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FOREWORD

During the preparation of the preliminary Texas Water Plan, the Water
Development Board had a number of studies prepared by The University of Texas,
Texas A & M University, and Texas Technological College. Other investigations
were prepared by the staff, or under contract with various consultants. A
number of these reports have been published heretofore by the Board.

To facilitate numerous staff analyses comparing the cost of transporting
water from alternative sources to a given point, the Board had this report
prepared by Lockwood, Andrews and Newnam, Inc., Consulting Engineers, Houston,
Texas. The information and results contained in the report should provide
assistance to engineers, cities, water districts, and numerous agencies when
considering costs of transporting water.

Publication of this report is a continuation of the Board's policy of
providing the widest possible distribution of information obtained during the
preparation of the preliminary Plan.

In addition to the basic report, Lockwood, Andrews and Newnam, Inc.,
has provided an Addendum containing examples in use of the report, and also
two appendices containing computer print-outs and other data. The Addendum
and Appendix A are included in this volume, Appendix B, which contains the
Fortran source program and voluminous computer outputs, remains unpublished

but is available for reference in the files of the Texas Water Development
Board.

Texas Water Development Board

7 ’
Joe G. Moore, Jy
Executive Direct{Or

iii






TABLE OF CONTENTS

SUMMARY . et vevevvecncrsoncnnornnnnes v
Authorization..ieeeseceessesreesenscsoanan
Range Covered.iciseveseecassnssssennansas
Cost Factors Included..... ..
Other Assumptions..... ctececeansens
Output,eeeeneroesessns
Conclusions and Comments......

e s e s ev v eer e e

PURPOSE AND SCOPE...icvtavoesecossonnasnsncasannnos
For Use as a Planning Tool...e.....
Other UseS.uieieevvevessannanes
Range Covered...ccevevrnoenens
Limited Detail.....eovveeevnns

Output...eveeecenssessnnsancns

Exclusions....eveveee.

DESCRIPTION OF INPUT DATA AND BASIC ASSUMPTIONS.....

Peak Factors and Growth RateS...eeesesoncoaces

Peak FACtOT.eieverarsoasesncoanns .

Growth Rate......... ceeesarsensenerns e

Details of Application..eeeeceeeceasens cen
Pipe CoStS.cieiinerereenoesresavessesnossnnsnsns
Water Hammer...oeceeeciooscesoonacaosas

Pipe Friction....ieeeeiveeonnnanns

Economical Pipe DiameterS..issecescressencaes

D N ) .
. .o trees s ens .
oo cees e EEREEEE
. R R .
teeasecesresseacan e
P TR coaans
seeces et s e nsessanea
beasassesensenn .

...... . R



Pump Plant Costs...

TABLE OF CONTENTS (Cont'd.)

Efficiencies.iieeecanacannss et tesieses it as e cee s
Interest Rate and Amortization Period.....ieeceeneencneennnronenns
Power CoStS.versceernvenansan ettt eree et eee et e e tnone
BASIS FOR DETERMINING COST OF WATER. . e eerenvsassssoasossosesncssnanes .
Criterion...ieeeeriereeneneacscnnnnns e eeseseesesnssnar e crisens e
Comparison of Possible Methods of Computing Water CoStS......co...
Present Worth Formulas.....eeveesusse . ceesenens e
OUTLINE OF COMPUTER PROGRAM...0vvveacvancnesnnonss P ee et eseesee s
Input Data..... T
Formats for Input and OQutput...... . e e sense s e st ans
Reuse of Program,..veeveeseesosossoasonscsnss e ss et e e eaen .
DISCUSSTION OF COST CHARTS. . ..ceevossnsscassosscsnssss e fehe s
RULES FOR MODIFYING RESULTS FROM CURVES...cettemumenniincnsesennanennas
Correction for Right=of-Way COStS..scusuineseesenonnesoonsanseanss
Correction for Operating Costs (Other than Power)......eveeeesaess

Correction for Change in Interest Rate or Amortization Period.....

FIGURES

Assumed Pipe Laying Cost vs. Diameter.......

Economical Pipe Diameter vs. Peak Delivery Rate.........v..cicaa...

Derivation of Pump Station Cost Factors

Duration of Pumping,
Duration of Pumping,
Duration of Pumping,

Duration of Pumping,

Peak Factor

Peak Factor

Peak Factor

Peak Factor

Page

10
10
12
12
12
13
14
14
15
15
15
17
17
17

18

22
23
24
25
26
27

28



TABLE OF CONTENTS (Cont'd.)

Page
Effect on Water Cost due to Change in Interest Rate or
Amortization Period.....eeeeieiresonsosennancnns Cheesei i 29
Solution of Manning Flow Formula for n = 0.01l...... teveereeresnens 30
TABLES

I. Assumed Pipe Costs per Mile (In place, including 25% for
engineering and contingencies)...evievevvcrecsves cereass 31
II-A. Values of Pump Station Cost Factors....se.... cessens e 32
B. Values of Efficiency FACtOrS..cvusuiersansorossoseosnonsns 32

I11-A, B, C. Effect of Alternate Methods of Stating Water Costs....... 33-35

IV. Present Worth Formulas,.ceeeessscocecocerassossocas ceeenes 36
V. Summary of Computer ProgramMisecesscscssassosassennasasnan 37
VI. Program Input for Final Run (Index to Input Data Cards).. 38

COST CHARTS

(Cost of transporting water by pipeline)

Chart No. Peak Factor Growth Rate
leveeeneeses 1,000, 0%
2t enness 100,00 00..... 0%
3ieeeeneness 1,00, .0 0i0unn.. 6%
beeeiiannnn. 1.00..00vievene. 3%
2 .5 TR § /4
B.reneennene 1025, .00 ......10%
7eeeoesnnaes 125, 00ia.... 6%
Bevivenraees 125, 0 ..., 3%
eeivnnene. 150, ..., 0%

10,......... . L1500, .., ..., 10%
11,..... eeen. 150 oLl 6%
12, .. e 150 Ll 3%
13....... .75 0 iveien.. 0%
14,..... R T 10%
15 eeeunees L7500 ..., OF
16, iveun.... .75, .vveun... 3%
17 ... 2.00,.,......... 0%
18, ..., ... 2.00,,,....... .. 10%
19......... .. 2.00,,,,........ 6%
20,.... ee. 2,00, ... ..., 3%

vii



TABLE OF CONTENTS (Cont'd.)

ADDENDUM

ILLUSTRATIVE EXAMPLES IN USE OF REPORT.......

I. Application of Charts 1-20 (Interest Rate 4%, Amortization
Period 40 Years)u.veeeeeeeoens

IT. 1Interpolation for Interest and Amortization Periods Other
Than 4% and 40 Years....vveeevve.

II1. Changing Unit Costs or Adding Costs Excluded from Computer
Program.....

IV. Economics of Terminal Storage......

APPENDIX A
Part I, Print-Out of Data Used for Charts (Output A).........
Part 1II, Block Diagram for Computer Program....
Part III, Cost Estimating Procedure (For Pump Station Operation and

Maintenance Costs), Supplied by U.S. Bureau of Reclamation.

APPENDIX B

(Unpublished; available in files of Texas Water Development Board)

Part I, Fortran Print-Out and Input Data
Part 1II, Supplementary Data (Output B)

Part III, Output AA (Partial rerun of Output A with different interest
rates and amortization periods)

viii

Page

79

81

83

84

87

99

121

125



CO0ST OF TRANSPORTING

WATER BY PIPELINE

SUMMARY

Authorization

This study was authorized by the Texas Water Development Board to provide
the Board with a tool to assist in developing a State Water Plan. The data
developed are generalized for use as such a tool. However, the computer pro-
gram developed is such as to permit its later use in determining cost for
specific projects.

Range Covered

Charts and printed output provide construction costs and water costs for
the following ranges:

Average delivery rates: 2 MGD to 1,000 MGD (12 rates tabulated).

Pipe line length: 10 miles to 500 miles (9 lengths tabulated).

Peak factors: 1.0, 1.25, 1,50, 1.75, 2.0. (This is the ratio of maximum
delivery date to the average annual delivery rate.)

Growth rates: 0, 3%/yr, 6%/yr, 10%/yr. (This is the rate at which the
average annual use increases each year until the rated
average delivery rate is reached.)

Static head slopes: 0, 4 ft/mi, 8 ft/mi, 12 ft/mi.

Cost Factors Included

Construction costs include pipeline cost (based on use of concrete cylinder
pipe) and pump station costs. They include an allowance of 25% for engineering
and contingencies. Right-of-way costs must be added to the costs given herein.
No costs are included for the source of supply, for the extra cost of a pump
station located in a reservoir at the beginning of a pipeline, or for terminal
storage at the end. Cost of intermediate storage tanks or ponds is included,
as is the cost of control and telemetering equipment for automatic, unattended
operation of pump stations.

Water costs are computed on a present worth basis and represent the
uniform rate at which water would have to be sold to repay the construction
cost and pay the pumping costs, for the interest rate and amortization period
assumed (4% and 40 years).



Water costs shown on the charts and in the output must be increased for
right-of-way costs and for operating costs other than power. The procedure
for doing this is set forth in this report.

Other Assumptions

The basic assumptions are:

Interest rate = 4,0% (Except for output AA - See below).
Amortization period = 40 years.

Pipe friction factor (Manning's n) = 0.011.

Maximum pump efficiency = 0.85.

Power cost (for over 500 KW per station) = $19.00/KW/Yr + 0.55¢/KWH.

Qutput

Output in 4 forms is obtained as follows:

Output A:

Output B:

Output C:

Output AA:

Print-out of costs for each combination of the delivery
rates, lengths and other factors used [Appendix A, Part I].
This print~out shows construction cost and water cost,

for the most economical diameter and the most economical
number of pump stations. (All data for 4% and 40 years.)

Print-out of costs for selected combinations of delivery
rates, lengths and other factors [Appendix B, Part II].
This print-out shows cost data and maximum he¢ad per pump
station for the range of diameter investigated for each
combination. (All data for 4% and 40 years.)

Graphic charts [page 39] showing the same data as output
A. These are useful for interpolating between the values
of delivery rate, length and other parameters shown in
output A.

This is a partial repeat of output A for other interest
rates and amortization periods [Appendix B, Part III].

Conclusions and Comments

Experience in developing these data and the analysis of the result indi-

cates that:

1. Despite necessary approximation in input data and procedures, the
results should be of entirely adequate accuracy for planning purposes.

2. By introducing various refinements (as subroutines in the program),
the computer program could be used to develop costs for specific projects with
almost any accuracy desired.
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3. The output data reveal several facts of considerable interest, namely:

a. The economical pipe diameter for a given peak factor and growth
rate depends almost solely on the delivery rate. It is almost
independent of the length of pipeline or static head.

b. The maximum head per pump station, for the most economical pipe
size and number of pump stations, is seldom much more or much less
than 230 feet. This corresponds to 100 psi, the minimum pressure
class assumed for most sizes of the concrete cylinder pipe used as
a basis for the pipe cost data.

c. The cost curves show a break in slope and curvature at a point
corresponding to about 39 inches pipe diameter. This is apparent-
ly due to a break in the pipe cost curves at about this diameter.
This break in the cost curves results from the fact that a dif-
ferent and more costly manufacturing process is used above about
39 inches diameter.

4. 1If water is to be sold at a higher price than the cost as determined
herein (so as to provide for reserve or contingencies) a better '"return on

investment" may sometimes be secured by using a pipe diameter somewhat smaller
than the "economical diameter' as determined herein.

PURPOSE AND SCOPE

For Use as a Planning Tool

Cost data developed in this study, and the charts which show these data,
are intended primarily for use as a tool in planning water resource develop-
ment. For this reason, the studies are generalized to a very great degree.
Many factors and details which would require consideration in the design of
a particular project have either been eliminated from the study, or have been
covered by arbitrary or average allowances. The factors which have been
eliminated from consideration are those which would be peculiar to particular
regions of the state (such as topographic and soils conditions that would
materially add to the cost), or which are not a direct function of the quantity
of water to be transported (such as right-of-way cost and operation and main-
tenance costs). The latter costs cannot be neglected even in a planning study;

hence the data developed herein will require modification for these factors in
any use of the data.

'

Other Uses

It is anticipated that other uses than as a planning tool may be made of
the data developed herein and/or the computer program from which the data was
obtained. A complete print-out of the data shown on the charts is contained
in Appendix A, together with a description of the program., Adjustments for
some of the factors excluded from the analysis can be made merely by reference
to this print-out data, with the aid of procedures described in this report.
Additional print-out data can be obtained merely by rerunning the program
with certain specified changes in the input commands.



The computer program is further arranged to permit its later use as a
tool in preliminary design of specific pipeline projects after a basic plan
has been established. For such use, additional types of input data would be
specified, and certain subroutines would be called in. These would introduce
refinements in the analysis and permit inclusion of factors which have been
excluded or approximated in the present study.

Range Covered

The output data, and the charts which accompany this report, cover a
range which should accommodate virtually any reasonable water pipeline project
in Texas. The range of the various variables is as follows:

Average delivery capacity - 2 mgd to 1,000 mgd.

Pipeline lengths - 10 miles to 500 miles.

Peak factors - 1.0, 1.25, 1.50, 1.75, and 2.0.

Growth rates - 0, 3% per year, 6% per year, and 10% per year.

Static head slopes - 0, 4 ft per mile, 8 ft per mile, and 12 ft per
mile.

Limited Detail

The amount of detail included in these studies has been limited, consis-
tent with the intended use of the data, and as required to present the output
data in manageable form. For the same reason, the results have been plotted
on logarithmic coordinate paper. The number of curves plotted on each chart,
and the number of points on each curve, were selected so as to be consistent
with the requirements of this type of a coordinate plotting system, The amount
of detail covered in the input data was also limited to the expected require-
ments of plotting the curves with reasonable accuracy.

Output

The primary output data is presented in two forms. One of these (some-
times called "Qutput C") is a set of 20 charts--one chart for each combination
of peak rate and growth factor. The left-hand side of each chart presents the
construction cost of pipeline project and the cost of water, for a static head
slope equal to zero; that is, for a level profile. The right-hand side of each
chart shows adjustment factors for other static head slopes than zero.

The other form of the output data is a tabulation which is included in
Appendix A. This tabulation is a print-out from the computer and shows all of
the data from which the charts were prepared--it is designated as "Output A".

Appendix B contains several pages of tabulation designated as 'Output B".
These tabulations are additional or supplementary to those in Qutput A. Output
A shows the data for the most economical pipeline diameter for each of the
delivery rates, lengths of pipeline, and other factors studied. Output B
shows similar data for the complete range of diameters considered in order to
obtain the most economical diameter. The computer program is such as to permit
a complete print-out of Qutput B; however, this would have required over 1,000
pages of computer print-out. It does not appear that Output B will be of use
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except in certain specific cases, Hence only a limited number of print-outs
are included in this report. These were prepared primarily as a check on the
process of selecting the most economical pipeline diameter.

Appendix B also includes comparative print-outs similar to Output A for

varying interest rates and amortization periods. These are denoted as '"Qutput
AA".

Exclusions

Specifically, the factors which were excluded from consideration in these
studies are as follows:

(1) Cost of pipeline right-of-way.

(2) The additional cost (over that of a typical "booster'" station) of a

pump station intake structure, such as may be required at the reservoir end
of a pipeline.

(3) The cost of terminal storage at the terminal end of the pipeline
(such as will normally be required for pipelines operated at low peak factors).

(4) The cost of maintenance and replacement, and of operation costs,
other than pumping.

(5) The cost of variations in pipeline aligmment from a uniform profile
gradient (however, both pipeline and pump station costs have been increased by
a factor of 25% to allow for engineering, contingencies and cost factors not
specifically included in the analysis).

In addition, no provision has been made for a deferment of pumps or pump

stations, during the early years of operation, for pipelines in which a growth
factor is included.

DESCRIPTION OF INPUT DATA AND BASIC ASSUMPTIONS

Peak Factors and Growth Rates

Peak Factor.--This term, as used herein, represents the ratio of the maxi-
mum rate of delivery for the pipeline to the average annual rate of delivery.
This annual average is the rated capacity listed in the output data.

Growth Rate.--This term, as used herein, represents the rate of increase
in average annual delivery of water during the early stages of operation of the
pipeline. A zero growth rate indicates that the pipeline will be used at its
rated capacity beginning with the first year of operation.

Details of Application.--The peak factor as used here is a function of the
pipeline and pumping facilities. It is only indirectly related to the peak
factor for the city or industry which is being supplied. 1If the latter peak
factor is greater than the pipeline peak factor, terminal storage will be




needed to supply the difference. 1In any specific case the charts developed
herein can be used, in conjunction with the estimated cost of terminal storage,
to determine the most economical peak factor for the pipeline.

Where the growth rate is other than zero, the pipeline will be operated at
less than its rated capacity during the growth period. 1In such case a pipeline
designed for a peak factor greater than unity could be operated at a unity peak
factor, or some intermediate value, during the growth period. However, effi-
cient operation during this period will probably involve deferment of pumps or
pump stations, bypassing of intermediate pump stations, or similar measures.
Such procedures cannot readily be generalized, and they may result in a value
of the peak factor during the growth period which is nearly the same as the
value after the pipeline is operating at capacity. Hence it is assumed herein
that the peak factor remains constant during the growth period. Furthermore,

a higher peak factor generally results in a lower operating efficiency. The
assumption of a higher peak factor than may actually occur will partially
account for the reduction in efficiency which may occur when operating a pipe-
line greatly below its design capacity (due to reduced head on the pumps).

Pipe Costs

The pipe costs used as input data to the program are listed in Table T.
These costs are based on cost information for prestressed concrete cylinder
pipe, obtained from the Gifford-Hill-American Concrete Pipe Company, and
developed by them for the purposes of this program. The information so fur-
nished was extended and extrapolated to cover the range required for this
study. Laying costs were estimated on the basis of average conditions in
non-urban areas. The assumed laying cost for each diameter of pipe is shown
in Fig. 1. As previously stated, the sum of pipe costs and estimated laying
cost was increased by 25% to allow for engineering and contingencies. It is
believed that this allowance will cover cost items not specifically estimated,
such as road and stream crossings, anchorages at bends in the pipeline, and
devices to control water hammer to a reasonable amount.

The use of concrete pipe as a basis for estimating pipeline costs is not
intended in any way to suggest a preference on the part of the Texas Water
Development Board for this type of pipe as compared with other types. Selec-
tion was made purely for convenience, because of the ready availability of
cost data for a wide range of sizes, and because the pressure classes are well
determined, and the diameters standardized. These factors permitted the use of
these data in the computer program with a minimum of difficulty. It is believed
that the results so obtained will provide conservative cost estimates for plan-
ning purposes.

Manufacturing experience for this type of pipe is essentially limited to
pipe 12 ft in diameter or less, and no cost information was received for larger
pipe. Cost input data for larger sizes was extrapolated for this study, and
the resulting output data must be considered as approximate.

Water Hammer

In line with current recommendations of the AWWA for prestressed concrete
cylinder pipe, no specific allowance for water hammer is made in these studies.



It is assumed that pump stations will be appropriately designed to limit water
hammer to very low values, and that air-vacuum valves and/or surge tanks will
be installed on the pipelines as required to eliminate dangerous surges follow-
ing unanticipated pump stoppage.

Pipe Friction

Friction losses in the pipe are based upon use of the Mannings Formula,
assuming n = 0,011, This value is approximately equivalent to a Hazen Williams
Coefficient C = 140, a common value for large concrete pipelines, provided they
are properly installed and maintained, The Mannings formula is more convenient
for use in the various formulas required herein, and it is probably more appli-
cable, with a single value, to a large range of pipe diameters.

Economical Pipe Diameters

Fig. 2 shows the economical pipe diameter plotted against the peak
delivery rate (Average rate x peak factor). Two curves are shown, for peak
factors equal to 1.0 and 2.0, respectively.

Pump Plant Costs

Previous experience, in conjunction with additional rough estimates made
for this study, indicated that the cost of the pumping plants would constitute
a relatively small portion of the total cost in the majority of the pipeline
projects--at least where a pipe of the most economical diameter is used. For
this reason, extreme refinement in development of pump plant costs did not
appear warranted. Pump plant costs were introduced into the program in the
form of formulas designed to cover the range of delivery rates involved and
the heads associated with most economical pipe diameters for the greatest part
of the range covered. The formulas contain factors to allow for variations
in pump plant costs with peak factors and static head slopes. Where a growth
rate is involved, the pump plant cost is that required to deliver the full
capacity of the pipeline after the end of the growth period.

The formulas were developed from cost data for typical pump plants of
several capacitiesy and for a considerable range -of pump and motor sizes,

Preliminary analysis showed that the head range for economical diameter
is fairly limited--generally from about 220 feet to 250 feet. Under the cir-
cums tances the following general formula is appropriate:

CK1l x Q Max + CK2 x Q Max x H Max
E3 E4 x El

CPST =

1/Taken from data furnished by the U.S. Bureau of Reclamation for pump plants
on the Canadian River Project in West Texas.



Where: CPST = Pump station cost
CK1l and CK2 are cost factors
E3 and E4 are factors described below
Q Max and H Max are maximum delivery rate and corresponding head
El is the normal pumping efficiency.

In this formula the first term represents cost of pumps, valves, piping,
structure, and forebay storage. All of these are generally proportional to the
delivery rate. The second term represents the cost of motors and electrical
facilities--these are generally proportional to horsepower, which in turn is
proportional to Q x H.

The factor E3 represents the additional pump installation required to
permit efficient pumping at times when the delivery rate is relatively low,
and for cases where the peak factor is high and the static head low. 1In the
present analysis it is assumed that special pumps are provided for such con-
ditions--these being additional to the pumps required for maximum delivery.
If Q Max and Q Min are the maximum and minimum delivery rates:

E3 = Q Max = 1 1)
Q Min + Q Max 1 + Q Min
Q Max

The factor E4 represents the additional motor and electrical installa-
tion for the additional pumps discussed above. 1In this case if Hs = O:

HP for Q Min = K x Q Min x H Min = K x Q Min /Q Mim\* H Max

Q Ma
= (/Q Min 3 Max HP
Q Max
E4 = Ratio Req'd HP _ 1
Total HP 1+ /Q Miy:Dj
Q Ma
(K = Horsepower conversion factorgb
Assuming Q Min = rQAV (QAV = Average delivery rate in MGD)
Q Max = PKF x QAV (PKF = Peak factor)
Q Min = r
Q Max PKF
E4 = 2)

1,
1+
&)

2 + »
Actual value of K not required for use in the final formula.



Values of E3 and E4 are estimated as follows (Hs = 0):

E3  E4
PKF = 1.75, £ = 0.75, r/PKF = ,43-mcnommnen- .70 .92
PKF = 2.0, r = 0.70, r/RKF = .35-==ee-mmmu- b .96

For PKF < 1.5, E3 and E4 are both assumed equal to 1.00.
Values of E3 and E4 for HS> O are estimated and given in Table II-B.
More specifically the pump station cost formula becomes;

CPST = QAV x /PKF x CKl + CK2 x H Max

E3 El x E4 3)
Where QAV = Average delivery required
PKF = Peak factor

CKl, CK2 = Cost factors defined below
El, E3, and E4 = efficiencies as previously discussed
H Max = Head at maximum delivery rate

Fig. 3 shows the results of plotting pump costs, motor costs and pump
plant costs to obtain CK 1 and CK 2, Values of the latter are shown by the
heavy lines, which have the following general formulas:

CK 1 = a(Q Max)b 4)

CK 2

c(Q Max)?
Values of a, b, ¢ and d, as obtained from Fig. 3 are shown in Table II-A.

Note that CK 1 and CK 2 are shown as having constant values for Q Max >
350 MGD. TUp to this point a typical pump station will have 3 or 4 pumps, and
pump capacities increase as Q Max increases. Available data indicate that for
pump capacities greater than about 60,000 gpm (capacity of 4 pumps = 350 MGD)
the cost of pumps plus motor will no longer decrease further with increasing
capacity. Hence it is assumed that pump station capacities above 350 MGD will
be obtained by increasing the number of pumps.

Values of CK 1 and CK 2 plotted on Fig. 3 include a 25% allowance for
engineering and contingencies. They also include cost of automatic control
and telemetering equipment.

It should be noted that the formula as developed herein for pump station
cost can be considered reliable only for a head range in the neighborhood of
200 to 250 feet. This range will generally correspond to the pumping head for
most economic size of pipe and most economic number of pump stations.

