., 700-900 gpm = > 10' diam., 1000 gpm = > 12' diam. 
3) Wet well sizes: 100-400 gpm = > 6' diam., 500-600 gpm = > 

4) Costs are based on June 1995, ENR Index = 5433. 
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Sewage Pump Stations 
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Notes: 1) Pump station design was based on a 6 minute cycle time, peak factor 

2) Costs include t w o  (2) equal size pum s, precast wetwell, precast valve 

3) Costs are based on June i995,  ENR Index = 5433. 

of 3 t o  4 respective of average flow, and a 3 f t  high effective volume. 

fittings, and 20% electrical. 
box, installation (excavating, backfi p. ling, dewatering), piping, 
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PVC (C900 - D,R25) Force Main 
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I I I 

small (250') medium (2 ,500 ' )  

Project Size (If) 

pipe pipe pipe pipe pipe ........... 

large (25,000') 

lotes: 1 ) Mate1 ,.JI cost obtained from manufacturers quotes. 
e 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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Notes: 1 ) Material cost obtained from manufacturers' quotes. 
2) Costs include $500 permitting, 10%-15% mobilization, $.25-$.75/ft 

3) Costs exclude valves, fittings, and restoration work. 
4) Costs are based on June 1995, ENR Index = 5 4 3 3 .  

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

large (25,000') 
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each case. As the graph shows, it is apparent that the @a quantities of pipe receive the most 
economial unit costs for each of the pipe Sires that were examined. 

The Class SO DIP force main unit cost curve is very similar to the PVC force main unit COR curve. 
The DIP sizes range fkom &inches to 164mches 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. 

$3 

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

6.4 WATER MAlh'S 

Typically, water mains will be made of either C900-DR18 PVC or Class 50 - cement lined DIP. 
In order to insure the safety and welfare of the customers, the water mains must be pressure 
tested and disinfected before they are put into use. For this study, PVC water mains from 4- 

inches to 12-inches in diameter and DIP water mains fiom.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 $Et  prices for the pipe based on a 
small (250 A), medium (2,500 A), or large (25,000 A) project. This footage represents the linear 
amount of certain diameter pipe to be installed in a certain project. As can be seen from the 
figure, the unit cost drops between S4Rt and S5/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 S6.5OEt between the 
small and large projects For the 16-inch diameter water main, the unit cost declined by $12iFt 

JnYIdu2- S-2Isec6. rpt 
HAJ#95-145.00 

. .  
6-9 , 020896 



PVC (-788) Water Main 
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Notes: 1 
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I 4" 6" 8" 10" 12" I 
.. I 1 - .......... - .......... pipe pipe pipe pipe pipe 

Material cost obtained from manufacturers' quotes. 
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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DIP (Cl ass 50 - Cement Lined) W ater Main 
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Notes: 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 tmall and large projects. Once again, the unit costs prove the existence of a strong 
economy of d e  in the water mains. Therefore, to capture the economy of d e  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 
fiom manufacturers’ quotes The unit cost includes the material cost, a S7/foot trenching cost, a 

permitting fee, mobilization, disinfection of water mains, and the pressure testing on the water 

mains. 
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. .< 3 

Capacity 
(MGD) 

0.01 
0.025 

0.05 
0.075 

0.1 
0.1 5 
0.25 

0.5 
0.75 

1 

Notes: 1 )  
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Package Wastewater Treatment Plants 
Unit Costs 

Davco 
Ext. Aer. 
( $ 1  

50000 
78000 

135000 
185000 
2 1 7000 
2 1 0000 
260000 
375000 
450000 
5 33000 

Sanitaire 
Ext. Aer. 
( $ 1  

-- 
125495 
159630 
184948. 
233535 
309045 
479368 
622920 
758860 

Total 
Ext. Aeration 
Const. Cost 
( $ 1  

50000 
78000 

130247.5 
17231 5 
200974 

221767.5 
284522.5 

427 184 
536460 
645930 

Overall 
L A .  Cost Unit 
w/ Chlor. cost  
( $ 1  IS/Gal) 

77500 
105500 
160248 
2023 1 5 
235974 
256768 
31 9523 
462 1 84 
57 1460 
680930 

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

All costs obtained from manufacturer's quotes and EPA cost curves. 
Costs are based on June 1995, ENR Index = 5433. 

7.75 
4.22 

3.205 
2.6975 
2.3597 
1.7118 
1.278 1 
0.9244 
0.761 9 
0.6809 

t 

-7 
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pi 

-1 
i 
j . I  
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I 
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I z 

lMGDl 

0 0 1 0 0  
0 0250 
Oo*oo 
0 0500 
0 od50 
0 0750 
OOBOO 
0 lo00 
0 1150 
0 1300 
0 1500 
0 1650 
0 1800 
0 1950 
0 2100 
0 2250 
0 2400 
0 2500 
0 2650 
0 2800 
0 2950 
03100  
0 3250 
0 3400 
0 3550 
0 3700 
0 3850 
0 4000 
04150  
0 4300 
0 4450 
0 4600 
0 4750 
0 4900 
0 5000 
0 5150 
0 53oc 
0 5450 
0 5600 
0 5750 
0 5900 
0 6050 
0 6200 
0 6350 
0 6500 
0 6650 
0 6800 
0 6950 
0 7100 
0 7250 
0 7400 
0 7500 
0 7650 
0 7800 
0 7950 
0 B l o c  
0 8250 
0 64W 
0 8550 
0 6700 
0 885C 
0 900C 
0 9 ' 5 C  
0 9300 
0 9450 
0 96W 
C 9750 

1 

um Con 
lOffi.11 

7 4 5 u 7  
4 59087 
3 58022 
3 18157 
2 76915 
2 56735 
2 33129 

2 2049 
2 04775 
191915  
177923  
169174 
161563  
154865  
148911 
143573  
138754 

13579  
131668  
127888  
124405 
121184 
118192 
1 15404 
1 12798 
110355 

1 0806 
105897 
103854 
1 01922 
1 o0089 
0 98349 
0 96694 
0 951 16 
0 94105 
0 92645 
0 91249 
0 8991 1 
0 88629 
0 87398 
0 86216 
0 85078 
0 83983 
0 82927 
0 8191 

0 80927 
0 79977 

0 7906 
0 78172 
0 7731 2 
0 76479 
0 75938 
0 75146 
0 74378 
0 73632 
0 72908 
0 72204 
071519 
0 70852 
0 70203 
0 69571 
0 68955 
0 66355 
0 67769 
0 67198 
0 6664 1 
c 66096 
0 652'7 

WNf. 
Wcat 

(0ffi.ll 

7 75 
4.22 

3.20496 

2.69753 

2 35974 

171179 

1.27809 

0 92437 

0 76195 

0 68003 



MTeoED AERATION WWTP INFLECT" POW 

1 

C8p8chV 
IMGDI 

0.01 
0.025 
0.05 

0.075 
0.1 

0.1 5 
0.175 

0.2 
0.225 

0.25 
0.5 

0.75 
1 

F'(x1 

1286.7 
1107.93 
847.924 
631.193 
453.15 

195.964 
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44.38 
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34.7526 
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EXTENDED AERATION. PlfCHANlCAL AND DIFFUSED AEWIOH FACT SHEET 2.1.10 

L h l C a U o n r  - lU9h power COSU. operation coat . ,  bnd u p i u l  OSU Ifor krpe p l r v n e n t  l n s u l l a t i o n s  where the 
P r r u r g L n n r d  plan+. d d  not be appropriate1 . 

. 50-90\ 

iiesiduah e n c r a t e d  - Becbusc of the low r/n l o d i q a  ud low hydraulic detenrlon t b e s  clploycd. u c e s s  sl-e 
production tor tbe ut&& aeration process (and t h e  closely related uxi&tion dlteh process) is the lovest of 
m y  of t k  ac+ira+d s l a g e  procesa al ternat ives ,  genera217 h the range of 0.1s ta 0.3 lb u c e s s m t u  s ~ p c n d c a  

Dulpn CrlWL (19) - A p u t l a l  llstlng of design criteria fa the utendd aerat ion modifiurlon of the acrl- 
vat& sludpe process is s-ized ba follows: 

SOlibr/lb ms I-. 

5 to 10 
1,ooo fo 6,000 
0.05 to 0.15 
1I m 36 

3,000 ro 4,000 
2.0 to 1.5 (bud  on 1.5 lb O p  Do5 r-ed + 4.6 l b  01/ 
b t m - r - i  

0.75 fo 1.5 
0.6 to 0.7 

10 to4* 

A - 6 0  
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FACT SHEET 2.1.10 LXTENDED AERATION, IZECHNiICAl AND GIFFUSED AERATION 

‘UU D I A C M l i  - 

nrmz YIN - CJsupLians: me hydrau1ic.h.d lost tkmqh the 
ruatlon t.nk is nrpl iq ible .  
ruph energy a r e  inc1ld.d. 
fater Wlity: L n f l w t i r p A )  Lfflucnc(mq/l) 
1QD Z l O  20 

m -N 20 l <  

Sluble recycle ud sLu&e yutbp 

hugended solids 130 20 

,‘,en rzinster m t e  ( w i s e  to a t e r )  i n  waiteater tor: 
Mchvricrl Acration - 1.8 lb O p p h  
~iffu.cd Aeration 

Coarse Bubble Diffuslon - 1.5 ib 0 /hph 
F i n e  mbble Diffusion - 2 . 5  lb 0 2 d p h  

1.5 lb 0 / l b  mDs r-ved plus 4 . 6  Ib O g l b  of 
W4-N re$ved 

ixyqen k q u i w n c :  

D i t  Cusion 
’at ion 
. I  f u s i o n  

. -A@ Wastewater rlo-. t+l/d 

t r u m t t s  - I ,  4 

To  C o n v e r t  construcrlon c o s t  I o  crprr .1  c o s t  rec T a b l e  A - 2 .  

A - 6  1 
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FACSIMILE TRANSHISSION 

WAS NOT PROPERLY RECEIVED, CALL ( 3 0 5 )  7 5 5 - 2 0 9 2  IF TRANSMISSION 

F A X  NUMBER: ( 3 0 5  3 4 1 - 9 3 7 0  

FAX NUMBER: 

NUMBER OF PAGES: 

REFERENCE : 

lOlW W. SAMPLE RD.. SUITE 408, CORAL SPRINGS. FL 33065 (305) 755-2092 FAX (305) 3d1-9370 ... 2180 WEST S.R 434.  SUITE 1178. LDYGWOOD. FL 32779 (4C-) 774-7200 F A X  (407) 774-7299 
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Capacity 
(MGD) 

0.010 
0.025 
0.050 
0.075 
0.100 
0.1 50 
0.250 
0.500 
0.750 
1 .ooo 

PAGE 96 OF W I  

Package Wastewater Treatment Plants 
Unit Costs 

Total 
Davco Sanitaire Con. Stab. 

Con. Stab. Con. Stab. Const. Cost 
( $ 1  ($1  ($1  

-_ 
83,000 

122,000 
152,000 
180,000 
2 30,000 
320,000 
37 5,000 
420,000 

_ _  
1 12,350 
127,225 
152,321 
177,950 ' 
244,320 
356,540 
466,160 
560,430 

-- 
97,675 

124,613 
152,161 
178,975 
237,160 
338,270 
420,580 
490,2 1 5 

Overall 
Con. Stab. Unit 
wl Chlor. cost  

( $ 1  - (SIMgd) 

-- 
127,675 
154,613 
187,161 
21 3,975 
272,160 
373,270 
455,580 
525,215 

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. 

2.5535 
2.061 5 
1.8716 
1.4265 
1.0886 
0.7465 
0.6074 
0.5252 

7 . 

t .- . .  



' 2  

. .  

I 
f 
1 
3 :s 

i 

T 

CSKm 
(MODI 

0 05 
0 065 
0 075 
009 

0 1  
0 115 
0 13 
0 15 

0 165 
0 18 
0 195 
0 21 

0 225 
0 24 
0 25 

0 265 
0 28 
0 295 
0 31 

0 325 
0 34 

0 355 
0 37 

a 3 8 5  
0 4  

0 4 1 5  
Od3 
0 445 
0 46 

0 475 
0 49 

0 5  
0 515 
0 53 
0 545 
0 56 

0 575 
0 59 
0 605 
0 62 
0 635 
0 65 
0 665 
0 68 
0 695 
0 71 
0 7.15 
0 74 
0 75 

0 765 
0 78 
0 795 
0 81 
0 825 
0 84 
0 855 

0 87 
0 885 

0 9  
0 915 
0 93 

0 945 
0 96 
0 975 

1 

+ -  

cm 
I O  

2.58522 
2.24832 
2.08345 
1.89079 
1.78769 
1.65955 
1.55472 
1.44072 
1.36946 
1.30749 
1.25297 
1.20451 
1.16109 
1.1 21 89 
1.09778 
1.06426 
1.03353 
1.00522 
0.97903 
0.95472 
0.93207 

0.9109 
0,89105 
0.87241 
0.85484 
0.83825 
0.82256 
0.80769 
0 79356 
0.7801 3 
0.76733 
0 75912 
0.74727 
0.73594 
0.72509 
0 71469 
0.70471 
0.6951 1 
0.68589 
0.67701 
0.66845 
0.66019 
0.65223 
0 . 6 U 5 3  
0.63709 
0.62989 
0.62292 
0.61617 
0.61 178 
0.60537 
0 59914 
0 5931 

0.56723 
0 58152 
0 57597 
0 57057 
0 56532 
0 5602 

0.55521 
0.55035 
0 54561 
0 54098 
0.53646 
0 53206 
0 52494 

*(rut. 

con 
io 

2.554 

2.062 

1.872 

1.427 

1.089 

0 747 

0 607 

C 525 

1 1 



Capacity 
(GPD) 

0.05 
0.075 

0.1 
0.1 5 
0.25 

0.5 
0.75 

1 

CONTACT STABlUZATlON WWrP INFLECTION POINT 

PAGE qs' OF a&l 

I 
I 

1 

F'(x) 
I 
I 
I 65.9752 

60.0467 
54.381 8 
43.8428 I 

25.9278 ~ 

-0.4082 
-0.3852 I 
25.997 

0 
-10 - 0.2 0.4 0.6 0.8 1 

Capacity (MGDI 
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IF TRANSHISSION 

7 

FACSIMILE TRANSMISSION 

WAS NOT PROPERLY RECEIVED, CALL ( 3 0 5 )  755-2032 

F A X  NUMBER: ( 3 0 5  3 4 1 - 9 3 7 0  

FAX NUMBER: 

NUMBER OF PAGES: ,?, 
REFERENCE: 

10100 W. SAMPLE RD.. SUITE 468, CORAL SPRINGS, FL 33065 I .  (3os)75s2092 FAX (30.5) 34 1 -0370 

(407) 774-1260 FAX (407) 774-7209 ?inn WST c n A ? A  w i i x  7 ’ 1 7 f i  I n u c w m n  FI -0770 
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FACSIMILE ?RIV(SHITT'AL SREET 

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

Total number of pages  including t h i s  p a g e  is: z 

REMARKS : 
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*' 4- loo'ooo 
150,000 8i i €4 250,000 

,; 500,000 
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Turn Key 
- Install. 
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Sutorbilt 
Positive Displacement Slowers 

Construction Costs 

Motor P.D. Blower Blower 
cost Unit Cost 

(HP) ($1  ($/scfm) 

Capacity 
@ 7 psig . Size 

(scfm) 

50 
100 
250 
500 
750 

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

5 
5 
15 
25 
40 
50 
60 
75 
75 
100 
125 
150 
200 
200 
200 

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

49 
26.25 
15.8 
11.25 
12.8 
10 

11.08 
10.8 1 666667 

10.1 
10.5 
10 

10.83333333 
1 1.428571 43 

12 
11.55555556 

NOTES: 1 ) All costs obtained from manufacturer's quotes. 
2) Costs include blower, TEFC motor, steel base, silencers, 

relief valve, pressure gauge, and check valve. 
3) Costs are based on June 1995, ENR Index = 5433. 

f 
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CURVE EOUATION: 

Y I (21M).%W+ 17.348993lX + ~1.133403E-O3IX’2+ 
I-s.4s4aEb8lX-3 

*’* For Unit costs, just dividr ths output by tha blower capacity. 

cap- 
0 7 prig 

(rcfml 

50 
100 
250 
350 
500 
600 
750 
850 
950 

loo0 
1100 
1250 
1350 
1500 
1600 
1750 
1850 
1950 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
31 00 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4Dw 
4100 
4200 
4300 
4400 
4500 

P D  Blowa 
c a s t  
IO 

50 42409 
28 97146 
16  23278 
13 88458 
12 20389 

11 5942 
11 03609 
10 80324 
10 64031 
10 57842 
10  48467 
10 40066 
10  37225 
10 35944 
10 36613 
10 39329 
10  42041 
10  45325 
10 47149 
10  51109 
10  55424 
10 60035 

10  6489 
10  69946 
1075169 
10  80526 
10 85993 
10 91546 
10  97166 
11 02835 
11 08539 
11 14265 

11 2 
11 25735 
11 31461 
11 37169 
11 42852 
1; 48504 
11 54118 

11 5969 
11 65214 
11 70686 
11 76103 

11 8146 

MBnUf. 
Blown 
Con 

49 
26 
16 

11 

13 

10  

11 

11 

10 

11 

10  

10.83333 

11.42857 

12 

11 55556 

0 
0 loo0 2003 )Do0 4 o o C  5wc 

C s v k r  IYGDI 
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3 POSITIVE DISPLACEMENT BLOWER INSECTION POINT 

7 
! 

J 

J 

Capacity 
(rcfml 

50 
1 0 0  
250 
500 
750 

1000 
1250 
1500 
1750 
2000 

F'txl 

0.00235 
0.001 798 
0.000657 

-4.4E-05 
4.2E-05 
6.29E-05 
1.64E-05 
-8.9E-05 

0.0001 84 
0.001 623 

\- A - 4 1  ' i f  1 EXHIBIT 

- 
Y 

0.0025 

0.002 

0.0015 

0.001 

O.ooo5  

0 

-0.0005 

P.D. Blowr In(kcli0n Pdnt 



Sutorbilt 
Positive Displacement Blowers 

Construction Costs 

P.D. Blower 
Complete Package 

cost 
Motor 
Size 
0 3 

2,450 

2,625 

3,950 

5,625 

9,600 

10,000 

13,850 

16,225 

17,675 

21,000 

25,000 

32,500 

40,000 

48,000 

52,000 

5 

5 100 

15 250 

s 25 

' 40 

500 

750 

50 

60 

75 

75 

1,000 

1,250 

1,500 

1,750 

1 

2,000 100 

125 2,500 

1 50 3,000 

200 3,500 

200 4,000 

200 4,500 

. 



3 
*’ I 

1 
I 
1 

NOTES: 

fr 

Capacity 

(scfm) 
@ 7 psig 

500 
750 

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

Hoffman 
Centrifugal Blowers 
Construction Costs 

Motor 
Size 
(HP) 

40 
50 
60 
75 
100 
100 
100 
125 
150 
150 
200 
200 

Cent. Blower 
cost 

( $ 1  

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. Blower 
Unit Cost 
($/scfm) 

29 
22 

17.5 
14.8 
13 

14.857 143 
13 

10.8 
10.666667 
9.142857 1 

9.25 
8.2222222 

I 



. 

CURVE EOUATION: 

Y - (12737.73) + I l . 5 3 U 2 I X + I 4 . ~ u E o J l ~ 2 +  
(-1 . a 5 1  2SEQ8)X-3 + l1.3lSUUE-lOlX’S 

* * *  For Urut costs, ius divide the output by the blower c a p ~ ~ i t y  

C8P8& 
(P 7 pug 
IUh)  

500 
600 
750 
850 
950 
OOO 
100 
250 
350 
500 
600 

1750 
1850 
1950 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3 300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
41 00 
4200 
4300 
4400 
4500 

Cent. Blower 
unit Cost 
O/tcf mll 

29.0009, 
25.07579 
21.26643 
19.53076 
18.19376 
1 7.635 5 7 
16.68655 
15.5731 7 
14.97879 

14.2424 
13.82855 
13.29169 
12.97653 
12.68767 
12.55145 
12.29279 
12.04963 
11.81915 
11.5991 5 
11.38791 
11.1 8408 
10.98665 
10.79485 
10.60813 
10.4261 3 
10,24861 
10.07549 
9.9067 76 
9.742579 
9.583081 
9.428531 

9.27924 
9.135568 
8 997919 

8.742496 
8.625707 
8.516901 
8 41 6636 
8.325491 

8 a66736 

M8nvf. 
Blower 

Unit Cost 

29 

22 

18 

15 

13 

15 

13 

11 

5 .  

0 

0 lo00 Z o o 0  3000 4000 5000 

Cawdry Iaehnl 

10,66667 

9.142857 

9.25 

8.222222 



Capacity 
.- (scfm) F'(x1 

50 
100 

13 
750 

1000 7 1250 
1500 
1750 
2000 
2500 
3000 7 3500 
4000 
4500 

I - 

J 

I 

0.00013 
0.000123 
0.0001 02 
7.18E-05 
4.82E-05 
3.01E-05 
1.69E-05 
7.77E-06 
2.13E-06 

-7E-07 
-6.4E-07 
2.58E-06 
3.5 9 E-06 

-3E-06 
-2.3 E-05 

. 

CENTRIFUGAL BLOWER INFLECTION POINT 

I 
I 
I Cenuifugal Blower lnfhction Point 
i 
i 0.00014 

' 0.00012 t t I 

I 
0.0001 i 

~ 0.00008 + 
I \  ~ 

I 
~ 

, 0.00006 7 - ' t 0.00004 I 

0 - 4 -  

0 1000 2000 3000 5000 , -0.00002 * 

-000004 - ' 

C ~ p ~ e i r y  (scfm) 

T 



i 

-' 

3 

@Pacity 
@ 7 Psig 
0 

50 

100 

250 

500 

750 

1,000 

1,250 

1,500 

1,750 

2,000 

2,500 

3,000 

3,500 

4,000 

4,500 

Hoffman 
Centrifugal Blowers 
Construction Costs 

Motor 
Size 
0 

40 

50 

60 

75 

100 

100 

1 00 

125 

150 

150 

200 

200 

Centrifugal Blower 
Complete Psckage 

Cost 
($1 

14,500 

16,500 

17,500 

18,500 

19,500 

26,000 

26,000 

27,oc)O 

32,000 

32,000 

37,000 

37,000 

, 

i 

-: 
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- - =EXP 

- {EXPRESS BLOWER PAC 
For more than a decade, you've counted on UNIVEfiSAL BLOWER PAC, INC. for quality 
and economy. Wlth the Utp package, €XPMSS delivery Is added to the same hlgh 
standards wlthout €XPRESSrelated charges. This standard, psnglneered -unit has 
an EWRl?SSdelivery time often to twenty day8 with drawings available for €XPRESSZNG 
on the same day as purchase, EXP units feature =ESS installatlon since all parts are 
assembled as a complete package. 

STANDARD EXPFEATURES 
Featurlng Sutorbilt Blowers 
Heavy duty steel base 
Dual take-up motor rails 
Hlgh efficiency electric motor 
Premium absorptive a chamber/ 
absorptive silencers 
Dual silencer supports 
w/ holding straps 
V-belt drive 1.5 S.F. 
Tool gray machinery enamel paint . 

Spring-loaded relief valve set 
at maxlmum blower pressure 
Pressure gauge w/ snubber 8 
petcock protection 
Check vatve w/ EPDM seal & 
stainless steel spring 
Rugged flex joints 
inlet fllter w/ weatherhood 
E2 acc688 belt guard 
Completely assembled units 

UWNERSAL BLOWER ?AC, WC. 444 PARK 12 WEST DRIVE NOBLFSWLLi. IN -52 * 3 1 7 - n 3 - N 8  FAX 3 1 7 . 7 7 6 W  



)LOWER 4 
c1 2ML 

2LL 
3 H L  
3ML 
3LL 
4H L 
4ML 
4u 
5HL 
5ML c+ 

5LL 80 
6HL 
6ML 81 

cc 

W 

** 
++ 

t. .. 
** .. 
t. 

