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Q .  

A. 

Q. 

A. 

Q. 

A. 

Q. 

A. 

P L m E  STATE YOUR Wd4E IWD ADDRESS FOR THE RECORD. 

My name is Gerald C .  Hartman. My business address 

is Hartman & Associates, Inc., 201 E. Pine Street, 

Suite 1000, Southeast Bank,  Orlando, Florida 32801. 

ARE YOU THE SAME GERALD C. HAR- WE0 PRZNIOUSLY 

FILED DIRECT TESTIMONY? 

Yes, I am. 

WHAT IS THE PURPOSE OF YOUR RBBUTTAL TESTIMONY? 

The purpose of my testimony is to rebut certain 

statements made by the following witnesses with 

regard to used and useful and various other 

engineering matters: M r .  Ted Biddy. Mr. Hugh 

Larkin and Ms. Donna DeRoMe, Mr. Buddy L. Hansen, 

Mr. Michael Woelffer, and Mr. Robert F. Dodrill. I 

will also address some of the comments made by 

staff witnesses M r .  John Starling, Dr. Janice 

Beecher, and M r .  Gregory Shafer. 

DO ANY OF THESE WITNESSES ADDRESS THE SUBJECT OF 

ECONOMIES OF SCALE? 

Yes, a number of them do. Mr. Biddy and Mr. Hansen 

argue against SSU's requested margin reserve 

allowances. Mr. Biddy, M r .  Hansen, and Mr. 

Woelffer argue in favor of the lot-count method for 

determining the level of water transmission and 

wastewater collection lines which are used and 
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useful. Mr. Biddy suggests a variety of used and 

useful adjustments, including adjustments to 

storage facilities, hydropneumatic tanks, emergency 

generators, high service pumps, and the like. Mr. 

Larkin and MS. DeRonne purport to apply Mr. Biddy's 

proposed used and useful adjustments to the utility 

plant balances. These witnesses argue against 

Ssu's requested used and useful percentages and, in 

so doing, disregard the economies of scale I cited 

in my direct testimony as supportive of those 

percentages. 

I also note that beginning on line 22, page 

16, of his testimony, Mr. Hansen opines that SSU 

should install a larger ground storage tank at 

Sugarmill Woods than the one proposed for SSU to 

take advantage of economies of scale and to provide 

better service. Staff witness Dr. Beecher makes 

several comments concerning economies of scale on 

pages 10 and 20  of her testimony. Staff witness 

M r .  Starling has compiled certain comparative cost 

information for different types of water treatment 

facilities, apparently without considering 

economies of scale pertinent to the underlying 

data. Staff witness Shafer discusses several 

Commission goals which I believe are impacted by 
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economies of scale. 

MR. BAR-, HAS YOUR FIRH PREP- AN ECONOMY OF 

SCALE EVNIUATION FOR WATER - WASTEWATER UTILITY 
l'RE&lMENT FACILITIES AND -81 

Yes. An Economy of Scale Evaluation report was 

completed by my firm in late February of this year 

and a copy provided to the parties in this case by 

mail on February 2 3 ,  1996, in response to OPC 

Document Request No. 304. A copy the Economy of 

Scale Evaluation is attached to my rebuttal 

testimony and identified as Exhibit- (GCH-4) . 
WAS THIS ECONCMY OF SCALE EVALUATION PREPARED BY 

YOU OR BY PERSONS UNDER YOUR SUPERVISIOIU AND 

COIQTROL? 

Yes, it was. 

COULD YOU FIRST EXPLAIN WHAT AN ECONOMY OF SCALE 

IS AND THEN DISCUSS TEE CONTENTS OF YOUR ECONOMY OF 

SCALE EVALUATION? 

Yes. Generally stated, an economy of scale is the 

phenomenon of a decreased per unit cost attained 

through the use of larger units. To illustrate, a 

10,000 gallon per day (gpd) wastewater treatment 

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

unit cost of $6.00 per gallon per day, whereas a 

100,000 gpd plant may cost $250,000 and have a per 

3 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

unit cost of $2.50 per gallon per day. In this 

example, the per unit cost for building the larger 

plant is much less than for building the smaller 

plant and reflects an economy of scale. An economy 

of scale can likewise be evident for the operation 

and maintenance costs for running a larger versus a 

smaller plant. 

That the economy of scale phenomenon occurs 

with water and wastewater facilities and facility 

components, I believe, is without questiop. The 

purpose of the Economy of Scale Evaluation was to 

identify and measure any economies of scale for the 

capital costs of water and wastewater treatment 

facilities and components. 

Briefly stated, the Evaluation examined the 

average cost and per unit cost of the following 

facilities/components: extended aeration package 

wastewater treatment plants; contact stabilization 

wastewater treatment plants; blowers, filters, and 

chlorination units for wastewater plants; standby 

generators for water and wastewater plants; 

prestressed concrete ground storage tanks, steel 

ground storage tanks; water plant disinfection 

(chlorination) equipment; high service pumps; 

hydropneumatic tanks; lime softening water 
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treatment plants; reverse osmosis water treatment 

plants; gravity sewer lines; sewage pump stations; 

sewer force mains; and water mains. Unit cost 

curves, showing the cost per unit of capacity on 

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

created for all facilities/components examined. 

These unit cost curves clearly demonstrate the 

economy of scale associated with each 

facility/component. Furthermore, the unit cost 

curves in the evaluation also serve to illustrate 

the threshold minimum size which selected 

facilities/components must be before the rate of 

change in the per unit cost begins to decline. 

Exhibit (GCH-5) is a one page summary 

illustration of water plant component unit cost 

curves. 

COULD YOU EXPLAIN HOW THE ECONOMIES OF SCALE 

RLNEAGED IN THE EVALUATION SPECIFICALLY FlEWTE TO 

THE TESTIMONY OF THE WITNESSES YOU EUVE m I O N E D ?  

Yes. Let us take as an example the issue of margin 

reserve specifically as it relates to the sort of 

concerns Mr. Hansen mentioned and ground storage 

tanks. 

The economy of scale associated with various 

sized steel ground storage tanks is illustrated in 
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the series of graphs, charts and tables contained 

in Exhibit (GCH-6). Since a written 

explanation or summary and conclusion sheet appears 

before each of the various graphs, charts and 

tables presented in the Exhibit, I will not repeat 

the content of those sheets here. However, I would 

like to point out a few items in order to better 

focus the issue. The first graph included in the 

Exhibit shows the cost curve and unit cost curve 

for steel ground storage tanks. The unit cost 

curve, simply stated, illustrates the economy of 

scale. The "inflection point" of the unit cost 

curve refers to that point at which the relative 

maximum economy of scale is achieved and beyond 

which the unit price remains nearly constant. In 

the case of the steel ground storage tanks, the 

inflection point is at the 100,000 gallon tank. 

Therefore, to take advantage of the optimal economy 

of scale, a 100,000 gallon tank would be the 

threshold size necessary. This is not to say, 

however, that a tank of that size is appropriate in 

all cases -- only that it is the threshold size 

required to achieve the optimal economy of scale. 

The remaining graphs, charts and tables in the 

Exhibit serve to illustrate the cost-effectiveness 
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of installing different size tanks over time under 

various growth and economic conditions and 

considering the Commission's present form of used 

and useful determinations. The graphs immediately 

following the cost curves provide a clear picture 

of the following events and conditions for the tank 

example over time: demand, tank phasing, total 

tank capacity, total investment, investment used 

and useful comparison, and used and useful 

percentage. The next set of graphs depict: (1) 

the investment savings associated with sizing tanks 

in larger sizes and (2) the margin reserve period 

necessary to promote larger sizing and, hence, 

achieve that savings, 15 years in these examples. 

The tables appearing next in the Exhibit show the 

costs savings per ERC over time under various tank 

sizing scenarios. These tables portray the long- 

term cost savings to the customer with a larger 

tank as compared to a smaller tank. Present value 

charts appear last in the Exhibit. These charts 

show the present value for installing a tank or 

tanks assuming the scenarios described. These 

charts are significant in that they invoke the 

illogical economic signal the Commission sends 

utilities by measuring used and useful as it has in 

, 
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recent years. All things being equal, the most 

cost effective choice for the utility engineer is 

the choice with the lowest present value (both to 

the utility and the customer), but the Commission's 

used and useful practices act as a disincentive to 

economies of scale and corrupt the decision-making 

process. In other words, the Commission's used and 

useful practices encourage a utility to install the 

smallest tank necessary so the utility may recover 

the greatest portion of its total investment in the 

tank, but the present value tables in this Exhibit 

reveal that the smallest tank necessary is not the 

most cost-effective choice. It is my testimony 

that one of the ways the Commission can correct 

this illogical economic signal and encourage 

economies of scale is through an appropriate 

allowance for the margin reserve. 

It should be noted that based on the 

information and analyses in the Economy of Scale 

Evaluation, the storage tank example is 

representative of the economy of scale for all of 

the components/facilities examined. 

Mr. Hansen's testimony illustrates the irony 

of used and useful in recent years. Mr. Hansen 

opposes a margin reserve, suspects that SSU's goal 
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is to operate at or near capacity, yet he asks that 

SSU install a ground storage tank larger than the 

minimum currently needed. He embraces the service 

benefits and long-term cost effectiveness of the 

margin reserve and the economy of scale, but he 

fails to grasp the economic penalty he proposes. 

The cause-and-effect relationship at work with 

used and useful and economies of scale is simple. 

The Commission's used and useful practices of 

recent years, combined with no margin reserve, an 

insufficient margin reserve, or a margin reserve 

with CIAC imputed thereon -- the various proposals 
of the intervenors in this case -- provide 

utilities no incentive to take advantage of 

economies of scale and instead cause economic harm 

to those utilities who do. No utility company can 

be asked to make investment of shareholder money 

when the recovery of and a return on a substantial 

portion of that money is virtually totally at risk. 

This is particularly true here as the rate of 

return to the shareholders is set by regulators and 

does not increase to the extent which would be 

necessary to compensate for that risk. Thus, the 

economic message from the Commission in recent 

years, and the economic message the intervenors 
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would have the Commission send in this case, is to 

build plant in small increments, ignore economies 

of scale, and bear inordinate risk for even 

threshold sizing. 

In consideration of the results of the Economy 

of Scale Evaluation, I believe that for the utility 

and the customers to experience the benefits of 

sizing all facilities/components to take advantage 

of economies of scale, the minimum margin reserve 

period for all facilities/components should be 

seven years. The intervenor's suggestion that 

there be no margin reserve at all will only serve 

to harm the customers over time. A five-year 

margin reserve period as SSU has suggested is an 

initial step to more cost-effective rate setting. 

WR. HARTMAN, DOESN'T YOUR ECONOMY OF S W  

EVALUATION IN FACT SUPPORT USED AND USEFUL 

PERCENTAGES HI- THAN THOSE REQUESTED BY SSW IN 

ITS MFR'S? 

Yes, it does. SSU's position in this proceeding, 

however, is that the Economy of Scale Evaluation 

supports the used and useful percentages SSU 

requested in its filing as a minimum. SSU'S 

requested used and useful percentages should 

therefore not  be reduced unless SSU accepts an 

10 
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error in calculations. 

In this case, SSU followed the basic formula 

approach to used and useful which the Commission 

accepted in SSU’s last case. Generally, this 

approach may .capture economies of scale in the 

margin reserve. 

Q. YOU ~ I O W E D  TaAT STAFF WITwgSS m. SHAFKR 

REFERENCES E-IES OF SCALE OR WATTSRS WHICH 

ECONOMIES OF SCALE INFLUENCE. WEAT C-S DO YOU 

HAVE REGARDING HIS TESTIMONY? 

A. M r .  Shafer recites several Commission goals which I 

believe should be influenced by economies of scale, 

specifically the following: providing safe, 

efficient service at an affordable price; resource 

protection; and a financially healthy and 

independent utility. As I stated in my direct 

testimony, I do not believe the Commission can 

promote resource protection and reliable service 

unless used and useful considerations parallel 

design and regulatory requirements. Efficient 

service, moreover, must be considered on a long- 

term basis. The economy of scale to be realized in 

utility facilities, as well as in the operations 

and administration functions, provides for long- 

term, efficient, and cost-effective service. Thus, 
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if, as M r .  Shafer says, the Commission is to make 

decisions which will give utilities an incentive to 

be more efficient, economies of scale must be given 

greater weight in used and useful considerations 

than it has in recent years. 

I note that applying the used and useful 

formulae I have referred to has not always been the 

Commission practice. Several years ago, the 

Commission considered economies of scale in 

evaluating used and useful because it was 

recognized that economies of scale promoted safe 

and efficient service and minimized long term 

capital investment. Attached hereto as Exhibit 

(GCH-7) are copies of Commission staff 

memoranda which served as a guide to used and 

useful and wherein economies of scale are 

emphasized criteria. In recent years, with only 

occasional exceptions, the Commission came to 

ignore ignoring economies of scale in favor of a 

rigid formula approach to used and useful. This was 

also about the time capital investment requirements 

for water and wastewater utilities were heightened 

due to increased regulatory requirements such as 

those imposed by the Clean Water Act. In my view, 

periods of increased capital investment 

12 
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Q. 

A. 

A .  

requirements are precisely the wrong time to 

forsake economies of scale, especially where growth 

is present to support the economies. 

Do yw luvE ANY OTEER com5uTs =GARDING THE 

lLCOLQO#Y OF SclLcE AS IT REIATES TO USZD AND USEFUL? 

Yes, but I will make those comments as I address 

specific areas of the intervenor's rebuttal. Also, 

later on in my testimony, I will briefly address 

economies of scale insofar as they relate to Mr. 

Starling's cost comparisons and Dr. Beecher's 

testimony on single-tariff pricing. 

Do YOU I U V E  ANY OTHER COmuENTS ON TEE IPaTERmx's 

TESTIMONY ON MARGIN RESERVB NOTWITHSTANDING ECONOMY 

OF SCALE? 

Yes. I believe I have already adequately addressed 

Mr. Hansen's margin reserve comments. On page 3 of 

Mr. Biddy's testimony, he characterizes Rule 62- 

600.405 as establishing the intervals for 

submitting a capacity analysis report ("CAR") and 

not a 5 year reserve capacity requirement. I 

disagree with Mr. Biddy's interpretation for the 

reasons stated in my direct testimony and as 

explained further by SSU witness Harvey in 

rebuttal. The rule is applied by DEP to assure 

that at least a 5 year margin reserve of capacity 

13 
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exists or that the expansion process is underway. 

To interpret the rule as Mr. Biddy suggests is to 

separate the words of the rule, which on the 

surface address reporting requirements, from the 

rule's meaning, which focuses on performing the 

acts one must report. 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. 

DO YOU AG- WITH MR. BIDDY'S C- ON PAGE 4 

REGARDINQ TBE WATER PIAN" MARGIN RESERVE PERIOD? 

I agree that DEP does not presently have in place a 

rule for water facilities similar to Rule 62.600- 

405. Yet, on recent submittals I have made to the 

DEP, adequate capacity has been an issue in the 

permit application process. Those reviewing these 

applications have with increased regularity asked 

if 5 years of water plant capacity is available or 

planned. 

My direct testimony lists the multitude of 

activities necessary for an expansion project. It 

is simply wrong to restrict the water treatment 

plant margin reserve to less than 3 years on the 

basis of Mr. Biddy's paltry claim, "Sometimes it 

14 
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does not take a long time to increase capacity for 

water treatment, such as adding a new well and 

filters." Further, as stated in DEP's letter of 

June 29, 1995, attached to the testimony of SSU 

witness Harvey, " [DEPI strongly recomendIs1 that 

the Commission recognize at least a five-year 

reserve capacity when calculating the "used and 

useful" percentage of water and wastewater 

treatment facilities." 

m. BIDDY SIJQGESTS A MARGIN RXSERm IS NOT' 

NECESSARY. DO YOU DISAQREE WITH HIM? 

Yes. Of course a margin reserve is necessary. 

There are three basic reasons which support margin 

reserve: (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 benefit I have already described. 

Second, if no 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 

15 
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water pressure, connection moratoria, insufficient 

chlorine contact time, lack of sufficient disposal 

facilities, improper discharge of wastewater, and 

insufficient wastewater treatment to name a few. 

And all of these problems can occur due simply to 

the variability of demand if a margin reserve is 

not present. Third, if utilities cannot earn a 

return on economically sized plant, forcing the 

utilities to constantly operate facilities on the 

edge of their capacity limitations, al1,of the 

activities associated with needed improvements and 

expansions will likewise be in constant motion. A 

perpetual permit and construction apparatus on the 

part of utilities requires the perpetual attention 

of the regulatory authorities' engineers, 

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

cost to the utility, the customers and the state. 

Each of these adverse consequences result from the 

intervenors' no margin reserve position and should 

be scrupulously avoided. 

Q -  IS MARGIN RESERVE "SOLELY FOR NEW C U S T O ~ S "  AS MR. 

BIDDY STATES? 

A.  No. In fact, OPC witness Ms. Kim Dismukes suggests 

that the current customers will consume more water 

in the future. Therefore, OPC's witnesses are 

16 
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inconsistent on this point. The Commission should 

recognize that different OPC witnesses have made 

directly conflicting assertions to support the 

results OPC desires on different issues. Of 

course, OPC cannot have it both ways -- customers 
cannot consume more water to suit Ms. Dismukes' 

proposed consumption adjustment while at the same 

time not consume such additional quantities to 

support Mr. Biddy's assertion that the margin 

reserve is exclusively for future customers. I 

would also note that it is not absolutely certain 

what effect SSU's conservation efforts would have 

on peak demands, as opposed to total consumption. 

SSU's plants must meet the peak demands of the 

existing customers and many components are designed 

to meet that level of demand. 

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. 

Smaller facilities demonstrate higher variability 

in demand than do larger facilities. SSU is 

17 
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comprised mostly of small facilities; therefore, 

all of the small SSU facilities require a margin of 

reserve due to this factor alone. 

Further, margin reserve is an accepted 

regulatory allowance for growth in the need for 

service from both existing and new customers. The 

margin reserve cannot be sequestered for, or 

dedicated exclusively to, future customers. If one 

were to apply M r .  Biddy's premise to its logical 

end, whenever test year customers use any water or 

produce any wastewater in excess of test year 

levels, the utility should disconnect those 

customers because they have used all the capacity 

they have paid for. Needless to say, 

disconnections of this sort are impossible as a 

practical matter, but it illustrates the point that 

Mr. Biddy expects the customers to receive all the 

benefits of the margin reserve but with the costs 

therefor borne exclusively by the utility. If no 

margin reserve is allowed as Mr. Biddy proposes, 

the existing customers will not receive any of the 

service benefits Mr. Biddy must expect them to 

experience. 

Generally, growth for SSU statewide is about 

3% per year. In 3 years only 9% to 10% growth on 

18 



1 the average would occur. As indicated in the 

2 Economies of Scale hraluation, economical sizing is 

3 typically in increments greater than 10%. For most 

4 water plants, the variability of the maximum day 

5 demand from existing customers can easily be 10% 

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

7 recognize the public health, safety and welfare 

8 requirements of proper facility sizing which would 

9 necessitate a margin reserve without growth and 

10 which would necessitate a greater one with growth. 

11 Mr. Biddy's suggestion that the utility could 

12 recover its costs through "prepaid fees from future 

13 customers" and "in other ways" is without 

14 foundation. Prepayments from future customers or 

15 developers would be a disincentive to growth and, 

16 if imposed, may not ever occur, much less in an 

17 orderly and economic fashion. To make the utility 

18 entirely dependent on Mr. Biddy's nebulous 

19 suggestion is inappropriate. 

20 Q.  CONTINUING ON WITa m. BIDDY'S TESTIMONY, DO YOU 

21 BELIEVE FIRSFLOW SHOULD BE APPLIED IN USED AND 

22 USEFUL CALCULATIONS? 

23 A. Yes, if facilities are designed to and sized to 

24 provide fireflow service, fireflow should be 

25 included in used and useful. Mr. Biddy excluded 
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fireflow from his used and useful calculations 

because SSU did not provide fireflow test records 

with the original filing. It should first be noted 

that fireflow test results are not a filing 

requirement -- I would suggest for very practical 

reasons. SSU has several thousand hydrants, and it 

is unreasonable and uneconomical to test every last 

one of them for a used and useful analysis, 

especially when those tests are not always 

conclusive. In this and in SSU’s previous rate 

case, the PSC staff and OPC had ample opportunity 

to inspect all of SSU’s facilities if there were 

any concerns with fireflow. To arbitrarily delete 

fire flow from the used and useful calculation is 

wrong when the fireflow service needs to be 

provided and facilities are sized to provide the 

service as shown in the MFR’s. 

Even if the level of fireflow to a few 

hydrants is unsatisfactory, fire fighting 

requirements may still be met. Normal water 

distribution pressures may be in the 40 to 60 psi 

range. Fireflow requirements are at the 20 psi 

level. As the pressure decreases, the flow rate 

from the high service pumps increases and more flow 

is available at lower pressures. Pumper trucks, 
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commonly used in the rural areas which SSU serves, 

have the ability to pull water from the system and 

can readily operate in the lower pressure ranges 

and even at no pressure at a specific location. 

Moreover, the appropriate action in response 

to conclusive and unsatisfactory test results for 

one or more hydrants, without any consideration to 

the nature or extent of the cause, is certainly not 

to exclude fireflow from used and useful. Such 

action does not improve the security of the 

customers and provides no incentive for a utility 

to correct potential problem situations in service 

areas where the utility should provide fireflow. 

After evaluation, an operational change or capital 

improvement should be designated to correct the 

condition, a reasonable time allowed therefor, and, 

if a capital improvement is required, an allowance 

for the improvement made in rates. 

Fire service requirements are shown in the 

MFR's and reflected in the used and useful analysis 

appropriately. 

IS I T  COST EFFECTIVE TO USE SOURCE OF SUPPLY TO 

=ET IBISTANTWOUS DLCWANDS? 

It depends on the water resource availability. In 

productive and high yield aquifer areas, yes, it is 
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quite cost effective and common practice in 

Florida. M r .  Biddy suggests that it is not cost 

effective, while the majority of small plants in 

Florida are designed, built, and function in this 

fashion. Where the water resources are not 

available, it is not cost effective due to higher 

treatment, storage and pumping costs. 

Q. DO SMALL WATER FACILITIES WITHOUT STORAGE TANKS 

PROVIDE FIRE PROTECTION? 

A. Yes. many do. Again, M r .  Biddy ignores the 

majority of small facilities in Florida including 

SSU's. If fire fighting service is needed, there 

usually is a fire well pump or two or more wells 

which together provide for fire service. 

Q. MR. BIDDY OPPOSES USE OF A SINGLE MAXIMUM M Y  TO 

DETERMINE USED AND USEFUL FOR WATER PLANT 

COMPONgfyTS. SHOULD A SINGLE W I M U M  M Y  BE USED? 

A .  Yes, the single maximum day water demand is the 

minimum design requirement as I stated in my direct 

testimony. The single maximum day demand is in 

accordance with design standards, FDEP rules and 

regulations and utility construction practice. The 

average "of the five highest maximum daily flows in 

the maximum month" is not in accordance with design 

standards, DEP rules, the Florida Statutes, or 
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water utility construction practice in Florida. As 

I explained at length in my direct testimony, used 

and useful requirements must parallel design and 

regulatory requirements. Mr. Biddy does not 

directly addr.ess the many reasons I offered to 

support this conclusion. Yet, interestingly 

enough, throughout his testimony, Mr. Biddy 

acknowledges that a single maximum day is the 

design standard, for example on page 10, line 9 of 

his testimony. 

M r .  Biddy argues that a single maximum day is 

not reliable for used and useful purpose because 

precise records of line breaks, leaks, and other 

water losses are difficult to keep. I think Mr. 

Biddy's argument is completely unpersuasive. As 

stated in SSU's direct testimony and in responses 

to discovery requests, SSU has excluded known 

unusual events such as line breaks from the maximum 

days used in the analysis. Besides, even if one 

accepts that leaks and various other water 

measurements are difficult to keep track of with 

precision, there is still no legitimate basis for 

wholesale rejection of the maximum day. The 

Commission should recognize the requirements of the 

State of Florida. To suggest that the drafters of 
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the design manuals, engineering publications, and 

Florida regulations somehow failed to recognize 

these water measurement considerations is 

illogical. If the maximum day data is reliable for 

design purposes, it is reliable for used and useful 

purposes. The utility should not be placed in a 

position of having to explain to the permitting 

authority that its design to construct a well or 

pump did not use historic maximum day data because 

the Public Service Commission thinks a lower number 

is more appropriate. 

Mfl. BIDDY AROVES THAT TBE CONSTRUCTION PERMIT 

CAPACITY OF A WASTEWATER PLANT SHOULD BE USED TO 

DETERMINE USED AND USEFUL RATHER TXUM OPERATING 

PERMIT CAPACITY. DO YOU THINK HIS SUGGESTION IS 

APPROPRIATE? 

As a matter of principle, no. It is improper to 

assume a change to the ongoing and permitted 

process of an extended aeration plant to that of a 

contact stabilization plant. Many plants have the 

dual ratings Mr. Biddy discusses on page 8 of his 

testimony. With a change in the treatment method 

which M r .  Biddy presupposes, water quality, 

performance, sludge handling, operator staffing, 

electric usage, chemical usage and the sludge 
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A .  

stabilization costs all dramatically change. 

Depending on the situation, additional investment 

of significant sums may be required to make the 

necessary alterations and the reliability of 

treatment and level of environmental protection 

could also be reduced by the conversion. These 

facilities have operating permits from DEP 

designating the treatment process to be used. It 

is wrong to presuppose a change in the treatment 

process for the sole purpose of lowering the used 

and useful percentage as Mr. Biddy advocates. 

Do YOU AGREE WITH BIDDY'S FIRW RELIABLE 

CAPACITY ADJUSTMENTS? 

No. Beginning on page 9 of his testimony, Mr. 

Biddy argues that firm reliable capacity should not 

be considered separately for wells, high service 

pumps, and treatment units. It appears from M r .  

Biddy's explanation on page 9 that he discounts the 

probability that one of the components he refers to 

may be off-line for scheduled repairs while another 

may be off-line due to an emergency. M r .  Biddy 

states only that it is unlikely two components will 

be "scheduled for service at the same time." Based 

on my experience, I think Mr. Biddy errs by 

ignoring a confluence of scheduled and emergency 
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events. Further, I would point out that M r .  

Biddy's notion of excluding certain components from 

firm reliable capacity consideration is 

inconsistent with the Commission's order in SSU's 

last rate case in Docket No. 920199-WS. SSU's 

proposed firm reliable capacity formula is 

consistent with that decision. 

SSU's method is also consistent with analogous 

requirements for wastewater plant component 

reliability as stated in the U.S. Environmental 

Protection Agency's MCD-05 publication. To 

illustrate, Provision 2.2.1.2 of that publication 

states, 

A backup pump shall be provided for each set 

of pumps which performs the same function. 

The capacity of the pumps shall be such that 

with any one pump out of service, the 

remaining pumps will have capacity to handle 

the peak flow. It is permissible for one pump 

to serve as a backup to more than one set of 

PUPS. 

DO YOU AQREE WIW HR. BIDDY'S ASSES- OF FIRM 

RELIABLE CAPACITY FOR WELLS? 

No. M r .  Biddy on line 5, page 10, that when 

"storage or high service pumping facilities are 
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available" SSU's firm reliable capacity methods 

should not be applicable. It should be pointed out 

that Mr. Biddy's statement is correct only if the 

storage he refers to is elevated distribution 

storage and the "or" in the statement is an "and." 

As thus restated, the single largest pumping unit 

could be out of service, assuming the elevated 

storage volume is adequate and on site, and 

elevated storage could be substituted for high 

service pumping firm reliable capacity. However, 

this alone does not justify accepting Mr. Biddy's 

proposal for all SSU plants. 

Further support for SSU's firm reliable 

capacity calculations for wells can be found in the 

results of the 1989/1990 consumptive use permit 

case of the Corporation of the President of Jesus 

Christ of Latter Day Saints ("COP") v. the City of 

Cocoa. The final order of St. Johns River Water 

Management District (the "District") in that case 

accepted the findings of fact and conclusions of 

law of the Division of Administrative Hearings' 

Hearing Officer that reserve well capacity of 

twenty percent in excess of projected maximum day 

withdrawals is reasonable in order for the utility 

to meet demands during either routine maintenance 

27 



8 Q. 
9 

10 

11 A. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

or emergency well shutdowns. This ruling was made 

without consideration for storage, elevated or 

otherwise. 

SSU’s method for determining well firm 

reliable capacity is consistent with design 

standards, reliability design, and permitting 

practice. 

m. BIDDY ARGUES THAT THE PSNC HOUR FACTOR SHOULD 

BE 1.3 TIMES THE -1- M Y  DEMAWD. Do YOU AGREE 

WITH HIS PROPOSED PEAKING FACTOR? 

No. Mr. Biddy quotes AWWA M32 for a suggested 

range of 1.3 to 2.0. This manual applies to all 

water systems in the United States. It is 

recognized and accepted engineering practice that 

as a system becomes larger, the peaking factor is 

less. Large water systems such as those operated 

by 1) the City of Tampa, 2 )  the City of 

Jacksonville, 3) Miami-Dade Water and Sewer 

Authority, 4 )  the City of St. Petersburg, 5) the 

Orlando Utilities Commission, and 6) Pinellas 

County Water have all reported peaking factors 

between 1.3 to 1.6. The SSU water plants are quite 

small in comparison to these. Indeed, all of the 

SSU water plants combined do not serve as many 

customers as large metropolitan systems. The 2.0 
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factor reflects sound engineering practice for 

plants which are the size of the majority of SSU's 

plants. One should not just arbitrarily say, "I 

believe 1.3 should be used because it is the 

minimum requi.rement, as Mr. Biddy does. Mr. 

Biddy's proposed factor is insupportable and also 

inconsistent with the Commission's order in SSU's 

last rate case in Docket No. 920199-WS. SSU's 

proposed peaking factor is consistent with that 

decision, and consistent with the available and 

relevant facts and the design, construction and 

building practices for small water facilities in 

Florida. 

Q. COULD YOU COWWENT ON NR. BIDDY'S USE OF EMERGENCY 

STORAQE? 

A. Yes. Emergency storage does not have a specific 

design criteria in AWWA M32, yet it is standard 

practice in Florida to provide an amount for 

emergency storage. The amount of emergency storage 

built depends upon an assessment of risk and degree 

of system dependability. To eliminate emergency 

storage is to eliminate the degree of system 

reliability and maximize risk. Water plants are 

designed, constructed, and operated to protect the 

public's health, safety and welfare. I cannot 
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agree with Mr. Biddy's elimination of all emergency 

storage in all SSU plants notwithstanding whether 

emergency storage was a specifically stated design 

consideration. Marco Island residents were well 

served by the emergency storage available during 

the last hurricane and when the 30" raw water 

supply line under the Marco River ruptured last 

year. The Deltona Lakes plant's emergency storage 

was crucial in saving lives during the huge forest 

fire in Deltona several years back. 

MR. BIDDY NEXT DISCUSSES "DEAD STORAGE." IS TaERE 

DEAD STORAGE IN AN ELEVATZD STORAGE TANK? 

No. 

IS THERE DEAD STORAGE IN SSU'S GROUND STORAGE 

TANKS? 

Yes. The vortex situation is rare you can place 

the pumps at a grade low enough. Since the SSU 

ground storage tanks are typically built on flat 

ground, the centerline of the pumping units are 

above the bottom of the tanks. "Dead storage" is 

commonly encountered in Florida storage facilities 

and has been approved for used and useful storage 

calculations by the Commission (in the last Lehigh 

rate case) and by Sarasota County. FDEP also 

recognizes this situation in permitting. 
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Do YOU AGREE WITE THE CoIllwQyTS WR. BIDDY MAICES 

RECURDINQ HIGH SERVICB puwPI&o BEOImINQ ON LINE 

12, PAQE 12, OF HIS TIISTIWNY? 

No. High service pumps at the source in many 

instances are the only pumping units for the SSU 

plants. High service pumps must meet all service 

conditions as are typical for the SSU service 

areas. M r .  Biddy assumes multiple high service 

pumping locations throughout the service area. 

Such situations exist only in a few of the large 

SSU service areas, and even there the hydraulics 

are such that the units are necessary as SSU 

reflected in the MFRs. In the two locations where 

elevated storage exists, Lehigh Acres and Keystone 

Heights, the elevated storage can offset the high 

service pumping needs to some extent, but that fact 

alone does not justify Mr. Biddy’s proposed result. 

Besides, while Mr. Biddy espouses the virtues of 

distribution storage and asserts that it is more 

cost effective than sizing up high service pumps, 

he never provided or calculated the additional 

theoretical storage and additional plant costs 

required if such a convention is to be used. 

IS I T  CORRECT TO USE HIGH SERVICE PUMPS TO HANDLE 

PEAK BOURLY FLOWS AND FIRE FLOWS, CONTRARY TO WHAT 
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MR. BIDDY ARGUES? 

A. It should first be understood that when 

distribution storage is not available and fire flow 

service is available, the standard design condition 

according to the Insurance Services Office ("ISO") 

in Jacksonville, many of the county codes, city 

codes and related standards, is the sinale maximum 

day plus fire flows or peak hourly demand whichever 

is greater, not the average of the five highest 

maximum days of the maximum month. All storage 

facilities would be undersized if an average of the 

five maximum days were used. In small service 

areas, a couple of "jockey" pumps (50-250 gpm) may 

be used to meet the peak hour flows but are 

inadequate for fireflow demands. In such cases, a 

single fire rated pump of 750 gpm or 1500 gpm may 

be used to provide fireflow. Customer demands and 

pressures versus fireflow requirements must be 

recognized when providing pumping units for such 

plants. In large plants without dedicated fire 

pumps, the single maximum day plus the service area 

fireflow is used. 

Q- ~T COMMEWTS Do YOU aAVE REGARDING MR. BIDDY'S 

PROPOSALS TO ADJUST USED AND USEFUL FOR AUXILIARY 

POWER AND HYDRO TANKS? 
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Both of these components should be 100% used and 

useful as indicated by my direct testimony and as 

supported by the Commission's order in Docket No. 

920199-WS. Moreover, the existing customers would 

pay significantly more if auxiliary generators and 

hydro tanks were built in multiple phases, which is 

the result Mr. Biddy encourages by his suggestion 

for used and useful adjustments. Exhibit - 
(GCH-4) shows that with respect to awiliary 

generators and hydro tanks. 

WR. BIDDY ARGUES IN FAVOR OF THE LOT-COUNT METHOD 

AS A m S  FOR DETERMINE PIPELIlYE USED AND USEFUL. 

IS THE LOT COUNT METHOD APPROPRIATE FOR SUCH AN 

MULYSIS? 

No, for several reasons: (1) the lot count method 

only measures developed versus undeveloped lots or, 

in other words, the status of land development over 

which the utility has no control, and not utility 

service; (2) one home can occupy two or more lots; 

( 3 )  a lot could be unbuildable due to a number of 

factors; ( 4 )  redevelopment can occur; (5) many lots 

are served by wells and/or septic tanks and will 

never be customers; (6) no less of a system is 

needed to serve six of ten lots as opposed to all 

ten lots on a street and, since the Commission 
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requires the utility to provide service, the entire 

system is necessary; (7) in many instances the 

development code requires the water and sewer pipes 

to be built before the subdivision phase can get 

its first certificate of occupancy; ( 8 )  in most SSU 

service areas, pipeline installations are 

regulatory requirements for the protection of the 

public health, safety, sanitation and welfare; (9) 

the lot count method provides no consideration f o r  

the economy of scale and cost-effective 

construction practices for transmission and 

distribution facilities as are identified in 

Exhibit (GCH-4) and which should be 

considered as FPSC policy; (10) the lot count 

method does not consider sizing lines to provide 

fireflow or consider system looping, both of which 

the utility is required to consider in design; (11) 

the lot count method does not consider sound 

engineering design and practice and State of 

Florida, county and city rules and regulations 

which also must be complied with as a FPSC 

requirement; and (12) the lot count method 

encourages the proliferation of septic tanks and 

individual well construction which increases the 

long-term cost to existing customers by creating 
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internal competition and by decreasing the economy 

of scale. 

The Commission staff policy memos identified 

as Exhibit- (GCH-7) reveal that the Commission 

did not strictly apply the lot count method 

historically; but rather, the method was considered 

as a base and appropriate adjustments made 

increasing the used and useful percentages to take 

into account the economy of scale which I have 

demonstrated for transmission and distribution 

facilities in Exhibit (GCH-4) . 
IS A HYDRAULIC AUALYSIS APPROPRIATE TO EVALUATE 

USED AND USEFUL? 

Yes. Hydraulic analyses of water distribution 

facilities assists utilities and engineers 

formulate the most economic and reliable design and 

construction of those facilities. There is no 

rational reason to reject a hydraulic analysis in 

favor of a lot-count analysis for determining used 

and useful. The hydraulic modeling used and useful 

analysis (1) more accurately reflects the demands 

placed on the transmission and distribution 

facilities than the lot-count method, (2) parallels 

design considerations, and (3) provides an 

incentive to the utility to take advantage of the 
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significant economies of scale which can be 

realized by reducing the installation costs 

associated with water distribution facilities. 