Efficiencies

The input data includes four efficiency factors for use in pumping and
pump station costs as follows:
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El

Efficiency of pumps at maximum head and capacity.

E2 - Average operating efficiency of pumping over full range of delivery

rates.
E3 - . . .
Factors (not actually efficiencies) previously discussed in
B4 - connection with pump station cost.

Efficiency El is used in connection with the KW portion of pumping cost,
and as a part of the factor to determine the motor and electrical facility

component of pump station cost. Efficiency E2 is used in connection with the
KWH portion of the pumping cost.

Efficiency El has a relatively small variation and is assumed equal to
0.85 throughout this study. Values of the other efficiencies were estimated

for the range of peak factors and static head slopes and are listed in Table
II-B.

Figs. 4, 5, 6 and 7 are duration of pumping curves for the several peak
factors involved. For reference they are plotted against a duration of use
curve developed from water use data for the city of Austin for the period
1959 - 1965. The above charts were used to estimate the average operating
efficiencies shown in Table II-B.

Interest Rate and Amortization Period

As agreed with the Texas Water Development Becard, the charts and the
outputs A, B and C were based upon an assumed interest rate of 4% and an
amortization period of 40 years. The effect of using other interest rates
is discussed later on.

Power Costs

Assumed power costs used in estimating the cost of pumping were obtained
from published schedules of several Texas electric utilities, supplemented by
conversations with representatives of one of these utilities regarding probable
rates which would be applicable to large pumping installations.

The pumping cost formula contains two factors representing cost of power--
one a cost per maximum kilowatt during each year and the second a cost per
kilowatt hour. Hence the formula is,

Annual Pumping Cost = Cl x Max KW(in a year) + C2 x KWH/Yr (5)

Power cost factors assumed for this study are:

For installations equal to or less than 500 KW:

cl $3000/Yr (independent of the Max KW)

]

C2 = 1.00 ¢/KWH
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For installations over 500 KW:

Cl

$19.00/KW/Yr

C2

"

0.55 ¢/KWH

In selection of values of Cl and C2, each pump station is considered as
a separate installation.

The above values of Cl and C2 are average values for each of the ranges
indicated. Within each range they approach the weighted average cost of
electric energy for the group of electric utilities considered and for the
probable range of load factors, The weighted average for the group of

utilities was obtained by assigning weight factors to each rate schedule as
follows:

Utility Weight factor

Texas Power and Light Co. 4
Texas Electric Service Co. 3
Gulf States Utilities 2
Central Power and Light Co. 1
West Texas Utilities 1
Southwest Public Service Co. 1
Lower Colorado River Authority 1

Total of weight factors 13

These weight factors were assumed in accordance with an assumed distri-
bution of probable pipeline locations in a State Water Plan.

Analysis of results indicates that water costs will generally change
only 3 or 4% for changes in power costs up to 15 to 25%.

Two facts regarding actual power costs were brought out in conversation
with the power company representatives:

1. For large installations (above about 5,000 to 10,000 KW per pump
station), more favorable power costs can be obtained if the pump station
installation includes the substation, and if power is taken at transmission
voltage.

2. For many pump stations in isolated areas, power costs may increase
due to the need for amortizing the power companies investment in the trans-
mission lines required to serve the pump station.

- 11 -



BASIS FOR DETERMINING COST OF WATER

Criterion

The basic criterion for determining the cost of water in this study is
that if all the water delivered were sold at this cost, the revenues would be
sufficient to pay the annual pumping cost and to amortize the investment in
the pipeline and pumping stations over the amortization period.

Since one of the omitted factors in this analysis is the cost of operat-
ing and maintaining the project, it is evident that an increment of cost for
this purpose would have to be added to the cost shown on the charts and listed
in the output data. A procedure for making this adjustment is discussed in a
subsequent section of this report.

As discussed and agreed upon with the Texas Water Development Board staff
prior to starting this study, the actual computation of the cost of water in
this study is determined by the "present worth' method. It is believed that
this gives the most reliable index of comparative costs on a generalized basis,
and is directly applicable to projects which would be financed through the
Texas Water Development Board.

Comparison of Possible Methods of Computing Water Costs

In general, there are three possible ways in which the cost of water could
be stated, as follows:

(1) The Annual Cost Basis.
(2) Capitalized Cost Basis.

(3) Present Worth Basis.

The application and essential differences between the three methods are
shown by the illustrative example in Tables III-A, III-B and III-C. Table
I1I-A shows the application of the three methods to the case of a project in
which the use of the facility is uniform throughout the period of amortization.
Furthermore, the assumed basis for retiring of capital costs is a uniform
series of equal payments throughout the amortization period. For these con-
ditions the three methods of computing costs of water give exactly the same
results,

Analysis by the present worth basis involves a concept of present worth
not commonly considered in discussions of this factor. This concept is the
"present worth of water used". This expression merely signifies the quantity
obtained by multiplying the average annual use of water by the present worth
factor. The result is stated in millions of gallons, rather than in dollars
as is customarily the case in present worth statements; this number of million
gallons, multiplied by the cost per million gallons, will equal the present
worth of the revenues obtained from the sale of water at this rate.



Table III-B shows the application of the three methods to the case where
the use of the facility has a growth rate of 107%. 1In this case the use grad-
ually increases over the first 10 years of the amortization period and reaches
the design capacity at the end of the 10th year. In such case the annual cost
(based on a uniform series of payments for interest and amortization) is very
high the first year, and gradually diminishes. From the 10th year onward the
annual cost is the same as that obtained in Table III-A. For the case shown
by Table III-B, the unit cost obtained on a present worth basis is about 10%
higher than that obtained on a capitalized basis.

The analysis shown in Table III-C covers the same condition as illustrated
in Table III-B, with the difference that it is assumed that no amortization
payments would be made for the first 5 years, but that interest would be paid
during this period. Under this procedure the annual cost for the first 5 years
would be considerably reduced over that shown in Table III-B, The unit cost
computed on a capitalized basis would be increased somewhat, but that computed
on the present worth basis would be unchanged.

It is essentially because the cost of water obtained by the present worth
basis is unaffected by the method of amortization that this method has been
adopted for the purposes of this study., It is evident that, for the specific
case illustrated in Tables III-B and III-C, it would probably not be feasible
to make a charge for water delivered during the first 2 or 3 years sufficient
even to pay the interest., If water were to be sold at a uniform rate through-
out the amortization period it would be necessary to obtain supplementary funds
during the growth period to make up for the difference between the annual
costs and the revenues. This can be done in several manners, including the
levying of a tax, the funding of interest and deferment of amortization pay-
ments, or the provision of a reserve fund in the initial financing sufficient
to pay the deficiencies in the interest payments during the first several
years. The method used would affect the cost of water if the analysis is
made on a capitalized basis; but it will not affect the cost of water on a
present worth basis (because the present worth of any series of payments to
amortize a debt is equal to the amount of the debt).

Present Worth Formulas

The basic formula for determining cost of water on a present worth basis
is as follows:

Total Investment Cost + Present Worth of Pumping Costs
Cost of =
ost of Water Present Worth of Water Delivered

or in mathematical terms:

CPL + CPST + §0 Present Worth (ClxKW + C2xKWH/Yr)
WC = N (6)
365 S (Q Avg x Present Worth Factor)
o

Where WC

Water cost in $/MG

CPL

Pipeline Investment Cost

- 13 -



CPST = Pump Station Investment Cost

N = No. of Years for Amortization

Cl = Power Cost in $/KW/Yr
KW = Maximum Kilowatts in a year
C2 = Power Cost in $/KWH

Q Avg = Average Annual Delivery, MGD

Table IV shows the formulas for present worth of water delivered and of
pumping cost.

OUTLINE OF COMPUTER PROGRAM

An abbreviated summary of the computer program is shown in Table V; a
detailed block diagram for the program is given in Appendix A, and a print-out
of the Fortran expression of this block diagram is in Appendix B.3

Basically the purpose of the program is first to obtain the most economical
pipe diameter, and the most economical number of pump stations, for the speci-
fied conditions, and then print out the project cost and water costs for the
most economical diameter, The results obtained from the computer are shown in
both printed and graphical form. Provisions for printing the supplementary
output for other diameters considered are included.

Input Data

The input data for this program consists of three types of information,
namely:

1. Cost information for the various sizes and pressure classes of pipe,
for the constants to be used in obtaining the cost of pumping and the cost of
pumping plants.

2. Values of several other factors which are used throughout the com-
putations., Some of these could have been included with the program, but are
listed as input data to facilitate later change in these values, in case the
program is to be rerun later for other uses than the output desired in these
studies. These factors include: the assumed pumping efficiencies, the
interest rate, the amortization period, the static head slopes used, the
specified peak rates and growth rates and the assumed friction coefficient
for the pipe.

3. The third class of input data consists of several indexes to regulate
the internal operation of the program. One set of these specifies the types
of printed output required, and in case of Output B, the particular conditions
for which the printed output shall appear. Another index permits the program

3 Both block diagram and program print-out include a "best fit" line plotting
subroutine not finally used for this report.
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to be rerun with different interest rates and amortization periods, Still
another index is inserted to permit later use of the program with adjustments
for conditions such as the following:

(1) Variations in the topography such as to cause an irregular
profile of the pipeline.

(2) Cost of right-of-way.
(3) Variable pipe laying costs.
(4) Deferment of pumps or pump stations.

(5) An initial rate of water delivery different from that assumed
in the generalized program,

(6) Addition of costs for operation, maintenance and replacement.

In the present study the input values for the index to provide for the
above six factors is zero; this value eliminates consideration of these factors
in operation of the program. If it is later desired to rerun the program and
include some or all of these factors, the corresponding index can be given a
value of one, which will then activate this portion of the program. Additional
matrices will be needed to provide values of the input for the several factors,
and subroutines will be required for insertion in the program to cover the
operations needed to take these factors into account. These subroutines have
not been written as part of the present study.

Formats for Input and Qutput

The printed outputs shown in the appendices illustrate the format of the
output.

Also included in the appendices are print-outs of all of the input data;

these show the required format for incorporation of the data. An index to the
card numbers on which the various input items are located is found on Table VI.

Reuse of Program

As may be seen from the above discussion, the program is designed to
provide maximum flexibility and reuse of the program for other conditions
than those on which the present study is based. By suitable changes in the
input data it is possible to vary the conditions to be analyzed and the con-
stants and assumptions used in the analysis. By activating portions of the
program which were not used in this study, it is also possible to include a
number of factors which were not included in the present study. It will how-
ever be necessary to develop the subroutines for inclusion of these factors.

DISCUSSION OF COST CHARTS

On each of Charts 1 to 20 inclusive the average delivery rate appears on
the vertical scale and cost or cost factors on the horizontal scale.

- 15 -



Water costs for zero static head are shown for a number of pipeline
lengths. Values for intermediate lengths can be interpolated easily, if it is
noted that water cost is nearly proportional to pipeline length.

Construction costs per mile vary only slightly with the length of line,
and curves are shown only for lengths of 10 miles and 100 miles, The latter
curve will generally apply for lengths greater than 100 miles.

Economical pipe diameter in inches is indicated by the numbers adjacent
to each plotting point for water costs.

The correction factors for the various static head slopes vary slightly
with the length of line, but for lengths greater than 60 miles this variation
is small. The correction factors shown apply to such lengths--values for
shorter lengths can be obtained from Output A in Appendix A.

The upper dashed portions of the various curves are for pipe diameters
greater than 144 inches. Pipe cost data for diameters larger than this were
obtained by extrapolation, and the results must be considered as approximate.
The lower portions (below 2 MGD) are also shown dashed, because 2 MGD was the
minimum delivery rate for which plotting points were computed.

The curves for construction cost and construction cost correction factors
do not correspond exactly with the printed output in all cases. Some erratic
plotting points have been skipped. Such points generally correspond to pipe
diameters which give only slightly smaller water costs than the next smaller
diameter. It is obvious that in any actual project the next smaller diameter
would generally be used in such cases. This is because the criterion of mini-
mum water cost may not always be adequate for selection of most economical pipe
diameter. 1In most cases water will probably be sold at a rate somewhat above
the actual cost, in order to provide a reserve, or to allow for contingencies.
If so, a better "return on investment" can sometimes be secured if the pipeline
diameter is somewhat smaller than the diameter for which water cost is a mini-
mum. The extent to which a smaller diameter will provide a larger return on
investment will depend upon the 'mark-up", of selling price over cost of water,
and can be determined by reference to Output B in Appendix B.

The Fortran Program printed out in Appendix B includes provisions which
program the plotter to draw the water cost and construction cost curves for
zero static head. One set of output charts were so plotted. On those charts
the curves for each length of pipeline were drawn in as a straight line--this
being the '"best fit" line for the plotted points. The best fit was determined
by a "least squares" subroutine. However, it was found that the plotted points
showed several systematic departures from the straight line, especially for
points corresponding to about 39-inch pipe diameter. Pipe cost curves have a
break at this diameter due to a change in the manufacturing process for con-
crete cylinder pipe. For this reason it appeared that the straight lines of
best fit were not the best expression of the data, and the broken curves as
shown on the charts were plotted instead. The best fit and line plotting
portion of the Fortran program were not used in the final plotting.



RULES FOR MODIFYING RESULTS FROM CURVES

As previously stated, certain cost components were omitted from the costs
determined herein. Discussed below are the procedures for modifying the
results obtained from the curves, both for such omitted factors and for
certain changes in the basic assumptions.

The modifications discussed in this section are intended for use in

planning studies. In any actual design it would probably be better to modify
the input data and rerun the program.

Correction for Right-of~-Way Costs

Assuming this cost can be determined as an average number of dollars per
mile, the correction to the construction cost to obtain the project cost will
be a simple addition to the construction costs as shown by the curves.

The correction to water cost per 1000 gallons can be obtained from the
following formula:

awe = QAngzCP;FLx 3650 (7)
Where AWC = Increased water cost, ¢/1000 gal
RWC = Right-of-way cost, $/mi
L = Length in miles
QAvg = Average delivery rate, MGD
PWF = Present worth factor (as shown on each page in Part I of Appendix A)

Correction for Operating Costs (Other than Power)

Water costs as plotted and shown on the output sheets include only the
power cost component of operating costs. To this must be added a correction
for operating salaries, maintenance and replacement. A suggested procedure
for determining such costs is given in Appendix A.

Assuming that the operating costs other than power can be expressed as
a uniform amount in dollars per year throughout the period of amortization,
the correction to water cost for this cost component can be obtained by the
following formula:

ch - OPC x 19.79
QAvg x PWF x 3650 (8)

Where OPC = operating cost in $/Yr, and other terms are as defined for
equation (7).

(The factor of 19.79 is the present worth of an annuity of $1/Yr)
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Correction for Change in Interest Rate or Amortization Period

Examination of Table IV shows that interest rate and amortization period
appear in several of the basic formulas. For this reason there is no simple
way to modify the results for a change from the assumed interest rate or
amortization period. The only really satisfactory method of determining the

effect of such a change is to change the output data and rerun the printed
output.

This was done for a limited range of the several variables and the re-
sults are included in the appendices.

Critical examination of these results led to some approximate generali-
zations. First it was found that peak factor and pipeline length have an
insignificant effect on the variation of water cost with interest rate and
amortization period. Next it was found that the rated capacity of the pipe-
line has a relatively small effect on this variation, so long as growth rate
and static head slope are held constant. Hence it is possible to plot up a
family of curves showing a "Correction Factor' for water cost, for the range
of interest rates and amortization periods investigated. Fig. 8 shows such
a plotting. The meaning and use of the so-called '"Correction Factor'" is noted
on the chart.

Fig. 8 is really three separate families of curves--one family for each
amortization period. Each line in a family represents one combination of
growth rate and static head slope. Only a limited number of combinations
were plotted, in order to avoid confusion in the results,

Approximate interpolation of intermediate combinations is possible--
for more precise values it will be necessary to refer to the printed results
in the appendices.

For interpolating between different amortization periods for a given
interest rate, an auxiliary family of curves, in which the correction factor
is plotted against the amortization period, will be helpful. Such a family
can be obtained quite readily merely by '"transversing' the curves in Fig. 8
for the interest rate desired.

The approximate incremental water cost due to changes in interest or
amortization rate can be found by selecting a percentage from Fig. 8 (or
computing one with the aid of Appendix B) and by using the following formula:

_ (Water Cost for 4% - 40 Years) x Correction Factor
AWC = 100 (9)

(Note that AWC can be either positive or negative.)
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TLLUSTRATIONS
Fig. 1 Assumed Pipe Laying Cost vs Diameter
Fig. 2 Economical Pipe Diameter vs Peak Delivery Rate
Fig. 3 Derivation of Pump Station Cost Factors

Fig. 4, 5, 6, 7 Duration of Pumping Curves

Fig. 8§ Effect on Water Cost due to Change in Interest Rate or
Amortization Period

TABULATIONS
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COST OF TRANSPORTING WATER BY PIPELINE

Chart No. Peak Factor Growth Rate
1 1.00 0%
2 1.00 10%
3 1.00 6%
4 - 1.00 3%
5 1.25 0%
6 1.25 10%
7 1.25 6%
8 1.25 3%
9 1.50 0%

10 1.50 10%
11 1.50 6%
12 1.50 3%
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ASSUMED PIPE COSTS PER MILFE
(In place, including 25% for engineering and contingencies)
Thousands of Dollars

TABLE

L

Diameter 100 psi 150 psi 200 psi 250 psi 300 psi
inches
1. 10 - -- 27.6 31.8 36.0
2. 12 -- -- 36.4 41.5 46.6
3. 14 -- - 45.3 51.2 57.2
4, 16 - 47.3 54.1 60.8 67.5
5. 18 -- 55.3 62.9 70.5 78.1
6. 20 -- 63.4 71.8 80.3 88.7
7. 21 58.5 67.3 76.2 85.0 93.9
8. 24 69.2 79.4 89.6 99.7 109.9
9. 27 80.0 91.4 102.8 114.3 125.7
10. 30 90.8 103.4 116.1 128.8 141.4
11. 33 101.4 115.1 128.8 142.4 156.1
12. 36 112.2 127.9 143.7 159.4 175.2
13. 39 122.9 140.8 158.6 176 .4 194.2
14. 42 143.8 162.9 182.0 201.0 220.1
15. 45 164.7 185.0 205.3 225.6 245.9
16, 48 185.6 207.1 228.6 250.2 271.7
17. 51 206.5 229.2 252.0 274.8 297.5
18, 54 227.3 251.3 275.3 299.3 323.3
19. 57 248.2 273.4 298.7 323.9 349.2
20. 60 269.1 295.6 322.,0 348.5 375.0
21. 66 316.9 351.9 387.0 422.0 457.0
22. 72 364.7 408.3 451.9 495.5 539.1
23. 78 412.5 464.6 516.8 569.0 621.2
24. 84 460.3 521.0 581.7 642.5 703.2
25. 90 508.1 577.4 646.7 716.0 785.3
26. 96 559.1 639.8 720.4 801.1 881.8
27. 102 610.2 702.2 79 .2 886,2 978.2
28. 108 661.1 764.5 867.9 971.3 1075.
29, 114 712.1 826.9 941.7 1056, 1171.
30. 120 763.1 889.3 1015, L1142, 1268,
31. 126 814.2 951.7 1089 1227. 1364.
32. 132 865.2 1014. 1163. 1312, 1461,
33. 138 916.2 1076, 1237, 1397. 1557.
34. 144 967.2 1139. 1310. 1482, 1654.
35. 150 1018. 1201. 1384. 1567. 1750.
36. 156 1069. 1264. 1458. 1652. 1847.
37. 162 1120. 1326, 1532. 1737. 1943.
38. 168 1171. 1388, 1605. 1823. 2040.
39. 174 1222, 1451, 1679. 1908. 2136.
40. 180 1273. 1513. 1753. 1993. 2233.
41. 186 1324, 1576. 1827, 2078, 23209.
42, 192 1375. 1638, 1900. 2163, 2426.
43, 204 1477. 1763. 2048. 2333, 2618,
44, 216 1579. 1887. 2195. 2503. 2811,
45. 238 1681, 2012. 2343, 2674, 3004.
46. 240 1784, 2137. 2490, 2844, 3197.
47. 252 1886, 2262. 2638. 3014, 3390.
48, 264 1988. 2387. 2786. 3184. 3583.
49. 276 2090. 2512. 2933. 3354, 3776.
50. 288 2192, 2636. 3081. 3525, 3969.
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TABLE II-A

VALUES OF PUMP STATION COST FACTORS

CKl = a anx
d
CK2 = ¢ Qmax

Range of Qmax

Factor Q < 20 mgd 20 mgd < Q < 135 mgd Q > 135 mgd
a 23,580 5,200 5,321
b -0.4949 0.0009 0.0
c 515.7 72.0 4.1
d -1.,1407 -0.4882 0.0
TABLE II-B

VALUES OF EFFICIENCY FACTORS

PKF Static head slope=0 [ Static head slope=4 | Static head slope=8 | Static head slope=12
E2 E3 E4 E2 E3 E4 E2 E3 E4 E2 E3 E4
1.00 0.85|1.00}1.00 0.85]1.00| 1.00 0.85|1.00 1.00 0.85 |1.00 | 1.00
1.25 .71 11,00 {1.00 ,80 7 1.00) 1,00 .8311.00} 1.00 .83 11,00 1.00
1.50 .59 | 1,00 | 1.00 .76 1 1.00 | 1.00 .81 ( 1.00 1.00 .82 11.00 | 1.00
1.75 .55 .70 .92 .75 .85 .96 .80 | 1.004 1.00 .81 |1.,00 | 1.00
2.00 b4 .74 .96 .72 .87 .98 .79 | 1.00 ) 1.00 .81 j1.00 | 1.00
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TABLE III-A
EFFECT OF ALTERNATE METHODS OF STATING WATER COSTS

Uniform Use

Cost = $10,000,000 Interest Rate = 4%
Annual Operating Cost = § 300,000 Amortization Period = 40 Yrs
Annual Water Use 16,000 MG
(1) ANNUAL COST BASIS:
Capital Recovery Factor = 0.05052 => Amortization = $505,200 per year
Operating Cost = 300,000
Total Annual Cost = $805,200
=> Cost per MG = $50.50

(2) CAPITALIZED BASIS:

Interest and Principal in 40 yrs = $505,200 x 40

Operation Cost in 40 yrs = 300,000 x 40
Total Cost in 40 yrs = $805,200 x 40
Water Used in 40 yrs = §$ 16,000 x 40
=> Cost per MG = § 50.50

(3) PRESENT WORTH BASIS:

Initial Investment = $10,000,000

P.W. of Operating Cost=19.793 x 300,000 = 5,940,000
Total Present Worth Cost = $15,940,000

P.W. of Water Used=19.793 x 16,000 316,000 MG
=> Cost per MG $50.50

]

- 33 -



TABLE III-B
EFFECT OF ALTERNATE METHODS OF STATING WATER COSTS

Gradually Increasing Use for 10 Yrs

5 (1): Annual Cost Basis Present Worth
Year |Q/Qro| (Q/Q10) E: Prin. Total Water Op.
& Int, Operat.* |Cost Used $/MG Factor Cost |Water
1 .05 .0025 .05 (505,200 7,500 | 512,700 800 | 641. L9615 7,200 770
2 .15 .0225 .17 do 25,500 | 530,700 | 2,400 |221. 9246 23,600 | 2,220
3 .25 L0625 .31 do 46,500 | 551,700 | 4,000 | 138. .8890 41,400 3,560
4 .35 L1225 W47 do 70,500 | 575,700 5,600 | 103. .8548 60,200 | 4,780
5 W45 .2025 65 do 97,500 | 602,700 7,200 83.7 .8219 80,100 5,910
6 55 .3025 .85 do 127,500 | 632,700 | 8,800 72.0 .7903 100,800 | 6,950
7 .65 L4225 1.07 do 160,500 | 665,700 | 10,4C0 | 64.0 .7599 121,800 7,900
8 .75 5625 1.31 do 196,500 | 701,700 { 12,000 58.5 .7307 143,500 8,770
g .85 L7225 1.57 do 235,500 | 740,700 | 13,600 54.5 .7026 165,200 9,560
10 .95 .9025 1.85 do 277,500 782,700 15,200 } 5L.5 6756 187,400 {10,270
Z 1,245,000 80,000 931,200 {60,690
11 1.00 1.00 2,00 do 300,000 (805,200 | 16,000 }_50.50
(2) CAPITALIZED BASIS:
Interest and Principal in 40 yrs = 40 x 505,200 $20,208,000
Operation Cost 1lst 10 yrs 1,245,000
Operation Cost last 30 yrs = 30 x 300,000 9,000,000
Total Cost in 40 yrs = $30,453,000
Water Used 1lst 10 yrs = 80,000 MG
Water Used last 30 yrs = 30 x 16,000 = 480,000 MG
Total Water Used in 40 yrs = 560,000 MG
=> Cost = 30,453,000/560,000 = 54.408/MG