8ML 
8LL 

$ I B  C D .  E 

33.5 35 24 17.5 40 
46.5 34 24 17.5 40 
39 60 24 17.5 40 
46.5 62 24 17,s 40 
56.5 73 24 17.5 40 
47.5 64 34 26 50 
57.5 75 34 26 50 

59 76 34 20 50 
62 84 34 26 50 
70.5 60 34 26 SO 
64.5 87 34 26 50 
72 61 34 26 50 
65 85 38 28 60 

81.5 82 34 28 so 

75 70 44 36.5 72 
65 102 44 36.5 72 
79 110 44 36.5 72 

- 
'F  

33.5 
33.5 
33.5 
33.5 
33.5 
41 
41 
41 
41 
41 
41 
41 
41 
48 
48 
68 
62.5 
62S 
62.5 
82.5 

- 

- 

- 

- 

- 

- 

- 

1.5 
l:.5 ;; I : 2 
8.5 10 8 2 
8.5 10.5 8 2.5 
8.5 12 8 3 
9 14 9 2.5 

10 14 B 3 
8.5 15 9 3.5 

10 14 10.5' 3 
8 15 10.5 3.5 

13.5 17 10.5 5 

12 15 12 5 
13.5 19 15 6 

9 14 12 3.5 

13 16 15 . 4  
17 18 15 6 
13.5 22 15 8 
14 20 15 5 
14.5 20 15 8 
17.5 22 15 I O  

K' I WEIGH1 

550 

1000 
1200 
1350 

4 1600 
1900 

2500 

3400 
8 41 50 

n UNIVERSAL BLOWER PAC, INC. 
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Capacity 
(GPD) 

50,000 
100,000 
150,000 

250,000 
5 00,000 
7 5 0,000 

1,000,000 

NOTES: 

Type of 
Filter 

Davco 
Wastewater T~eatment Filters 

Construction 13 Unit Costs 

Gravity 
Gravity 
G rav i t y 

Traveling Bridge 
Traveling Bridge 
Traveling Bridge 
Traveling Bridge 

Filter Cost 
( $ 1  

29,000 
41,500 
54,000 

76,500 
9 1,000 

’ 105,500 
1 1  9,000 

Filter (1 1 Unit 
Construction Cost cost 

( $ 1  ($/gal) 

46,400 0.928 
66,400 0.664 
86,400 0.576 

122,400 0.4896 
145,600 0.291 2 
168,800 0.22506667 
190,400 0.1 904 

(1 1 Filter and media costs obtained from manufacturer’s quotes. 
(2) Costs include filter, media, 15% piping, 15% electrical, 5% sitework, 

20% installation, and 5% for the concrete slab. 
(3) Costs are based on June 1995, ENR Index = 5433. 



Unit 
, C W i X Y  con 

IMGOI OIWI 
L a  

0.050 
0.100 
0.150 
0.200 
0.250 
0.300 
0.350 
0.400 
0.450 
0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1 .ooo 

1.087 
0.730 
0.578 
0.490 
0.43 1 
0.388 
0.355 
0.329 
0.307 
0.289 
0.274 
0.260 
0.249 
C 238 
0.229 
0.221 
0.21 3 
0.206 
0.200 
0.194 

Caoacirv 

0 025 
0 05 

i+ 0.15 
0.25 

0.5 
0.75 

1 

2 0.1 

i 

F'lxl 

332.944256 
253.8681 94 
134.067582 
56.3672339 
-10.894528 

1 1.35955 
-12.063528 

136.3878 

Mind .  
Unit Cost 

OIGaIl 

0.928 
0.664 
0.576 

0.490 

0.291 

0.225 

0.190 

EXHIBIT 

1 1 0 0  

1 .m 

0.800 
f 
9 
2 
2: 0 . m  
3 
f 0.400 

0.200 

0.WO 
0.WO 0 200 0-  0.600 0 800 1 000 

1"It c.pcr* IYGOI 

TERTIARY FILTER INFLECTION POINT 

350 - 
3w - 
250 - 
200 - 
150 - - 

k 

50 - 
0 -  
0 

50 ~ 

- 
7- 0 6  w 0 8  

0 2  0 4  1 

I 



Capacity 
(GPD) 

50,OOo 

100,000 

150,000 

250,000 

500,000 

750,000 

1 ,oO0,000 

D a w  
Wastewater Treatment Filters 

Construction Costs 

Type of 
Filter 

Gravity 

Gravity 

Gravity 

Traveling Bridge 

Traveling Bridge 

Traveling Bridge 

Traveling Bridge 

Filter (1) 
Fitter Cost Construction Cost 

($1 (%) 

41,500 66,400 

54,ooO 86,400 

76,500 122,400 

91 .OOo 145,600 

105,500 168,800 

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 - 
L A  ’$ E: .&, TIME: 2 :  16 
,?OJECT NAME: a - &wsJkLI d= s@k PROJECT NO.: % = / 4 . a  

I’ RTY CALLING: 3py /OQl l a e  COMPANY: F 
J ’1 JBJECT: 

COMPANY: M a s  - PARTY CONTACTED: s m  (w) 
-&&kd 4 *i&- 6 

- 
TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments) 

-*-- ~ 

ACTION REQUIRED 

HARTMAN & ASSOCLATES. INC. / 

-2 
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. 

1028 M-f Ave. 

Phone 912-236-6153 
Telefu: No. 

&&le, w k  31792 

012-228-0312 I 

PACSIHILE TRAnSlfITTAL SHEET 

From: Tommy Tyson 
Phone 9 4 1 - 6 4 6 - 7 6 9 4  
Fax. 9 4 1 - 6 4 4 - 6 3 1 9  

Total number of pages  including this page is: z 



i Capacity 

?-(-- 
1 o.oO0 

25.000 

50,ooo 

75.000 

1 100,000 

150,000 

250,000 

500,000 

750,OO 0 

. .  1,000,000 

Extended Aeration 

e& Price Turn Key -0. Install. 

%boa ( b b b  

G b b m  1B-D 

- 
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.. i 
Chlorine 1 Feed Rate 
(I b/d a y 

3 100 

200 i' 

3 
J 

500 

1,000 

2,000 

3 

Wastewater Treatment Systems 
Chlorine Feed Systems 

Unit Costs 

, Package Treatment 
System Type cost Capacity 

(150# or 1 ton) ( $ 1  (Mgd) 

150 Ib. (1) 16,400 0.01 

150 Ib. 17,600 0.50 

1 Ton (2) 52,200 1 .oo 

1 Ton 63,900 2.00 

1 Ton 71,145 5.00 

Overall 
Construction 

cost 
15)  

Unit 
cost 
s 

25,420 

27,280 

80,910 

99,045 

1 10.275 

(1 1 The 150 Ib facilities are equipped with a 25 square foot shelter. 
(2) The Ton systems are equipped with a 400 squart foot shelter which 

consists of a concrete base, steel supports, a fiberglass panel roof, 
and an overhead crane. 

(3) Costs include dual chlorinators w l  switchover, dual scales, gas detector, 
alarm panel, vacuum switch, booster pump, housing, and hoists all are 
included in the manufacturer's quotes. 

(4) Includes 20% electrical, 15% piping, and 20% installation costs. 
(5) Costs are vased on June 1995, ENR Index = 5433. 

2.54 

0.05 

0.08 

0.05 

0.02 



July 5, 1995 

B a r t "  C Associates, Ioc. 
201 East Pine St. 
Suite 1000 
Orlando, F'L 32801 

Attention: 

Subject : 

Jamey Wallace 

Wallace & Tiernan 
Chlorination System 

Dear Jamey : 

In response to your request for an eetimate for Wallace c 
Tiernan Chlorine Gas V a c u u m  System vith manual chlorinators, 
injectore, gas handling fixtureis, cylinder scales, booster pump, 
gas detector and miscellaneous eafety items, pricing is as 
-follows: 

Feed Rate Estimated 
Chlorinator Model Per Day - Cas S U D D ~ ~  cos t 

V-500 
v-SO0 
V-500 
v-2000 
v-2000 

100 l S 0 I  Cylinder $ 22,300 
200 1501 Cylinder $ 23,200 
500 Ton Cylinder $ 25,600 
1000 Ton Cylinder $ 41,800 
2000 Ton Cylinder $ 44,900 

For the lS0t cylinder systems, I have included a standard 4x6 
FRP building with appropriate fixtures and safety devices. 
t h e  ton cylinder u n i t s ,  a facility for handling ton cylinder6 
will be required. 
the 1501 systems are.included along with the ton cylinder scales 
to be mounted in your handling facrlity. 

For 

A l s o ,  you vi11 find the acales required for 



Jamey Wallace 
July 5 ,  1395 
Page 2 

The above are basic equipment costa and can be utilized for 
bataic e o t h t e s .  Please advise if any additional peripheral 
equipment i t 3  required,  much as chlorine analyzers or pE 
recorders. 

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

Kindest  regards ,  

BEYWARD INCORPORATED - FOR 

Winter Park Office 

REN/g1 

Enclosure 

i 

T 
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GRAPH #4 
Chlorine Feed Systems 

200,000 

100,000 

50,000 

30,000 

20,000 
50 100 200 500 1,000 2,000 

Feed Rate (Ib/day) 

150 Ib cylinders 1 ton cylinders * 



I 

1 
I 

300,000 

200,000 

100,000 

50,000 

GRAPH #33 
Chlorination Feed System 

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

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

- 

30,000 
0.03 0.1 . 0.3 1 3 10 

Wastewater Flow (mad) 

Note: Source E, Figure 10, pp. 19-21. 

kj.dd. 8 

30 



Water Treatment Systems 
Chlorine Feed Systems 

Unit Costs 

Overall 
Chlorine Package Treatment Construction Unit 

Feed Rate System Type cost Capacity cost  cost  
(Ib/day) (150# or 1 ton) ( $ 1  (Mgd) ( $ 1  $ 

100 150 Ib. (1)  16,fOO 0.01 25,420 2.54 

200 150 Ib. 17,600 0.20 27,280 0.14 

5 00 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 1 10,275 0.02 

NOTES: 
(1)  The 150 Ib facilities are equipped with a 25 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 chlorinators w /  switchover, dual scales, gas detector, 
alarm panel, vacuum switch, booster pump, housing, and hoists all are 

. 

included in the manufacturer's quotes. 
(4) Includes 20% electrical, 15% piping, and 20% installation costs. 
(5) Costs are vased on June 1995, ENR Index = 5433. 

1 
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GRAPH #5 
Chlorination System for Drinking Water (&5+ &r h=-+, 5'' 200,000 -2 .) c 

. t  

GRAPH #5 
Chlorination System for Drinking Water (MW Sor %*+,, . - 2 ' ) c  'I' 

200,000 . 
. . _ _  A --. 

z 100,000 7 
Y 

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

- 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ro 

.tl 30,000 -. 
Q. 

' " ' ' " " " ~ '  ' " ' ~ " " '  " " " " " ' ~  

I I t ( * '  I I I l l  

2 3 5 10 1 0.1 4 0.2 0.3 0.5 

................... 
\u,403 

. -. . 
b o t e :  Source B, Figure 2-6, pp. 13-14 
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i 

Capacity 
IK\hn 

.- 

P 
I 
1 
1 
I 
a 

, NOTES: 

4 

a 
15 
25 
35 
50 
75 

100 
150 
200 
250 
300 
350 
400 
500 
600 
750 

1,000 
1,250 
1,500 

1) 
2) 

3) 

EXHIBIT ' /?X H-4) 
\- 

Standby Generator Set 
Construction Costs 

Ringhaver Cummins -Set 
GenSet GenSet cost 
cost ($) Cost ($1 ($1 

$8,800 
$9,550 

$1 1,000 
$1 2,000 
$1 3,700 
$1 5,400 
$1 9,000 
$22,400 
$24,400 
$27,300 
$33,500 
$36,000 
$42,200 
$60,500 
$72,600 
$95,000 

$1 30,000 
$168,000 
$1 92,000 

$7,524 
$1 1,357 
$1 2,760 
$1 3,629 
$16,152 
$1 9,666 
$22,378 
$293 37 
$35,947 
$40,773 
$46,175 
$51,396 
$66,818 
$93,896 

$1 02,521 
$1 35.697 
$165,798 
$21 5,888 
$265,200 

$8,162 
$10,454 
$1 1,880 
$1 2,815 
$14,926 
$17,533 
$20,689 
$25,769 
$30,174 
$34,037 
$39,838 
$43,698 
$54,509 
$77,198 
$87,56 1 

$1 15,349 
$1 47,899 
$1 91,944 
$228,600 

GenSet 
Unit Cost 
($/Kw) 

$1,088.27 
$696.90 
$475.20 
$366.1 3 

$233.77 
$206.89 
$1 71.79 
$1 50.87 
$136.15 
$1 32.79 
$1 24.85 
$136.27 
$1 54.40 
$1 45.93 
$1 53.80 
$147.90 
$1 53.56 
$1 52.40 

$298.52 

All costs obtained from manufacturer's quotes. 
Costs include a packaged diesel electric set with base, a unit 
mounted radiator cooling system, and a control panel. 
Costs are based on December 1995, ENR Index = 5471. 

I 
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CUMMINS SOUTHEASTERN POWER INC. 
4820 North Orange Bbssom fmil 

(407) 288-2080 (Rkk Cooper) P A X  (407) 2908727 

CI 

I Orlando, Fla. 32810 

F A C E l M l L E  C O V E R  L E T T E R  

PAGE- 143 OF 

&le: lt31J96 

Company Nome: €MI 

FAX Number: 3590748 

3 

Attention: PETE HOAUSHELT 

1 ,,, w , .  , 

Subject; GENSEt PRICING 

PER YOUR REQUEST: 
!iiL 
7.5 
20 
35 
50 
100 
200 
300 
400 
SDO 
1000 
1500 

PRlClNQ 
7.524 
11,773 
13,629 
16.152 
22,378 
35,947 
46,175 
66,018 
10232 1 
165.790 
265,2#1 

KW 
15 

’ 25 
40 
80 
150 
2% 
350 
xlo 
750 
1250 

12I7So 
14,640 
10,666 
29,137 
4o.m 
51,396 
93 $96 
135,697 
215,888 

USE THIS INFORMATION WITH DISCRETION 

tF I CAN BE OF ANY HELP WITH SPEC WRITING OR GENSlZlNG 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 - 
h r  transmission COnl i l t l  cl - pages, including this cover letter. If you 00 not receive all of the pager 

plwie noWy our of i~co at 293-2080 OR FAX: 2908727 
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Restressed Concrete Ground Storage Tanks 
Construction I Unit Costs 

ovaraii 
Unit Cost 
i CIGaH 

Installed (2) w l  lo00 gpm 
Tank Cost Aerator 

( 8 )  ifl 

w l 4 0 0 0  gpm 
Aerator 

io 

Overall 
cos t  

( 5 )  

Uninstalled (1 I 
Tank Cost 

IO 
Volume 

(Gat) 

50,000 

100,000 

300,000 

750,000 

1,000,000 

1,500,000 

2,000,000 

70,900 

92,500 

149,540 

226.000 

260,200 

344,150 

77,990 96,034 112,188 104,111 2.08221 

1.280865 

0.638003 

, 0.368362 

0.3231 74 

0.271612 

0.241643 

101,750 120.01 0 136.164 128,087 

164,494 183,324 199.478 191,401 

276,272 284.349 240,600 260,195 - 

295,020 31 5,037 331,191 323,114 

370,565 399,341 41 5,495 407,410 

412,500 453,750 475,210 491.364 403,207 

NOTES: f 1 ) Prestressed oncrete tank, oncrete floor, prestressed wall, frecspan 
concrete dome, aluminum interior and exterior ladders, vents, 
precast overflows, painting, aeration unit, and installation costs 
are included in the manufacturer’s quotations. 

Includes 5% piping, 0% electrical, and 5% ritework costs. 
Costs are based on June 1995, ENR Index = 5433. 

( 2 )  
(3) 

i 

T 

, 



UNIT COST CURVE & GRAPH 

CURVE EQUATION: 

Y - (1087.291~x'~-0.584~181 

Capacity 
(MGD) -. 

50000 
75000 

100000 
125000 
150000 
175000 
200000 
225000 
250000 
275000 
300000 
325000 
350000 
375000 
400000 
425000 
450000 
475000 
500000 
525000 
5 50000 
575000 
600000 
625000 
650000 
675000 
700000 
725000 
750000 
775000 
80ooOO 
825000 
050000 
075000 
900000 
925000 
950000 
975000 

1000000 
1 100000 
1200000 
1300000 
1400000 
1500000 
1600000 
1700000 
1 ~ 0 0 0 0 0  
1900000 
2000000 

caw. cost 
16) 

1.941 743 
1.531815 
1.294604 
1 ,13621 3 
1.021 295 
0.93325 

0.863141 
0.805606 
0.757539 
0.71 6460 

0.60092 
0.64970 

0.62221 9 
0.59761 2 
0.575476 
0.555429 
0.5371 69 
0,520449 
0.505060 

0.49006 
0.477605 
0.465427 
0.453905 
0.443275 
0.433223 
0.423765 
0.414047 

0.40642 
0.390441 
0.390073 
0.303603 
0.376039 
0.37031 7 
0.364092 
0.350143 
0.3 5 2449 
0.34699 5 
0.341 763 

0.33674 
0.310403 
0.302602 

0.276500 
0.26565 
0.25581 

0.246099 
0.230702 
0.231 349 
0.22451 2 

0.2aaa39 

Manuf. Cost 1 
1 ( $ 1  

2.08221 

1.280065 

0.630003 

0.360362 

1 1 

j 

1 
1 

1 
1 

1 1 
1 

Prostressed OS1 Unrt Cost 

T 

0 500000 1000000 1500000 2ooOOOO 

Capacny (tell  

0.3231 14 

0.271612 

0.241 643 



Prestressed Concrete GST’s 

Capacity 
(GPD) 

50000 
1 00000 
300000 
500000 
600000 
750000 

1 000000 
15oooO0 
2000000 

Falx\ 

6.86E-11 
5.41E-1 1 
1.64E-11 
1.32E-12 
-1.09E-12 
-1.26E-12 
1.26E-12 
-1.15E-12 
1.68E-1 1 

. 

INFLECTION POW OF PRESTRESSED OS1 

1 

R o s t r a d  GST Infkmon Point 1 

The y-axis values on the graphic are the same as f ’ (x l  listed; however, you must choose 
the graphic window to see the values listed on the y-axis. 
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THE CROM CORPORATION 
- 

Prestressed Composite Tanks SIopHn W. M i 4  Rrrldmi r- 

June 13,1995 

FAX: 407-839-3790 

Mr. Jamie Wallace 
Hartman 8 Associates, Inc. 
201 East Pine Street, Suite 1000 
Orlando, FL 32801 

Subject: Preliminary Prices for Ground Storage Reservoirs 

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: 

300,000-Gallon Domed Reservoir $145,000 
50'-0" ID x 20'4" SWD 

750,000-Ga1lon Domed Reservoir $218,000 
\ I  

65'-On ID x 30'-3" SWD 
- .  . ' +  . , I  

f I \  
--A, 

1 .O-MG Domed Reservoir , $255,000 3s7,*o ,.' + 
80'-0'' ID x 26'-8" SWD 

The above estimates are based on open shop labor 

\ 

construction 
beginning in 1995. If construction should take place later, escalate accordingly. 

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

Complete structural tank wtth 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 esti;i.lates are the costs of site preparation, excavation, 
piping, backfilling, landscap,ing and disinfectlng the tank. 

250 S.W. 36TH TERRACE GAINESVILLE. FLORIDA 32607-2889 [904) 372-3436 
FAX  (9041 372-6209 

i 00 T O O  @ 'dX03 R O W  3H.L 60i9 Z L S  t o 6  Tg 9Z:OT S6:CT'FIO 



EXHIBIT ( G c d - y  1 
PAGE 160 OF- 

- 

7 )  

.. A 

2 . .  

Mr. Jamie Wallace 
Hartman &Associates, lnc. 

June 13, 1995 
Page 2 

Also par your request, to add a 1SOO GPM aerator to the above tanks would be 
approximate& $1 1,100 and for a 2600 GPM aerator, $17,300. Also please note that if 
we add ae" to the tanks, vue usually pain4 the uridwide ofthe 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. 

r.2 

RLB/pd 

I 
f 

i o o ~ i o o w  

Sincerely, 

THE CROM CORPORATION 

$?Richard L. Bice, P.E. 
Project Manager 
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PIZECON COLWORA'rION 
I1SS.W. 140thTerrace 

Newberry, Florida 32669 

* *  . 

7 ) Prcstrused Concrete Tanks 

(904) 332- 1200 
FPX 332- I I99 

3 

....I 

I 

f 
a 

. 

DATE: 6 b 2 2 . q  5 
PAGE 1 OF ,% . 

_. 



s (904) 332-1Xtb(Fu) 332-1199 

PRdEC" DESCRIPTION:' . 
. ,  

ame I 
. 3  

p a t l o n r  . 

QJMG Ot?ihe h n k  Capacity (Gal. : r, I C  mt 

3 s S '  d - 0 "  

l i - , I \  '\ 

II Jiameter (Ft.): %'- n 
Hater Depth ( F t .  ) : q I c 6i1 

erator (GPX) r d 

~ S T I H A T E  I 

Base Tank ( i n c l  acoessoriee, e x t  paint ) :  $ 70 660 qr ooo 151 om 
Aerator 53Ec ~ ~ 0 4  

b . 
Bar l e w a l l  (concrete  block) +4?m \ 6 / 9 3  532m 

I 
k , * O  /so,  R, 

A m  B,, m a Q L  O Q \ C t  

b o o  \ O R  tb TAUL P E \ C t .  

: Interior 

pipe (est i  ate) 

Site Work (estimate) 

t i n t  (dome, 2 '  down v a l l )  
. 

* :  

. f  
59% Tp 10% m TaucQp\cL a00 

3 
9 



ESTIMATE PRICE 
CIRCULAR PRESTRESSED TANK PRECON COWORATION 

115 S.W. 14ChhTerrace 
Qewberry, Florida 32669 

EII€Nu 
tressed Concrete Tanks 

(W) 332-12OO(F~r) 332-1199 

ECT DESCRIPTION: I 

Hame I 

1 

g 
I 
I 
3 
I 
3 

L 

T 

n 



. 
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EXHIBIT ( G C t i - 4  ) 

APPENDIX H 
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Steel Ground Storage Tanks 

. .  

.J 

3 

3 NOTES: 

Construction 81 Unit Costs 

Manuf. Manuf. Overall 
Steel. Tank Sieel Tank Steel Tank 

Volume Standard Cost Installed Cost Unit Cost 
(Gall ( $ 1  ( $ 1  ($/Gal) 

10,000 23,000 25,300 2.53 

20,000 37,000 40,700 2.035 

30,000 40,000 44,000 1.4666667 

50,000 50,000 55,000 1.1 

100,000 70,500 77,550 0.7755 

250,000 120,000 132,000 0.528 

(1  1 Complete steel tank, concrete foundation, roof, roof manway, gravity 
vent, bottom manway hatch, ladder 81 cage assembly, top manway 
platform, protective bolt caps, 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. 

L J 



EXHIBIT ( G C 4 - q  

2.61513404 2.53 
1 .E3769621 2.035 
1.49501527 1.46666667 

1.291 3783 
1.1 5272998 1.1 
1.05057097 

PAGE 1% OF 28Y 

3 .  1 1 
26 1 

1 

CURVE EQUATION: 

Y = (284.0798IX*(O.60~8WI 

capaciry cw.corr Mind. Cost 
(MOD) (0 

0 0.97129326 

0.85466772 
0.81004166 0.7755 
0.771 6831 8 
0.7382529 

0.90747204 1 ; ' $  

I 0; 

0.70878042 I 0 4  

loo00 
2oo00 
3oooo 
40000 
50000 
6oo00 
7oo00 
8OOOO 
goo00 

1OOOOO 
1 loo00 
120000 
13OOOO 
140000 
150000 
160000 
170000 
180000 
1 goo00 
200000 
2 10000 
220000 
230000 
240000 
250000 

CapaClTV 

11 

STEEL GST INFLECTION POINT , 

(Gal) I \ I ,  
E./"I 

10000 2.1822E-09 
20000 1.7001 E-09 2 5E4s 

30000 1.2909E-09 
50000 6.6926E-10 

-7.6E.13 1 5Eoe 

250000 -6.2012E-10 - 00000313)7 

- SE.70 

100000 

0 

-5E.10 

ODDDDDDDol 

_- 



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

4 8  



20,000 44 37,000 

Notem: (Any vrrlatfonr or oxlra cortr requlred) 
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412 Small C..- ; System Treatment Costs 

CCURYLLL n0rUGL 

Constructton Costs 

Product f t l t c r r d  w a t e r  f s  cookonly stored I n  a c l r a m e l l  a t  t h e  plant 
s t t r  r h f c h  scwes a s  a supvlrmrnt t o  d t s t r l b u t t o n  s y s t u  storage before hlgh-  
s r r v t c r  punpfng. In  N n y  casrs, f t l t r r  backwash pumps also draw f m  t h e  
Clrrmrll. r l l = f n a t f n p  the rnerd fo r  a separate sup. Clrarwel l  storrge my be 
( t t h r r  be lor  ground tn  mtn fo rced  concrrt.  s t ructur rs .  o r  above ground I n  
8 t n l  tanks.  Conceptual destgn’s f o r  brlow and rbovr-ground l r v r l  c l e a m r l l s  
am shown I n  Tablr 171. 