1IR. BIDDY QUESTIONS mTEER S W ' S  PEMDINQ WATER 

SUPPLY SITE FOR m C 0  IS- SHOULD BE ELIMINATED 

FROM MTE BASE IN =IS CASE. %AS AN EVALUATION OF 

TKE TOTAL WATER SUPPLY CAPACITY OF m c o  1s- AND 

WURCO SHORES BEEM ACCOMPLISHED? 

Yes, on many occasions, and the results have 

previously been submitted to the FPSC. Collier 

County's most recent version of the planning 

document for Marco Island shows the complete 

utilization of the Marco Island and Marco Shores 

raw water supply. In fact, this document, prepared 

with the participation of SSU Marco Island 

customers, recommends the expansion of the Marco 

R.O. facilities from 4 MGD to 6 MGD in the near 

future, the development of the new 160-acre site, 

significant new increases in reuse to curtail fresh 

water demand, new aquifer storage and recovery 

facilities to meet peaking needs and a new strict 

water conservation program on the island to allow 

present sources to meet just the short-term demand. 

All of the water supply facilities at Marco Island 

have previously been found to be 100% used and 
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useful. The 160-acre site is needed to develop an 

adequate supply to meet current and short-term 

need. SSU witness M r .  Terrero will elaborate on 

the permitting required. The water supply capacity 

of the system is 9 MGD and the present demand has 

reached over 10 MGD. At present, the level of 

additional supply required is approaching 4 MGD, 

referring again to the District's decision in the 

COP v. City of Cocoa consumptive use permit case 

where adequacy of resource supply is addressed. 

Only by the efficient implementation of a 

combination of the supply sources stated above -- 

first securing the land and the permits, then the 

design, then the construction to eventually attain 

operations -- will permit SSU to meet the critical 

water supply needs of Marco Island in the coming 

five ( 5 )  years. Removing the 160 acre site from 

rate base has the effect of penalizing SSU for 

planning ahead and discourages SSU from meeting the 

water supply needs of Marco Island. 

Q.  WR. BIDDY AND WR. WOELFFER ASSERT THAT RWSE 

FACILITIES SHOULD NOT BE 100% USED AND USEFUL. IN 

PARTICVLAR, WR. BIDDY STATES REUSE FACILITIES 

SHOULD NOT BE CONSIDERED 100% USED AND USEFUL 

"WITHOUT EVALUATION." HAVE ALL OF TRE EFFLUENT 
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REUSE FACILITIES BEEN EVALUATXD? 

A .  Yes, all effluent reuse facilities were evaluated 

by professional consultants, SSU staff, and DEP 

through the required reuse feasibility reports for 

each of the facilities having reuse. These reports 

are a matter of record and have been approved by 

each entity and regulatory agency. 

Q. W YOU luINTAIW TaAT REUSE FACILITIES SBOULD BE THE 

100% USED AND USEFUL AS REQUESTED BY SSU? 

A .  Yes. I believe it is quite clear why reuse 

facilities should be 100% used and useful in my 

direct testimony and exhibits. The financial 

disincentive posed by a used and useful adjustment 

to reuse facilities would be very direct because 

the amount of investment required to provide reuse 

is often substantial. Staff witness Shafer's 

testimony speaks to this issue as well in that Mr. 

Shafer mentions resource protection as one of the 

Commission's goals. Reuse, as the Legislature has 

recognized, is a means of resource protection. If 

the Commission is to fulfill its resource 

protection goal, it should provide utilities the 

incentive to provide reuse which the Legislature 

directed and DEP has repeatedly recommended through 

a 100% used and useful percentage for reuse 
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facilities. 

Q. #R. BIDDY NEXT SUGGESTS A USED AND USEFUL 

m s e  'K) THE DQP ~ I o w  WELL ow IURco 

ISLAUD. 

To THE RJJICTION m L  ON IURCO? 

DO YOU THIHlc AN V sHam9 BZ MADE 

A. No. 100% of the injection well's capacity is 

required for the reverse osmosis water plant, and 

the well also serves as back-up disposal source for 

effluent reuse. Moreover, no less of a facility 

could have been constructed to meet the present 

functions. 

Q.  DO YOU HAVE ANY GLWERAG CO-S REOAROING THE 

W S - S  #R. BIDDY REC- AS THEY APPEAR I N  

THE -1BITS BE Ius A'M'ACBED TO H I S  TESTIMXIY? 

A .  Yes, I would like to note the following 

observations. In his exhibits, Mr. Biddy has not 

accepted any prior Commission decisions on used and 

useful. He makes no attempt to prove the 

Commission was unaware of or misunderstood the 

circumstances of its prior determination and 

therefore erred in establishing used and useful. A 

utility should not be penalized due to a witness's 

lack of research, review and prudent consideration 

of prior rate cases which were subjected to full 

disclosure, public hearings and a full rate case 
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proceeding. Mr. Biddy completely ignored the 

authority I cited in my direct testimony for the 

proposition that used and useful should not 

decrease from one case to the next where capacity 

is unaffected, including Order No. PSC-93-1113-FOF- 

WS, issued July 30, 1993, in General Development 

Utilities, Inc.'s consolidated rate cases for 

Silver Springs Shores and Port Labelle and Order 

No. PSC-94-0739-FOF-WS, issued June 16, 1994, in 

Utilities, Inc.'s rate case for Marion and pinellas 

Counties. 

A practice of routinely readjusting used and 

useful such as Mr. Biddy and Mr. Woelffer urge 

would undermine the ability of the utility to 

continue operations. Decisions to invest in plant 

are made before plant is constructed. The prudence 

of management in deciding to build plant must be 

examined based on the facts and circumstances which 

existed when that decision was made. For instance, 

if a plant component is 100% used and useful at 

time TI, that alone is fair justification showing 

the utility's decision to build the plant was 

prudent. The utility must be given the opportunity 

to recover its investment as well as a return on 

that plant. It is simply absurd to suggest that 
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when the demand placed on the plant at time T2 is 

10% or 20% less than at time T1 (whether due to 

conservation, price elasticity, rainfall, loss of 

customers or any reason), the utility should be 

denied recovery of and a return on a portion of 

investment which the Commission already held was 

prudent and needed when made. Putting it into 

focus this way, only math is required to subtract 

from rate base a dollar amount associated with a 

reduction in demand; however, it is impossible for 

the utility to similarly extract from plant-in- 

service a portion of the prudent investment it 

already made. Thus, a reduced used and useful 

percentage in such situations is quite simply 

punitive to the utility. Were the Commission to 

adopt the practice of used and useful readjustments 

as the intervenors suggest, investor owned 

utilities, at a minimum, would face higher capital 

costs caused by the pervasive risk of diminishing 

returns which readjustment poses. Utilities would 

be placed into financial crisis. Needless to say, 

utilities would also have no motivation whatsoever 

to promote conservation, for they would suffer used 

and useful readjustment and greater revenue losses 

if they did. Utilities would also have even less 
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of an incentive than they do now to take advantage 

of economies of scale. 

m. Biddy also errs in his recommendations by: 
1) eliminating fire flows, 2 )  applying an 

inappropriate peaking factor of 1.3 versus 2.0, 3) 

lacking an understanding of SSU's ground tank 

construction as related to its high service 

pumping, 4) misapplying firm capacity to facilities 

in direct conflict with State of Florida rules, 

regulations, and determinations of law, 5 )  

advocating minimal facilities contrary to sound 

engineering practice and the protection of the 

environment, public health, safety and welfare, 6) 

ignoring used and useful analyses as delineated in 

prior Commission actions, and 7 )  contrary to DEP's 

written recommendations, advocating removal of the 

margins of reserve without consideration of the 

resulting adverse impacts to sound long-term 

economic stability for the rate payer and the 

Company's ability to pay for prudently sized 

facilities to protect the public health and the 

environment an provide adequate service. 

M r .  Biddy's testimony serves only to increase 

costs to the customer in the long run; to expose 

customers to minimal facilities, contrary to the 
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interests of the public health, the environment and 

resource protection; and to increase the cost of 

regulation. 

m. EAR=, HAM YOV RXVIlEW'ED l4R. LmRIB'S AND MS. 

D S X m . 8  DIRZeCT TEST-MY? 

Yes. 

DO YOU AQRBZ WITH TEE ADJTJS'LWEMTS REGARD= NON- 

USED AND USEFUL WHICH TREY CALlXIA'l'S? 

No. Previously, I have commented on Mr. Biddy's 

proposals. These witnesses adopt Mr. Biddy's 

erroneous work and therefore they and the 

calculations they propose are in error also. I 

will not at this time address the specific 

calculations M r .  Larkin and Ms. Deronne propose; 

therefore, my comments are more general in nature. 

DO YOU AGREE WITH TOTAL INC-E TO WON-USED AND 

US- OF $51,552,603 IDEWI!IFIED I N  MR. LARKIN AND 

MS. DZRONNZ'S TESTIMONY? 

No. Again, that value is based upon the erroneous 

work I previously identified. 

m. EAR-, HAVE YOU REVISWZD STAFF AUDIT 

SXCSPTION NUMBER 2, WHICH CONCSRNS SSW'S 

C W T I O N  OF THE PROPZRTY REFERRED TO AS THE 

COLLIER PITS, AS WELL AS TEST= OF STAFF 

AUDITOR ROBZRT F. DODRILL AS IT RELATES TO TXUiT 
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AUDIT BXCEPTION? 

Yes, I have. I would also note that Mr. Larkin and 

Ms. DeRoMe testify in support of M r .  Dodrill's 

audit exception number 2 ,  making no arguments other 

than those made in the audit report. 

ARE ALL OF TEE 212.5 ACRES OF COLLILR PITS USED 

AS A WA- WPPLY SOURCE? 

Yes. I recommended SSU purchase that amount of 

property as a minimum. First, the drawdown impacts 

of pumping from this facility impact the entire 

acreage condemned and more, as can be seen on 

Exhibit (GCH-8). This Exhibit displays the 

drawdowns resulting from a 3.9 MGD withdraw during 

wet and dry months and the subsurface capture zones 

at various maturation stages. The South Florida 

Water Management District has permitted these 

impacts on the canal system which is hydraulically 

COMeCted by porous lime rock to the adjacent pits. 

The Colliers' experts, my firm, and others all 

demonstrated that the pits/lake system use not only 

all 212.5 acres, but also water resources beneath 

the other remaining Collier property to the east of 

the canal. The wetlands clearly serve as 

additional storage as reported by all the experts 

involved in the case. It should also be noted that 
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DEP requires the control of a setback distance of a 

minimum of 500 feet from the wetted perimeter. 

This sanitary setback is necessary for pollution 

mitigation and source integrity. 

All witnesses who would advocate that only the 

lake area is being used as a water supply source 

ignore the facts, reality, the experts' opinions, 

the regulatory analyses and such other requirements 

necessary for use of the lakes as a water supply 

source, such as access, pipeline easements, pump 

station and storage tank property, facility berm 

areas and the like. The facts as the experts have 

reported and the regulatory agencies have 

determined all conclude that the full acreage is 

used, as well as the surrounding acreage not 

purchased. The premise that the full 212.5 acres 

is something less than 100% used and useful as a 

water supply source is contrary to all the above 

and completely insupportable. 

Q.  VIERE YOU INVOLVED I N  THg C O N D ~ T I O N  ACTION FILSD 

BY SBD W I N S T  THE COLLIER LAXSS PXOPZRTY? 

A. Yes. SSU retained me as an engineering expert in 

the matter. I have participated in dozens of 

utility condemnation matters on behalf of both 

condemnors and condemnees in several states, both 
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in cases where the acquisition concerned only 

certain utility assets and entire utilities. On 

each of the occasions where I have testified, I 

have been accepted as an engineering valuation 

expert. 

Q. DID YOU llulcg ANY RBC-TIONS TO S W  ColffEIwIwO 

SE- OF TRS S W  CO-TION ACTION? 

A. Yes. Exhibit (GCH-9) contains a copy of my 

recommendation to Southern States to settle the 

action for a wrap around cost of $8 million. The 

rationale for my recommendation is fully explained 

in the exhibit. 

Q. MIRCO ISLAND RESIDENTS AND TBEIR COUNSEL SAVE 

SUGGESTED TRIT SSU PAID TOO MUCH FOR THE MIRCO 

UKES WATER SUPPLY -- DO YOU AGREE? 

A. No. The wrap around price paid by SSU for the 

1 7  

1 8  

19  

20  

2 1  

22 

23 

24 

25  

water supply was prudent and reasonable. 

Assertions to the contrary have been 

unsubstantiated. Based on my knowledge and 

experience, I knew that the settlement, which I and 

others worked hard to achieve, was prudent and 

reasonable. 

Q. XiAVE YOU REVIEWED THS DIRECT TESTIMONY OF U C O  

ISLAND CIVIC ASSOCIATION WITNXSS m. WOELFFER? 
A .  Yes. 
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MR. WOELFFER QUESTIONS WRY THE SRC LQv#BERS IN THE E 

S c H E m S  DO NOT lUTCH THOSE IN TBE F SCHEDULES. 

COULD YOU TELL US WEAT THE ERC'S PRSSEIUTZD IN THE F 

ScREmILES RSPRESrn? 

The ERC's in the F Schedules represent ERC's based 

on plant flows and/or meter equivalency factors for 

used and useful purposes. The figures in the E 

Schedules are prepared for rate design purposes and 

need not match those for the F Schedules. 

ON PAGES 15 16 OF HIS TESTIMONY, m. WOELFFER 
ALLEGES YOU ARE INCONSISTENT BY ADVOCATING USE OF A 

SINGLE MAXIMUM M Y  IN TEIS CASE, WEEREAS YOU DID 

NOT IN AN WMLBWOOD W A m  DISTRICT MATTER. DO YOU 

HAM ANY COMMENT REGARDING MR. WOELFFER'S TESTIMONY 

AND HIS EWIBIT (MTW-1) ? 

Yes, M r .  Woelffer makes several errors with respect 

to this portion of his testimony. First of all, 

the Exhibit he relies on for the notion that I have 

made inconsistent statements pertains to a 

wastewater facility, not a water facility. My 

testimony in this case is that used and useful for 

various water plant components be computed using a 

single maximum day; I make no such recommendation 

for wastewater plants. If Mr. Woelffer had 

selected the Englewood Water District ("EWD") 
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Report for water facilities, rather than the report 

for wa6itewater facilities, he would have seen I 

used the single maximum day demand for the EWD 

water facilities, just as I advocate in this case. 

Further, EWD, is a not-for-profit entity. The EWD 

report Mr. Woelffer attached to his testimony was a 

capital contribution charge study (Impact Fee 

Study) and not a used and useful study for a rate 

case. 

Do YOU aAvE ANY OTHlCR commams REGARDING m. 
WOELFFER'S !I%STIMONY? 

Yes. Mr. Woelffer states that he should be 

considered a technical expert. I am personally 

knowledgeable that in the (1) West Charlotte 

Utilities rate case M r .  Woelffer refers to he was a 

customer intervenor; ( 2 )  in both the EWD matters he 

refers to he provided customer comments; and ( 3 )  

his background, experience and training is not in 

water and wastewater utilities by his own admission 

and previous testimony; and ( 4 )  he has demonstrated 

on numerous occasions, as well as in this case, 

that he simply does not understand the necessary 

fundamentals to testify knowledgeably about water 

and wastewater utility matters. He does not know 

the appropriate demand condition for a water or 
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wastewater plant, that an impact fee study for a 

publicly owned utility would employ a different 

methodology than an investor-owned used and useful 

analysis in a rate case would, and he otherwise 

demonstrates a lack of professional experience and 

knowledge relative to the Florida rules, 

regulations and statutes which are applied to water 

and wastewater facilities. Any opinions Mr. 

Woelffer offers in this case should be viewed as 

those of a customer (if he is one) or as a 

concerned citizen of the State. 

Q .  HAVE YOU REVIEWED THE PREFILED TESTIMONY OF JOHN 

STARLING? 

A. Yes. 

Q. DO YOU HAVE ANY CO-S REGARDING TEAT TESTIMONY? 

A. Yes. Mr. Starling has done a fine job in 

identifying the types of treatment, the number of 

plants, and performing his own theoretical cost 

analysis. However, I would call to the 

Commission's attention that there are many other 

costs not shown in M r .  Starling's analysis and that 

the validity of the exact values may vary by their 

exclusion, which Mr. Starling concedes. What is 

shown is that reverse osmosis ("R.O.") is 

significantly more expensive in all categories. 
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R.O. treats saline water, not fresh water; yet, all 

other conventional treatment techniques treat fresh 

or non-saline water. I do not dispute that each 

treatment type has different costs. However, it is 

quite evident that R.O. has the distinguishing 

characteristic of treating saline water and is 

considerably more expensive than conventional 

treatment techniques. 

Do YOU HAVE ANY OTHER c-s REGARDING MR. 

STARLING'S TESTIMONY? 

Yes. M r .  Starling calculated an average per unit 

cost for each type of treatment which he then 

multiplied by a capacity requirement to arrive at a 

hypothetical plant cost for each type of treatment. 

In calculating the average per unit costs, Mr. 

Starling did not account for the economies of scale 

which clearly impact the per unit costs of the 

various utility plants he examined. Had Mr. 

Starling considered the economies of scale, perhaps 

through a weighted average to calculate per unit 

costs, the values he arrived at would differ. 

YOU -1-D -1ER TEAT DR. BECHLIR.8 TESTIMOIW 

ALSO REFERS TO ECONVMIES OF SCALE. WEFAT -S 

WOULD You LIRE mxs colwIssIoN TO CONSIDER RSQILRDIWQ 

HBR TESTIMONY? 
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On page 10 of her testimony, Dr. Beecher correctly 

recites the various cost factors impacting the 

water and wastewater industry and refers to the 

attainment of economies of scale. On page 20 of 

her testimony, she seems to indicate that for the 

greatest economies of scale of production to result 

from single-tariff pricing, a physical 

interconnection of plants is required. She also 

seems to indicate that some economies of scale are 

derived without physical interconnection. I agree 

a physical interconnection of plants produces 

economies of scale in production. However, I do 

not believe economies of scale in production are 

entirely dependent upon a physical interconnection 

of plants for single-tariff pricing to impact 

economies of scale. Single-tariff pricing can 

serve to encourage economies of scale in production 

notwithstanding the physical interconnection of 

plants by virtue of its allowing the utility to 

make investment decisions to best accomplish or 

attain an economy of scale. 

IT fus B m  SUQG-TILD BY S W  CUSTOMKRS TESTIrYING 

AT THE MARC0 IS- SERVICB HEAR- THAT SSU SHOULD 

X&VE PUR- OBTAININ0 WATER FROM THE CITY OF 

NAPLES A8 OPPOSED TO CO-ING THE COLLIER PITS. 
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WERE YOU INVOLVED IN 'PEE NXQOTIATIOWS BETWEm SSU 

AND THE CITY OF NAPLES CORC- TEE POTENTIAL OF 

SW'S BECURING WATER SUPPLIES FROM 'PEE CITY? 

Yes. As a result of my participation, I am aware 

that while the City of Naples never withdrew from 

the negotiations, the City indicated to SSU that 

SSU would be required to compensate the City for 

costs associated with building a new wellfield as 

demands required more flow in excess of present 

capacity to accommodate SSU's required capacity. 

This factor, when combined with the Company's cost 

for a pipeline, storage, pump stations, metering, 

valving, land, professional fees and other costs, 

which already exceeded the Collier Pit alternative. 

caused SSU to cease negotiations with the City. 

COULD YOU EXPLAIN TRE CITY'S NEW WELLFIELD SCENARIO 

FUR-? 

Yes. During negotiations with the City, SSU 

learned that the City's coastal wellfield had 

experienced a water quality degradation in the 

past. Thus, a significant factor which the City 

and SSU confronted was whether incremental draws of 

water from the wellfield to sell to SSU would 

result in the loss of the wellfield as a supply 

source due to water quality difficulties. The City 
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could not provide SSU with the exact cost of the 

new wellfield or provide a fixed dollar figure 

which SSU would be required to pay to the City. It 

was SSU's assessment of the situation was that 

SSU's cost 0.f a pipeline, pumping facilities, 

capacity contribution costs, potential exposure to 

additional capacity contributions for a new 

wellfield and other costs of the project made the 

project less economical than the Collier Pit 

alternative. Also, the unknowns associated with 

when the City would build a new wellfield and how 

much SSU's contribution would be presented an 

unknown future liability. 

DOE8 WIS COMPLETE YOUR REBUTTAL TZSTIMONY? 

Yes, at this time. However, I note that several 

witnesses reserved the right to update their 

testimony at some future date. Of course if and 

when such updates occur, I would appreciate the 

opportunity to make such appropriate modifications 

to my testimony as would be warranted. 
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SECTION 1 
INTRODUCTION 

1.1 BACKGROUND 

Individuals, companies, corporations, and institutions are all consumers. AU purchase goods and 
Services of othas that are necessary to meet individual needs or supply materials and equipment 
necessary to prodwe 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 andor profits are 
maximized, depending on market conditions. 

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

This familiar everyday concept loosely known as "power buying" or "bulk purchases" is actually 
an economy of scale. An economy of scale exists when the unit COS' 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. 

JJW/dt/mb/R-S-2/sec 1 .rpt 
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Economies of scale exist in the construction industry. For instance, a contractor who has just 
successfully bid two separate projects which utilize the same materials, such as blocks, will obtain 
a lower price by purchasing such material in a larger quantity and at a lower unit cost. Perhaps he 
made a calculated risk and won the projecs with this strategy or will simply maximize his profit 

by elimination of from the two projects. Economies of scale in construction are also maxlIIllzed 
“soft’ costs. There are costs associated with engineering, permitting, contractor mobilization, 
building permit costs, etc. In the example above, ifthe 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 material to essentially 
the same location, thus reducing his cost. If both projects were for the same owner, it would be 
to the ownefs 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 s i n g  and phasing of facilities allows the utility to 
provide cost-effective service to the public. 

1.2 OBECTIVE 

The primary objective of this report is to demonstrate that economies of scale exist for the unit 
components that comprise water and wastewater facilities. In this light, more capacity can be 
obtained for a lower unit cost. The second objective is to demonstrate that there exists threshold 
sizes of unit components. This is the point where the increasing economy of scale ends and the 
decreasing economy of scale begins. In other words, threshold size is the minimum size 
component that should be considered due to its value on a cost per capacity basis. In the 
decreasing economy of scale range, the cost per capacity continues to decrease but at a much 
lower rate. Therefore, the mirumum economic threshold size is the point at which the rate of 
change of the unit cost begins to decline. 
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The third objective is to demonstrate that economies of scale are achieved through savings in 
costs of engineering, mobilization, and permitting on projects in which there are not significant 
economies of scale in the materials. 

1.3 SUMMARY AND CONCLUSIONS 

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

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

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

e Initial demand of system 
e Growth rate of system 
e Projected build-out demand 
e Useful life of the component 
e Rules and Regulations 
8 Operational Considerations 
8 Interest rates and rate of inflation 

If the initial or current demand of the system is less than the economic minimum threshold size, 
the selection of size must consider the build-out capacity of the facility and when it will be 
necessary to expand again, which can be computed using the growth rate. If the build-out 
demand is beyond the economic threshold size, it follows that phases of construction should be 
implemented in sizes to k l ly  take advantage of the economy of scale offered. 
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TABLE 1-1 

SOUTHERN STATES UTILITIES 
ECONOMY OF SCALE 

Treatment Component Threshold Size 

Economic Minimum 
ComponentlS ystem Threshold Size 

WASTEWATER TREATMENT FACILITY 

1) Extended Aeration WWTP 
2) Contact S tab i i t ion  WWTP 
3) Pos. Displacement Blower 
4) Centrifugal 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 ft. Deep Water Supply Well 
500 ft. Deep Water Supply Well 

- - -. .. JJW/dt/mb/R-S-2/ 1 - 1 .tab 
HAI #94-145 00 1-4 

0.25 MGD 
0.5 MGD 
500 scfm 
2,000 s& 
0.25 MGD 
300 KW 

600,000 gal. 
100,000 gal. 
1,000 gpm 

1,440,000 gpd 
1,440,000 gpd 

10,000 gal 

020896 



If build-out is less than the economic minimum size, it follows that it does not make sense to 
purchase capacity that is not needed. However, in smaller systems and units, there are the factors 
of operational flexibility and standard sizes to be considered. With small systems, it is often 
impossible to predict peak demands and loadings. In these cases, special consideration should be 
given to oversizing to standard sizes to ensure satisfactory service and for environmental 
protection. 

1 
I 
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SECTION 2 

METHODOLOGY 

2.1 GEkRAL. 

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

2.2 SOURCES 

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

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 follows: 

(1) "State of the Art of Small Water Treatment Systems." U S .  Environmental 
Protection Agency, Office of Water Supply. Washington, D.C., August 1977. 
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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, 1971. 

2.2.2 CulDNesnedCulp 

The engineering firm CulpNesnedCulp, based in Santa Ana, California, produced water 
treatment, transmission, and distribution cost reports for the United States Environmental 
Protection Agency. They also produced an independent water component cost summary. For 
each component, the overall cost versus capacity is illustrated along with the operation and 
maintenance costs. As with the EPA generated curves, the CulpNesnedCulp 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. (Culp/Wesner/Culp) Santa 
Ana, CA, August 1979. (Produced for USEPA). 

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

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

2.2.3 Manufacturers 

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

3 

.- 

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

b. Sanitaire, via MosdKelley, Inc. 
10100 West Sample Road 
Coral Springs, Florida 

3.3 
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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. 
Oldsmar, Florida 34677 

(3) Wastewater Treatment Filters 

a. 

3 
I 
I 
I 

b. 

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

Iniilco-Degremont, via MosslKelley, Inc. 
10100 West Sample Road 
Coral Springs, Florida 

(4) Chlorination Feed Svstems 

a. 

b. 

Capital Control, ria Blankenship & Associates 
3004 Konarwood Court 
Oviedo, Florida 

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

( 5 )  Standbv Generator Sets 

a. 

i . -  

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 32810 

(6) 1 1  Ground Storage T Pr r 

a. The Crom Corporation, Prestressed Composite Tanks 
250 S.W. 36th Terrace 
Gainemiue, 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) Hvdropneumatic Tanks 

a. Hydro-Air Systems, Inc 
P.O. Box 585654 
Orlando, Florida 
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b. Modem Welding Company, Inc. 
1801 Atlanta Avenue 
Orlando, Florida 

(9) Vertical Turbine Pumps 

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

EXHIBIT 4 ‘W] 
PAGE 90 OF %4 

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

(10) Sewaee Pump Stat ions Precast items and Pumus) 

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

b. Goman Rupp Pumps, via Blankenship & associates 
3004 Konarwood Court 
Oviedo, Florida 

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

(1 1) PVC and Ductile Iron Pioing 

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 Company 
2301 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 from existing projects were gathered. The 
projects used in this analysis are all located in the State of Florida. The actual bids were obtained 
using “The Bid Reporter,” which prints monthly Florida listings of projects to be constructed. 
Further information was obtained through the Hartman & Associates, Inc. project cost database. 
The HAI database contains bid tabulations, schedule of values and summary of work for 
numerous utility projects. Both sources contain project data for approximately the past five (5) to 

ten (10) years. Therefore, the prices, which are updated using the ENR construction costs index, 
present current indices of the cost of water and wastewater system components. 

2.3 CURVE DESIGN SUMMARY . .. 

This section provides a detailed description of the method used to create the final unit cost c u m  
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 UO dating Process 

The various sources af 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 Enm 'neainiz News Reco rd (ENR) and The Handv-Whitman Index of Public Utility 
Construction Costs . In order to update the costs, original costs were multiplied by the ratio of the 
June, 1995 index number to the original index number. This cost updating method is shown 
below. 

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

2.3.2 Desi 

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

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

2.3.3 Finalization 

Once the cost data was normalized, the values were compared and plotted. By plotting the 
values, the relationships of the cost values versus capacity are illustrated. So for a construction 
cost curve, which is the total cost for installation, the economy of scale is difficult to visualize. In 
order to see the economy of scale clearly, the cost curves were transformed into unit cost curves. 
These curves display the cost per unit on the y-axis and the capacity or other size measurement on 
the y-axis. For example, the unit cost curve involves cost in dollars per gallon ($/gal) versus 
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gallon capacity for such components as: Lrearment plants, storage facilities, chlorine feed facilities, 
hydropneumatic tanks, water supply wells, etc. Other unit cost curve components are a follows: 

H 
dollars per gpm (Ygpm) for pumps and pump stations 

dollars per lot (%/lot) for gravity sewers 

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

dollars per scfm ($/scfm) for blowers 

In this format, the graphs show that cost per unit wpacity decreases with increased capaclty. 

3 
3 

t 

f 

- - 
7 

JJW/dt/mbiR-S-2/secZ Tt 
HAI#95-145 00 2-9 020896 



.. . 
.i. 

EXHIBIT UP tf-' 

PAGE N .  OF 

SECTION 3 

... . 
: .., ., 



e ;  
5 :  a PAGE 25 OF 2W 

SECTION 3 
ANALYSIS 

i 

f 
'f 

j; 

3.1 THRESHOLD SIZING 

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

3.1.1 Inflection Points 

In the water and wastewater unit cost 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 smaller 
capacities, the economy of scale is very large with each increase in capacity. The change in unit 
cost in this range is so significant that it makes it generally undesirable to design in this range to 
the left of the point of inflection. The point of 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. 

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 
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Ground Storage Tanks 
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1.5 
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Prestressed Concrete 

Increasing Economy of Scale 

Point of Inflection . 

Decreasing Economy of  Scale 
c 0.5 

0 
0 500,000 1,000.000 1,500,000 

Capacity (Gal) 
2,000,000 

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

Capacity (Gpd) 

250' deep 500' deep ........... - 
- 

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. I 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 
unit cost curve presents the same economy of scale relationship as Figure 3-1 when plotted on a 
linear scale; however, determining individual values fkom the linear plots is nixe difficult, 
Therefore, to facilitate use of the graph, the data was plotted on a log-log axis. 

3.1.2 Eco nonuc h&u 'mum Thresh0 Id Si= 

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

Polynomial equation: f(x) = a1 + a2x + a 3 2  + a x 3  + a5x' 
First derivative: f(x) = az+2a3x+3a4x2+4a5x3 
Second derivative: f'(x) = 2a3 + 6a4 x + 12a5 xz 

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 
Sec t ion  point. An example of the power function equation and its applicable derivatives are as 
follows 

Power equation: f(x) = alx b1 
First derivative: f(x 
Second derivative: fyx) = (a, bl)(bl-l) x b1.2 

(b3(al) x b'-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. 
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Ground Storage Tanks 
Steel 
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........... 1--1_ ............. 

50,000 100,000 150,000 200,000 250,000 

Capacity (Gal) 

Manufacturers 
I e -  

Notes: 1) Polynomial equation for the Steel GST's unit cost curve is the 
following: f (x)  = 3.565 + (-9.337E-5)X + (1.3717E-9)Xe2 + (-1.0034E-14)X-3 

+ (3.51 15E-20)X"4 + (-4.6878E-26)Xa5 

2) 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)X-2 + (-93.756E-26)XA3 

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 Hvdrolow and Water 
Oualim Coni rol course accompanied programs produced by %hn Wiley & Sons. The Sigma 
Plot program was used mainly to determine polynomiat fits for the data, while the other program 
determined the equations for the data better represented by the power function equation. In all 
cases, the equations were determined to be the best fit for the given data. 

3.1.4 Regulatory 

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

I 

4.1 ExTENIlED AERATION PACKAGE 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 moot activated sludge processes, which in turn will raise the costs. The costs do; 
however, display an economy of scale over the entire range of capacities. The unit cost of the 
extended aeration package plants, Figure 4-1, is a display of dollars per gallon of capacity versus 
gallon per day capacity. In this form, the economy of scale will be visible if the unit cost 
decreases as the capacity increases. 

The unit cost curve of the package extended aeration plant shows a considerable economy of 
scale 6om the 0.01 MGD to the 1.0 MGD limits of the graph. The unit cost steadily decreases in 
a straight line 6om approximately $7/gallon at 0.01 MGD to $0.7/gallon at 1.0 MGD. The 
straight line relationship of the unit cost translates into considerable savings with increased sizing. 

The curves in Figure 4-2 represent the construction cost as a function of package extended 
aeration treatment plant capacity. By examining the costs as they are related to capacity, the 
economy is apparent. For instance, the cost of a 500,000 gallon per day package plant is 
approximately $465,000, and the cost of a 1,000,000 gallon per day package plant is 
approximately $710,000. Therefore, in order to Zxpand 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 .O 
MGD plant originally would have saved approximately $220,000 overall. The savings would be 
greater if contractor mobilization, engineering, and permitting costs were considered. 

The unit cost and construction cost curves were developed using an Environmental Protection 
Agency cost curve and manufacturers' quotations. The quotes from the manufacturers included 
the tankage (ring steel with internal clarifier), concrete slabs, sitework, electrical, piping, blowers 
and installation. To normalize these quotes with the EPA curve, a chlorination feed system cost 
had to be added to the overall cost. The chlorination feed system cost was obtained through 
other manufacturers' quotations, From this point, the two (2) curves are equivalent and can be 
compared. 
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Package Extended Aeration WWTP 
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0.5  
0.01 0.03 0.1 0.3 1 

Plant Capacity (mgd) 

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

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

lighting, and building facilities. 
3) All costs obtained from manufacturers' quotes and €PA cost curvt 
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The Mended aeration package treatment plant costs exdude the costs of land, engineering, 
paving, gndi4e drainage, lighting, fencing, and building facilities. 

4.2 CONTACT STABILIZATION PACKAGE WWrp 

The contact s t a b i t i o n  is a version of the activated sludge process that requires an average 
detention time of between 4 and 6 hours. When compared with the Mended aeration process, 
the contact s tabi i t ion package plant will require less volume due to the considerable dflerence 
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 arc the unit cost and construction cost 

curves, receptively. 

The unit cost CUNC, Figure 4-3, is a presentation of the relationship between the unit cost, dollars 
per galon 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/gdOn to approximately 
$O.S/gallon. 

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

In Figure 4-4. the considerable savings in the sizing of package contact stabilization plants is 
noticeable. For instance. using the manufacturers' cost values, the cost to construct a 500,000 
gallon per day contact stabilization plant would be approximately $375.000. On the other hand, 
the cost to build a 1,000,000 gallon per day treatment plant would be about $525.000. Therefore, 
the cost to build the smaller 500,000 gallon plant and then expand it by another 500,000 gallons 
would be $750,000. By comparing this cost to the $525.000 cost for the larger plant, a savings of 
5225,000 is realized for the addition of 500.000 gallons of capacity. This same trend is also 
represented by the EPA cost curve. 

The unit cost and construction cost curves were created using values obtained from the 
Environmental Protection Agency and manufacturers' quotations. The manufacturers' costs 
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included thc plant itself, concrete slabs, site work electrical. piping, blowers, and installation. In 
order to be 1Me to compare these values with the EPA cost curve, a chlorination feed system was 
added using other manufacturers' quotations. 

The package contact s tabi i t ion treatment plants costs exclude land, engineering. paving, 
grading, drainage, lighting, fencing, and building facilities. 

4.3 BLOWERS 

Blowers have an important role in supplying air to different parts of a treatment plant for process 
purposes and for d i s  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 cenvifugal counterparts. As shown in Figure 4-5, the unit costs of the 
positive displacement blowers show an increasing economy of scale up to about 500 scfm. At this 
point, the economy of scale is decreasing. So the point of infleaion lies at 500 &. To illustrate 
the benefit of designing a blower at 500 scfm or larger, the blower cost curve, Figure 4-6, will be 
used. The 500 scfm positive displacement blower costs approximately $5,500 and a 100 scfm 
blower costs about $2,750, Therefore, if the 100 xfm blower will need to be expanded to 500 
scfm, the overall cost will easily exceed the original cost of the 500  scfm blower. By expanding 
with a 400 scfm blower, the total cost of the two (2) blowers is approximately $7,750, which is 
about $2,250 more expensive than one (I)  500 scfm blower. 

For the centrifugal blowers, the higher capacity installations are more common. The range of 
blowers that are presented in the unit cost curve, Figure 4-7. are between 5 0 0  scfm and 
4,500 scfm. The curve experiences an increasing economy of scale between 500  scfm and 2,000 

xfm, 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 scfm blower costs 
approximately $34,000. Therefore, one (1) 4,000 scfm blower is approximately $10,000 less than 
two (2) 2,000 scfm blowers. 
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The unit cost and blower cost curves were created using manufacturers' cost quotations. The 
positive displacement blower includes the blower, TEFC motor, steel base, silencers, relief valve, 
pressure gauge, and check valve. The centrifugal blowers include only the blower and TEFC 
motor. 

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 efnuent to be available for 
reuse. The two (2) types of filters that were examined for this study were the standard gravity 
filter for flows less than 0.15 MGD, and traveling bridge filters for flows greater than 0.15 MGD. 