(3) PRESENT WORTH BASIS:

Initial Investment $10,000,000
P.W. of Operating Cost lst 10 yrs = 931,200
P.W. of Operating Cost last 30 yrs
= 300,000 x .6756 x 17.292 = 3,500,000
Total Present Worth Cost = $14,431,200
P.W. of Water Used 1lst 10 yrs = 60,690 MG
P.W. of Water Used last 30 yrs
= 16,000 x .6756 x 17.292 = 187,000 MG
Total Present Worth of Water = 247,690 MG
=> Cost = 14,431,200/247,690 = 58.20$/MG

*Assuming % proportional to Q, and % proportional to Q2.
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TABLE III-C

EFFECT OF ALTERNATE METHODS OF STATING WATER COSTS

Same as III-B. Paying Interest Only for 5 Yrs

(1) ANNUAL COST BASIS:

Principal
Year Interest and Operating Cost Total Cost $/MG
Interest
1 400,000 -- 7,500 407,500 510.
2 400,000 -- 25,500 425,500 178,
3 400,000 -- 46,500 446,500 112,
4 400,000 -- 70,500 470,500 84.1
5 400,000 -- 97,500 497,500 69.1
6 -- 535,800 127,500 663,300 75.4
7 -- 535,800 160,500 696,300 67.0
8 -- 535,800 196,500 731,300 61.0
9 -- 535,800 235,500 771,300 56.7
10 -- 535,800 277,500 812,300 53.5
zz -- -- 1,245,000 -- --
11 -- 535,800 300,000 835,800 52.20
(2) CAPITALIZED BASIS:
Interest 1lst 5 yrs = 5 x 400,000 ; = $ 2,000,000
Interest and Principal 35 yrs = 35 x 535,800 = 18,750,000
Operating Cost 1lst 10 yrs = 1,245,000
Operating Cost last 30 yrs = 30 x 300,000 = 9,000,000

Total Cost in 40 yrs $ 30,995,000
Water Used in 40 yrs = 560,000 MG

= Cost = 55.308/MG

(3) PRESENT WORTH BASIS:

P.W. of Interest 1lst 5 yrs = 400,000 x 4.452
P.W. of Interest and Principal 35 yrs
= 535,800 x 18.665 x 0.8219
P.W. of Operating Cost 1lst 10 yrs
P.W. of Operating Cost last 30 yrs
= 300,000 x 17.292 x 0.6756 3,500,000
Total Present Worth Cost = $ 14,435,200

$ 1,784,000

8,220,000
931,200

it

Present Worth of Water = 247,690 MG

=> Cost = 58.20$/MG
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TABLE IV
PRESENT WORTH FORMULAS

Present Worth of Water Delivered:

t
1
PW.W.D. = 365 x Quyg Ecrowth Rate) x So I(—lf——i‘)j%

Present Worth of Pumping Cost:

P.W.P.C. = 0.1309 x K x(Q )3 x A x (Growth Rate)3 X
avg

+0.1309 x Hg; x Qavg x B [EGrowth Rate) x

t
S 0 g¢
‘L a+it
t t
Slt3xdt + g“dt
o (1+i)t t] (1+i)E

t
t n
1 x dt + g _JBLt
So El+i5"— £ (1+1)

1
In the above equations:
t =
Sltxdt . -t xlan (I+i) -1 £Tha
o (1+i)t Cln(1+i)] 2 x (1+i)t £=0
= 1.0 t; x ln(l+i) + 1.0
[a(+1) J? [n(1+13]2 x(1+1)t1
t
S n dt = - 1.0 t = tn
tp (+H)T ln(l+1) x (1+D)°¢ C ot
=t
= 1.0 — 1.0
[ in(i+i) | x (1+idt1 [[In(1+i)] x (L+i)ty
t {
S 1 3 xdes - 3% Lin@r)13 —3 x 2 x[a@r)] %6 x £ x 1a(1+1)—6.0 | t=t,
o (1+i)F In(1+i) & x (I+O)F .
L=
= 6.0 R [Fl X 1n(1+ii] 3+ 3 [Fl X 1n(1+£12 +6[;1x 1n(l+i£]*6.0
[1n(1+i)]4 [Ta(+D) ] = (4D
2 -16/3
K= 4,66 x (n)” x (Length) Diamete%)
12
A =[(Peak Factor)® x (c1)/EL] + [8760 x (c2)/E2]
B = [(Peak Factor) x (C1)/EL] + [8760 x (C2)/EZ]

El= Efficiency for Max KW

E2= Efficiency for KW-Hr
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1.

10.

11.

TABLE V
SUMMARY OF COMPUTER. PROGRAM

COST OF TRANSPORTING WATER BY PIPELINE

Read input data: Pipe costs, constants for computing pump station cost,
interest rate, amortization time, power cost constants,
friction factor, pump efficiency, specified lengths,
pressure classes, diameters and minimum pressure class
for each diameter, efficiencies or factors used in
pumping cost and pump station cost calculations, speci-
fied peak factors, growth rates, static head slopes,
and flows with range of diameters and lengths.

Select Peak Factor and Growth Rate for First Chart: Print captions for
output print-out, including present worth factor for
amount of water delivered.

Select first specified flow and length.

For static head slope = Zero: .
Compute investment cost and water cost for all specified
diameters, and for increasing numbers of pump stations,
until number which gives minimum water cost is reached.

Print, for most economical diameter and number of pump stations, the
following output "A':

a Most economical diameter

b. Most economical number of pump stations
c. Corresponding project cost per mile

d. Corresponding water cost per 1000 gal

1f called for, print, for all other specified diameters, the following
output 'B':

Diameter

Most economical number of pump stations
Maximum head per pump station

Pipeline cost per mile

Pump station cost per mile

Project cost per mile

Present worth of pumping cost per mile
Water cost per 1000 gal

S0m MO A0 T D

Repeat steps 4, 5 and 6 for all specified flows and lengths.

Plot water cost and project cost* (items 5c and 5d).

Repeat steps 4, 5, 6 and 7 for other specified static head slopes.
Repeat steps 2 to 9 for other peak factors and growth rates.

If called for, repeat steps 2 to 10 for other interest rates and amorti-
zation periods.

*0On the charts as finally prepared, project cost was not plotted by computer

and only the plotting points for water cost were so plotted.
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“TABLE VI

PROGRAM INPUT FOR FINAL RUN (INDEX TO INPUT DATA CARDS)

Card Last
Index  Card No. Description of Data

FOR OUTPUT "A"
10 001 ND = Number of Diameters.

NPCS = Number of Pressure Classes.

NL = Number of Lengths.

NQR = Number of Discharge ranges to compute Pump Station

Cost.
20 050 PIPEC = Pipe Cost in $1000 per mile.
30 003 QR, CKA, CKB, CRC, CKD = Discharge and constants to
compute Pump Station Cost.

40 001 RI = Interest Rate.

TN = Amortization Period in years.

cl1 = Cost of Power in $ per max. Kw.

c22 = Cost of Power in ¢ per Kw-hr.

FRN = Friction factor (Manning's "™n'").

El = Efficiency.

IRTX = Indicator for changing the above values.

50 001 PIPEL = Pipe Lengths in miles.

51 001 PRCLS = Pressure Classes in psi.

52 004 D = Diameters in inches.

53 004 DMINP = Minimum pressure class of each diameter in psi.

60 001 NPKF = Number of Peak Factors.

NGRR = Number of Growth Rates.

NSHD = Number of Static Head Slopes.

NQ = Number of Discharges.

A,B = Indicators for printing Outputs "A" and "B",
C = Indicator for plotting charts.

IDX = Indicator for using future subroutine.

70 005 E = Efficiencies for pumping cost and for pump station

cost.

80 001 PKF = Peak Factors.

81 001 GR = Growth Rates.

82 001 STHDS = Static Head Slopes in feet per mile.

90 012 Q, MIND, MAXD, MINL, MAXL = Average Discharge in MGD and
number of the minimum and maxi-
mum diameter and length.

FOR OUTPUT "B"
960 01 NPKF, NGRR, NSHD, NQ, A, B, C, IDX (See Card Index 60)
970 02 E (See Card Index 70)
980 01 PKF (See Card Index 80)
981 01 GR (See Card Index 81)
982 01 STHDS (See Card Index 82)
990 04 Q, MIND, MAXD, MINL, MAXL (See Card Index 90)
96 TOTAL NUMBER OF INPUT CARDS =-- (OUTPUTS A & B)
94 (002 First Card) Same data as shown on Card 40001 with additional

(010 Last Card) wvalues of RIL and TN for use in Output AA.
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ILLUSTRATIVE EXAMPLES IN USE OF REPORT

I. APPLICATION OF CHARTS 1-20 (INTEREST RATE 4%, AMORTIZATION PERIOD 40 YEARS)

A,

Given the following data:

1985 water requirement =---=~-=~---eo---ocomooao- 225 MGD

1969 water requirement

(limit of existing supplies) =---=----=-c-au-- 150 MGD

1985 requirement from new source =-==-~~=-----==== 75 MGD

Distance to new source, 70 miles,

Elevation of terminal storage, 350 ft above elevation of source.

Ratio,

max. monthly use

= 2,0 (peak factor),
average annual use

Interest rate = 4,0% = amortization period 40 years.

The procedure in determining costs can be described in a series of steps

as follows:

1.

or 2.0.

Assume pipeline to be designed for 1985 requirement.

(Second pipeline to be added after 1985)

Then growth rate =1 =6.25%.

16

Assume pipeline to be operated at same peak factor as that of the load,

Go

to Chart No, 19 (peak factor = 2.0; growth rate = 6.0%).

For 75 MGD on left scale, interpolate for L = 70 miles.
Read on lower scale, water cost = 9.5¢/1000 gal (static head = 0),

For 75 MGD on left scale, read on construction cost curve, for 70
miles interpolated, construction cost = $430,000/mi (Hs = 0).

Since peak delivery rate = 2.0 x 75 = 150 MGD, from Fig. 2, the
economical diameter is 72 inches. This can also be estimated from
Chart No. 19,

Static head slope = 350/70 = 5.0 ft/mile.

From right side of Chart No. 19, interpolate for 5 ft/mi, and read
for 75 MGD the following corrections for static head:

For water cost, correction factor = 1,14,

1l
—
o
w

For construction cost, correction factor
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5. Then construction cost = $430,000 x 70 x 1.03

]

$31 million.

Water cost

9.5 x 1.14 10.8¢/1000 gal.

»

This example is illustrated on Chart No. 19 in red.

B. For closer interpolation of the Static Head Slope Correction Factors,
a correction chart, Fig. 1, at the end of this Addendum, may be used in the
following procedure.

1. Place the base line of the correction chart on the Rated Average Pipe-
line Capacity, or 75 MGD for above, on the right-hand part of Chart No. 19.

2, Project the intersection of the static head slopes of 4 ft, 8 ft, and
12 ft to their respective horizontal line on the correction chart.

3. Connect these points with a line, and read the correction factors. For
the above example with a static head slope of 5 feet, the results are as shown
on Fig. 2 at the end of this Addendum, and as follows:

il

Water cost correction factor 1.145

Construction cost correction factor 1.03

This chart is also used for the extrapolation of correction factors for
static head slopes greater than 12 feet per mile. For example, if the static

head slope were 20 feet per mile, the correction factors would be as follows:

Water cost correction factor = 1,62

Construction cost correction factor 1.157

For short pipelines with very steep static head slopes, an extrapolation
can be made by changing the left hand scale and drawing a line parallel to the
plotted line. Thus for a static head slope of 35 feet per mile the water cost
correction factor would be 2.10. For long pipelines, correction factors for
additional static head slopes need to be computed to give a better plot of the
extended line.

C. TFor interpolation of Peak Factor

Water cost and construction cost may be interpolated for Peak Factors
other than those given in Charts 1-20 in the following manner. If in the above
example, the peak factor were 1.9 instead of 2.0, merely read the cost figures
from the charts for peak factors of 1.75 and 2.0 and add the proportional dif-
ference to the cost for a peak factor of 1.75.

For example:

From Chart 19--peak factor 2.0

Water cost (static head = 0) 9.5¢/1000 gal

Water cost correction factor (5 ft/mi) 1,14

Water cost 10.8¢/1000 gal
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From Chart 15--peak factor 1.75

Water cost (static head = 0)

1]

8.8¢/1000 gal

Water cost correction factor (5 ft/mi)

1.16

Water cost 10.2¢/1000 gal
Then water cost for peak factor 1.9 is
10.2 + (;%*%%{) (10.8 - 10.2) = 10.56¢/1000 gal

D. For Interpolation of Growth Rate

Water cost and construction cost may be interpolated for growth rates
other than those given in Charts 1-20, in the following manner. Assume that in
the above example the 75 MGD was not required until 1989, Thus the growth rate
would be

1
or 5%.

1989-1969 20

1. Read costs from Charts 17, 18, 19, and 20. (Peak factor = 2.0; and
growth rates of 0%, 10%, 6%, and 3%, respectively.)

2. Plot cost versus a scale of the reciprocal of the growth rate, and
join points by a curve as shown in Fig. 3 of this Addendum.

3. Read the cost for a growth rate of 5%.

For the example above, the water costs are respectively:

Water Cost WateF Cost Water
Growth Rate (Static Head = 0) Correction Factor Cost
(5 ft/mi) (5 ft/mi)
0% 6.9¢/1000 gal 1.195 8.25¢
10% 8.5¢/1000 gal 1l.16 9.8 ¢
6% 9.5¢/1000 gal 1.14 10.8 ¢
3% 13.1¢/1000 gal 1.10 14 .4 ¢

For a growth rate of 5% the water cost is 11.35¢/1000 gal.

II. INTERPOLATION FOR INTEREST AND AMORTIZATION PERIODS OTHER THAN 4% AND
40 YEARS

Example:

To find correction factor for 5% interest rate, 5% growth rate, and 35
year amortization period, use the following procedure with Fig. 8 of the report:

1. Interpolate and draw in lines la and lb, illustrated on Fig. 4 of this

Addendum, for static head slopes for 5 ft/mile and for growth rates of 3% and
0% for 30 years and lc and ld for 40 years. This is interpolated on straight
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line basis from 0-12. Five ft/mile would be 5/12 or 0.42 of space from O slope

to 12 ft/mile slope. (For static head slope of 9 ft/mile, ratio would be 9/12
or 0,75.)

2. Interpolate for growth rate of 5% between lines established in step 1.
To get the interpolation ratio, divide 3% growth rate by the desired growth
rate. Therefore, for this case, the interpolation ratio of distance is 3/5 or
0.6 from 0% growth rate towards 3% growth rate. Use this ratio to draw curves
2a and 2b for the amortization periods of 30 and 40 years, respectively (with
a growth rate of 5% and a static head slope of 5 ft/mile). (For growth rate of
10% the ratio for interpolation ratio would be 3/10 or 0.3.)

3. Interpolate between the curves 2a (30 years) and 2b (40 years) using
the square root of the difference for the interpolation ratio. In this case,
the interpolation ratio is /5/10 = 0.7l., This is used to plot curve 3.

4. Then read on curve 3 the correction factor for 5% interest rate, in
this case 19%. Therefore, the correction factor for 5% interest rate, 5%
growth factor, and 35 year amortization period is 1.19 times the water cost read
on Charts 1-20 for desired peak factors and the interpolated growth rate of 5%.

III. CHANGING UNIT COSTS OR ADDING COSTS EXCLUDED FROM COMPUTER PROGRAM

This example will be an extension of Example I. The additional problem
assumed will be as follows:

1., Adjust costs for an increase of 10% in pipe costs.
2. Adjust costs for an increase of 207% in pump station costs.
3. Add costs due to a right-of-way cost of $5,000 per mile.

4. Add costs due to an annual operation and maintenance cost of $25,000
for the entire pipe plus $5,000 per pump station.

5. Add costs due to 20% higher power costs. It is assumed that none of

the adjustments will affect the optimum size of pipe and number of pump
stations.

A. Adjustment for Higher Pipe and Pump Station Unit Costs

1. From previous example the economical pipe diameter is 72 inches.

2. The following data is obtained for Appendix B, pages 22 and 28,
for a growth rate of zero and a diameter of 72 inches.
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I . * :
Growth | Q L HS No. of H Max Pipe Pipe Cost Pump Station | *Pump Station
Page R MGD | Mi Ft/Mi | P . Stati per Press. $1000/Mi Cost Cost
ate N umplng Statlons|g.onene | Class $1000/Mi | $1000/Station
22 0.0 60 60 0 2 218 100 364.7 35.7 1070
22 0.0 60 60 12 4 289 150 373.4 60.7 910
22 0.0 601 100 Q 3 242 150 366.7 32.8 1090
22 0.0 60| 100 12 6 321 1590 376.9 56.5 940
* Rederived.

3. From page 28 of Appendix B it is seen that all data remain unchanged
for corresponding conditions in a growth rate of 3%. Hence, it is assured that
growth rate will not affect these adjustments.

4, For 60 MGD and 60 miles, the total friction head, from the above data,

is 218 x 2 = 436 feet.
and hence as Q2 for the same diameter.

and

Hence,

Hf

HS 70 x 5

H Max

In the Manning Formula, friction-slope varies as V4,
Hence, for 75 MGD and 70 miles,

<}%%-:f X 436 x iﬁ%

800 feet

= 350 feet.

1150 feet.

5. Since the 60 MGD, 60 miles case is closest to this example, assume 4

pump stations making the head per pump station
Then pipe cost/mile

and pump station cost/mile

6. Now the effect of a 10%

Il

70

1150 -
o 287 feet.

$373,400 approximately
4 x 910

52.0

increase in pipe cost is to add

0.1 x $373,400 = $37,340 per mile.

7. The effect of a 20% increase in pump station costs is to add

0.2 x $52,000 = $10,400/Mi.

8. The construction cost from the previous example, adjusted in both

increases,

is

$31,000,000 + 70($37,340 + $10,400) =

$31,000,000 + $3,340,000 = $34.34 million.

9. The present worth factor for a peak factor of 2.0, growth rate of 6%,

is 13.41 (from Appendix A, Part I, page 99).
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By formula (7) on page 17 of the report, the increased water cost for an
increased construction cost of $3.34 million is

We = __ 93,340,000 ¢ 94/1000 gal.
75 x 13.4 x 3650

Hence, the adjusted water cost for these two increases is

10.8 + 0.9 = 11.7¢/1000 gal.

B. Adjustment for Right-of-Way and O&M Costs

This is described on pages 17 and 18 of the report.

1. For a right-of-way cost of $5000 per mile, the increased construc-
tion cost is 70 x $5000 = $350,000 and the $31 million in the original example
would be $31.35 million.

2. The increased water cost to reflect the above right-of-way cost is,
by formula (7),

We = $350,000 = 0.10¢/1000 gal.
€= w5 13.41 % 3650 ¢/ ga

3. An O8M cost of $25,000 + $5,000 per pump station represents a
total annual operation cost of $25,000 + (4 x $5,000) = $45,000.

By formula (8) the added water cost is

_ $45,000 x 19.79 _
we 75 x 13.41 x 3650 0.24¢/1000 gal.

4, The water cost for the original example adjusted for the above
right-of-way and O&M costs (but not for the increased unit prices) would be
10.8 + 0.10 + 0.24 = 11,14¢/1000 gal.

C. Adjustment for Higher Power Costs

1. By using the relations in formula (7), page 17 of the report, and
the present worth,

PW of water cost = water cost/1000 gal x Q avg X PWF x 3650, or for the
given example

10.8 x 75 x 13.41 x 3650 = $39.9 million,

PW of water cost
2. Referring to the present worth formula, page 13 of the report,
PW of pumping costs = PW of water cost = total investment cost

or PW of pumping cost = 39.9 - 31.0 = $8.9 million.
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and using the relation in formula (8), page 17,

we = 0.2 x $8,900,000 - ,5¢4/1000 gal,
75 x 13.41 x 3650

3. Hence, the water cost with a 207 increase in power cost is

10.8 + 0.5 = 11.3¢/1000 gal.

IV, ECONOMICS OF TERMINAL STORAGE

This example will illustrate an application of the report data to a
related problem. The conditions assumed will be the same as for Example 1,

1. Assume in Example 1 that a peak factor of 2.0 is required with little
or no terminal storage, and that the duration of use curve is as shown in
Figs. 4, 5, 6, and 7 in the report.

The pumping curve on Fig. 7 was deliberately drawn above the duration of
use curve for 3 and 2 pumps, because doing this made the water costs conserva-
tively high., The portion of the use curve below the maximum capacity (3 pumps)
can be fitted very closely by varying the number of pumps in service at short
intervals. Such operation will require very little terminal storage.

2. The only large need for terminal storage will be for the part of the
use curve above the maximum capacity of the pumps and pipeline. From Figs. 4,
5, and 6, this amount is approximately as follows:

i *
, Peak Approx1?ate Area . Required Volume in MG
Fig. Factor Above Maximum Capacity (for time of ome year)
Q/Q Avg. x % of Time

-- 1.00 1/3 x 1.25 x .37 = ,155 .155 x 75 x 365 = 4250 MG
4 1.25 1/2 x 1.0 x .16 = ,08 .08 x 75 x 365 = 2190 MG
5 1.50 1/2(.75 x 08 + .16 x .09) = .037 .037 x 75 x 365 = 1010 MG
6 1.75 1/2 x .05 x .04 = ,01 DOl x 75 x 365 = 240 MG

* Could also be planimetered with greater accuracy than as determined above.

3. Assume for Case A that terminal storage can be provided at $600 per
million gallons (approximately $200 per acre-foot). Assume also that the termi-
nal storage is 15 feet deep and that net reservoir evaporation is 3 feet per
year; hence, that annual evaporation loss will be 20% of the total storage
volume.