TMLL 171. CONCLPNAL OLSIGNS FOR CLEMVLLL STORAGE 

8elw-Ground Concrete Clearwells Ground-Level 5 trrl C1 camel 1 s 
S i z r ,  f t  S l z r ,  I t  

Capactty, gal Lrngch w i  a t h  orpth , Capacity, gal IJf m e t e r  I)rpUi 

5.000 8 8 10 1 .m 5.7 5 
I 1  11 12 5.000 8.5 12 

5 0 . m  I8 I8 20 1o.OOo I2 12 
100.OOo 26 26 20 25.OOo 15 20 

l o . m  

5oo.m 58 sa 20 100.000 23.5 32 
500;ooo 52  32 

1.000.000 74 32 

ConWtrvctfon cos:s am shown I n  Table 112 f o r  below-ground r r t n f o r c t d  
co rc r r ta  c l r r r w r l l s  and In  Table 173 f o r  ground-level s t r r l  c l r a m r l l s .  Cosu 
f o r  ground- lwr l  c lea rwr l l s  are based on f l r l d  r r c c t r d  wr ldrd s t r r l  tanks 
d o l l  nrd to  m e t  AYYA 0100 for  18.93 d f5.000 g a l l  and mrr. and on shop- 
fabr?catrd r r l d r d  s t e e l  tanks for  tho 3.79 d (1.000 gal )  tank. Strrl tanks 
a r e  pa ln t rd  Ins fd r  and out  and ara I n s t a l l e d  on a conc r r t r  r i n g  w a l l  w t t h  
o t l r d  sand cushfon. L t thudtc  p ro tec t ton  I s  fncluded for tanks rlth capacities 
o f  ,44.63 d (25.000 pa11 and la rge r .  A t y p l c r l  ground-level storage r e s t n o t r  
Is shorn f n  F l g u k  166. Ftgurr  167 pr rs rn ts  the constructton costs f o r  both 
types of c l e a r r e l l r .  

TMLL 172. CONSTRUCTlOW COST SUUURY FOR BELOW-GROUHO CONCFLTL 
CLURYLLL STORAGL I 

I 

c1 rerrrl 1 Ceprcl t w e l  
C l a s t  CJtrgOy 5,wu 1u,wJ s0.w ,m ’We m 
bcav r t ton  and Sltework 
Concra tr 9,800 16.500 37.000 64,000 500 216.404 600 

t l t c t r l c a l ,  !nstruaentatton 

Ocslgn Cant1 ngcncl os 

$ 3.300 t’s,100 Sl6,lOo s 2s.m s 7 S . W  

s u r 1  300 400 500 

3M)o  8 6 0 0  13900  44300 
&$%*djdm 

Subtotal 

Total 

TMLL 173. COHSTRUCTlON COST S U W Y  FOR CROUHO-LEVEL STEEL CCLARYLLLS 

cost catrgory 1.m 5 . m  1u. 

Lxcavation and 

Concrete 3,100 5.300 6.6W 8,400 1l.W ZS.700 37.100 
stgel Tank 3.000 4.900 12.600 26.600 S2.300 121,200 191.000 

S I  W o r t  s 1 0 0 s  100, 100s 100s 2 0 0 s  W S  so0 

L l r c t r l c a l ,  

hs!9n 
Contlngcnctrs 

Tot r l  

I n s t r m r n t a t  t on 
Subtotal 

Motes: 1. O l l r d  sand cost t s  tncludrd In  conCroU Category. 
2. Cathodlc protect ton cost  I s  Included I n  thr steel  tank catrgory. 

-. . 
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EXHiBlT (GCf l -4  j 

High Service Pumps 
Standard Horizontal Split Case Pumps 

Package Costs 

. ,  I Wonhing. Peerless Worthing. Peerless Overall Overall 
Capacity @ Motor Package Package Const. Const. Package Unit 

175' of Head Size cost cost cost cost  cost  cost  
(HP) ( $ 1  ( 8 )  ($1  ( $ 1  ( $ 1  (Slgpml 

7 1 
100 
250 
500 
750 

20 
25 
40  
50  

4,300 
4,600 
5,700 
6,000 

-- 
4,925 
6,185 
7,350 

4,300 
4,600 
5,700 
6,000 

-- 
4,925 
6,185 
7,350 

4,300 
4,763 
5,943 
6,675 

43 
19.05 

11.885 
8.9 .- 

1,000 
1,000 

60 
75 

8,000 
-. 

8,000 -- 8,000 
9,575 

8.7875 
8.7875 

- 
9,575 

_ _  
9,575 1 

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

75 
100 
125 
125 
150 
200 

8,600 
9,500 

10,800 
10,800 
14,700 
15,600 

10,800 
11,650 
13,150 
13,150 
16,200 
17,800 

8,600 
9,500 

10,800 
10,800 
14,700 
15,600 

10,800 
11,650 
13,150 
13,150 
16,200 
17,800 

9,700 
10,575 
11,975 
11,975 
15,450 
16,700 

7.76 
7.05 

6.8429 
5.9875 

6.18 
5.5667 

3,500 200 -- 17,800 -_ 17,800 17,800 5.8571 
3,500 250 23,200 _ _  23,200 -_ 23,200 5.8571 

4,000 2 50 23,200 30,700 23,200 30,700 26,950 6.7375 f 5,000 300 24,600 33,200 24,000 33,200 28,900 5.78 

4 Notes: 1) All costs obtained from manufacturers' quotations include 
pumps, factory testing, and freight to jobsite. 

2) Horizontal Split Case pumps and motcrs. 
3) Pump head is  175 feet (76 psi) 
4) Costs are based on June 1995. ENR Index = 5433. 

J 



CURVE EQUATION: 

Y - (381 8.44) +l4.108873)X + (2.262638EWX^Z 

* * *  Conn. Cost curve, divide by crprcrty for unit con VWE. 

capacity @ 
175' of Herd 

kwm) 

1 00 
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 
3.505 
3.750 
4,000 
4,250 
4,500 
4,750 
5,000 

C v v r  Ma&. 
Unit Cost Unit Cost 

High Sefvice Pump Unit Con C w e  

42 
3 0  
23  
19 
17 
15 
1 4  
13 
12 
11 

9 
9 
8 
8 
7 
7 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

43 

19.05 

11 .E85 

8.9 

8.7875 
7.76 
7.05 

6.84286 

50 

5.9875 

6.18 

5.56667 

5.85714 

6.7375 

5.78 

f 

f 

b 
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High Service Pumps inflection Point 

HIGH SERVICE PUMP INFLECTION WINT 
7 
. ?  

I .  

Capacity 
(9pm) 

i oo 
250 
500 
750 
1000 
1250 
1500 
1750 
2000 
2 500 
3000 
3 500 
4000 
4500 

F'(x) 

0.0006 
0.0004 
0.0002 
5E-05 
-4E-06 
-2E-05 
-1 E-05 
- 1 E-06 
8E-06 
8E-06 

-5E-06 
-8E-06 
1 E-05 
7E-06 

, 

0.0006 

t 0.0002 
0.0001 

0 
-0.0001 6 1000 2000 3000 4000 

I 

5000 

Capacity (gpm) 

I 

.i 

. 

Y 



Fax Message 
Nunbcrdpgu-tcNa: 2 

Peerless Pump Company 
811 North 50th Street 7 

pkon: Tampa, FL 33619 F U  
TO: HARTMAN & ASSOCIATES Date: 07/07/95 

Fax Numbar: 407439-3790 
From: JIM GOSSEn copy to: 

Subject: REQUEST FROM JAMEY WALlACE FOR VARIOUS PRICING. 

I HAVE ENCLOSED PRICING THAT YOU ASKED FOR, SEE NOTES AS TO 
WHAT IS, AND WHAT E N 7  INCLUDED. 

LET ME KNOW IF I CAN BE OF FURTHER SERVICE TO YOU. 
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'125 6PM @ 176'(PE-835) 1bb 10 

- .  . 
i 

2AE-11 25 

500 3AE-14 40 

750 5AE-14M 50 

1000 5AE-14 75 

1250 6AE-16G 

130 6AE-16 

1756 6AE-14G 

2ooo 6AE-14G 
8AE-15G 

2500 
3000 8AE-15 

3500 8AE-15 

a 8AE-17 

10AE-16 

75 

100 

125 

125 

150 

200 

200 

250 

300 

$ 730.00 

4,925,OO 

6.185 .OO 

7,350.00 

9.575 .OO 

10,800.00 

11,650.00 

13,150.00 

13,150.00 

16,200 .OO 

17,800.00 

17,800.00 

30,700 .OO 

33,200.00 
z 

Note; (AnyWaco6b neebed). 
. **** THESE COSTS INCLUDE A NON WITNESSED FACTORY TEST, AND FREIGHT TO JOBSITE, BUT 

NO TAXES, ELECTRICAL OR INSTALLATION. 
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BARNEY'S PUMPS INC. 
3907 H I W A Y  =SOUTH 
P.O. BOX un 

4 

D .  

BARNEY'S PUMPS INC. 
PHONE : (813) 6651500 

FAX: (813) 6864858 
4 

3 

I 
f 

. .  

FAX NUMBER: (407) -379D 
I 

COVER PAGE PLUS / PAGES Foa A TOTAL OF Z  PAGE^) 

SIGHED : 
U 
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Worthington High Service Pumps 
Lktcosts 

Type: Standard Homontal Splitcase 

0 
100 

250 

500 

750 

io00 

1250 

1500 

1 750 

2ooo 

2500 

3Ooo 

3500 

4OOo 

5ooo 

Note: (Any exVa msts needed). 



PAGE OF # 

APPENDIX J 



Hydropneumatic Tank 
Constructioo & Unit Costs 

- 2  

System Manufacturer Manufacturer 
Capacity Estimate cost Unit Cost a (Gal) ( $ 1  ($1  ( $ 1  - 

500 6,594 10,880 22 - 1 
Li 

9 
B 

.' I 

1,000 9,751 16,089 

2,000 12,786 2 1,097 

5,000 19,241 3 1,748 

16 

1 1  

6 

15,000 

20,000 

30,344 

37,241 

50,068 3 

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. 

I 
f 

f 
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CURVE EQUATION: 

Y - (I#.1492)X'IO.W84723) 

capacny 
(Gal) 

500 
600 
700 
800 
900 

1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
6000 
7000 
8000 
9000 

10000 
1 1000 
12000 
13000 
14000 
15000 
16000 
17000 
18000 
19000 
20000 

cvrn 
Unit Com 
(om1 

23 
20 
19 
17 
16 
15 
12 
11 
9 
8 
8 
7 
7 
6 
6 
5 
5 
5 
4 
4 
4 
4 
4 

3 
3 
3 
3 
3 
3 

4 

M8Wf 
Unr: Cost 

($/Gall 

21.7602 
Hy&oTr* Unk cort I 

1 

I 
25 1 

I. 
16.0891 5 

10.54845 

, 

0 4  
0 5000 loo00 15000 zooco ' 

6.34953 
CaFIdw Icy) 

3.33784 

3.072383 

3 



Capacity 
( g f ”  

500 
1000 
2000 
5000 

15000 
20000 

FVx) 

6.3M-06 
5.02E-06 
2.93E-06 

1.3E-07 
-1.2E-07 
1.74E-06 

. 

HYDROTAYK INFLECTION POINT 

I 
I 

0.000008 

1 0.000008 

I S O W  loo00 15000 zoo00 4.000002 Q 
I 

CmPDdw (Wt 



c 

. .  

1 lSW: K e n  Miller 

' PLusumt to pur regvest i.e are pleased t o  offer the following f a r  p u r  
cwsfdera t fon  drr? approval. A l l  system fnclude the HMO-Tank, Air wluulc control 
conipressor control panel an3 all  amessariw to  *provide an operable system. All 
system are bad OR a nnzima pressure of 1 0 0 ~ 1 ,  potable hater and do not inclde 
installation c w t  or applicable taxw. kk w l l l  be hamy t o  provide a detailed 
propsdl on any of the s f x  spt- u p m  reguest. If e cdn be of further ass is tam 
please feel free t o  call ne at any t i n .  

I 

CAPACITY (;ptuws 

500 $5,387.00 

i 1,000 $9,102.00 

2,000 312,972.00 

5,000 $21,982.00 

15,000 $28,688.00 

20,000 S36,482.00 



. .-- 
i t  

RECORD OF TELEPHONE COMMUNICATION 

3ARTY CALLING: ab S(Q* COMPANY: M T G ~ .  

s-3 m o o ? .  COMPANY: *= 5 5, 
PARTY CONTACTED: 

TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments) 

b ? 
ACTION REQUIRED 

-L. - e  . 
3 HARTMAN & ASSOCIATES, INC. 

i 
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Capacity 3 (Gpd) 

144,000 
288,000 

- .  576,000 
720,000 

1,080,000 
1,440,000 
2,160,000 

3,600,000 

.: 

9 2,880,000 

Potable Water Supply Wells 

Construction Costs 

Manuf. 
250' deep 

Const. Cost 
( $ 1  

50,794 
61,582 
72,416 
72,494 
81,468 
84,413 

107,648 
11 3,538 
143,298 

Manuf. 
250' deep 
Unit Cost 

($/Gal) 

0.353 
0.214 
0.126 
0.101 
0.075 
0.059 
0.050 
0.039 
0.040 

Manuf. 
500' deep 

Const. Cost 
($1  

95,573 
118,753 
143,026 
144,731 
165,253 
175,948 
219,108 
236,174 
278,582 

Manuf. 
500' deep 
Unit Cost 

($/Gal) 

0.664 
0.41 2 
0.248 
0.201 
0.1 53 
0.122 
0.101 
0.082 
0.077 

I 
(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. 



Y 

CURVE EQUATION: 

(250' d w p )  Y = (1780.326iX'(0.718WSi 1 

. i  

Capacity 

1 'GPD' 
144OOo 
200000 

9 ? 208000 
400000 
576000 
600000 

J 720000 
050000 

1080000 
1200000 

1750000 
2 1 60000 if 2500000 
2000000 
3000000 

-. 
7 

3 1440000 

Capacity IJ IGPD) 

144000 

280000 
400000 fl  576000 

a 600000 
720000 
050000 

1000000 
1200000 
1440000 
1750000 

i 2 160000 
2500000 

3000000 
3600000 

f 200000 

- 

20aoooo 

(500' deep) 

250' 
curve 
Cost 

(SlGaIt 

0.352014923 
0.27004771 5 
0.213997092 
0.1 69030909 
0.1 30093221 
0.1 26335269 
0.1 10032946 
0.0983001 66 
0.002837572 
0.076001001 
0.067377621 
0.050575335 
0.050350659 
0.04 5 34069 2 

0.039777035 
0.034896003 

0.04096023a 

500' 
Curve 
cos t  

($/Gal)  

o . 6 " ~  

0.39 i4878a 
0.5019021 08 

0.312931 36 
0.244050202 
0.237351445 
0.20960755 
o.ia7179e.6a 
0.1 5 ~ 3 2 6 4 4  
0.147962064 
0.1 306675 5 7 
0.1 14402052 
0.099100423 
0.089706991 

0.07922 1 104 
0.069961059 

o.oai 457039 

250' 
Manuf. 

cos t  
ISlGal) 

250' Doep Wwmr Supply W& Unit Costs I 
0.35 

0.21 ' 
I 

0.13 ~ 

0.10 
I I 

I 

0 1OOOOOO 2000000 3OOOOOO 4000000 
0.04 

0 04 

Wm fopdl 

500' 
Manuf. 

Cost 
($/Gall  

500' Deep Water Supply  Well Unit Cost 
0.66 

0.41 

0.25 

0.20 

0.15 

0.12 

0.10 

0.00 

0.08 

0.7 - = 0.6 - 
& 0.5 - 
2 0 4 -  8 
- 
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ii 
WATER SUPPLY W E U  INFLECTION POINTS 1250' & 500'1 

Potable Water Wells 1260' deep) - 
I 
! Capacity 

d 250' D H p  Supply Won Inflection Point 
( w d )  Fkl I 

144OOO 
288000 
576000 
720000 

1080000 
1440000 
2 1 60000 
2880000 
3600000 

1.9547E-12 
1.5071 4E- 12 
8.13596E-13 
5.56933E-13 
1.35295E-13 
-3.8732E-14 
2.25217E-14 
7.36539E-14 
-5.5238E-13 

Potable Water Wells (500' deep) a 
Capacity 

3 lgpd' 
144000 
280000 
576000 
720000 

1000000 
1440000 ] 2160000 
2000000 

F'(x) 500' Deep Supply Well Inflection Point 

3.52E-12 
2.72E-12 
1.49E-12 
1.03E-12 
2.73E-13 
-5.2E- 14 4E-12 - 

p 2E-12 - 
t o  - 

3. t 1 E-14 
1.29E-13 - 
-9.1 E- 1 3 

- - - 
. 2 ~ . ~ 2  Q 500000 1E+06 2 E + M  2 E + M  3E+06 3E 

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 larger version with the ValUeS. 

. 

7 
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Capacity 
(GPd) 

144,000 
288,000 
!576,00C 
720,000 

1,080,000 
1,440,000 
2160,000 
2880,000 
3,600,000 

144,000 
288,000 
576,000 
720,000 

1,080,000 
1,440,000 
21so,ooo 
2Ss0,OOO 
3,600,000 

Design 
cost 

32,770 
39,730 
46,720 
*,no 
SZm 
%46o 

. 69,450 
73,250 
92,450 

61,660 
76,615 
92,275 
93,375 
106,615 
1 13,515 
141,360 
152,370 
179,730 

(1 5%) 
Well Head 

4.91 6 
5,960 
71 008 
7,016 
7,884 
8,169 
10,418 
10,988 
13,868 

9,249 
1 1,492 
13,841 
14,006 
15,992 
17,027 ' 
21,204 
22,856 
26,960 

PAGE /3Y OF 
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9,831 
11,919 
14.01 6 
14,031 
15,768 
16,338 
20,835 
21,975 
27,735 

3,277 
3,973 
4,672 
4,677 
5,256 
5,446 
6.945 

9,245 
7,325 

(30%) (1 0%) Unit Cost 

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

6,166 

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

71- 

Total ($/Gal) 

$50,794 
$61,582 
$7241 6 
$72494 
$81,468 
$84,413 

$1 07,648 
$1 13,538 
$143,298 

0.35 
0.21 
0.1 3 
0.10 
0.08 
0.06 
0.05 
0.04 
0.04 

$95,573 
$118,753 
$143,026 
$1 44,731 
$165,253 
$1 75,948 
$21 9,108 
$236,174 
$278,582 

0.66 
0.41 
0.25 
0.20 
0.15 
0.12 
0.10 
0.08 
0.08 



L 1 ,  I.. . 
' J  . .. .... J I&$.% 

1 
f f R 



PAGE- OF 

i 
- 1  

.i 

: 1  



PAGE 62 CF abt\ 

- ' I  

- - - .. - .... - - .... . .  __ . .  - .................. 

- \.& -' +!!SI_.- _ _  . . . . . . . .  

. . . .  ._ 



- &  
-.. ..I., 

PAGE OF 

-1 
z.7 
3 '  
d 

FLANAGANIMETr-F & ASSOUATES, INC. 
. W A m A N D W A S I Z W A ~ E Q ~  

I 



i r  . 14 4 1 

1 ’ I  EXHIBIT 

PAGE bfLf OF 

I 

4a3 



Peerless Pump Company 
811 SDh No. - Tampa, R W 1 9  
TUlp#sdgoMco 
marU (813) 247-1521 F U  (818) 2474W 

ATEN: JAMEY WAllACE 

RE: PEUCING ON VERnCAL TURBINE PUMPS: 

GPM : TDH H.P. REQ. s 
100 I 130 7.50 7225.00 

200 130 10 8.500.00 

400 130 20 9,400.00 

500 130 25 9,100.00 

750 130 40 1 1,oO0.00 

i lo00 * 130 40 I1.OoO.00 

1 so0 130 75 14.000.00 

2000 130 100 17,WO.OO 

2500 130 100 2 1,500.00 

JAMEY, 1 HAVE INCLUDED FREIGHT TO JOBSRE, BUT NO ELECTRIW, OR 
INSTALLATION. OR FITI?NGS OTIIER mm nie PUMP ARE [NCLUDED. 

SALESENGMEER 
PEERLESS KrhP co. 
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374 Small .!r System Treatment Costs 

YATCR M C L S  

lntroduc t lon 

Y I U r  vel11 am d r i l l e d  by t h e  cable tool, hydraul lc ro tary  or r e v e r i i  
r o t r r ) .  methods, dth hydraultc r o u r y  cu r ren t l y  t h e  most comsn nrthod. Con- 
s b v c t l o n  o f  t h e s e  t y p e s  o f  w a t e r  -11s I s  covertd by 'ker!can Y a t e r  Y o r t i  
& m c l a t l o n  Standard fo r  (kep -11s. W A  MOO-66' and by Manual o f  va t# ,  
Y e l l  Conrtrvct lon Practices. LPA-570/1-75-001.'~ ,* 

C o n s t n r t l o n  o f  w a b r  W l l s  by thr hydraul lc ro ta ry  n t h o d  U t e s  p l a c r  I n  
.the fol lowlno seauencm: 

1. 
2. 
3 

4. 
I .  
6. 
1. 
8. 

9 .  

A a t a  375 

and pt r foratad copper be i r i ng  steel, w i t h  gravel packing and grout ICI1S. 
Altar constructton. t h e  w l l  1s developed by b i l l i n g  and pmpln9 to  remove 
d r l l l t n g  eud. s l l t  and f lne  sand. The colppleted v e l l  1s then t e s t  punped u n t t l  
t h e  w a h r  has su f f l c l en t  c l a r l t y  f o r  pot rb le  use. lhfs o f u n  n q u f r e r  pulnPln9 

I 
! f o r  up to  60 hours. 

, The permanent punp t s  the 011 lubr lcr ted.  de.p-wel1 turbtne type and the 
r l ec t r l c  motor l s  220/410 volt.  A submersible type pun0 a t  sonwhat reduced 
c o s t  could be used l n  soln cases, a r t f c u l a r l y  f o r  shallow, wall CWJCIIY 
v e l l s .  Pump amtar s f m s  and caslng b u e t e r  used l n  the cost developent a r e  
thorn I n  Table 154. 

Conceptlral des1 n c r i t r r t a  f o r  w l l s  in shorn I n  Table 154 and a cross- 
rect lon for  a typlce! w e l l  I s  shorn I n  F l g u m  146. 

T M L C  154. COMCCPTVAL OCIICMS fOR UATLR VELLS 

lU,oOo 100 0 250 
500 

432,00(3 loo 10 250 

10 
20 
25 

4Q 

6n 
SO0 
250 

-- 
50 

12 40 80 
SO0 15 

16 2SO so 100 
100 

720,oOo ml 
1.008.00c 700 

N u l "  plmptng depth 50-100 ft less  thin v e l l  depth. 
t n c l o r u n  ha1 8 10 f t  helght. 

L l e c t r i c l t y  m ulrauntr am basad on continuous operatton a f  the,Mtor. 
IC a pumplng head 15.24 B (50 ft) l e s i  than the  nll depth. No enrr9Y 11 
Included f o r  t h e  houstng. aa It was a s r u e d  Pit h e i t l n q  and v e ~ t l l a t l o n  a r e  
unnecessary, and t h a t  l t g h t l n g  mqutrlwntl am mlnlael. a n y  wells do not 
operate contlnuourly end ln  there cases the ~ M W  i equ l reNn ts  wf l1  be 
rtduced accordlng t o  the  actual load faetot. WIter la l  r a q u l r e r n t a  a r e  based 
on nrcessaty lubr icant3 and other  rout lne*r In t .nance tteas and semlctng t h e  
DI..P and motor once tn f l ve  years. Labor r e  lrrmnr, am based on d a t l y  
* t i l t s  f o r  lnsprctlon and rout lne u t n t m a n c r .  C b o r  4i1d mterlrl mqulred t o  
rrmovr and service the p u p  and mtor Once eveI7 f tve years are tncludtd 
t h e  average annual valuer. 

156 and presented In  Figures 140 and 149. 

References 

I .  'AWA Standard f o r  Oeep Ye l l s  ' W A  NOO-(6, January 21, 1966. & h c a n  

2. 'Hanual o f  Water Wel l ,  Constructlon Practlces,' ElA-S70/9-71-001, U. 5. 

Operation and Nintenance r t q u i r e r r n t s  and costs a r e  s m a r t r e d  I n  Table 

Water Works Association, 2 Pa& AV8nUt, Ww Yo*, 1. 

tnv l romenta l  Protectton Agency, O f f l ce  of Yat r r  Supply. Yashlngton. O.C. 