The unit cost curve, Figure 4-9, shows, the unit cost, dollars per gallon, versus the capacity of 
wastewater treated, in million gallons per day (MGD). From 0.05 MGD to 1.0 MGD, the gravity 
and traveling bridge filters experience a considerable economy of scale. The gravity and traveling 
bridge filter combination experiences a threshold at about 0.25 MGD. As can shown from 
Figure 4-10, the economic savings with increased capacity are substantial. For $50,000 a gravity 
filter will be of the capacity to treat 50,000 gallons per day and $85,000 a gravity filter with 
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. 15 percent for electrical, 5 percent for sitework, 5 percent for the concrete slab. and 20 
percent for installation. These percentages were applied to the material subtotal and summed to 
determine the total cost. 

4.5 CHLORINATION 

The chlorination of wastewater is commonly accomplished using gas 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 size ofthe storage cylirders. 
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The unit cost curve, Figure 4-11, displays an economy of scale throughcut the treatment 
capacities of 0.01 MGD to 5 MGD. when the 
components &e plotted on linear Byes. Where the storage cylinder sizes change, the costs slightly 
increase; however, the ton cylinder feed systems resume the continuous economy of scale. The 
o v d  cost, when compared with treatment plant cost, is a very low percentage. The larger 
capacity plants will have a much smaller unit cost for chlorine feed systems than the smaller 
capacity plants. 

This relationship is hrther emphasized 

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% installatios and no sitework. 

4.6 STANDBY GENERATOR SETS 

The standby generator sets are used for emergency power situations for water and wastewater 
facilities. The generator packages studied for the economy of scale project consisted of a 
packaged diesel electric unit with base, controVmonitoring 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 IE1,088/KW 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 presentations were formulated using manufacturers' quotations for the various 
standard sizes of standby generator packages. 
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WATER TREATMENT PLANT FACILITIES 
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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, if possible, the designer should avoid this area of the curve. The 
curve begins to flatten out and decrease after the inIlection poht, 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 wen with the decreasing economy of scale, we must 
examine the construction cost curve, Figure 5-2. The cost to construct a 2,000.000 gallon facility 
is approximately $480,000, and the cost of a 1,300,000 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 $160,000 
overall. As this shows, the savings are present in both increasing and decreasing states of 
economy of scale. 

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

Steel ground storage tanks are typically found in the smaller capacity range (l0,OOO gallon to 
250,OOO gallon). In this size range they are able to compete with the prestressed concrete ground 
storage tanks. The installations of the steel tanks in Florida are commonly abovbground These 
tanks are commonly used for the storage of raw or finshed water intended for the distribution 
system, but they can also store efnuent 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 .l00,000 gallons. The intlection point occurs at 50,000 
gallons and thereafter the economy of scale begins to decrease. The decreasing economy of scale 
occurs between the 100.OOO 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 
plottingthe total cost of the storage tank versus the capacity of the tank. For example, by taking 

the average of the two curves, the cost to construct a 250,000 gallon tank is approximately 
$145,000. The cost to construct a 150,000 gallon tank is'about $108,000. Therefore, there is a 
savings of $50,000 by designing the tank for the larger capacity as opposed to expanding the steel 
ground storage tanks capacity by adding another 100,000 gallons of capacity. 

The cost C U N ~ S  for steel ground storage tanks were prepared with values obtained from EPA cost 
CUNW 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 CUN~S. The 
steel tank costs include the complete tank, concrete foundation, roof, roof manway, gravity vent, 
bottom manway hatch, ladder and cage assembly, top manway platform, protective bolt caps, 
installation, 5% sitework, and 5% piping. 

5.3 CHLORINATION 

The chlorination of raw water is commonly accomplished 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. Typically, at a dosage of 5 milligrams per 
liter, the 150 pound storage cylinders are used at treatment plant flows of up to 2 MGD. This 
means that th 1 ton cylinders are used for flows above this point. The costs of the feed system 
fluctuates with the size of the storage cylinders. 

The unit cost curve, Figure 5-5, displays an economy of scale throughout the treatment capacities 
of 0.01 MC9 to 5 MGD. This relationship is hrther solidified whm the capacities and unit costs 

are plotted on linear axes. where the storage cylinder sizes change, the costs slightly increase; 
however, the ton cylinder fad 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, ZOO? installation, and no sitework. 

5.4 HIGH SERVICE PUMPS 

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

The unit cost curve. Figure 5-6, presents the pump cost in terms of dollars per gpm versus the 
gpm capacity of the pump. The smaller pumps, 100 gpm to 500 gpm, show an increasing 
economy of scale and the larger pumps, 1,000 gpm to 5,000 gpm, display a decreasing economy 
of scale. The transition of the unit cost curve is the inflection point which occurs around the 
1.000 gpm pump. Therefore, 750 gpm pumps and larger are more economical in design than are 
the smaller pumps. For example, Figure 5-7 shows that a 5,000 gpm pump will cost 
approximately $30,000 and a 1,000 gpm pump will cost $9,000. The cost to upgrade the pump 
capacity by adding additional pumps will bring the total cost for 5,000 gpm of capacity to 
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between $35,000 and $45,000. The overall saving would then be in the $10,000 range, which is 
considerable with horizontal split-case pumps. 
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The values for the construction cost and unit cost curves were quoted from manufacturers of 
horizontal split case pumps. The costs for the pumps include the pump, motor, factory testing, 
and freight to the jobsite. The pumps wen 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 arc designed for a 
pressure rating of 100 pounds per square inch, and they are ASME rated. The tanks are the 
horizontal type cylinder tanks that are situated on a concrete base. The hydrotank system 
estimates are presented as both unit cost versus capacity and construction costs versus capacity. 

The unit cost curve, Figure 5-8, is plot of the unit cost, dollars per gallon, versus capacity for 
hydropneumatic tanks between 500 gallons and 20,000 gallons. The curve shows an economy of 
scale that begins to slightly decrease near 10,000 gallons. Overall, there is considerable savings 
k e e n  each successive step of the design capacity. The unit cost curve virtually straight. which 
leaves the curve without a point of inflection. Without an inflection point, the curve possesses a 

strong economy of scale throughout the size range. The construction wst 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 $1 1,000, $32,000, and $62,000. respectively. By adding to the 
500 gallon tank to reach 5,000 gallon capacity, the cost would be considerably more than the 
original 5,000 gallon tank. For instance, adding a 500 gallon tank and then a 4,000 gallon tank to 
the existing 500 gallon tank, the total cost would be $52.000. This option is approximately 
$20,000 more than a 5,000 gallon tank would originally cost. This relationship also exists 
between the 5.000 gallon and 20,000 gallon tanks. In this case, the cost would be approximately 
$20,000 more to expand to 20,000 gallon capacity from 5,000 gallon capacity. 

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

Depending on the site, raw water wells CM vary tremendously in the depth required to produce a 
functional wr3. In this case, deep wells of approximately 250 feet and 500 feet in depth were 
considered appropriate. The pumps designed for these wells are vertical turbine pumps. The cost 
of the well system includes only the well components and is represented in the unit cost and 
construction cost curves. 

The unit cost curve, Figure 5-10, is based on the daily pumping capacity of the well. In other 
words, the unit cost is presented as dollars per gallon and the capacity is in gallons per day. Both 
the 250 foot and 500 foot deep wells display considerable economies of scale throughout the 
capacity range of the curve. The unit wsts begin between $0.4/gal and $0.7/gal at 144,000 
gallons per day and ends around $O.M/gal to $O.OS/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 5115,000 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 &g pipe and pumps. 

The unit cost and construction cost curves were developed with the valuer 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 
sulfacc casing, well screen, well development. 10% for electrical, IS% for well head, and 30% for 
labor needed for construction. 

5.7 LIME SOFTENING WTF' 

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 recarbondted. 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 midflocculation 
equipment, sedimentation basin, filtration units, disinfection equipment, finished water storage and 
pumping equipment, and sludge disposal facilities. 

; 
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r Potable Water Wells 

100,000 200,000 500,000 1,000,0002,000,000 5,000,000 

Capacity (Gpd) 
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Notes: 1) 'Vertical turbine pump, cement grout, black steel well and surface 
casing, well screen. and well development costs from manufacturers' 

quotes and bid tabulations. 
2) Includes 10% electrical, 15% for well head assembly, and 30% labor costs. 
3) €PA cost curves contain all costs. 
4) Costs are based on the June 1995, ENR Index = 5433. 

WPPLI WELL CWB~UCTIQII 
COST amvE 



..,,., ;. *. ....... 
- 

......., I 

Lime Softening WTP 

3.5 ...... = I \  u . cT1 3 ..... 

u>. 

0 

2 ...... 

...... 

0 2 

...... 

\ 
..... 

I 

..... 

4 6 0 10 
Treatment Capacity (Mgd 

..... 

..... 

I 

12 

Notes: 1) Values obtained using EPA cost curves. 
2) Costs include raw water influent pumping, chemical addition, rapid mix/ 

flocculation, sedimentation, filtration, disinfection, finished water 
storage, finished water pumping, and sludge disposal. 

3) Costs are based on June 1995, ENR Index = 5433. 
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The Limt SoAcning WTP cost curves show a small economy of scale throughout the capacity 
ranges. The unit cost begins with approximately $3.5/gal at 1 MGD and ends with approximately 
$1.4/gal at 10 MGD. This shows that there is an economy of scale between these ranges of 
capacities. 

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

I 

7 
1 

-I . .  

, .  .I 5.8 REVERSE OSMOSIS WTP 
- 3  

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

9 
8 
3 

The unit cost curve. Figure 5-14, shows a considerable economy of scale. The ranges of capacity f 
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 
S14/gal at 0.003 MGD and approximately $0.95/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. Smce the lots are assumed to be 100 feet in width, there can only be four (4) lots 
on each side of the gravity tine. For example, sewer instnUation A would include a beginning 
manhole, 400 feet of 8-inch PVC pipe, and a portion of the cost of the sewage pump station. The 
pump station cost for this example would be calculated by multiplying the total cost for the pump 
station by the ratio of the number of 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, mobilization, electrical, and installation. 

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

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

6.2 SEWAGE PUMP STATIONS 

The pump station configuration that was studied for this report is the submersible duplex pumps 
in a wet well with an adjoining valve box. The costs of these wastewater collection ana 2 
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pressure air exfiltration. 

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

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

OIIAWlV UIT 
W I T  CURVE 



mnim I 11- -y 

PAGE -lb OF 

? 

1 

3 
It 
f 
3 

5 

-3 - 5  

transmission components is directly related to the amount of wastewater that is entering the wet 
w d .  Thc range of capacities of the pump stitions are from 100 gallons per minute to 1,000 
gallons p a  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, vefsus the capacity of the pump, 
in gallons per minute. This curve shows an increasing economy of scale between 100 gpm and 
400 gpm. The inflection point lies around 400 gpm, and from 400 gpm to 1,000 gpm the 
economy of scale is slightly decreasing. Due to the unit cost relationship, the design of a pump 
station under 400 gpm should be avoided, if there are any possibilities for further expansion. 
M e r  400 gpq' there is still an economy of scale; however, it is not as signi6cant. To show that 
there is still considerable savings after 400 gpm, we must study the construction cost curve, 
Figure 6-4. The cost of a 1,000 gpm duplex pump station is approximately $63,000, and the cost 
of a 500 gpm pump station is $46,000. Therefore, there is a $29,000 savings to build the 1,000 
gpm pump station when compared to two (2) 500 gpm pump stations. 

The unit cost and construction cost curves were produced using the quotations obtained 60m 
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, 
bac!dilling, and dewatering. The pumps were designed to run on a 6-minute cycle time, which 
minimized wet well sizing. 

6.3 FORCEMAINS 

In the transmission of wastewater, force mains are used to convey wastewater from a sewage 
pump station directly to the treatment plant, another pump station, or a manhole. The force main 
materials that were studied in this project were the PVC (C900-DR25) and the Class SO 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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backfilling, and compacting. 

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

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

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

6.4 WATERMAINS 

Typically, water mains will be made of either C9OO-DR18 PVC or Class 50 - cement lined DIP. 
In order to insure the safety and welfare of the customus. the water mains must be pressure 
tested and disinfected before they are put into use. For this study, PVC water mains from 4- 

inches to 12-inches in diameter and DIP water mains from.6-inches to 16-inches in diameter were 
studied to determine if an economy of scale ewisted. 

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 SlFt 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 $4/Ft and $5Et between the small and large projects for all the 
pipe sues. Therefore, it is more economical to construct a single large scale project at one time 
than to construct many smaller projects 

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

between the small and large projects. Once again, the unit costs prove the existence of a strong 
cconomy of scale in the water mains. Therefore, to capture the economy ofscale it is desirable to 
construct u much water main as possible. 

The unit cost curves for the PVC and DIP water mains were constructed &om values obtained 
from manufacturers' quotes. The unit cost includes the material cost, a S'llfoot trenching cost, a 
permitting fee, mobilition, disinfection of water mains, and the pressure testing on the water 
mains. 

I 
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Capacity 
IMGD) 

0.01 
0.025 

0.05 
0.075 

0.1 
0.15 
0.25 

0.5 
0.75 

1 

Notes: 1) 

PAGE % OF 

Package Wastewater Treatment Plants 

Davco 
Ext. Aer. 
I S )  

50000 
78000 

135000 
185000 
217000 
210000 
260000 
375000 
450000 
533000 

Unit Costs 

Total Overall 
Sanitaire Ext. Aeration E.A. Cost Unit 
Ext. Aer. Const. Cost w l  Chlor. cost 
I S )  I S )  ($ )  ($/Gall 

__ 
_ _  

125495 
159630 
184948. 
233535 
309045 
479368 
622920 
758860 

5oooo 
78000 

130247.5 
17231 5 
200974 

221 767.5 
284522.5 

427184 
536460 
645930 

77500 
105500 
160248 
20231 5 
235974 
256768 
319523 
4621 84 
571460 
680930 

7.75 
4.22 

3.205 
2.6975 
2.3597 
1.7118 
1.2781 
0.9244 
0.7619 
0.6809 

Values include materials, electrical, piping, installation, blowers, grading, 
chlorinetion 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. 
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i 

.? 
i 

- 
IMGDI 

0.0100 
O . m M  
0 . W  
o.ow0 
0.08SO 
0.0750 
0.o)Oo 
0.1000 
0.l150 
O . l M 0  
0.1500 
0.1850 
0 .000 
O.lS50 
0.2100 
0.2150 
0.2400 
0.2500 
0.2860 
0.2800 
0.2950 
0.3100 
0.3250 
0.3.00 
0.3560 
0.3100 
0.3850 
0 . w  
0.4150 
0.4m 
0..150 
0.UKx) 
0.4750 
0.4m 
0 . 5 m  
0.5150 
0.5000 
0.5.50 
0.5500 
0.5750 
0.5900 
0.8050 
0.6200 
0.8350 
0.6500 
0.6850 
0.56W 
0.8950 
0.7100 
0,250 
0.7.00 
O.75W 
0.7650 
0.79W 
0.1950 
0.91W 
0.8250 
0.84W 
0.6550 
0.87W 
0.8850 
0.9000 
0 9150 
0.9300 
0.9150 
0.96M 
0.9750 

u*l CO" 
I s m  

1.45447 
1.68007 
3.68021 
3.18157 
2.76925 
2.58735 
2.33129 
2.2049 

2.01775 
I .91816 
1.77#23 
1.6S174 
1.81593 
, . W 8 5  
1.48Sll 
1.43573 
1.3a75. 

1.3579 
1.31868 
1.17888 
1.24405 
1.21184 
Ll9182 
1.1ym 
1.l1798 
7.10355 
1.MM 

1.051137 
1.0185. 
1.01822 
1.00099 
O.BS3.9 
0.98994 
0.95118 
0.94105 
0.92M5 
0.9l2.S 
0.11991, 
0.89S19 
0.87398 
0.88216 
0jm78 

0.81983 
0.82921 
0.819, 

0.80827 
0.79977 
0.7906 

0.78171 
0.77312 
0.76479 
0.71938 
0.75!.5 
0.74378 
0.73632 
0.7290* 
0.72201 
0.71518 
0.70952 
0 70203 
0.69371 
0.6B955 
0.68355 
0.67769 
0.87998 
0.56641 
Y.5609b 
0.65211 

U d .  
MCnt 
5 

7.75 
..22 

3.20195 

2.69153 

1.5687. 

1.71 178 
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1.27m9 

. 

0.92437 

0.76195 

0.68093 
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LJ 

C.p.*V 
IMGDI F ' I X I  

0.01 1286.7 
0,025 1107.93 
0.05 847.924 

0.075 631.193 
0.1 453.15 

0.15 196.964 
0.175 108,824 

0.2 44.38 
0.226 0.7796 
0.25 -29.831 
0.5 54.7526 

0.75 -39.895 
1 445.206 
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PACSIXILE TRANSHISSION 

IF TRANSMISSION WAS NOT PROPERLY RECEIVED, CALL ( 3 0 5 )  755-2092 

FAX NUMBER: (30s 341-9370 

FAX NUMBER: 

NUMBER OF PAGES: 2 
REFERENCE: 

10100 W. SAMPLE RD. SUITE 408. C O W  SPRINGS. FL 33065 

2 1 8 0 W S T  S R 434. SUITE 1178. LONGWOOD. FL 32779 

(305) 7562092 FAX (305) Y I K O O  

(4C-1 774.7200 FAX (407) 774.1209 
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Capacity 
(MGD) 

0.010 
0.025 
0.050 
0.075 
0.100 
0.150 
0.250 
0.500 
0.750 
1.000 

Notes: 1) 

Package Wastewater Treatment Plants 
Unit Costs 

Total Overall 
Davco Sanitaire Con. Stab. Con. Stab. Unit 

Con. Stab. Con. Stab. Const. Cost wt Chlor. cost 
($1 (S )  ($1 ($1  (SIMgd) 

_- __ 
83,000 11 2,350 

122.000 127,225 
152,000 152,321 
180.000 177,950 
230,000 244,320 
320,000 356,540 
375,000 466,160 
420,000 5 6 0,4 3 0 

_- 
__ 
97,675 

124,613 
152,161 
178,975 
237,160 
338.270 
420,580 
490,215 

- 
127.675 
154,613 
187,161 
213,975 
272.1 60 
373,270 
455.580 
525,215 

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 

i 



Wh 
1MGDI 

0.05 
0.M5 
0.075 
0.09 
0.1 

0.115 
0.13 
0.15 
0.I65 
0.l8 
0.195 
0.21 
0.225 
0.24 
0.25 

0.265 
0.26 
0.295 
0.31 
0.325 
0.34 
0.355 
0.37 
0.385 

0.4 
0.415 

0.53 
0.445 
0.15 
0.475 
0.49 

0.5 
0.515 

0.53 
0.545 
0.55 
0.575 
0.53 

O . M 5  
0.62 

0.635 
0.65 

0.665 
0.66 
0.635 
0.71 
0.725 
0.74 
0.75 

0.765 
0.76 

0.735 
0.61 

0.625 
0.84 

0.855 
0.87 

0.685 
0.3 

0.315 
0.33 
0.945 
0.95 
0.975 

2.58522 
2.24832 
2.08545 
1.89073 
1.78763 
1.65955 
1.55472 
I .A4072 
1.38948 
1.30749 
1.25297 
120.51 
1.16109 
1.12189 
1.08778 
l.OU26 
1.03353 
1.00522 
0.87903 
0.95472 
0.93207 
0.9109 

0.891E 
0.87241 
0.8541u 
0.83825 
0.82256 
0.80769 
0.79355 
0.78013 
0.76733 
0.75312 
0.74727 
0.73594 

0.71463 
0.7M71 
0.63511 
0.68583 
0.67701 
0.66845 
0.66019 
0.65223 
0.64453 

0.62989 
0,62292 
0.51617 
0.61178 
0.60537 
0.53314 
0.5931 

0.56723 
0.58152 
0.57597 
0.57057 
0.56532 

0.5602 
0.55521 
(1.55035 
0.54561 
0 54098 
0.53646 
0.53206 
0.52434 

0.72509 

0.63709 

2.554 

2.w2 

1.872 

1.427 

1.089 

0.747 

0.607 

0.525 
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CONTACT STABIUZATION WWTP INFLECTION POINT - .. 

..i 

capacity 
(GPDI 

0.05 
0.075 

0.1 
0.15 
0.25 
0.5 

0.75 
1 

! 
i F"(xl 

65.9752 
60.0467 
54.3816 
43.8428 
25.9278 
-0.4082 
-0.3652 
25.997 

Conmet Snbilhaion WWTP Inflection Point 
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FACSIMILE TRANSHISSION 

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

_' 
- 3  

- FAX NUMBER: ( 3 0 5  341-9370 

1 FAX NUMBER: 

NUMBER OF PAGES: 2 
REFERENCE : f 

i o t m  w. SAMPLE RD.. sum 4011. COFW SPRINGS, FL 33065 (3051 7ss2092 FAX (305) 34 1-0370 - 21110 WEST S.R. 434. SUITE 1178, LONGWOOD. FL 32779 (107). 774-7200 FAX (407) 774-7209 
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a 109,060 
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290,000 
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From: Tommy Tyson 
Phone 941-646-7694 
Fax. 941-644-6319 

Total number of pages including t h i s  Page is: 2 
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S u t o r b i I t 
Positive Displacement Blowers 

Construction Costs 

Cap a c i t y Motor P.D. Blower 
@ 7 psig Size Cost 

(scfm) (HP) ($) 

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 
2 1,000 
25,000 
32,500 
40,000 
48,000 
52,000 

Blower 
Unit Cost 
(Slscfm) 

49 
26.25 
15.8 
11.25 
12.8 
10 

1 1.08 
10.81666667 

10.1 
10.5 
10 

0.83333333 
1.428571 43 

12 
1.55555556 

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. 



CURVE EOUATION 

v - (21 MI.~S~I+ i7.348n31X + I1.13Y03EO3lX-2+ 
II.UWE-(MIX'3 

Cap&" 
@ 7 wig 

I S d r n l  

50 
100 
250 
350 
500 
8m 
750 
850 
950 

1000 
1100 
1250 
1350 
1600 
l8m 
1750 
1850 
1950 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
36ca 
3700 
3800 
3900 
MM) 

4100 
4200 
4300 
U W  
4500 

P.O. mow-  nut. 
Con Blow 

IS1 COR 

50.42469 49 
28.97146 26 
16.23278 16 
13.88468 
12.20388 11 

11.5942 
11.03808 13 
10.80324 
10.W31 
10.57942 10 
10.48467 
IO.LwB6 11 
10.37225 
10.35944 11 
10.38613 
10.39329 10 
10.42041 
10.45325 
10.47149 11  
10.51 109 
10.5M24 
10.60035 
10.6489 

10.69946 10 
10.75169 
10.8W26 
10.85993 
10.91546 
10.97166 10.83333 
11.02835 
11.08539 
11.14265 

11.2 
11.25735 11.42857 
11.31461 
11.37169 
11.42852 
11.48504 
11.541 18 12 

11.5969 
11.65214 
11.70686 
11.76103 

11.8146 11.55556 

1 - 1  



EXHIBIT (\_I"4) 
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msmVE DISPLACEMENT BLOWER wwcnoII POINT 

50 
100 3 250 
500 
750 

1000 7 1250 
t 1500 

1750 -. 2 w o  

J 

0.W236 
0.001786 
O.MM657 

-4.4E-05 
4.2E-05 

6.29E-05 
1.64E-05 
-8.9E-05 

O.wo184 
0.001523 

... 



4 
s 

capacity 
@ 7 Psig 

Ac!!.!L 
50 

100 

250 

500 

750 

1,000 

1,250 

1,500 

1,750 

2.000 

2,500 

3,000 

3,500 

4,000 

4,500 

Sutorbilt 
Positive Displacement Blowers 

Construction Costs 

Motor 
Size 
0 

5 

5 

15 

25 

40 

50 

60 

75 

75 

100 

1 25 

150 

200 

200 

200 

P.D. Blower 
Complete Package 

Cost 
($1 

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 



n 
! 

Hoffman 
Centrifugal Blowers 
Construction Costs 

.>  

rJ 
7 

q 
1 

' f  
1 
5 

. .. 

.A 

NOTES: 1) All costs obtained from manufacturer's quotes. 
2) Costs include blower and TEFC motor. 
3) Costs are based on June 1995, ENR Index = 5433. 

Capacity 

(scfm) 
@ 7 wig 

500 
750 

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

Motor Cent. Blower 
Size cost 
(HP) ($1 

40 
50 
60 
75 

100 
100 
100 
125 
150 
150 
200 
200 

14,500 
16,500 
17,500 
18,500 
19,500 
26,000 
26,000 
27,000 
32,000 
32,000 
37,000 
37,000 

Cent. Blower 
Unit Cost 
($/scfm) 

29 
22 

17.5 
14.8 

13 
14.8571 43 

13 
10.8 

10,666667 
9.1 428571 

9.25 
8.2222222 



EXHIBIT i &c ti-q) 
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.I 
..d 3 CURVE EQUATION 

Y - 112737.731+l1.6~2U+l4.~~V2+ ? 1-1 .A351 PMo(IIX'3+ 11.31921UE-l01X^4 

~i 

For Unil wsr. juri dlvid. the output by the Mower C.p.dty. ... 
. .  

500 
BM) 
750 
850 
950 

1000 
1100 
1250 
1350 
1500 
1600 
1750 
1850 
1950 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 

cmt. B k m r  
unif con 
Illsdrnll 

29.0009 
25.07579 
21.26643 
19.53076 
18.19376 
17.63557 
16.68655 
15.57317 
14.97879 

14.2424 
13.82855 
13.29169 
12.97653 
12.68767 
12.55145 
12.29279 
12.04963 
11.81915 
11.59915 
11.38791 
11 .I 8408 
10.98665 
10.79485 
10.6081 3 
10.42613 
10.24861 
10.07549 
9.906776 
9,742579 
9.583081 
9.428531 

9.27924 
9.135568 
8.997919 
8.866736 
8.742496 
8.625707 
8.516901 
8.416636 
6.325491 

M."ut. 
Blow., 

unit con 

29 

22 

16 

15 

13 

15 

13 

11 

10.66667 

9.142857 

9.25 

8.222222 



.. 
CENTRIFUGAL BLOWER INFLECTION P O W  

4 
7 

Capacity I 
Cenuifug.1 Blower lnfkstion Point I (scfrnl FYx) 

50 0.00013 
100 0.000123 
250 0.000102 
500 7.18E-05 
750 4.82E-05 

1000 3.01E-05 
1250 1.69E-05 
1500 7.77E-06 
1750 2.13E-06 
2000 -7E-07 
2500 -6.4E-07 
3000 2.58E-06 
3500 3.59E-06 
4000 -3E-06 
4500 -2.3E-05 

O . w O 1 4  

0.00012 

o.wo1 

- 
t 0 . o m  -- 

o.wo02 -. 
0 -  , 

C 1000 2000 3000 5000 
-0.owo2 -~ 



QPCitV 
62 7 Psig 

As!!!L 
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 

100 

125 

150 

150 

200 

200 

Centriigal Blower 
Complete Package 

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 
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unkrvluornho.(nc. 

- =-EXPRESS BLOWER PAC 
For more than a decade, you've counted on UNIVEi?SAL BLOWER PAC, INC. for quality' 
and economy. Wlth the EXP package, EDRESS delivery Is added to the same hlgh 
standards wlthout EWJWSSnlated charges. This standard. pre-engineered EXPunit has 
an UBRESSdelhrerytlme often to twenty day0 wlth drawing6 available for LypREssflyG 
on the same day as purchase. EXPunite feature EXPRESSinstallatlon since all parts are 
assembled as a complete package. 

STANDARD EXPFEATURES - 

Featurlng Sutorbilt Blowers 
Heavy duty steel base 
Dual take-up motor ralls 
High efficiency electric motor - Premium absorptive 8 chambed 
absorptive silencers 
Dual silencer supports 
w/ holding straps 
V-bek drive 1.5 S.F. 
Tool gray machinery enamel paint 

Spring-loaded relief valve eet 
at maxlmum blower pressure 
Pressure gauge w/ snubber 8 
petcock protection 
Check valve w/ EPDM seal 8. 
stalnless steel spring 
Rugged flex joints - inlet fllter w/ weatherhood 
U access belt guard 
Completely assembled units 



J 
9 
' 1  

" 
f 

7 3  

7 
t 

3 
1 

4 u  ** 61.5 
5HL ** 59 
5ML .. 62 
5LL 80 70.5 
6HL *- 64.5 
6ML 81 72 

82 

2ML 33.5 
2LL 46.5 
3HL ." 39 
3ML 46.5 
3LL 56.5 
4HL 47.5 

- 
** - 
** 

34 26 50 41 8.5 15 9 3.5 I 3 I 750 

:$-py 96 65 

60 
87 
61 
85 
64 
62 
99 
70 

102 
110 

- 

- 

- 

35 24 17.5 40 33.5 10 10 6 1.5 1.25 300 
34 24 17.5 40 33.5 8.5 10 8 2 2 300 
60 24 17.5 40 33.5 8.5 10 8 2 1.5 400 
62 24 17.5 40 33.5 8.5 10.5 8 2.5 2 400 
73 24 17.5 40 33.5 8.5 12 6 3 2.5 450 
64 34 26 50 41 9 14 9 2.5 2 550 
75 34 26 50 41 10 14 9 3 2.5 I 650 

34 26 50 41 13.5 17 
34 26 50 41 
34 26 50 41 12 15 12 
38 28 60 46 113.5 I 1 9  I 1 5  

117 1; 1:: 38 128 1 60 
44 38.5 72 62.5 13.5 22 
44 36.5 72 62.5 14 
44 36.5 72 62.5 14.5 20 15 
44 36.5 72 62.5 17.5 22 15 

1900 
1850 
2300 
2500 

3400 
41 50 

) - l ' s . Y . U P T . C . l O . Y . l Z Y l U l l b . ~ I ~  
"Wl-bhwrCd- UNIVERSAL BLOWER PAC, INC. 

% 

M m o w  kln s)l' -. 440 PARK 32 WEST DRIVE Dlm-k.nJ k4.1- b moMtkp hd.. b +/. (IC. 
O t h . I d k n r u l o r v u . ~ . n q u l o * t Y * d ~ .  NOBLESVILLE, IN 46060-9252 

Phono:317/773-7268 
Far 31717755088 
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Davco 
Wastewater Tieatment Filters 

Construction & Unit Costs 

Filter (1 I Unit [5 Capacity Type of Filter Cost Construction Cost cost 
(GPD) Filter ( d )  ($1 ($/gal) 

1 
50,000 
100.000 

- 1  150,000 

250,000 
500,000 
750,000 

1,000,000 
k 

I 
f 

Gravity 
Gravity 
Gravity 

29,000 
41,500 
54,000 

Traveling Bridge 76,500 

Traveling Bridge 105,500 
Traveling Bridge 91,000 

Traveling Bridge 1 19,000 

46,400 0.928 
66.400 0.664 
86.400 0.576 

122,400 0.4896 
145,600 0.2912 
168,800 0.22506667 
190,400 0.1904 

( 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. 



.i 
8 CURVE EOUATION 

0.050 
0.100 
0.150 
0.200 
0.250 
0.300 
0.350 
0.- 
0.450 
0.500 
0.550 
0 . m  
0.650 
0.700 
0.750 
0.800 
0.850 
0.903 
0.950 
1 .m 

Capacity 

0.025 
0.05 

0.15 
0.25 

0.5 
0.75 

1 

i 

Unit 

ItlGdl 
con 

1.081 
0.730 
0.578 
0.490 
0.431 
0.388 
0.355 
0.329 
0.307 
0.289 
0.274 
0.280 
0.249 
C.238 
0.229 
0.221 
0.213 
0.206 
0.200 
0.194 

FYxl 

332.944256 
253.868194 
134.067582 
56.3672339 
-10.894528 
11.35955 

-12.063528 
136.9878 

Y - (0.1940$381x-1-0.5751445l 

0.928 
0.664 
0.576 

0.490 

0.291 

0.225 

0.190 

TERTIARY ALTUI INnECTION WIN1 

d 
0.8 
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DSJCG 
Wastewater Treatment Filters 

Construction Costs 

Filter (1) 
Capacity Type of Filter Cost Construction Cost 

(GPD) Filter ($1 ($) 

100,000 

150,000 

Gravity 

Gravity 

Gravity 

250,000 Traveling Bridge 

500,000 Traveling Bridge 

750,000 Traveling Bridge 

1 ,O00.000 Traveling Bridge 

7G.500 

91 ,Ooo 

105,500 

Il9,ooo 

122,400 

145,600 

168,800 

190,400 

NOTES: (1) Values obtained from manufacturer's quotes. 
(2) Costs include filter. medii, 15% piping, 15% electrical. 5% sitework. 

20% installation, and 5% for the concrete slab. 
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EXHIBIT ,t-Tm) 
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2 PACSIHILE TRMSnITTAL SREET 

F K ~ :  T o m y  T y s o n  
Phone 941-646-7694 
Fax. 941-644-6319 

To: 441- ‘Sonic Lathace R e :  
., 

3 Fax. number:  467- 83%- 3’19- Date: 7-Z.qs 

f Total number of pages including t h i s  page is: 

3 REHARKS: 



Davco Ring Steal &Costs 
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EXHIBIT i /'q&4) 
PAGE 126 OF 3.bcl 

Wastewater Treatment Systems 
Chlorine Feed Systems 

Unit Costs 

Overall 
Chlorine . Package Treatment Construction Unit 

Feed Rate System Type cost Capacity cost cost 
(Iblday) (150# or 1 ton) (5) (Mgd) (5)  5 

100 150 Ib. (1) 16,400 0.01 25,420 2.54 

200 

500 

1,000 

2,000 

150 Ib. 

1 Ton (2) 

1 Ton 

1 Ton 

17.600 

52,200 

63,900 

71,145 

0.50 

1 .oo 

27,280 

80,910 

2.00 99,045 

5.00  1 10,275 

NOTES: 
(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. 

0.05 

0.08 

0.05 

0.02 



July 5, 1995 

Bartman L Associates, Inc. 
201 Bast Pine St. 
Suite 1000 
Orlando, PL 32801 

Attention: J m y  Wallace 

Subject: Wallace C Ticrnan 
Chlorination System 

Dear Jamey z 

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

Feed Rate l5st iut .d 
Chlorinator: P e r  DEE 6.. 6UDPlY Eo.t 
V-500 
V-500 
V-500 
v-2000 
v-2000 

100 1501 Cylinder $ 22,300 
200 1501 Cylinder $ 23,200 
500 Ton Cylinder 5 25,600 
1000 Ton Cylinder 5 41,800 
2000 Ton Cylinder $ 44,900 

For the 1501 cylinder systems, I have included a standard 4x6 
FRP building with appropriate fixtures and safety devices. 
the ton cylinder units, a facility for handling ton cylinders 
vi11 be required. 
the 1501 systems are included along with the ton cylinder ecales 
to be mounted in your handling facrlity. 

For 

Also, you will find the scales required for 



Jammy Wallace 
July 5, 1995 
Page 2 

The above are baaic equipment costa and can be utilized for 
basic estimates. Please advise if any additional peripheral 
equipment ie required, such as chlorine analyzers or pE 
recorders. 

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

Kindest regards, 

HEYWARD INCORPORATED - FOR 

Winter Park Office 

REWg1 

Enclosure 

i 

f 
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GRAPH #33 
Chlorination Feed System 

300,000 

200,QOO - 
v) 
+.. 
v) 
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Wastewater Flow (mad) 

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

Unit Costs 

Overall 
Chlorine Package Treatment Construction Unit 

Feed Rate System Type cost Cap a c i ty cost cost 
(Ibldayl (1 50# or 1 ton1 ($1  (Mgdl ($1 $ 

100 150 Ib. Ill 16/00 0.01 25,420 2.54 

200 

500 

1,000 

2,000 

150 Ib. 

1 Ton (2) 

1 Ton 

1 Ton 

17,600 

52,200 

63,900 

71,145 

0.20 

2.00 

4.00 

5.00 

27.280 

80.910 

99,045 

110,275 

11) 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 

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

131 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. 

14) Includes 20% electrical, 15% piping, and 20% installation costs. 
15) Costs are vased on June 1995, ENR Index = 5433. 1. 

. 