4. Then the costs for water delivered can be found as follows (following
the same procedure as for Example I for other peak factors). The correction to
water costs per 1000 gallons for the addition of terminal storage facilities is
computed on the basis of equation (7), page 17 of the report.
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Terminal . ) . Water Costs ¢/1000 gal
Peak Storage Pipeline Project . Add for Cost of
Factor Cost Cost. 9°SF rom Terminal Water
$ Million $ Million Mllllon Charts Reservoir De livery
1.0 2.55 20.6 23.2 7.9 0.7 8.6
1.25 1.31 24,0 25.3 8.8 0.4 9.2
1.50 0.60 26,1 26.7 9.5 0.2 9.7
1.75 0.15 29,2 29.35 10.0 0.1 10.1
2.0 0 31.0 31.0 1C.8 0 10.8

To the above costs, an additional cost must be added for the evaporation loss.
This is computed as follows:

AWC(¢/1000 gal) =

Evap.Loss(MG) x (Water Cost at Source + Water Del.Cost)(#£/1000)

=~ Q Avg (MGD)

x (365)

Assuming that the average cost of water at the source is 10¢/1000 gallons, the
total water cost for terminal storage is:

Peak Water Costs ¢/1000 gallons, CASE A
Factor Delivered Add for Evaporation Total Water Cost
1.0 8.6 0.6 9.2
1.25 9.2 0.3 9.5
1,50 9.7 0.1 9.8
1.75 10.1 0 10.1
2.0 10.8 0 10.8
Clearly, the terminal reservoir for unity peak factor operation is justi-
fied.
5. If the unit cost assumed above for terminal storage were doubled (Case

B), or tripled (Case C), the cost would be as follows (including the evaporation

loss).
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GASE B

CASE C

Peak Terminal Storage $1200/MG Terminal Storage $1800/MG
Factor Project Cost | Total Water Cost Project Cost | Total Water Cost
$ Million ¢/1000 Gal $ Million ¢/1000 Gal
1.0 25,7 9.9 28.3 10.6
1.25 26.6 9.9 27.9 10.3
1.50 27.0 10.0 27.6 10.2
1.75 29.5 10,2 29.6 10.3
2.0 31.0 10.8 31.0 10.8

It appears that a peak factor of either 1.0 or 1,25 should be used for
Case B, and one of 1.50 for Case C.
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WATER COST (CENTS PER 1000 GALLONS)

ADDENDUM FIG. 3
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5 2v 21 1 65.h Se27 21 1 10045 1096 21 1 1102 1.202 21 2 1e129 1e332
5 4y 21 2 6545 1ueSS 21 2 12045 14096 el 3 1.079 1,197 21 3 19132 16300
) by 2l 2 65,4 15476 21 3 1038 lelgo 21 4 14079 1,202° 21 4 1,131 14395
_ 5 o 21 4 6byu __ 26s04 21 6 1046 1109 21 7 1.091 1.211 21 7 10145 14316
S 200 £1 g 654y 5208 21”11 104 lel06 24 11 1e2p2 1.243 21 13 1e148 1¢3)6
5 3 21 1 bh.y TBa12 26 11 10158 1,136 21 22 1,087 l.210 21 19 14150 14316
5 400 e 16 654y 1uadls 2% 15 Le158 10137 e4 21 1e204 1,243 21 es 14150 143186
S0y 242U 6540 130420 24 18 14159 14137 2y 13 1.256 14261 21 16 1292 1335
lu v e/ 1 Yial 1497 27 1 14019 l.092 27 1 14038 1.184 27 1 1,057 1e275
10 v 20 1 8leY | 3.73 _ 30 1 1.123  1elll el 1 1084 14133 27 1 11]45 10243
1u 4y el 1 Yleo Te28 30 i lel23 1,115 27 2 ls0a3 1162 27 2 letol 14275
1 by Ju 2 ybe7 11215 27 2 0992 . 1.073 27 3 04996 14138 27 3 1+052 14248
v 1ou 4y 3 9o.4 1b4b] A 4 00969 14054 27 S 04999 lel42 27 6 1030 1,231
v cuy el s Yis4 _ 36,38 27 8 1:0)2 1,073 27 10 14043 1,162 27 13 14070 1,248
19 3uy 2! B 9Je3 54e03 27 12 14024 12084 27 16 1,052 1.171 27 19 1.083 le261
v 40y e/ L1_ 899 71477 _ 27 __ 16 _ 1028 ___}»088 21 21 14057 1176 27 e6 1.p87 10265
W b0y 3 14 BY.8 49462 27 20 1.029 1.089 27 26 1.059 1,178 27 33 1.087 14266
24 v 3Y )} 13be7 _1»38 33 i ge876 14057 33 1 0887 16149 a6 1 02965 1e211
2y 2y 36 1 1eu.8 2159 36 1 1.019 1e107 39 1 1el12% 14231 36 2 14084 1e343
2v 4y 34 1 12700 4296 36 2 0e964 lel16 36 3 De9§2 1,232 3% k] 10079 11345
2u 6y 36 2 11908 Tvas 36 3 10028 1114 36 4 14055 1.229 36 5 1,083 14344
2y 10v 36 4 JiYel  __l2a49g 39 4 1e09% 1114 36 7 14053 1.228 36 9 }s085 14345
20 200 36 7 1193 c4aT2 36 11 1.031 1e117 36 14 14057 1.231 36 17 1.087 1348
20 300 36 11 1194 37s11 . 36 16 1,028 1+115 36 2} 14057 1,231 36 26 14086 14347
20 40y 36 14 11943 49445 36 21 1028 1+115 a6 28 14057 1.231 36 35 14086 16348
2v 50u 36 18 1193 ©1+82 36 26 14029 _lelld k3 35 le087 1,231 36 43 1,087 1e348
4y 1y 45 1 1914l 1407 45 1 l1.012 14115 5 1 le023 1.229 45 1 1,035 10344
¢ 2v 45 1 ABUST 0 2006 _ 48 ) 1e119 14132 _ 45 1 14043 1,272 45 2 14095 le4p3
4y ay 45 z 1BueT 4411 48 2 10119 1132 45 3 14057 le264 45 3 11089 14399
LYl 6y 4b 2 19bs% 6.16 48 3 14029 14135 45 4 Ve974 1.269 45 S 1+002 1e492
40 1y 4b 3 19t.0 1us24 4S 6 D944 lel34 45 7 04976 1.271 45 9 14004 1v405
4y 20u &b 9 179.6 20448 45 12 1,030 lel34 45 15 14063 1.270 45 18 14095 le405
4y KT 45 13 1793 30067 45 18 14032 14135 45 23 16065 1271 4b g8 12097 12407
40 4y 4b 17 179.3 U89 45 _ 24 1,032 1,135 45 3] 1.065 1,271 45 37 14098 1e407
44 duy  4b ¢} 17904 51.15 457 30 14031 14135 45 38 14064 1.271 A5 47 1097 le4gb
by ly  bé 1 26404 097 Sé 1 1.010 1+125 54 1 le021 1,240 54 1 1+031 1.374
6u 2y 54 1 24be8 1486 57 1 1089 10135 S7 1 10120 le28] ST 1 1:154 11430
6y 41 Bt i 2620 366 57 2 14032 lel5) 57 2 1061 1.298 57 3 10088 10445
64 By sy 2 2644y Subp 57 3 1030 10149 57 3 14059 14297 57 4 1086 1e443
by 10v 57 El 2614 Quis 57 a (4032 12151 ST 6 10060 1,298 57 7 14091 1ebs?
6u  20u 57 6 26449 18427 57 9 1.028 1el48 57 12 14060 1.298 87 15 14091 1e447
6u 30v S( S 261> 27.37 57 13 1031 11590 57 18 10062 1,300 57 23 1:092 l1e449
64Uy BT 1) 26ie2 36446 57 18 10032 1151 5T 25 14063 1e30) 57 31 10094 145]1
60 S0u 8T 14 2bled ______45.60 57 .22. 1.03}) 1el5D 87 .. 31 _ leD62 14300 87 39 140923 14450
10v v 6% 1 37644 0+85 66 1 14010 1r140 66 1 14019 1+28) 66 1 10029 11421
10v eu kb 1 350ee 106) 66 1 10014 115} T2 1 1e]64 14314 72 1 1+200 1448)
100 4v e 1 382ed 315 66 2 0e929 14177 12 2 14066 14343 72 3 1+096 14513
100 6y bb 2 34csY 476 72 2 14157 10168 T2 3 141838 14335 7e 4 10222 1503
100 100 Te 2 3E3.3 7+9g 72 4 10027 10166 T2 s 14063 14340 T2 7 10092 14508
100 2vu  Te > 36¢ed 15476 72 8 14030 1169 2 11 10063 143490 72 14 11095 1512
100 30u Te 7 3bjes 3.6 72 12 10032 1171 T2 17 1+064 14342 72 22 10097 14514
100 vy 12 9 3Bley dle4s 72 16 12033 le172 2 22 14066 14344 2 29 10099 14516
100 9S00 e 11 3BueT 39027 12 20 14034 12173 72 28 10066 14345 72 37 10100 1517
159 ly  ©e 1 54347 0.75 84 1 14005 14155 84 1 1+011 1.310 84 1 14016 10465
150 2u e 1 S503e8 1e0] 84 1 14006 14165 84 1 14025 1,342 84 1 14056 14528
15y 4y be ) 4839 2473 1Y 2 10047/ 1,205 84 2 14067 1,387 84 2 1,099 14579
15 6u b 2 490D 4418 84 2 14024 1.184 84 3 1,053 1,371 84 4 14083 14561
150 luu  me 2 48443 e84 84 4 1030 1190 84 5 L 066 1,386 84 7 1.097 14577
150 20v b4 Ll 46320 13466 84 3 14031 10191 84 11 le0b64 1,385 84 ls 1098 1,578
150 Jou b4 7 4824> cue4s 44 12 1+034 14194 84 17 le067 1,388 84 g2 14101 14582
150 40y b4 ] 4849 27+23 He 16 1035 14195 84 22 14069 1,389 86 29 1.103 12584
15y Suv  ee 1) 4ol 34402 g4 19 10039 1e196 84 28 1e069 14390 84 36 14104 14585
20v v 9o 1 66947 0069 96 1 14006 1169 96 1 1e012 1,339 96 1 14017 14508
20u 2u 9o 1 6lben 1129 96 1 _ 1006 l.182 96 1 1.021 1,370 96 1 14057 1.577
20u 4 98 1 58949 2448 96 1 14049 1e223 96 2 1.067 1.421 96 2 14105 14636
200 6y 96 1 59U+l 372 96 2 14032 14209 96 3 10066 14421 96 4 1102 14633
200 1uu 96 e 56446 6415 96 4 14043 1220 96 5 1.077 1,432 96 7 1ell2 14646
20u 200 96 4 5b46 12430 96 7 14038 12216 96 10 16077 1,432 96 14 1e1l2 1+646
200 300 96 [ 58406 18044 96 11 1+037 1+215 96 16 12074 1430 26 2l 10112 10646
200 400 96 ] Sbéeb c4e859 %6 14 14038 1e216 96 21 _ 1075 1043) 96 28 iell2 10646
200 Sou %6 1y 5B4ab dueTs 967 18 19036 10214 96 2 11075 143} 96 35 1112 14646
300 lo e 1 877.s vebo 114 10007 14193 s ) 1013 1,366 114 1+020 14579
304 2y 11 1 79746 lelz 114 1 1.007 12209 114 1 14019 1.422 114 1 1+06] 11660
300 40 1lls 1 75747 2+1a 1l4 1 1,049 ls252 114 2 1,073 1,483 1le 2 l1a117 14732
300 6y 114 1 T4b,2 3,17 114 e 1,045 1,251 114 3 1,089 1,502 114 ) 1,133 1,752
300 0o 114 H Tav ! 5.30 120 3 1,096 1,24% 114 S 1,084 1,496 114 6 1,128 1,746
300 200 114 4 7497 ro,61  11s 7 1,040 1,246 114 10 1,084 1,496 114 13 1.128 1,746
300 30v 114 5 T4b,¢ 15,85 114 10 1,045 1,251 114 )5 1,089 1,502 114 2o 14133 1,752
300 40y 1e 7 145,17 2lyl3 114 14 1,048 1.252 114 20 14090 1,503 114 27 14133 1.753
300 500 114 3 746, 26,43 |14 17 1,043 1,250 114 26 1,088 1,501 114 34 1,132 1,751
500 1y 144 1 124u,8 0451 144 1 1,008 1,230 144 1 1,018 1,460  jé4e 1 1,023 1.689
500 2y 144 1 li1ules 0,92 144 ) 1,009 1,253 144 1 1,017 1,505 144 1 1,063 1,789
50¢ by 144 1 1ueled 1.75 150 1 1,077 12287 |ea 2 1,082 (,585 144 2 1,131 1,083
500 6u 4w 1 1%l 2459 144 2 1,053 1.307 144 3 lelob 1,613 144 3 14155 1.917
S00 10y 150 1 lubh,6 4032 144 3 1,003 14300 144 S l.058 1,609 144 S 14105 1,912
500 2uu 14 3 10146 8,59 e 6 1,05¢ 1,308 159 9 1,148 1,614 jes ? 1,160 1,923
S0U 300 144 4 10icd.8 12,87 144 9 1,058 1,310 144 14 14109 1,618 144 14 14162 1,926
500 4uv }5v S 1057,3 17,17 _ 150 _ 11 1,081 1,308 _ 150 18 1,102 1,616 150 25 1,154 1,924
500  Buy  ]4e 1 101¢.0 21.43  1b) 14 1,096 1,308 150 23 1,152 1,618 150 3| 1,206 1.927
1000 16 204 1 2018,5 0.4p 204 1 12010 1,293 204 1 1,019 1,586 294 1 1,029 1,878
1000 2y 204 1 175¢,5 0,70 204 1 1.011 1,331 204 1 1.022 1,662 204 1 14061 2,018
1000 4y 2y4 1 a6l9,4 1,32 20 1 1,017 1359 204 2 Lalo® 1,779 204 2 1,148 2,159
T A S i N VO N S 1 SV U N SN NN Lr O TR £
1000 du 2y 1 1 ° - _ 110 o _dat29 20 R ol . + *
1000 200 2ue 2 15398 6’.'91‘1 %JST 5 1070 1,419 204 8 1,142 1,839 204 8 1,205 2,252
1000 300 204 3 1539,6 9,46 20¢ 8 1,070 1,419 204 13 14140 1,838 204 12 1,205 2,252
100U 4uo 204 4 15396 12,82 204 10 1,070 1,419 206 17 1,140 1,837 204 17 1,205 2,252
1000 S¢u 24 5 1537,6 15,77 204 13 14068 1,417 204 21 L.1%0 1,838 204 21 1,205 2,252
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TEXAS wAaleH QEVELUFMENT BUARL LOCKWOOD s ANDRERS ¢ AND NEWNAM¢ INCe PROGRAM
COST OF OcLlvewINO naTew bY PIFELINE = MOST ECONOMICAL DIAMETER

PEAK FACIUR = }eyu GRUWIH KaTE ®  0e06 INTEREST RATE ® 0.040 AMOATIZATION PERIOQ = 4QYRS PRESENT WORTH FACTOR = 1344}
FLUW LENGIM 2TATIC REAU SLUFE = 0 STATIC HEAD SLOPE w 4 STATIC HEAD SLOPE = 8 STATIC HEAD SLOPE = 2
MU MILED UlAeNUWRS (sCeTa/Ml WaColT/TG DIAWNOWSPS CoCoRATIO WeCeRATIO DIAGNGGPS CoCeRATIO WeCuRATID DIACNOCPS CoCoRATIO WaCaRATIO

2 lu 16 1 540 6402 16 1 1404) 14068 16 1 Le081 14133 16 1 1.122 12196

e 2v 10 1 5244 11.37 16 1 1:042 . _ 16 1 1s0B84 1,136 16 1 10132 1e208

2 40 16 i 5145 ¢2408 16 1 1062 16 2 Lelg2 16170 16 2 14150 1i244

2 oy 16 1 Sleb 33.05 16 2 14045 1+08g 16 3 1.099 14173 16 3 10147 1e247

F] 10y 16 2 Sied S4.H8 16 3 14049 1082 16 % 1s101 1.166 16 5 lel5e 1.25]

2 20u 16 4 Slee 109,76 16 6 14049 1.082 16 8 lelgl 1el6b 16 19 l1e154 l.251

e Ju 1b 6 Sles 164,64 16 9 1e049 1.082 16 12 lel01 1,166 16 16 14150 14250

L Dlet 2iv,22 16 la @ },049 1,083 16 6  l,l1ql 1,168 16 ¢l 14150 1+250

2 50u 10 9 9443 273,73 16 15 1,051 1,085 16 20 lelod 1,169 16 26 1,152 1,252

5 v 21 i 68,2 3,17 21 1 1,028 14075 2] 1 12057 14149 21 1 14085 1,221

5 2u 2l 1 65,5 6,00 21 1 14045 1.091 21 1 lelg2 1,193 21 2 14129 1,29}

5 4y 24 2 65,5 12400 21 _ 2 15045 1409} 21 3 1,079 1,184 21 3 lel32 1,282

5 bu 2l 2 65,9 17,97 21 3 1.038 1.093 21 4 1.079 1,188 21 L] 1.120 14263

9 Loy 21 4 89U 29,66 21 6 14046 14i02 _2) 7 14091 1,198 21 9 1,132 1,295

5 20y ¢l 8 65,y 59433 21 11 14045 14099 24 11 1.202 1,247 2] 18 14132 14295

5 deu 21 1e 69,0 _ ©H.99 21 17 14043 14098 2] 22 1,087 10197 21 a7 14132 14295

-] 40u 2} 16 6940 1lbe66 24 15 14158 14148 24 22 ls202 1,247 21 36 1.132 14295

5 agu 2l e L 148,32 2% 18 1.159 14148 2}y 13 14256 10268 21 16 10292 14330
10 v 21 1 il 2.2) 27 1 1,019 14086 27 1 1.038 1,170 27 1 1.057 1.254
1 qu el 1 . 8ie9 620 27 _ ) _ 14038 lel0s 27 1. 1e088 1,139 21 |1 1e145 14240
10 4u 27 1 9lee 8,30 27 2 04999 1¢118 27 2 1.043 1e148 27 2 l.101 1,258
10 6y ¢f 3 8749 12,60 27 2 14079 1.076 27 3 1,084 14135 27 3 le145 le240
1v 1oy er 4 874 €0+83 27 4 14058 14062 27 5 14091 lelée 27 6 14125 14228
1u 20y 2! 5 L IYL] 41450 27 8 1s012 _  1.065 27 10 14043 1,148 27 13 1,070 14226
1 sue ef 8 Yued 61462 el 12 14024 14076 21 16 1,052 1,157 21 19 14083 1.240
10 40u €7 11 __ _gY.Y Bl.B3 21 16 1e028_ 1,081 27 21 14057 1,162 27 26 1,087 14244
v bB0u 27 e 6Y,8 102419 2T 20 14029 1.082 21 26 1,059 1,164 277733 1,087 1+245
2v v 3o 1 1e6,1 1+56 33 1 0,942 10037 33 1 0,955 1,121 36 1 1,038 14194
2u év  de 1 levad 2.83 36 1 1,019 1,097 36 1 1.063 1,216 36 2 1.084 14314
2u 4y Jdb6 2 12048 5465 36 2 1e0}9 14097 36 3 10049 1,203 36 3 1.089 1¢310
20 6y  3b 2 1178 8342 36 3 14028 14105 36 4 14085 1,210 36 5 1,083 14315
2u Juu 3a 4 1iYeTl 1903 36 5 14029 _ 1lel00 38 7 14053 14208 36 9 1085 1¢316
2u 2uu 36 7 119.3 27,96 311 1,031 l.l08 36 14 L.057 1,212 36 17 1,087 1339
20 duv 36 g} 11744 41,97 36 36 1.028 1.106 36 21 14087 1,211 36 26 14086 1,318
2y 4Ly 36 L4 119.3 55,93 i 21 le028 14106 36 28 14057 1.21¢e 36 35 1,086 1.319
2v Sov 4b 18 11903 9,92 36 26 1s029 ls)06 36 35 1.087 1,212 36 43 10087 1339
L lu 45 i 1%l 119 45 1 ls012 lel0é 45 1 1,023 14209 49 1 14035 14313
4y 2u 4S5 i 1007 _ 2.28 45 1 1403} lel25 45 1 Lvpet 1.254 45 2 14095 12375
P 4u  ed 2 18u.7 4,57 49 2 16031 14125 45 3 14057 1.245 45 3 1.089 l.370
4y 6y b 3 180l 6,85 45 3 14031 1125 45 4 14060 1,247 45 5 1.089 1.370
L] 10u Y 4 17449 11438 45 6 1,028 ls123 45 7 1+063 1.250 45 9 14094 14375
40 20y 45 @ 1196 22472 5 12 1,030 lel24 45 15 1063 1,251 45 18 14095 1,376
40 Juy 49 13 17943 34403 45 18 1.032 lel26 45 23 14065 1,252 45 28 14097 14379
40 40u 5 37 11943 45,37 45 24 14032 lel26 45 31 14065 1,252 45 7 1.098 1,379
40 Suu ab 2] 1794 96474 45 a0 14031 1.125 45 38 Le064 14252 45 47 1.097 14378
6u lu 5« 1 20444 1809 o4 1 14010 1.113 S4 1 1aQ21 1,226 54 1 1,031 12339
6y U ba 1 PR 2407 9% 1 leplB 14124 54 1 14051 1.261 54 1 1,090 le493
6u 4y ba i 2hbed 4213 54 2 14019 1e125 54 2 le052 1,262 S4 3 14081 14396
6y 6y 5S4 2 24340 6el3 56 3 14031 14136 54 4 14063 1.273 54 4 14092 le4gd
60 10u 54 4 24540 ius22 54 5 14031 14136 EYS 7 1.1062 1,273 54 6 1,091 latq?
6y 20y S4 7 24540 20.490 S4 11 1.033 1.138 Se 14 14065 1,275 56 12 14093 le4lo
by 300 54 11 244,06 du.b6 54 16 1,033 1,139 S¢ 21 1,067 1,277 54 18 1,095 le412
604Uy 94 15 P 4y,79 54 21 14033 1,138 S5 28 1,066 1,276 be 26 1,094 14410
6y 50y S+ 8 2ehy ! 20,95 54 27 1,033 14138 54 35 Le066 1277 54 3o 14095 [PLIPY
lov 1v 66 1 376.3 Ue95 o0& 1 14010 1,128 66 1 1.019 14255 66 1 1.029 1.383
100 v 6b 1 35Uae 179 66 1 1:014 1.138 66 1 14048 1.293 66 1 1.086 14450
10u 4y bb 1 InbeY 3:54 66 2 14024 14147 66 2 14058 16302 66 3 10092 10457
joo 6u 66 i 3age? be2? 66 3 14036 1158 66 3 14071 1315 66 4 1102 10469
100 lov  eb 3 344D BeB) 66 5 1+03} 1153 66 5 14066 10310 66 6 1009 1v46)
100 20u  6b 7 34243 17453 06 10 14037 1159 66 10 leg72 14316 66 12 lejol 14469
100 3d0v kb6 g ey 26233 66 15 14036 14158 66 14 11070 14315 66 18 19099 12867
100 4py 66 14 3uced 35406 LL] 21 1.037 10159 66 19 1e072 1.316 66 23 12101 1eég68
100 5ve 66 17 ELYZY] 43,85 66 26 1,036 14158 66 24 1e072 14316 b6 29 1el00 1e467
150 v T 1 49 /a7 084 78 i 1006 1e139 78 1 14012 1.279 78 1 1017 le418
15y 2u Ty 1 4518 1457 18 1 14006 14149 T8 1 le0al 1e321 84 1 1162 10493
150 4y B4 i 4834y 3.08 78 2 0952 14176 78 2 0.985 14351 T8 3 1.017 1e526
159 6u o 2 Ghh D 446] T8 3 14036 1,176 78 3 l.072 1,352 TH 4 14104 14524
150 leu I8 3 “49el 770 84 4 14120 1173 78 s 14071 14350 78 6 14099 1+520
150 2uu  Be S 83,9 15,38 84 8 1.031 14174 86 1] 1e064 14350 18 12 Ls011 1+521
15%¢ dgu B4 7 484> 23e02 g4 12 1034 10176 - 17 1e087 1353 T4 17 1013 1524
150 40u 84 L] 48149 30.66 84 16 1.035 1178 44 2z 10069 14355 ™ 23 14015 1¢526
15v S4u de 1l “Bled 38439 84 19 14035 1.178 B4 28 14069 14355 74 28 14019 1526
200 lu 9y i 62U.4 077 L] 1 14006 14152 90 1 14012 14305 90 1 14019 1,457
20y 2u Yy 1 9612 leé3 vy 1 10007 1e164 %0 1 14036 1346 Sy 1 1,070 14533
200 4y v 1 Saa,T 2,77 90 2 14048 1¢203 90 2 1.079 14391 9u 2 1,115 14584