10016 

~~ 

Constructfon C o s t t  

Construction costs were dtve loptd f o r  w t t r r  w l l  construction by 01, 
hyydrtultc m t ~ r y  n thod .  a s  out l tned tn the  pr tv fous s tc t lon.  l he  protect i re  
casing and grout w a s  t n s t r l l e d  to 8 depth O f  7.62 I (2s f t ) .  Cas lnp  l r  b lan:  

4 

I 
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time Softening WTP 

Construction & Unit Costs 

Treatment Const June1995 C m n t  current 
Capacity cost ENR ENR Cons. Cost Unit Cost 

(Mgd) ($) Index index ($1 ($/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 5,433 12,073,333 1.72 

10 8,000,000 3,150 5,433 13,798,095 1.38 

NOTES: (1) Values obtained using EPA cost curves. 
(2) Costs include raw water influent pumping, chemical addition, rapid m i d  

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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0 20,000,000 
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f I Lime Softening Plant Packaged Conventional Plant 

L. S. (Handy Whitman) P. C. (Handy Whitman) 
- ------ 

--- 

f Note: Source B, Figure 2-2, pp. 11-1 2. 
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Treatment 
Capacity 

.. (Mgd) 

200 mgn 

0.3 
0.5 
0.7 
1 .o 
1.3 

ioomgn 

50 mgn 

0.3 
0.5 
0.7 
1 .o 
1.3 

0.3 
0.5 
0.7 
1 .o 
1.3 

Treatment 
Capacity 

-fWL 

0.1 
0.5 
1 .Q 
5.0 

1O.G 

/ 0.1 
0.5 j 1.0 

\ 

GRAPH #3 
Hydrated time Chemical Feed (Fig. 23) 

Cons!. June 1095 
Cost ENR ENR 
($1 Index Index 

94,000 2494 5433 
24,000 2494 5433 
25,000 2494 5433 
29,000 2494 5433 
35,000 2494 5433 

15,000 2494 5433 
15,000 2494 5433 
16,000 2494 5433 
22,000 2494 5433 
24,000 2494 5433 

15,000 2494 ' 5433 
15,000 2494 5433 
15,000 2494 5433 
15,000 2494 5433 
15,000 2494 5433 

Current 
Current Handy Handy 
Cost (S) Whitman Whitman 

W 2 8 2  158 319 
52,282 150 319 
54,461 158 319 
63,174 158 31 9 
76,245 158 319 

32,676 158 319 
32,676 158 319 
34,855 158 319 
47,925 158 319 
52.282 158 319 

32.676 158 319 
32,676 158 319 
32,676 158 319 
32,676 158 319 
32,676 158 319 

GRAPH #4 
Ljme Softening 6 Packaged Conventional (Fig. 2-2) 

Const. June 1995 Current 
cos1 E N R  ENR Current Handy Handy 
(5) Index Index Cost($) ' Whitman Whitman 

--- time Softening - - - 
0 3150 5433 0 
0 3150 5433 0 

2,000,000 31 50 5433 3,449,524 
5,500.000 3150 5433 9,486,190 
8,000,000 3150 5433 13,790,095 

--- Packaged Conventional Plant - - - 
300,000 3150 5433 517,429 
800,000 31 50 5433 1,379,810 

1,100,000 3150 5433 1,897,238 
0 3150 5433 0 
0 3150 5433 0 

205 319 
205 319 
205 319 
205 319 
205 319 

205 319 
205 31 9 
205 319 
205 319 
20 5 319 

Current 
cost (5) 

48,456 
48,456 
50,475 
58,551 
70,665 

30,285 
30,285 
32,304 
4431 8 
48,456 

30,285 
30,285 
30.285 
30,285 
30,285 

Current 
cost ($) 

0 
0 

3.1 12,195 
8,558,537 

12,448,780 

466,829 
1,244,878 
1,711,707 

0 
0 '  
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discharge to a municipal sewer or hauledio a landfill 
for disposal. ClarificJ water then flows to the filler 
unit. 

The filters consist of one or more Steel or concrete 
vessels containing granular materials such aspraded 
sands, anthacite, 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 ut accumulated solids. a backwash 
stream of f i l t w d  water passes through the units in 
reverse flow toclean thesolids from the filter bed.The 
spent backwash stream is  sent  to a sewer. 
Backwashing is intermittenf the bdw86h 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 

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

.size. 

Direct Fittration (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 aresufficiently 
low to result in a reasonable backwash cycle on the 
filter units. Unlike conventional filtration plants, there 
is an upper limit to the influent suspended solids 
concentration that can be tolerated. This upper limit 
must be determined by testing. Above such a level. 
conventional treatment procedures or sedimentation 
prior to fihration are required. 

Lime Softening (2.4.5) 
The major features of a lime softening plant are also 
essentialty 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 treat@ in a conventional or direct 
filtration plant. In the context of the Safe Drinking 
Water Act, a limesofteningplant canalsobeexpected 
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/l toO.01 mg/l. 
TO achieve the same cadmium concentration in the 
treated effluent. a conventional filtration plant using 
alum or iron salts can only accommodr'? a cadmium 
concentration up to 0.1 mg/l of cadmium in the raw 
Water (2). The choice of overall treatment process 
therefore depends on individual raw water character- 
istics. 

Lime can be added directly to the influent raw water 
as a solid. or as a pre-mixed watei slurry. I f  a slurry is 
used, the solid lime is usually purchased and the 
slurry prepared on-site. Details of lime feed systems 
are described elsewhere (6, 7). 
Recarbonation is the addiiion of gaseous carbon 
dioxide (Cod to the lime-treated water to neutralize 
excess alkalinity result ing f rom l ime  addit ion. 
Gaseous COZ may be obtained from liquid COO stored 
onsite. submerged burners. or stack gas compressed 
through a spargtr system. The choice of carbonation 
method depends on site specific considerations. 

2.1 .I Design Basis and Costs (2.4.5) 
The design basis in this report for bnvent ional  
filtration Rlant costs includes the following major 
process modules and design parameters: 

0 Raw water pumping. 
0 Chemical addition. 
0 Rapid mix/Flocculation. 
0 Sedimentation. 
0 Fihration. 
0 Disinfection. 
0 Finished water storage. 
0 Finished water pumping. 
0 Sludge disposal. 

As stated in the processdescriptions, there is no sedi- 
mentation step in direct filtration. The f i l t rat ion 
directty follows the rapid mix and 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 wel l  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 C02 
source in the system considered here based on the 
configuration and costs in Reference 2. 
The piant 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 capital investment for conventional filtration, 
direct filtration. and lime softening is presented in 
Figure 2-2.  Net annualoperating expenses are  shown 
in Figure 2-3 .  Figure 2-4 shows corresponding uni l  
annualized costs. 

1 1  
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Figwe 2.2. ,'Filtration plants lor drinking water treatment . Total capltal Investment (March. 1980 dollars). 

Conventional Filtration Plant 
Direct Filtration PLPnt ----. 
Lime Softening Plant -.---.. 
Packaged Convrntknal Plant s......... .... 

I I 
5 50 500 0.5 

I 1 

POPULATION SERVED, thousands 

Figure 2-3. flltratlon plants for drinking water treatment . Net annual opratlng expenses (March, 1980 
dollars). 

Conventional Filtration Rant .,- 

Packaged Conventional Plant .............. 
Direct Filtration Plant ----- 
Lime Softening Plant -.-.-.. 

c 
W z 3 

500 
L 
0 5  5 50 

I I 
POPULATION SERVED, lhousands J 

12 

.r 

I Yo .. 50 0.5 5 

POPULATION SERVED,  thousands 

Also provided in the figures are costs for packaged 
conventional filtration plants wh ich  can be used for 
small treatment sp!ems (5). These plants would have 
the same unit processes as the i r  larger f ie ld-  
constructed counterparts but w o u l d  be pr imar i ly  
shop fabricated and brought to  the field for f inal 
installation. 

2.1.3 Major Variables Affecting Costs 

For any of the filtration plants discussed here, the 
large number of process steps a n d  associated 
variables result in many possible combinations of 
equipment sizes and specifications. These factors 
largelydepend onsite specificreqgirements w i t h  r a w  
water quality t he  primary variable. A complete 
analysis of the cost impacts of changes in design is 
beyond the scope of this repon. 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 deslgn 
requirements for the filters have a very large impact 
on  total plant capital costs. For l ime softening plants 
lime dosage is an important variable. Also, as c a n  be 
seen from the figures. Costs for shop fabrlcated 
packaged plants are less than for f ield constructed 
plants of similar size. Operating expenses. speclftcaiiy 
electricity costs for Pumping, a r e  af fected by  
f!equency of backwashing in the fi l tration unil which 
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Capacrty 
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Reverse Osmosis WTP 

Construction & Unit Costs 

Graph #1 Graph #8 Graph #11 Graph #4 Overall Overall 
Const. Const. Const. Const. Const. Unit 
cost cost cost cost cost cost 

6) ($/Gal) L ($1 ($) ($1 

51,333 

58,667 

73,333 

105,111 

140,963 

174,167 

282,658 220,000 

423,987 366,667 

1,059,968 794,444 

1,588,889 

25,731 

29,961 

44,061 

91,647 

139,232 

182,235 

246,740 

396,547 

793,094 

1,339,448 1 ,382,105 

2,303,509 

4,961,404 

9,568,421 

38,532 

44,314 

58,697 

98,379 

140,098 

178,201 

249,799 

' 395,734 

882,502 

1,436,814 

2,303,509 

4,961,404 

9,568,42 1 

12.844 

8.863 

5.870 

3.279 

2.802 

2.546 

2.498 

1.979 

1.765 

1.437 

1.152 

0.992 

0.957 

NOTES: (1) Values 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 & adqinistration, and electrical. 

(4) Costs are based on June 1995, ENR Index = 5433. 
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Note: Source A, Figure 19, page VI-11. 
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Treatment 
Capacity 

( M a d ) -  - 

0.07 
0.1 
0.3 
0.5 
1 .o 
1.5 

Treatment 
Capacity 
0 

0.07 
0.1 
0.3 
0.5 
0.7 
1 .o 

Const. 
cost  

-Is) 
1 25,000 
140,000 
280,000 
525,000 

1,500,000 
3,250,000 

Const. 
cost 
($) 

7,000 
8,000 

19,000 
29,000 
40,000 
58,000 

ENR 
Index 

June 1995 
ENR 
Index 

2494 
2494 
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2494 
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2494 

5433 
5433 
5433 
5433 
5433 
5433 

Current 
cost ($) 

272,304 
304,980 
609,960 

1,143,675 
3,267,642 
7,079,892 

Handy 
Whitman 

Current 
Handy 

Whitman 

GRAPH #2 
Reverse Osmosis Enclosure (Fig. 20) 

158 
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June 1995 
ENR ENR Current Handy 
Index Index Cost ($) Whitman 

2494 5433 15,249 158 
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31 9 
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31 9 
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Current 
Cost ($) 

252,373 
282,658 
565,3 I6 
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3,028,48 1 
6,561,709 

Current 
cost ($) 

14,133 
16,152 
38,361 
58,551 
80,759 

117,101 
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A. CAPITAL COSTS 
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Cost mrvves were developed for treatment proceses judged applicable to 
small water treatment systems. These c u n s  relate capital costs to quantities of 
water treated and to population served. Estimatei of complete water treatment 
plants or additions to existing plants may be devdoped on the basis of these 
relationships. 

Yard piping, fencing (where applicable), and sitework have been included in 
the c u m  for each unit p r o a s .  When adding unit proceo 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, arc 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 neCegary constmction costs, a 
contingency amount and engineering,legal and administration fees. A cost for 
fencing is provided for mechanical aeration, d i f fwd  aeration, rapid mix, 
flocculation, sedimentation, ozone contact chamber and waste disposal 
(lagoons). For each of the other treatment methods an enclosure is 
recommended and separate cost curves arc provided. 

Capital costs for unit p r a s e s ,  package plants and enclosures are 
developed as follows: 

( 1 )  Construction cost - included are necessary costs for equipment, 
materials, installation, freight and start-up. 

Sitework - estimated as 10 per cent of the construction cost. 

Electrical - estimated as 20 per cent of the construction cost. 

(2) 

(3) 
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m. Electrodialysis. The electrodialysis capital cost curve was developed 
for a complete multiple-stage electrodialysis system. C o s t s  were obtained for 
standard units as rated by the manufacturer for opcntion with a raw water 
'IDS concentntion of 1500 to 4000mg/l. For these electrodialysis units, 
predicted per cent water recovery mnges from 65 to 85 and predicted per cent 
'IDS removal ranges from 82 to 96. bcal 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, !ow pressure feed pump, brine recirculation pump, chemical 
cleaping equipment, cartridge filters, necessary v a h q  piping and automatic 
controls. Refer to Figure 17 for the electrodialysis capital cost curve. The 
enclosure capital cost curye for electkcdialysis is shown on Figure 18. 

n. Reverse Osmosis. The reverse osmosis capital cost cuwe 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 (77F), and 75 per cent conversion. k c a l  
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, membranetype reverse osmosis unit with hollow 
fine fiber membranes, high pressure pumps, cartridge filters, acid and 
polyphosphate feeding equipment, necessary valves, piping and automatic 
controls. Refer to Figure 19 for the reverse osmosis capital cost curve. 
Presented on Figu,re 20 is a capital cost curve for an enclosure for this unit 
process. 

8 

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

( 1  ) powdered activated carbon. 

( 2 )  coagulants. 

( 3 )  h y d r a t e d  l ime 

.3 
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GRAPH #7 
Package Lime Coftening Plants (Fig. 12) 
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GRAPH #8 
Reverse Osmosis (Fig. 37) 
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Figure  3 5 .  O p e r a t i o n  a n d  m a l n t r n a n c e  r c q u l r c m e n t s  for 

c o v e r e d  a n d  u n c o v e r e d  slow rand f l l t e r s  - 
l abor  a n d  t o t a l  O&M cost.  

REVERSE OSMOSIS 

I n  troduc t lon  

Reverse osmosis u t l l l r e s  ssl l-pemeJble nmbrmes t o  remove a hf9h Per-  
cent e o f  rlmost a l l  i no rgmic  ions. turb ld i ty ,  bacteria, m d  V h m S .  nost 
orgwyc matter 1s also rcnoved, wi th  the u c e p t l o n  o f  many hllOgCn4tCd and 
low-cnolccul r r - re t  ght cmpounds. 

There i r e  dlf ferences betreen different d r m e  types  l n  thelr a b l l l t y  
t o  hMd le  v l r l r t l o n s  l n  pH, turbidity, M d  chlorlne. t h e  cellules# L C C t a t C  
nanbrmes general ly requl re  the feedwater fl t o  be between 5 and 6 t o  a h h f l e  
hydrolysls o f  the  aab rme.  P o l y r l d e  type n a b r l n e l  a r e  dmrqed by W O S U r e  
t o  chlorlne. The tw wst camonly used " b r a n 8  conflguratlons are hollow 
f lnc f l b e r  M d  s p l r r l  round. The s p l r r l  round e l s e n t  has a hlqher tolerance 
for  suspended so l lds m d  1s less susceptlblc t o  fou l lng than the hollow f h e  
f lber element. 

The c f f l c l e n c y  o f  the mnbrme e l r e n t s  ln reverse osmosls systbns may be 
l r p r l r c d  by sc r l i ng  (because o f  s l i g h t l y  soluble or lnro lub le compounds) or by 
fou l lng (because of the deposition o f  c o l l o i d r l  o r  suspended r r t c r l a l s ) .  
Iecruse of the p o s s i b l l t t y  of sc r l t ng  and/or foul ing. a very l r p o r t m t  consW 
t r r t l o n  .In the design of reverse o w r i r  rystns 1s the provlslon of u"w 
pre t re rwen t  to  protect  the a n b r m e  frol excessive sc r l l ng  and foul lnq and 10 
w o l d  frequent c le rn lng  r q u l r a u n t s .  In the developlent of cost data for 
reverse osmsls, adequate pretreatment was urcned  t o  precede the reverse 
osmosts process. but costs for p r e t r e r l r c n t  f a c l l l t l r r  such as chmlca l  e l a r c -  
f l c r t l o n  m d  f l l t r r t l o n  are not lncluded. 

I r l n e  d lsposr l  em also be mr jor  cost conslderrtlon. Po ten t l r l  dlsoosrl  
methods Include sewer d l s c h u  e, napora t ton  ponds, ocean dlsposal m d  w e l l  
Injectton. 8r lne d lsposr l  f r c l f l t l c r  &Id costs i r e  nor lncluded In the reverse 
osnosls systms presented i n  t h l s  sectlon. A separate sectlon 1s lncluded I n  
th is  repor t  f o r  b r l ne  dlsposrl. 

Advances In m r r n e  technolo have led  t o  the develooment f monbranrs 
r h k h  u e  crpable o f  operr t ing i t  pressures, about 14.06 k g / J  (200 PSI). 
I n  Contrrst t o  hlgh pressure r rnb rmes  rhtch operata it 28.12 t q / d  ( 6 0 0  P S I )  
or nore. M v m t a g w u l l y ,  low pressure mnbrmes resu l t  1n r SubStUItlJl sav-  
IngS ln process e l c t r l c r l  rncrg There my be dlsrdvrntages t o  the use of 
l o r  pressure " b r m e s  however. 8isrdvmtaqes r e l r t l v e  t o  h lgh pressure m" 
brlnes Include lower percentrqe r m o v r l  of u n y  contmlnrnts' ,  lower allowable 
feed r r t e r  TDS o r  lower percent water recovery, m d  Mlnbrrne technolopy WhlCk 
I s  s t l l l  developlng. 

I 

I 

I 

fo l lowing discussion. ION pressure refers  t o  systms operated a t  
(ZOO ps i )  and hlgh pressure to  systems operated it  28.12 t q / d  

I 

I 
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lmprct of. Raw Y a t r r  O u r l l t y  on T r r a B r n t  Cost 

P m t r r a b c n t  C o s t - -  
P n t m a a n t  chenlcr ls  cus ton r r t l y  u t l l  t x rd  a r e  s o d i m  hexunetiphosphrte 

and su l fu r l c  acid. w l t h  quan t l t l e r  requlred betng h lgh ly  var lab l t .  dependlnp 
upon r a w  vatrr qual i ty .  Another ( w o r t a n t  parameter I s  s l l l C r .  whlch ~y 
necessltrte p r e t r c r o r n t  for  ltc rs loval .  Costs fo r  pretreatment c h a l c a l s  
and fo r  s t l l c a  pmtrertaent  am not  lncluded l n  the f o l l w l n g  cost data. 

Reverse osmosls u n l t s  may b. u j r d  f o r  TDS ranoval, as w e l l  as the removal 
o f  lnd lv ldual  conumlnantc addressed tn thr t n t e r l n  P r l " y  O r ln t i ng  W a t e r  
Re ulat lons. The f o l l w l n g  paragraphs dlscurs the Impact o f  raw water IDS. a s  
w e l l  u tndlvldual con-inanu I n  the r a w  wrter, upon treatment cost. 

Total O l S S O l V r d  501 ldS-- 
Feed w a t r r  concentratlons above 1,OOO mgA can lead to excesstvcly hlgh 

br lne concentratlons (~20.000 mg/L), whtch w l l l  generr l ly  r e s u l t  I n  1 decrease 
I n  product watr r  qual t ty .  To prevent thts  b r l n r  conc tn t r r t l on  bulldup, It I s  
nrcessrty to larr t h e  prrcentage o f  product water ncovety..lower product 
water r t c o v e y  does not m q u l m  a W o r  change tn thr raverse ovaoi ls  unl t .  
but  does nocessltate p u q l n 9  l a rge r  q u r n t l t l e s  o f  feed water t o  t h e  reverse 
oxaasls unlt .  A r w l s l o n  l n  ptp lng between the  pressure v e i s r l s  syy also be 
r r q u l m d  to ChJnpe v e s s e l s  to p a r a l l e l  operatlon ra the r  than operating some 
l n  s e r t e s .  l h l s  increases c i p l t r l  coat on1 r l l g h t l y .  C e  t o  the  nerd fo r  
larger  f n d  wrtar  pmps. but can cmate  a far(@ tncrrase I n  e l r c t r l c L 1  con- 
s q t l o n  and pret reatsent  c h a l c r l s .  be to the t r r g r r  q u a n t l t  o f  water 
passed through t h e  reverse omosls  un j ts .  A r l n  l e  pass u n t t  w1Y1 normally 
have a m j e c t l o n  of over 85% of feed water TDS. I! a hlgher s a l t  re jec t l on  I s  
r q u l m d .  a hlgh mJect lon mmbrane can be used. o r  the  syrtcm ern be operated 
a t  Ioder water rrcovery. 

l nd l v ldu r l  Contmlnanti-- 
L t t t l e  rort has bten conducted to de te r r l n r  tho l I p a c t  o f  varying feed 

concrntrat lons of  fndivfdual c o n t u l n m t s  upon thrl? perrantage r r r o v a l  p r  thr 
cost o f  m v a l .  A recent pub l l ce t l on  by r c l xs t rd  on wrk I t  Char lo t te  Wrbor, 
F lor ldr ,  f n d l c i t r d  that  arsenlc (111). araenlc ( V I .  f luorlde. and n t t r a t e  
perrentage m joc t l ons  wm a l l  tndependent o f  the feed concmtratlons. These 
ContJmlnants wem e4ch addad by sp lk lnp a natura l  groundrater o f  k n o w  concen- 
t r r t i on .  Htgh pressure nembrlnes rcaaved s l p n l f t c a n t l y  hlgher percrnt lges of 
these  four ccnponents than d ld  l w  pressure ncabranes. 

Constructlon Costs  

Constwct lon cost d J U  vas developed f o r  s lng le strge (only one pass 
through t h e  ms~bran r l  treatment s y s t m s  whlch are capable o f  t r e i t l n g  IDS 
concentratlons UP to about 2,000 mgA f o r  1- pressure membranes and 10,000 
mgA fo r  hlgh pressure mmbranes. An operr t lng pressure o f  14.06 kp/cd 
(200  p s l )  was u t l l i z e d  for lo* pressure nembranes. and 28.12 k g / d  (400 p s l )  
fo r  hlgh pressure m b r a n e s .  Constrvct lon C O S U  are comparable f o r  hfgh and 

I 

low prtssurt s y s t o s .  

I 

The temperature o f  the f eedv r t t r  was .assumed to  be bttween 18.3. and 
29.4.C (65. and 85.F). and the  pH o f  the ftedwater bras 1ssWJed t o  be AduStec 
uslng actd lnJect lon t o  about 5.5 t o  4.0 bcforr thr mvarsc olmosls process. 
The acid l n j e c t l o n  w l l l  prolong t h e  l l f r  of a ce l lu lose acetate membrane. 
the prtmaty functton I s  t b  prevent c a l c i u  carbonate scale f o N t l O n  I n  t h C  
systm. A degaslf ler fo l loutng reverse o u o s l s  u(l1 r m v e  dtssolvcd g a s e s  
such as carbon dloxtde and hydrogen su l f j de  f r b  the  product Water. l nd  
reduce neutral 1 r r t t  on nqul  rcaents. 

d l f f e ren t  f l o w  ranges am i s  f O l l O W S :  

' 

A t  TDS concentratlons up to 5.000 ngA. t h e  assumed va t r r  recovtrfes for 

Feed Mater 
l l w  Range Mater Recovery 

A t  concentrattons above 5,000 mgR, the  &cent recovev should bc 
decreased I n  order to u l n t r l n  a brlnr concentratton less than 20.000 q / L .  
whlch t a  necessr to l l m l t  o w t l c  prersurr  on l r  b r t n r  s l d t  of the a c n b r m  
a s  w11 as to u r l n t a l n  gUr11ty of  the p d c t  water. Llt rejecttons of over 
85% should be achl rvrd under these o p r r r t l n g  con4lttonr. To r a t n t r l n  20.000 
mgR l n  the brlne. thr fo l loutng percent watar mcover lar  am necessav: 

TDS Concrnt r r t lon Matar R c o v e y  (3 
75  

SOOoqR 7 0  

7,000 .on 60 

JmOOo .on 50 

c:ooo mgn 65 

8.000 -A- 55 
10,oOO 

It NY br r s s u d  t h a t  thr ea 1-1 cos t  o f  revrrse omosfs treaD1en'. 
r m r l n s  essent la l ly  unchrngrd as the !US I w n a s r s  up to 10,000 q / L .  althoug- 
the water mcovwy  1s dwreased. lh lr  does tncrerse the capactty land t h e w -  
fore the c r p t t r l  cost) of the I a e b r t e r  pmps. bu t  t h l s  would t n c w s e  the 
o v t r r l l  reverso o a o s l r  s y r t m  cost  less than 5 percent. lhkur, no sevarat* 
cost d i u  1s presented for systms t rea t l ng  fol concentratlons g r r r t r r  thar. 
5.000 mgA. The l r r g r s t  e f fect  l s  on Ow cos- r lnce the enerw and pretrea:- 
ment costs would tncrerse In  proport ion to the Increase I n  f l ov  r a t e .  