0.14 

0.04 

0.02 

0.02 
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Capacity 
(Kw) 

8 
15 
25 
35 
50 
75 

100 
150 
200 
250 
300 
350 
400 
500 
600 
750 

1,000 
1,250 
1,500 

NOTES: 

Ringhaver 
GenSet 
cost ($) 

$8,800 
$9.550 

$1 1,000 
$1 2,000 
$13,700 
$15,400 
$19,000 
$22,400 
$24,400 
$27,300 
$33,500 
$36.000 
$42,200 
$60,500 
$72,600 
$95,000 

$130,000 
$1 68,000 
$1 92,000 

Standby Generator Set 
Construction Costs 

Cummms 
GenSet 
cost ($) 

$767,524 
$1 1,357 
$1 2,760 
$1 3.629 
$16,152 
$19,666 
$22.378 
$29,137 

’ $35,947 
$40,773 
$46.175 
$51,396 
$66,818 
$93,896 

$102,521 
$195.697 
$165.798 
$21 5.888 
$265,200 

GenSet 
cost 

($1 

$8.162 
$10,454 
$1 1,880 
$12,815 
$14,926 
$17,533 
$20,689 
$25,769 
$30,174 
$34,037 
$39.838 
$43,698 
$54,509 
$7’7.198 
$87,561 

$1 15.349 
$147.899 
$191,944 
$228.600 

EXHIBIT 

PAGE 13% OF 2H 

GenSet 
Unit Cost 
($/W 

$1.088.27 
$696.90 
$475.20 
$366.13 
$298.52 
$233.77 
$206.89 
$171.79 
$150.87 
$136.15 
$132.79 
$124.85 
$136.27 
$154.40 
$145.93 
$153.80 
$147.90 
$153.56 
$1 52.40 

1) All costs obtained from manufacturer’s quotes. 
2) Costs include a packaged diesel electric set with base, a unit 

3) Costs are based on December 1995, ENR Index = 5471. 
mounted radiator cooling system. and a control panel. 
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CUMMINS SOUTHEASTERN POWER INC. 
4820 North Orange Blossom Tni l  
Orlando, Flr. 32810 
(407) 296-2080 (Rkk Cooper) FAX (407) 2906727 

7 %  
I 

F A C S I M I L E  C O V E R  L E T T E R  

PAGE I43 OF 

Date: 1/31/96 

3mpany Name: EM1 

FAX Number: 359074.8 pha* Ra.) 

Attention: PETE HOANSHELT 

i 4 
ca ma- 

359-07#7 - ?" .) RI Y - 
Subjock Q E N S E t  PRlClNC 

PER YOUR REQUEST: 
w PRlClNO 
7.5 7.524 
20 1 1,773 
35 13.629 
50 16.152 
1 w  22,370 
200 35.947 
300 46.175 
4w 86.818 
600 102,521 
10W 165.790 
1 500 265,200 

uw 
15 

' % 25 
40 
80 
150 
2% 
350 
500 
750 
1250 

12,789 
14,640 
1Q.W 
2S,13? 
40,m 
51.39% 
Q3.696 
135.6s7 
215,888 

USE THIS INFORMATDN WITH DISCRETION 

IF I CAN BE OF ANY HELP WITH SPEC WRITING OR GENSEING CALL ME AT YOUR CONVENIENCE 
regards; 

Rick G. Coopar 
Energy System Sale$ Manager 013.~64-5831 

REPLY NEEDED YES- NO- AS SOON AS POSSIBLE - AT YOUR CONVENIENCE - 
rhir tronlmlrrlon COnliifi 01 - pager, hclvding thb cove1 latier. H you 00 not lecelve 011 01 the pager 

pluose natlhl ow o l r ~ o  01 29am OR FA* 2908727 

a 
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EXHIBIT trx !-I -4j 
PAGE 1'6 OF 

Rarwnnd Concrete Ground Storage Tanks 
Construction & Unit Cosn ? 

lrutallsd I21 
Tank Cost 

lril 

77.990 

101,750 

164,494 

248.600 

295.020 

378,565 

453,750 

wl loo0 gpm 
Aerator 
IO 

96.034 

120,010 

183,324 

268,195 - 
315.037 

399.341 

475,210 

wl 4000 gpm owrau 
Aerator cost 

IO 1 0  

owall 
Unit Cost 

l$lGaII 

2.08221 

1.280865 

0.638003 

, 0.368362 

0.3231 14 

0.271 61 2 

0.241643 

UnkutaIled I1 I 
T n k  Cost 

IO 
Volume 

. A  IGalI 

1 50,000 70.900 

92.500 

149.540 

226.000 

268,200 

344.1 50 

412.500 

112,168 

136,164 

199.478 

284,349 

331,191 

415.495 

491,364 

104.1 1 1  

128.087 

191,401 

276.272 

323.114 

407.41 8 

483.287 

100.000 

300.000 

750.000 

1.000.000 

- 3  

- 3  

1 1,500.000 

I1 I Prestressed concrete tank. concrete floor. prestressed wall. trebrpan 
concrete dome. aluminum interior and exterior ladders, vents. 
precast ovsrflows, painting. aeration unit, end inelallmion costs 
are included in the rnanutactursr:~ quotations. 

12) Includes 5% piping. 0% electfical. and 5% ritework costs. 
I31 Costs are based on June 1995, ENR Index = 5433. 

f 



UNIT COST CURVE &GRAPH 

CURVE EOUATION 

Y - l1087.2911x*l4.58454181 
Capacity 

IMGOI 

50000 
75000 
100000 
125000 
15ooOo 
175000 
200000 
225000 
250000 
275000 
300000 
325000 
35ooOo 
375000 
400000 
425000 
450000 
475000 
500000 
525000 
550000 
575000 
600000 
625000 
650000 
675000 
700000 
725000 
750000 
775000 
8000M) 
825000 
850000 
875000 
900000 
925000 
950000 
975000 
1000000 
1 100000 
1200000 
1300000 
1400000 
1500000 
1600000 
1700000 
1800000 
1900000 
2000000 

C k .  cost 
io 

1.941743 
1.531815 
1.294604 
1.136213 
1.021295 
0.9 3 3 2 5 
0.863141 
0.805686 
0.757539 
0.716468 
0.68092 
0.64978 
0.622219 
0.597612 
0.575476 
0.555429 
0.537169 
0.520449 
0.505066 
0.4 9 0 8 6 
0.477685 
0.465427 
0.453985 
0.443275 
0.433223 
0.423765 
0.414847 
0.40642 
0.398441 
0.390873 
0.383683 
0.376839 
0.370317 
0.364092 
0.358143 
0.352449 
0.346995 
0.341763 
0.33674 
0.318483 
0.302682 
0.288839 
0.276588 
0.26565 
0.25581 
0.246899 
0.238782 
0.231349 
0.224512 

2.08221 I 
2.5 T 

0.368362 

0.3231 14 

0.271612 

0.241643 



Prestressed Concrete GST's 

capacity 
IGPOI F'lxl 

50000 6.86E-11 
100000 5.41E-11 
300000 1.64E-11 
500000 1.32E-12 
600000 -1.09E-12 
750000 -1.26E-12 

1 00oooo 1.26E-12 
15oooOO -1.1 5E-12 
2 m o o  1.68E-11 

EXHIBIT CGCh - ) 

INFLECTlON POINT OF PWTRESFED QST 

7E-11 

5E-11 

1 E-1 1 
0 

-1E.11 

2 4E-11 2 3E-11 
? 2E-11 

0 5owoO 1- 15MxKx) 20W000 

Y 

Cawcity 1641 

The y-axm values on the prephic are the same as f'ixl i1s16d. however. you must choose 
the graphic window to see the d u e s  Itsled On the Vaxls 
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THE CROM CORPORATION 
- 
F AlllmlllP Prestressed Composite Tanks S I . h . " W . R Y R . l l d W  

IL-J(mp,a 
H.E. R h r  

JunU 6 NW. P.F. 
L r rBWJr .P .E  

June 13,1995 tM..P. w m u a c .  P.E 

FAX: 407-839-3790 
- a s w w , P ~  

RldurdLB1ce.P.L 
Jim D. Ccde~,  P.L 
Q.mMC...rk.P.L 

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

Subject: 

Dear Jamie: 

Preliminary Prices for Ground Storage Reservoirs 

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-Ga11on Domed Reservoir $145,000 
50'-0" ID x 20'4" SWD 

750,000-Gallon Domed Reservoir $218.000 
65'-0" ID x 30'-3" SWD 

I .O-MG Domed Reservoir , $255,000 3%T 

The above estimates are based on open shop labor condition%$h construction 

80'4'' ID x 26'-8' SWD 
1. 

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

Our estimates are far our standard tank and indudes the following: 

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

I 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 coals of latex paint. 

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

250 S.W. 36M TERRACE GAINESVILLE. FLORIDA 32607-2889. (904) 372-3436 
FAX [SO41 372-6209 

'6803 11083 3EL 6028 ZLC t o 6  la 9Z:Ol SBlCTl80 z o o / r o o ~  



Mr. Jamie Wallace 
Hartman 8 Associates. Inc. 

June 13,1995 
Page 2 

Also per your request, to add a IS00 GPM aerator to the above tanks would be 
approximatdy$11,100 and for a 2600 GPM aerator, $17,300. Also please note that if 
we add aerslors to the tanks, we usually paint the underside of the dome and 
approximately 2 feet down the wall. The additional cost for this wouM be approximately 
$15,000 pertank. 

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

Sincerely, 

THE CROM CORPORATION 

PRichard L. Bice. P.E. 
Project Manager 

RLBIpd 
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I'ItECON CO1tPOWllON 

Ncwkrrv. lilorida 32669 
prestressed Concrete Tanks 

(904) 332-1200 
~ax332-119Y 
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EXHIBIT Ch-9)  

PAGE I52 OF 2@ 

ESTIMATE PRICE 
CoRPoRAT1oN CIRCULul PRESTRBSSED TANK 

I1JS.W. 14ahTcrrace WITH AERATOR 
Newberry. Florida 32669 

(904) 332-1ZW(Fu) 332-1199 . \  
P R d k T  DESCRIPTXON:' 

I 

C.P.U. *ER*TOR 4 

ZO'd ... PIO'ON 6O:EI ~ 6 ' 7 7  unr 
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Volume 
(Gal) 

10.000 

20.000 

30.000 

50,000 

100.000 

250,000 

Manuf. 
Steet Tank 

Standard Cost 
(5)  

23,000 

37.000 

40,000 

50,000 

70,500 

120,000 

Manuf. 
Stwl  Tank 

Installed Cost 
($) 

25,300 

40,700 

44,000 

55,000 

77,550 

132,000 

Steel Ground Storage Tanks 

Construction & Unit Costs 

Overall 
Steel Tank 
Unit Cost 

($/Gall 

2.53 

2.035 

1.4666667 

1.1 

0.7755 

0.528 

(1 Complete steel tank, concrete foundation, roof, roof manway, gravity 
vent, bonom manway hatch, ladder & cage assembly, top manway 
platform, protective bolt caps, and installation costs are included 
in the manufacturers' quotations. 

12) Includes 5% piping, 0% electrical, and 5% sitework costs. 
13) Costs are based on June 1995, ENR Index = 5433. 
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CURVE EQUATION 

Y 5 1284.o798lx-lQ.w898wl 

caDacin, Colu.Com 
IMGDI I*) 

lWW 
zoo00 
30000 
40WO 
5WQO 
Boo00 
7 m  
Boo00 
90000 

1 w000 
1 l W W  
1 zoo00 
1 3 W  
140000 
1 5 w w  
16OWO 
17OOW 
180000 
19woo 
200000 
210000 
22OWQ 
230000 
240000 
250000 

Capacin, 
i ta l l  

10000 
20000 
30000 
50000 

1 woo0 
250000 

2.61513404 
1.83789621 
1.48501527 
1.2913783 

1.15272998 
1.05057097 
0.97129326 
0.90747204 
0.86466772 
0.810041 66 
0.771 68318 

0.70878042 
0.6825432 

0.65899066 
0.63769501 
0.61 831807 
0.60058858 
0.50428603 
0.56922913 
0.55526724 
0.54227402 
0.63014263 
0.51878203 
0.50811407 

0.7as2529 

F ' I X I  

1.2909E-09 
6.6926E-10 

-7.6E-13 
-6.2012E-10 

Manut. Con 
0 1  

2.53 
2.035 

1.46666667 

1.1 

0.7755 

0.528 

EXHIBIT ( G c 4 - q )  __ 

PAGE I!% OF 

1 I 
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STEEL GST INFLECTION POINT . 
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PO.000 

30,000 

50,000 

FlorWa Aquamtore Water Renorvoirn 

uot cost0 

100,000 

;?60,000 

' 39,000 

3119 

4 2 a ~  

Q 77,500 

' r3G,OOO 
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I 1 
Capacity @ 

175' of Head 
. 3 

100 
250 
500 
750 

1.000 

.- 

li 
1.000 

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

1 

3,500 
3,500 

4,000 
5,000 

Motor 
Size 
(HPI 

20 
25 
40 
50 

60 
75 

75 
100 
125 
125 
150 
200 

EXHIBIT (GCH-4 1 
PAGE 162 OF 4 

High Service Pumps 
Standard Horizontal Split Cspa Pumps 

Package Costs 

Worthing. Peerless 
Package Package 

cost cost 
(SI IS1 

4,300 __ 
4,600 4,925 
5.700 6.185 
6,000 7,350 

8.000 
_- 

- 
9,575 

8,600 10.800 
9,500 11,650 

10.800 13,150 
10.800 13,150 
14,700 16,200 
15,600 17.800 

200 __ 
250 23.200 

Worthing. 
Const. 
cost  

f SI 

4,300 
4.600 
5,700 
6,000 

8.000 -_ 
8.600 
9,500 

10.800 
10,800 
14,700 
15,600 

17,800 __ 
_. 23,200 

250 23,200 30,700 23,200 
300 24,600 33,200 24,800 

Peerless 
Const. 
cost  
IS1 

-_ 
4,925 
6,185 
7.350 

__ 
9,575 

10.800 
11,650 
13,150 
13,150 
16,200 
17.800 

Overall 
Package 

cost 
IS1 

4,300 
4.763 
5,943 
6,675 

8.000 
9.575 

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

Overall 
Unit 
cost  

fS/gpm) 

43 
19.05 

11.885 
8.9 

8.7875 
8.7875 

7.78 
7.05 

6.8429 
5.9875 

6.18 
5.5667 

17,800 17,800 5.8571 
__ 23,200 5.8571 

30,700 26.950 6.7375 
33,200 28,900 5.78 

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

21 Horizontal Split Case pumps and motcrs. 
31 Pump head is 175 feet (76 psi1 
4) Costs are based on June 1995, ENR Index = 5433. 
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I. 

CURVE EQUATION 
3 
7 v * 13811..u++14.1088731x+12.262s~~Ix-2 

C o w .  COR w e .  divas by capacity for mil COR values 

i 
capecny @ 

1 7 5  of Head I m m )  

100 
150 
200 9 250 
300 -- 350  
400 

f 450 
5 0 0  
600 
750 
850 

. /  

950 
1.000 
1.250 
1,500 
1.750 
2,000 
2.250 3 2.500 
2.750 
3.000 

3,500 
3.750 
4 . m  
4.250 
4.500 
4.750 
5.000 

3 

f 3.25p 

CY- 
Unit Con 

42 
30 
23 
19 
17 
15 
14 
13 
12 
11 

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

M.nut. 
unit COR 
I$lwfnl 

4 3  

19.05 

11.885 

8.9 

8.7875 
7.76 
7.05 

6.84288 
5.9875 

6.18 

5.56667 

5.85714 

6.7375 

5.78 

Hioh Sewice Pump Unit Cost Curve 

1.m 2 . m  3 . m  4.m 5.m I ~ 

0 
~ up* IDPml 

3 

T 
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HIGH SERVICE PUMP INFLEC'IWN POINT 

Capacity 
lgpm) FYxI 

Hiah Service Pun08 Inflection Point . i  

100 
250 
500 

3 
' t  . 

750 
1000 
1250 
1500 
1750 
2000 
2500 
3000 
3500 
4000 
4500 

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 
0.0005 

7 0.0003 
t 0.0002 

0.0001 
0 - 

-0.0001 5000 

- 

Capmdty iopnl 
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Peerless Pump Company Fax Message 
2 NunbadpR.he*ldrp w. 

Pka: 
811 North 50th Street - 
Tampa, FL 3361 9 Fm 
To: HARTMAN a ASSOCIATES Date: 07/07/95 
Fax Number 407-839-3790 
Fmm: JIM GOSSElT copy to: 

Subjed: REQUEST FROM JAMEY WALLACE FOR VARIOUS PRICING. 

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

LET ME KNOW IF I CAN BE OF FURTHER SERVICE TO YOU. 



r .  uc 
W"." . _  

.. 
i125 6PM l3 176'(PE-835) 1m 10 

250 2AE-11 25 

500 3AE-14 40 

5 

3 
E 
1 
1 '  
f 
!I 

750 5AE-14N . 50 

,000 5AE-14 75 

15 

100 

125 

125 

2KKl 8AE-15G 150 

1250 6AE-16G 

1500 6AE-16 

17% 6AE-146 

6AE-14G 

3~10 BAE-15 200 

8AE-15 200 

I 730.00 

4,925 -00 

6.185.00 

7,350 .OO 

9.575 .OO 

10,800.00 

11,650.00 

13,150.00 

13,150.00 

16,200.00 

17 .EO0 .OO 

17 .EO0 .OO 

4003 8AE-17 250 30,700.00 

J 5Mx) 10AE-16 300 33,200.00 
z 

Note:(AnyWacostsneeded). **** THESE COSTS INCLUDE A NON WITNESSED FACTORY TEST. AND FREIGHT TO JOBSITE, BUT 
NO TAXES. ELECTRICAL OR INSTALLATION. 



BARNElg WMPS INC. 
3907 H I G i m y  M SOUTH 
P.O. BOX un 
IAKEIAND. FLORIDA 3380: 

.I 
BARNEY’S PUMPS INC. 
FT. UUDERDALE . JACKYJNVRLE U K E U X J  

PHONE : (813) 665d5w 

FAX: (8t3) M6-m 

FAX NUMBER ; (907) , &?,9 -3790 
COVER PAGE PLUS PAGES FOR A TOTAL OF 2 PAGEIS) 

SIGNED : 



Worthiigkx~ High Service Pumps 
ustcosts 

Type: Standard Horizontal Splitcase 

0 
100 

250 

500 

750 

loo0 

1250 

1500 

1750 

2ooo 

2500 

3OoO 

3x0 

4ooo 

5000 

Note: (Any extra costs needed). 
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Capacity 
(Gal) 

500 

1,000 

2.000 

5,000 

15,000 

20,000 

Hydropneumatic Tank 
Construction & Unit Costs 

System 
Estimate 

($) 

6,594 

9,751 

12,786 

19,241 

30,344 

37,241 

Manufacturer 
cost 
( $) - 

10,880 

16,089 

21,097 

31,748 

50,068 

61.448 

Manufacturer 
Unit Cost 

($) 

22 

16 

1 1  

6 

3 

3 

Notes: (1  ) Costs of the tank, air volume control compressor, and a control 
panel were included in the manuiacturers' 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 
3 

CURVE EQUATION: 

I - 1uo.14szlx-l-0.wa47231 

500  23 
600 20 
700 1s 
8W 17 
9W 16 

1 000 15 
1500 12 
2000 11 
2500 9 
3 w o  8 
3500 8 
W O  7 
45w 7 
50W 6 
6000 6 
7000 5 
8000 5 
9000 5 

1 W O  4 
11000 4 
12000 4 
13wO 4 
14000 4 
15000 3 
16000 3 
17000 3 
1 8000 3 
1 9000 3 
20000 3 

. .  

Manuf. 

111Ga11 

21.7602 

UnC -SI 

I 
H W T ~  urn CM 

25 1 

16,08915 

10.54845 

6.34953 

3.33784 

3.072383 



ra 

, C.P.Clt" 
iwm) F'lxl 

I 

- 1  
500 6.3QW 

1000 6.02eQ6 
2000 2.93E-06 
5000 1.3E-07 

-1.2E-07 
1.74E-06 

I 15000 
20000 

-. .. . 
- i  
J 

PAGE 1% OF 

HYDROTANK INFLECTION POINT 



HYDRO-AIR SYSTSMS, rNc. 
P.O. Bax 585654 

Orlando, PI 32858-5654 
Phone oz Fax (407)-352-1531 

****a- PW TRRNSMSSZCMT ****e 

This transinisdon carrrlsts of 1 wws including thls mqc, 1f p u  do not rxeirrc 
all  papes please notffy thls  offlce lnadiately. 

LmX: Sum? 27, 1995 

2V: Harhan 6 Associates, IK. R E :  Wropreuretic Tank 
Wtem Estluete 

A m :  Jamy Yllae 

I C W f :  Ken M i l l e r  

Pursuant to your request w are pleased to offez the following for your 
consldcratlon an3 approval. All system lnclde tha Hy&o-Tank, Alr wlrrme control 
conlpreesor control pmel an3 all acressorics t o  ~provlde an oprahle s p t e m .  A l l  
system are &sed on a imxlm pressme of 1 0 0 ~ 1 ,  ptable wter and do not lmluie 
installation cnst 01 appllcable t a x u .  kk ulll be hamy t o  provlde a d e t a i l d  
proppsal on any of the slx spt- upon rrtpest. I f  M can be of further ass l s tam 
please feel free t o  call me a t  any tlm. 

WMITX GuLms SYSIM ESTIMIE 

SO0 $5,387.00 

1,000 $9,102.00 

2,000 $12,972.00 

5,000 $21,982.00 

15,000 $28,688.00 

20,000 $36,482. DO 



ACTION REQUIRED 
. i 



APPENDIX K 



Capacity 1 (Gpdl 

144.000 
288.000 

-. 576,000 
720,000 : i  

1,080.ooo 
1,440,000 2 2,160.000 
2,880,000 
3,600,000 

. .  

&, 

Potable Water Supply Wells 

Construction Costs 

Manuf. 
, 250 deep 
Const. Cost 

I S )  

50,794 
61,582 
72.418 
72,494 
81,468 
84.41 3 

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 
(S)  

95,573 
118,753 
143,026 
144,731 
185,253 
175,948 
219,108 
236,174 
278,582 

Manuf. 
500' deep 
Unit Cost 

IWGall 

0.664 
0.41 2 
0.248 
0.201 
0.153 
0.122 
0.101 
0.082 
0.077 

(1) Vertical turbine pump, cement grout, black steel well and surface 
casing, well screen, and well development costs from 
manufacturers' quotes and bid tabulations. 

121 Includes 10% electrical, 15% for well head assembly, and 30% labor costs. 
13) Costs are based on June 1995, ENR Index = 5433. 



CURVE EQUATION: 

7 1250' deep) Y = 11780.3261X̂ I-O.71804541 

1500' deep) V - 12064.791X̂ I~.68178971 
- >  

! 260' 250 
cuve  Mmuf. 

ItIGall 1S1Ga11 

. I  
Capacity cost cost 

144000 0.352014923 
2OoooO 0.278047715 
268000 0.213997092 
400000 0.169030909 
576000 0.130093221 
6OOOW 0.126535269 
720000 0.110832946 
65oooO 0.096380166 
108WW 0.062837572 
1200000 0.076801601 
1440000 0.067377621 
1750000 0.058575335 
2160000 0.050358659 
2500000 0.045340692 
2660000 0.040960238 
3000000 0.039777035 
3600000 0.034896083 

Capacity 
IGPDI 

144000 

288000 
400000 4 576000 

a 600000 
72oooo 
850000 
1080000 
1200000 
1440000 
1750000 

i 2160000 
2500000 

- 2880000 
3000000 
3600000 

f 200000 

- 

500' 
CVWC 
C05t 

1SIGall 

0.62799686 
0.501982106 
0.39148768 
0.31293136 
0.244050202 
0.237351445 
0.20960755 
0.1 87179666 
0.158982644 
0.147962664 
0,130667557 
0.1 14402652 
0.099108423 
0.089706991 
0,081457039 
0.079221 184 
0.069961059 

0.35 

0.21 

0.13 

0.10 

0.06 

0.06 

0.05 

0.04 

0.04 

500' 
Manuf. 

cost 

250' Dmp WmUr Supply Wdl Unit Cons  ! 

0.41 1 
0.25 ~ 

0.20 

0.15 

0.12 

0.10 , 

0.06 

.. 

A 



f 

Potable Water Walls I260 deep1 

c.pacm, 
k p d l  F I X )  

144000 1.9547E-12 
288Mx) 1.50714E-12 
576000 8.1 3596E-13 
720000 5.56933E-13 

1080000 1.35295E-13 
1440000 -3.8732E-14 
21 80000 2.2521 7E-14 
2880000 7.36539E-14 
3600000 -5.5238E-13 

Potable Water Wells 1500' deep1 

Capacity 
( d l  F"lx1 

144000 3.52E-12 
288000 2.72E-12 
576000 1.49E-12 
720000 1.03E-12 

1080000 2.73E-13 
1440000 -5.2E.14 
2160000 3.11E-14 
2880000 1.29E-13 
3600000 -9.1 E-13 

WATER SUPPLY WELL INFLECTION POINTS I260 I 600'1 

! 

2 6 0  Deep Supply Wdl InIlecUon Paint 

500 Deep Supply Well Infledon Point 

***. The y-axis values are the same as those listed in the table: however, they arc too small to 
show up on this graph. Just click on the graph to see a larger version with the values. 

i 
.- = 



Capacity 
(GPd) 

144,000 
288.000 
576,000 
720.000 

1 . 0 8 0 , ~  
1.440,000 
2160.000 
2sso.000 
3,600,000 

144.000 
288,000 
576,000 
720,000 

1,080,000 
1.440.000 
2160.000 
2880.000 
3,600,000 

h i g n  
cost 

32770 
39,730 
46.720 
46,770 
52,560 
54.460 
69.450 
73.250 
92,450 

61.660 
76.61 5 
92,275 
93.375 

106,615 
113.515 
141.360 
152,370 
179.730 

(15%) 
Well Head 

4,916 
5,960 
7.008 
7.01 6 
7.884 
8,169 

10.41 8 
10.988 
13.868 

9.249 
11,492 
13,841 
14,006 
15,992 
17.027' 
21,204 
22858 
26,960 

(30%) 
Labor 

9,831 
11,919 
14.016 
14.031 
15,768 
16.338 
20.835 
21,975 
27,735 

18,498 
22,985 
27,583 
28.01 3 
31,985 
34.055 
42408 
45.71 1 
53,919 

3.277 
3,973 
4,672 
4,677 
5.256 
5.446 
6.945 
7,325 
9,245 

6.166 
7,662 
9.228 
9,338 

10.662 
11,352 
14,136 
15.237 
17.973 

550.794 
$61.582 
$7241 6 
s72.484 
$81,468 
584.413 

$107.648 
$1 13.538 
$143.298 

$95.573 
$1 18,753 
$143.026 
$144.731 
$165.253 
$175,948 
$219,108 
$236.174 
$278.582 

0.35 
0.21 
0.13 
0.10 
0.08 
0.06 
0.05 
0.04 
0.04 

0.66 
0.41 
0.25 
0.20 
0.15 
0.12 
0.10 
0.08 
0.08 
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GPM 

100 

200 

400 

500 

750 

: TDH 

130 

Kp. REQ. 

7.50 

130 10 

130 20 

130 

: 130 

1000 , 130 

I500 130 

130 

130 

25 

40 

40 

75 

100 

I00 

f 

7325.00 

8.500.00 

9.UlO.M 

9.100.00 

I I,000.00 

I1.o0O.00 

14.000.00 

l7.000.00 

2 1.500.00 

r. UI 
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! 

250,000 - 

2oo,000 _. ................................. 
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374 Small 2r System Treatment Corrt 

UIUr wells in d r l l l e d  by I h e  cable tool, Wdraul lc rotary o r  rw(rse 
loury ~ . t h o d s ,  with hydraullc roun currently the mat c o m n  mthod. Con. 
aOUCtlon o f  t h e s e  Ww of  w i t w  n l l a  l a  covend by 'L.ertcin Yiter mr\8 
b b c l i t l o n  St lnd i rd  for c w p  U I l l a ,  W Y A  UW-66' and by 'Rmui I  o f  V a t t r  
Yel l  COnstructlon h c t l c i a ,  VA-S7019-7S-W1.~1 ,I 

C a n l t n x t l e n  of  v i u r  w l l a  by the hydrrul tc rotary mthod ut*$ p l a c e  i n  

I .  Ins ta l l  proouctiw c a s t q  and grout I n  p l i c e  for c a n l o r y  s e a l .  
1. 01111 15.1 to 10.5 a I6 to 11 In1 dImUr p l l o t  hole. 
1 11uStrtc 109 p l l o t  hole to help detentne l o c i t l o n  of w a t e r  b e l r l i g  

fonatlons. 
4. Iau hole to m u I r d  d l m u ?  and depth. 
I .  l n r u l l  blank and p e r f o r a u d  cistng op wel l  screen. 
6. Place gravel pick and (rout seala. 
1. OevelQ re11 by puptng and bit1lng.- 
8. Conduct pmrptng Uat to rirtfy CIp ic t ty  before p e n i n e n t  pump is 

I n s t i l l i d .  
9. I n s t i l l  p u p  and constract enclosure. 

Concevual des1 n c r t t a r l i  for r r l l a  in ahan  In  n b l r  IS4 and a CIOII. 

.*I fo110~1n9 sequence: 

a u t l o n  f o r  i n p l c i l  rrl l  l a  ahan In  T lgun  1k6. 
T U L E  lI4. CONCLfTVAL DESIGNS FOR WATER YELLS 

Cas1119 flm motor 
Y I l l  cav,<1ty, 01U.tir. Yel l  Oepth. Ill*, I"C10'"II. 