200 6y Yy ¢ 54945 4.18 90 2 14037 14193 L 3 14069 1,38) 90 4 14105 1.572
20y iuv v 3 94549 6.93 9 4 14038 14194 90 5 Ls07% 1,388 9 6 14110 1579
20y 2uy 9u 5 LT 13.84 90 9 14039 14195 90 12 le078 14390 90 1l 1el10 14580
200 30v Yy [ D4l 4 20,69 9 13 leutl 1.198 90 18 14082 1,395 L1 16 14115 14585
200 4uu Yo gl b43,J elyb2 vy 17 1,040 _14197 30 24 1,080 1,393 90 21 14113 1,583
20y  Suu Yy 13 b4d,2 34,52 Ju 22 14040 1.196 S0 30 1,081 1,393 90 27 1,113 1,584
3oy v Jus 1 Heo, 3 0,68 108 1 1,007 1,173 108 1 1,014 1,345 108 1 1.021 1,518
ov 20 lus L Tés,5 1.25 108 1 1,008 1,188 114 1 1,086 1,387 lob 1 1,069 1.600
300 4y ue 1 Tud,d 2+39  1e 1 14121 1,239 116 2 lala? 1,450 10d 2 1.127 1,673
3oy 6u 11w 1 Tub, ¢ 3,57 114 2 1,045 1.229 114 3 1,089 1,457 o8 3 1,072 1,682
30u 100 11e 2 Tuy d_ 9,97 109 4 0,985 1,225 _ 1ls 5 1,084 1,452 108 S 1,067 14675
30v 20u 114 4 fhd, 7 11:94 114 7 14040 1.224 114 10 14084 1,452 108 19 1,067 1:675
300 duu 11s s 746,2 iT.84 116 Qg 14045 14229 114 15 1.089 1,457 108 15 1,072 1,682
300 40v s 7 T43,7 23,77 114 14 1,045 1,229 11¢ 20 14090 1.458 108 20 1,073 1.683
o S0U 114 9 Tab 5 29.74 114 17 1,043 1,227 114 26 1,088 1,457 lod 25 1,072 1.68]
50v lu 13o 1 1Yl,/ 0,57 138 1 14008 1,206 138 i la0)0 1,609 138 1 1,024 li814
S50u 2u 138 1 lyok,7 is04 138 11,009 1,226 138 )} 1,023 1,456 138 1 1,069 1.712
Sou 4y 1Jdo 1 §%¢,2 1,97 144 i 1,092 1.271 138 2 1,092 1,536 138 2 1.1%0 1,897
500 6u  13b ) Yi3.0 2,91 134 2 1,057 1,281 138 3 14113 1,561 138 3 1.163 1,836
500 10v 136 2 LYC 4,87 144 3 14092 1¢273 138 5 lelob 1,553 138 S 1,156 1,827
S0u  2uu 14 3 LGk, 9,67 Jus 6 1,054 1,28) 144 9 14109 1,562 138 9 1,115 1,838
S0u  Juu  ee 4 lgle.d 14,49 146 9 1,085 1,282 144 )4 1109 1,563 138 la 1,116 1,840
500 suu e 5 lul4,n 19,35 Jee 3@ 1,056 1,2Bg 144 19 1,107 1,560 138 19 iylle 1,838
500  S0u e T lulé.v 24,13 144 1B 1,056 14283 144 24 1,109 1,563 138 23 1117 1,84)
1000 o192 1 192u,1 0.45 192 1 1,0)0 1,260 192 1 14020 1,519 192 1 1,030 1,779
1000 2v  19¢ 1 1654, U.Bg )92 1 1,012 1,295 )92 1 1.023 1,590 192 1 1,069 1,914
1000 1% L 15¢1sy 1468 g4 1 1,083 1,331 192 2 Palld 1.707 1392 2 l.183 2,055
1000 6y 19¢ 1 1476,7 2.37 192 2 1,073 1,375 192 2 1.13 1,74) 192 3 lal 2,106
lo0v  10u zus ] |539,6 3,58 192 3 1,038 1,379 192 4 },088 JlI87 192 5,148 2,427
1000 2uu  2u¢ e 153v,6 T.158 204 5 1,070 1,378 %2 9 1,087 1,756 192 5 1,145 2,124
1000 00 192 4 1459 0 10,73 192 9 1,074 1,379 192 13 1,147 1,757 192 13 1,207 2,123
1000 40u  19¢ 5 14548 14,27 204 10 1,132 1,382 192 18 1,151 1,761 192 17 1,210 2,128
100u 50y  19¢ 6 1451,9 17,8y 204 13 1,132 1,382 192 23 1,152 1,764 192 22 1,213 2,132



TEXAS WATEH DEVELUPMENT guary LOCKWOODy ANDREWS + AND NEWNAM4 INCe PRQGRAM
COST OF OLLIVERING walbH Y PIPELINE = MOST ECONOMICAL DIAMETER

PEAK FACTOR = 1490 BRUWIH RATE = .03 INTEREST RATE = 0e040 AMORTIZATION PERIOO = 40YRS PRESENT WORTH FACTOR = 8,92
FLOw LENOTH S1AT(C HEaD SLUPE = ¢ STATIC HEAD SLOPE » & STATIC HEAD SLOPE s g STATIC HEAD SLOPE = )2
MGU  MILES DIA«NUSPS CoCol$/ML WaleCT/TG DIAGNDSPS CoCoRATED WoCoRATIO DIAGNOGPS CoCoRATIO WeCoRATIU UIASNOGPS CoCoRATIO WeCoRATIO

2 w16 1 5440 Be63 16 1 10041 14065 16 1 10081 1.126 16 1 1a122 1a184

2. 2u_ 16 i 2.4 16453 16 1. __1+042 __ _1.064 16 1 le084 lel24 16 1 14132 14190

2 40 16 1 515 32434 16 1 14062 1408] 16 2 1s102 14150 16 2 10150 1e217

H 6y 16 1 546 48453 ) 2 14045 1+07) 16 k] 12099 1s14Y 16 k} 1e147 12216

2 loe 18 2 Sled Bo.a9 16 3 10049 1e072 16 4 lelol 1e147 16 5 1154 le222

e 200 1e . Sl 16¢+98 16 3 10049 1072 16 8 1+10l 10147 15 11 10151 le222

2 30 16 6 Sled 261447 9 1e072 16 12 lelol 1e147 16 16 14150 le220
S8 400 )6 T 8.4 __3_2u;L _ — 1073 316 17 iel00 _leleB e 2i 14150 ls220

2 500 16 9 5143 4uleT3 1e074 16 21 1s102 1el49 16 26 10182 1e222

5 v 2) 1. 68s2  4s45 1s066 21 1 1087 1e129 21 L 14085 10190

5 2v 21 1 65,9 B4l 1080 21 1 1e102 14171 21 2 1129 1,248

5 4y 21 2 65¢5 16496 12080 . 21 A 1079 1157 21 3 10132 Le2éé

5 6y 21 3 654b £S5y 04 1+08¢0 2] 4 14085 1160 21 5 1el27 1241
3.00v 21 4 eBen 41e99 21 6 10046 14087 21 1 Le091 14169 21 9 1.132 11251

S 200 "2 o 65, ¢ 8398 2L 11 11045 14084 21 15 1.088 1168 21 18 14132 1425)

5 3o 2l Le . 650 15097 21 1T 1«04 1.083 2] 22 1.087 1,187 21 27 1.132 14251

S 4ou 21 16 65,y 16798 21 23 1e044 14084 24 22 le202 1.252 21 36 10132 1251

5 500 2 L3 654y 2y9.95 2] .. 28 deQb4 L:083 24 27 1e202 1+251 18 25 10235 1e327
1v 10 2+ 1 da4.b 2+98 24 1 1:021 1+070 24 1 14054 1.150 24 1 14089 1e232
10, 2y 24 1 -L¥Y-) S¢73 24 1 12087 12092 21 1. _1e129 1,154 27 1 14191 11251
10 4y 24 2 d44D 1144} 24 2 14057 1092 24 3 1+0S 14133 24 3 1e106 14215
10 6y 24 3 B4ed 17s12 24 4. 1026 ______ 164 24 4 le073 leléé 24 5 14094 Le204
10 1uu e 5 da4ed PLILE 24 6 11034 14071 24 ? Leo67 1140 24 9 14090 le201
1o 299 a4 LU . U4ed 57406 24 ] A3 14027 14064 _Ré 15 10059 1133 24 18 14090 1:20)
1o 3ue 2+ 16 Yeel #5.23 24 20 14031 1068 24 23 11064 1.138 26 27 1,095 1.206
10 40y 2 &l B44) 11370 26 26 1403) 1068 24 31 1.063 1,137 g4 36 1094 Le206
v Sou  es 27 44y 142400 24 33 10032 39 1s064 10138 26 45 14096 le207
20 v kD 1 _ . livdd __geRO X I 1.0 .. 1,080 AL 10094 _ 1.130 33 1 1+118 12207
20 2u 43 1 1ideé 3.86 33 1 14040 2 1e062 1.174 33 2 14085 1.253
20 4y 33 - VYT SN ¥ - R X N 3...1s025.. ....1.081__ _33.. 3 12060 14171 33 [ 10085 14293
20 by 33 3 1i3.4 11.58 k] 4 1.028 1,084 33 S 1,056 1,168 33 [ 1,085 1,253
20 _lev  J3 e 1430 19424 33 1 1.029 1,085 .9 Le0S7 _ 1,170 3310 _ 1.089 10257
20 20u 34 1l 1ie.d 8440 33 15 14031 1,087 33 18 14060 1.172 33 21 1,091 14259
20 3y 39 17 11¢.6 9757 . ._33 22 1,030 __1s086 33 27 be061 1,173 33 32 1,091 by260
20 40u 33 a2 1ie.7 16.89 3329 14030 14086 33 36 1060 lell2 33 43 14091 14259
20 59u 33 @8 11¢a> 5,89 33 37 1,031 ____1,087 33 _45 1.061 1,174 33 S Je092 1.260
40 1 399 1 19406 1451 39 1 11024 14094 39 1 1053 1.193 39 1 1.078 1.288
40 20 4e i 16947 . 2497 42 1 L 39 2  0.948 _.de211 39 2 012 14307
4y 4 4c 2 16549 5493 42 3 14029 14101 42 3 l.062 1.208 42 3 14090 1.307
LY ou 42 4 16547 He89 42 4 1,032 1.104 42 4 1.063 1,207 39 6 1.013 14309
4 10U ac 6 14,9 14475 42 [ 14033 lel07 42 7 le068 l.212 42 8 14097 1,314
40 2uv “c 12 164,y 29.95) 42 15 14035 16107 39 17 04988 1,212 39 19 14016 14313
40 30y 42 1B 164,9 44,26 42 23 1.035 1.107 42 20 1.068 1.212 39 29 1.016 1,313
40 4yu 42 b 104,8 99,00 42 31 1,035 1,107 _39 34 0.988 1,212 39 38 1.016 1.313
ey 500  ac 3] 164,7 1i.To «2 39 1.036 1e107 39 a2 U989 1,213 39 48 1.01 1,314
60 lu 4“5 1 2¢l.8 lep 4B 1 le0le _ 14091 48 1 1.027 1.185 48 1 1.052 1a.287
6u 2u o1 L 23veu 2469 51 1 1,037 1117 48 2 14017 1.231 48 2 14042 1,337
6y 4y 5y 2 23veu 5,38 48 3 0+980 lellé 48 3 1¢006 1e221 LY 3 14033 14329
60 6y 5y 3 23uev 4407 48 [} 04978 lel12 48 4 14004 1.220 48 5 1,032 1,328
60 lye b 5 23veu 13.65 48 B__ (4976 l.110 48 7 1.0q3 1.219 1] 8 12030 14327
6y 200 5) 10 23veU 26489 48 12 0976 lell0 48 14 1.003 14219 48 16 1+030 1.327
60 duy a1l i5 23veu 4034 “8 17 04976 lelld 48 21 1,003 1.219 48 24 1.030 1327
6y 40u L) 2u 23ue0 53,79 48 23 0,975 lell0 48 28 le003 1,219 48 32 14030 le327
6y Son 5 ¢5 R3usuw . 67423 . 4B 29 0,975 Jadll0 .. 48 .34 l.0od 1.219 44 49 le030_ 1327
100 lu  ou i 334,2 le22 69 1 14011 1la102 60 1 l.021 1,204 60 1 1,039 1.312
100 2 bu 1 TN 2430 60 1 14029 l.122 60 1 14067 1.253 60 1 lel0* 1.382
10u 4y ou 2 30,7 4.60 60 2 1,029 1,122 69 2 1e067 1,253 60 3 1,092 14373
100 ey 6y 3 IV 6490 60 3 1,029 l.l22 60 4 1.063 1.250 60 & 1,092 1.372
100 loe  ou L3 Jldae 1147 by 5 1.031 1124 60 6 1.063 1.25u 60 7 14093 14374
10u 29y oy L] 3ivau €2.94 60 10 1.031 lel24 60 12 1,063 le250 60 14 1,093 14374
100 30y 6u ]2 3l0ey 34442 60 15 14041 1e124 69 18 14063 1e250 60 22 10093 14374
100 4vy eu 16 310ev 45489 6u 20 1,031 lel24 60 25 le062 1,249 60 @9 10093 14374
100 dSuu  &u 2y 3i0s0 5736 oy 25 14031 lal24 6o 31 14062 12249 60 36 1093 14374
150 v re 1 45¢.7 109 72 1 14006 1e109 T2 1 le0123 1.218 72 1 le020 1e328
150 2v Ie 1 4leet 2402 72 1 1033 lel40 T2 1 1068 1.281 T2 1 14103 le422
150 4y 72 2 41eed 404 72 2 1,033 ls140 T2 2 1068 le281 72 3 1+097 1e#417
150 60 T2 3 4lee8 6407 72 3 1033 1e140 72 3 1.068 le281 T2 3 1.090 led2
150 lov 72 5 418 10.11 72 5 1.033 lel40 12 6 1,063 1,277 72 7 1,092 11413
15T 200 72 9 412.5 20421 12 9 1,032 1.139 12 11 l.062 1,277 72 43 1.092 1e414
150 3vv 72 14 “1eed 3043] 72 14 1,033 la140 7217 14062 1.277 72 20 1,092 1.413
150 #gu 72 19 4leed “0440 72 18 1,033 1el40 72 22 1063 1.277 72 27 14091 14413
150 500 Te &4 4ice2 50450 T2 22 1,033 leléo 72 28 14062 1.277 T2 34 1.092 lo#ls

200 lv 18 1 54446 1401 78 1 lelle 18 1 14015 10237 8e 1 14104 14359
20v 2u o4 1 G220l led6 _ B4 _ 1 ___ldl38_ 84 1 1,051 1.288 84 1 12094 lakso
200 4 B4 1 T Blve 3.70 He 2 lel4e a4 2 14060 1.296 84 3 1.101 1,455
200 sU B4 2 Sleed 5450 ae 3 14157 b 3 lao7l 1,309 84 . 1.107 14463
200 lou  Be 4 Silew 9418 84 5 14159 84 5 14073 14311 84 6 12105 lebsl
20v 2vy de 8 Slles 18439 84 11 14158 84 10 le073 1.311 8e 12 1.105 ludol
200 3gu H4 11 S1ueb 27e4) Ba 16 10160 8sa 15 10075 1323 84 18 1106 1464
200 4yu 8¢ 15 51yel 26452  Ba 22  1e043  _1.)6) . _8s 29 1s078 Je31e 84 24 1.107 1:465
200 byu e 19 5909 45164 4 27 14043 1+161 84 25 1077 10314 84 39 Le10¥ 11465
300 lv 90 1 LETEM usB9 96 1 10098 1134 96 1 1016 10267 96 1 10024 Lv4pl
I UL 1 65341 1s62 102 1 1081 1158 jo2 1 1:123 1.332 102 1 1»167 1459
300 4y lue 1 67743 3.‘}9 12 . 2 14062 14179 102 2 14083 10357 192 2 12126 14536
300 6y lu2 2 67347 «T6 g2 3 1vp48 14185 joz 3 14009 14363 96 4 12070 1839
300 v lue 3 6lusd _ Ta9p__ 1ue L3 1+052 10189 102 5 _1e094 1,369 96 6 10073 1e544
300 200 10¢ 6 T 6Tued 158 " 102 9 1+050 15187 102 9 10093 10368 102 1) 1129 1542
300 J0u  lue 9 67¢ed 23¢79 102 _14__ 8 102 13 14693 1.368 96 19 12071 14543
300 40u 02 1@ 6703 3160 102 19 102 18 1+093 1,368 102 22 Lel2d 12542
300 Seu lue 15 6703 39,49 o2 102 22 12092 14367 102 28 1s129 10343
S00 W 1eo 1 IOLET) 077 126 1 1v01B 1+311 126 1 1e026 10467
500 2y laeo 1 96240 1437 126 26 L. _ 1eg4B 14373 126 1 14091 14576
S50y 4y J¢b 177 9960 T 2N T2 1 2 14110 14432 126 2 11156 14655
Sou 6y 138 1 97340 3.93 26 126 3 10037 14434 28 3 1:080 1646
500 10v0 132 2 944y 6.5] 132 126 8 14072 1,664 (26 H 14116 1e657
Seu  2uv 132 4 94ley _ 13e02 26 126 ® 1079 led42 126 1) 19113 14654
500 30v leo 8 95,1 19448 126 126 13 leltl 1445 126 16 14155 1¢687
S0u  4yu 126 1 Yudeg 25:92 132 126 _ 17 _ 1113 Le4e7  j26 2] 14158 1466}
S0u  bSou 13¢ 11 935,7 32438 132 126 21 14074 1.448 126 27 le118 14682
100v lu by 3 18¢3.5 Le62 189 18¢ 1 le021 1,387 180 1 1e032 1458]
100v v 18y 1 1557« 107 180 1 180 1 1.028 1.450 180 1 14079 1.707
1000 4y )8y 1 142494 1497 189 1 1,057  _ ls281 18¢ 2 10124 1570 180 2 14179 10849
1000 by 18y 1 138¢ey 2488 180 2 14081 10308 180 2 1356 1,611 180 3 l.217 14901
1000 lou 18y 2. 1397.8 4185 _ 189 3 1e071 12297 180 4 lel4l) 1,592 18¢p 5 10202 1:889
100y 2oy 186 3 jei%.2 9,65  js0 7 14055 14303 180 7 1v122 1+598 180 9 14180 1,885
1000 3uy 18y 5 13800 14:39 180 10 14081 1»308 180 11 1e]154 1,609 180 14 1213 10998
lo0v “0u 18y 7 13B4.5 19424 180 13 1078 1+305 189 14 14150 1604 18¢ i8 14209 1+892
1000 >uy 18y B 1383.3 2éepd 180 17 1078 14305 180 17 14151 14605 180 23 16209 14493




TEXAS WATLR DEVELUPMENT BUARU
COST OF DELIVERING wATER Y PIPELINE = MOST ECONOMICAL D1AMETER

PEAR FACTUR =

1425

GHUWIH RATE =

FLUN LENOTH STATIC HEAD SLOPE w Q

MGu

15¢
150
15y
150
15u
150
2Q0
200
20u
200
200
200
r{:1]
200
200
30u
30u
300
00
30u
304
Jou
dou
30u
Sov
Sov
S00
500
500
S0p
S0y
Sou
S00
100v
1004
1000
1000
1000
100¢
lo0v
1000
1000

U e ne mlﬂn.n;mluﬁam N

0¢00

LOCKWOOD ¢ ANOREWS y AND NEWNAM, INC,

STATIC HEAD SLOPE =

INTEREST RATE = 02040

4 STATIC HEAD SLQPE =

PROGRAM

STATIC HEAD SLOPE =

AMORTIZATION PERIOD = 40YRS PRESENT WORYH FACTOR = 20al3

12

MILES DIAWNOWPS CaCsTS/ML WeCaCT/TG DIACNOPS CoCeRATIO WeCoRATIO BIASNOWPS CoGCeRATIO WoCoRATIO DIAsNOSPS CaCeRATIO WeCaRATIO