Comnerclrl r r v r r s r  omorts s y s t a s  r r e  r va l l ab le  frm nuerous wnu f rc -  
Curers as e l t h e r  c lrtr skld-mounted vnlrr o r  custbll s stms.  for  I l x e s  
ranglng fra 9.47 IsQpd (2.50b gpd) up to beween 3 7 8 . 5 - 9 d . 3  d / d  (100.000- 
250,OOO gpd). &kld-.ountrd systms are generally usrd. Above 946 .3  " 1 4  
(250,000 gpd). elthrr skld-mgntrd o r  custcr s s t m s  are used. An tdvantage 0 .  
uslng n u l t t p l e  standard systm), above 946.3 d/d (250.000 ppd). 1 s  the r e l l r -  
b l l l t y  provlded by havtng several systems l n  case one u n l t  needs t o  be she:  
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TMLE 4e.. OPERATION AIQ) ~ A I ~ Y M Q  SUM FOR l l ~ ~ ~ l l f ~  OSKISXS ~ S T E K T  

Average P l a n t  * WtaLenance T o t a l  

f 

F1 w- Rate. Energy, M/yr I4aterfrl. Labor. Cost. 
gpd Euiiatng I rccesss i o u i  Slyr hr lyr  I /y+ 

Fed Water TOS toncentra t lons  up t o  5.W mgA 

2.500 1o.Ooo 20,OOO 5ao 340 5.700 
10.Qy) 3.333 40.m n.sm 1.m 364 9.341 

27.000 480 
610 45.600 

5o.oQI 4.100 191,100 195,tao 8,oQ) 

500,OOO 15.600 1.629,oOO 1.644.U 61, io0 810 191.800 
l.ooo,Qy). 29.- 1,066,Ooo 3,0%,M 117,#x) l.Iu1 347 .m 
Feed Water TOS Concentratloas - 0,000 q A  

1aO.ooO 4.960 344.100 349,rY) 14,600 

2.500 
10.410 
5O.wJ 

100.410 

50) 340 s.700 
1.m 160 . 9.m 

630 4 a h o  
((10 27 000 8 ,oQ) 

14.900 
70.200 940 224,200 
122,900 I ,  220 406,100 

Feed Water TOS Qnccntratlons 1O.WO myA 7. c- 

2.m l(I.WO 20,dQo 500 340 5,700 
40,200 Sl.So0 . , 1.100 160 9.341 

4 8 0  27.000 
680 54.100 

15.600 2.441.W 2 . 4 S 5 . 1 5  73.200 I.020 256.600 
29.m 4.199.000 4,628,mo 127,700 1.110 466,100 

La 
4.im i w o o  t,s.tao 8.W 
4 . M  447.700 452.600 1S.sQa 

. . . . .  
Note: T o t d  cost I s  b a r d  on SO.O7/k& of elecwlcrl encrg ind $ll.00/how of  labor. 

r 

? -  

. 
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T l g l f  49. TYPICAL CHEMICAL COSTS FOR RfVfRSE OSHOSIS SYSTEMS 

T O U l  Avrrrpr Plant Sodl- Sodtum Flw h t a .  Hcxmrtrpholphatr, Sul furtC k f d ,  Hydroxldr. Chmlc t l  

gpd S/yr S/yr Sfyr Cost, Sfyr  I 

130 120 so 
so0 460 200 

3.100 2, 800 1.200 
13.4Qo 12.200 5.200 
26.800 24,300 1O.JOO 

2.S00 
1o.Ooo 
so.000 

100.000 
s00,ooo 

1.o00.000 

1.810 780 

r r d  Y a u r  ~TJS Concentrrtlons - 8,oo) mq/L 

2.100 
1o.ooo 130 

so0 -.. 
so,oO0 2.000 
100.OOo 3.400 

L.OOO.Oo0 33.soo 
SOO.M)o 16.800 

F e d  Yatr r  Concrntrrt lons - 10.00) aq/L 

2.500~ 110 
1o.mJ . 500 
s0.000 2,000 
100.000 4.000 
b00.000 20.100 
1.Ooo.ow w.200  

120 50 
460 Dlld --- 

1,010 780 
1.000 1.100 

15.200 6.SOO 
10,u)o 12.900 

I20 50 
460 200 

1,030 780 
1.100 1,600 

18.300 I ,  800 
16, 500 1s.500 

I00 
1 . l W  
4.610 
7 .100 

1o.m 
61.- 

JQJ 
1,160 
4.610 
7 , 1 0 0  

J8,Ux) 
7 6 . W  

300 
1.160 
4 , 6 1 0  
9.300 

46,ZCO 
9 Z . 2 0 0  

- 
The rcqutred chamlcrl dosrprl rlll v a q  w td r l y  brhrrrn w r t r r  suppl lrs, 

and l a b o r a t o q  or  p l l o t  p lan t  t r r t l n g  should br  usrd t o  d r t r m t n r  r r q u l r r -  
arnt l .  M d l t l o n a l l y .  thr cost O f  c h a t c a l s  w t l l  br  a functlon o f  the gcopraph. 
Ica l  ( r e a  and thr quantlty o f  chentcr l  purchasrd. 

F l r l d  D a t a  Co l l r c t l on  

Oprrattnp d r t r  on r r v e r s r  o s a o s l ~  t r c r tmrn t  systms were c o l l r c t c d  a t  the 
Charlotte Harbor V r Q r  Assoclatlon. Harbor Hctphb, F lo r td r .  and the 8ryn b v r  
Y a t r r  Coevrny. Yrro Jcrch. f lo r tdr .  Ihc O a r l o t t r  Hlrbor p l a n t  hd l  t r o  trrrt- 
lrrnt Dodulrs whlch o w r t u  rC 2 7 . 4  k p / d  (390 p r f )  and hrvc a Cwnblned 

-J 
b a t a  119 

A conpartson of f f a l d  operr t lnq d r u  and tn fo r ra t l on  from Flqurrs 18 and 
I9 I s  shown following: 

u a u  rro. Vrro Ocrch 

Flgurer 38 Flgurcs 38 
’ F l r l d  Data and 39 F l r l d  O a U  and 39 - 

uata  F r Q I  Charlotte Harbor 

Malntrnancr mtrrtrl m q U l r a e n U  are 1- e t  both plant~b;:::irr~~~J.:C:; 
Ikt l a rq r  nrnt  o f  nrabranrs has not bren nwarsrry a t  r l t h e r  plant. 

d l t 8  Include a cost  for n a b r r n r  m p l a c r m t  evrfY thfer y a r s .  to 
dl f f r rencc I n  labor r r q u t r r r n t  a t  Char lo t t r  Itarbor 11 b r  l r v r d  
resul t  o f  an l n r p p r o p r l r t r  d l v l r l o n  of labor  betwren thr t rea ta rn t  p lan t  and 
the water d t s t r l b u t t o n  systrr.  
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1 I 

Flgurc 36. T y F l c a l - s k i d  mounted r e v e r s e  ormor lr  Ins ta l la t lon  

c n 

U 
t 
P 

- 2  
I- n 

0 U 

Flguro 37. Construction coat  for  reverse  o s m o r l s  s y s t e m  
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Graph #I I 
Reverse Osmosis 

I I I I I 

1 2 3 5 7 10 

Plant Capacity (mgd) 

ENR Index Handy Whitman ------ 

Figure 1 1  3, pp. 246-250. 



Treatment 
Capacity 

(mgd)_L 

v 

GRAPH #I  1 
Reverse Osmosis (Fig. I 13) 

I 

Const. June 1995 
cost ENR ENR Current Handy 
($) index index Cost ($) Whitman 

Current 
Handy 

Whitman 
Current 
cost ($) 

1 780,000 2851 5433 1,486,405 171 303 1,382,105 
2 1,300,000 4 2851 5433 2,477,341 171 303 2,303,509 
5 2,800,000 285 1 5433 5,335,812 171 303 4,961,404 
10 5,400,000 285 1 5433 10,290,495 171 303 9,568,421 

GRAPH #12 
Raw Water Pumping Facilities (Fig. 201) 

Treatment Const. June 1995 Current 
Capacity cost ENR ENR Current Handy Handy Current 

(mgd) ($) Index Index Cost ($) Whitman Whitman Cost ($) 

30 Feet TDH 

1 20,000 2851 5433 38,l 13 171 303 35,439 
2 25,000 285 1 5433 . 47,641 171 303 44,298 
5 37,000 2851 5433 70,509 171 303 65,561 
10 55,000 2851 5433 104,811 171 303 97,456 
20 86,000 285 1 5433 163,886 171 303 152,363 
50 180,000 285 1 5433 343,016 171 303 31 8,947 
100 325,000 285 1 5433 61 9,335 171 303 575,877 

100 Feet TDH 

1 26,000 2851 5433 49,547 171 303 46,070 
2 3 1,000 2851 5433 59,075 171 303 54,930 
5 49,000 2851 5433 93,377 171 303 86,825 
10 74,000 285 1 5433 141,018 171 303 131,123 
20 125,000 285 1 5433 238,206 171 303 221,491 
50 250,000 2851 5433 476,412 171 303 442,982 
100 490,000 2851 5433 933,767 171 303 868,246 
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SECTION 4 

COST CURVES 

CONSTRDCnON COST CURVES 

The cons t ruc t ion  .cost eorver were developed Using equipment cost data 
qupplied by M n u f a c t u r e r s ,  cost d a t a  f roo  actual'  p l a n t  cons t ruc t ion ,  unit 
t a k e o f f s  from a c t u a l  'rod Cdhceptusl designa. and'published data .  .When u n i t  
cost takeoffs  vere w e d  t o  d e t e r d o e  cos ts  from a c t u a l  and conceptual  designs,  
estinmting technique8 from Richardson hgincering Services Process  P l a n t  
.Construction EstlmatLng Sturbrdr:' Hean's bui ld ing  Construction F s t  Data , fo  
and the Dodge Guide f o r  % t b a t i n g  Publ ic  Verb b n s t r u c t i o n  costs- 
u t i l i z e d .  
t a k e o f f s  from a n  a c t u a l  design f o r  a re inforced concrete  Val1 ( s i m i l a r  t o  a 
vall f o r  a c l a r i f i e r  o r  a f i l t e r  r t rue ture)  l a  presented in Appendix C. 
The c o s t  c u w e s  that  vere developed were then checked and v e r i f i e d  by a 
recond engineering consul t iqg  firm, Zurhelde-Herrmann, Inc . ,  u s i n g  an 
approach rlmilar t o  that a general  contractor  would u t i l i z e  i n  d e t e m i n i n g  
h i s  construct ion bid.  
des igns  and assuopt ions  that were Incorporated Into the  cuwes. 
of t h e  cumes  = y  be necessav  t o  r e f l e c t  s i te -spec i f ic  condi t ions ,  geograpnic 
o r  l o c a l  condi t ions ,  OT t h e  need f o r  standby pover. The cufyes should  be 
p a r t i c u l a r l y  useful f o r  es t imat ing t h e  r e l a t i v e  economics of a l b z r n a t i v e  
treatment system8 and i n  t h e  preliminary evaluat ion of general  c o s t  l e v e l  
t o  be expected f o r  a proposed pro jec t .  ,The c u m u  contained i n  t h i s  r e p o r t  
are based on October 1978 cos ts .  2 

v e r e  o f t e n  
* ILF example i l l u s t r a t i n g  h w  cos ts  vere  determined u s i n g  u n i t  c o s t  

Every attaapt has been -de t o  present  t h e  conceptual  
Adjustment 

. - 

The cons t ruc t ion  cos t  vas developed by determining and then aggrega t ing  
t h e  cos t  Qf the  f o l l d n g  e ight  pr inc ipa l  components: 
site vork; ( 2 )  xanufactured equipment; (3) concrete;  ( I )  s t e e l ,  ( 5 )  l abor ;  
(6) pipe and valves;  (7) e l e c t r i c a l  equipment and instrumentat ion;  and 
(8) housing, These e i g h t  categories vere u t i l i z e d  pr imari ly  t o  f a c i l i t a t e  
accura te  c o s t  updating. which i r  discussed in a r u b r q u t n t  s e c t i o n  of t h i s  
chapter ,  The d i v l s i o n  w i l l  a l s o  be he lpfu l  vhere cos ts  a r e  being ad jus ted  
f o r  s i t e - s p e c i f i c ,  geographic and o ther  spec ia l  conditione. 
ca tegor ies  include t h e  fo l lov ing  general it-: 

(1) Excavation and 

The e i g h t  

'Excavation and S i t e  Work. This category iacludes.uork r e i a t e d  only . 
t o  the a p p l i c a b l e  procers  and does not include any general  site work 
such am sldevalks, roadr ,  drivevays, or landscaping. 

---_ Manufactured Equipment. 
of pumps, d r i v e r ,  process equipment, s p e c i f i c  purpose c o n t r o l s .  and 
other  i c e -  t h a t  a r e  factory made and sold w i t h  cquipnent. 

T h i o  category includes estimated purchase c o s t  

3 4  

I 
. .. -.. 



Concrcct. This category lnciudcs the del ivered  c o s t  of ready nix 
coocrete and concrete-fominp, mater ia ls .  

S tee l .  
miaceilaneous s t e e l  not included under manufactured equipment. 

b b o r .  The labor  assoc ia ted  v i t h  i n s t a l l i n g  manufactured e q u i p e n t .  
and piping and  valve.^, cons t ruc t ing  concrete  forms, and p l a c i n g  
concrete  and reinforcing s t e e l  a r e  included here. 

mis category includes re inforced  s t e e l  f o r  concre te  and - 

- + 
g '  - - Pipe and valves. CIst  i r o n  pipe,  s t e e l  pipe.  valves ,  and f i t t i n g s  

h a t e  been combined I n t o  8 s i n g l e  cacrgory. 
pipe,  valves, f i t t i n g s ,  and associated support dwices are Included 
wlthin t h h  category. 

Electrical Equlpnent and Instrumentation. 
equipment, viring, and general  instrumentat ion 8ssoc ia ted  v l t h  t h e  
process  equipment is ' included i n  t h i s  c8cegory. 

- Bousing. 
t h i s  category represents  a l l  v t e r i a l  and lab= c o s t s  a s s o c i a t e d  with 
tbe building,  including heat ing,  v e n t i l a t i n g .  air condi t ion ing ,  l i g h t i n g ,  
noma3 convenience o u t l e t s ,  and t h e  s l a b  8nd foundatlon. 

The s u b t o t a l  of the c o s t s  of these  e ight  ca tegor ies  inc ludes  t h e  c o s t  

The purchase p r i c e  of cp* 
The coat  of  process '  e lectr ical  4. 4 

il 
il 
i 

I n  l i e u  of segregat ing bui lding t o s t s  i n t o  s e v e r a l  components, 

. 

of materlal and equipment purchase and i n s t a l l a t i o n .  and s u b c o n t r a c t o r ' s  
werhead and p r o f i t .  
added t o  cover miscellaneous items not  inciuded i n  the  cost takeoff  as w e l l  
as CuntinpeUCy Items. Experience a t  many water treatment f a c i l i t i e s  has  
ind ica ted  t h a t  t h i s  15-percent allowance is reasonable. Although b lanket  
appl ica t ion  of t h i s  15-percent allowance rsay r e s u l t  i n  some minor i n e q u i t y  
bemeen p r o c u s e s ,  these are general ly  balaiiced out  durlnn t h e  combination 
of c o s t s  f o r  individual  processes i n t o  a treatment system. . 

To t h i s  s u b t o t a l ,  a 15-percent allowance h a s  been 

* 
The c o n s t r i c t i o n  cost  f o r  each u n i t  process  is presented a s  a f u n c t i o n  

of t h e  mst appl icable  desien uarameter for  t h e  process .  For cxamle, con- 
s t r u c t i o n  c o s t s  f o r  packrge gravi ty  f i l t e r  p l a n t s  a r e  p l o t t e d  versus  c a p a c i t y  
in gal lons per minute, vhereas ozone generat ion system c o s t s  a r e  presented 
versus  pounds per  day of feed capaci ty .  Use of such key des ign  parameters 
allocn the  cumes  t o  be u t i l i z e d  with g r e a t e r  f l e x i b i l i t y  th8n i f  a l l  c o s t p  
were plo t ted  versus f lav.  

d 
k. 
y .  

d 
1 

.I . *  

The construct ion c o s t s  shown i n  t h e  c u m e s  are  not t h e  f i n a l  c a p i t a l  
c o s t  f o r  t h e  u n i t  process. The Construction c o s t  c u m e s  do not  inc lude  c o s t s  
f o r  s p e c i a l  si te  vork, general  ccn t rac tor  overhead and p r o f i t ,  engineer ing.  
or laod, l e g a l ,  f i s c a l ,  and adminis t ra t ive  vork 8nd i n t e r e s t  dur ing  construc-  
t ion .  

p r o j e c t  r a t h e r  than the cos t  of t h e  ind iv idua l  u n i t  p rocesses .  
' t h e r e f o r e  wst appropriately added fo l lov ing  cost s u m t i o n  of t h e  i n d i v i d u a l  
u n i t  proceases, i f  more than one u n i t  process is required.  
prerenced i n  a subsequent s e c t i o n  of t h i s  volume I l l u s t r a t e  t h e  recomended 
w t h c d  f o r  t h e  addi t ion of these  c o s t s  t o  the  cons t ruc t ion  c o s t .  

These cos t  it- are a l l  more d i r e c t l y  r e l a t e d  t o  t h e  t o t a l  c o s t  of  
They are  

The examples 
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halagenaced and l e v  molecular vcfRht c-s. 

Comerclal u n i t s  a r e  ava i lab le  in sizes up t o  akoiic 5.01w) t lnl  :oi. 

meshranc rlcments and u p  KO 3 0 . W  gpd f o r  the reverse  osnnsls mdii lvs  
( p r c s s u r e  vesse ls ) .  
small. paral le l .  modules. 
cost estimtes include housing, s t r u c r u r a l  sttr.1 and aisccl lancoi i r  

Therefore, IarRr-seale p l a n t s  willrl bc rnapcsd  
bmpcncnts takLm into act-unt In thv cmtwLrur: 

t anks ,  piplng. valves. pumps. reverse vswsis  membr8nc c l r u n r z :  and p r e s s u r e  
v e s s e l s ,  flov neters. c a r t r i d g e  f i l t e r s ,  ac id  and pol)phosphatr feed cquipmcnc, 
and c leaning  c l u i p m e . ~ ~ .  
spiral-vocind os hollov f ine- f iber  revcrse  o s a r i s  acmbrancs. 

ihe  cost  curves are based on the  use of c l t h c r  

The e f f i c i e n c y  of the membrane elements in reverse osmsi:' s p ; i  -ms IWIY 

he  iapa l red  by s c a l i n g  tccouse of s1iglrt:y so luble  o r  inso luhlc  rnmpcunds. 
o r  by foul ing  as a r e s u l t  of  the deposi t ion o l  col lofda ;  o r  suspcndtd 
mrer ia l s .  h c r u s e  of t h i s ,  a very i n p r t a n t  considi *at ion  i n  the  des idn  
a revcrsc  usfiosis system is the  provision of adequate p r e t r e a t w n c  te  p r n t e c t  
t h e  membrane from excessive sca l ing  and loul ing and t o  avoid f r rquont  c lear . jns  
reqiiirements. 
- o s  assumed to precede the reverse  osmosis process. ani! costs for  l;rt*trk%.iLnent 
a r e  not i v l u a r d  in th.: a s t i m t e s .  

?n the development of the cos t  curves ,  a d ~ u a t c  pri.rrc;i:rr.cnt 

The coi:strjrcion COS: ciirvt. agp!il:s t o  u.iLers viLh .'I L t ? t ; i I  t l i d i . ) ] ~ . . ~ (  

s o l i d s  (TDS) concentrat ion ranRinp. up  t o  about IO,[)r)o d l .  ck!tsr caws id,:r;l- 
[ ions .  such a s  ca1c.m s u l f a t e  and s i l i c a  concontrat ions and also L l i r  Jcsir,.d 
water rccoverv. affc:t costs roore than t h e  infliicnt TDS ci-nc:Fntr;itioi,. 
The temperature df  the  feedvater  is assrimed t o  be hCtb*C2n &so ai14 35'F, ;~ lrd  
chc pH c: the feedvacrr is aciju.ted t o  rbcut  5 . 5  t o  6 .0  befnrr* t h r  rcv,:rsC 
osnosis process. A' single-pass t rea tacnt  system (or6ly atre pass througlt t i l t .  

membrane) is assumed, with an operating pressure of  400 -0  i s 0  p s i .  
assumed -aster rccoverles  f o r  d l f f e r t n c  [low ranges a r e  as fo:lovs: 

Tlic 

Flow Ranse (nRd): Water Recovew (2) . . .  
'1 - I O . .  . . . . . . . . .  .a0 
10 - 200 . . . . . . . . . . .  .05 

Brine disposal  c o s t s  a r e  not inrlcded i n  the  esci l lutes .  

Construction costs  a r e  presented ir. Tahle 9 2  and :tlso i n  Fijiurc 1 1 3 .  
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Reverse Osmosis 
2,0c0,000 I 1 

1 ,000,000 ................................................................................................................................. /q ,/.... I ,/- 

4/' 

700 000 t .......................................................................................................... .............. t 

0.001 0.002 0.005 0.01 0.02 
Plant Capacity (mgd) 

ENR Index Handy Whitman - ------ 

Note: Source E, Figure 35, pp. 88, 92-95. 



Treatment 
Capacity 

-kPC!- . 

2,500 
5,000 
7,000 

10.000 
50.000 

100,000 
200.000 
500,000 

1,000,000 

Treatment 
Capacity 
0 

30 
50 
70 

100 
200 
500 

1,000 

Const. 
cost 
L 

’ 14,000 
17,000 
20,000 
25.000 
79,000 

140,000 
225,000 
450.000 
760,000 

Const. 
cost 
($) 

12,500 
13,000 
14,000 
14,500 , 

16,000 
18,000 
20,000 

GRAPH #15 
Reverse Osmosis (Fig. 35) 

June 1995 Current 
ENR ENR Current 1 Handy Handy 
index - Index ~ Cost ($) -Whitman Whitman . 

2851 
2851 
2851 
2851 
2851 
2851 
2851 
285 1 
2851 

5433 
5433 
5433 
5433 
5433 
5433 
5433 
5433 
5433 

26,679 
32,396 
38,113 
47,641 

150,546 
266,791 
428,771 
857,54 1 

1,448,292 

GRAPH #16 
Package High - Service Pump Stations (Fig. 53) 

181 
181 
181 
181 
181 
181 
181 
181 
181 

31 9 
31 9 
31 9 
31 9 
31 9 
31 9 
31 9 
31 9 
31 9 

June 1995 Current 
ENR ENR Current Handy Handy 
Index Index Cost ($) Whitman Whitman 

2851 5433 23,821 155 259 
2851 5433 ’ 24,773 155 259 
285 1 5433 26,679 155 259 
2851 5433 27,632 155 259 
2851 5433 30,490 155 259 
2851 5433 34,302 155 259 
285 1 5433 38,i 13 155 259 

Current 
cost ($) 

24,674 
29,961 
35,249 
44,061 

139,232 
246.740 
396,547 
793,094 

1,339,448 

Current 
cost ($) 

20,887 
21,723 
23,394 
24,229 
26,735 
30,077 
33,419 
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was aasuaed. v l t h  only occasiLm1 sliutdwn t o  c lean  c e l l s  and ceploce weak 

, 

-~ 
b r t r a v i o l e t  lamps. Buildic: mergy Is fo r  hea t ing .  1ightir.g.  and v e n t i l a t i o n .  

Maintenance a a t e r i a l s  a r e  r e l a t e d  t o  t h e  replacement COIL of t h e  u l t r a -  
v io l e t  I m p s ,  vhich  &re g e w r a l l y  replaced after o p e r a t i n s  cont inuous ly  f o r  
abouc 8.000 hr .  

h b o -  requirements .  a r e  re la ted  t o  o c c a i i o n a l  c leaning  of t h e  q u a r t z  
s l e e v e s  and p e r i c d i c  replacenent  of t h e  u l t r a v i o l e t  l i g h t s .  

Operation and maintenance requirements a r e  sunmari ted. in  f - b l c  38 and 
also presented i n  F igures  33 a d  34. 

REVn\SE QSnOSIS 

Construct ion Cost 

Reverse omaosis u t i l i z e s  membranes t o  remove a high p e r c e n t q e  of 
-alrDost'all inorganic  i o n s ,  t u r b i d i t y .  b a c t e r i a ,  and viruses. HOSL o r g s n i c  
mtter is also removed, wi th  t h e  exception of s e v e r a l  m a t e r i a l s ,  inc luding  
most halogenated and luu-molecular-ueight c-dr. 

Construct ion costs vere  developed f o r  ccmplete r e v e r s e  o s ~ o s l s  plants 
i n  the r k c  ranges from 2,500 gpd t o  1 &.,. C-rcid units rre z v x i l a b l r  
In sires up t o  about 5.000 gpd f o r  t h e  aembrane elements and up to 30,300 gpd 
f o r  the  reverse  osnrosis moctules (pressure vessels). Therefore ,  l a r g e - s c a l e  
p l a n t s  are composed of many smaller ,  p a r a l l e l  modules. Camponents taken L t o  
account in  t h e  cons t ruc t ion  cos t  estimtes include housing, s t r u c t u r a l  s t e e l  
and miscellaneous mecalvork, tanks. piping, valves ,  pumps, revers?  osmosis 
mesbrane elements and pressure  vesse ls ,  f l o v  w.ters, c a r t r i d g e  f i l t e r s ,  a c i d  
and p o l p h o s p h a t e  feed equipment. and also cleaning equipment. The c o s t  
curves  are based on t h e  use of e i t h e r  spiral-wund o r  hol lov  f i n c f i b e r  
Yeverse osmosis membranes. 

The e f f i c i e n c y  of  t h e  membrane elements in reverse osmosis sys tems may 
be Impaired by scal in) t@ecause of s l i l th t l f  so luble  or i n s o l u b l e  compounds) 
o r  by foul ing  (because of the  d e p o s l t t a  of c o l l o i d a l  o r  suspended m a t e r i a l s ) .  
Because of  this p s s i b i l i t y ,  a v e q  Impertmt ccnuideration i n  t1.e d e s i g n  
of a reverse osmosis system i z  the  pfovisibn of a d e q u c e  p r e t r e a t u & r t  t o  
p r o t e c t  the membrane from excessi-,e sca l ing  and f o u l i n g  and Lo avoid  :re- 
quent c leaning requirements'. 
p r e t r u t m e n t  vas assumed t o  precede t h e  reverse  osmosis process .  b u t  costs 
fOT pretreatment  ere not  included i n  the e s t i m t e s .  