gllldly 9.l/.% I" ft  hp 1q f t  

lU,W 100 8 2.50 10 (0 

411,002 100 IO 2.W 25 60 
710,Om %a 12. 110 (0 M 

I,00I,OOC 700 I6 2.50 IO 103 

I W  10 

100 SO 

100 75 

SW 100 

Yous:  HU1.V. v m l n g  deptk SO-10) ft lesa thq well depth. 
Cnclosvn h i s  I 10 ft  hetght. 1 

~~~ 

Constractton C o a u  

CPnstNctton C O a U  n r e  developed for WIUr nll constmct lon by ( h e  
h l d r i u l l c  rotary muod. i a  w t l l n e d  t n  the vrevioua sectton. ne protect l r t  
w l n g  ind  grout vis Ins ta l led  w i depth of 7.62 8 (25 ftl. c i a i n g  II bian: 

, 
A a t a  375 

me t l r s t r tc i l  coat IKlUdea 111 wrt rqulred I t  the w e l l  but dorl not 
Include provldtn9 a i n t c e  fs the l i t e .  CoaU tnclude I v t l v e  and W t I I l l l ~ ~  
fled wter on the dlachirge, but M other plplng or equlpent.  In enclosure I1 
prorlded over (ha mtor, t o U l l r l n g  meur, and V i l v e ~  

Iti.dee?. 

operatfon and m i l i t e n i n c i  R e q u l r r e n t l  and C o s U  -~ 
F l r s t r l c t t y  n ul-nu in baaed on contlnuoua c v e r l t l o n  GI the.IDtor- 

s t  i p-lng head h 4  110 ft) lesa t h i n  the nll depth. 'Io e n e r g  I t  
Included fo r  the houalng. u l t  1.1 a a a u d  thit heatlng ind r t * t l l a t l O n  I r c  
uineceasiry, i nd  tha t  l l g h t t n g  n q u l r l v n U  In Dtnlwil .  Uv ~ 1 1 s  do n o t  
o p e r w  contlnuourly and ln  t h e l a  ciaaa the euw ~ e q u l r e ~ n t s  r t l l  be 
ridused iccordlng to tha i c t u i l  l o i d  f ~ t o r .  IVttrltl W U I r e N n t a  ire ba led  
on i icaaairy l u b r t c i n u  and other routina.utnt.n(pce Items and a * n l c I n g  the 
p u p  ind  mwr once In f lva year& Libor r e  l t e u n u  a n  basad On d a l l y  
v I s l U  for tnrpectton and routlne UlnteDmce. t b W  ind Nurlll nqulrtd to  
remve and aen lce  the  p q  i nd  mtor OK# every f l v t  years ire lntluded I n  
(hi i v e r i g c  l M U I l  values. 

%wetton end o l t n u n i n c e  n q u t r a u n u  and coat1 111 1 m m r l l C 4  
Table 

IS6 ind presenttd l n  Tlgurea 148 i n 6  149. 

Ltferencea 

1. 'AWA Stmderd for  Oeep Wells ' WYA UW-66. Jinutry 11. 1966. h k r l c a n  

1. 'Manull o f  Wirer Well, Conatractlon f r ic t lcea, '  SPA-57019-75-001, U . S .  

- 
U t t e r  Work, AaaoclaDon, 2 Park b s ~ a ,  Nnr YO*, N. 1. I W l 6  

I n r l r o r n e n t i l  ?rOUctlon Ipincy, Offlee of  YtUr Supply. Washington. 0.C. 
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:i 
Treatment 9 capacity 
0 

7 1 

2 -1 

5 

9 7 

I 10 

2,000,000 

3,225,000 

5,500,000 

7,000,000 

8,o00,000 

Lime Softening WTP 

Construction 8 Unitcosts 

June 1995 Curmnt c u m  
ENR ENR Cons. Cost Unit Cost 
Index Index ($) 0- 

3,150 5,433 3,449.524 3.45 

3,150 5.433 5,562,357 2.78 

3,150 5,433 9,486,190 1.90 

3,150 5,433 12,073.333 1.72 

3,150 5,433 13,798,095 1.38 

I NOTES: (1) Values obtained using EPA cost curves. 
(2) Costs include raw water influent pumping, chemical addition, rapid mix/ 

flocculation, sedimentation. filtration, disinfection, finished water 
storage, finished water pumping. and sludge disposal. 

(3) Costs are based on June 1995. ENR Index = 5433. 
f 
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u m System Capacity (mgd) 

2 500,000 
0. 

I I I I I I  I I I ,  , , I  I I I I , I  

0.1 0.2 0.5 1 2 5 10 20 50 100 .- 

Lime Softening Plant 

L. S. (Handy Whitman) 

Packaged Conventional Plant 

P. C. (Handy Whitman) 
- __---- 

_ _ _  

Note: Source B, Figure 2-2, pp. 11-12. 
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GRAPH X3 
Hydrated Ume Chemical Feed [Fig. 23) 

Current 
Handy Current 

Whitman Cost (I) 

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

Const. 
cost 

($1 

7 Treatment 
Capacity i: ; .  . . j 

j 200 mgn 

. .. (Mgd) 
. ~ .  

i 
0.3 
0.5 
0.7 
1 .o 
1.3 

lOOmg!l 

0.3 
0.5 
0.7 

2494 
2494 
2494 
2494 
2494 

5433 
5433 
5433 
5433 
5433 

52.282 158 
52.282 158 
54.461 158 
63.174 158 
76.245 158 

319 
319 
319 
319 
319 

48.456 
48.456 
50.475 
58.551 
70.665 

74.000 
24.000 
25,000 
29,000 
35.000 

7 .. 9 

15.000 
15.000 
16,000 
22,000 
24,000 

2494 
2494 
2494 
2494 
2494 

5433 
5433 
5433 
5433 
5433 

32.676 
32.676 
34.855 
47.925 
52.282 

158 
158 
158 
158 
158 

319 
319 
319 
319 
319 

30.285 
30.285 
32,304 
44.418 
48,456 

4 

1 .o 
1.3 

50 mgn 

2494 , 5433 
2494 5433 
2494 5433 
2494 5433 
2494 5433 

0.3 
0.5 
0.7 
1 .o 
1.3 

15.000 
15.000 
15,000 
1 5 . m  
15.000 

32,676 
32,676 
32.676 
32.676 
32.676 

158 
158 
158 
158 
158 

319 
319 
319 
319 
319 

30.285 
30.285 
30.285 
30.285 
30.285 

GRAPH X4 
Lime Sottening (L Packaged Conventional (Fig. 2-3 

June 1995 
ENR ENR Current , Handy 
Index Index Cost ($1 Whitman 

- - - Ume Softening - - - 
3150 5433 0 205 
3150 5433 0 205 
3150 5433 3.449.524 205 
3150 5433 9.486.190 205 
3150 5433 13,798,095 205 

_-- Packaged Conventional Plant --- 
3150 5433 517.423 
3150 5433 1.379.810 
3150 5433 1.897.238 
3150 5433 0 
3150 5433 0 

f 
B 

Current 
Handy Current 

WhHman Cost (S) 

Treatment 
Capacky 

(M5d) 

Consl. 
cost 
(5) 

0.1 
0.5 
1 .o 
5.0 

10.0 

0 
0 

2.000.000 
5.500.000 
8,000,000 

319 0 
319 0 
319 3,112,195 
319 8.558.537 
319 12.448.780 

300.000 
800,000 

1.100.000 
0 
0 

205 
205 
205 
205 
205 

319 466,829 
319 1.244.878 

0.1 
0.5 
1 .o 
5.0 

10.0 

-. 

T 

319 1;711.707 
319 0 
319 0 
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discharge to a municipal Sewer or hauledioa landfill 
for disposal. ClarificJ water then flows to the filter 
unit. 
The filters comisl of one or more steel or concrete 
vessels containing granular materials such asgraded 
sands. anthracite. and garnet. Solids are strained 
from the water as it passes through the filters. When 
the pressure drop through the filters becomes great 
enough due r0. rccumulated solids, a backwash 
stream of f i l t d  water passes through the units in 
reverse flow todean the rolidsfromthefilterbed. The 
spent backwash stream is sent to a sewer. 
Backwashing is intermittent- the backwash cycle 
depends on the character and mncentration of solids 
in the water. as well as on filter design paramelers 
such as application rate and filter medium panicle 

Filtered water is disinfected with chlorina and Sored. 
Frpm storage it is pumped to the water supply 
distribution rynem. 

Direct Filtration 12.4.5) 
A direct filtration plant is essentially the same as the 
conventional filtration plant shown in Figure 2-1 
except the sedimentation step is deleted. 

Direct filtration is applicable to any drinking water 
supply where suspended solids levels are sufficiently 
low to result in a reasonable backwash Ncle on the 

.size. 

filter units. Unliicunventionalfiltrationpiants,there 
is an upper limit to the influent susp-ded solids 
concentration that can be tolerated. This upper limit 
must be determined by testing. Above such a level. 
conventional treatment p r m u r e s  or sedimentation 
prior to filtration are required. 

) 3 

i 

Lime Softening (2.4.5) 
The major features of a lime softening plant are also 
essentialb the same as those for a conventional 
filtration planf. -1 that lime is substituted for 
other chemicals and a recarbonation step is added 
after sedimentation.A lime softening plant is Iypicallv 
used totrealrawwaterwith a highermncenmtionof 
dissolved minerals. such as calcium and magnesium. 
than can be treat.ed in a conventional a direct 
filtration plant In the context of the Safe Orinking 
Water Act, alimesofteningplant canalsobeexpected 
to achieve a greater removal of toxic mineral 
substances.. F a  example, a lime softening plant 
operating in a pH range of 8.5 to I 1  can reduce 
cadmium mwntrat ions from 0.5 mg/ltoO.Ol mg/l. 
To achieve the same cadmium concentration in !ha 
treated effluent. a conventional filtration plant us%% 
alum or iron salts can only accommod?!s a cadmium 
concentration up to 0.1 mg/l of cadmium in the raw 
water (2). The choice 01 overall treatment process 
thereforedepends on individual raw watercharacler- 
istics. 

Lime can be added directly to the influent raw water 
as a solid. of as a pre-mixed watei slurry. If a slurry is 
used, the solid lime is USually purchased and the 
slurry prepared on-site. Details of lime feed systems 
are described elsewhere (6.7). 
Recarbonation is the addition of gaseous carbon 
dioxide iCOd to the lime-treated water to neutralize 
excess alkalinity resulting from l ime addition. 
Gaseous COz may be Obtained from liquid CO. stored 
onsite. submerged burners. or stack gas compressed 
through a sparger system. The choice of carbonation 
method depends on site spscific considerations. 

2.1.2 Design Basis and Costs (2.4.5) 
The design basis in this report for conventional 
filtration nlant costs includes the fo l lw ing  major 
woeess modules and design parameters 

0 Raw Water pumping. 
0 Chemical addition. 
0 Rapid mix/Flocculation. 
0 Sedimentation. 

Filtration. 
Disinfection. 

0 Finished water storage. 
0 Finished water pumping. 

Sludge disposal. 

Asstated intheprocessdescriptions,thereisnosedi- 
mentation step in direct filtration. The filtration 
directly follows the rapid mix atcd fiocculation step. 
The chemical feed system consists of chemical 
storage and metering pump facilities. The rapid mix 
tank and flocculation vessel is one vessel partitioned 
intoseparateseclions. Filtration unitsaregravily flow 
steel or concrete vessels. The clear well is a mncrete 
storage basin. System design parameters depand on 
raw water. quality and the finished water quality 
required. 

The majci process m d u k s  for the l i e  softening 
plant are very similar to those for conventional 
filtration. except for modifications to the chemical 
feed w e m  and addition of recarbonation equipment. 
Recarbnation basins are reinforced concrete. and 
submerged natural gas burners are used for the Cot 
source in the system considered here based on the 
configuration and costs in Reference 2. 
The plant cases represented here include chlorine 
disinfection. the usual procedure in wnventional 
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 areshown 
in Figure 2-3. Figure 2-4 shows corresponding unit 
annualized costs. 

I 1  



! .. 

: 1 

. .  
4 

f 

I -  
I 

.: ) 
2' 

Figure 2.2. 'Fillratlon plants lor drinking Water treatment 
.Total SaPltaI InVcIlmCnt (March. 1980 dollars). 

Conventional Fittralim Rant 
Direct Fillration Fiant 
Lime Soltening N n l  
- ~ k a ~ e , d  CamnusMI Plant .............. 

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

0.5 5 50 xx) 

POPULATION SERVED, thousands 
I I I 

Figure 2-3. Flllntlon plants lor drlnklng water trealnnnt 
. Not annu.1 opantlng expmr~r (March. 1980 
dollars). 

Conventional Filtration Plant - 
Dlrecl Fillration Plant ----- 
Lime Softening Plant 
PackaQed Conventional Plant ...... ........ - - -. - -. 

.01 
0.1 1.0 10 100 

SYSTEM CAPACITY, mgd 

0.5 5 M 500 
1 I I 

POPULATION SERVED, IhOUfDndS 

12 
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0.5 5 _ _  M 500 

POPULATION SERVED, thousands 

Also provided in the figures are costs for packaged 
Conventional filtration plants which can be used for 
small uealmentsys!ems(5).These plants would have 
the same unit processes as their larger field- 
constructed counterpans but. would be primarily 
shop fabricated and brought to the field for final 
installation. 

2.7.3 Major Variables A ffeciing Costs 
For any of the filtration plams discussed here, the 
large number of process Sleps and associated 
variables result in many possible combinations of 
equipment sizes and specifications. These factors 
largely depend on site specific requirements with raw 
water quality the primary variable. A complete 
analysis of the cost impacts of changes in design is 
bewnd the smpe 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 01 the plant. Therefore. changes in design 
requirements for the filters tiave a very large impact 
on total plant capital costs. For lime softening plants 
lime dosage is an important variable. Also. as can be 
seen from the figures. costs for shop fabricated 
packaged plants are less than for field constructed 
plants of similar size. Operating expenses. specificaily 
electricity costs for pumping. are affected by 
frequency of backwashing inihe filtration unit which 
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Reverse Osmosis W P  

Construction & Unit Costs 

-1 Grcph #l Graph #8 Graph #I 1 Graph #4 Overall Overall 

(Mgd) ($) ($1 ($1 (S) ($1 ($/Gal) 

Treatment Const Const. Const Const const Unit 
Capacity cost cost cost cost cost cost 

0.003 

0.005 

0.01 

0.03 

0.05 

0.07 

0.10 

0.20 

0.50 

1 .00 

2.00 

5.00 

10.00 

51,333 

58,667 

73.333 

105.1 1 1 

140,963 

174.1 67 

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 

1,382,105 .1,339.448 

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 

1,436.81 4 

2,303,509 

4,961,404 

9,568,421 

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 

i NOTES: (1) Vaiues obtained using EPA Cost curves. 
(2) Costs include housing, structural steel, tanks, piping, valves, pumps, revese 

osmosis membrane elements and pressure vessels. flow meters, cartridge 
filters, acid and polyphosphate equipment, and cleaning equipment. 

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

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

10,000,000 . 

v) 
0 2,000.000 - 
0 - 

..................................................................... ~.. .  

200,000 1 ' * ' I I , , , , I  

0.05 0.1 0.2 0.5 1 2 

Treatment Capacity (rngd) 

I ENR Index Handy-Whitman I - _ _ _ _ _ _  

Note: Source A, Figure 19, page VI-1 1 
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Treatment 
Capacity 
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0.07 
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0.5 
1 .o 
1.5 

Treatment 
Capacity 

(Mgd) 

0.07 
0.1 
0.3 
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GRAPH #I 
Reverse Osmosis (Fig. 19) 

Const. June 1995 Current 
cost ENR ENR Current Handy Handy Current 
($) Index Index Cost ($) Whitman Whitman Cost (5) 

125,000 
140,000 
280,000 

2494 5433 272,304 158 319 252,373 
2494 5433 304,980 158 319 282,658 
2494 5433 609,960 158 31 9 5653 I6  

525,000 2494 5433 1,143,675 158 31 9 1,059,968 
1,500,000 2494 5433 3,267,642 158 319 3,028.481 
3,250,000 2494 5433 7,079,892 158 319 6,581,709 

Const. 
cost 
0 

7,000 
8,000 

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

GRAPH #2 
Reverse Osmosis Enclosure (Fig. 20) 

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

2494 5433 15,249 158 
2494 5433 17,427 158 
2494 5433 41,390 158 
2494 5433 63,1 74 158 
2494 5433 87.1 37 158 
2494 5433 126,349 158 

Current 
Handy 

Whitman 

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

Cuirent 
cost ($) 

14,133 
16,152 
38.361 
58,551 
80,759 

117,101 
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A. CAPITAL COSTS 

Cost ,mrves were developed for treatment processcr judged applicable to 
small water treatment systems. These curves relate capital costs to quantities of 
water treated and to population served. EstimatG of complete water treatment 
plants or additions to existing plants may 'be developed on the basis of thew 
relationships. 

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

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 engineehg cost estimates were developed 
for each unit process at various low rates. Estimates of construction costs arc: 
reprcsentative of average price levels as of January, 1977. The Epineering News 
Record Buildmg Cost Index of that date had a valw of 1489. 

Included in the capital costs 'are neccSSary construction costs, a 
contingency amount and enginncering,legal and administration fees. A m t  for 
fencing is provided for mechanical aeration, diffusqd aeration, rapid mix. 
flocculation, sedimentation, ozone contact chamber and waste disposal' 
(lagoons). For each of the other treatment methods an enclosure is 
recommended and separate cost curves are provided. 

Capital ca t s  for unit pnxero, package plants and enclosures are 
developed as follows: 

( I )  Construction cost - included a n  necessary costs for equipment, 
materials. installation, freight and start-up. 

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

Electrical -estimated as 20 per a n t  of the construction cost 

(2) 

(3: 
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m. Electrcdiilysis. The electrodialysis capital cost curve was developed 
for a complete multiple-stage electrodialysis system. Costs were obtained for 
standard units as rated by the manufacturer for opention with a raw water 
TDS conantration of IS00 to 4000mgJl. For t h e  electrodialysis units, 
predicted per cent water recovery ranges from 65 to 85 and predicted per cent 
TDS removal ranges from 82 to 96. Local water quality may change the rated 
capacity of these units. 

Electrodialysis &pita1 costs include costs for the following equipment and 
materials: skid-mounted nvtrsc polarity clectrodidysk unit with membrane 
stacks, rectifiers, low pressure f e d  pump, brine recirculation pump, chemical 
clearing equipment, cartridge filten. necessary vrhzs. piping and automatic 
controls. Refer to Figurr 17 for the electrodial*s capital cost curve. The 
enclosure capital cost curve for electrodialysis is shown on Figure 18. 

n. Revers Osmosis. The reverse osmosis capital cost curve was 
developed for a complete reversc osmosis treatment system. Costs obtained 
were for standard units as rated by the manufactum for operation rvith a feed 
of 1500 mdl NaCI at 400 psi, 25°C (77'F). and 75 per cent conversion. Local 
water quality may change the rated capacity of these units. 

Capital costs for reverse osmosis include costs for.the followingequipment 
and materials: skid-mounted, mcmbrancdype reverse osmosis unit with hollow 
tine fiber membranes, high pressure pumps, cartridge filters, acid and 
polyphosphate feeding quipmenf ne- valvu, piping and automatic 
controls. Refer to Figure 19 for the renrsc osmosis capital cost curve. 
Resented on Figure 20 is a capital cost curve for an enclosure for this unit 
proass. 

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

(1)  powdered activated carbon. 

(2) coagulants. 

( 3 )  hydrated lime 

VI-l I 
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Graph #$ 
Reverse Osmosis 

5,000,000 

2,000,000 

- * 
rn 
- 
.. + g 1,000,000 

500,000 
C 
0 .- 
Y 

I + 
v) 
C 
0 
0 

200,000 

100,000 

50.000 

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

........................ .................................... ...._. 

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

............................................................................................................. F 
20.000 I I , , , , I  I 1 I I , , I  I I , I , ,  

0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1 
Plant Capacity (mgdJ 

ENR Index Handy Whitman - ------ 

Note: Source C, Figure 37, pp. 11 1-1 21. 
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GRAPH #7 
Package Lime .Softening Plants (Fig. 

ENR 
Index 

4110 
4110 
4110 
4110 
4110 
4110 
4110 

June 1995 
ENR 
Index 

5433 
5433 
5433 
5433 
5433 
5433 
5433 

Current 
cost ($) 

11 3,683 
125,580 
132,190 
152.01 8 
185.066 
251,161 
383,350 

GRAPH #8 
Reverse Osmosis (Fig. 37) 

ENR 
Index 
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June 1995 
ENR 
Index 

5433 
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Current 
cost ($1 

55,520 
63,451 
79.314 
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859,234 
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261 
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Current 
Handy 
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31 9 
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31 9 
31 9 
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31 9 
31 9 

Current 
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Whitman 

31 9 
31 9 
31 9 
31 9 
31 9 
31 9 
31 9 
31 9 
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&St$J- 
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< 16,111 
122,222 
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171,111 
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Current 
cost ($1 

51,333 
58,687 
73,333 
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158,889 
220,000 
366,667 
794,444 

1,588,889 
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'Ip 

Flgurr 35. OperatIan and malntrnancs requlrrrnentr lor 
covered and uncovered rlow r i n d  I I I t e r s  - 
l abor  and to ta l  O&M cost. 

Y Y  

-! 
iy .-.. .-.. .. ..T 0LU.i , 

;it Data 1 1  1 
'4 I 

RLVERSL. oo(osIs 
Intra4uction 

I In the followin discussion. l a  presswe refers to  systms o p t r l l l d  41 
14.06 k la' (200 p s f l  md high pressure t o  sytms operated a t  28.12 kqlcd 
1400 PSI ) .  
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Impact of. Raw water Qur l l ty  on T i e i t r r n t  C o a t  

P n t i t i a n t  C o s t - -  
P n t n r c w n t  che!lciIs cuaton.ri ly U t i l i zed  ire s o d i u  heXULtiphOsphite 

and ru l f u r l c  l c l d .  rtth p u n t t t l e s  required balng hIghly v i r i i b l e .  depending 
upen r i w  r i t e r  pual l ty.  Inothrr laportant p w m t i r  I s  s l l l c a .  which NY 
n r s e i s I u t e  u r a c r ~ ~ u e n t  for Iu removal. C a t s  for p ietreament chemicals 
lnd for S I l l c I  V n t r r l P I n C  a n  not Includid I n  the f o l l a l n g  cost data. 

Tau1 otssolved salIds-- 
Red 'waur  concentratlona above 5.W WA can l e l d  to excessIvdy hlgh 

brine concsntratlonl bZ0,WO qAl. which rlll qener i l ly  resu l t  I n  I decrease 
I n  product riUr w ~ l l t y .  To Qr t ren t  t h i s  br ine concentrition buildup. It i s  
n u e a s a q .  to l a r  the  peminUg* o f  Qroduct w i t i r  ncorwy.. Lwer pmduct 
m i t a r  n e b v a n  doer not requln  I a d o r  chinge I n  the  reverse o w s l s  unlt .  
but dD*s n u e s a l u t ~  u m v l n ~  l i q e r  w a n t i t i e s  o f  feed w a t e r  to t h e  reverse 
o!aoaIs volt. A r e v I i I o n  I n  ~ I p l n 9  b a * w  thr pressure w s a e l i  NY a l s o  be 
raqulnd to change rrrrelr to v I r a 1 1 d  Ovrntton ra ther  than aper i t ing m e  
I n  sariea. m<s I w i i i e i  CIPIUI cost on1 to  MI need for 
larger rn4 wur p q i .  but can e n i u  i l;rqa increesa I n  e ~ a c t r i e ~ i  con. 
rlnptlon in6 pr* t?e ident  e h r i c i l s .  d l e  to thi larger qu int t  o f  w i t w  
v w e d  through the n w n e  omosis units. A s in  l e  p i a s  un i t  lryl nomally 
have I n l l C t I 0 n  Of O V t f  8SX Of f l8d r i t e ) .  mS. I! I hl9h.r s a l t  re lact lon I s  
r q u l n d .  1 hlgh nJectlon -brine can ba uaid. or the  l Y 8 C U  c u  be operated 
I t  1a.r r.tw IrsCO*I~. 

s l /gh t~y .  

IndivldULI ConumInmts-- 
L l t t h  wrt hia been conducud to d l t e n l n e  the  lapact of v i q i n q  f e i d  

concantritlons of lnd lv idu l l  c o n r u i n i n t a  upon thelr percinuqa r m v t l  pr the 
coat  of m v a l .  A recent vubl lcat lon by haate+ on rorl i t  hir lot t .  Harbor, 
r l o r i d i .  lndlc i td  t h a t  arr*nIe 1111), i rsenlc  I Y I ,  fluorIda. ind nitrite, 
percenuqa n l r s t i o n s  wn ill indevendent of the  feed concentrrtlona. Theaa c o n r u i n m u  .*re aich addid by spiking i natural grounbatar of knan coneen- 
t r i t ion.  Hlgh pressure m b r i n e s  r m v e d  signi f icant ly hlgher pamenugrr of 
U e a e  four CDDpOnlnu than d id  la pressure -brines. 

, AI Data 113 
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..._ __I_ _. 
29.4.C (65. ind WF), ud t h e  QH of the h a h a t e r  was isaumed to b i  i d l u s t c ~  
uslng i c l d  i n lec t i on  to ibout 5.5 t o  4.0 before th8 nvarae  OLDOais  process: 
The acid lnjKtion rill prolong t h e  l l f e  of a cel lu lose i c a t a t a  w b r i n e .  buL 
the p r l m i q  functlon Is t4 prevent c i l c t u  c i rbonrte scale r o w t i o n  I b  the aystn. A dqaslfier f o l l n l n q  rwerae osmosis rlll rmw dlsaolved gale' 

r&ce neu t ra l l r i t l on  r q u l m e n U .  
such I s  cirbon 6IOXIde u d  twdrogeq SUlflde -,:,#I* PlOdWt w a t e r .  m d  W I " ,  

A t  mr concintretiona up to 5.wo .PA. the asaumtd r a t e r  recorerlrr for 
d I f fe rmt  ( l o r  ringel in i s  follows: 

2.m - 10 Om 9pd 
10,Om - 56.000 gpd 
so - 1OO.Om 99d 
ld.Oa0 gpd - 1.0 Wd 

40 
so . 65 
! 75 

ms Concu t r i t i on  

75 
70 
65 
60 
Y 
so 

It my be esaund that  the e l  IUI cost of reyerse o w s l s  treimrn: 
r a r l n s  e s s m t l i l l y  Unchuged l a  the Insnears  up to 10,000 *A. 1 l t h o ~ ~ -  
th. nur rec0v.n i s  .dureIS.d. This 60.1 I K I ~ a . 1  th. r.me4tr l lnd  rhrrc- 

turirs I S  either k t e  st%l;Hmt.d uni ts  or cuatw I stma. for s t i e s  
ringing frm 9.47 v d  I2.W gpd) up to beween 378.5-9d.l did IlW.000- 
2S0,OW gpdl, &ld-mountrd systems am genarrl ly Usid.  #bow 946.1 d l c  
(ZM.OW gQd). e i t h e r  s k i d a u n t e d  o r  CUStw S 8t-s a r e  Used. h idrantage o! 
ualng m l t l p l a  a t i nd i rd  syatms above 946.3 J;6 ~PM.OW g v d l .  I s  the ? e l l a -  
b l l I t y  provided by h iv ing sever11 systms i n  ciae one Untt  needs t o  be %hu: 
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Graph #I  I 
Reverse Osmosis 

20,000,000 I 

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

1,000,000 1 I I I I 

1 2 3 5 7 10 
Plant Capacity (mgd) 

ENR Index Handy Whitman - _ _ _ _ _ _  

Note: Source D, Figure 1 13, pp. 246-250. 
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GRAPH #11 
Reverse Osmosis (Fig. 113) 

I 

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

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

1 780.000 2851 5433 1,486,405 171 303 1,382,105 
2 1,300,000 2851 5433 2,477,341 171 303 2,303,509 
5 2,800,000 2851 5433 5,335,812 171 303 4,961,404 

10 5,400,000 2851 5433 10,290,495 171 303 9,568,421 

Treatment 
Capacity 

30 Feet TDH 

0 

1 
2 
5 

10 
20 
50 

100 

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

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

20,000 
25,000 
37,000 
55.000 
86,000 

180,000 
325,000 

100 Feet TDH 

1 26,000 
2 31,000 
5 49,000 

10 74,000 
20 125,000 
50 250,000 

100 490,000 

2851 
2851 
2851 
2851 
2851 
2851 
2851 

2851 
2851 
2851 
2851 
2851 
2851 
2851 

5433 38,113 171 
5433 . 47,841 171 
5433 70,509 171 
5433 104.811 171 
5433 103,886 171 
5433 343,016 171 
5433 619,335 171 

5433 49,547 
5433 59,075 
5433 93,377 
5433 141,018 
5433 238,206 
5433 476,412 
5433 933,767 

171 
171 
171 
171 
171 
171 
171 

303 
303 
303 
303 
303 
303 
303 

35,439 
44,298 
85,581 
97,456 

152,3@6 
318,947 
575,877 

303 , 46,070 
303 54,930 
303 86,825 
303 131,123 
303 221,491 
303 442,982 
303 868,246 



SECIION 4 I 

The c o n s t r u c t l o n . ~ ~ ~  curves were d o d o p e d  uaing equjment cost data  
. - .  %upplied by unufacrurers .  cost d a u  f r a  actual 'planc construction. un i t  

takeoffs  f r o l  actual id Cahceptlul dui@n.. au l~publ i&ed data. .When uni t  
cost takeoffs were used to  deter+ine costs from ac tua l  and conceptual designs, 
u c i v t b g  techniques from Ric&rdson @@nearing Services Process Plant  
.Corutructlm L s t ~ t i n g  S W r d s ~ '  Wan's Building Coascruction Cost Dita;fo 
and the Dodge Guide f o r  I . t iP.ring Public Wcrk.s Coastruction Costs'' were of ten  
u t i l i zed .  
takeoffs  frcm an actual d u i p  for a reinforced concrete w a l l  ( r i a i l a r  t o  a 
wall fo r  a c l a r i f i e r  or a f i l t e r  structure) is presented i n  Appendix C. 
The cost curves that were doeloped were then checked and ver i f ied  by a 
second engineering coluul t iqg firm, Zllrheide-Herrunn. Inc.. using an 
approach a l d l a r  t o  that a general cmtra.ctor w u l d  u t i l i z e  in determining 
h i s  constru+on bid. 
designs .ad osswri- that uere incorporated in tn  the CUNes. 
of the curves may be necessary t o  ref lect ' r i te-specif ic  conditions. gcograpnic 
or l oca l  conditions. or the need f o r  standby p"r. The CUNes should be 
par t icp lar ly  usefu l  fo r  e s t k t i n g  the . re la t ive  e c o n d c s  of a l ce rna t iv t  
treatment syst- and i n  the prelbiuar).  m l u a t i o n  of general cost l eve l  
t o  be expected f o r  a proposed project.  :+The ?NU contained i n  t h i s  report  

:are based a October 1978 costs. '5 

An example i l l u sc ra t ing  how costs were.determined using un i t  cost  ' 

h t r ~  a t t ~ t  has been =de LO present the  conceptual 
Adjustment 

. - 

The construction cost wa8 developed by 'Jetctcrmining and then aggregating 
the  cost *f the  f a l l w i n g  eight principal  components: 
site work; (2) mnufactured equipment; (3) concrete; (4) steel, (5 )  labor;  
( 6 )  pipe and valves;  (7) e lec t r i ca l  equ:pnnt and instrumentation; and 
(8) housing. These eight  categories were ut i l ized  primarily t o  f a c i l i t a t e  
accurate cost updating. d c h  is discusred in a mbaegurnt sec t ion  of t h i s  
chaprer. The div is ion  w i l l  also be helpful where costs are  being adjusted 
fo r  s i te -spec i f ic ,  geographic and other special coaditionm. 
categories include rhe follovlng general it-: 

(1) Excavation and 

The eight  

- Excavation and Site Work. 
t o  the appl icable  p r x e s s  and doer not include any general s i t e  work 
auch a* sidewalks. road.. driveways. or landscaping. 

Hanuf.cturcd Epu>F.mL. 
of p m p s .  drlvea,  process equipment, specif ic  purpose controls .  and 
other ite- t h a t  are factory made and sold v l t h  equipment. 

This eatego" includes w r k  r e i a t cd  only 

Thi. category includes estimated purchase coat _--- 