10 16 1 56,2 4449 16 1 1.038 11060 16 1 le076 1.123 16 1 lills
20 16 1 5443 8432 16 Ao 14039 1065 16 1 1081 14135 16 1 1e143
a4 16 1T Skeg 16s16 16 2 10045 1097 16 2 14086 14169 16 2 10148
6y 16 2 b3e? 2403 16 2 14059 Leq84 16 3 14093 10166 16 3 1156
100 16 3 54¢5 4002 16 4 10047 10084 16 8§ 14096 le172 16 & 19145
200 16 6 biey 858 16 8 14047 10084 16 10 14096 10172 16 12 10145
300 16 3 53:7 12073 16 12 1.0‘: 10085 16 15 1.093 1.1;: l: ég l-l:%
400 16 1) 5305  160e64 16 |6 Je04 1s087 16 20 10097 1el 1 Leldd
500 716 14 BIS T T200. ‘{3 20 1.048 12087 16~ 25 14097 1176 16 3 15143
10 24 1 Thes 2049 | 2) 1 0e930 10087 25 1 Qo954 1c141 24 1 19072
20 24 1 To:4 465 24 1 1+025 14080 24 1 14080 1.189 21 1 14095
40 24 1. Toeb U415 24 2. 1e022_ _ 19097 24 2 1078 1.208 21 2 10093
60 2% 2 Thet 13462 24 3 14039 Lelgé 24 4 1.077 le214 21 3 1120
100 24 3 T4s2 22+69 24 ] 1e04) lelll 24 6 leg8s 1,219 21 _ 5 _ 1.113
T200 2% 6 Tave 45.19 24 9 16044 21 [] 1,092 1.229 2l 10 10113
300 24 9 Tee2 67079 24 14 10040 21 12 1.092 1.229 21 15 14113
400 24 12 7432 ¥6+39 21 13 14063 21 16 1e092 1+229 21 20 14113
Sue 24 15 BETYA _l12.99 21 11 1:054 a2 1,003 1.220 2] _25 1e113
w3 1 1628 e 30 1 1017 3p 1 1.023 1,184 27 1 0986
20 3y 1 98,6 3423 39 1 1:026 30 1 1,072 1161 39 1 1.127 _
4 30 1 1004 [XER 33 1 14124 30 2 10053 1,190 30 3 14073
60 33 } 1082 959 33 2. 12018 ] 12090 30 k] 04577 14175 30 4 10000
100 39 3 99,1 15460 30 4 14036 30 6 14057 1.195 30 7 1+090
200 30 6 994 dle2p 3.9 ] 1+028 _ 39 12 1,057 1,195 30 15 1.087
300 30 9 1Y 46,80 30 14 14026 30 18 1.087 14195 30 a3 14086
400 _20 12 99.) 62241 019 10024 30 . 25 14085 14193 3031 _ }.085
Sov 3 1e TS 77.65 3 23 1s032 3¢ 3l ls061 14199 3¢ 39 14091
w3 1 _13%6. 122 36 1. .. 0950 __ 39 1 14025 14154 39 L. 1038
2v 3y 1 133.1 2423 35 1 1021 39 1 1.066 1.258 39 2 1.089
4 39 2 . 1341 ___4e4& 3V 2 15021 ... 1e118. 39 3 14051 1246 ¥ 3 10084
6y 3y 2 132.2 6465 39 3 1.028 10124 39 4 1.087 1.252 39 5 14087
100 39 4 13148 i1e06 3y 5 14031 l.127 39 T 3+087 1253 39 9 1.090
200 3y 7 131,.6 22410 39 11 1,030 1.128 3% 14 14059 1,254 39 17 14091
300 k1] 1 1313 33,10 39 16 . 1s030._ _ __lsloo. 39 21 1a061 14256 39 26 14092
“0u 39 15 13144 4417 397 21 17030 le126 39 28 14060 1,255 39 35 14090
Soy 39 18 131.2 95414 39 2T | lefdl. 1el27 39 35 le082 14257 39 44 14092
o sl 1 2d7e0 1401 S1 1 1.011 1120 51 1 1,021 1e244 51 1 1.032
QU _ SL__ 1 22449 1493 5) 1 10014 1128 5L 1 1050 __ 14277 51 1 1,089
40 b4 1 EEYRY] 3.83 51 2 0.958 14138 51 2 02992 1.288 51 3 14016
6y 5] 2 22048 5e7] s1_ 3 1.031 _lel43 5] 4 le063 14290 s1 5 1094
106 5i 4 22449 9456 51 - 10026 1+139 51 7 1a058 1.285 S1 8 14088
200 51 7 22046 19003 5. 19 S leQ32 Llelés 51 14 11064 1291 51 17 1+095
Jov Si 10 22vu+8 28457 Si 18 14031 1e143 51 20 14063 16290 Si 25 10094
400 51 __ 14 22040 38406 5] 2l 1032 lelds S1__ 21 . 14063 C1e2% 5] 34 10095
500 51 17 2206 4757 51 26 14032 1e143 51 34 1063 1.290 Sl 43 14095
1v 6y 1 KOy Q90 60 Y 14010 14133 60 1 14020 1.270 60 1 1029
20 6y 1 29445 le72 60 1 10010 1el40 60 1 10044 14302 60 1 14078
4y L1G 1 29ys8 Jedg 60 2 14023 1151 60 2 1+057 1+315 00 3 14088
60 6y 2 2879 5406 60 3 14033 lel60 60 4 1067 14325 60 4 14097
100 b 3 28den HBe45 6y .5 _1e031 _ 14158 _6g_ & 10065 1e322 60 6 1+092
200 6y ! 2808 16499 [Y) 10 1e031 1158 6¢ 13 10065 10322 60 12 14093
300 &y 10 28749 25939 60 15 14033 121690 60 20 1s067 1325 60 17 10094
40y 6y 13 28746 33.7p 60 20 14035 1161 60 26 legs?® 14326 60 23 14096
S04 &0 16 2818 4215 60 25 . _1»034 . lel6l . 60 __ 33 Llep68 1329 60 28 14095
10 78 1 4029 079 78 1 12008 1156 78 1 10017 10313 78 1 1+025
F{) IL] 1 4903 1449 78 1 10009 10165 78 1 1+032 10343 78 1 12064
4y T8 1 4344y 288 T4 2 10047 14201 78 2 le071 19384 T8 3 12103
6y 1] 2 43924 437 78 2 1028 1+184 78 3 1+057 14370 78 4 1+089
100 78 2 436ey 7+23 78 “ 1027 14185 78 s 1e066 1+379 78 7 10097
200 78 5 434y JEILD 78 8 14032 1+189 8 1+068 1.382 78 14 14102
3ov 7o 7 432.9 2157 T8 12 12034 10191 78 17 1069 14384 78 22 10108
400 T¢ 9 43243 28474 78 16 14036 12193 78 23 12071 14386 78 29 14106
Sy 76 11 43246 35494 8 20 19035 1.192 78 28 Ls070 1,385 78 37 1105
v 9y 1 61ce7 0e69 90 1 14006 lel74 90 1 14012 1,348 90 1 14018
2u 9u 1 5629 1029 99 1 14006 1.186 90 1 12030 1,386 90 1 1e061
4y 9y 1 53749 2450 90 2 14053 le229 20 2 1.078 12436 90 2 lell0
6u 96 1 LYo 3,73 96 2 1037 1,224 90 3 1.001 1,442 90 3 1.031
10U 96 2 58eo 6425 90 4 04957  _ le216 90 H 04995 1436 90 S 1_025
200 9 v 537.9 12449 90 8 1,037 1216 90 11 14076 14434 90 10 1ell0
3oy 9s S 57942 LBs66 90 12 0e963 le22} 90 17 0,598 ledal 90 16 14031
40u 96 7 S8V«0 24491 1] 16 0+961 le220 90 23 0.997 1,439 90 21 14030
800 96 9 S8U.5 31418 90 20 04961 1219 90 29 0,996 1,437 90 26 1,029
1o lue 1 Te94e 0e63 102 1 1006 14191 102 1 1.033 1,382 102 1 14019
20 1ue 1 _6¥een 1.8 1¢2_ 1 14007 _1s206 108 1 1.087 1,417 102 1 1,064
v lu2 1 ) 2,27 108 1 1.122 1.249 108 2 1,143 1,474 102 2 1.118
6y 108 1 68746 3.36 o8 2 14039 1,247 108 3 le079 14493 108 4 14120
100 108 2 69241 Se62 102 4 04974 1e247 108 E] 14073 1.48% 10¢ L) 10049
20y lub 3 69Uy 1]1+22 108 7 19039 le247 108 10 14076 led4li8 308 13 1117
30u  ub 3 :u;.b 16+78 l10d 10 19039 19247 108 15 1.07: 1.0:3 108 ag 14120
200 Qo¥ T 6888 22441 108 13 1038 14246 108 20 1e07 J1e491 108 2 0118
S00 108 8 686,8 27+94 " 18T 1+04¢ 1425¢ }05 25 legAl 10494 108 33 i-122
lu 126 1L 1p2ve2 VeSS 26 1 1ego? 10223 126 1 10014 15443 126 1 14021
v 126 1 9eves .02 126 1 1+008 1e243 126 1 14016 14483 126 1 10062
4y 126 1 8796 1494 132 } 1909} 1283 126 2 1¢074 1552 126 2 10123
6y 1206 1 323-9 2-:7 126 2 1004 1+290 126 3 1+095 1,576 126 4 1144
10 1eb_ 2 B6u.ss 4, 132 3 126 5 1eg87 1566 126 6 10136
20u Jeo 3 77 TB5B.2 9.5 {32 126 10 1.89~ 1676 126 13 10143
J0v 132 'Y 896,9 1432 126 126 15 lepéd 1,579 126 20 14089
40v  13¢ 5 895,2 1906 126 126 20 1045 1.581 126 27 1.0%1
S0u 132 6 89546 23.84 126 126 25 Lepad 1.58] 126 33 1091
1y }b¢ 1 146044 Qesb 162 162 1 14017 1,534 162 1 1+025
eu 162 L _ 29444 geB4 182 1 1%3 1 14039 1,592 62 l 1¢06]
4y 62 17 l2lisg 1587 7 152 2 14089 1.683 162 2 14134
6y 162 1 118349 2433 62 162 3 1e1)4 1:715 162 3 14161
100 16Y 1 121047 3,84 162 162 4 1.083 1730 162 5 19134
200 )68 2 121us7 T+6T 162 162 9 1078 1s726 162 @ 1e134
3yu 168 3 121047 11451 168 162 14 1,080 1.727 162 13 1e134
400 68 @  1210e7 __)}5.34 362 162 18 178 10726 162 17 Je)34
Suu 168 5 121ve? 19.18 162 162 23 1e078 1,725 162 22 14134
lv 226 I 235643 0s36 228 1 216 i 0579 1,687 216 1 04989
gy 228 1 292447 0eb4 228 1 216 1 0.975 1,784 228 1 1406]
by 220 1 183744 118 228 1 216 2 1v062 1.921 [ 2 1+156
6y 228 1 18026y 1+73  2g8 1 228 2 10126 1,951 228 3 14192
lou  2gb L 1787.7 ge82 228 2 . .228 4 1150, 1989 228 4 1,216
20y 228 2 17577 563 228 5 228 8 14150 1.989 226 a 19216
30y 223 3 1757.7 8s48 228 7 228 12 1+150 10989 2.8 12 1+216
40U 228 3 17410 11.18 228 1y 228 16 1e161 2,005 228 16 1e227
Sgy 228 ¢ 1T44.e 13:99 228 12 1+08¢g 1e509 228 21 1+157 2,001 228 20 1+225

1189
12226
1+263
10260
11265
11265
1v266
11269
11269
le233
10268
1285
1295
1e3g1
1301
1301
10391
1.301
1e218
1e.282
1.285
14273
1e302
1390
19299
11299
1304
le264
1,387
1383
1.307
1:399
14391
14392
14391



TEXAS WATER OEVELUPMEN] BUARY LUCKWOOD ¢ ANOREWS 4 AND NEWNAM, INCo PROGRAM
COST OF DELIVERINY wafeR bY PLPELINE ~ MOST ECONOMICAL OLAMETER

PEAK FACTUH = .2y GRUWTH KATE = 0410 INTEREST RATE ® 04040 AMORTIZATLION PERIOD = a0YRS PRESENT WORTH FACTOR ® 1S,7g

FLOW LENGIH STallC heau SLUPE = [ 5TATIC HEAD SLOPE = 4 STATIC HEAD SLOPE = 8 STATIC HEAL SLOPE = 12

MBD  MILES DIAsNOSPS LeCe13/ML WeCeCT/TG DIAWNUWPS CuCoRATIU WeCsRATID DIAGNOWPS CoCeRATIO WeCoRATIU DIASNOGPS CoaCoRATIO WeCaRATIO
2 v is 1 56,2 Se47 16 1 1.038 1a06] 16 1 1.076 L1221 16 1 1ellé 14184
2 2y 16 1 5444 1026 16 1 1.039 la063 16 1 14081 14129 16 1 14143 14216
2 A5 16 1 5440 40e06 16 2 1045 14087 16 2 14086 1+154 16 2 1s148 14243
2 by 16 2 S3e7 4009 it 2 1+05% 1¢082 16 3 1¢093 1e154 16 k] 1+156 11244
2 1wy 1% 3 934 49493 16 . 1+047 1+078 16 5 14096 1:160 16 6 11145 14245
2 200 16 & LETEY 99,85 16 8 12047 1078 16 10 14096 10160 16 1¢ 14145 141245
2 390 16 8 Sae7 149476 16 12 1auéé 1+078 16 15 1093 14160 16 18 11142 11245
2 4oy 16 11 53.5 1794200 16 16 14048 1.08] 16 20 14097 14163 16 a5 Lelé3 11247
2 By 18 TIW T BB 248.94 167" 20 Legs8 1408 16 2% 14097 10163 16 31 lelas 1e247
2 v 2 1 Tiey 2496 21l 1 1026 14064 21 1 10083 le132 21 1 14093 1.2)8
5 20 21 1 69.6 567 24 1 lell0 1.08) 21 2 14074 1.18¢ 21 1 1.186 l.242
5 26 1 19,6 11.32 24 2 1.022 1.084 21 3 04995 14174 2l 2 1,093 11245
] oy 24 2 Taes 1648) 24 3 1+039 14095 21 . 10014 1.185 2} 3 10110 1258
5 lyy 2e 3 1%s2 27491 2% 5 le04)_ _ 14099 24 6 1s084 14199 21 £ 1»113 1.263
5  2uu 24 T "6 7T Ta,e T TTEB.8] 24 9 1,044 1099 2¢ 13 1,079 1.193 21 10 1.113 1283
5 J0v ¢4 § 2% 14 14040 14096 21 12 14092 1,200 21 15 10113 11263
5 400 24 12 2 19 15039 1.096 21 16 1092 1,200 2l 20 Lel13 1263
5 Spu 24 15 _21 1T 105 1el123 2t 21 14082 14191 21 a5 14113 14281
10 W 3u 1 27 1 04938 14079 27 1 0954 1159 27 1 0.986 1177
1¢ v 27 1 93 27 1 12048 14093 39 1 14137 _lel6o 27 2 14090 11251
v a3y 27 2 0,970 1+100 30 2 14053 1,167 kD) 3 14073 1:249
1u 6y 3¢ 27 4 0.973 1+080 30 3 1076 1¢163 30 - 14101 Le24%
10 100 v 30 [3 14036 12092 30 [ leos? 1,172 30 7 1+090 1.260
¢  20v 3¢ 3u. 9 __ ls.028 _)e085 39 12 1.087 1,172 3¢ 15 1,087 14264
1o 3dov Ay 30 1e 14026 14083 30 18 1.057 1e172 3¢ &3 1e086 14263
10 4uv 30 1 a9 14024 l.082 30 25 14085 1,170 _ 30 3} 1.085 1e262
lv  Suv 3¢ L 30 23 1.032 1.089 30 31 leu6l 1e176 0 49 14091 1.268
20 1v 39 _ 36 1 0950 14061 39 1 1+025 lo141 39 1 1,038 14237
20 ev 39 39 1 1e021 lelo3 39 1 1066 1.229 39 2 1.089 14340
20 LT T 39 2. leg2l _lelQ3 39 3 14051 le216 39 3 1084 14336
20 6y 39 39 3 1,028 1110 39 4 14087 l.222 39 S 1.087 1,340
20 luv 3y _3%___ 5 1,031 _1.113 39 7 14057 1.223 39 9 14090 1,343
20 200 gy ELINNEY) 1,030 lelll 39 14 14059 1.225 39 a7 1.091 1,345
200 300 3y 1 39 16 1,030 lel)2 39 21 1.061 1.226 39 26 1,092 11346
2¢ 40v 3y 1 39 21 1,030 1e112 39 g8 14060 l.225 39 35 1,090 1¢345
20 S0v 3y | 49 27 14031 le113 39 35 1.062 1.227 39 4e 1092 14346
4y v 48 48 1 le011 lelol 48 1 1e023 1e207 a8 1 1,034 14320
4u 2u 4o 6B 1 1.036  _ 1s125_ 48 1 le074 14257 48 2 14100 1,386
LY LY 4 2 1,036 1.125 48 3 le065 14249 1Y) 3 1.09¢ 1,381
4¢ 6v sl 48 o 04962 lel24 48 . 04991 le251 Y] 4 1,016 14380
40 100 4B o8 6 1033 lsl22 48 8 14065 14249 48 7 16093 l.380
40 2wy 54 48 13 0.96) lel23 48 16 ve992 le252 48 14 1.018 1,382

40 Jou 4B e 209y 48 19 14034 1el23 48 24 LvosB 1252 A8 20 1095 1,382
4y “ou 4B 19 20449 45 _ 48 _ 26 10039 _ _jelee 48 32 10069 14252 48 27 14096 14383
40 500 4B 2é 205y 56.7p 8 " 32 1034 1.123 48 41 14068 1e252 48 33 1.095 1.382
64 v b7 1 2954y 1.07 s7 1 1.0)0 lel12 57 1 1e021 1.228 57 1 1403) 1.352
o0 av Y 1 271544 2+03 60 1 14080 lel24 60 1 1116 1.268 69 1 14153 1.618
6y 4y by 1 2908 4403 60 2 ley23 1e]34 60 2 1057 1,278 S7 3 14031 14425
60 6y by 2 26749 6+00 60 3 1.033 14143 60 4 le0e7 1.208 57 4 1037 1ad3é
6y luu 6y 3 PN los02 6y 5 1eudl 1+140 64 6 10065 1289 69 6 1+092 1v43]
60  2uu 60 7 2boe0 20+ 05 60 10 1.031 lelél 60 13 12065 1s286 57 13 10034 19431
6y 390 &y 10 2879 3us0] 60 15 1+033 1el43 57 16 1e010 1.288 57 19 1.036 10433
6u  4yu  6bu 13 267.8 39498 o0 20 14035 1s]64 57 21 14010 1.289 57 25 1037 1,435
6y 5oy by 16 gelen EIENT] 6p 25 12034 1+143 ST. _ 26 le01d 12288 57 32 14036 1e434
lou 10 fe 1 4379 0o 94 72 1 1000% 1+130 2 1 iv01® 11262 T2 1 10027 Le4p)

lou 20 Te 1 4yde2 1°78 72 1 12013 1elép Tz 1 10049 14302 T2 i 1+089 10474

loy 4y Td i 436y 3007 T2 2 04946 1155 T2 2 vs980 14319 72 3 10012 1v489

100 by f¢ 2 39344 be17 72 3 14038 14163 72 3 10075 1e328 T2 “ 1108 19497

100 1o T¢ 3 49744 B8e66 T2 5 1+033 14158 T2 5 1:070 14323 Te 6 1+100 19489

lou 200 T2 7 19544 17026 Tz 1o 14038 14163 T2 10 1078 1+328 2 32 10105 12495

100 30v  fe 10 3954 25486 72 15 1038 1163 T2 14 1075 14328 72 18 14105 14495

100 400 T2 i 3904 34949 220 1038 12163 T2 19 1075 1328 72 23 14104 1494

100 Sov Te 17 3949 43407 T2 2% 1.039 1c164 2 23 1076 14329 72 29 1+106 1,486

150 v Yo 1 61247 083 84 1 04931 lelad 84 1 0e937 1.290 a4 1 V943 Ledas

150 cu Yu 1 56249 1+54 a4 1 0,928 14157 90 1 14030 1.331 90 1 14061 1517

15¢ 40 9u 1 537.9 2497 ') 2 04971 l.202 99 2 1,078 1.383 90 2 1.110 1,576

150 6u Yy 2 S4b.2 4451 LT) 2 1029 1182 90 3 le06l 14365 90 k] 1.093 1,556

150 100 vu 2 S4dsy Te49 90 4 1.027 1.181 90 5 1.068 1.372 90 E 1100 1564

150 20v 9 2 83749 14486 90 ] 14037 1.190 90 11 1,076 1,381 90 10 1e110 14576

15¢ vy 9 7 53b.4 €242)3 MW 12 14040 1193 90 17 1078 14384 90 16 lellé 1.580

150 a0y wuo 10 537.% 29,71 90 16 1.037 lel50 90 23 1.075 1,381 90 21 1110 1.576

ASu 500 Yu 12 S3b.9 31408 90 20 14039 1192 90 29 1.077 14383 90 26 14112 14579

200 lv 96 1 Tousd VeT6 96 1 14007 1.156 96 1 1e014 1le318 96 1 1.02) 1e486

20u 2y 96 1 6338 __ _ lebqQ 36 1 __1legos8 1el71  1v2 1 lelo8 10363 192 1 14146 1,568

200 v lu2 1 64946 2169 96 2 De983 le221 102 2 1e081 1.420 102 2 1.118 1.b34

20U 6L lus 1 enleb 407 lv2 2 0986 1+206 102 3 leo21 l.411 102 3 14056 let2é

200 lov 102 2 LLLT] 6¢72 lo2 4 14040 1210 102 5 1+083 1.422 102 5 1+120 14637

200 2uv lue “ 66del i3e45 102 8 Le04g le2l¢ 102 11 1080 1+420 9 1] 1051 Le638

200 3¢u  loue 7 66le2 20+14  lu2 12 10042 le2l2 102 16 1+083 14423 9% 17 14053 1628

20u 400 Q02 Y b4bey  gbeB2  1p2 15 Je042  je213 _ 102 zs 1vpB% 10424 96 22 19054 1649

200 Suu 1w2 1 64544 33.49 192 19 14043, 1e213 102 2 15085 14425 %6 27 14055 1+64]

300 v l2e i 91y 0r67 120 i 10007 14186 129 1 10013 1370 20 1 1e022 14561

30u 2u  1ev 1 87,43 le22 120 1 14008 1+203 120 1 10029 1+415 120 1 10089 1465}

300 4y 1dy 1 B2y en 232 120 1 10060 1255 120 2 14092 1486 12y 2 10134 1:734

30y 6y 128 1 853.9 3e46 126 2 1e047 1e252 120 3 44059 14498 29 3 14091 14748

30u  dov ldu . 2 Blérd 9eT4 120 &  1ep5T 1255 120. 5 lislo* 14499 13y 5 Ls147 1+750

0y 20v  12¢ “ Bleedd Lies? 120 14055 1+253 120 11 1+103 106498 120 1¢ 14147 1:750

300 Ipe 12y ] 8icded 1721 120 11 14052 1+251 120 16 ielod 14498 12v 15 14147 1.750

360 “vu e 8 8le.3 22,95 120 15 1.051 1.25¢ 120 22 14103 1.498 120 20 1e147 1,759

300 Sou e 8 8h¢,6 28407  1ep Y 14002 1e252 leo a7 14050 14499 120 24 10092 1,75

S0y 15 1 136c.s 0e56 159 1 14009 le222 150 1 14018 1e441 150 1 1.027 1466

So¢ dv 1Y 1 1190l l1e0l 150 1 14010 _ 1e248 156 1 1e061 1.496  15¢ 1 10072 1.780

509 4y 15¢ 1 1ii3ey 1:% 156 1 14089 1294 156 2 lel40 1,587 159 2 14152 14889

500 6y )56 1 113%ey 2719 |96 2 16060 14312 156 3 1119 1.618 150 3 1e131 1e926

Sgu lov 168 1 121us ! 4:68 156 3 04989 14299 156 S Y] 14600 150 5 1.0%9 1.912

Sgu 2vy 56 k] 11¢%s2 9s26 156 6 14061 1+3]s 156 9 1122 1.623 156 9 14175 14934

500  J0u 156 4 112%s0 13.95 156 g levb0 10313 156 14 1¢120 1.621 150 14 10134 1,93

500 4uv )56 6 1leve> 18452 56 )¢ Le061  1e316 156 19 1129 le621 150 19 1,135 1,933

Sou Sy 156 [4 1125.¢2 23409 156 16 1e066 1317 156 24 1s123 1.625 150 23 14138 1,937

1000 lu 216 1 e2es/.d Vadn 204 ] g.968 1e287 204 1 0978 1,566 294 1 0,989 1,854

100v du  2lb 1 19¢94l 07T 294 1 0.962 1+33¢0 204 1 Ve975 le691 216 1 14068 2,010

1000 4y 218 1 173848 42 216 1 10027 12369 204 2 1e067 14785 216 2 10169 24174

1000 6y 216 1 1ludes 2epB 244 2 1022 1+423 216 2 1.138 1.819 216 3 1.207 29234

100y loo 216 L165Y.) 3.38 216 3 10099 _ __Lle445 216 4 14168 14859 216 4 1e23é 2+28]

1000 2uu 21t 2 16594 ) 676 216 ] 1+089 10439 216 -] 10168 1859 216 9 10234 2+28

oy dou 2ie 3 6. i0ele 216 8 1034 L+435 216 13 10167 14859 218 23 1e232 2.27

1000 %ov 21b 4 1659 13453 216 1) 1+08% 1+436 216 17 10167 14857 216 7 1+232 21279

1000 50u 216 5 169%4] 16491 216 13 1+086 1437 216 22 1e167 14859 216 2y 10231 2278

- 106 -



TEXAS wAIER UrvELUPHENT dUaHu LOCKWOOD s ANOHEWS s AND NEWNAM¢ INCe PROGRAM
CUST WF DELLverlnG waTER ot PIPCLINE = MOST ECONOMICAL DLAMETER