In  t l e  development of t h e  c o i t  cumes, adequate  

me c o r s t r u c t i o n  cost c u w e  appl ies  t o  vmteri v i t h  a c o t s 1  d i s s o l v e d  
s o l i d s  (TDS) conccnt ra t lon  ranging up  t o  about 1O.OOO sg/l. Other cons ider -  
a t i o n s ,  such b9 calcium s u l f a t e  and ~ 1 1 1 ~ ~  concentrat ions ond 0180 t h e  
d e s i r e d  v a t e r  recovery,  o f feg t  cost  more than the  i n f l u e n t  lTS conccnt ra t io l i  
The temperature of the feedwater is assumed K O  be between 650 ond 9 5 O  F, ond 
t h e  pH of the  feedvacer Is odjustzd to about 5 . 5  t o  C.0 before  t h c  r e v e r s e  
osmosis process. 
rcembrane) is assumed, v i t h  on operoting pressure of 40C to 450 PSI. 

A single-pass  treatment SJstem (only one p a s s  t h r o u g h  t h e  
T h e  

88 . 
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assumed water recoveries  fo r  d i f f c r c n t  flav zanges a re  as f o l l o v s :  

Flov Ranxc - Water Recovery {Z! 

2.500 - 10.000 gpd 63 
10,000 - 1 ~ , O O o  gpd 70 
1OO.COO 8pd - 1.0 mgd 75 

Brine' d i s p o s a l  c o s t s  a r e  not included i n  t h e  estimates. 
estimates a r e  presented in Table 39 and a l s o  in Figure 35. 

C o n s t r u c t i c n  cost 

Operation a d  Haintenance Cost 

E l e c t r i c a l  energy usage is Included f o r  tie high-pressure feedwater  
p w p e ,  based on an operat ing pressure  of 453 PS! a d  on t h e  w a t e r  r e c o v e r i e s  
listed In t h e  cons t ruc t ion  cost vr i t t -up .  
feed  equipment, an energy usage of 10 Ferccnr of t h e  ueagc f o r  the  high- 
p 'usure  p w p s  wad assumzd . Electrical ew-7 f o r  l i g h t i n g ,  h e a t i n g ,  and 
-xatilatiPg was ca lcu la ted ,  .baneti 00 60 u c b a t e d  f l o o r  a r e a  r e q u i r e d  for 
ccnuplete housing of t h e  revers: osnroeis equipment. 

Per o t h e r  pumps and c h e o i c a l  

. .  
The l a r g e s t  Paintexlance mterfsl requiraaent  L' f o r  membrane replacement;  

a d r a w  Llfe  s f  3 years  w a s  w e d  in the  coat u t i m t e e .  
ance aater ia i  requirclncnts are fer replacement of c a r t r i d g e  f i l t ! r s .  f o r  
d r a n c  cleaning c h c m i c r l s .  a d  f7r materia's aeeded f o r  p e r i o d l c  r e p a i r  
of pumps, motors, and e l e c t r i u l  cont ro l  equipment. Costs f o r  pre:reatoent 
chemicals, such M acid and poiyphoephate, are not  included in t h e  e s t i m a t e s .  
The c h d a l s  u t j U z e d  and t h e  dosages requi re3  v i l l  r h w  g-eat v a r i a b i l i t y  
between d i f f e r e o t  watcr suppl ies  and should be determined from p i l o t  p l n n t  
t e s t i n g  . 

Other  m i n t e n -  

Iabor  tequirements are f o r  clear?ing and rep lac ing  membranes, r e p l a c i n g  
c a r t r i d g e  f i l t e r s .  m i a t i d s i n g  t h e  h igh-prurure  a d  o:her p=ps, p r e p a r i n g  
treatment c h e m i c a l  and determinhg prcper dosages', maintaining chemical  
feed equipment5 and m i t o r i a  perfomance of the rwersc os,mo?,is membranes. 
Membrane cleaning 09 a e m r d  LO occur monthly. 
ments, a mini" of about 1.5 hr/day of labor ma assumed f o r  t h e  r a a l l e s t  
p l a n t .  

'lo c s t b a t i n g  l a b o r  r e q o i r e -  

Operation Md mintcnancc  r e q u i r e n t s  ut s u m a r i z e d  i n  Table  CQ and 
i U t K * L e d  i n  PigUrm 36 Lnd 37. . .. . 

. PRESSURE ION EXCBAKE SOF7TENrNC 

Construct ion Cost 

Cat ion exchange resina can be u t i l i r t d  f e r  i b e  removal of hordnces ,  
barium, t r i v a l e n t  c h r d u m ,  lead.  manganese, mercuq, and radium. C o n s t n c -  
t i o n  coots  vere  developed l o r  pressure im exchange s0f tmir .g  iybtuns using 
t h e  conceptual l n f o m a t i u n  p r e o n t e d  i n  Table 41. The contTct  v e s s e l s  v e r e  
f a b r i c a t e d  steel, w i t h  a 5rked phenolic l i o i n g  added a f t e r  f o b r i c o t i o n  and 
constructed for 100 p e i  worUdng preesurc. The depth of r e s i n  vaq 6 ft. 

i 
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1 
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Conetruction Coet for 

\o 
U 

Rrveree Oemosi# . 

Plant Capacicy (Rp d) 
Coat Catcffory 2.500 10,300 100,000 1,000,000 

Hanufactured Equipment 
tabor 
Elcctrtkal and 1no:rumentseion 

. I  - _  
. Houring 

:. SUBTOTAL 

Hfrcellanrour and Contingency 
TOTAL 

$ 3 ,710  

. 770 

4 , 190 

2 , 6 8 0  

11,350 

1,700 

13,050 

$11,140 

2 , 2 1 0  

4,710 

4 ,070  

22,130 

.3 ,320  

25,450 

$81 ,050 

16.080 

10,680 

6,430 

114,240 

17,140 

131,380 

.$ 474.110 

70,420 

6 5 ,  740 

64,260 ' 

674 ,'630 

101,190 

775,820 

1 
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szwage pump tation 
1 2 3 4 \ 
8 7 6 5 

** All pipe is 8' PVC (400' sections) 

~LManho'= 

Whole Installation (120 units) 
, 

8' Gravity Sewer 

10 

,, 7 

, 4  
i 3  

10'-12'deep => 1782H 
8'-10' deep E> 1782 If 
C-8' deep => 1689 If 
OO-6' deep = > 750 If 

' 
LS 4 1  

Depth Manholes 

10'-12' 1,2,3 
8'-10' 4 5 6  
6'-8' 7-12 
0'-6' 13,14,15 

2 - - - -  5 8 1 1  14 - - - -  - -  

15 

.3 
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RECORD OF TELEPHONE COMMUNICATION 
-? 

)ATE: q ls !4 f  TIME: 4:30 
F.3JECT NAME: *- f””;’ S k  PROJECT NO.: 95-/45:co 

I TY CALLING: 

Y T Y  CONTACTED: 

L U a l 1 e  COMPANY: WX 

-4- Edwcrrds COMPANY: ?r..;/“ Remat 
I 3 

bt3JECT: lhmkcle cosk 4’d;9uhr 9% b 
~ Tu pI: I I  : p s  
rJ 

ELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments) * 81f WQII 4 I ‘ W  *5 x 

f 
- 
i s  

ACTION REQUIRED 

- 1  

~ 

- . KARTMAN & ASSOCI[ATES. XNC. 

I 



RECORD OF TELiiPHONE COMMUNICATION- 

TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments) 9 
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Sewu 1 

sm DESCRlPTnN PROJECT OUANTlPl WIT UNITPRICE BIDDER YEAR 

8- 9 O W G  BEND 2 4 EA 1285.00 METER 1994 
8' X 22 1R' BEND 2 1 EA $275.00 METER 1994 

0.1. IMISC. RTTINGSl 1 20.5 TN 15.ooo.00 METER 1988 
FlTlDlGS tocFSlrr) 2 1 Lf s 1 .#x).00 BnlM 1994 

16' X 6' 0.1. CROSS m S  1 2 EA s1.080.00 MWER 1988 
20. X 6' 0.1. CROSS Rl?'WGS 1 2 EA 11,400.00 nwm 1 988 
24' X 6' 0.1. CROSS R I T w t S  1 3 EA $1.7 10.00 UEYER 1988 - 
30. X 6. D.I. CROSS FllTWGS 1 2 EA $3~110.00  YEYER 1988 
8' X 6. W E  WlTn 45 DEG. BEND 2 58 EA $37.00 MEYER 1994 
10' X 6. WfE WITM 45 DEG. BEND 2 1s EA $m.oo MEYER 1994 
6. X 4' WLf W E  2 56 EA O B . 0 0  MEYER 1994 

4' RUG 2 112 EA $2.60 MEYvl 1994 
6' RUG 2 83 EA $4.70 MEYER 1 994 

8' DIP IRESTRAINEOI 2 120 LF S48.00 METER 1994 
10' DIP 112'-14' CLl"l 2 to LF $3a.00 BRLAR 1994 
10' DIP 110-12' U T I  2 to LF s35.75 MEYER 1994 
8' DIPFM 3 80 LF 837.00 JI*HC 1994 
10' DIP FY 1 s  LF $24.15 E S r W O N  1986 
10' DIPFM 3 40 LF $49.50 JMW 1994 
12' DIPFM 455 LF (211.26 ESTERSO" 1986 
8' D I P N  180 LF (20.89 EmRSON 1986 
8' DIPFMl0-6'CUTl 18 LF $18.00 n u s "  1990 
8' DIP FM 10-6' Mi 18 LF $19.70 Go- 1990 
8' DIPFM 1 0 4 ' C U T l  18 LF $20.00 WITHERINGTON 1990 
8' DIP 10'-6' C V n  18 LF $26.80 8 6 0  1990 
8 -  DIP 1 6 * a  cun 20 LF s 1.500.00 X-RDS 1088 
8' DIP (8'.10' CUT) 36 LF $28.15 8 6 0  1990 
8' DIP FM 18'-10' CUT1 36 LF $2000 HUEEARD 1990 
8- DIP FM 18*-io' cun 36 LF $21.95 GOMER 1990 
8' OIPFM (8'.10 CUT) 36 LF $22 00 WlTHERHGTON 1990 

16' DIPFM ICL 50) 1 3250 LF $31.20 M n r R  1988 
16. DIP FM ICL 50)  1 3250 LF s30.00 M m R  1988 
16' DIP FM ICL 501 1 250 LF $43.1 5 MMER 1988 

3 
0 

f 

sk - 4 v  
w 
L . - 

? L 

= u 
> 

: 

20' DIPFM1CLX)l 1 250 LF $55.90 YEYER 1988 
20' DIPFM ICL 50) 1 3265 LF $37.00 MEYER 1988 
20- DIP FM ia so) 1 3265 LF $40.20 MWER 1088 
24' DIP FM (a 501 1 5645 LF $48.90 MEYER 1988 
24- DIP FY (a 50) 1 5645 LF $45.00 MEYER 1988 
24- DIP ~1 ca 501 1 410 LF (64.30 UEYER 1988 
30- OIPFM ( a 5 0 1  1 425 LF S87.00 MEYER 1988 
30' DIP FM ICL 501 1 5600 LF $60.00 MWER 1988 

8' W C  l0'-6' Cvn 338 LF (8.50 XAOS 1988 

8 .  W C  10-6' M) 707 LF $7.70 GOMER 1990 

8' W C W 4 ' C L r n  707 LF $11.70 B L D  
8 .  W C 8 0 ' 4 ' C V n  2 2- LF $10.00 MmEfl 
8' W c ( o ' - 6 ' M )  2 zss' LF $8.00 MUR I994 
8' WMl I04 ' cLn l  7 30 LF $13.00 SOUTHWEST 1994 

- 

8' W C  "-6' M) 707 LF 86.80 HUBIURD 1990 

8' WClO' -6 'Cvn 707 LF $7.00 WTMERWGTON 1990 y 
p 8 .  W M I I O ' 4 ' c m )  7 3 0  LF 813.75 ROCKET 1994 b y ' ;  

8 -  WMI10-6") . 7 3 0  LF S14.M MUSTAMG 1994 
1055 LF $7.90 1990 
1055 LF (8.75 COWER 1990 

8' W C  1 6 ' . 8 ' M  
8' W C  16'4' CVn 
8' WC l6'.8'CVn 1055 LF $8.50 WlTHWNtTON 1990 

f 
8' W C  16'-8'CUf) . 648 LF 0 4 . 5 0  X-RDS 1988 
8' W C  16'4' Nn 1055 LF $12.35 8 6 0  1990 
8' WCW-8" 2 243 LF (9.12 BRUR 1994 

8' W C  16'4'  C W  2 60  1 LF (11.50 METER 1994 

WvDl 16'-8' CUT) 7 635 LF s21.00 ROCKET 1994 

8' W C  16'4' Cvn 2 700 LF (8.60 BRVIUR 1994 

W M l  16'4' CUT) 7 635 LF $15.00 SOWIWWEST 1994 

' WClDt (6 ' -8 '  CUT) 7 635 LF $18 00 MUSTANG 1994 



S A N n U Y  SEWER 911 9/94 

Y) 

a - 
a 

l l D M R  Y 
8' Wcln- lVcm 675 LF $9.37 nuewo 1 
8' WC W - l V  CUT) 675 LF $9.95 GOPHER 1 
8' W C  11'.1o'cvn 675 LF $9.00 WITWERINGTON 1 
8' W C  l6'.10' Nn 675 LF $13.05 8 L D  1 
8' W C  l 6 ' - 1 0 "  2 1480 LF $6.90 B U R  1 
8' W C  16'-14CUI7 2 800 LF $9.25 JWtc 1 
6- N C  W-lV am 2 1S13 LF $14.00 YEIER 1 - P V t l D l W - l G  cVn 7 390 LF $20 00 1 

S24& "e? 1 rvclDlIr-lo' m 7 390 LF 
$25.00 MUSTANG 1 8' W u M l ~ - l V c u n  7 330 LF 

8' wc f lV-12 '  cvn 317 LF $11.26 ClwPuD 1 
8 -  wc i i o - . i t * c u n  317 LF $12.45 M E R  1 

(11.00 M T n W N t T O N  1 8' W C  (1V.12' CUT) 317 LF 
8' WC I l V - 1 r  CUT) 317 LF $14.90 B L D  1 

PPOJECT OUINTlw UNll UNITPRICE SIZE DES" 

3 

6' W C F M  1 1125 LF $ 17.60 M M R  i sa8 
8' W C F M  3425 LF 19.00 UWSON 1986 
8 -  W C F M  2 7050 LF 16.50 MMER 1994 
8' W C F M  3 1360 LF (8.00 JMUC 1994 
8' W C F M  IONSITE) 2 3730 LF $7.40 B U M  1994 
8' W C F M  IONSITEI 2 3720 LF $8.00 JMUC 1994 
8' W C F M  (OFF Slm 2 3060 LF $7.64 8RlAR 1994 

E 

9 
9 
9 
9 
9 
9 
S 
S 
I 
9 
9 
9 
9 

a AR 
'90 
'90 
'90 
'90 
IS4 
194 
IS4 
IM 
194 

190 
190 
I 0 0  
ID0 

b4 

6- W C  I l V - 1 2 '  CVn 2 20 LF $9.75 JMUC 1994 
~ 1 3 . 2 5  n u w o  1990 8' W C  l12.-14 cur) 418 LF 

8- W C  l12*-14' CUT) 418 LF S 15.45 GOPnER 1900 
8 -  wc (12'-1C cur) 418 LF 

- 4  - 8' W c I l 1 ' - 1 4 m  41 8 LF S16.05 O L D  1990 
$13.00 WrmuturCjTON 1990 

WUM I l T - 1 4  crm 7 183 LF $30.00 SOUlMWEST 1994 
WCID1 f12'+14' CUTl 7 183 LF $31.00 O ' X K t 3  1994 

145.00 MUSTANG 1994 
166 LF $16.35 HUBBARD 1900 

$16.35 HUBBAR0 1990 

wcmi 1 i z * - i 4 *  cun 7 183 LF 

8' W C  l14'-16* Cvn 166 LF 
8' W C  (14'-16 Cur) 3 

'&a dk, 6' W C  114'-16' Cur) 166 LF $15.00 WlTHWNGTON 1990 - ~~. 

8 -  wc w - 1 ~ -  cun 166 LF S 17.50 B L D  1990 6". 
$21.80 HVBaARO 

$17.00 WWERINGTON 1990 

4' PVCFM 20 LF SlO.00 UENSON 1986 ? 
f 

8' PVC (16'.18' CUT) 357 LF 
8' w c  (16.18' CUT1 357 LF $19.95 COWER 
8' WC l16'-18' Cur)  357 LF 
8' W C  116318' C W  357 LF $19.35 8 6 0  1990 

4 -  PVC FM 
4' PVC F M  
4. PVC FM 

$6.00 SOUTHWEST 1994 7 675 LF 
7 675 LF $7.50 R0CK:FT 1994 

110.00 MUSTANG 1994 7 675 LF 

8' W C  FM (OFF SITE) 2 aiao LF (8.00 JMUC 1994 
10' W C F M  1950 LF $10.56 UENSON 1986 
10' W C F M  3 244 LF s 15.00 JMHC 1994 
12' W C  FM 2975 LF ~ 1 2 0 0  ES€RSON 1986 
4' W C S E M C E U T E R U  350 LF $5.30 x m s  1988 
6. W C S W Q L A T L R U  1986 LF $11.45 O L D  1900 
6' W C S E R W C E U T E R U  1986 LF $10.16 MMER 1 so0 

(5.00 WlTnElllYGToN 1990 6' W C S f s E l M Q U f E R A L  1 D l 6  LF 
(7.80 HW8ARD 1990 6' W C S E N Q U r W  1986 LF 

6' W C S E I N I Q U T L R U  535 U $8.10 VINNKE 1990 
6' D O W S U M Q U T E R A L S  2 77 EA $326.62 8- 1994 

6' DOUBL€SERVK€UTERUS 7 18 I3 
6' DOUBLE SERVICE UTERUS 7 18 I3 s310.00 ROCKET 1994 

6' SINGLE SERVICE U T E R U S  2 3 EA 1301.67 B" 1994 
6' SINGLE SERVICE UTERALS 2 1 EA $245.00 JMUC 1994 

6' SINGLE SERVICE LATERALS 7 5 EA 
6' SINGLE SERVlCE LATERALS 7 5 €4 $280 00 ROCKET 1994 
6' SINGLE SERVICE LATERALS 7 5 EA 

6' OOMUSSUMCEUTERUS 2 60 EA s275.00 M H C  1994 
6' DOUBLESERYCEUTUULS 3 5 0  U S265.00 JMMC 1994 

1275.00 !sounwEST 1994 

6' DOUBLE SERWCE UTERALS ' 7  18 €h $450.00 MUSTANG 19% 

6' SINGLE SERVICE U T E R A L S  3 14 EA (245.00 JMHC 1994 
1225.00 SOUTUWST 1994 

$ 3 5 0 0 0  MUSTANG 1996 

S . r r  2 



i 

... 

APPENDIX 0 



1 



4 

PAGE $38 OF 

. tf- 4D.\ a' _- 



r 7 

. 

r . . .. 

e 



PAGE 2 Y O  OF 

8 

8'11 

7 

rc 7 



LA 11 

I.77 K - 
i 

. . . - - . . - . . . 

. - . . 



i 

f 

Y. IJob No. 95-145.00 
m w  JJW (Date: 8/14/95 

Station No. 1 Submersible a m c b d k  D.p: 

Installed 1995 Depth (ftl: i 5  Diameter Ut): 6 
Recast Wdl 
Wet Well(h ) 15.00 6125lFr m- $1,875 
Top Slab(cy) 0.70 $4  5 O/c y COST- $314 

$450/w =T- $1,398 Base Slab(cy1 3.1 1 
Excavation 
Surface Diameter (ft) 

Surface Area (ft 1 

Base Diameter (h) 

Base Area (ft) 

Volume (cy )  

Backfilllcv) 

Dewatering 
Circumference 

Valve Box: 

(2*Depth)+lOft+Dia.= 'SD' = 

( (3.141 5)*('SD'jA2)/4 = 'SA' = 

Dia+lOft= 'BD' = 

(1 /3*("SA")*(Depth + 'BD')-l/3*('BA')("BD'))/27 = 
'Vol' = 

$ 1 . 2 5 1 ~  COST = 

'Val"-( (3.1 41 511Dia.)'2(Depth))127 = 'BK'= 

$1.25Icy COST = 

Pumps: 2 
Horsepower 5 
GPM 100 
Manufacturer FlyghtlABS 
Model No. 

2 '  (3.1415)(('SD' +2)/2f 150.8 
$75/LF COST = 

Length(ft) 5 
Width(h) 5 

Walls 8' 
Base Slab (ft 25 

Top Slab Aluminum Hatch COST = 

TOTAL STRUCTURAL COST= 
Moton: 2 
5 

TOTAL PUMP COST - 
Contrdr/Bectrical: 

PipinglFittingslEquipment: TOTAL EautmmT ,COST = 
4"  Plug Valve (2) 
4" Check Valve (2) 
4' connector 
Emergency pump out 
4' DI piping 

Estimated at 20% of Total Package Cost 
TOTAL CONTROL COST = 

TOTAL LlFF STATION COST = 

46  

1662 

16 

201.1 

596 

$745 

533 

i 

~ 

$667 

$11,310 

$1,440 

$1 7,748.87 

$1 1,200.00 

$2,800.00 
$2,662.33 

%34,41 I .20 



\- 

Station No. 2 Submersible 

PAGE 243 -OF 

Hlr )*. IJob No. ss.145.00 

,D"l"dh D.u: 

vlrk JJW (Date: 011 4/95 

Installed 19S5 Gepth ( f t ) :  16 Diameter / f t) :  6 

Reem WeU 
COST- $2,000 Wet Well(ft ) 16.00 $1251FT 

Top Slabky) 0.70 845Olcy 
Base Slabicy1 3..11 $ 4 5 0 1 ~ ~  

48 
Excavation 
Surface Diameter (ft) 

Surface Area Ift 1 

Base Diameter (ft) 

Base Area ( f t l  

Volume (cy) 

(2'Depth) + lOft+Dia. = 'SD' = 

1810 

16 Dia+lOft= 'BD" = 

201.1 

675 
(1 13 ('SA') *(Depth + 'BD'I-1 /3*('BAm)("BD'))/27 = 

'Vol" = 

$1.25/cy COST = 

'vol"-l (3.141 5)(DiaJA2(Depth))/27 = -BK'- 

$844 

Backfill(cy) 608 

$760 $1.25/cy COST - 
Dewatering 
Circumference 2' (3.1415)(('SDn+2)/2f 157.1 

$75/LF COST = 
Length(ft1 5 
Widthift) 5 

Walls 8' 

$1 1,781 
Vdvn Box: 

Base Slab (h l 25 
Top Slab Aluminum Hatch COST = $1,440 

TOTAL SlRUCTURAL COST= 
Motors: 2 
5 

$18,537.00 
Pumps: 2 
Horsepower 6 
GPM 200 
Manufacturer FlyghtlABS 
Model No. T TOTAL PUMP COST- $1 1,600.00 

ControIrNectricat : Estimated at 20% of Total package Cost 
TOTAL CONTROL COST = 
TOTAL EQUIPMDST COST- 

$2,900.00 
$2.780.55 PipinglFiningslEquipment : 

4" Plug Valve (2)  
4' Check Valve 12) 
4' connector 
Emergency pump out 
4" DI piping 

TOTAL LIFT STATION COST = $35,817.55 



Station No. 3 Submersible 

Qrrr Ilo. ]-No. 95-145.00 

Y e  JJW (Dote: 6/14/95 

-6 081. 

Installed 1995 Depth Ut): 1 8  Diameter (ft): 6 
Precast Well 

COST- $2.250 
COST- (314 

Wet Well(ft ) 18.00 $IZSF~ 
Top Slab(cy1 0.70 $4 5Olcy 
Base Slab(cy) 3.1 1 $450/cY COST- $1,398 

~ 

Excavation 
Surface Diameter (ft) (2'Depth) + loft + Dia. = 52 

21 24 Surface Area (h 1 ( (3.1415)*('SDm)^2)/4 = 'SA' = 

Base Diameter (ft) Dia + 1 Oft  = 'BO' E 16 

Base Area (ft)  ( (3.1415)'("BD')'2)14= 'BA' E 201.1 

Volume (cy) (1/3'('SA")'(Depth+'BD')-l/3*('BA')('BD'))/27 = 
'Vol' = 852 

t 
$1.25/cy COST = 

Backfill(cy) 'Val'-( (3.141 5)(Dia.IA2(Depth))/27 = 'BK'= 

$1,065 

776 

$1.25/cy 
Dewatering 

COST = $970 

Circumference 2' (3.1415)(('SDg+2)12f 169.6 
$75/LF COST = $1 2.723 

Valve Box: Length ( f t 5 
Width(ft) 5 

Walls 8' 
Base Slab ( f t  ) 25 

Top Slab Aluminum Hatch COST = 

TOTAL STRUCTURAL COST= 
Pumps: 2 Motors: 2 
Horsepower 9 5 
GPM 300 
Manufacturer FlyghtlABS 
Model No. TOTAL PUMP COST- 

$ 1  .a0 

$20,160.38. 