3 L  



7 

J. 

Concrete. h l s  category I n c l u d e s  the delivered cost  of ready mix 
concrete and concrete-fominp, materials. 

Steel. 
,+ce~laneow s t e e l  not Included under unufac tured  equipment. 

labor. 
and piping and valve?. constructing concrete forms, and placing 
concrete and reinforcing s t e e l  are included here. 

This category includes reinforced s t e e l  for  concrete and - 
me labor aasociatcd with 1nsCslling manufactured e q u i p e n t .  - 

. .  
' _ _ _  Pipe and Valves: Cast i ron pipe. s t e e l  pipe. valves, and f i t t i n g s  

hare been combined in to  a aingle catzgory. 
pipe, valves. f i t t i ngs .  and associated support devices a r e  included 
v i th lp  th i s  category. 

Elec t r ica l  Equipment and' ~ n s t r u n n t a t i o n .  
eqbipmat. virlng. and general instrumentation associated vich the 
procesb equiplmr is%cluded i n  t h i s  category. 

- Bema. ma c a t c g o v  represents a l l  u t e r i . 1  and labor costs associated with 
tbe building. including hearing. v m t i l a t i n g .  a i r  conditioning. l i gh t ing ,  
d . c o n v e n i e n c e  wtlcts. and the s lab  and foundation. 

The purchase pr ice  of 

me cost of procesi' e l e c t r i c a l  

. .  

In  l i e u  of segregating building Costs into several components, 

. 

me subtotal  of the costs  of these eight categories includes the cos t  
of material and equipment purchase and ins ta l la t ion .  and subcontractor 's  
werhead and prof i t .  
added to aver olcellsn.eour it- not inciuded i n  the cost takeoff as w e l l  
as cancl*?.mcy it-. 
i n d l c a t d  tha t  t h i s  IS-percent allolnncc 1s reasonable. 
application of this 15-percent all-nce may r e su l t  i n  some pinor inequi ty  
bctvcen processes. these a re  generr11Y balanced out during the cmbina t ion  
of costs f o r  individual vrocesses in to  a treatment system. 

To rh ia  subtotal .  a 15-percent r l l o n n c e  has been 

Experience a t  many water treatment f a c i l i t i e s  has 
Although blanket 

. 
. 

The constr ic t ion cost  fo r  each uni t  nrocess is presented as a function 
Par exawle,  con- of the  w a r  applicable desinn Darameter for  the process. 

s t ruc t ion  coats  for package gravi ty  f i l t e r  p lan ts  a r e  plot ted versus capaci ty  
in gallons per minute, v h e r u s  ozone generation system cos ts  a r e  presented 
veraus pounds per day of feed capacity. Use of such key design parameters 
allows the cumes LO be u t i l i zed  with greater f l e x i b i l i t y  than i f  a l l  costs 
were plotted versus flow. 

The c o ~ a t ~ c t i o n  cos ts  sham in the curves are not t h e  f i n a l  cap i t a l  
cos t  for  the uni t  process. The construction cost C U N ~ S  do not include costs 
fo r  special sire work, general ccntractor overhead and p ro f i t .  engineering. 
or lard. legal ,  f i sca l .  and administrative work and in t e re s t  during construc- 
Cion. 
a p r o j c t  rather thin the  cost  of the  ind iv idud  uni t  processes. 

un i t  proctsscr.  i f  a r c  than one uni t  process is required. The e w w l c s  
presented i n  a subsequent section of t h i s  volume i l l u i t r s c e  the recamended 
pethad fo r  the  addition of these costs to the  consrruction cos t .  

I'besc cost it- are a l l  lore di rec t ly  re la ted t o  the  t o t a l  cost of 
They a r e  

' therefore  most appropriately added folloving cost  s u m t i o n  of the  individual  

35 
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Conscrucrion r lsr  - 
Rzverse o s ~ s l r  urlllzrs menbrancs i o  ruI0w i t  liirli ?vr-'wilwv . s i  .I lm.;i  

a l l  Inorganic lons. rurhldl iy .  bacreria.  and virurr.5. %xx urmc ic  m ~ i v r  
Is a l s n  r e w e d ,  Vlrh rhe exceprlon of several QatcrIlls. includinx m w i  
halogenired 2nd lev molecular v t i R h C  CoWOdS- 

Conrcrclal unlrs are w a l l a b l e  in  slrcs up t o  n h l l  5.000 &id fur r1.e 
memhranc clcmenrs and up to  30.W gpd f o r  che rwrrse oswzlr modules 
(prsssurc  vessels).  Therefore. larse-scale plants w m l d  bc mmpcsn l  O I  cm? 
small, p a r d l e l  d u l e s .  Colpcruncs rakm lnrn acc.)unr In the  umtxrrucil,.n 
coat escl.urea include housinp. rrruerural S C W L  and mtaccllanwur r c a . u n r t .  
t ank ' .  plplng. valves. pmps. reverse vamris mmbrane e l r r n r r  and pressure  
vessels .  f:w neccrs. c a r t r i d g e  fllrerr. acid and pol>phospbt r  fecd uqulpmenr. 
and cleanlng equipme.it. 
sptral-vamd or h o i l w  fi;H-flber reverse o n n s i s  sphrancs .  

The cost curves are based On the  use of c l r h r r  

me ef f lc lencg  of the  m b r a n c  e lcmncr  in reverse o u o r i ?  xy:x 
he impaired by scal ing tecrusc  of slig5C:y rolublc or insnluhlc mmpcunds. 
or by fouling as a r e s u l t  of the deposirlon of colloids: or svspcndrd 
tnarcrials. 
a reversc  nswsis system is rhe prwis lon  of adequate p r e r r e a r r n t  CY prs-cecc 
rhe membrane from excessive scal ing and Iouling and KO avoid Ircqucnt cln-a~inS 
r e q n i r e r n c r .  
'vas rssumeJ K O  precede the reverse o m s l s  process. and cosrs lor pr..rrotnent 
are nor i w l v a r d  i n  rh;: sscimres. 

may 

3*cause of chis.  a very  i n p r t a n r  conridt %t ion  ia che deslGn or 

?n the developmcnr of the cost c u ~ e s ,  'aJeu7rr p r k r e a e m n t  
1 

The coi:srrilcrion cns: ciirv.. app?ics ra C . ( L ~ . T S  w i t h  n t 0 t : t I  d i * + , l v . . d  
so l id s  (TDS) concentration ransing up t o  ahout I0.m Prll .  llt!wr camsids:r:~. 
tionr. such .as ce.lc.un s u l f a t e  and s i l i c a  concontrarims and also tlir des i r ,4  
water recoverv. affccr  cosrs  mare rhnn the influcnr TDS cvnernrriltion. 
The remperature A the feeduarcr is assumed t o  be betrezn 6s'' ant! 31':. and 
rhr  pH CI the feedwater Is a d j u s t d  10 abcur 5 . S  LO 6.0 befnrr rhc rcvcrsc  
osmosis process. A rinple-pass t r c a r m r  system ( 0 r . l ~  ane pass tlirougll rile 
membrane) is assumed, r i c h  an operating pressure of 400 to :SI1 p s i .  
assmed 'dater recoverler for dirferenr I l w  rangcs a r e  as f0:lw.s: 

The 

Flaw Ranqe ( iyd ) :  Water Recovcrv ( 2 )  
- .  . 

' I  - I O . .  . . . . . . . . . .Bo 
IO - 200 . . . . . . . . . . . .BS 

Brine disposal COSCS are not intlrded in the estimates. 

consrructlon coirs  are presented ir. Table 92 and ;~ lso  I n  F i w r e  113. 

146 
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corr carusnrv - 
H.nufasru?ad Equipmenr 
Labor 
Elecrricrl and InsrrunenraCiotI 
Housirz ' 

Hiscel lanrous and Conrinpency 
SUUTOTAI. 

iOTAL 

1.0 

$ 4 7 4 , 2 1 0  

70.420 
bb.740 
61,265 

L01.190 
775.820 

--- 

671,630 

Plant CaPaCiCY (&) 
200 ' 

S 3,656,480 $29,174,260 $56,138,930 
346.850 2,312,319 2,837.870 

486.270 3,635,690 6.917.480 
462.650 2.609.660 4.l'rb.WO 

L ,154.2SO 37 .S31,950 70,~01.030 

)13.1iO. -5,629,790 10.560.150 
5.467,390 ' 43,161.740 80,961.170 

- & - LOO - 
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GRAPH # I 5  
Reverse Osmosis 
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Note: Source E, Figure 35, pp. 88, 92-95. 
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GRAPH #I5 
Reverse Osmosis (Fig. 35) 

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

2851 
2851 
2851 
2851 
2851 
2851 
2851 
2851 
2851 

5433 
5433 
5433 
5433 
5433 
5433 
5433 
5433 
5433 

26,679 
32,396 
38,113 
47,641 
150,546 
266,791 
428,771 
857,541 

1,448,292 
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181 
181 
181 
181 
181 
181 
181 
181 

GRAPH #I6 
Package High-Service Pump Stations (Fig. 53) 

ENR ENR Current Handy 
Index Index Cost ($) Whitman 

June 1995 

2851 5433 23,821 
2851 5433 ' 24,773 
2851 5433 26,679 
2851 5433 27,632 
2851 5433 30,490 
2851 5433 34,302 
2851 5433 38,113 

155 
1 55 
155 
155 
155 
155 
155 

Current 
Handy 

Whitman 

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

Current 
Handy 

Whitman 

259 
259 
259 
259 
259 
259 
259 

Current 
CoSs&) 

24,674 
29,961 
35,249 
44,061 
139,232 
246,740 
396,547 
793,094 

1,339,448 

Current 
cost ($1 

20,887 
21,723 
23,394 
24,229 
26,735 
30,077 
33,419 



. .  
was assumed. with only occsslr3al LIwtdwn to  clean c e l l s  and -eplacc weak 
~ t r a v i o l e c  lamps. Bui ld irz  rnersy Is fo r  hut:ng. 11ghtir.g. and ventilarion 

nainterunce materials are re lated t o  the  replacement cost of the  u l t r a -  
v i o l e t  lamps. which are geqcrally replaced . i ter  operatin% continuously f o r  
a b w r  8.000 hy. 

Lk- requirements, are related to occa;ional cleaning of the quartz 
s leeves  and per icd ic  replacewnt  of rhc ultraviolet l igh ts .  

Operation and maintenance requirements a r e  s a r i z e d .  in T-ble 38 and 
also presented in Figures 33 a d  3. 
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Construction Cost 

. .  

Faverse oswsis  u t i l i z e s  membranes to  remove e high percentage of 
'almost.dr inorganic ions,  turbidity.  bacteria.  and viruses.  Hosi oiganic 
matter I s  also removed, Yith the exception of severalmaterials,' including 
most halogenated and lormolecular-ueight capnmdo.  

Construction costs vere  developed for  c m p l e t e  reverse osrosis plants  
i n  the sizc ranges from 2,500 gpd to  1 m$. C - r c i d  nuits -re avai l sb le  
in sir- up t o  about S.OW gpd for t h e  embrane c l e r n t a  and yp to Y).300 gpd 
for the reverse osmosis mobles  (pressure vessels). Therefore. large-scale  
plants are composed 'of many smaller. para l le l  modules. Canponrncs taken i..co 
account i n  the  construct ton cost  estimates include howing, . sc ruccura l  aceel  
and miacellsnears metalwork. tanks. pipiag, vrlwes, p~ppo.  revers? osmosis 
d r o n e  elements and pressure vessels. flow w.tera. car t r idge  f i l t e r s .  acid 
and polypbasphate feed equipment, and a lso  cleaning m.uipenc. 
curves ara besod on the use of e i ther  spiral-voud or hollow f i n c f i b c r  
reverse wmosis membranes. 

The cost 

'Ihc eff ic iency of the  membrane el-cs in reverse osmosis systems me.: 
be  i m p a i d  by scalinx@ecause of sliRhtlf  colvble or insoluble coppound.) 
of by fouling (because of the dcposi t tm of co l lo ida l  or suspended u t e r i s l s ) .  
&cause of this ~ s i b i l i r y .  a very ilporc&nt c a u l d e r = t i m  in the design 
of a reverse osmosis system i r  che'pioviriOn of adequate~pretrcatlder.t tb 
protect the membrane frcm excessi-re rcaliog .ad fouling and LO avoid fre- 
quent clcaming regui r ramta :  
prctrubrnt was assumed t o  precede the reverse osnosis process. but cost8 
f o r  pretreatment me not included i n  the ercimaces. 

In the development of the  co i r  curves. adequate 

zhc cmstructlon cos t  cutve applies t o  waters Yith  a tota l  dIs9o lved  
so l id s  (TDS) cmcentration ransing UP t o  about 10.000 mgll. .Ocher considcr- 
ations, svch u cnlc:tm su l fa re  and Silica concencrstims and also the  
desired water recovery. e f f e q  coat more rhan the inf luent  TDS concentration 
The temperature of the  feedwater Is a r s d  t o  be betwen 650 ond 95O F, and 
the pH of the feedwater is ndjustrd t o  about 5.5 t o  C.0 before the reverse 
osmosis process. 
membrane) is a s s - e d .  with an optraring Pressure of 4M: to 450 p s i .  

A single-pass t reatrent  S W t a  (only one pass through the 
The 
. .  . .  .. 

. .  88 .. . .  



F l w  Ranxr - Water Recovery iI? 
2.500 - 10,OCO gpd 63 
10.000 - 1w.Ooo gpd 70 
I O O . ~  gpd - 1.0 mgd 75 

Brini diapora l  casts are not i n c l d e d  in the estimates. 
ea.tImar.~ are presented in Table 39 and also in Pixure 35. 

Constructibn cost 

Operation and Uaintenance Cost 

. . 

Electrical energ). w.ge is included f o r  tie h i Y p r e s a u r e  feedvater  
pumps. based OD an operating ,Prealure of 45.9 PS! a d  on rhe ,ua t e r  recoveries 
Uted in che ,construction c0.C V l i C e u p .  
feed e q u i p m c .  an energ7 u 8 a e  of 10 Tercenz of the  usass for the  high- 
p:uaura pvmpa wad a9s-d . 
ratilrting was calculated, ' b w d  OD an ucimated floor area required for 
capplete housir@ of the  revera3 oarmsia equip!semt. 

Per other  pumps and cbemi&l 

Electrical en-*). f o r  l igh t ing .  heat ing.  and 

.. 
The largest maintmmce m t e r i . 1  requiramt is f o r  membrane repb:sti.ment; 

a d r a n e . I l f a  af  3 jeers wan wed in the war eathatea. 
a c e  a s t e r i n  requiremints are for replacement of car t r idge  filt!.rs, f o r  
& r e  cleanlng chemicrh.  and f x  Uteria'a aeedcd f o r  periodlc repair 
of pumps. sotors. and e l e c t r i o l  control equipsnt. Costs f o r  prefreatment 
chemicals. rucb as acid and poinhosyhate. i r e  not included in the  estimates. 
The --ah u t j l i z d  and the dorages require3 w i l l . r h w  g x a t  v a r i a b i l i t y  
bemeen d i f f e rca t  wat@r aupplies and 6hould >e.deternined f r w  p i l o t , p l a n t  
rueing.  

O t h e r  wdinteb 

I.abor t e q u i r a n c a  are fo r  Clem- a d ' r r p l a c i n g  membranes. rep lac ins  
cartridge f i l t e r s .  ma.bt.ining the  high-pruaure cd other  prmips, preparing 
C r e A t u e n t  c h e c a l s  and dctermhimx p r w r  domaged, maintaining chemical 
feed c g u i ~ t ,  and m-itorina pcrfurmnnce of the r w e r a e  osmosis membranes. 
UembrMe cleaning w m  w0-d t o  occur ~ m t h l 7 .  1n + s t h t i n g  labor  require- 

a min- of about 1.5 hrlday of lnbor w w  a n a d  for che slallest 
plant.  

0 p e r a C i . m  d umintmance requlr-nts LIC a-rired in Table 40 and 
IL ludtrrccd in Figures 36 .ud 37: . . - !- . .  i . . .  . ... . .. 

. .  PRESSUBE ION EXCBAKE S O h U i E  
. .  

C ~ t r u C t i o n  coat 

, . Cation exchangt reaim can be ucil ixed f r r  t:ke removal of hardness. 
barium, t r iva len t  c h x d u m .  lead, nun8.neae. mtrmq. and radim. Constmc- 

. cion coat8 were develope6 lor prcarure ion exchange so f t rn i rg  3ybt-9 usiry( 
' t h e  conceptual infornation prcnrnted in Table 41. The c m t - c t  veseels were 

fabr ica ted  steel. wlth a 5ded phenolic liuiw added after f n b r i c n t i a  m d  
constructed for 100 pei worklna pressure. The depth of resin van 6 f t .  

91 
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sawage pump tation \ 1 2 3 

1. 

i 

8 7 6 5 

-.j .. ; I  
.a 

,dMM.nho'e 

YH YH 

, 

YH 

10 

, ,7 

( 4  

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

1 

d Whole Installation (120 units) 

8' Gravity Sewer 

10'-12'deep => 1782If 

8' - io deep => 1782 If 
6'-8' deep => 1689 If 
0-6' deep => 750 If 

..I t 

.l 

Depth Manholes 

10-12 '  1.2.3 
8-10' 4.5.6 
6-8' 7-12 
O'-S 13.14.1 5 
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il RECORD OF TELZPHONE COMMUN1CATION 

TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments) 
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is ACTION REQUIRED 
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S N  DESCRIPTON PROJECT OUAHTITY WIT  UMTPRKE SmOuI YEW 

8. 9oMG DEN0 2 . EA 8285 00 MEYER l99. 
8 ' X 2 2  I n .  8WO 2 1 €4 8275.00 UWER 199. 

0 I. IMIEC mlvJc5I 1 m5 TN 85.000.00 MEYER 1988 
Fl7lWGS W S l I E l  2 1 LC 8l .300.00 nman 1% 

Ik X 6' 0.1. CROSS 1 2 €4 81.080.00 M M R  1988 

m- x 0- D.L u o s s  mmcs I 2 EA 8 r . i i o m  UMR 1988 
8 . ~ 6 -  W Y E W ~ ~ ~ O E G  BENO 2 58 €4 8 1 7 m  MEYER 1994 
0' X 6-WfEWrm 45 Off i .  BENO 2 19 €4 8 8 o m  U r n  1994 
5- x 4- WMLE WIE 2 56 €4 818.00 MwEn 1994 

4- PWG I 112 €4 szw YEYER 1994 
6- R U G  2 83 €4 84.70 HEYER 1994 

8' MT U I E S W E O I  2 120 LF 848.00 MEYER 1994 
10- DlPIlY-14'CUll 2 20 LF 838.00 BRUII 1994 
io- ~ ( i w - i r w n  2 20 LF 815.75 MEYER 1994 
(I' DbFM 3 en Lf 8 i 7 m  WC 1994 

10' O P N  1 40 LF 849.60 mnc 19w 

8- o w ~ ~ ~ 1 o ' n ' c u n  18 LF 8l8.00 nUMAn0 1990 

8' DIPFM W4'Clm 18 LF *mom wl~~uplciro~ ism 
11- olpwanm 18 LF 826.80 8 k D  lS90 
8- MTl6.d'nm 2Q Lf 81.5W.W X-RDS 1918 

LO' X 6- 0.1. C- 1 2 €A t1.QO.m YRll 1988 
p4- x 8- 0.1. CROSS R m m s  1 9 €4 r i .7 iom Y M R  1988 

10' D b N  160 LF 124.15 ES- 1986 

12' DlPfM 455 LF $2826 E S W D N '  1986 
8- WFM 190 LF 820.89 ESERSON 1986 

8' D W N W b ' n m  111 LF 819.70 OwI(EII 1990 

20' o ~ f ~ i a s a  1 M LF 855.90 UMR 1988 

20' M N I ~ S O I  1 1265 LF 140.20 UEYm lSM 

24' DWFMULMI  1 5645 LF 845.00 M M R  I S M  
. 24. O V F M I ~ M I  1 410 LF 864.30 MFiEn 19M 
m- oPmiasoi 1 425 LF 887.W mER 1988 

m- D W N I ~ S D I  1 3265 LF 817.00 M M R  1988 

24- W F M U I ~ S O I  1 6645 U 148.90 MEYER 1988 

v "'r 
Y - 
: 
0 

> 
P 

30- Dcwmm 1 5& LF 860.00 M M R  ISM8 

8- wcwacun 338 LF 88.50 -5 19M 
8' w c w c m  707 LF $6.80 H- 1990 
8- WC W-6' Cvn 707. LF 87.70 GOPHER 1990 
8- WClw-9CUTl 707 LF $7.00 WrmUWGTON 1990 

707 LF $11.70 8.0 1990 
2 2)(wL LF 8lO.W M M R  1994 

8- F 4 C V b ' C ~  
8- wcW.6'CM 
a- wcwccun 2 2990 ' LF $8.00 Mun 1994 

wctciwn.cm 7 10 LF Sl1.W S O U M w m  1994 

~ l C r I ~  7 30 LF 
Nuol1o'cclm 7 30 LF 811.75 ROCKET 1994 &at; 

81a.W M U S T M  1996 
6' w c 1 6 ' d ' m  I055 LF 87.90 H-0 ISSO 
8' W C I B ' d * N n  1055 LF 88.75 GOMW 1990 
11- WC19-Ccun 1055 LF $8.50 WITHERINGTON 1990 

8' WCl(I'-l 'aln 1055 LF 812.15 B A D  1990 
8.  WCl9.8. tun 241 LF 49.12 BRUII  1994 
8- wc18'-11 'm 700 LF 88.60 nnuR 1994 

(I- w c 1 c . c m  s a  LF 814.50 x*os 1988 

2 
2 

8- WC 16'-9Clm 2 W1 U s11.50 MEYER 1994 

W M I  w.9 Cull 7 635 LF 821.00 ROCK= 199. 
7 615 LF 815.00 SOUTHWEST 1994 

$111.00 MUSTANG 1994 wcmi (6-c cun 7 615 LF 

5.w.r 1 



SUE WCRmlON P P O ~  awrrnw UNIT UNITPNCE -DER 7EkR 

8' W C l r - l W W n  675 LF $9.95 GwuI 1990 
8' WCII"1WNTI 675 LF 19.00 WIWERNGTON 1,- 

8- WCIs; lU.cun 2 1400 LF $8.90 MUR 1994 
8- W C . ' . l e ~  2 ua LF 19.25 M 1% 
8- wc IlrlOCYn 2 l f 1 3  LF $14.00 SEYEn 199. 

RKIDIW.1G LUT) 7 390 LF SiU.00 1994 
S24.W "m? 199. NM~ w i w  cvn 7 a s  LF 
1n.m YUSTIIIG 7% 

8' W C I 1 c r - 1 ~ c v n  317 LF $11.28 M*uID 1- 
8- wci~o'.ir cun 317 LF $12.45 COMER 1- 
8- wc i i w - i r  cun 317 LF 111.00 vnnlwumON 19)o 
8- wciio'ir c m  117 LF $14.90 8 b D  1W 
8- W C 1 1 0 ' - 1 r m  2 20 LF 19.75 Y H C  1994 
8' wcllr-lQm 418 LF 111.25 -0 1990 
8- wc~ir-icm 418 LF 115.45 UYHM 1990 
8- W c 1 1 r - 1 c m  418 LF 113.00 nTmEmmTON 1990 
8- w c i i r - 1 4 ~ c v n  418 LF $16.05 8 1 0  1 ¶s 

RKIDI 1 t r . i 4 . m  7 183 LF $30.00 Soun+wEsT 1994 

WuDlI1~-1Ccvn 7 183 LF $45.00 MUSTBNG 1994 
8' WCl14' .16'Nn 168 LF $16.35 HMMRD 1990 
8' WCl14'-1PcvTl 168 LF $16.35 HMeARo I s 9 0  
8- WC 114'-16' CUn 168 LF 615.00 W I T H W G T O N  19% 
8- w c I l l . 1 r W n  166 LF 617.50 8 6 0  1990 &U" 

617.00 -GTON 1110 
8- wc llr-lr CUT) 357 LF 119.95 GoRlER 
a- WC(I6'.1C Cun 357 LF 
6' wc116'-18.cun 357 LF f19.35 8 1 0  1990 
4- WCFM 20 LF 110.00 WENSON 1986 
4. WCFM 7 675 LF 66.00 SOUTHWEST 1994 
4' WCFM 7 675 LF $7.50 - 1994 
4- WCFM 7 67.5 LF S1O.W MUSTANG 1994 
6- WCFM 20 LF $10.00 ESTElWN 1986 
6' WCFM 5 198 LF flQ.00 JWKw 1993 
6' WCFM 1 1125 LF $17.60 YcluL 13M 
8- WCFM 342s LF 19.00 HWW 1986 
8' WCFM 2 7050 LF 16.50 UEm I994 
8' WCFM 3 ~ 1360 LF $8.00 W C  1994 '.. 
8' W C M  IONSIT0 2 3730 LF $7AO MUR 1994 ..: 
8.  WCFM IONSITEI 2 3720 LF rim yw: 1994 -1. 
8- WCFM 10FFum 2 M60 LF 17db w ,994 ~... 
8.  WC FM 10- SIT0 2 3160 LF 18.00 JUHC 1994 ? 
10' W C M  1950 LF $10.56 H W W  1986 - 
10- WCFM 3 2 u  LF I I 5.00 JuHc 1994 
12' W C M  2975 LF $12.00 - 1986 
4- WCSERVKEUTEWU 350 LF 1530  XUOS 1988 
6' W C S W Q U l E l u L  1986 LF (12.45 O L D  la90 
6. wc S E R W  UTERU 1986 LF 110.16 - 1990 
6' WCJEIMQUTERN. 1986 LF $5.00 WmEMGTON 1990 
6' WCSERnCEUTERN. 1986 LF 17.80 M l l l l f f )  1990 
6- WCSERWCEUTEWU 535 LF 81.10 v- 1m 
6- DCiJB!J SElMCE U T U U L S  2 77 EA $328.62 Mufl 1994 
6- WUllLE SERVICE UTE- 2 60 EA *275Da N H C  1994 
6- WUBLESERVKEUlERUS 3 50 lf 8265.00 N H C  1994 
6' WUllLESERVKEUTERuS 7 18 EA 1275.00 S w m V s S T  1)). 
6' WUBL? SRWCE U- 7 I 8  EA S31ODa lKyxET 1994 

6- SINGLE SERVICE LATERALS 2 1 EA 1245.00 JMHC 1994 

6- SINGLE SERVICE LATERALS 7 5 Ed 6280.00 ROCKET 1994 

8' W C  1I:lOQm 675 LF $9.37 HUBMRD 1990 

8' W C I I ' . l ~ C U T )  67s LF $13.05 8 1 0  I990 

E wMIl8'.1W CUT) 7 390 If 

.E PYM(112"14'CUn 7 183 LF f31.W 'OCXET' 1994 

;= fr 8- W C I 1 ~ . l l ) ' C U n  357 LF $21.60 n m w o  

6- -LE SERVICE UlERUS ' 7  I 8  EA $15ODa MUSTANG 1994 
6- SINGLE S E R M  UTERUS 2 3 EA 1301.67 8u*R 1994 

6' SlNGLE SERVICE UTERALS 3 14 EA 1245.00 Nnc 1994 
6- SINGLE SERVICE LATERALS 7 5 EA 1225.00 SOIJTHWEST 1994 

6' SWGLE SERVKE UTERALS 7 5 EA (350.00 MUSTANG 1994 
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WM. 95-145.00 
JJW loate. 8114195 

1 Submersible DI: Station No. 1 
Installed 1995 Depth (ftl: 15 Diameter (ftl: 6 

Recast wen 
Wet WellIft I 15.00 8125m 

Base Slab(cy) 3.1 1 8450/cy 
Top Slab(cyl 0.70 s45o/cy 

COST- $1,875 
COST- $314 
COST- $1,398 

Excavation 
Surface Diameter (ftl 

Surface Area (ft l 

Base Diameter Iftl 

Base Area Iftl 

Volume (cy) 

Dewatering 
Circumference 

Valve Box: 

(2.0epthl + lDft +Dia. = 'SD'= 

( (3.141 5)'('SD')̂ 2)/4= 'SA' = 

Dia+lOft= 

( (3.141 5)'I'BD'l^2)/4= 

(1 /3~I'SA')~(Oepth+'8D')-1/3°~('M"~~'BD'l~/27 = 

'ED' = 

'M' = 

'Vol' = 

$1.25/cy COST- 

"Vol--l (3.1415l(Dia.l^2(Depth~1/27= '8K'- 

$1.25/cy COST'. 

2. (3.1415)(('S0'+2)/2f 150.8 
$75/LF COST- 

Lengthlft) 5 
Widthlftl 5 

w.IIe R' 

46 

1662 

16 

201.1 

596 

$745 

533 

$667 

$11,310 

- 
Base Slab (ft l 25 

Top Slab Aluminum Hatch COST- $1,440 

TOTAL STRUCNRAL COST= S 17.748.87 
Pumpr: 2 Motma: 2 
Horsepower 5 5 
GPM 100 
Manufacturer Flyght/ABS 
Model No. TOTAL PUMP COST- $11,ZDD.00 

ContrdalOaZtricd: 

Piping/Fittings/EquipmenC TOTAL EWlPMWT COST- 

4" Plug Valve 12) 
4' Check Valve 12) 
4' connector 
Emergency pump out 
4' 01 piping 

Estimated at 20% of Total Package Cost 
TOTAL CO?3lROL COST- 

TOTAL LIFT STATION COST= 

$2,800.00 
$2,662.33 

$34,411.20 



Station No. 2 Submersible 

Top Slablcy) ~ 0.70 $450/cy 
Base Sleb(cy) 3.1 1 t450Icy 

yl..1 lo. l ab .  96-145.00 

c-wm D1: 

Y...h JJW I0.t.: Wlu06 

Excavation 
Surfeca Diameter (ft) 

Surface Area (ft ) 

Base Diameter I f t )  

Base Area (ft) 

Volume (cy) 

Backfill(cy) 

Dewatwing 
Circumference 

Vdve Box: 

$2.000 
CM- $314 
COOT- $1,398 

'SD' = 48 

'SA' = 1810 

(2.Depth) +lOft+Dia.= 

I (3.141 5)*I'SD')^2)/4= 

Dia + lott = 

( (3.141 5)*('BD')'2)/4= 

'BD' = 16 

'SA" = 201.1 

(1 /3 '('SA').(Depth + 'BDV-1 /3*('BA')I'B0'))/27 = 
'VOI' = 

COST- s1.25/cy 

"V0l'-( (3.1415)(Oia.)'Z(Dspth))/27= -BK-- 

COST- s1.25/cy 

2. (3.1415)(('SD"+Z)/Zf 157.1 
$75/LF COST- 

Pumps: 2 
Horsepower 6 
GPM 200 
Manufacturer FlyghflABS 
Model No. 

Length(*) 5 
Widthlft) 5 

Walls 8' 
Base Slab (ft ) 25 

Top Slab Aluminum Hatch COST- 

TOTAL STRUCTURAL COST= 
Moton: 2 
5 

TOTAL PUMP M S T -  

ControblEleitrinical: 

FSpingFiningrEquipment: TOTAL EOUIPMENT 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 LIFT STATION COST= 

675 

$844 

608 

$760 

$11,781 

$1,440 

$18,537.00 

$1 1.600.00 

$2.900.00 
$2,780.55 

$35.817.55 



Station No. 3 Submersible 

Installed 1995 Depth fftl: 18 Diameter (ft): 6 
R e C M  Well G 

sh,.lh IJobNo. 9s-1G.W 

y..L JJW IOaIe: 6/14/95 

Or*dh n.m 

Wet Weli(ft I I E . ~  s i z 5 m  

Top Slablcy) 0.70 $ 4 5 0 1 ~  
Base Slablcy) 3.11 S4501cy 
Excavation 
Surface Diameter ( f t l  

Surface Area ( f t  

Ease Diameter ( f t )  

Base Area (ft) 

Volume (cy) 

Backfill(cy1 

Dewatering 
Circumference 

Valve Box: 

COST- $2,250 
COST- $314 
COST- $1.398 

(2.Depth) + 1 Oft + Dia. = 'SD'= 52 

f 13.14151'('SD')^21/4- 'SA' = 21 24 

Dia+ (Oft= 'ED' = 16 

I (3.1 41 5)*("ED')*2)/4= "EA" = 201.1 

11/3'~'SA"~~~Depth+'BD'~-1/3~('BA')('BD'))/27 = 
'Vol' = 852 

S1.25Icy COST- $1,065 

'Vol'-f (3.1415)fDia.)*2fDepth))/27= 'BK'= 776 

$ 1 . 2 5 1 ~  COST- $970 

2 .  (3.141 5)(('SD' +2)12f 169.6 
S75RF COST - 

Lengthlftl 5 
Widthfft) 5 

Walls 8" 
Base Slab ( f t  1 25 

Top Slab Aluminum Hatch COST- 

TOTAL STRUCNRAL COST= 
Motors: 2 Pumps: 2 

Horsepower 9 5 
GPM 300 
Manufacturer FlyghtlABS 
Model No. TOTAL PUMP COST- 

ControlrIUecbical: Estimated at  20% of Total Package Cost 
TOTAL CONTROL COST- 

FSpinglFittingtlEquipment : TOTAL EWlPMEM COST- 
6' Plug Valve ( 2 )  
6' Check Valve (2) 
6" connector 
Emergency pump out 
6' DI piping 

TOTAL LIFT STATION COST= 

$12,723 

$1.440 

$20.160.38 

512,800.00 

$3,200.00 
$4,032.08 

$40,192.46 



1J.b No. 96145.00 
JJW loate: 8/14/95 

om.. Station No. 4 Submersible 1 
Installed 1995 Dspth (ftl: 20 Diameter (It): 6 

butt W d  
COST- $2,500 Wet Well(ft I 20.00 *1251FT 

Top Sleblcy) 0.70 5450/cy r%m- 6314 
Base Slab(cyl 3.1 1 5450ky corn- 61,398 
Excavation 
Surface Diameter (ftl 

Surface Area Ift 1 

Base Diameter (ft) 

Base Area (ftI 

Volume (cy1 

(2.DepthI + loft+ Die. = 'SO' - 56 

( (3.1415)'('S0')^2)/4= 'SA' * 2463 

Oie+lOft= 'BO' = 16 

( (3.141 5)*('B0')%4= 'M" = 201.1 

11/3*i"SA'I~IOeoth + 'B0')-1/3°('M')I'BD~I)/27 = 

Backfilllcy) 

Dewatering 
Circumference 

Vdv. Boa: 

'VOl" = 

$1.25/cy COST- 

"Val'-( (3.1415~IOia.IA210epth~~/27= VI*= 

Sl.25/cy COST- 

2' (3.1415Il('SD'+2V2f 182.2 
$75RF COST- 

Length(ftI 5 
Width(ft) 5 

Walls 8' 

pumps: 2 
Horsepower 12 
GPM 400 
Manufacturer Flyght/ABS 
Model No. 

Base Slab (ft ) 25 
Top Slab Aluminum Hatch COST- 

TOTAL STRUCTURAL COST= 
Mot-: 2 
5 

TOTAL FWYP COET- 

Contmls/Eie&d: Estimated at 20% of Total Package Cost 
TOTAL CONTROL COST- 

Pipingmttings/Equipment: TCTAL EDUlPMMT COST- 

6' Plug Valve (2) 
6' Check Valve (2) 
6' connector 
Emergency pump out 
6' DI piping 

TOTAL LIFT ST.1TION COST= 

1055 

$1,319 

971 

$1,214 

$13,666 

51.440 

$21,850.47 

$14,200.00 

$3,550.00 
$4,370.09 

$43.970.57 



, 
I 

Station No. 5 Submersible 

EXHIBIT 4 a - q )  
PAGE 2% OF d 

Rrr yo. !Job No. 95-146.00 

( O m :  8114195 I*d.h JJW 
W1.h Mu. 

Installed 1995 Depth Ift): 18 Diameter Ift): 8 
Precast wen 
Wet Well(ft 18.00 11251FT 
Top Slablcyl 1.24 $450/cy 
Base Slab(cy)=2 $45D/cy 
Excavation 
Surface Diameter (ft) 12*Depth)+lMt+Dia.= "SD'= 54 

Surface Area Ift I I (3.141 51*('SD'l'21/4 = 'SA' = 2290 

Base Diameter (ftl Dia+lOft= "ED'= 18 

Base Araa lft) ( (3.141 5) *('BD'l^2)/4 = 'M" = 254.5 

Volume (cy) (1 /3*('SA')'(Depth+ 'BD')-1/3'('8A'1I'BD'))/27 = 
'VOI' = 961 

s1.25/cy COST - 5 1,202 

BackfilNcy) "Vol"-1 (3.1415)(Dia.l^2(Depth))/27 = *8K-- 827 

S1.25/cy COST - $1,034 
Dewatering 
Circumference 2' (3.1415)(('SD'+2)/2f 175.9 

Vdve Box: Length(ft1 5 
$75/LF COST- $13,195 

Width(ft) ~ 5 

Top Slab Aluminum Hatch COST- $1,440 

Walls 8' 
Bass Slab Ift 1 25 

TOTAL STRUCTURAL COST= $21,670.09 

Pumps: 2 Moton: 2 
Horsepower 13.5 5 
GPM 500 
Manufacturer Flyght/ABS 
Model No. 

Co"trolslBeitrical: 

FiDinnEninaslEauioment: 

TOTAL PUMP COST- $14.800.00 

TOTAL CONTROL COST- $3.700.00 
Estimated at 20% of Total Package COSt 

TOTAL E O U W M T  COST- $5,417.52 . -  - . .  
6' Plug Valve (2) 
8' Check Valve (21 
8' connector 
Emergency pump out 
8' DI piping 

TOTAL LIFT STATION COST= $45.587.61 



PAGE 247 OF %Pi 

Station No. 6 Submersible 

- Ib. IMNO. 95-145.00 

-* D.r: 

m w  JJW Ion.: LY14185 

lnstalkd 1995 Depth (ftl: 20 Diameter (ft): 8 

PNun wdl 
Wet Weli(ft ) 20.00 81261FT c m -  62,500 

Base Slab(cy) 4.42 
Excavation 
Surface Diameter (ft) (2*Depthl+lOft+Dia.= 'SD' = 

Top Slab(cyl 1.24 8450/cy c m -  $559 
$450/cy COST- 51.991 

Surface Area I f t  1 

Base Diameter ( f t l  

Base Area Ift)  

Volume (cy) 

Backfililcyl 

Dewatering 
Circumference 

VdVE Box: 

'SA' = ( (3.14151.I'SD'I-2)/4= 

Dia + 10fl- 'ED' = 

'M' = ( 13.141 51 *I'BD")^21/4= 

(1 /3*('SA') *(Depth + 'BD')-l/3'('8A')('BD'l)/27 = 
'V0l'= 

$1.25/cy COST - 
"Vol"4 (3.1415l(Dia.)^2lDepth)l/27= -8K'= 

$1.25/CY COST- 

2. (3.141 5)(('SD' + 21/21 188.5 
575RF COST- 

Length(ftl 5 
Width(ft) 5 

Pumps: 2 
Horsepower 17.5 
GPM 600 
Manufacturer FlyghtlABS 
Model No. 

Wails 8' 
Base Slab Ul 1 25 

Top Slab Aluminum Hatch c o s -  

TOTAL STRUCTURAL COSTp 
Moton: 2 
5 

TOTAL PUMP COST- 

Contrda/~a&isal: 

PipinglFiningalEquipment: TOTAL ECIUUMENT COST- 

Estimated at 20% of Total Package Cost 
TOTAL COI(TR0L COST- 

8' Plug Valve (21 
8' Check Valve 121 
8' connector 
Emergency pump out 
8' DI piping 

TOTAL LIFT STATION COST= 

58 

2642 

18 

254.5 

1183 

5 1,479 

1034 

$1,293 

$14,137 

51,440 

523,398.00 

516,640.00 

$4,180.00 
$5.849.50 

$50.047.50 



Station No. 7 Submersible 

Installed W95 Depth Lft): 20 Diameter MI: 10 
PrIclrt W d  

sba YD. IkbNo. 95-146.00 
Mdmh JJW lorn: 8/14/95 
lnockmdh D(.' I 

. . . . -- 
Wet Well(& ) 20.00 t1251FT 
Top Slablcy) 1.94 $450/cy 
Base Slab(cy) 5.98 $450/cy 
EXcl lVat iOI l  

Surface Diameter .(ft) 

Surface Ares (ft ) 

Base Diameter (ft) 

Base Area lftl 

Volume (cy) 

Backfilllcy) 

Dewatering 
Circumference 

Valve Box: 

-1- 82.500 
C M -  $873 
COST- $2,889 

(2Vepth) + lOft+Dia. = 

( (3.141 5)*('SD')^2)/4= 'SA' = 

Die+lOft= 'ED' = 

'SD' = 

'EA' = ( (3.141 5)'('BD")^2)/4 = 

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

$1.25/cy COST - 
"Val'-( (3.1415)(Dia.)"2(Depth))/27= W K * =  

$1.25/cy COST- 

2. (3.1415)(1"SD'+21/2' 194.8 
$75RF COST- 

Lengthlft) 5 
Widthlft) 5 

Pumps: 2 
Horsepower 20.5 
GPM 700 
Manufacturer Flyght/ABS 
Model No. 

Walls 8' 
Base Slab (ft ) 25 

Top Slab Aluminum Hatch COST- 

TOTAL STRUCTURAL COST- 
Motom: 2 
5 

60 

2827 

20 

314.2 

1319 

$1,648 

1088 

$1,357 

$14.608 

$1.440 

$25,116.18 

TOTAL PUMP COST- $17.600.00 

Control./Electricel: 
TOTAL CONTROL COST- $4,400.00 

PipinglFittingslEquipment : TOTAL EDUIPMENT COST- $6,279.04 

8" Plug Valve 121 
8' Check Valve (2 )  
8" connector 
Emergency pump out 
8' DI piping 

Estimated at 20% of Total Package Cost 

TOTAL LIFT STATION COST= $53,395.22 



U V l l t I l  I i ( -T(' I f  -4 

PAGE 2% OF 

8 Submersible Station No. 

R.r*o. IJobW. 96-145.00 
m w  JJW lone: l l l l M 6  

c!"tk.de DI: 