PEAR FACTUR ® |25 VKRUWIn HATE & QgaQ6 INTEREST RATE ® 04040 AMORTIZATION PERTOD = 40YRS PHESENT wORTH FACTOR = 13.4)
FLUw LEwoln 51alfC HEaU SLurt = 0 STATIC HEAD SLOPE = 4 STATIC HEAD SLoPE = 8 STATIC HEAD SLOPE = 12
MGU  MILES UlAeNUePD LaCola/Ml walatT/TO DIANOGPS CoCoRATIO WoCoRATIO DIAGNOWPS CeCoRATIO WaCoRATIO LDIAWNDGePS CoCoRATIO WiCoAATIO
] v 10 l bbee 6427 16 1 1,038 14060 16 1 Le076 1.)20 16 1 lelle lel80
2 F{ L 1 544d 11084 16 i 10039 1e062 16 1 LepRl 1.125 16 1 1143 1210
2 wy b 1 S4ey 23425 16 2 14045 1+08} 16 2 14086 19146 16 2 10148 1+232
e 6y 16 2 5367 34.8] 16 2 14099 1+089 16 3 14093 14148 16 4 1e143 1e232
2 o 16 3 FERE] o779 16 Y 1s047 1+075 16 S 10096 1.152 16 [} 1e145 1233
2 2uu 16 6 534 115958 16 8 12047 1,075 16 10 12096 1+152 16 a2 10145 14233
2 30u 16 ] E¥TE 173,37 16 12 1e04? 12075 16 15 14096 1+182 16 19 10143 14233
¢ 40y 16 11 D3en 23us66 16 16 14048 1+077 16 20 10097 1+155 16 25 1e143 19234
2 sUu 16 la 3348 268124 16 20 1e048 1077 16 25 10097 1155 16 31 10144 14235
5 10 23 1 Tiet 3434 21 1 14026 1+062 21 1 10053 lel127 21 1 14093 1299
5 20 24 1 6746 bota 21 1 10055 1,088 21 2 1074 14169 21 1 10186 10242
2 4y 2y e 6946 12+68 21 3 14031 1+077 21 3 12000 14164 21 2 §0186 1e242
5 6y 2l 4 oYl 19431 €1 4 14046 1080 21 4 14093 1e164 21 3 1196 14243
L] 1oy 2l & Bben d1e99 21 T _  1e047 _ 1086 24 6 lel70 14191 21 5 1200 14251
5 20 2t 12 66,8 8398 21 15 1e044 1.084 24 13 lel64 14186 21 10 1+200 1.251
5 3oy 24 L] 6048 45497 24 14 19122 __ le098 21 12 1179 10193 H) 15 1,200 14251 °
5 4uu o4 12 Tase 128497 ¢4 19 12639 1089 21 16 14092 14184 21 20 14113 1e24)
E] Suu 24 15 Taag 10l.2] 24 24 14040 1090 2] 21 1.083 1.178 2l 25 1,113 le24)
10 v e 1 4.7 Tviz 21 1 l.018 14069 27 1 14036 1e143 27 1 1s070 14165
1 v et 1 _ 4439 el 1 14048 16090 _ 3¢ 1 1+127 1.167 27 2 1,090 14235
1 4u 27 2 a.77 27 2 leu4B 14090 27 3 14062 1,154 27 4 14090 1,235
19 ov 2l 3 13:16 27 o 10029 10073 27 5 1059 1.152 27 6 14090 10235
1w v 3 21493 27 7 0.963 1.072 27 8 Ve994 14153 27 10 12023 14236
1 20 2! 11 43:67 27 14 1.032 14076 21 17 14064 14187 271 20 1096 1e24]
10 Jduv 27 17 65.4) 21 2l 14034 14078 2T 26 1065 10158 21 3o 1,098 10243
10 #0027 e 87+34 27 28 1,032 14076 21 35 14063 14156 27 4l 11096 14240
o bov 27 ed 109407 27T 3 14032 14076 27 43 1069 14157 21 -1 10097 10242
2u v Iy 1 1164 36 1 Q+95y leD46 36 1 04962 1127 39 1 140238 14219
20 v 3Y 1 3408 39 1 1e021 14095 39 1 14066 1.211 39 2 14089 14312
2u su 39 2 6.0 39 .2 1e021 1095 39 3 1e05 1.198 39 3 15084 14308
2v by 39 2 9409 39 3 1028 1.101 39 4 1405 1,204 39 S 14087 1.2)2
200 luv  av “ _ losl2 39 _ S 14031 lel04 39 7 14057 1.205 39 9 14090 14215
20 2uv 3y 7 30419 39 1 14030 14103 33 14 14059 14206 39 17 14091 1e316
200 3uu Ay 1) 45,21 39 16 14030 1103 39 21 1061 1.208 39 26 14092 1e3)8
20 Syy EL] 1> ove33 39 21 14030 1+103 39 28 14060 1.207 3% 38 14090 14316
20 Buu 4y id 75431 39 27 14031 lelos 39 35 le.062 1.209 39 44 1,092 1.318
LY [URY 1 1,33 45 1 14013 1089 45 1 le027 1.185 48 1 14128 14294
Y du  se 1 2454 “d 1 1,030 lellB_ &8 1 Le074 1,241 48 2 14100 1¢360
&y P e 5407 48 2 14036 14118 48 3 14065 1,233 48 3 11094 14354
U by an 3 7.6) 48 4 14033 1s116 48 4 14065 1.233 48 4 1092 14353
AU 100 40 9 1268 48 6 1.033 1115 48 [ 1065 1.233 48 7 1093 14354
4y 20u (1] 9 €535 48 13 1.032 14115 48 16 14065 1.234 48 14 1,094 1355
4y 39 48 14 37.97 48 19 1034 12116 48 24 ls068 1.236 48 20 10095 1356
40 40u 4o 19 9060 48 26 14035 1117 48 32 1e069 1237 48 27 14096 14357
4y Syv 48 24 63428 48 32 14034 1e116 48 4] 1s068 1236 48 33 11099 14356
6y U1 i 1+20 b4 1 04948 1e102 54 1 0959 1.206 57 1 1:03]1 1320
by ey sl 1 2.27 s7 1 14026 ls122 57 1 1.058 14250 57 1 14096 1390
5y »y a9l 2 4054 57 2 1+026 lel22 S7 2 1+058 14250 57 3 1+088 1+384
&0 bu Au 2 b.78 s7 3 0982 lel26 57 3 le01l 14298 57 4 12037 1386
6y luv s/ 4 1126 S/ 6 1.034 1e129 57 L) 10066 1.258 57 ] 11095 14392
oy 20y LY El 22+53 o7 12 1e034 1129 57 11 14065 1257 s7 13 14093 1+390
61 3uu s/ 13 33:76 S7 18 1¢032 10130 57 16 1e060 1.258 s7 19 14093 14390
6y duu 97 17 44299 a7 24 1¢036 1130 s7 21 10066 1259 57 25 1095 1392
60 Suv 5/ 21 56225 ST 3 14036 1.130 571 26 1066 1.258 57 32 14094 14391
10u v re 1 1909 b6 1 0+311 1¢116 66 1 Ve920 10234 72 1 1¢027 1+362
100 v Te 1 1497 T2 1 14013 10128 T2 1 14049 14278 T2 1 12089 10436
100 4o Te 1 3.90 Te 2 1025 1+139 T2 2 l1e061 129y T2 3 1s096 le44b
100 by Te 2 579 72 3 17038 1+152 2 3 1e075 12304 72 4 1+108 1145%
100 lww e 3 9469 T2 5 14033 1e147 T2 5 1070 14299 T2 6 12100 1048]
100 20u T2 7 19:30 T2 10 1+038 14152 2 10 1+075 14304 72 12 1+105 1+457
v Juv fe gy 28495 72 15 14038 1.152 T2 14 1e075 10304 72 18 1+105 10487
100 40U Te 1 3d.60 2 20 14038 1¢152 72 19 1075 1e304 7¢ 23 1+104 14456
100 sw  T¢ 17 48220 Te 25 19039 14153 72 23 14076 14305 T2 29 14106 10458
15 v ba It ue93 84 1 1006 1130 B4 1 16013 1.262 84 1 1s019 le400
15 v e 1 172 84 1 1009 1e142 Bg 1 1e046 10308 B4 1 14084 led84
150 4V v 1 3,36 84 2 0e971 14169 84 2 le005 10339 84 3 11042 1498
15y 6y dé 2 D03 84 3 14041 l1el72 B4 3 14079 1.342 84 4 14113 1518
154 1oy me 4 Ha42 o4 S 14036 lel67 B4 5 1.073 1,336 (13 6 14104 14508
150 2vu He ? 16479 54 10 1.039 14170 B4 10 le077 1,340 B4 12 1,107 1¢512
150 duv vy 7 25414 84 15 0.974 14172 Ba 14 14008 1,342 84 17 14036 1514
150 “Yu -2 13 33.56 44 20 14040 14171 [-1% 19 le077 14340 84 23 1+107 14512
150 Sy s8¢ 17 41491 B4 25 1e042 1.172 84 23 1e078 1342 84 29 14109 1514
20y lv 9o 1 U.85 96 1 14007 lelds 96 1 le014 1.288 96 1 1021 10438
200 2u Yo 1 1eb7 9o 1 14008 14156 96 1 Le0ad 1,336 96 1 10082 14525
20V 4y 9o 1 3.08 96 2 14042 le189 96 2 14079 +1.373 96 2 14119 1.588
20u 6u Yo 2 4456 96 3 1e044 14190 96 3 le08l 14375 96 4 1.120 1570
20U 1uv  ¥e 3 7456 96 4 1,049 14195 96 5 14089 1,384 96 6 1sl24 14576
200 P T ) 15+12 96 9 12046 1+193 96 9 14088 1.383 Sb 11 1v122 14574
20v duv 9o L] 22467 96 14 1¢049 1192 96 13 lepAB 1383 96 17 1v123 14575
20U  4yu Yo g dye23d 96 18 j.p4b 14193 96 18 1:088 14383 96 22 1122 14574
20y Byy Yo b 4T.79 96 23 11045 101%2 96 22 1epR8 1+383 %6 g7 1vl22 14574
30y v 11s A 075 1) 1 1e008 1e164 114 1 loosb 1328 114 3 1+024 14499
30u du 11w 1 1+36 114 1 1009 1+180 120 1 14090 1+381  j1e 1 11083 14595
Jou 4y ey 1 2:01 114 2 12011 10235 129 2 1e092 1444 114 2 14985 10669
300 6y 120 1 392 j2u 2 1000 1e222 129 3 1050 1442 114 3 10044 14666
300 luv  12v ¢ 6046 120 4 14057 _ 1.235 20 S 1el0% 1.458 114 B 14097 1+685
300 auu e 4 12+%2 120 7 14055 19233 120 11 1e103 1.457 114 1) 14094 1.682
Jou  duu  1éu 6 19438 12v 11 1s052 1+231 120 16 1e10d 14657 114 16 10093 1468}
d0v 4y ley L] ¢5.84 120 15 1+051 1+230 120 22 1e1p3 146457 11 21 1093 14681
KL TR T TR PV O 32¢30 120 19 1052 1e231 120 a7 lelp2 1,457 114 26 14093 168)
50v Lv  aee 1 063 1éa 1 10009 14197 144 1 14018 12393 144 1 19028 14593
50v cu Lus 1 1013 144 1 1e011 1220 150 1 le068 1e480 144 1 10079 1+703
500 sy Jue 1 213 15¢ 1 14103 1.276 |59 2 10151 14538 e 2 10163 10812
Sou by 13y 1 Jele 190 ? 14063 14285 15¢ 3 Lel20 14505 144 3 1,137 14844
500 luv oy 2 5.26 158 3 14092 1.282 19¢ S 1¢118 14556 |44 5 1130 1833
Squ duy 198 3 lueé9 190 7 le026 1.282 150 10 lepB% 1,561 144 10 1+098 14839
50U Jduy  15v > 19¢70 150 10 14063 14285 1S9 15 1e126 14565 150 14 10176 10843
S0u 4w 15y 7 2us92 150 14 14065 le286 150 20 1a127 1.566 150 19 10177 11845
Sov Suv  loe 7 26417 150 17 le028 1+284 150 25 14090 1.56% 150 23 1+138 14843
1000 lu  2u+ 1 050 204 1 1eg)l 1+253 204 1 l1e022 1,900 204 1 14033 1.756
1900 2y 2us 1 0e87 204 1 1013 12293 204 1 Lep2b 14578 204 1 1076 1+90%
1000 ey 2us 1 Leb0 236 1 14087 1e342  20% 2 1e129 1712 204 2 1e184 24067
1000 LI 1 2433 204 2 14084 16385 204 2 14153 1:75)  2¢% 3 10224 2+127
1000 luv 21® 1 284 204 3 1:039 _1+395 204 4 14119 1,776 204 “ 1185 24156
1000 2uu 18 2 Ts68 204 [ 14039 14395 204 7 1e117 1774 204 9 19179 24150
100v  Jgu 216 4 1199} 20% 9 1.p39 10395 204 )0 l1s116 1,773 204 313 10177 2148
1000 4uu 210 4 16574y 19435 204 12 14039 14395 204 13 1e]16 1773 204 18 10179 24159
1000 Suu 246 5 16974 19019 2ue 15 14039 12395 204 16 1e116 1773 204 22 17? 20148
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TEXAS wATEH UEVELUPMENT dUARU LOCKWOOD s ANDREWS » ANO NEWNAM) INCs PHOGRAM
COST UF UELIVERING waTEH BY PIFELINE = MUST ECONOMICAL OIAMETER

PEAR FACTUH 8  J.g5 bHuUm[H KATE % Q403 INTEREST RATE = ge040 AMORTLZATION PERIOD = 4QYRS PRESENT WORTH FACTOR ®= 8492
FLUW LENWIN S1a01C HEaD SuLuPt = [ STATIC HEAD SLOPE = 4 STATIC HEAD SLOPE = 8 STATIC HEAD SLOPE = 12
MBY  MILES UlAeUePY LaCslas/M] WelslT/To DIAGNOCPS CaCoRATIO WeCaRATIO 01ASNOCPS CoCeRATIO WeCoRATIO GIACNOsPS CoCeRATIO WaCoRATIO

e lv 16 1 5be2 8.98 16 1 14038 14059 16 1 1e076 1:115 16 ) lelld 1170

2 2v b ) 54,3 17418 16 ] 1,039 }.058 16 | 1.08] 1.116 16 3 lel43 1,196

2 “u )6 1 Sheb 33,97 16 2 10045 1070 16 2 1086 1,129 16 2 10148 1209

2 6u 16 2 237 SueTy 16 3 14051 1:074 16 3 14093 14134 16 4 14143 le297

' 100 16 3 S3e0 Bas3g 16 - 10047 12068 16 5 1096 14137 16 6 1145 1e209

2 200 16 6 9340 j6Hs6] 16 8 10047 12068 16 10 1096 14137 16 12 14145 14209

2  30v 1o 9 530 292591 16 12 1047 14068 16 15 14096 1137 16 19 1e143 be2o8

2  4du 18 ) 93¢d 336976 U6 16 14048 1,069 16 20 1+097 14139 16 .25 je143 1e208

2 by 16 14 D345 620.73 16 240 le04d 14070 16 25 1097 14139 16 31 lelée 1.209
El 1v i 1 Tiev 4406 21 1 1e026 14087 21 1 14083 lellé 21 1 14093 1.187

5 e ¢l 1 0740 det6 ' 1 14055 1,084 21 2 1,074 1,146 21 2 1115 1.220

9 4 2l e 6740 18,11 21 3 1,031 1.066 21 3 14080 1,145 21 3 le122 10220

5 6u ¢l o 69,1 eToue 21 5 1,082 1.075 21 8 1.085 14143 21 5 1,129 1226

5 luu 21 8 LR 44e84 21 B 14043 1.077 21 9 le086 14153 2l 5 1200 1,252
5 e el e 6088 a¥,69 FI) 1e044 14077 24 13 1e164 1,202 21 1o 1200 le282

5 Jgu 21 1H boeb 134,53 21 23 1e042  1.076 26 19 10165 1.203 21 15 14200 1e252

5 40y ¢ 24 LR 179437 24 19 le121 1s124 24 26 14164 1202 21 2¢ 14200 14252

5 dSuu 21 3 684d 2¢4e22 24 24 _ 1.)22 1e125 21 2l le168 14194 21 25 14200 1+252
1v lu 24 i Ylel 3516 24 1 14031 14059 24 1 1,061 lsl22 27 1 1s113 1,158
1 eu el 1o 93.0 | 6elg 27 1 le048  1le082 _ 24 _ 2 le040 1s163 7 _ 2 . 1.0% _1s200
1y 4y el H 3. 12420 27 2 1,048 1,082 27 3 1.062 1,133 27 - 1e090 1.200
1¢ 6u el 3 LETTY 18439 27 4 1029 Ae064 27 5 1059 1,13) 27 6 1¢090 14200
v 1wy 27 5 9.y 3us50 27 7 14027 14062 27 8 14060 14132 27 10 14090 1s200
10 2uw  af 1L VLo bQeT2 27 )4 _1e032 _le067 _ 27 17 1064 1.136 27 20 1096 14206
W duu efr 1t Yees ¥0e93 27 21 1eu3e 14069 21 26 1065 1,137 27 0 14098 14208
v suu g7 22 9eed 1eled3 2] 28 _ 1.032 _ }e067 . 27 35 heg63 1.135 27 4] 109 1206
10 5o gr  ¢ew Jeeu 121465 21 36 14032 27 &3 10065 14136 21 S 10097 10207
2¢ lu kK 1 12343 2e16 33 1. 1019 . a6 i 1089 11140 a6 1 lell}2 1.217
2u eu o 1 12547 “e20 36 1 16041 36 2 14068 14174 36 2 10091 10253
2¢ by 3o 2 1224l . de4p 36 3 | lep29_ __1s08} 36 _ 3 le063 14168 36 4 14091 19253
2v ey 36 3 1297 12460 36 4 10030 14082 36 5 14060 14166 36 6 1091 14253
20 luv 36 b )ebed _ 2ue97 J6 T ley28_ _ 1.08] _ 36 9 _ le0s5° 1465 36 19 1e092 19254
2y duvw 36 11 1¢940 41475 36 14 10034 1086 36 18 14065 14171 36 el 14097 1,259
20 duv 3o 47 1258 ogeTa . 36 22 14031 14084 36 27 1,063 1.169 36 32 14095 14257
2u  4uu 36 ¢2 1250 43049 36 29 le032 14085 36 36 1e065 14171 36 42 14097 1.259
2v 1} 36 L 1254} lusesT J6 36 1031 . 1ls084 36 45 le064 1.170 36 s3 14095 11258
4y 10 &g 1 10349 1e7) 42 1 14026 1+084 42 1 le052 1.172 42 1 14075 le264
4y U 4> 1 19¢eb 337 42 2 D980 _1a100 42 2 14098 1.189 42 2 1+026 l.282
4y 4y 45 2 192¢0 6473 42 3 0969 14090 42 3 14004 1.188 42 4 14026 1e282
4u 6y 4> 4 19109 1007 42 5 0976 14096 42 5 1e00d 14188 42 6 14030 1,286
40 1uv e ] 19¢se 1680 42 ] 06913 14093 42 9 le0pl 1,186 42 10 1+029 1e284
4y 2uy 4b 13 17149 33.56 42 15 0973 1.093 42 17 14002 14187 42 20 14030 14285
4y ETIY 45 2y 19149 2033 42 23 0972 14093 42 26 l1e001 1,167 42 30 10030 14286
AU 40U ed  ¢gb 1947 nlel3 42 31 00972 1093 42 35 le001 1.186 42 39 14030 14285
4y bub 45 33 1919 H3.d9 42 as Ve972 14093 42 44 le9pl 12186 42 49 10030 1.285
6u 1v 51 1 25944 Le26 51 1 leQl2 1081 51 1 14033 1.173 51 1 10055 1427}
6y ey 54 1 260y 3401 94 1 14031 le103 54 1 14071 1.217 Sl 2 14053 14320
6y 4y b4 2 2006y 6402 94 2 1e031 lel03 81 3 1.013 1203 5! 3 le044 14312
6y 6y b4 3 eouel 03 91 4 04985 lslol 51 4 14016 1.206 51 5 1e042 14311
by 1ov 9% 5 LI 15+05 L9 6 04986 1102 _S1 7 10015 14204 51 8 10043 14311
6y cuu 5« 11 2bYeb KT 51 13 04985 1¢10} 51 15 1,013 14203 61 17 14043 10311
6y ET H4 Y 25%ed 4501] 51 19 00984 1+101 5] 22 Le01% 1.204 51 26 10043 1ed]2
6y “yy 54 e2 25%.4 Byelb 9] 25 0+984 111901 51 30 1013 14203 S1 34 10043 1:311
6y Sdu a4 ct eo%e8 _ _ Jhel9 81 . 32. .. 0985 delol..... S1... 370 _1.003 . 1e203 _ Si... 42 1e043 14311
100 v su 1 3553 137 60 1 14016 17092 69 1 10037 12193 60 1 14056 19298
iov 2v -1 1 Jo4ed ¢+57 66 1 19032 1+118 66 1 i+071 le243 66 1 1+110 10372
100 4y 66 2 364148 hele 66 2 10032 12118 66 2 12071 12243 66 3 10098 19362
10v 5y 6o 3 Jbasb TeT2 66 3 1+032 1+118 66 4 12068 12240 66 4 10097 14361
10U 1o 66 “ 3640 12+86 b6 5 10033 12118 66 6 12064 10236 66 7 14095 14360
10¢ c2uu 66 L) 30440 ¢5eT2 66 10 10033 12118 66 12 1e064 1236 -1 14 12095 10360
10v ETY 66 11l 3047 38,58 -] 15 14033 1+1]18 66 18 1e0bé 10236 66 21 10095 1+360
100 «gu 66 5 10640 Sledg 06 19 14032 10117 66 24 1+064 1+236 66 28 14095 14360
100 boy &6 19 36440 0443y 06 24 14032 1.117 66 30 le064 1.236 66 35 14095 14360
150 1 e 1 4By 1.22 72 1 1008 14097 T2 1 1+024 1.209 78 1 l.113 1317
15v 20 7 L 4Teed 2edh 78 1 14036 1135 78 1 1,073 14271 78 i 14110 14413
150 “y 78 2 4iLe 4048 78 2 14036 1.135 78 4 14073 1.271 TY 3 14105 le409
15v 6y Tv 3 4ldey 6.73 74 3 14036 14135 78 3 1e073 1.271 78 4 1.098 le403
15y 10v To 5 alce9 11.21 78 E] 14036 14135 78 6 1e084 14267 78 7 14100 led04
1Sv 20 74 i wlee9 Z2e042 78 9 14034 1.132 78 11 1e067 1,266 78 13 14099 104
150 T 70 19 wleed 33:64 78 14 1030 14133 78 17 1086 14265 78 <0 140698 1s403
150 400 fu v 4769 44,85 T8 14 10034 10132 78 23 1s066 1.265 B 27 10098 leb02
150 Swu  To 25 4Tcey 5606 T8 23 1,034 14133 78 28 14066 1.265 78 34 1098 1:402
20y lu  de 1 6lusv lel2 44 ) L.008 1+108 84 1 1.016 1.219 84 1 14034 14345
20u 2wy 1 Sdbed 2405 90 1 14026 1.138 90 1 14059 1.281 %0 1 1,103 14440
200 “u 9u 2 PELTY 4el] LT 2 1.026 14138 90 2 L+089 1.281 [ 3 14043 14437
200 6y Yy 2 5(le6 6408 Yy 3 10041 1e152 90 3 14074 1.298 90 4 1e113 14453
200 vy Yu “ binek 10040 90 . 10041 1154 %0 5 14079 14302 90 6 14115 10486
200 2uu Yy [} S5ines 2ur2] 90 8 10043 1+154 90 10 10079 14302 9y 12 15115 1e486
200 d0u 9y 1 575e4 S0e3) Ju 12 14043 1154 9% 15 10079 14302 9 19 10114 14455
200 4uu 9y 16 57544 4eb] 90__ 16 14043 14154 9 20 Leg7? 14302 9 25 10113 © o454
200 S0u Yy v CYETY Sysbp 907" 20 1s043 1+154 90 26 1s078 14302 90 A 12113 10484
300 v jue 1 BeYed 1°09 1u2 1 n-ug? 1+12% 102 1 1017 14250 102 1 14026 1938}
Jou 2v 12 ) T3gey 1:79 g8 1 1s080 14157 108 1 1s123 1325 102 1 1e124 14504
30u 4y 114 1 TTYes 3:52 o8 2 1s011 1e176 148 2 12052 14347 102 2 14053 14529
30u 6y 1y® 2 TaBeg Se24 108 3 14053 10183 o8 3 10095 14356 102 4 1+0% 14932
EIY) 10u  Jus 3 Toles __ BeTT 108 & 1.04%_ _ _)e178 108 5 1v091 143990 108 6 14131 1526
300 20u 1ud ? Tabb 17444 108 87714055 101857 192 1} 15052 14357 108 12 14138 10534
300 dgv  fu¥ 1o Taveg ¢be2] 148 1) 14053 _ _ 1¢183 108 14 14093 14353 108 17 1136 14532
300 40¢  1p® 1e Tab,b 24489 108 15 12055 1185 108 19 14096 14356 108 23 1137 14533
300 Suou  Qu¥ 37 Taten «3.66 |08 18 1+056¢ 14183 108 24 11095 1,355 108 29 14135 1453}
500 v 14¢ 1 1eeled 0085 126 1 04974 1el148 126 1 ¢+9814 14295 126 1 04993 11448
500 2u  13¢ 1 lud4yy 1» g 132 1. _he01% _ 14171 132 1 legbl 1,369 138 1 1el40 14575
500 4y 13w 1 leetal 2.8 132 2 1v042 142357 132 2 14089 1e443 138 2 1.171 1466]
50v 6y 42 2 l0uyaen 4e3p 138 2 10095 1e220 132 3 IFTYL 1,432 138 3 1+201 14648
500 duu 44 Y Y] Tele 138 . 14034 1,223 138 . 1:087 1.038 132 6 14105 14654
S0u  Quv 138 5 dueled 16424 138 8 16065 _ 1.227 132 § 14085 lobég 132 11 14136 14658
Sou  3wv 3 # 10e3+é 21«29 138 13 10068 1231 132 14 14090 lekaS 132 17 1¢138 14661
500  4vu 135 11 1ueesl | 28446 138 1T 14065  _ le228 132 _ 18 1+086 1e44] 132 23 1135 1658
S0u Y0y 130 13 102444 EETS-F) 138 22 1067 10230 132 23 1.088 1.443 132 c8 10137 14661

1400 v lo¢ 1 19740y 068 180 1 1e012 1188 180 1 1e024 1.372 180 1 1037 14563
1000 Qv 18y 1 L64iae 1417 180 1 14019 1e221 186 1 11074 1,456 186 1 1el21 14708

1000 40 1806 1 192y 2413 192 ) 1098 10297 186 2 14159 14592 186 2 1.2&0 1,868
100v 6y |\ Y%¢ 1 19340y 3el6 192 2 14084 1+308 192 2 1v162 14604 186 3 19199 1+.889
1000 10v 19¢ ¢ 153319 2227 192 3 ..1s086 ___1e310 _1B6 4 _ 14135 1+594 186 5 14200 12890

1000 2wv 19 4 }1533e4 1053 392 7 14083 1398  1Bé 8 1+135 1.598 186 9 14200 14890
1000 duu  19¢ B 153304 15¢8g 192 10 10084 10308 186 11 10134 14597 j80 15 11200 11899
1000 %0 1¥¢ 7 15¢/en Q99 19¢  1» 1«088 1+312 186 15 10136 14600 186 1% 14204 14896
1000 buy 9% Y 18236 2618 392 7 14071 1+316 186 19 10140 10605 186 24 1e207 1990
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TEXad mAaltK DevELUPMENT guaND LOCKWGO0D s ANDREWS ¢ AND NEWNAM, INCs PROGKRAM
COST ur yeblverino anlcr of PiPclLlie = MUST ECONOMICAL DIAMETEM