S 12,800.00 

ControlslElectrical: 

PipinglFittingslEquipment: TOTAL mutmw COST - 
6' Plug Valve (2)  
6' Check Valve (2) 
6' connector 
Emergency pump out 
6' DI piping 

Estimated at 20% of Total Package Cost 
TOTAL CONTROL COST - 
TOTAL LIFT STATION COST = 

$3,2 00 .OO 
$4,032.08 

$40,192.46 



Ikb NO. 95-145.00 
JJW (Date: 8/14/95 I 

Station No. 4 Submersible 

Installed 1995 Depth (ft): 20  Diameter (ft): 6 

M W d l  
COST- $2,500 
COST- $314 
COST- $1.398 

Wet WeMft 20.00 S 1 2 5 n  
Top Slab(cy) 0.70 $450/cy 
Base Slab(cy1 3.1 1 $ 4 5 0 1 ~ ~  

? Excavation 
Surface Diameter (ft) 

Surface Area fft 1 

Base Diameter (ft) 

Base Area f f t )  

Volume (cy) 

(2 Depth) + 1 Of t  + Dia. = 'SD" I 

( (3.1 41 5)'('SD')*2)/4= 'SA' I 

56  

2463 

16 Dia+lOft= 

201.1 

(1 13 ("SA') (Depth + 'BD')-1 /3*('BAD)('BD'))/27 = 
'Vol" = 1055 

$1,319 $1.25Icy COST = 

Backf ill(cy) "vel'-( (3.1 41 5)(Dia.)'2(Depth))/27 = 'EK- = 97  1 

$1.214 $1.25/cy COST = 
Dewatering 
Circumference 2' (3.1415)(('SDn+2)/2f 182.2 

$75/LF COST = $13,666 
Vdv. B o x :  Lengthfft) 5 

Widthfft) 5 
~ 

Walls 8' 
Base Slab (ft ) 25 

Top Slab Aluminum Hatch COST = $1,440 

$21,850.47 TOTAL STRUCTURAL COST= 
Motors: 2 
5 

Pumps: 2 
Horsepower 12 
GPM 400 
Manufacturer FlyghtlABS 
Model No. 

i 
$1 4,200.W TOTAL PUMP COST = 

Con troIr/Be&cai: 

PipinglFittingslEquipment : 
6' Plug Valve (2) 
6' Check Valve (2) 
6' connector 
Emergency pump out 
6" DI piping 

Estimated 81 20% of Total Package Cost 
TOTAL CONTROL COST - 
TCTAL EQUIPMENT COST = 

TOTAL L I R  STATION COST = 

$3.550.00 
$4,370.09 

W3,970.57 

-? 



PAGE 2Yb OF (ratl 

5 Submersible Station No. 

Rrrm }&NO. 95-145.00 

Wh JJW IDau: 8/14/95 

-8v Dum: 

lnsalled 1995 Depth (ft): 18  Diameter (ft): 8 

Pree8st wdl 
Wet Well(ft 1 18.00 L125/FT 
Top Slabicy) 1.24 $450/cy 
Base Slabicy1 4.42 $45O/cy 
Excavation 
Surface Diameter (ft) 

Surface Area (ft 1 

Base Diameter (ft) 

Base Area (ft) 

Volume (CY) 

BackfWcv) 

Dewatering 
Circumference 

Valve Box: 

COST= 82,250 
COST- $559 
com- $1,991 

(2*Depth)+ lOft+Dia. = "SD' = 

I (3.1415)*('SD')A2)/4= 'SA' = 

Dia+ loft= 'BD' E 

If 13'i'SA") *(Depth + 'BD')-l /3*('BA")('BD'))/27 = 
'Vol" = 

$1.25/cy COST = 

'vel"-( (3.141 S)(Dia.)^Z(Depth))/27 = 'BK'= 

$1.25/cy COST = 

2' (3.1415)(("SD'+2)/2f 175.9 
$75/LF COST - 

Pumps: 2 

GPM 500 - 
Horsepower 13.5 

Manufacturer FlyghtlABS 
Model No. 

Lengthift) 5 
Widthih) 5 

Walls 8' 
Base Slab (ft ) 25 

Top Slab Aluminum Hatch COST - 
TOTAL STRUCTURAL COST= 
Moton: 2 
5 

54  

2290 

18 

254.5 

961 

$ 1,202 

827 

$1,034 

$13,195 

$1.440 

$21.670.09 

$14,800.00 TOTAL PVMP COST = 

Contrdr/flectrical: 
$3,7 00 .OO 

PipinglFittingsEquipment : TOTAL EOUIPMENT COST = $5,417.52 
8' Plug Valve 12) 
8' Check Valve (2) 
8' connector 
Emergency pump out 
8' DI piping 

Estimated at 20% of Total Package Cost 
TOTAL CONTROL COST - 
TOTAL LIFT STATION COST = $45,587 61 



.. 

Station No. 6 Submersible 

PAGE 247 OF %-\ 

"I no. IJebNo. 96-146.00 
ulbk JJW 1Dne: 8114195 

he+.dk DH. 

Installed 1995 Depth Ut): 2 0  Diameter (ft): 8 
Recart W d  
w e t  Well(ft ) 20.00 SlZS/FT 
Top Slab(cy) 1.24 $450/cy 
Base Slab(cyl4,42 $450/cy 
Excavation 
Surface Diameter (ft) 

Surface Area (ft 1 

Base Diameter (ft) 

Base Area (ft) 

Volume (cy) 

Backfill(cy) 

Dewatering 
Circumference 

Valve Box: 

COST- $2,500 

COST- 81,991 
COST- $559 

(2*Depth) + 1Oft + Dia. = "SD" = 

'SA' I ( 

Dia + 1 Oft = 

( (3.1415)*('BDm)"2)/4= 'BA" = 

(1 /3*('SA')+(Depth + 'BD')-l/3+('BA")('BD'l)/27 = 

( 3.1 4 1 5 I + ( 'SD .)-2 )/4 = 

'BD' = 

"Vol" = 

$1.25/cy COST = 

"Vola-( (3.1415)(Dia.)^2(Depth))l27= 'BK'= 

$1.25/cy COST = 

2' (3.141 5)(('SD' + 2)/2f 1 88.5 
$75/LF COST - 

Base 

Pumps: 2 
Horsepower 17.5 
GPM 600 
Manufacturer Flyght/ABS 
Model No. 

Length ( f t l  5 
Width(ft) 5 

Walls 8' 
Slab (tt l 25 
Top Slab Aluminum Hatch COST - 

TOTAL STRUCTURAL COSTS 
Motors: 2 
5 

TOTAL PUMP COST - 
Controls/UectricaI: Estimated at 20% of Total Package Cost 

TOTAL CONTROL COST = 
PipinglFittingslEquipment: TOTAL EQUIPMENT COST - 
8' Plug Valve (2) 
8' Check Valve (2) 
8' connector 
Emergency pump out 
8' DI piping 

TOTAL LIFT STATION COST= 

58 

2642 

1 8  

254.5 

1183 

$1,479 

1034 

S 1.293 

$14,137 

$1,440 

$23,398.00 

$1 6,640.00 

$4,160.00 
$5,849.50 

$50,047.50 



Station No. 7 Submersible 

hrt #. IJo4No. 95-146.00 

mdIk JJW IDate: 8/14/95 

-.r 0": 

Installed 1995 Depth (ft l :  20 Diameter (ft): 10 
PncMt Well 

COST- 62,500 
COST- 8873 
COST- $2,689 

Wet Well(ft 20.00 81251FT 

Base Slab(cy) 5.98 $450/cy 
Top Slab(cy) 1.94 $45O/cy 

Excavation 
Surface Diameter 4ft) (2'Depth) + 1 O f t +  Dia. = "SD" e 60 . 

'SA' = ( (3.1 41 5)*("SD')^2)/4 = Surface Area (ft ) 

Base Diameter (ft) 

Base Area (ft) 

Volume (CY) 

2827 

20 Dia+lOft= 'BD' = 

314.2 

(1 13'f"SA')*(Depth + 'BD')-l/3'('BA')('ED'))/27 = 
"Vol' = 1319 

$1.648 $1.25/cy COST = - 
1086 

$1,357 

"Val"-( (3.141 5)(Dia.lA2(Depth))/27 = 'BK'- Eackfill(cvl 

$1.251cy COST - 
Dewatering 
Circumference 

Valve Box: 

2' (3.1415)(('SD'+2)12' 194.8 
$75/LF COST - 

Lengthfft) 5 
Widthfft) 5 

S 14,608 

Walls P' 

Top Slab Aluminu 
Base Slab (ft 1 : 

I 

25 - 
m Hatch COST - - $1,440 

TOTAL STRUCTURAL COST= 
Motors: 2 
5 

$25,116.18 
Pumps: 2 
Horsepower 20.5 
GPM 700 
Manufacturer FlyghtlABS 
Model No. TOTAL W M P  COST- $1 7,600.00 

ControldElectricsl: 
TOTAL CONTROL COST - $4,400.00 

Piping/Fittings/Equipment : TOTAL EOUIPMENT COST = $6,279.04 
8"  Plug Valve (2)  
8"  Check Valve (2 )  TOTAL LIFT STATION COST= $53,395.22 
8' connector 
Emergency pump out 
8' DI piping 

Estimated at 20% of Total Package Cost 



IJobMo. 95-145.00 
JJW (Date: 8114195 

bt8. 

t 

Station No. 8 Submersible 

Installed 1995 Depth l f t ) :  2 0  Diameter Ut): 10 

Precast wdl 
Wet Weil(ft ) 20.00 $1251FT COST- $2,500 
Top Slablcy) 1.94 $450/cy COST- $873 

$ 4 5 0 1 ~ ~  COST- $2,689 Base Slab(cy) 5.98 
Excavation 
Surface Diameter (ft) (2'Depth) + 1 Oft + Dia. = 60 

( (3.1415)'('SD')^2)/4= 'SA" I 2827 Surface Area (ft 1 

Dia+ loft= 20 Base Diameter (ft) ~ ~~ 

314.2 l (3.141 5)4['B0")^2)/4= 'BA' = Base Area lf t)  

Volume (CY) 11/3'i'SA')4(Depth +'BDg)-l/3'('BA')('BD'))/27= 
"Vol" = 1319 

$ 1 . 2 5 1 ~ ~  COST = $ 1,648 

1086 Backfill(cy) 

$1.357 $1.25/cy COST = 

Dewatering 
Circumference 2' (3.1415)11'SD'+2)/2f 194.8 

$75/LF COST = $14,608 

Valve Box: Lengthfft) 5 
Widthlft) 5 

Walls 8" 
Base Slab (ft 1 25 

Top Slab Aluminum Hatch COST = $1.440 

$25.1 16.1 8 TOTAL STRUCTURAL COST= 
Motors: 2 
5 

Pumps: 2 
Horsepower 21 
GPM 800 

4 

i 
Manufacturer FlyghtlABS 
Model No. TOTAL PUMP COST - $18,400.00 

ControlslElectrical: , 

TOTAL CONTROL COST = $4,6 00.00 
PipinglFittingsEquipment : TCTAL EQUIPMENT COST - $10,046.47 
10" Plug Valve (2)  
10" Check Valve (2)  TOTAL LIFT ETATICN COST= S50.162.65 

10' connector 
Emergency pump out 
10" DI piping 

Estimated at  20% of Total Package Cost 



4 

Station No. 9 Submersible 

i 
1 
1 

f 
4 

I 

3 
t 
i 

m I*. lJob No. 95-145.00 
wck JJW IDnc: 8/14/95 

a h  DII. 

i 

r 

Installed 1995 Depth (ft): 20 Diameter ( f t ) :  10 
Recast wen 
Wet Well(ft ) 20.00 S1251FT 
Top Slabky) 1.94 $450/cy 
Base Slab(cy1 5.98 $450/cy 

COST- $2,500 
COST- $873 
COST- $2,689 

Excavation 
Surface Diameter (ft) (2 'Depth) + 1 Of t  + Dia. = "SD'E 60 . 

Surface Area (f7 ) ( (3.141 5)*('SD9)^2)/4= 'SA' = 2827 

Base Diameter (ft) Dia + 1 Oft  = 'BD' = 20 

Base Area ( f7)  'BA' 314.2 

Volume (cy) (1 /3'("SA") *(Depth + 'BD')-l /3'('BA')("BDm))/27 = 
"Vol' = 1319 

$1.25/cy COST = $1,648 

Bactfill(cy) 

Dewatering 
Circumference 

Valve Box: 

"vOl"-( (3.141 5)(Dia.)^2(Depth))127 = 'BK'= 

$1.25/cy COST = $1,357 

2 (3.14 1 5)(("SD' + 2)/2f 194.8 
$75AF COST = 

Base 

Length(ft) 5 
Width(ft) 5 

Walls 8' 
Slab (ft 1 25 
TOD Slab Aluminum Hatch 

1086 

COST - 

$14,608 

$1,440 

TOTAL STRUCTURAL COST= $25,116.1 8 
Pumps: 2 Motors: 2 
Horsepower 27.5 5 
GPM 900 
Manufacturer FlyghtlABS 
Model No. TOTAL PUMP COST = $19,600.00 

Controlt/Eiectricai: 
$4,9 00.00 

PipinglFittingslEquipment : TOTAL EQUIPMENT COST = $10,046.47 
10' Plug Valve (2) 
10' Check Valve (2 )  
10' connector 
Emergency pump out 
10" DI piping 

Estimated at 20% of Total Package Cost 
TOTAL CONTROL COST = 

TOTAL LIFT STATION COST = $59,662 65 

-. 
_. . 
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1.W No. 95-145.00 
JJW IDatr: 6114195 

Station No. 10 Submersible D a m :  

Installed 1995 Depth (ft): 20 Diameter Ift): 12  
Precast Well 
Wet Well(ft 1 
Top Slab(cy1 
Base Slab(cy1 

Wet Well(ft ) 20.00 S1251FT 
Top Slab(cy1 2.79 $ 4 5 0 1 ~  
Base Slab(cy1 7.76 $ 4 5 0 1 ~  
EXCaVcltiOfl 

Surface Diameter (ft) 

Surface Area (ft ) 

Base Diameter (ft) 

Base Area (ft) 

Volume (cy) 

Backfill(cy) 

Dewatering 
Circumference 

Valve Box: 

COST- $2.500 ~. ... 

COST= $1,257 
COST- $3,492 

(2*Depth)+lOft+Dia.= 'SD" I 

Dia + 1 Oft  = 'BD' = 

( (3.141 5) *('BD')^2)/4= 'BAD E 

(1 /3'('SA')*(Depth +'BD')-1/3'('BA')('BD.))/27 = 
'Vol" = 

62 

301 9 

22 

380.1 

1462 

$1.25/cy COST - 

$ 1 . 2 5 1 ~ ~  COST = 

$1,828 

1127 

$1.409 

2' (3.141 5)l('SD0+2)I2f 201.1 
$75RF COST - 

Length(ft1 5 
Width(ft1 5 

Pumps: 2 
Horsepower 30 
GPM 1000 
Manufacturer FlyghtlABS 
Model No. 

Walls 8' 
Base Slab (It ) 25 

Top Slab Aluminum Hatch COST - 
TOTAL STRUClURAL COST= 
Motors: 2 
5 

$ 15,080 

S 1.440 

527.005.01 

TOTAL PUMP COST - S 20.4 00 .OO 

ControlslElectrical: Estimated at 20% of Total Package Cost 
TOTAL CONTROL COST - $5,100.00 

PipinglFittingdEquipment: TOTAL EQUIPMENT COST = S10,802.00 
10' Plug Valve (2) 
10' Check Valve ( 2 )  TOTAL LIFT STATION COST= %63,307.02 
10" connector 
Emergency pump out 
10" DI piping 
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Diameeer 

7 

Dianeter ins&8ationAdder@ 30% 

4 6 8 10 12 
QW 

/ 
Diameter Total lrrdalled cosl 

4 6 8 10 12 
(reel) 

I 

3 

i 
TOP 

cu.yd. 
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To: Har&nan 6 AJsociptes 

eobbywyan 
407-b383790 (fa) 

Frwn: Juan Ciarella 

Reference (I Reference HP Prckaoc Estimate Current Flvat PumD 

38251 
38251 

? 
5443A 

80-20w3005 
C-3082 
C3101 
3085 
3085 

C3101 
C-3101 
31 26 

7 
CP 3127 
CP 3127 
CP 3127 
CP 3152 
3085.181 

3085 

9.4 
5 
5 

7.5 ’ 

2.5 
3 

2.5 
3 

1.5 
5 
10 
9.4 
2 

9.4 
10 
8.5 
20 
2 3  
2 

$21 .ooo 
$11,000 
$1 8.000 
$21 ,OOo 
$16,000 
$16,000 
$16,000 
$16.000 
$16,000 
$18,000 
U1.M)o 
521 ,Ooo 
S16.W 
$21 .Ooo 
$21 .ah 
m,m 
)26,ooo 
$16,000 
$1 8.000 

CP 3127 
CP 3102 
CP 3102 
CP 3127 
CP 3085 
CP 3085 
CP 3085 
CP 3085 
CP 3085 
CP 3102 
CP 3127 
CP 3127 
CP3085 
CP 3127 
CP 3127 
CP 3127 
CP 3152 
CP 3085 
CP 3085 

Nole: Package estimates include (2) Fiyat suknersibk pumps, 
aaesswies. control panel, and access toyers 

b n c  (407) 88o-1900 
FAX: (407)880-2962 

Thank you lor your inquiry! - (  

Pap6 1 
m 5  
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ABS Swnpump 
Lawrence Pump h Englne .- .I 

TO: HARTMAN & ASSOCIATES DATE: 3 /10 /35  

ATIN: BOBBY WYATT 

FROM: COLIN MARTIN 

SUBJECT: YOUR FAX INQUIRY 3/2/95 
CITY OF PORT ST.LUCIE REPLACEMENT COSTS 

.. .....-....-.....-...L.--..--L-......I...... I- . . . . . . . . . . . . .  -_--..--- ..................... _.-.- ...._ ....... .-._..- 

M r .  U y a t t ,  
In response to your subject Inquiry I would like t o  of er t h e  
following pricing for the pump models you requested. I have 
indicated the o l d  pump model number as well as the new current 
model number, Please note that the prlclng I s  Der Pump with 
accessories. For a typical duplex sta t ion  multiply price by two. 
Controls a r e  P r i c e d  seperatety. 
The CP3127 model no.  i s  a F l y g t .  equal to the 

OLD MODEL 

AF15-4-4 
AF22-4-4 
AF40-4-4 
AF60-4-4 
AF90-4-4 

. _- - --. 

.- --- . .  -.. . 

HP 

2 
3 
6 
8 

12 

. . .  

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

NEW W E L  
. ._..-_-__.-_._..-. - . .  

AfPt04OMl5/4-11.60-4" 
AFPl04OM22/4-11 -80-4" 
AFPl042M46/4-21.60-4' 
AFPIO46M70/4-22.60-4" 
AFP1046M90/4-22,60-4' -- ---- - . - . .  - ... ._ . . . . . . .  ---- 

DUPLEX CONTROLS PER ST.LUCIE SPECS 
HP 

2 or 3 
6 

8 or 10 
12 or  15 

. - - .  ---..---- ..--_ ___.__.  _.___.-_- --- -...- - -.-. 

. . . . .  . .  - .... . .--  __.._ . . . . . . . . . . . . . . . .  . - - - -  ................... ._ . . _.______.___. __.-_---- - .. -.-. 

Pricino i s  f o r  budgetary usage only. Taxes are 
and startup are included. 

8 HP ABS model. 

PRICE EACH UNIT 
WITH ACCESSORIES 

. .  ~ - .-..e -- 
$2,380 .OO 
2,550.00 
2.990.00 
3,300.00 
3.400 .OO ........ -- ........ . . . . . .  . . . . . .  

PRICE EACH DUPLEX 
otJTF#)L W/FLOATS 
-.- _- -.. 

5 4 . 7 0 0 . 0 0  
4,800.00 
5,000.00  
5 , 3 0 0 . 0 0  

. . -I_ . -- . .  - .  ------- - - -. 

not included. Freight 

Should YOU have any auestions or r e a u l r e  addltlanal information. 
p l e a s e  do not hesitate to contact me. 

Reg8 r d s  , 
I 
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P A R T Y  CONTACTCD. x & Y  COMPANY. -L 1 SUBJECT: ~ ~ & i & B ~ & ? ? r b ~ ' ~ ~ ~ f ~ ~ ~ ~  h; . A&&)) 

4 fiuhnnt LcKb 

i ' TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments) 
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Piping Costs 

PVC (C900 - DE 25) Force Main 

Small Job (250') Med. Job (2,SOO') Large Job (25,000') 
(Strt) 

Size 
(in) (Sm) (Srrt) 

12.25 9.80 9.1 0 4' 

13.51 10.97 10.22 6- 

8' 15.28 12.68 11.82 

a 

lo' 17.42 14.68 13.74 

1 2; 20.23 17.29 16.1 9 

--- PVC (C905 - DR 25) -- - 

16' 27.08 23,76 22.26 

Notes: 1 ) Values obtained using manufacturer's quotes. 
2) Costs include $500 permitting, 10%-15% mobilization, $7m installation, 

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

I 
? 



Size 
(in) 

4' 

6' 

8' 

10' 

r r  

16" 

, Jotes: 

I L , L  
\ ' 4 J  

Y.. ..-I. 

PAGE z$ O F m  

. 

/ Piping Costs 

DIP (Class 50 - Epoxy Lined) Force Main 

Small Job (250') Med. Job (2,500') 
(sm) (Stft) 

24.39 

27.58 

31.58 

36.41 * 

42.76 

47.75 

20.57 

23.1 3 

26.44 

30.49 

35.93 

40.1 3 

Largc Job (25,OOO') 
(Sm) 

19.39 

21.71 

24.75 

28.50 

33.59 

37.47 

1) 'alues obtained using manu.&turer's quotes. 
2) Costs include $500 permitting, 10%- 15% mobilization, $7m installation, 

3) Costs exclude valves, fittings, and restoration work. 
and 8.25-%.75 per foot pressure testing. 