Installed 1995 Depth (ft): 20 Diameter lit): 10 
hcsn well 
Wet Wsll(ft 20.00 11251FT 
Top Slab(cy) 1.94 $450/cy 
Base Slab(cy1 5.98 $450/w 
EXCaVniDn 

Surface Diameter (ft) 

Surface Area (it 1 

Base Diameter (ft) 

Base Area (ft) 

Volume (cy) 

D e h e r i n g  
Circumference 

Valva Box: 

mi- $2,500 
COST- $873 
COST- 82,889 

'SD' = (2.Depth) + 1 Oft + Die. = 

'SA" = ( (3.1415)'('SD')̂2)/4= 

Dia+ loft= 'ED' = 

'BA'= ( (3.141 5)*('80')-21/4= 

(1 /3*('SA')*(Depth + 'BD')-l/3'('8A")('BD'))/27 = 
'V0l'= 

$1.25/cy COST- 

'Val"-( (3.1415)(Dia.)-2[Depth))/27= 'BK.- 

$1.25/cy COST- 

2. 13.1 41 5)(('SD' + 2)IZf 194.8 
375AF COST- 

Pumps: 2 
Horsepower 21 
GPM 800 
Manufacturer FlyghtlAES 
Model No. 

Lengthlit) 5 
Width(&) 5 

Walls 8' 
Base Slab (ft ) 25 

Top Slab Aluminum Hatch COST- 

TOTAL STRUCTURAL COST= 
Motom: 2 
5 

60 

2827 

20 

314.2 

1319 

$1.648 

1086 

$1,357 

$14.608 

$1,440 

$25.1 18.18 

TOTAL PUMP COST - $18,400.00 

ContrddElestrisaI: 
TOTAL CONTROL COST- $4,800.00 

UpinglFiningsEquiprnent: TCTAL E(IUlPMENT COST- $10.046.47 
10" Plug Valve (2) 
10" Check Valve 12) 
10' connector 
Emergency pump out 
10" 01 piping 

Estimated at 20% of Total Package Cost 

TOTAL LIFT ST&TlCN COST= $58,162.65 



f 
'1 

i 

m.m b. lJob No. 95.145.00 

Y... c JJW \ O m :  6/14/95 
Station No. 9 Submersible -k D*. I 

Installed 1895 Depth MI: 20 Diameter (ft): 10 

Wet Welllft ) 20.00 $1251FI 
Top Slablw) 1.94 $450/w 
Base Slabrcy) 5.98 $450/cy 
Excavdon ~ 

Surface Diameter lft) (Z*Depthl+lOft+Dia.= 

COST- $2,500 
COST- 8873 
C M -  $2689  

"SD'- 60 

surface Area (ft I I 13.1415).('SD')^2)/4= 'SA' = 2827 

Base Diameter (ft) 

Base Area lft) ( (3.14151*1'80")^2)/4= 'EA' = 314.2 

Oia+lOf t= 'ED' = 20 

Volume (cy) 

Backfill(cy) 

Dewatering 
Circumference 

VdV. Box: 

(1 /3*('SA") *(Depth + 'BD')-1/3*I'BA")('BD'11127 = 
'VOI' = 1319 

$1.25/cy COST- 

"Vol"-( (3.1415)(Dia.)-2(Depth))/27= W K - -  

$1.25/cy COST- 

2' (3.141 5)(('SD' + 2)/2f 194.8 
$75RF COST- 

Lengthlft) 5 
Width(ftl 5 

Walls 8' 
Base Slab (ft ) 25 

Top Slab Aluminum Hatch COST- 

Pumps: 2 
Horsepower 27.5 
GPM 900 
Manufacturer Flyght/ABS 
Model No. 

TOTAL STRUCTURAL COST= 
Motors: 2 
5 

TOTAL PUMP COST- 

ContrdslOecbical: Estimated at 20% of Total Package Cost 
TOTALCONTROLCOST- 

PipingFiningslEquipment : TOTAL EOUIPMENT COST- 

10" Plug Valve (2) 
10' Check Valve 121 
10' connector 
Emergency pump out 
10" DI piping 

TOTAL LIFT STATION COST= 

$1,648 

1086 

$1,357 

$14,608 

$1,440 

$25.1 16.18 

$19,600.00 

$4,900.00 
$10.046.47 

$59,652.65 



1 

4 

Station No. 10 Submersible 

)-No. 95-146.00 
JJW 1D.u: 6/14/95 

D.u: 

Installed 1995 Depth lftl: 20 Diameter lftl: 12 
Precast Well 
Wet Well(ft l 20.00 t1251FT COST- 52.500 
Top Slablcyl 2.79 $ 4 5 0 1 ~ ~  C S T -  $1,257 
Ease Slab(cy1 7.76 $450/cy c a s -  $3,492 
ExcaVatiDll 
Surface Diameter (ftl (2'Oepthl+ lOft+Dia. = 'SO'= E2 

Surface Area (ft I I (3.1415)'1-SD-r2)14= 

Ease Diameter I f t l  Dia + 1 Oft= 

Ease Area Ift) 

Volume (cy) 

Backfilllcyl 

Dewatering 
Circumference 

Vdve Box: 

'SA' = 3019 

'ED' = 22 

'EA' = 380.1 

(1/3*('SA")'(Oepth +"ED"l-l/3'I'EA'l~'ED'))127 = 
'Vol" = 1462 

$1.25/Cy COST- $1.828 

Vo l " - l  13.1415)(Dia.l^2(Depthlll27= %K-= 

S1.251Cy COST- 

2' 13.1415l(('SD'+2l/2f 201.1 
S75AF COST- 

Lengthlftl 5 
Widthlftl 5 

Walls E' 
Base Slab I f t  l 25 

Top Slab Aluminum Hatch COST - 
Pumps: 2 
Horsepower 30 
GPM lo00 
Manufacturer FlyghflABS 
Model No. 

TOTAL STRUCTURAL COST= 
Motors: 2 
5 

TOTAL WMP COST- 

ControlslElectrical: Estimated at 20% of Total Package Cost 
TOTAL c o m m  COST- 

PipinglFittingslEquipment: TOTAL EQUIPMENT COST- 

10' plug Valve I21 
10- Check Valve (21 
10' cOn"ec1Or 
Emergency pump OUI 

10- DI piping 

TOTAL LIFT STATION COST= 

1127 

$1,409 

$15,060 

$1,440 

$27,005.01 

$20.400.00 

$5,100.00 
$10.602.00 

$63.307.02 



EXHIBIT (1 '.u 4, 
PAGE 242 OF Z N  

33-Ma-95 
lOmAM 

6 8 10 12 
r-7 

4 

. 

4 6 10 12 

/ 
LlialwM Total lmtdkd cost 

4 6 8 10 12 
w 



EXHIBIT - d + . . - 4 ,  

i 
P 

PAGE 253 OF 

Pl52 sprint Bovhnrd 
Apoplu. 32701 

Phon= (107) 8Kt-m 
FAX: (407)880-2962 

Reference Y 

38251 
3825-1 

7 
5443A 

BDzooljoBs 
G3D82 
C3101 

3085 
3085 

G3101 
G3lOl 
3126 

7 
CP 3127 
CP 3127 
CP 3127 
CP 3152 
3085.181 

3085 

Reference HP 

9.4 
5 
5 

7.5 
2.5 
3 

2.5 
3 

1.5 
5 
10 
9.4 
2 

9.4 
10 
9.5 
20 
2.3 
2 

Patkaae €stimaie 

U1.ooD 
518.WO 
518.OM) 
521 .wo 
518.000 
516.000 
$16.000 
516,OW 
516.m 
518.000 
$21 .OM) 
S2l.WD 
$16.000 
S?l.WO 
521.060 
tz1.m 
226.000 
516,OW 
518.000 

Current Flvat Pume 

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 
CP3085 

Page 1 
BNBS 



ABS - Scanpump 
Lawrence Pump & Englne .~ .. 

. I  TO: HARTWAN 8 ASSOCIATES DATE: 3/18/35 

A m :  BOBBY WATT 

FROM: COLIN MARTIN 

SUBJECT: YOUR FAX INQUIRY 3/2/95 

. ,  1 
I 

9 

CITY OF PORT ST.LUCIE REPLACEMENT COSTS .... ..__..._ . ............ ..... . - .............. . . . . . . . . . . . . . . . . . . . .  ............ 
3 
t i  ur. Wyatt. 

In reswnse to your subject Inquiry Z would like to offer the 
followlng prlcing for the pump models you requested. I have 
indicated the old pump model number as well as the new current 
model number. Please note that the pricing I s  per pump with 
accessorles. F o r  a typ$cal duplex station multiply price by two. 

The CP3127 model no. is a Flygt. equal to the 8 HP ABS model. 

u 

1. Controls are priced seperately. 

PRICE EACH UNIT 
HP NEW MODEL WITH  ACCESSORIES 
. .  

OLD WDEL 

AF15-4-4 2 AFP1040M16/4-11.60-4" 52.380.00 
AF22-4-4. 3 AFP1040M22/4-11.80-4" 2,550.00 

2.990 .OO AF40-4-4 6 AFP1042U48/4-21.60-4' 
AFBO-4-4 8 AFP1046M70/4-22.60-4' .3,300.00 
AF90-4-4 12 AFP1046M90/4-22.S0-4' 3,400.00 

I 

. . . . . . . . . . . . . . . . .  . . . . .  . 3 
I 

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

PRICE EACH WPLEX 
CONTROL W/FLOATS 

DUPLEX CONTROLS PER ST.LUCIE SPECS 
HP . ._-.___._.~.-.-I__-- . 

2 or 3 54,700.00 
4,800.00 
5.000.00 

12 or 15 5,300 .OO 

6 
'i 8 or 10 

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

Pricing is for budgetary usage only. Taxes are @E?+ included. Freight 
and startup are Included. 

Should you have any questions or require addltlonal information. 
please do not hesitate to contact me. 

I - 
' Regards, - - 

i 
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D x t e  June 2,1995 



EXHIBIT b C _  It-7 

PAGE 956 OF d 

I 
I; DATC 3hIq5 llML 7 PROJCCI NAMC of ib r t  st LUCK PROJCC I NO 9+w.lhl-- 

COMPANY T Z I O C  .Qd 

COMPANY A 

/-r@3G- 70W 
\ I 1 , . . ~ T Y  CALLING SCO+ 

, PARTY CONTACHD .-B&Y k36jf 
k +-fP-& si AWlt.  0.7' h&dJ 

TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments) 

ACTION REQUIRED 

4 
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APPENDIX P 



Size 
(in) 

4' 

6- 

8' 

1 0' 

12- 

16' 

Notes: 

Piping Costs 

PVC (C900 - DR 25) Force Main 

Small Job (250) Med. Job (2,500') 
(sm) (Sm) 

12.25 9.80 

13.51 10.97 

15.26 12.68 

17.42 14.66 

20.23 17.29 

--- PVC (C905 - DR 25) --- 

27.08 23;16 

Large Job (25.000') 
($/ft) 

9.10 

10.22 

11 .e2 

13.74 

16.1 9 

22.26 

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. 
and $.25-$.75 per foot pressure testing. 



_ I  

Size 3 (in) 

,q 4' 

2 8' 

! 
s 
1 

id Y 

6' .~ a . ,  
4 

1 0' 

12- 

16' 

3 
i 

Notes: 

Small Job (250') 
(sm) 

24.39 

27.58 

31.58 

36.41 ' 

42.76 

47.75 

Med. Job (2,500) 
(sm) 

20.57 

23.13 

26.44 

30.49 

35.93 

40.1 3 

/ Piping Costs 

DIP (Class 50 - Epoxy Lined) Force Main 

Largc Job (25,000') 
(sm) 

19.39 

21.71 

24.75 

28.50 

33.59 

37.47 

1) Values obtained using manufacturer's quotes. 
2) Costs include 5500 permitting, 10%-15% mobilization, 57m installation, 

3) Costs exclude valves, fittings, and restwaiion work. 
and 5.25-5.75 per toot pressure testing. 

P 
T 



9 
1 
3 
1 
3 

4" 
6 I' 

8 " 

Io 
12 

4 " 
- d o  



EXHIBIT \ .tl -'I) 

PAGE 261 OF af l  

I I J 

. .  

3 
6" 

7 

s " 
10" 

12" 
14" 
Ib"  
20" 
24" 
30" 

5.3 
5.57 
6. co 
6 . 7 5  
7 . 7 5  

9 . 2 5  
11. 4 0  
15.50 

5.50 



P A G E ~ L ~ .  OF 7srl 

c 
i - 
.1 RECORD OF TELEPHONE COMMOMCATION 

: -. . M T i M E :  3: 40 

1 9 RTY CALLING: 5 5 w  COMPANY tA4-Z 

'p 

3 

dOJECT NAME: af PROJECT NO.: 95-/+5.00 

RTY CONTACTED Brim P ? n , e r  COMPANY PhW(& SfSrK 
(~13)  S97- ~ ( 6 5  UBJECT: R F  h d d .  &'&3 

- 

TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments) 

ACTION REQUIRED 
~. 



. . 

B H \ 

1 -  

FROM. 
Y - DATE: 

# OF PAGES SENT ( MC. COVER SHEET) 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 + f & - k J  &- 

SENDING FAX TO # 



..... . . ._ 



.. 

i j  

-9 

VI? ARE SENDINC Y O U -  5 PAGES, INCLUDING THIS COVER SHEET 
TRESE PAGES ARE BEING TRANSMITTED AS INDICATED BELOV: 

0 AS REQUESTED 
0 FOR YOUR U S E  

W O R  YOUR COMUEKTS 
D FOR YOUR APPROVAL 

HARD copy: 
0 WILL 8 E  SENT VIA REGULAR MAIL 
2 WILL BE SENT VlA OVERNIGHT MAIL e BE SENT BY FACSIMILE ONLY 

MESSAGE: 



. PVC-CgOODR25 

Force P!Wns 

cost cart cost 
150R 1.600R. 25,000 f t  
0 A!EL _($M 



AMERICAN CAST IRON PIPE COMPANY > 
2301 MAITLAND CWTER'PmWAY, SUITE 430 

MAITLAND, FLORIDA 32751 
PHONE (407) 660-8786 FAX (407) 660-1851 

NO. OF PAGES- 4- 
PP) 
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\ TCd 4, EXHIBIT 

Piping Costs 

PVC (C900 - DR 18) Water Main 

Size Small Job (250') Med  ob (2~00') Large Job (25,OOO') 
(in) (Sm) (sw (sm) 

4' 15.04 11.97 10.68 

6' 16.65 13.46 12.12 

8' 19.23 15.87 14.36 

1 0' 22.15 , 18.65 16.97 

12- 25.82 22.07 20.28 

Notes: 1) Values obtained using manufacturer's quotes. 
2) Costs include $500 permilling, 10%-15% mobilization, $7m installation, 

3) Costs exclude valves. fillings, and restoration work. 
$1 -52 per foot disinfecf3 and $25-$.75 per foot pressure testing. 



13 

Piping Costs 

DIP (Class 50 - Cement Lined) Water Main 

Size Small Job (250') Med. Job (2 .W)  Large Job (25,OOO') 
(in) (sm) (Sm) ($mi 

6- 20.89 16.57 14.89 

8' 24.01 19.06 17.1 4 

1 0  27.58 21.94 19.75 

12- 31.66 25.24 22.75 

14'  37.01 29.68 26.84 

16- 41.25 33.13 29.97 

Notes: 1) Values obtained using manufacturer's quotes. 
2) Costs include $500 permitting. 10%-15% mobilization, $7m installation, 

3) Costs exclude valves. fittings, and restoration work. 
$1 -52 per foot disinfection and 525-5.75 per foot pressure testing. 
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ONE COMMUNICATION SUMMARY (Including Decisions & Commitments) 

~~ 

ACTION REQUIRED 

i 

! 



‘1 

i 

I 

FROM: 

DATE: 

# OF PAGES SENT ( INC. COVER SHEET) 5 
IF YOU DID NOT RECENE TOTAL # OF PAGES PLEASE 

AND NOTIFY US IMMEDIATELY. 
CALL 407-855-8510 I800-531-6998 I FAX # 407-240-1901 

~ h s  utirw supply Gmup. Inc. 



- T H - 9  EXHIBIT 

PAGE 2-78 OF 

.I 

8' 

1v 

12" 

/ 457 

9.7s 



.. *' 

. .. 



size 
(in.) 

4' 

6- 

8" 

lo" 

12" 

cost 
25.Ooo ft ls!LL- 
~ 3 7  

a. 60 



AMERICAN CAST IRON PIPE COMPANY 

2301 MAITLAM) CENTERPARKWAY, SUITE 430 
MAnlAND. FLDRIDA 327S1 

PHONE (407) 660-8786 FAX ( 4 q  660-1851 
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WELL 

0 a 
0 > 

WLLONS/OAY 

UNIT COST RELATIONSHIP OF FACILITY 
EQUALS THE SUM OF ITS COMPONENTS 

WATER TREATMENT PLANT FACILITY COMPONENTS 

b 

+ CHLORINATION + 

SYSTEM + STORAGE 
TANK 

d 
2 

GAL 

UNIT COST 

HIGH HYDRO- 
SERVICE + PNEUMATIC 

PUMP, TANK 

I 
0 
2 

GPH 

CURVES 

+ EMERGENCY 

GENERATOR 
POWER ' 

c 
1 
L 
0 

0 

E .  
2 

B 
KILOWATT Y 

IL 

WATER TREATMENT FACILITY 

COMPOSITE UNIT COST CURVE 

CALLOW PER D M  (GPO) UPACm 

WATER TREATMENT FACILITY COMPOSITE UNIT COST CURVE 



EXHIBIT - (GCH-6) 

SPONSORED BY GERALD C. HARTMAN, P.E. 

DESCRIPTION: 

ECONOKY OF SCALE COMPENDIUM 
ILLUSTRATIONS: STEEL GROUND 

STORAGE TANK USED AND USEFUL, 
MARGIN RESERVE 



EXHIBIT &w4; 
PAGE ,g OF / 4  

SUMMARY ON STEEL GROUND STORAGE TANK 
COST AM) UNIT CURVE 

THE COST CURVE ON THE ATTACHED PAGE 
ILLUSTRATES THE RELATIVE COST FOR 
VARIOUS SIZE STORAGE TANKS 

THE UNIT COST CURVE ON THE ATTACHED PAGE 
ILLUSTRATES THE ECONOMY OF SCALE 

THESE COST CURVES ARE USED IN ALL 
FOLLOWING CHARTS, TABLES AND GRAPHS 

W c h  
Misc. 12.SSU.sum -1- 
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STEEL GROUND STORAGE TANK 

COST 
uo,ooo , I I I 

0 60,000 W.000 460,000 100,000 160,000 
18,000 78,000 

Capaolty (Qall 

CAPACITY UNIT COST 
8 

0 4 
9 . 
I 

I 

D a 
U 
r 

2 
5 
nm 
I., 

urn I., 1 
.oy I., 
M I., 

0 
0 80,ooo mo,ooo i60,ooo 100,ooo 160,ooo 

18,000 76,000 

EXHIBIT GCH-6 STEEL GROUND STORAGE TANK COST CURVES 



EXHIBIT &c-& 

COMMENTARY ON EXAMPLE PHASING 
PLANWANALY SIS 

SUMMARY 

THE FOLLOWING THREE PAGES ILLUSTRATE BY 
GRAPWDIAGRAM THE FOLLOWING AS TO STORAGE 
TANK: PHASING SCHEDULES, CASH FLOW, FACILITY 
CAPACITY, CUMULATIVE INVESTMENTDOLLARS IN 
USED AND USEFUL AND PERCENT USED AND USEFUL. 
THE FIGURES REFLECT A 3% GROWTH RATE 
WHEREBY DEMAND INCREASES FROM 25,000 GPD TO 
100,000 GPD. THE ANALYSIS ASSUMES 0% INFLATION 
AND A 0% DISCOUNT RATE. USED AND USEFUL IS 
ASSUMED TO EQUAL EXISTING NEED DIVIDED BY 
TOTAL CAPACITY. 

CONCLUSION 

THE FIGURES ILLUSTRATE THAT EXPANSION WITH 
THE SMALLER UNITS PRODUCES A SIGNIFICANTLY 
HIGHER VALUE IN USED AND USEFUL AND THUS, 
RATE BASE, THAN EXPANSION WITH LARGER UNITS. 

MAR/ch 
Misc. 12.ssu.sum -2- 



lW.CW PLANT CAPACITY 

I ,  m 

u) z 5 nm 

A < 
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5 IO 15 20 25 30 35 40 45 50 

175,000 
CUMULATIVE INVESTMENT / DOLLARS IN USED AND USEFUL 

Im.m 

121 .m 

? W , W  

rrrm 
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2 5 . m  

5 10 15 20 25 30 35 40 45 50 

- 
EXPANSION USING 25,000 GAL. TANKS 



>MOM 

,lorn 

u) z 3 ylm 

J 

5 10 15 20 25 30 35 40 50 

CASH FLOW DIAQRAM (0% INFLATION) 
5 10 15 20 25 30 35 40 45 

b;:l 
8 1 8 2 I i 

CUMULATIVE INVESTMENT / DOLLARS IN USED AND USEFUL 

I r n  

I S  2 
s n  
Y 

W 
21 

n 

EXHIBIT GCH-6 EXPANSION USING 50,000 GAL. TANKS 



CUMULATIVE INVESTMENT / DOLLARS IN USED AND USEFUL 
7, m 

10 m 

21 m 

00 m 

75 m 

m o r n  

2lOW 

5 10 15 20 25 30 35 40 4 5  50 

> w  PERCENT USED AND USEFUL 

73 

a 

2 1  

5 10 15 20 25 30 35 4 0  45 50 

EXHIBIT GCH-6 I EXPANSION USING 100,000 GAL. TANKS 



COMMENTARY ON CUMULATIVE DOLLAR AND 
USED AND USEFUL COMPARISON BETWEEN UNIT 

SIZES 

SUMMARY 

THE TWO FIGURES ON THE FOLLOWING PAGES PLOT 
CUMULATIVE INVESTMENT MADE OVER TIME FOR 
VARYING TANK SIZES. THE FIRST FIGURE SHOWS 
INVESTMENT IN 25,000 AND 50,000 GPD TANKS AND 
USED AND USEFUL VALUES, ASSUMING 0% 
INFLATION AND 3% GROWTH. THE SECOND SHOWS 
INVESTMENTS IN 25,000 AND 50,000 GPD TANKS AND 
USED AND USEFUL VALUES, ASSUMING 0% 
INFLATION AND 10% GROWTH. 

THE SHADED REGIONS ILLUSTRATE THE SAVINGS 
WHICH COULD BE REALIZED WITH THE USE OF 
LARGER TANKS. 

ON THE FIRST FIGURE, THE INITIAL COST OF THE 
25,000 GALLON TANK IS $42,000. IF A LINE WERE 
EXTENDED TO THE RIGHT ALONG THE $42,000 VALUE, 
IT WOULD INTERSECT THE 50,000 GALLON USED AND 
USEFUL PLOT AT YEAR 15. SIMILARLY, IF THE $84,000 
LINE WERE EXTENDED, IT WOULD INTERSECT THE 
50,000 GALLON USED AND USEFUL PLOT AT 
APPROXIMATELY YEAR 35. THIS WOULD JUSTIFY 

W c h  
Misc. 12. S SU.sum -3 - 



EXHIBIT 
&f/ ' 

PAGE---2--oF /9 7d 
ESTABLISHING A 15-YEAR MARGIN RESERVE IN THIS 
EXAMPLE. 

THE SECOND FIGURE ILLUSTRATES THE COST EFFECT 
OF BUILDING 25,000 GPD TANKS OVER TWO- AND 
FIVE-YEAR INCREMENTS VERSUS BUILDING A 100,000 
GPD TANK AND UTILIZING A 15-YEAR MARGIN 
RESERVE. AS THE GRAPH ILLUSTRATESy BUILDING IN 
25,000 GPD INCREMENTS RESULTS IN OVER TWICE 
THE COST AS BUILDING THE 100,000 GPD TANK OVER 
A 15-YEAR MARGIN RESERVE PHASE, WITH' SAVINGS 
BEGINNING AS EARLY AS YEAR SEVEN. 

CONCLUSION 

THE FIGURES ILLUSTRATE THAT SIGNIFICANTLY 
HIGHER COST IS ATTRIBUTED TO EXPANSION WITH 
SMALLER TANKS UNDER BOTH SCENARIOS. WITH 
HIGHER GROWTH RATES, LARGER CAPACITY UNIT 
PHASING IS MORE ECONOMICAL. 

W c h  
Misc. 12.SSU.sum -4- 
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EXHIBIT GCH-6 

$ 75.000 
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50,WO 

25,000 

CUMULATIVE INVESTMENT / DOLLARS IN USED AND USEFUL 
FOR EXPANSION WITH 25.000 GAL. TANKS AND 50.000 GAL. TANKS 

NOTE1 3% GROWTI 

YEAR 

OOLURS IN USED A N 0  USEFUL 

30 35 
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MEN1 
M L .  TANKS 
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50.00 
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RATE . POTENTIAL 8 SAVED BY USING 50,000 GAL. TANKS 0% INFLATION 
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EXHIBIT - 
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15Q.W 

5 0 . m  

2 5 . m  

0 

CUUUUTM 
INYmUENT 
2 5 . m  UL. TWKS 

5 10 15 
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NOTE: 10% QROWTH RATE v 
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PAGE /s OF / ?  
COMMENTARY ON COMPARISON OF COST PER ERC 

TABLES 

SUMMARY 

THE FOLLOWING TWO TABLES SHOW THE CUSTOMER 
COST SAVINGS ON AN ERC BASIS RESULTING FROM 
EXPANSIONS MADE WITH LARGER, RATHER THAN 
SMALLER TANKS WHEN USED AND USEFUL EQUALS 
NEEDED CAPACITY DIVIDED BY TOTAL CAPACITY. 
THE FIRST TABLE SHOWS SAVINGS FROM 50,000 GPD 
TANK VERSUS 25,000 GPD TANK EXPANSIONS, 
ASSUMING 3% GROWTH AND 0% INFLATION. THE 
SECOND SHOWS SAVINGS FROM 25,000 GPD TANK 
VERSUS 100,000 GPD TANK EXPANSIONS, ASSUMING 
10% GROWTH AND 0% INFLATION. 

CONCLUSION 

THE LARGE TANK ALTERNATIVES PRODUCE ANNUAL 
SAVINGS PER ERC OF 53% AND 1 17%, RESPECTIVELY. 

W c h  
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?AGE 
Cornpariron of Coat per ERC Based On 

25,000 Gallon vs. 50,000 Gallon Tank Phaaing Schcdolcs - 0 % Inflation 

25.000-gal Tank Phasing 
Demand  umberof of cumuhik h e w  Dollar. ADn"dco*, 

Y u r  (gpd) ERCs(1) I ~ K I ~ I  U u d  nod Uwfd Uud a d  Uwlul p a  ERC (1) 

0 25.000 95 $42,000 100.0% $42,000.00 $53.05 

50.000-gal Tank Phasing A M d  
C"rn"l.lk Perem Dollvi ADoudCwt Sarin- Pnes 
l n ~ s m m  Uud and Uuful Uud and Uwful p a  ERC 11) per ERC %hp 

$55,000 50.0% $27,5500.00 $34.74 $1832 53% 
1 25,750 
2 26,523 
3 27,318 
4 28,138 
5 28.982 
6 29,851 
7 30,747 
8 31,669 
9 32,619 
10 33,598 
11 34,606 
12 35,644 
13 36,713 
14 37,815 
15 38,949 
16 40,118 
17 41,321 
18 42,561 
19 43,838 
20 45,153 
21 46,507 
22 47,903 
23 49,340 
24 50,820 
25 52,344 
26 53,915 
27 55,532 
28 57,198 
29 58,914 
30 60,682 
31 62,502 
32 64,377 
33 66,308 
34 68,298 
35 70,347 
36 72,457 
37 74,631 
38 76,870 
39 79,176 
40 81,551 
41 83,997 
42 86,517 
43 89,113 
44 91,786 
45 94,540 
46 97,376 

98 
100 
103 
107 
110 
113 
116 
120 
124 
127 
131 
135 
139 
143 
148 
152 
157 
161 
166 
171 
176 
181 
187 
192 
198 
204 
210 
217 
223 
230 
237 
244 
251 
259 
266 
274 
283 
291 
300 
309 
318 
328 
338 
348 
358 
369 

$42,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$84,000 
$126,000 
$126,000 
$126,000 
$126,000 
$126,000 
$126,000 
$126,000 
$126,000 
$126,000 
$126,000 
$126,000 
$126,000 
$126,000 
$126,000 
$168,000 
$168,000 
$168,000 
$168,000 
$168,000 
$168,000 
$168,000 
$168,000 
$168,000 
$168,000 
$168,000 
$168,000 
$168,000 

103.0% $43260.M) 
53.0% $44,557.80 
54.6% $45894.53 
56.3% $47271.37 
58.0% $48,689.51 
59.7% $50,150.u) 
61.5% $51,654.70 
63.3% $53204.34 
65.2% $54800.47 
67.2% $56,444.49 
69.2% $58,137.~~ 
71.3% $59881.96 
73.4% $61,678.42 

77.9% $65,434.63 
80.2% $67,397.67 
82.6% $69,419.60 
85.1% $71,502.19 
87.7% $73,647.25 
60.2% $75.856.67 
62.0% $78,132.37 
63.9% $80,476.34 
65.8% $82890.63 
67.8% $85,377.35 
69.8% $87,938.67 
71.9% $90,576.83 
74.0% $93,294.14 
76.3% $96,092.96 
78.6% $98,975.75 
80.9% $101,945.02 
83.3% $105,003.37 
85.8% $108,153.48 
88.4% $111,39808 
68.3% $114,740.02 
70.3% $118,18222 
72.5% $121,727.69 
74.6% $125,379.52 
76.9% $129,140.91 
79.2% $133,015.13 
81.6% $137,005.59 
84.0% $141,115.75 
86.5% $145,349.23 
89.1% $149,709.70 
91.8% $154,201.00 
94.5% $158,827.03 
97.4% $163,591.84 

75.6% ~63,528.n 

$34.68 
$35.01 
$35.01 
$34.71 
$34.78 
$3487 
$34.99 
$3484 
$34.72 
$34.92 
$34.87 
$34.85 
$3486 
$34.91 
$34.74 
$3484 
$34.74 
$3489 
$34.86 
$34.85 
$34.88 
$34.93 
$34.83 
$34.94 
$34.90 
$3489 
$34.91 
$34.79 
$3487 
$3483 
$34.81 
$3483 
$3487 
$34.81 
$34.91 
$34.91 
$34.81 
$34.87 
$34.84 
$34.84 
$34.87 
$3482 
E3480 
E3482 
$34.86 
$34.83 

$52.97 
$53.47 
$53.47 
$53.01 
$53.12 
$5326 
$53.44 
$53.20 
$53.03 
$5333 
$53.26 
$5323 
$53.25 
$53.31 
$53.06 
$53.21 
$53.06 
$53.29 
$53.24 
$53.23 
$5327 
$5335 
$53.19 
$5336 
$5330 
$53.28 
$53.31 
$53.14 
$53.26 
$53.19 
$53.17 
$53.19 
$53.26 
$53.16 
$53.32 
$53.31 
$53.16 
$53.25 
$53.21 
$53.21 
$53.25 
$53.18 
$53.15 
$53.17 
$53.24 
$53.20 

$1829 53% 
$18.46 53% 
$18.46 53% 
$1830 53% 
$18.34 53% 
$1839 53% 
$18.45 53% 
$1837 53% 
$18.31 53% 
$18.41 . 53% 
$1839 53% 
$1838 53% 
$18.38 53% 
$18.40 53% 
$1832 53% 
$1837 53% 
$1832 53% 
$18.40 53% 
$1838 53% 
$1838 53% 
$1839 53% 
$18.42 53% 
$18.36 53% 
$18.42 53% 
$18.40 53% 
$18.39 53% 
$18.40 53% 
$18.35 53% 
$18.39 53% 
$18.36 53% 
$18.36 53% 
$18.36 53% 
$18.39 53% 
$1835 53% 
$18.41 53% 
$18.41 53% 
$1835 53% 
$1839 53% 
$1837 53% 
$1837 53% 
$1838 53% 
$1836 53% 
$1835 53% 
$1836 53% 
$18.38 53% 
$1837 53% 

$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$55,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 
$110,000 

51.5% $28,3325.00 
53.0% $29,174.75 
54.6% $30,049.99 
56.3% $30,951.49 
58.0% $31,880.04 
59.7% $32,836.44 
61.5% $33,821.53 
63.3% $34836.18 
65.2% $35881.26 
67.2% $36,957.70 
69.2% $38,066.43 
71.3% $39208.42 
73.4% $40,384.68 
75.6% $41,596.22 
77.9% $42,844.10 
80.2% $44,129.43 
82.6% $45,453.31 
85.1% $46,816.91 
87.7% $48221.42 
45.2% $49,668.06 
46.5% $51,158.10 
47.9% $52,692.84 
49.3% $54273.63 
50.8% $55,901.84 
52.3% $57,578.89 
53.9% $59,306.26 
55.5% $61,085.45 
57.2% $62,918.01 
58.9% $64,805.55 
60.7% $66,749.7~ 
62.5% $68,752.21 
64.4% $70814.78 
66.3% $72,939.22 
68.3% $75,127.40 
70.3% $77,381.22 
72.5% $79,702.65 
74.6% $82,093.73 
76.9% $84,556.55 
79.2% $87,093.24 
81.6% $89,706.04 
84.0% $92,397.22 
86.5% $95.169.14 
89.1% $98,024.21 
91.8% $100,964.94 
94.5% $103,993.89 
97.4% $107,113.70 

47 100,000 379 I $168,000 1003% $168,499.59 $5335 I $110,000 100.3% $110,327.11 $34.931 $18.42 53% 

Notes : 

(1) Bued on a rwngc dry unit demand of264 bpd. 
e) Calculated IS foUows :Cost per ERC = [(Dollan Used and Useful) * 0.1211 Number of ERC's. 

(Assuming a 12 96 rate of return Mth no adjustments made for taxes, ets.) 



Cornparixon of Cas1 per ERC Bared On 
25,000 Gallon M. 100,000 Gallon Tank Phasing Schedules 

0 96 Inflation 

95 

104 

115 

126 

139 

153 

168 

185 

203 

w 

246 

no 

297 

327 

3.54 

0 25,ooo 

1 27,500 

2 30.250 

3 33,275 

4 36,603 

5 40,263 

6 44,289 

7 48.718 

8 53,590 

9 58,949 

10 64,644 

11 71,328 

12 78,461 

13 86,307 

14 94,937 

$42,ooo 

$42,000 

$84,000 

$84,ooo 

$126,OOO 

$126,000 

S126,ooo 

$126,ooo 

$168,WO 

$168,wo 

$168,W 

$168,000 

$168,000 

$168,ooO 

$168,000 

15 100,000 379 

100% $42,000.00 $53.05 

110% $46,200.00 $53.31 

61% $50.820.00 $53.03 

67% $55,90200 $53.24 

49% $61,492.20 $53.09 

54% $67,641.42 $53.05 

59% $74,405.56 $53.15 

65% $81,846.12 $53.09 

54% $90,030.73 $53.2 

59% $99,033.80 $53.29 

65% $108,937.18 $53.14 

71% $119,830.90 $53.26 

78% $131,813.99 $53.26 

86% $144,995.39 $53.21 

95% $159,494.93 $53.16 

$168,0oO 100% S168,wO.W $53.19 $77,550 100% $77,550.00 $24.55 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$77,550 

$28.64 117% 

25% $19,387.50 

28% $21,326.25 

30% $23,458.88 

33% $25,804.76 

37% $28,385.24 

40% $31,223.76 

44% $34,346.14 

49% $37,780.75 

54% $41,558.83 

59% $45,714.71 

65% $50,286.18 

71% $55,314.80 

78% $60,846.28 

86% $66,930.91 

95% $73,624.00 

$24.49 

$24.61 

$24.48 

$24.58 

$24.51 

$24.49 

$24.53 

$24.51 

$24.57 

524.60 

$24.53 

$24.58 

$24.58 

$24.56 

$24.54 

$28.56 

$28.70 

$28.55 

$28.66 

$28.58 

$28.56 

$28.61 

$28.58 

$28.65 

$28.69 

$28.61 

$28.67 

528.67 

$28.65 

$28.62 

117% * 

117% 

117% 

117% 

117% 

117% 

117% 

117% 

117% 

117% 

117% 

117% 

117% 

117% 

117% 

~I 

(2) Bawd on a m n g s  day unit demand of 264 bpd. 
(3) Wculrted as follow : Cost per u1C = [ ( h U a n  Used and Useful) ' 0.121 /Number of ERC's 

(Assuming 1 12 % nte of R N ~  wit6 no adjumem made for Uxn, e@.) 



EXHIBIT &GAL) 

PAGE L o F  

COMMENTARY ON PRESENT WORTH COSTS OF 
EXPANSIONS UNDER VARYING GROWTH AND 

ECONOMIC CONDITIONS 

SUMMARY 

THE FOLLOWING THREE PAGES OF FIGURES 
ILLUSTRATE THE PRESENT WORTH COSTS OF TANK 
EXPANSIONS ASSUMING DIFFERENT GROWTH RATES 
UNDER VARIOUS ECONOMIC CONDITIONS. EACH 
PAGE REFLECTS A DIFFERENT GROWTH RATE, 19'0, 3% 
AND 5%, RESPECTIVELY. PRESENT WORTH VALUES 
ARE LISTED ACROSS THE BOTTOM OF EACH OF THE 
THREE FIGURES DISPLAYED ON A PAGE. THE 
PRESENT WORTH VALUES REPRESENT THE TOTAL 
COST TO THE UTILITY IN TODAY'S DOLLARS FOR 
INSTALLING STORAGE TANKS ONLY OF THE SIZE 
SHOWN IN THE ROW ABOVE PRESENT WORTH AND 
ASSUMING (1) THE ECONOMIC CONDITIONS OF THE 
TWO PRECEDING ROWS, AND (2) THE PHASING 
PARAMETERS AT THE TOP OF THE FIGURE, SUCH AS 
THE PROGRESSION FROM 25,000 GPD TO 100,000 GPD 
ON THE TOP FIGURE OF EACH PAGE. PRESENT WORTH 
VALUES VARY FROM ONE PAGE TO THE NEXT 
BECAUSE THE GROWTH RATES SPECIFIC TO EACH 
PAGE DICTATE THE TIMING OF THE TANK 
INSTALLATIONS. THE TANK PHASING OPTION WITH 
THE LOWEST TOTAL PRESENT WORTH ASSUMING THE 
CONDITIONS ABOVE IS ENCLOSED IN A BOX. 

W c h  
Misc. 12. ssu. sum -6- 



CONCLUSION 

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

W c h  
h4isc. 12.SSU.sum -7- 
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R E :  A PETHOD T O  E V A L U A T E  A WATER U T I L I T Y  

B Y !  _ W l l . L I A H  A .  BfCXER AH0 W I L L I A M  C. F L O W E R S  
A U G U S T  2 5 .  1975 

EXHIBIT CGC l4-9' 

PAGE \ OF 1 7  
.- 'L .- - .. . .. . 

1 . 0 0  l n f a r m a t l o n  f r o m  a r e c e n t  rate C D I c  I f  u s e d  In t h l i  e x a m p l e .  

P o s t  e ~ ; t h r , . r ~ ! l p w l n q  I n f o r m a t l o n  v a s  o b t n l n e d  b r  o n s l t o  I n r s s t l -  

q o t l o n  o f  t h e  U t I l I t y .  T h l s  p h a s e  I$ v e r y  Important s incm t h a  

( n r c l t l P * t l n g  e n p l n c e r  c a n  o b t a l n  much I n f a r n ~ t l a n  a b o u t  t h e  

p h y s l c n l  p l s n t  and t h e  o p e r t t l c n  sf  t h e  u f l l l t y  t h a t  doe, n o t  a p p c a r  

o n  a c o l d  f a c t  s h e e t .  

' 

, 
c- 1.Q1 h f u l l  t r e a t m e n t  p l l t n t  r a t e  9 1 . 0  HGO 

1 . 0 2  R a w  WaCcv S o u r c e  - Three 8' w e l l s  r a t e d  e . 7 2  PGO each f o r  

a t o t a l  o f  2.16 HGO 

1.03  Ground S t o r a g a  - 1.0 HGO P r e s t P c l s e d  c o n c r e t e  t a n k  

1.04 C l e a r r c l l  . 10,000 G a l l o n  C i p a c l t ) .  

1 . 0 5  HIgh S e r v i c e  Pumps - 1 P 700 GPP - 1 0 1400 GPH and 1 fl 2100 G V M  

1 . 0 5  T e s t  y e a r  - A m u l m u .  o f  1000 L R C ' s  o n  l ln .  

1.97 G r w C h  - A n n u a l  r ~ p ~ r i  f o r  folloxlnp Y e a r  shows 300 ERC'I 

a d d c d .  I f  t h l i  I n f o r m a t l o n  Is n o t  a v s l l a b l e .  u s e  10: f o r  

F o l l o w l n q  y e a r  

1.06  Flre r l o c s  - S l n q l e  r o m i l y  r e J i d e n c e  area  500 G P n  - n u l t l -  

f a A l l Y  and c o m m c r s l a l  a r e a  1260 C P H  - by l o c a l  o r d l n a n c c  

I---- 



EXHIBIT p e. H -7; - 
R E :  A METHOD TO EVALUATE A WATER UTILITY 
BY: W I L L I A M  A .  B E C K E R  AN0 YILLIAM C .  FLOWERS 'PAGE 3 OF 11 

AUGUST 25. 1 9 7 5  

' M o s t  ~ & ; h ~ , . ~ ~ ! l , o w i n g  i n f o r m a t i o n  was o b t a i n e d  b y  o n s i t o  f n v a s t i -  

g a t i o n  o f  the u t l l i t y .  T h l s  phase i s  v e r y  i m p o r t a n t  slnc:a t h a  

l n v e s t i g a t l n g  eng lneer  cam o b t a l n  much i n f o r m a t i o n  a b o u t  t h e  

p h y s i c a l  p l a n t  and t h e  o p e r a t i o n  o f  t h e  u t i l i t y  t h a t  does n o t  appear 

on a c o l d  f a c t  sheet .  
~ - 1.01 A f u l l  t r e a t m e n t  p l a n t  rate B 1.0 H G D  

1 .02  R a w  Water Source - Three 8"  w e l l s  r a t e d  e .72 MGB each f o r  

a t o t a l  o f  2.16 MGD 

1.03 Ground S tn raga  - 1.0 NGO P r e s t r e s s e d  c o n c r e t e  t a n k  

1.04 C l e a r w e l l  - 10.000 G a l l o n  C a p a c i t y  

1.05 H i g h  S e r v i c e  Pumps - 1 Q 700 GPpl - 1 W 1400 GPM and 1 e 2100 GPM 

\. 

1.06 T e s t  y e a r  - A m a r l m u m  o f  1000 ERC's on l i n e  

1.07 Growth - Annual r e p o r t  f o r  f o l l o w i n g  y e a r  shows 300  E R C ' s  

addc6.  If this i n f o r m o t l o n  is n o t  a v a l l a b l e .  use  101. f o r  

F o l l o u 4 n g  year .  

+- 

1 . 0 8  F i r e  ~ I O W I  - S i n g l e  r a m i l y  r e r i d t n c e  area 5 0 0  GPn - n u l t i -  

f a m i l y  and commercial a r e a  1250 GPH - b y  l o c a l  o r d i n a n c e  

.. 2.00 E v a l u a t i o n  - f r o m  t h e  p r e c e d i n g  l n f o r a a t i a n .  m a k e  t h e s e  - 
assumpt ions :  

( a 1  S i n g l e  f a m i l y  a ~ e a  f l r e  f l o u r  f o u r  hours s u s t a i n e d  ( b y  

o r d i n a n c e )  

( b )  H u l t i - f a m i l y  4nd c o m o e r c i n l  area f i r e  f l o w s  s u s t a i n e d  f o u r  

hou rs  (by  o r d i n a n c e )  

( E )  C l e a r w e l l  c a p a c i t y  i s  i n s i g n i f i c a n t  ror ~ e s e r v e  

( d )  

( e )  

( f )  

( 9 )  U s e  1.1 G P H  formaxlmum h r .  ( 2 0 0 %  maximum day )  

( h )  Use I S O X  average  Day pumping f o r  16 h o u r  demand 

(i) Use 4 h i g h  s e r v i c e  c a p a c i t y  f o r  emergency 

( J )  T h i n k  "economy 0 7  sire' i n  f i n a l  a n a l y s i s  