, 
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sn No.: 2 p  95-)4s*co 
€ € A R T M . A N G A S S O C ~ , I N C .  -BY: T w  
cnglnccrs, hydrogcoiogists, survcyon & management cowdtmu O M < E O  BY: DATE: 
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RECORD OF TELEPHONE CO1MMUNICATION 

'ITELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitment 

ACTION REQUIRED 

" 

/ 
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COVER SHEET 

DATE: 

# OF PAGES SENT ( MC. COVER SKEET) 5 
IF YOU DID NOT RECEIVE TOTAL # OF PAGES PLEASE 

AND NOTIFY US IMMEDIATELY. 
CALL 407-855-8510 / 800-531-6998 / FAX # 407-240-1901 

MESSAGES: p S h  -kJ &- 

I 

SENDING FAX TO #f 

The UtiCrty Supply Gmup, 1% 
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PAGE 2C4 OF 2k! 
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r*i " & ,  o u  

TE ARE SENDING YOU- < PAGES, INCLUDINC THIS COVER SHEET. 
THESE PAGES ARE BEINC 3''RAIfSHJTTED AS"THDICATED BEL0 W: 

0 AS REQUESTED 
3 FOR YOUR USE 

W O R  YOUR COMMENTS 
t3 FOR YOUR APPROVAL 

HARD COPY: rJ WJLL B E  SENT V U  RICL'LAR NAIL 

3 WILL D E  SENT PU OvERlvlCWT KAIL 
B E  SENT BY FACSIMILE ONLY 

*--- 

'e- 

._ 
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. PVC-CWODR25 

coet coet Cost size 150R 1,600 ft. 25 ,m ft 
fin,) 0 0 AWL 

4' 

6" 

7-6 I 12" 

-- C905 DR 25 -- 
16" 



AMERICAN CAST IRON PIPE COMPANY 

2301 MAITLAND CEEJTER'PARkcwAY, SUITE 430 
MAITLAND, FLORIDA 3275 1 

PHONE (407) 660-8786 FAX (407) 660- 185 1 
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bLWL 
.bCbLL 
LCtLI 
PO'ILI 
Ic'Cb 
UU 
irtc 
WC C 
CC'9L 
W'LL 
C6.i I 
IZC I 

66'1 
96'9 

Ol'C 
I Lt 

tr'i I 

crr 

L9'tLI 
6CI9I 
CCLLI 
t)'u 
9O.W 
LI'CC 
CPLC 

-. 

moxci 
60' 66 
CL'CL 
IC bC 
16'tC 
C9 IC 

IOLL 
1061 
Ct 91 

U'6 
Ot'L 

YM 

60 rz 

orxi 

9cr 

vm 
m d 
m 
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t--- 

anln oaln 

WLSI 
L9,bI 
M'K I 
Lb'bI I 
9C9a 
u'o) 
8C'CC 

U'LC 
I1,Z 
0161 
9L'CI 
bCLI 
u'b 
#Cb 
WM 

Orc -I -I 

iaac 

n.zir 

~a.9~ 
KOI 

CVWI 
C1.9L 
L99C 
ro-n 
9C1C 
LCCC 
U'LL 
U'OZ 
?)'SI 

6001 
VM 
VM 

atci 

U9CC 
6C.tZC 
WFl I 
C4'9CI 
4CU1 
CC'IL 
9Lpc 
bC1C 

61W 
CC'OC 
CC 91 
CC'LI 
49'6 
I L'L 
CCC 

aril 

arr 

%'OCC 
CZ60C 
1bILI 
01'LLI 
81-t6 
9C'CL 
Ct'LC 
UTC 
co'1 L 
60'CL 
0'61 
1091 

L9Cl.I 
6C191 
8rUI 91'681 
C916 CObCI 
LL-OL 9L"l 
969C 8C18 
6C 01 LL'6C 

)('It 
PL-CC 
CC61 
otw 
n'i L 
CI'LI 
07t1 
ZC'OI 
C9'L 
L)'9 
IO9 

LCUI 
WLLI 
ob'% 
CP'CL 
Ll'tc 
W6C 
61'IC 
"LC 

8COZ 
us I 
wz I 
CVb 
IOL 
11.9 
6YC 

u-cz 
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Piping Costs 

PVC (C9W - OR 18) Water Main 

Size Smail Job (250') Med Job (a500') 
(in) (sm) (sw 

4' 15.04 11.97 

6' 16.65 13.46 

8' 19.23 15.87 

10" 22.1 5 18.65 

12" 25.82 22.07 

Large Job (25,000') 
csm, 

10.68 

12.1 2 

14.36 

16.97 

I 
20.28 

Notes: 1) Values obtained using manufacturer's quotes. 
2) Costs include $500 permitting, 10%-15% mobilization, $7m installation, 

3) Costs exclude valves, fittings, and restoration work. 
$1 -52 per foot disinfectzn and 5.25-5.75 per foot pressure testing. J 



- 
\- '-I -I -I b I U I  I .-- 

PAGE 973 GF 

Piping Costs 

DIP (Class 50 - Cement Lined) Water Main 

Small Job (250') Med. Job (2,500') Large Job (25,000') 
(sm) Size 

(in) (" (Stft) 

6' 

8' 

lo'  

lr 

l.4- 

16' 

Notes: 

20.89 16.57 14.89 

24.01 

27.58 

31.66 

37.01 

41.25 

19.06 

21.94 

25.24 

29.68 

33.1 3 

17.14 I 

19.75 

22.75 

26.84 

29.97 

1 )  Values obtained using manufacturer's quotes. 
2) Costs include $500 permitting, 10%-15% mobilization, $7m installation, 

3) Costs exclude valves, fittings, and restoration work. 
$1 -52 per foot disinfection and S.25-$75 per foot pressure testing. 

4 
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7 . RECORD OF TEEPHONE' COfWMUNiCkTlON 

- 
.e.- 

I 

HONE COMMUNICATION SUMMARY (Including Decisions & Commitments) 
P 

@ ~ e s s c l r  e -)es+e W+F.M)Aq% 5 D +  / 43- S n U R  , 'ab+ 7 5 4  / $+ 
" V 

I U b.+ v Job 3 s d / c f  

ACTION REQUIRED 

. 
f 

C. -. 
€€ARTMAN & ASSOCIATES, INC. 

i 



i:-itt -' Y \ l  l l P l  I 

-t 
3 
... 
4 . '  

8 
COVERSHEET 

I 

FROM: 

DATE: 

# OF PAGES SENT ( MC. COVER SHEET) 5 
IF YOU DID NOT RECENE TOTAL # OF PAGES PLEASE 

AND NOTIFY US IMMEDLATELY. 
CALL 407-8585 10 / 800-53 1-6998 / FAX # 407-240-190 1 

MESSAGES: p SCW k J  

W 
SENDING FAX TO ## 
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HARTMAW- & ASSOCIATES, INC. 
uqinrcrr. wrvqofi I " m t  - 

.. 

Ui? ARE SENDING YOU,-, c PAGES, INCLUDING THIS COVER SHEET. 
THESE PACES ARE mrrvc TRANSMTTED AS'INDICATED BELOW: 

0 A S  REQUESTED 
9 FOR YOUR US€ 

W O R  YOUR COMMENTS 
c1 FOR YOUR APPROVAL 

HARD COPY: 
3 WILL B E  SENT YIA RZCL'LAR MAIL 
3 NILL BE SENT yU OVERNlCHT MAIL 

B E  SENT B Y  FACSIMILE ONLY 

MESSAGE: - 



11 

i 

4' [S-J 

8" 

10" 

PAGE OF 2 .  
. 

c a t  
1,500 ft a 

7.1 0 

cost 
25,600 ft 
(slln 

11' 



AMERICAN CAST IRON PIPE COMPANY 

2301 CENTER'PARKWAY, SUITE 430 
MAITLAND, FLORIDA 32751 

PHONE (407) 660-8786 FAX (407) 660-1 85 1 
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w-ur 
WI6I 
6b'BCI 
6C'OI I 
8201 
9L'CP 
ODCb 
CVIC 

OZ'DZ 
L,'L I 
CCbI 

crw 



WLS' 
t )w I 
WM I 
LV6I I 
w'!n 

ac'sv 
IaIC 
(ZCE 
#-9f 
0161 
9L'f I 
6CLI 
6Cb 
BCb 
VN 

u'a 

nzlK 

C1'9Ll 
CbHIl 
f1'9L 
L99C 
COW 
9C1C 
LC'CC 
ULC 
uoc 
W9l 
BILI 
C00I 
VM 
VIN 

wrei 

U9CC 
6C CLL 
W'IBl 
C6'9CI 
6S'u)I 
bCU 
9L% 
btIC 
BCIL 
6l'tL 
C*'OL 
CV9l 
Cc'tl 
696 
I 6.1 
bL'S 

n, 
arc 

OO'LtL 
DB'161 
Z6'LC I 
CJ'LII 
C I '98 
ut9 
91'0 
O'CC 

OL'IL 
UBI 
6CCI 

icrz 
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1 

061171 

1)" 
tCIU 
f 06s I 
CD'OSI 
8t.U 

I Cbr 

LO" 
IC'4L 

crs9 

int 

99-161 
*I" 
Lbol I 
E)'% I 
WLb 
oc-89 
b60C 
CI'CD 
bCLC 
IbbL 
bl'fL 
69LI 
wc I 
tl'l I 
CIW 
VN 

OQE 'I n 

I I" 
IC'bIL 

KLLI 
IQOb 
L c99 
WIC 
ICCD 
DbbC 
WCC 
WCL 
PO'U 
6D'Cl 
CCII 
LL'OI 
VIN 

61 'rc I 

is -t ai 
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COMMENTARY ON PRESENT WORTH COSTS OF 
EXPANSIQNS 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 

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 

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. 

PAGE REFLECTS A DIFFERENT GROWTH RATE, 1%, 3% 

TWO PRECEDING ROWS, AND (2) THE PHASING 

W c h  
Misc. 12.SSU.sum -6- 



EXHIBIT Gcq-5 . 

PAGE , -  

I 

OF i 3 
- .  

CONCLUSION 

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

W c h  
Misc. 12.SSU.sum -7- 
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SSU MARGIN RESERVE 

PEPO Table 

Planning & Engineering Total (2) 
Net Construction Cost Engineering (1) Survey Permitting Operations Percentage 

($) (%) (%) (Yo) (Yo) ( O h  ) 

$100,000 11.63% 3.00% 3.00% 1 .OO% I 8.63% 

$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% 

$1 0,000,000 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 16" diameter, and sanitary sewer lines under 24" diameter. 

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

4) Contact Stabilization Package 
Wastewater Treatment Plant 

a) Cylindrical (Tubular) 
b) Ring Steel 

5) Hydropneumatic Tanks 

PAGE I GF 4 

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, 0.039 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, 0.199 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. 

a) 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. 

b) 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. 

C) 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, 

0.09 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 MED, 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. 

3 



DescriDtion 

6 )  Auxiliary Power Generators 

OF 4 '? ,- PAGE 

SSU MARGIN RESERVE 

Manufacturer's Standard Sizes (Cont.) 

7) Clarifiers (Pre-engineered) 

8) Tertiary Filters 

a) TES Gravity Filter 
b) Traveling Bridge 

Standard Sizes 

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. 

30 foot, 35', 40', 45, 50' 55', 60', 63, 70', 75', 80', 85', 90' 

95'. 100'. and 104 feet in diameter. 

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, 

0.11 MGD,0.12MGD,0.15MGD,0.175MGD,0.2MGD,and 

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 Iron Pipe (DIP) Water Mains 4-inch, 6", 8", lo", 12", 14", T6", 18", 20", and 24" diameter. 

and Force Mains (2) 

IO) Polyvinyl Chloride Pipe (PVC) DRI 8 4-inch, 6", 8", IO", 1 2", 14", 16", 18", ZO", and 24" diameter. 

Water Mains and DR25 Force Mains (2) 

1 I )  Polyvinyl Chloride Pipe (PVC) SDR 35 4-inch, 6", 8", IO", 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) Hydropillar 

C) 0.2 MG, 0.25 MG, 0.3 MG, 0.4 MG, 0.5 MG, 0.75 MG, 

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 

(2) The 14-inch and 18-inch diameter pipes listed in the water mains and force mains standard sizes 
through discussions with product representatives and product catalogs. 

usually require very long delivery times due to lack of demand. 



SSU MARGIN RESERVE 

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

- No, DescriDtion of Reauirements 

Pipinq 

A 6-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 For Water Works" (1 992), as 
referenced by 62-555.330 (3), F.A.C. 

1 

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" (1 990), 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" (1 990), as referenced by 62-604.300 (4) (b), F.A.C. 

Wastewater Treatment Plants 

In order for a wastewater treatment plant to provide reclaimed water for public access areas, a wastewater 4 
treatment facility must have a design flow of no less than 0.1 MGD and the facility must meet Class I 
reliability criteria, as stated in 62-610.451 (1) and 62-610.462 (1). The Class I 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 

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) At least two (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 

(8 )  The air diffusion system for each aeration basin shall be designed such that the largest section of 

(9) At least two (2) chemical flash mixing basins must be provided or a backup means for adding 

(1 0) At least two (2) flocculation basins must be provided. 
(1 1) With the largest basin out of service, there shall be a sufficient number of units of size to provide 

oxygen transfer with the largest unit out of service. 

diffusers can be isolated without measurably impairing the oxygen transfer capability of the system. 

and mixing chemicals, separate from the basin, shall be provided. 

50% of the total design flow of the largest unit. 



SSU MARGIN RESERVE 

Threshold Sizing -- State/Local Requirements and Level of Service (Cont.) 

No. DescriDtion of Reauirements 

Wastewater Treatment Plants (Cont.) 

"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 Ill 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: 

5 

(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 

(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 

(7) With the largest disinfection contact basin out of service, there shall be a sufficient number of units 

manually- or mechanically cleaned bar screen shall be provided. 

diffusers can be isolated without measurably impairing the oxygen transfer capability of the system. 

to provide 50% of the total design flow of the largest unit. 

Water Treatment Plants 

The number of drinking water supply wells required for a water treatment and distribution system is set forth in 
62-555.315 (I), 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. 

6 

7 The auxiliary power requirements of a public water system are detailed in 62-555.320 (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. 



EXHIBIT 6 cq - 8 
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WATER MAINS 

Ultimate Buildout Cost Comparison 

. .  D c s c m  of ?la e CompansQQ 

Comparison of a 6-inch diameter PVC (DR 18) water main installations on the basis of 
ultimate buildout demand. For t h s  analysis, an initial demand requiring 250 linear feet of 
6-inch watcr main, an intermediate demand of 2,500 fi., and an ultimate buildout of 25,000 A. 
are utilized. The total cost for the piping options at these various stages Ye as follovs: 

A) Comparison of 250 ft to 2,500 ft buildout. 

250 feet of G-inch diameter WM installed as a single project 

2,500 fee7 of 6-inch diameter WM installed in 250' increments 

2,500 feet of 6-inch diameter WM installed 3s a single project 

Total Cost Savings 

B) Compslrison of 250 ft to 25,000 ft buildout 

250 fcct of 6-inch diameter W M  installed as a single project 

25,000 feet of 6-inch diameter WM installed in 250' increments 

25,000 feet of 6-inch diameter WM installed as a single project 

Total Cost Savings 

C) Comparison oE2,500 ft to 25,000 ft buildout. 

2,500 feet of 6-inch diameter Whl installed as a single project 

25,000 feet of 6-inch diameter WlLi installed in 2,500' incremenrs 

25,000 feet of 6-inch diameter WM installed as a single projecr 

Total Cost Savings 

Notes: 

=> $5,327.77 

=> $53,277.71 

=> $40,653.49 

=> (112,624.22 

=> $5,327.77 

=> $532,777.1 1 

=> 5349,173.89 

=> $1 83,604.22 

-. 
-/ S40,653.49 

=> $406,534.93 

=> $349,172.89 

=> $57,362.03 

1) Unir 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, permitting, and operations. 

I : en v i ron\ jw\9645 8.001 pip in g 
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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.) ($/lf) (1) (gpm) (2) Served ( 3 )  (Wlf per ERC) 

2 $6.00 19 1 $6.00 

4 $1 3.50 116 24 $0.56 

6 $15.25 338 110 $0.139 

8 $1 7.50 72 1 436 $0.040 

10 $20.00 1,225 1,307 50.0153 

12 S23.00 1,752 2,381 $0.0097 

16 $32.00 2,327 3,511 $0.0091 

20 $40.50 4,191 7,239 S0,0056 

Notes: 
(1) The unit  cost is based on manufacturers' material cost and open country installation. 
(2) The water main flow capacity was determined using t h e  criteria head loss 41 OW1 OOOft  for < 16" dia. 

pipe and h e a d  loss c3it/1000ft for pipe 16" dia. and greater, The flow is dstermined using 
Q=VA with the above limiting criteria (which are provided from A W A ) .  

( 3 )  The number of Equivalent Residential Conedions (ERC's) sewed by the ultimate capacity 
of the pipe is determined using the "Community Water Systems Source Book' by Joseph 
S. Ameen. Using Table XXI, t h e  maximurn instatnebus flow per residence is u s e d  in conjuntion with 
the range of number o f  residences served to determine the correct range for each pipe size. 

(4) The total pipe cost is determined using 100' width residential lots. 

I : en vi ro n \ij w \ 9 6 4  8.0 O\pi p i n g 
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SSU MARGIN RESERVE 

Water Main Unit Cost and Available Services 

Pipe 
Diameter Unit  Cost 
(inches) WLF) ( 7 )  Services (2) 

2 $6.00 1 

I $7.50 23 1 
4 513.50 24 

1 51-75 a6 1 
~ 

6 S15.25 110 

I $2.25 326 

8 S17.50 436 

I J => incremental Costs and Services 

Notes: 
(1) The unit cost is based on manufacturers' material cost and open country installation. 
( 2 )  The number of Equivalent Residential Conectians (ERC's) s e w e d  by the ultimate capacity 

of t he  pipe is determined using the "Community Water Systems Source 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. 

pipe and head Ioss e 3 W l  OOOft for pipe 16" dia, and greater. The flow is determined using 
Q=VA with the above limiting criteria (which are provided from A W A ) .  

(3) T h e  water main flow capacity was determined using the criteria head loss < I  OW1 OOOR for 16" dia. 

(4) The total pipe cost is determined using 100' width residential lots. 

I:  environ\jjw\%458.OO\piping 
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FORCE IvlAINS 
Ultimate Buildout Cost Comparison 

NO. - Descriution of Piue Comoarison 

1) Comparison of a 4-inch diameter PVC (DR 25) force main with a 6 - i . n ~  diameter PVC (DR 2 5 )  
force main, whcre the ultimate need will necessitate a &inch diameter force main comparison 
is based on the required length and quantity of +inch force main. The total cost of the 
piping options are as follows: 

4-inch FM => 5,250 ft. serving 267 customers => $63,108.89 
Parallel with one (1) 4-inch 'FM => 5,280 ft. serving 534 customers => f126,217.77 

Install 6-inch FM => 5,280 ft. serving 645 customers => $70,805.35 
Total Cost Savings => S%,412.42. 

2) Comparison of a 4-inch diameter PVC (DR 25)  force main with a %inch diamctcr PVC (DR 25) 
force main, where the ulrimate need will necessitate a 8-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: 

-0R- 

4-inch FM => 5,280 ft. serving 267 customers => $63,108.89 
=> %252,435.54 Parallel With three 4-inch FM's => 5,280 fl. each, 1,06S customers 

-0R- 

Install %inch FM => 5,250 13. serving 1,224 customers => $81,551.98 
Total Cost Savings => $170,883.56 

3) Comparison of a 6-jnch diameter PYC (DR 35) force main with a S-inch diameter PVC (DR 25) 
force main, where the ultimate need will necessitate a 8-inch diameter force main comp*arison 
is based on the required length and quantity of 6-inch fmce main. The total cost of the 
piping options are as follows: 

6-inch FM ==- 5,280 Et. serving 645 customers => %70,805.35 
Parallel with one (1) 6-inch FM => 5,280 fi. serving 1,290 customers => $141,610 69 

Install X-inch FM => 5,280 ft. serving 1.224 customers => $81,551.98 
Total Cost Savings => S60,058.72 

-OR- 

Notes: 

1) Unit costs used to calculate project cost are based on values from HAI's Economy of Scalc 
Report. The project cost values also include adjustments for planning & engineering, 
engineaing survey, permitting, and operations. 



SSU MARGIN RESERVE 

Pipe 
Diameter 

(in.) 

4 

6 

8 

10 

12 

14 

16 

Force Mains Cost Per ERC 

Pipe Flow 
Unit Cost Capacity No. ERC's 
($/If) ( 1 ) (gpm) (2) Served (3) 

$1 0.00 196 267 

$1 1.25 441 645 

$1 3.00 783 1,213 

$1500 1,224 1,994 

$77.50 1,762 3,009 

$23.50 2,399 4,274 

$27.50 3,133 5,806 

cost 
per ERC 

50.0375 

$0.0174 

$O.O-IOf  

$0.0075 

$0.0058 

$0.0055 

50.0047 

Notes: 
(1) The unit cost is based on manufacturers' material cost and open country installation. 
(2) The force main flow capacity was determined using 5 fps flow velocity and t h e  

(3) The amount of Equivalent Residential Conections (ERC's) served by the ultimate 
relationship Q(gpd) = VA. 

capacity of the pipe is determined using 270 gpd/ERC. Also, the peak factor was 
determined using an average of 2.5 persondERC and the equation P,F.=(l 8+PA1 .2)/(4fpn1/2) 
where P is population in thousands. 



EXHIBIT 4 C l - l -  8 

S S U  MARGIN RESERVE 

Force Main Unit Cost and Available Services 

Pipe  
Diameter Unit Cost 
(inches) WLF) (1) Services ( 2 )  

4 $1 0.00 267 

I $1.25 378 1 
6 $1 1.25 645 

r 51.75 568 1 
8 313.00 1,213 

J 52.00 78 1 1 
10 $1 5.00 1,994 

1 S2.50 1.015 1 
12 517.50 3.009 

I I => Incremental Cost and Service 

Notes: 
(1) The unit cost is based on manufacturers' material cost and  open  country installation. 
(2) The amount of Equivalent Residential Conections (ERC's) served by the ultimate 

capacity of the pipe is determined using 270 gpdlERC. Also, t h e  peak  factor was 
determined using an average of 2.5 pe r sonsERC and t h e  equation P.F.=(I 8+PA1 .2)1(4+PA1/2), 
where P is population in thousands .  

relationship Q(gpd) = V A  
(3) The force main flow capacity was determined using 5 fps flow velocity and the 
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GRAVITY SEWER 

Ultimate Buildout Cost Compaxison 

D e s c r i p u i p e  Co mwarison 

Comparison of a inch diameter PVC (SDR 35)  g"ity sewer insta,&ions on the basis of 
ultimare 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 
nn ultimate demand of 8,000 ft (1 60 ERC's). The total costs of these piping options are 
as follows: 

A) Comparison of individual 400 ft sections to 2,000 ft buildout. 

400' of 8'' Gravity, 1 MH, and 1 LS installed as a single project 

2$00' Gravity, 5 MH's, and 1 LS installed in 400' increments 

27000' Gravity, 5 W s ,  and 1 LS installed as a singIe project 

Total Cost Savings 

B) Comparison of400 ft to 8,000 ft buildout. 

400' of 8" Gravity, 1 MH, and 1 LS installed as a single project 

8,000' Gravity, 21 MH's, and 1 LS installed in 400' incremenrs 

8,000' G-ravity, 21 MH's, and 1 LS installed as a single project 

Total Cost Savings 

C )  Comparison of 3,000 f?. to 8,000 ft buildout. 

2,000' of 8" Gra%ity, 5 MH's, and 1 LS instalIed as a single project 

8,000' Gravity, 21 MH's, and 1 LS insralled in 2,000' increments 

8.000' Gkavity, 21 MH's, and 1 LS installed 3.s a single project 

Total Cost Savings 

Notes: 

=> $59,010.65 

=> $102,990.39 

=> $97.330.20 

=> $5,660.19 

=> $59,010.65 

=> $279,673.76 

=> $250,591.07 

=> $29,082.69 

=> $97,330.20 

=> $259,275.55 

=> $250,591.07 

=> $8,684.48 

1) Unit costs used to calculate project cost are based on values from HAI's Economy- o f  Scale 
Report. The project cost values also include adjustments €or planning & engineering, 
ensbeering survey, permitting, and operations. 

2) T h e  X-inch gravity sewer costs are based on depth of cut, which for an S-inch diameter 
PVC gravity sewer line is approsimzrdy 0.32 W1,OOO ft. 

3) Thc cost ofmanholes and a l i f t  station is included wirh each of the above scenarios. 
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Pipe 
Diameter Unit Cost 

(in.) (s/Ii) (1) 

a $12.28 

10 $14.71 

12 $16.91 

15 520.99 

18 $24.00 

Pipe Flow 
Capacity 
(gpm) (2) 

344 

522 

752 

1,126 

1,637 

No. ERC's 
Served (3) 

493 

776 

1,159 

1,816 

2,768 

c o s t  
Fer ERC 

$0.0249 

50.0190 

$0.0146 

$0.01 16 

$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=(l .49'RA2/3'Sn1/2)/n) and the  relationship Q(gpd)  = VA. 
( 3 )  The amount of Equivalent Residential Conedions (ERC's) served by t h e  ultjmate 

capacity of the pipe is detemined using 270 gpd/ERC. Also, the peak factor was 
determined using 2.5 persons/ERC and the quaiion P.F.=(I 8+P"1/2)/(4+P"1/21. 
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S S U  MARGIN RESERVE 

Gravity Sewer Unit Cost and Available Services 

Pipe 
Diameter Unit Cost 
( inches )  ($W ( 7 )  Services (2) 

8 812.28 493 

I 52.43 283 1 
10 514.71 776 

1 52.20 383 1 
12 $16.91 1,159 

I $4.08 657 1 
75 $20.99 1.816 

I $3.01 952 

18 924.00 2,768 

1-1 = Incremental Cost and Sewice 

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 determined using 270 gpdlERC. Also, the peak factor was 
determined using 2.5 persons/ERC and the  equation P.F.=(l 8+PA1/2)/(4+P"1/2). 

(V=(l .49'RA2/3"S^1/2)/n) and the relationship Q(gpd) = V A  
(3) T h e  sanitary sewer flow capacity was determined using Manning's Equation 
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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 to 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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17. 

18. 

19. 
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21. 

22. 

23. 

24. 

25. 

26. 

27. 
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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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29. 

30. 

31. 

32. 

33. 

34. 

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 11: 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 whch  can be reached safely. 

(b) Provisions for flow measurements shall be in accordance with Chapter 62-601, 
F.A.C. 

Specific Authority: 403.061, 403.087, F.S. 
Law Implemented: 
History: New 11-27-89, Amended 1-30-91, 6-8-93, Formerly 17-600.400. 

403.021, 403.061, 403.062, 403.086, 403.087, 403.088, F.S. 

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 disposaI 
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), F.,4.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 operate 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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9195 DEP 62-600.405(4)(b) 1. 
PART 11: 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. 

( c )  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 62-600.7 15, F.A.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. 
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DEP 62-600.405(8)(b) 9/95 
PART 11: 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), F.A.C. 

Specific Authority: 403.061, 403.087, F.S. 
Law Implemented: 403.021, 403.061, 403.036, 403.087, 403.088, 403.0881, 403.101, ES. 
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, F.A.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, F.A.C. 

(3) All underground injection effluent disposal systems shall be operated and maintained 
in accordance with the applicable provisions of this chapterand the provisions of Chapter 

62-28, F.A.C. 

(4) WetIands 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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