U r c . 2 4 3  GPH/ERC/Oay t o  e s t a b l i s h  ave rage  d a y  pumplng(24 h r )  

U s e  , 3 6 4  G P W E R C  f o r  average 16 h r  day (150% x 24 h r .  flow) 

Use . 5 5  GPH/ERC/Oay t o  c r t a b l i s h m a x i m u n  day pumping 

L 
2.01  C a l c u l a t e  a v e r a g e  day demand f a r  r e f e r e n c e  

, 2 4 3  x i o a o  x 1 4 4 0  - 3 4 9 . 9 1 0  g a l i o n s  
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2 . 0 2  C a l c u l a t e  a v o r a g a  16 h o u r  day f o r  r e f e r e n c e ,  and check on 

a v e r n g c  d a y  - , 3 6 4  x 100 x 960 - 349.920 g a l .  

2.03 C a l c u l a t e  m n x i m u n  day demand t o  a s t a b l i s h  a max lmum b a s e l l n e  

f o r  t e s t  y e a r  - . 5 5  GPH x 1000 L R C ' S  x 960 5281000 g a l .  

.% .. 2.04 ' C a l c u l r t e  mnxlmum day demand f O r  1 y e a r ' s  g r o w t h  t o  d e f c r m l n e  

n o a d  for e x p a n s i o n  - . 5 5  GPN x 1300 ERG'S x 9 6 g  - 686 ,400  g & l .  

2.05 C a l c u l a t l  maxtmum h o u r  demand (200% mas. d a y )  - 
2 . 0  x 528,000 - 1.056,OOO g a l .  

2.06 C a l c u l a t e  f o u r  h o u r  p n a k  demand - 
)v 1.1 6PN x 1000 E R C ' $  x 240 m l n .  9 264.000 g a l .  

2.07 C a l c u l a t e  four h o u r  peak demand Q 1 yeoP'S g r o x t h  

264,000 x 130% - 343.200 g a l l o n s  

2 .08  C a l c u l a t e  f o u r  hour f l r c  f l o w  - Use 1250 GPN o v e r r i d i n g  500 

GPN - 1 2 5 0  GPH I 240 H t n .  - 30a,ooa g a l .  

2.09 B e t e r m i n e  t o t a l  f o u r  hour peak demand 

Oarna t t l c  peak damand - 264.000 g a l .  

Four h o u r  f i r e  f l o w  - 300,000 g a l .  

Assumed U t i l i t y  P l a n t  u s e  - 20.00 0 q a l .  

Haximum 4 h o u r  peak  demand- 584,000 g a l .  

2.10 C a l c u l a t e  Maximum h t g h  r e r v l c e  0 4 hour  punplng rate 

2100 GPH x 240 N l n .  * 504.000 g a l .  

2.11 C a l c u l a t e  4 h o u r  p l a n t  t h r o u g h p u t  

1.0  HGO - 695 GPH x 240 u t n .  = 166,000 G O I .  

2.12 D e t e r m i n e  t f  4 h o u r  maxtmum Is a v a i l a b l e  

Ground S t o r a g e  - 1,000.000 g a l .  

P l a n t  t h r o u q h p u t  - 166.800 q a l .  

PAGE 3 -OF 17 

4 h r .  t o t a l  avall- 
r o l e  wa te r ,  1,166.800 g a l .  

2.13 C a l c u l a t e  16 h o u r  p l a n t  th raughput  

6'25 CPU P 960 Mtn. s 667,200 g a l .  

2.14 D e t e r m i n e  i f  t h r o u g h p u t  and g round  s t o r a g e  a r e  s u f f i c l e n t  

f o r  1 6  hour demand - 1 6  hr p l a n t  t h r o u g h p u t  - 66?,200 g a l .  

Ground s t o r a g e  - 1.000.000 q a 1 .  

16 h r  t o t a l  w a t e r  avatl. - 1 .667 .200  g a l .  

2.15 O r t e r m l n e  t f  h i g h  Lervlce pumptng i s  s u f f f c l e n t  f o r  16 hour  

maxfmvm and f l r e  f l o w  - 16 h r  max.  f l o w  - S28 .000 i960  mln.*S50 GPH L 
F i r e  F l o w  .1 250GPH 
T o t a l  p u m p l n p  demand 7; lc h r  n e -  = l ' * n n c D u  

I 

I 

-_ 



EXHIBIT ka-i 4 
. .. . 
Page 

2.00 

. .  

3 . 0 1  

3 . 0 2  

3 . 0 3  

3 . 0 4  

3.05 

rr 
3.06 

3 . 0 7  

3.08 

3 . m  

3.10 

3 . 1 1  

3 . 1 2  

- 
4 . 0 0  

4 . 0 1  

4 . 0 2  

4 .03  

4 . 0 4  

e 

4 . 0 5  

- 3 -  

~ ~ t u a l  u s a g e  f r o m  p l a n t  r e c o r d s  - X a x .  d a y - n a y - f l n l s h c d  

PlN 

PAGE - 
- 

w a t e r  6 1 7 , 0 0 0  g a l .  

w. Day - A u q u s t  - 1 6 8 , 0 0 0  Gal. 

C a l c u l a t e  a v s r a q e  d a y  

n s r .  c o l u m n  T o t a l  4 8 6 3  : 1 2  - 405.000 Gal. 

C a l c u l a t e  M a x .  urage/ERC 

6 1 7 . 0 0 0  i 1 0 0 0  ERG I 6 1 7  G a l / O a y  

C a l c u l a t e  H l n .  usage/ERC 

168,000 t 1000 ERC - 1 6 8  Gal/Day 

C a l c u l a t e  a v e r a g e  uraqc/ERC 

405.000 & IO00 E R C  - 405 G a l / O a y  

Calculate e x c e ~ ~  I o f  M a x .  nay over H/D e l l o r a b l e  o f  3 5 0  G a l .  

6 1 7 - 3 5 0  - 2 6 7  i 350 - 7 6 5  Hare 

C a l c u l a t e  e x c e r , ' ~  o f  a v e r a g e  

4 0 5 - 3 5 0  - 5 5  ; 350 - 1 6 %  more 

1 9 7 4  ma*. d a y  - A p r i l  - 1.101.000 Gal. 

1 9 7 4  U r n .  Day - J u l y  - ' 370,000 Gal. 

1 9 7 5  H a s .  D a y  - Fcb.  ~ 959,000 Gal. 

1975 M a x .  Day - A p r l l  - 2 4 5 . 0 0 0  Ga l .  

C a l c u l a t e  a c t u a l  demand on s y s t e m  urlng a v e r a g e  day o f  405,000 Gdl. 

WdX Ody 2 2 5 %  i 405.000 911 , 2 5 0  Gal .  

10% Growth  - 9T1.250 + 91125 - 1 0 0 2 3 7 5  

2 0 %  Cantlnsency - U t i l I t y  u s e .  l l n e  Breaks E t c .  

1 0 0 2 3 7 5  + ZOO475 = 1 , 2 0 2 . 8 5 0  

C o n c l u s i o n s  a n d  r e c o m n e n d a t i a n s  

Item 2.03 - T e s t  year - P l a n t  c a p a c l t y  I s  r u f f l c l e n t  

.53 nGo ; 1 . 0  nG - 33% c a p a c i t y  

Item 2 . 0 4  - An e x p a n s t o n  p r o g r a m  I s  I n d i c a t e d  

300 ERC's b r l n r r  p r i n t  demand f a  686 .400  G a l l o n s  ( A p p r o x .  702) 

ftcm 2.09 a n d  2 . 1 2  f a u r  h o u r  peak  demand I s  w l t h l n  P l a n t  

s a p a b l l l t y  u s i n g  g r o u n d  r t o r a g e  - 584 .000  g a l .  r e q u i r e d  V I  

l m 1 6 6 , 8 0 O  a v a i l a b l e  

I t e m  2 . 1 0  a n d  Item 2 . 1 5  - H l g h  servlce pumplng would b e  d e f l c l e n t  

a t  W r S t  p o r s l b 1 . c  condltlon o f  a 4 h r  p e a k  d o m e i t l c  demand a n d  

fire f l o w ,  b u t  I s  more than a d e q u a t e  f o r  1 6  h r .  m a x .  and f i r a  

f l o w  - I800 GPH demand v i  2 1 0 0  GPU a v a l l a a l e  - I h l S  I s  a very  

flexible p u m p  c o m b l n a t i o n .  

I t e m s  2 . 1 0  and 2.12  ~ P l i n t  t h r o u g h p u t  and  g r o u n d  s t o r a g e  r u f f l -  . 

. --- 

-._* 
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EXHIBIT CC>k - q) 

TO : DALE A. W P .  DIRECTOR. MATER AND SEER DEPARTMEKl 

FROM: 

RE : 

3. 0. COLLIER. ASSISTANT DIRECTOR. YATER AAD SEWER D E P A R T M U I  

USED AND USEFUL DETEf@4IMTICHS - MATER AND SEER U S E S  
PRCJECT YE-81-11-012 

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

Our m s t  recent research and restudy o f  the used and use fu l  determinations 

made i n  water and sewer cases Is complete. 

f h e  r e s u l t  i s  a composition o f  mthodology and standards. This canposit io 
- 

is intended t o  gujde each person m k i n g  a used and useful  determination i n  a 

professfona7 and consistent manner. 

engineer's used arduseful ca lcu la t ions  be noted on pre-prepared data sheets and 

presented with each docketed case. These data sheets w i l l  pmv fde  a c l e a r  

a c c w n t a b l l i t y  f o r  t h e  key ccmputations and adjustments made as a r e s u l t  of the 

canputations. 

It i s  pmposed t h a t  t he  resu7tants from the 

Tht florfda Watetworks Assoc fa t fm  has expressed a desire t o  pa r t i c i pa te  

i n  discussicms of t h l s  subject  with the  h i s s l o n e r s  when f t  i s  scheduled fo r  

t h e f r  conslderation. 

JK/w 
Attachnents 



- 
PAGE 

USED AND USEFUL D E T E W I N A T I O N S  I N  WATER AND SWER CASES - 
INTRODUCTION 

The Cwmissioners .  i n  consider ing water  and sewer cases  a t  agenda conferences, 

have voiced concern over t h e  seeming l a c k  of consis tency i n  used and u s e f u l  computations, 

Severa l  a t tempts  vere made t o  clarify indiv idua l  m a s u r m n t  terns used t h a t  we= con- 

f u s i n g  t o  the Carmissioners  and t h e  Adminis t ra t ive s t a f f .  

F -. - -. 

A presenta t ion  was made by the  Yater  and Sewer s t a f f  a t  t h e  Hay 3 ,  1982 In t e rna l  

This  m e t i n g  c l e a r l y  brought to l i g h t  the A f f a l r s  conference w i t h  the Camrissioners. 

m b i g u i t i e s  t h a t  t he  Carmfssioners were facing i n  understanding the methodology used 

i n  making used and useful  determinat ions.  

This Internal Affairs conference sewed well to i d e n t i f y  those s p e c i f i c  concerns 

and t o  provide guidance i n  our efforts to design an understandable working formula 

.In determining used and usefu l  p l a n t  f o r  rate-making purposes. 

The Carmissioners have expressed a d e s i r e  f o r  a ' f o m l a " .  Hatura l ly  we a l l  v i sua l?  
. -  

a f o m l a  as  a f i x e d  procedure with l i t t l e  or no room f o r  f lex ib i l i ty  which is so 

necessary  i n  used and useful determinat ions.  

We have i n t e r p r e t e d  the need of a formula t o  be a requirement t o  e s t a b l i s h  and 

i d e n t l f y  key s tandards  appl ied  in used and useful  &terminations. 

expec ted  to he cons tan t  and u t i l i z e d  i n  a s t e p  by step manner so  t h a t  any necessary  

d e v i a t i o n  can he r e a d i l y  recognizable  and properly judged by t h e  C m i s s l o n e r s .  

These s tandards  a re  

To s o l i d i f y  these s tandards  and avoid f u t u r e  conflicts we have thoroughly re- 

searched  those that a re  proposed to t~ u t i l i z e d  w l t h  t he  Department o f  Environmental 

Regulation a n d  the Flo r ida  Yateruo&s Associat ion.  This  w i l l  a ssure  cons is tency  and 

less v a r i a b l e s  i n  used and usefu l  determinat ions.  

An i d e n t l f l a b l e  b a s i s  and l ega l  a u t h o r i t y  should he es tab l i shed .  This  we have 

provided through r e sea rch  and i n t e r p r e t a t f o n  of  appl fcable  lew and rules and regulat ions.  

MmiOWLOGY 

The englneer lng lnvcs t iga t fon  develops t h e  necessary information used i n  making 

t h e  used and useful determfnat ions.  The steps taken i n  t h i s  process a r e  a s  follows: 
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1) 

2) 

3 )  

4 )  

5 )  

Accomplish a canp le t e  eva lua t ion  and i n v e n t o r y  of plant  and system C"lponents 

Hake a s t u d y  of t h e  s e rv l ce  a r e a ,  numbers and types o f  c u s t m r s .  

Hake a ccmprehensive mvieu  and analysis of p l a n t  operational data .  

Hake an eva lua t lon  of the capac i ty  of t h e  e x f s t f n g  p lan t  and system. 

Hake an econcqy o f  s c a l e  and prudency d e t e n l n a t i o n  regarding the design and 

cons t ruc t ion  of t h e  p l a n t  and system. 

Complete a s t u d y  o f  the p a s t  and f u t u r e  u t l l i t y  custaner  growth. 

L - 

6 )  

Having cmq5leted these e s s e n t i a l  actions the  Eng inee r  should have a l l  o f  t h e  

necessary  information upon whfch t o  base h i s  conclusions and computations. 

used In applying and m a s u r f n g  t h i s  Informatton are l i s t e d  l a t e r  i n  t h i s  document. 

The standarc 

A s ing le  f o m l a  which m l d  be t o t a l l y  usable  i n  a l l  cases i s  not  f e a s i b l e  as 

we previously mntioned. '  However. a very s impl i f i ed  f o m l a  Is noted here t o  i l l u s t r a t e  

t h e  func t ions  of key cons idera t lons  i n  determining the  percentage of a p l a n t  o r  system 

t o  be used and useful. 

TREATHEKT PLANT FORMULA 

Components 

1) Capacity of p l a n t  I n  ga l lons  per day 

2 )  tbxfnm d a i l y  flow In  t e s t  year In ga l lons  +r day 

3 )  Average d a l l y  f l o w  I n  t e s t  y e a r  i n  ga l lons  per day 

4) F i r e  f l o w  requirements i n  test  y e a r  I n  gal lons  per day 

5 )  

6) 

Margin r e sene  i n  ga l lons  per day 

Excesslve f n f i l t r a t i o n  0~ excessive unaccounted fo r  Uater I n  ga l lons  per day 

F o m l a  - Yater P lan t  - 
Fonnula - Sewage Treatment P lan t  - 3 + 5 - 6 = I: used and useful 

Mte: 

B 2  + S )  + 4 1  - 6 - Z used and useful 

b 
Gallonsper  day shall be expressed In thousands 

Yater  Transmissfon o r  Swage  Col lec t ion  System Formula 

Canponents 

1) 

2) Number o f  'connectfons during test y e a r  f n  ERCs 

b p a c i t y  of  system i n  ERCs 

31 h,roin WSCNP i n  ERCs 



I t  should be noted t h a t  I n  s w  cases t h i s  percentage would not apply to al l  

t h e  HARK accwnt s  covering Plan t  and Systems. 

o r f en ted  and therefore  would be 1W: used and useful. 

s i g n a t e  those acccunts t h a t  a rc  1WZ and j u s t i f y  this reasoning. 

s a w  Plant  ccqonen t s  a re  not Capacity 

1 Therefore. the  Engineer wi l l  de- 

Attached are da ta  s h e e t s  which would show t h e  f i n a l  cmputa t fons  f o r  used and usefc 

They w u l d  be avaflable to be included w i t h  s t a f f  r e c m n d a t i o n s  f o r  agendas. 

STANDARDS 

The standards used mtst be cons is ten t  i n  use and s e t  f n  quali ty.  Consistency w i l l  

f a c f l l t a t e  Iden t i f f ca t fon  of variances when required.  Definit ive standards Insure  

f a i r n e s s  and qua l i t y  of determinations. 

A l l  of  t he  standards u t i l i z e d  are  arranged i n  an alphabetical  glossary f o r  referenc 

Se lec t ed  c r f t f c a l  and mst r e a d f l y  used standards a re  mntioned a s  follows: 

1. 
- 

AYERAGE DAILY FLW - An average of t he  d a i l y  flows d u r i n g  the  peak usage m o n t h  

durfng the  test  year. 

Influenced by abnormal i n f f l t r a t i o n  due to r a f n f a l l  periods. 

CAPACITY 1) 

f l o w  t h a t  can be carried exactly. The load f o r  which a nachine. apparatus,  s t a t ion  

o r  system is rated. 

2) 

-. __--- 
Care should be exercfsed t o  be sure the  flou data i s  not  

2. General - The quantfty t h a t  c a n  be contained exac t ly ,  o r  t he  r a t e  of 

T rea tmnt  P lan ts  - The hydraulic ra ted  capacity expressed i n  'thousands gallons 

per day". 

3) 

a b l l l t y  t o  serve a tks fgna ted  nunbcr o f  Equivalent Resfdentfal  Connections. 

capac i ty  t h e n  can be r e l a t e d  t o  actual connected dens i ty  f n  terms of E R C s .  

EQUIVALENT RESIDEKTIAL CCWNECTION - A b a s f c  desfgn c r f t e r i a  t o o l .  

ga l lons  per day per person. 

persons P 1W gpdc which makes the ERC equate t o  350 gallons per  day. 

V a t e r  Dfstributfon a n d  S w a g e  Cnllectlons Systems" - The capacity i n  terms of 

The 

3. Based on 100 

A s ing le  famlly connectfon i s  considered t o  serve 3 .5  

Other types 
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of connections have d t f f e r e n t  flow c h a r a c t e r i s t i c s  and can be equated to E R ~  

Equivalencies. For example: 

E R C  EQUIVALENTS 

S i n g l e  Family 1.0 a 350 GPD 

Duplex o r  Triplex 0.86 @ 300 GPD 

Townhouse 0.86 @ 300 GPO 

Mobile How 0.86 a 300 GPD 

Apartment 0.71 @ 250 GPO 

FIRE FLOW CAPABILITY - A recognition of t he  u t i l i t i e s '  a b i l i t y  t o  fu rn i sh  f i r e  

p ro tec t ion  for t h e i r  customers' general p ro tec t ion .  

s e t  by t h e  Insurance Se rv ice  Organization o r  by a governmental agency ordinance. 

The minimum s tandards t o  date a r e  500 gpm i n  r e s i d e n t i a l  a reas  f o r  a two hour 

pe r iod  o r  1500 gpm for a four  hour period when customers are a mix o f  r e s i d e n t i a l  

and s i zeab le  camnercial connections. Higher s tandards  can prevai l  i n  higher  

d e n s i t y  condi t ions.  

Fire-flow c a p a b i l i t i e s  are usually ca lcu la ted  over and above maximum d a i l y  require- 

ments. Therefore. any water system t h a t  provides f i r e  pro tec t ion  capac i ty  over  and 

above maximun d a i l y  consumptive needs should be rdmbursed f o r  the cost  of t h e  ex- 

cess capaci ty ,  which i t  cannot use f o r  the sa le  of revenue producing water .  

excess capac i ty  i s  determined from the f o n u l a ;  water supply capac l ty  - Maximum 

Daily Consumption Rate. 

Note: 

f low requirements. 

INFILTRATION - The quan t i ty  of groundwater t h a t  leaks i n t o  a pipe through j o i n t s .  

porous wall; o r  breaks. 

San i t a ry  sewers are  designed t o  car ry  unavoidable amounts o f  groundwater i n f i l t r a -  

t i o n  o r  seepage In addi t ion  t o  the peak s a n i t a r y  flows. I n f i l t r a t i o n  specificatior 

a r e  general ly  In  t h e  range of 250 t o  500 ga l lons  per daylinch diameter/rnile. 

The standard re ference  used is  Water Po l lu t ion  c o n t r o l  Federation Manual o r  Practi  

The s tandards w i l l  be those a s  

The 

The excess capac i ty  f o r  f i r e  c a p a b i l i t y  sha l l  not exceed the needed f i r e  

Th i s  a u n t  i s  measured above the peak s a n i t a r y  flows. 
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Ho. 9 e n t i t l e d  'Design and Construction of  Sani ta ry  and  S t o r m  Sewers'. 

j o i n t  preparat ion of t h e  WPCF and the h r i c a n  Society o f  Civi l  Engineers. 

WRGIN RESERVE - A propor t iona te  share Of  the exis t ing t reatment  facilities or  water 

d i s t r i b u t i o n  system E Sewage c o l l e c t ~ o n  system. 

t h e  u t i l i t y  the a b I l l W  to accept addi t iona l  connections a s  noted i n  367.111. 

P l a n t s  cannot be constructed rapidly and economlcally t o  always j u s t  have t h e  capacil 

to sene  only  tte test y e a r  c u s t m r s .  

capac l ty  ava l lab le .  . 

b r g i n  reserve  Is t o  recognize an appmpr la t e  and f a i r  moun t  of ' readiness  t o  

serve capaci ty '  and no t  t o  unjus t ly  burden t h e  e x l s t l n g  c u s t m r s  w i t h  an unnecessar: 

m o u n t  o f  excess p l a n t  i n  r a t e  base. 

To determine mnrgln peselye the  year ly  growth r a t e  I n  ERCs I s  averaged f o r  t h e  most 

r e c e n t  5 year pertod. 

exls t lng f a c i l i t i e s  f s  cs tab l l shed .  

per Iod  f s  developed as the margin reseme. 

18 mnths for  an average t reatment-plant  and 1 2  months f o r  c o l l e c t i o n  and d i s t r i b u t i  

systems bu t . can  vary depending on many f a c e t s  t o  be considered by the Engineer. 

General ly  margfn r e se rve  should not  be p e n t t t e d  t o  exceed 1540% of  p l a n t  serving 

e x l s t i n g  custmrers. 

MXIFWH CAILY FLOW - Rn average of t h e  5 dqys with t h e  h ighes t  pumpage r a t e  from 

t h e  mnth w i t h  the h ighes t  pumpage r a t e  during t h e  t es t  year .  

should k v e r i f i e d  a g a l n s t  fire. l i ne  breaks o r  o the r  unusual occurances t h a t  M u l d  

effect the purrgage r a t e .  

PRUDENCE - Cam. cau t ion  and good j u d p n t  as well as wisdom I n  looking  ahead. 

Exbmples of an i a p & n t  fnves tmnt s  f n  water o r  s e e r  f a c f l l t i e s  would be: 

a. 

b. 

c. nismanagemnt of wns t ruc t ton  

d. Improper engineer ing Input 

e. E x ~ s s i v e  cons t ruc t ion  cos ts  

s hi^ 

6. -- - 
17 

T h i s  share  i s  Intended to afford 7 

*re will more &ten a1wa.p be s a  excess 

A construct ion period necessary to add capac i ty  t o  the  

Then the growth r a t e  i n  ERCs f o r  t h e  cons t ruc t i t  

A representa t ive  cons t ruc t ion  per iod  i s  

7. 

'These f i v e  days 

8. 

Economies of s c a l e  were n o t  cons idend  

Present cust-rs w u l d  be burdened f o r  considerable  f u t u r e  pe r fods  

.. 



-~ 
U-MTER - Water t h a t  I s  taken from c, source i n t o  a d i s t r i b u t i o n  system 

~ { c h  I s  no t  de l tve red  tn t h e  custaners  o r  o thenr l se  accounted for .  

~k proper  a u n t  of unaccounted-for-water I n  any gtven system i s  a func t ion  of  t h a t  

system alone.  

mtemd systems wl th  good meter malntenance pmgrnms and average condi t ions  of 

A f a l r  average of unaccounted-for-water m i g h t  be 10-20 percent  f o r  fu l  

s e w  i c e .  

The s tandard  reference used 4s h K f 8 n  Hatenrorks Association Hanual KO. 8 e n t i t l e d  

W a t e r  D i s t r ibu t lon  Tra ln lng  Course'. 

- Hote: 

Glossary.  Hater  and Yastewater Control Engineerfng. This Glossary I s  a j o i n t  publ ica t ion  

of the knerfcan Publ lc  Heal th  Associatfon. kerfcan Soclety of C i v i l  Engineers, h r i c z n  

Yatemcrrks Assocfatfon and Yater  Pol lut lon Control Federation. 

3n t e n l n o l o g y  and d e f i n i t i o n .  

A l l  t echnlca l  terms used i n  t he  used and useful d e t e n i n a t l o n s  will adhere  t o  the  

This  will i n s u r e  cons i s t e  

CGflSIDERATIOHS IN EVALUATING PIAKTS AND SYSTEMS 

Prepar ing  t o  apply t h e  nforementloned c r i t e r i a  and formula t o  a used and use fu l  y _. 
conc lus ion  w i l l  require a considerable  amount  o f  technical judgment and appra i sa l .  

fo l lowing  a r e  ltms t o  be consjdered during the  Engfneer's evaluat ion o f  d a t a  and u t i l i t y  

systems.  

The 

1) 

2) 

Desfgn criterla fisposed by the State. Local and Federal Regulatory Agencies. 

The requirements of the comnunlty t o  w e t  the needs of t h e  pub l l c  f o r  s a f e .  

adequate. s u f f l c i e n t .  respanslve and econmlc  ser-flce t o  sewe al l  those  t h a t  

apply. 

Such factors s h a l l  lnclude b u t  no t  be l lml ted  t o  peak demands. fire f lows ,  

connection t o  r r g f m a l  systas.  s l z e s  of malns. type of cons t ruc t lon .  po l lu t io r  

c o n t r o l ,  a l r  and g r w n d  and se rv lce  watrs. a v a l l a b l l f t y  o f  servlce and any. 

other demand o f  the camxlnjty a f f ec t lng  the u t f l l t y .  

Regu lap ry  requ{ranents  f o r  standby wells. emergency power and o the r  s tandby 

f a c l l l t i e s  should be considered used and useful. 

Any f a c l l l t y  m q u l r e d  t o  be lnstal led by a regulatory agency o the r  than l ines  

3) 

4 )  



r e q u  e d  by rea  

use fu l .  

er e reguln tory  res. should be consldered used and 

Actual opera t ing  d a t a  s h a l l  be u t i l i z e d  i n  computations when available and 

r e l i a b l e .  

h l s t o r l c a l  data .  

Xarginal reserves should be determined on a case  by case bas i s  conslder ing a l l  

t h e  f a c t o r s  of comnunlty needs. l ead  t lm  f o r  managerfal dec is ions ,  engineer ing.  

w n s t r u c t l o n  and r egu la to ry  appmvals .  

The u t i l l t y  should have c a p a c l t i e s  s u f f i c i e n t  t o  allw f o r  dokn tiw f o r  

Accepted design c r i t e r i a  s h a l l  be used I n  the absence of experienced, 

maintenance of po r t lons  of  I t s  p lan t .  

Seasonal v a r i a t i o n s  should be taken l n t o  account f o r  population changes, 

occupancy r a t e s ,  f n f i l t r a t i o n  o r  usage va r l a t lons .  

Safe withdrawal levels fm water wells for  prevention of  s a l t  water i n t r u s i o n  

and a71 other sa fe  wel l  levels of opera t ion  s h a l l  k considemd. 

When determining r equ l r ed  s torage capac i ty  conslderat icn should be given t o  

peak hour and fire f low requ i r emen t s .  

An econoniy of scale c o s t  determination should be made and canpared to  hydraul ic  

.. 

share  cost  a l l x a t f o n .  

A formula f o r  t h e  very small systems I s  o f t e n  very d i f f i c u l t  o r  impossible  t o  

apply.  

t ions whlch u l l l  msult I n  reasonable r a t e s  t o  the customers. 

I t  r equ l r e s  a g r e a t  a a u n t  o f  f l e x i b i l i t y  t o  develop reasonable  a l loca -  

CMICLUSIM1S 

The s o l e  purpose of  t h i s  presenta t lon  I s  t o  pmvlde s tandards and formul iza t ion  

f o r  an engineer lng  determinat ion.  

ph i losophies  and concepts will be consldered. 

because the v a r i a b l e s  t h a t  would be lnvolved a r e  too nunemus. 

mre w l l l  no doubt k cases where o t h e r  rate-making 

Hone of these have been consldered here 

Applfcat lon of these foregoing s tandards and wthodology w i l l  provide f o r  a 

consistent and eqm'table  engineering evaluatfon o f  the p lan t  a n l  system necessary t o  

mnder s a f e  and e f f i c l e n t  s e r v i c e  t o  the  u t l l i t y ' s  c u s t m r s .  



WATER T R E A W K I  PLANT 

Docket  No. 

1) C n p a c i t y  of  P l a n t  

2 )  Haximum D a l l y  Flow 

3)  Average  D a i l y  Flow 

4 )  F l r e  Flow C a p a c i t y  

a )  Heeded F i r e  Flow 

U t i  1 i ty D a t e  

g e l l o n s  per dby 

g a l l o n s  p e r  dey 

g a l l o n s  p e r  

g a l l o n s  p e r  d@? 

g a l l o n s  p e r  6y 
5) H a r g i n  Rese rve  g a l l o n s  p e r  W 

*Not t o  exceed  20: Of 
p r e s e n t  cu  s t one rs 

End Av . a)  Test Year  Customers i n  ERC's  - Begin 

b) 

c) 

Average Y e a r l y  C u s t m r  Growth i n  ERC's 
F o r  Host Recent  5 Years I n c l u d i n g  T e s t  Year 

C o n s t r u c t i o n  Time f o r  A d d i t i o n a l  Capac i ty  

(b) X (c)  X[+] 

E R C ' s  

'I e a r s  

g a l l o n s  p e r  Dzy n a r g i n  Reserve  

6 )  Excessive Unaccounted f o r  Water  g a l l o n s  per day  

a )  Total h u n t  g a l l o n s  p e r  day : o f  Av. D a i l y  Flow 

b)  Reasonab le  h u n t  g a l l o n s  p e r  day Z of Av. D a i l y  Flow 

c) E x c e s s i v e  h u n t  g a l l o n s  per day I o f  Av. D a i l y  Flow 

PERCENT USE0 AND USEFUL FORMULA 

L.5) +a - 6 - Z Used and Useful 

I 



Docket Ho. 

3)  

W A T E R  DISTRIBUTION SYSTEM U S E D  AN0 USEFUL DATA 

U t  f 1 I t y  Date  

C a p a c f t y  ~ _ _ _ _ _ I _  ERC's 

U m b e r  o f  T e s t  Year C o n n e c t i o n s  

a)  Eeg ln  T e s t  Year ERC ' s 

b) End T e s t  Year E R C ' s  

c )  Average T e s t  Year E R C ' s  

Wargin Reserve  E R C ' s  
*Hot t o  exceed  ZOS o f  

[Number o f  p o t e n t i a l  CuStomers w i t h o u t  
e x p a n s i o n )  

E R C ' s  

p r e s e n t  CuStunerS 

a )  Average Year ly  Customer G r o w t h  i n  E R C ' s  f o r  Most 
Recent  5 Years I n c l u d i n g  T e s t  Year 

C o n s t r u c t i o n  Time f o r  A d d i t i o n a l  C a p a c i t y  

E R C ' s  

Yea r s  b) 

E R C ' s  H a r g i n  Rese rve  ( a )  X (b) = 

PERCENT USED AND USEFUL FORMULA 

I Used and Usefu l  2 + 3  = 
-r- 

Enginee r  



G t H - 7  EXHIBIT 

P A G E L O F  I? 

Docke t  No. u t i  1 I t y  Date 

1) C a p a c t t y  o f  P l a n t  g c l l o n s  p e r  day  

2 )  H a x i m  Dai ly  Flow g a l l o n s  p e r  day  

3 )  Average D a l l y  f l o w  g a l l o n s  per day 

4 )  F f r e  Flow R e q u i r r m n t s  HOT APPLICABLE g a l l o n s  per d a y  

5 )  t b r g i n  Reserve g a l l o n s  p e r  day 
*Not t o  exceed  201 of  

p r e s e n t  custcxncrs 

a) T e s t  Year Customers l n  ERC's - Begin End Av . 
b] Average  Year ly  Customers Grvwth i n  ERC's 

For  Hos t  Recen t  5 Yea r s  I n c l u d i n g  T e s t  Year  

C o n s t r u c t i o n  Time f o r  A d d i t i o n a l  C a p a c i t y  

ERC'S 

Years c )  

(bl  X (c) X[d= g a l l o n s  per day 

g a l l o n s  p r  day  6)  E x c e s s i v e  I n f i l t r a t i o n  

: of Av. D a i l y  Flow 

: of Av. D a i l y  Flow 

2 o f  Av. D a i l y  Flow 

a )  T o t a l  h u n t  g a l l o n s  per d a y  

g a l l o n s  p e r  d a y  b) Reasonzble  k w u n t  

g a l l o n s  p e r  d a y  c) Excess ive  h u n t  

PERCENT USED AND USEFUL FORMULA 

b)+(TTI - 6 = : Used and Usefu l  

Engineer  



Docke t  No. U t (  1 f t y  Date 

1) C a p a c l t y  ERC's (Number o f  p o t e n t i 2 1  customers v i t h o u t  e x p a n s i o n !  

2 )  N u d e r  o f  Test Year COnneCtfons E R C ' s  

~ 

a )  -Tes t  Year E R C ' s  

b) End T e s t  Year ERC's  

c )  Average  T e s t  Year E R C ' s  
- 

3 )  F a r g i n  Rese rve  ERC' s  
'Not t o  exceed  20: o f  

p r e s e n t  c u s t m e r s  

a)  
E R C ' s  

b) C o n s t r u c t i o n  Time f o r  A d d i t i o n a l  C a p a c i t y  Years  

Average  Y e a r l y  C u s t a n e r  Growth { n  E R C ' s  f o r  b s t  
Recent 5 Year s  I n c l u d l n g  T e s t  Year 

ERC's  Harg in  Reserve  ( a )  X Cb) = . 

PERCEKT USED AND USEFUL FORMULA 

2 + 3 =  Used and Usefu l  
1 

E n g i n e e r  
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EXHIBIT G W  -4 
OF 2% PAGE 

-Amuitmng.Esq* 
GeaarlcoMxl 
southem stzk.5 utililis, Inr; 
1000 C O l o r P ~  
Apopka. Florid8 32703 

S u b j g t  Case No- 94-0793-CA51-~C 
Engineering Commcnts Rcgardhg 9 
Ssnlernlat of Litigation 

Dcar hfr. Annstrong 

OLU h participated in t k  a b Y V e - ~ ~ c d  C S C  25 tsnhnical e x p a  x l b r s s s  and suppat  on 
behalf of SDurhrm soltrs UtilSe~, Inc. (SSV). This lctter addrrsses &e n d m i d  m e n  e uater RSO- for SSUs MaM Wand and Mars Shorcs ur;l;tsr CUTU)IDCTS. 

& 

T 
Previously, &e Y)m of watp and the propaiY upon which the sratcr supply faditia, 
improveme&, +"- and pumping station facilities built was controlled by thc Collicrj 
unda a lcarc &-L The Colliers rcfirsaf ro cxend or wegotiarc chc lcasc for rhc e*ting 
w supply bzilitis. For scvaal yeas, SSU ;manptod m obtain an app-q&c raw waxer 
mpply i b m  the CoUjers and Omss Company cf€& at the "Dude" p r o m  failed Company 
efforts & the 160- lime sludge disposal site c o k -  tkou& the Pamirting proms aDd 
rcrmin difficult dnc to cnvirOmnmkd CQ- GZh rrspcct to d c d o p m m t  Collier ComV had 
only brackish WBICT vhich is d t s b l c  for the Marc0 Shorcs and Maru, Island l imo tnzxmcnt 
faditis. Th: Collier Gamty cost ofpotablc \Y~LQ savicc was p h i i x l y  cxpcnsivc. Finally, 
Collier Couuty did Dof c o d  to s a v i n g  the prcserS and funm: nwds, Thr only viable option 
left m rhc Collier propcay was lhc City of Naples +and facilitcs. Negotiations bawcsn SSU 
and d e  City of Napla c x d n u e d  until SSU d-ui that the cast and timing w c  
NJmparativcly 1 s  am7u3i-e than d x  co&uarlcc of rho exishg supply source. 

A few factors innucncisg this decisions -as that SSU would bc 

1) in pcrpctual Conh-01 of in raw water supply SO-, 

2) able to mntinuously s a v e  thc Company's c-mcr; and 

3) able b a t  thc s0uS.c wi& dristing facilities. 
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