Pear FaCfur = |any wRuvin Hale 5 gegy INTEREST RATE B 4040 AMURT1Z2ATION PERIDD = 49YRS PRESENT WOHTH FACTOR = 20919
FlLUw LENOIA Slaliv noau bLUPE = L STATLC HEAD SLOPe = 4 STATIC HEAO SLOPE = 8 STATIC HEAD SLOPE » 12
NMGU  ALLED Ulae WP LeCola/Ms WololT/Tu QlasNUePS CeCoaMATIV WoCoHATIO DiasNVPS CeCoRaTIO WeCeRATIV DIAsNOSPS CoCoRATIO weCeRpTIO

2 1 I 1 et 4,71 16 1 1.035 14049 16 1 le071 1,107 16 1 1s106 leleB

2 lu 10 { CTPE HeT4 16 1 10040 14056 I 1 1094 1137 16 1 10162 11227

¢ 4y 2y L bieg 17433 10 2 ve96) 1,068 16 2 1s015 1147 16 3 1e042 1.23]

2 by 2l L bus? ¢oebb 16 k] 0960 1089 16 3 1s020 1162 16 4 1¢054 10245

¢ v 2l 2 olwy wge99 16 8 LT 16074 16 6 1s0a7 1s155 16 6 10054 1,238

2 cuu &) 3 byeo LERY-L] 16 10 peve? 1082 1 12 1010 1164 16 12 14061 10248

2 3uu P2 EY BUeY lga.28 io 15 U966 14080 le 18 1.009 l.l6l 16 17 14063 le24s

2 40y ¢y 6 LIV} 11,58 16 20 0,967 1,082 16 25 l.008 1,164 16 23 1o063 1,247

2 bueu ¢y 1 DUl 12496 16 29 v.968 1,084 16 31 la008 1.165 16 28 1,065 1,249

> v c% 1 ou.3 2,98 24 1 1,023 10063 26 1 1,048 1,134 24 1 1,068 1.21}

5 cv s 1 LERY'] 4482 24 1 1,046 1.087 24 1 1,099 1.189 24 1 l.162 1.262

5 4y 24 2 Y] ¥.63 24 2 1,046 1.087 24 3 1,073 1.183 24 2 14162 1,262

5 by i Tl 14445 24 3 1,046 1.087 24 . 140R0 1,184 24 3 1,162 1e262

5 lUu ¢4 4 Tl ¢3¢93 24 [ 1s032 1,089 24 4 le132 1.191 24 5 1.161 14269

5  cuu e 4 To.7 #7.82 412 1.037 1,090 24 8 le138 1192 24 1o 1.167 1.271

5 duv 24 13 lo,6 71496 24 9 lellé 1.121 24 12 1,140 1195 24 15 1.168 1.274

5 4uu 24 foyn 5,43 e4 12 1.113 1.121 24 16 1,139 1.194 24 Q0 1,167 1,273

5  buy g4 2] 1ot 119436 24 16 1el0¢ l1el12 a4 20 1e137 1.194 264 25 14166 14273
1v [XUR I 1 ludel 1.79 EL) 1 1.0lb 1,069 30 1 1,032 1,159 v 1 1.052 14202
v - su 1 Vi 3435 33 1 Leu96 1.077 33 1 lalé> 1,191 kIl 2 14095 1,208
v 4v 33 1 1v.0 be68 13 H 1.01u 14080 30 3 U,984 1,192 EE] 3 1,075 1,288
lu av 33 e 1v/s Ve85 33 3 1,03y 1.098 33 4 1060 1,200 33 5 1090 1,308
1 luv 33 3 Lufve 18446 33 S 1.027 1,095 33 7 l.05Y 1,199 a3 ] 1.088 14304
1y 2uv 33 o fufes 32.92 33 1o lev2? 14095 33 13 lv057 1.197 33 17 1,087 1e303
10 3uv 34 ia luly> 4y 24 33 1% 1,030 14098 33 2 1,060 1,200 33 25 1,090 14305
1v 4yy 33 ) lufee oo,61 33 2v l,03] 1.099 33 27 Lay6l 1,201 33 33 1,091 1,397
Ju duu 43 6 10744 81,98 33 25 1,031 1,099 33 33 le060 1,201 33 42 14092 1,397
2v v 37 1 144, 3 1.28 a9 1 1013 14092 49 1 l,027 1,196 39 1 14045 1,31}
2u du 39 1 13641 2e46 39 1 1046 1.119 9 2 1,081 1,244 39 2 14100 1,363
20 “u 39 2 1364} “e92 3y 3 1.028 lellé 39 3 leQTy 1,239 39 4 1,100 10363
2 6L av 3 130y o34 39 4 1033 1.110 39 5 Leued 1.233 39 6 14100 1,363
2y luv v B 137} 12429 39 7 1.033 14110 39 ] lap6t 10234 3910 1100 14363
2u  euu 39 I 13741 2428 39 14 1,033 1110 39 17 1066 1,233 39 20 1el00 14363
20 30u 1 in JETAY ELAT) 39 21 1033 1.110 39 26 1,066 1.233 39 a1 1,100 1.363
2y 4uv 1721 130,9 49,11 39 27 1034 lalll 39 34 lep6? 1.234 39 41 l.101 1,364
2v bSuv  4Y  ¢b lav,o 01437 49 3 1.034 lelll 39 43 Le068 1,234 39 sl 1.102 1,365
4u 1y 24 1 2b4,4 lell 24 1 14010 1.112 o4 1 ha021 1.231 54 1 1,031 14356
4y du oa 1 PLLIN 2411 S4 1 1.018 1,123 54 1 14051 1,265 54 1 1.090 1,419
4y ay ol s ¢oc e 4919 b4 2 0e964 1el29 54 2 04996 1.273 54 3 14023 14419
4y by e / 245,80 Gt be k| ly0d1 14134 54 4 14063 1,277 54 4 1,092 14424
4y 1ov L) ) 24240 LUeks 54 5 1+031 lel34 b4 T 1e062 1.277 S 6 14091 le423
4y cuv o4 / 24D ey duebé 54 11 lev3s 14136 54 14 14062 1,279 54 12 1,093 12426
4y duu e 1) 2440 31ee2 ELIE U 1033 14137 54 21 1y067 1.281 54 18 14095 1,428
4y #0u be (> 24dan 41466 54 2l 1,033 14136 5 28 1.066 1,260 54 24 14094 14427
4y Suu e i FET 22495 o4 27 1+033 1,136 54 35 1066 1,281 5¢ 30 1.095 1.628
6y 1y ot 1 36,4 1.00 6y 1 U899 lel23 60 1 04899 1.252 60 1 0.908 1,389
6y v ob 1 44949 1489 66 1 101y 16135 66 1 1,040 1.291 66 1 14074 le456
by 4y ob 1 3304y .71 66 2 14033 1.157 6o 2 lagbé 1.316 66 3 14095 1,48)
60 by oo 2 EELPE 9496 686 3 19033 14157 66 3 legbé 1316 6y 4 0971 1478
by Uy 6o 3 44045 a2y o6 “ 1.0306 14160 66 6 le067 1.319 66 6 1+098 10485
6y 2y ob ) EELPE-} JCy 66 L 1.03¢ 14156 66 12 1e047 1.319 60 13 04976 1e484
6y duu bb ? Jsven er.72 66 14 lev33 1,158 66 18 1.067 1,319 60 20 0976 1484
by 4un 13 11 3304 36492 66 1 1su33 Le158 66 25 1s067 14320 6y 26 0977 14485
60  Suy oo 14 339,17 “belp et 23 1eU3® 1.159 66 31 L1069 1.321 60 33 0,978 _ 114886
100 Lu In L “vig Use 18 1 1.006 1e141 78 1 la01r2 1,289 78 1 12017 1a44s
10u e fo 1 «3fl40 le6] le 1 1s006 1151 78 1 1e04l 1330 78 1 1.077 1518
10u 4u e L 403,97 3,13 8 2 U.95¢ 1,187 78 2 0,985 1,373 74 3 1,017 1,565
100 by fo 2 LY 4e13 e 3 1s036 1,177 78 3 1.072 143060 78 . 1.104 14549
10v luy r4 ¢ 4nbes 1e82 u4 4 14030 14184 18 S 04984 14372 % 6 1.010 14559
10v 2uu o4 EY and,? 1963 da ] leg3l 1¢189 78 9 Ue9AS 1,373 78 12 1,011 14560
10U 3uv  He ! 48e,o 234239 a4 12 lev34 lo184 78 14 U.988 1,376 87 1.013 1563
10u 4yy e o 40149 41.15 o4 16 14035 1.189 78 18 va98Y 1377 T4 23 1015 14565
100 byuy Ha 1l 481eD Joey2 B84 19 1s035 14190 84 28 14069 14378 78 28 14015 14566
150 lu 96 L bdkea Us76 96 1 1006 1+168 96 1 1¢013 14337 96 1 15019 14813
159 v wb i bewey 1e6] 96 1 le007 1e181 9% 1 14033 1,378 96 1 12066 14589
1Su 4u vo 1 EL R I L L] 2 leubd l.228 96 2 14085 1433 96 2 1+120 14653
15y by lue I 63fe0 4406 926 2 Us980 1+221 96 3 1e012 14432 96 3 1:045 1,652
15y luu  lue e 638,3 0,77 96 4 Ua970 1.213 96 S e 01d 1e431 96 L) 14043 1.680
150 20u Yo E) aY9ey 1352 96 L] 1004] 1.215 9 11 14083 1432 96 11 1e119 14653
150 suu  vJo 14 ELLY cduelB 96 12 1eD42 1.215 96 17 1,083 1,432 96 16 14120 14653
150 4yu lue 7 632> 26499 Yo 16 V975 1e217 96 23 1,013 1e434 96 21 12048 12656
150 Sy 96 12 ELETY] 376 96 20 14043 1217 ve 29 l1.08% 14433 96 26 1s12] 14655
20V lu  1ve i L TL P} Ve69 104 1 14007 1e184 1v8 1 14014 1,370 108 1 1.021 14563
20v 2u  lus i feded 1428 1us 1 14008 14200 114 1 ls086 l1e4l3 108 1 1+069 11647
20v 4u jur 1 Tuoso 2+45 114 1 1e121 14251 114 2 1s147 10476 108 2 12129 14720
200 by 1l 1 T4b ¢ 3,63 114 2 1,045 1249 114 3 14089 1,493 108 3 1.072 1,740
200 1oy 1ie ¢ Tav, i 6,07  |u8 4 0,985 1,245 114 5 1,084 1,487 108 5 1,067 1.733
20v 2yu }e 4 Tav,f 12413 114 7 14040 lo244 114 10 1,084 1,487 108 10 1,067 1.733
20U Juv 1w 5 748, 18,13 14 1o 1,045 1,249 114 15 1,089 1,493 108 15 1,072 1740
200 4yu 11& ! Tad, 7 24,16 11 14 1,045 1,249 114 20 1,090 1,494 108 20 1,073 1,741
200 Suv 11e 9 Teayo due23 11¢ )7 1,043 1,247 114 26 1,088 1,492 108 o5 1,072 1,739
Jov v 1de [SES B PP ueby 132 1 1.008 1.217 332 1 l.0186 1,431 132 1 1.023 1.652
30u du 132 1 LA l.lo 132 1 1,009 1,234 132 1 1,023 1,478 132 1 1,068 1.750
3ou 4y jde L CEEN] 2s09 138 1 1,099 L.284 132 2 1,089 1,555 132 2 1,137 14841
30y by 13w 1 vad.y 3.9 132 2 14006 1,293 132 3 1,056 1.87% 132 3 1.102 1.87¢
300l 1d¢ é Yel.n 5.1R 138 3 1e099 1,286 132 5 ly103 1,571 132 5 3.15] 1.86¢0
d0v  cuu 138 4 ¥57,0 tus2?7 132 7 1.008 1.296 132 10 1,060 1.584 132 10 l.107 1.876
30u  S0v J3e ° Yoy,q Lo.42 138 9 1,091 1,296 132 15 1,059 1,583 132 14 1,105 1,874
3o0v ayy  lido © EEL ] 20494 132 14 1,008 1.296 138 19 14102 1,584 132 19 14106 1.876
300 buu  J3b ! ¥9b,0 5,62 138 16 la05% 1.299 132 26 1,062 1,587 132 24 1.109 1.680
Sov 1y loo 1 198143 Uebl 168 1 1a00%9 14264 168 1 le018 14521 168 1 1.027 14785
Sov ey oo i tdod Va0 168 1 14010 1,296 168 1 lav2l 1,583 168 1 1,068 14999
Sou 4y lbo i 120¢.y 1.70 174 1 1.071 1.336 168 2 lal00 1,684 168 2 1.15] 24031
50y by |nn 1 Leva, 7 2450 168 2 le069 1.365 168 2 14130 1.7¢0 168 3 1,182 2.075
900 luv  lay 1 13¢v.0 4,12 led 3 1,001 1,374 174 4 1,097 1,736 164 5 1.118 2,097
S0u  ¢uv 1oy < Ldev,b 4,24 Jed 6 1,001 1,374 174 9 14093 1,732 168 9 14115 2,094
S0u  duy 1oy 3 13cu.o 1dvd6 168 3 14001 1.37¢ 174 13 1.094 1,733 168 13 1.115 2,094
20U 4uu L fe E} 1881 ,¢ 16,48 174 11 1,064 1,373 174 18 14127 1,733 (68 18 1,150 2,095
90y Suu 7w n o Lelv,e 207 (74 14 14064 1,374 174 23 1,129 1,735 168 22 1,151 2,097

luow LU 2ey 1 ebya,» usto 229 1 04974 1,346 228 1 V984 1,671 228 1 04995 24007
1uov 2y esvu 1 T veb9 228 1 04968 1.398 228 1 0,981 1,776 24y 1 1,066 24191
100V 4y geu L u9ve,y 1.27 2%y 1 1017 1,436 249 1 1123 1,926 24y 2 1,173 2,378
Lo by 24u 1 193v,« 1.85 240 1 1,080 1,301 240 2 1,139 1,963 240 3 1,213 2,448
ooy luw  esy 1oslle 3,01 26y 2 1.097 1.526 a4y 4 lel170 2,009 g4y 4 1,236 2,497
loov vy cev 4 iBfl,e 6,u2 24y 5 1,081 1,513 240 ] 14170 2,009 P2 Y] & 1,236 2,497
100y 3Uu  ¢ae 2 19¢7,5 90l 240 8 1,046 1,521 240 12 1v127 2,01% 2% 12 1+190 2,504
ludvy 4oy 24y 4 1872 12,04 2%y 0 1,091 1,513 240 17 1,170 2,008 240 16 1,236 2,497
1000 Suv  egeu LIS LI (4,94 240 13 1,099 1,526 240 21 1,180 2,023 228 2) 1,198 2,515
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TEXAS wWAloH DEVELUPMEN] buUARU LOCKWOOD y ANDHEWS ¢ AND NEwWNAM4 INC» PHOGRAM
CUST UF UbLiverminw walcs of PikCLInNeE = MOST ECONOMICAL DIAMETER

PEAK FACTUK =  1.20 ORUw IH KaTE = Dalu INTEREST RATE = 0.040 AMORTIZATLON HERIOD = 40YRS PRESENT WORYH FACTOR = 15478
FLUM LENGER S1ATLL AEs0 SLUPE = v STATIC HEAD SLOPE = ¢ STATIC mMEAQ SLOPE = 8 STATI( HEAL SLOPE = 12
MGD  MILES DIiAawUePd (eCeld3/ML WoloelT/T DLasNOePS CoCoRATIO WaCuRATIO DIACNOPS LoCoRATIO WeCoRATIO DIASNOWPS CoCeRATIO WeCsRATIO

2 v 16 1 9840 9.73 16 1 14035 14051 16 1 14071 1.107 16 1 lal06 14165

2 dv 16 1 ELYT} 10eTs 16 i 1»040 19057 16 1 ie098 1,135 16 1 10162 1e221

2 4y 16 ¢ boes 2149 16 2 1040 1057 16 2 14098 1+13% 16 3 1+128 10298

é by o é ofey 1241 16 3 10032 1+06] 16 3 10090 10140 16 4 10126 14233

2 low 1. 4 ELTH 33+01 16 5 10048 1007) 16 6 12094 leje? 16 7 leléo 10224

¢ duu 1® d LYY Lube2 16 19 10048 le07] 16 12 1e94 1+147 16 14 1e14g 14226

¢ duu 1 g2 LT 159403 & 15 1048 1e071 16 19 1091 lel4é 16 22 1137 10224

2 %4y 1o b ELTS 212404 L& ag 10048 10071 16 25 10091 1146 16 <9 je138 11224

2 dyy 16 2y 204 265405 16 2 10046 1.071 16 3 12092 1e146 16 37 10137 11224

o lv <4 i oyl del4 21 H 0953 1#051 i 1 Ue99] 1e125 24 1 100848 1193

5 au e ) (ley 9490 24 1 1046 1e084 24 1 14099 1.178 24 1 1162 1s250

5 40 ce ¢ {1ey 11480 24 2 14046 1,084 24 3 1.073 1,167 24 2 l.162 1,250

5 by 24 1 Tty 11479 24 3 1s046 1.084 24 4 14080 1.169 24 3 Le162 14250

9 100 2 “ el 29439 24 6 Le032 1.08] 24 7 le077 1,373 24 5 le18) 1.255

3 2luu 24 9 707 o864 24 12 14037 1+083 21 13 1e064 1.187 2¢ 1o 10167 14288

> Juuy 24 14 loen ale78 21, 16 12039 1e125 24 12 10140 1el91 24 15 1+168 14261

5 4vu w117 70,0 117409 21 22 1e034 10121 2y 26 14065 1.189 24 20 1.167 14260

5 Suv 24 c2 (o 140442 2% 16 lel0Jd iel15 2l 32 1e066 14190 24 25 1168 11260
v v S i Ludel 2+15 30 1 14016 14066 39 1 14032 Telé2 30 1 14052 1s+185
v du 1 iuieu 404 33 1. 1e096 1091 33 1 14145 14195 3o 2 14095 1.260
19 4y Ay 2 Lutey 8407 43 2 1+096 14091 30 3 1e067 14172 3g 4 14095 14260
1 tu 3u K] 1uieu 12¢1} 30 4 14031 15081 30 S le06d 14169 30 6 14095 1i260
v louw  3u ) lulsu 2uels 3 7 1029 1e079 30 9 14064 1,169 ET] 10 14095 1+260
1u 2uu 3u 11 LUy ey 403} EX] 14 1+030 14080 30 17 le0sd 1e169 u 21 14095 14261
v dyu 3u i6 luuso cyed9 30 21 1e032 1+08] 30 26 la064 1ed70 30 31 14096 le262
1v 4yy Em el luvel 40447 30 28 14033 1082 30 35 1e065 1.171 k] 41 14098 1.263
v Byy Em b tuus ! luveb2 30 k}-] 1s032 12082 ET) 43 140692 1170 3y o2 12097 11262
2u v av i 14903 19} 39 1 14013 14083 39 1 ie02]7 1174 39 1 14045 14274
2v 2u 3% 1 JEIEDY 2:9p 39 1 1.046 1.113 39 2 1w0Bl 1e225 39 2 14100 14329
2u 40 3y ¢ 1341 5480 39 3 1.038 1+106 39 3 14070 1.216 39 4 1¢100 14329
2u by 39 4 14001 de7y kL] 4 14033 1el02 3y 5 14066 1,213 39 C) 1¢100 1,329
29 luu g 5 [ETEY) L4499 3y 7 1.033 Lel02 39 8 1068 1.214 39 ju 14100 14329
2y 2uy k) v 13701 294U} 39 14 14033 lelo2 39 17 1060 1.213 39 20 10100 1329
24 Juu  I¥ 16 140 eu CEIY T 39 21 14033 1+102 39 26 1060 1.213 EL T3 14100 14330
2u 4uy 39 21 130.9 9795 39 27 1e034 1+103 29 34 le067 le214 39 4] lelCl 14331
20 D0v dY ek 130en 12440 39 34 1e034 Lelo3 39 43 19068 1e2i% 39 91 16102 1.331
4y v oL 1 PLET: 1e32 8l 1 1e011 1+093 51 1 14022 1,194 51 1 14035 10303
4 ey oy 1 23usy 2049 91 1 1e037 1.114 o 1 14072 1+245 51 2 1,105 14374
44 4y oi 2 23uwy 4499 EY 2 10037 1.118 51 3 1.069 le241 51 3 1,096 14366
4u oy 5y 3 23uey TeaB nl 4 14035 1.116 S1 4 14067 1.239 51 4 14094 12364
4y lUy 31 B 23vey 1e4? 51 6 1s036 1el17 51 6 14066 1.238 51 7 14094 1e364
4y 2uv 54 ! FLETY) 24094 LN 13 0s972 lel]7 51 12 10001 1239 51 14 1+027 1436%
4u duu be ) 24440 30436 51 2e 06973 1.118 51 17 1.002 14240 51 el Le029 14367
4y 4uy b4 19 a4t 49.85 S1 o6 ve972 16117 5y 23 be00l 1239 51 27 10027 10365
4y vy He 19 2uaef 0Z2e2B 51 33 0e973 1.118 51 28 levol 14240 51 34 1+028 14366
6u v by 1 EPET ielB av 1 le01v 1e103 69 1 1e021 1.215 69 1 1,031 1333
5y 2u ou 1 3uls/ ce22 60 1 levdl 1el25 60 1 1+063 le2060 60 1 14098 Laégs
6u “uo oy 2 vt 4443 80 2 1031 1el25 69 2 14063 1.260 60 3 Le094 le4g)
6u LY ou é 3uled CRCLY 60 3 leudl lel2o 60 3 le0&4 1e261 6¢ 4 14089 14397
6u ivu  eu “ Juyed Lle086 LT B} 1s034 1.127 60 & 1e064 1.262 60 7 14094 le4g2
by 29y o) v 3uues £2410 by 9 lev3d« Lel28 69 11 1.064 le261 Y] 13 1093 ledp2
6y 3y oy It Juued 33413 &y 13 1+03% l.128 60 16 1e062 1.262 6y 20 1+094 le4g2
64 Uy by 18 3yuses +4el9 64 17 Le034 lel2d 60 22 le06% 1.26] 60 26 14093 ludg2
6y Syu  ny 24 dyusd EEYY-7] by ¢e 1ey3s 1128 a9 27 le064 1e262 60 32 14093 leég2
Lov lu  (y 1 avfed 1023 T2 1 ve9ld 1+12¢ 12 1 ge921 11244 72 1 ge928 1375
10y au in 1 4nfen 1991 18 1 1000 1.131 78 1 1041 1.289 74 1 14077 1455
100 4y to 1 4470y 377 7o I3 10025 10149 78 2 14061 1310 78 3 14095 10476
10u by 4] 2 449D ERLT 7d 3 1#030 1+159 8 3 1072 1.321 78 4 14104 1486
10y 10u ta 3 4490 L LR 78 5 14039 1+158 L] 5 10071 1:320 78 6 1%099 1v482
lou 2uv o 6 4430} 18469 s 10 lepds 14158 [ 9 12070 1+320 78 12 1099 1+482
100 duyw v 1o 4a9eD 27499 818 1+036 10159 8 14 1072 1e321 817 14100 14483
100 4wy o 14 44dens 3728 78 19 14038 1e160 78 18 14074 14323 78 23 1102 14485
10U LY 1) 16 44300 46.57 L1 24 12038 le161 78 23 1079 1324 78 28 1+102 1+485
15¢ lu 1y 1 63004 vey] Ju 1 1.007 1.137 90 1 1e014% 1.279 90 1 14020 le428
15u cv Ty 1 By 1067 YU 1 14010 14150 90 1 14047 1,328 L2 1 1.087 14515
15u 4y 20 i 9Dy 3e23 Ju 2 0e978 14190 90 2 14014 14374 90 2 1+053 14567
15u 6o wu 2 ELY 488 90 3 leu4b 14182 95 3 1084 14365 90 4 1v122 14554
150 lovu Yo 3 buleu aelb 96 4 1031 lel890 90 5 leGoé 1,262 9 ] 1038 14547
1Sy 20u  ¥e 5 ESEN] 16417 ET 8 leb4l 1e190 90 9 10014 1,373 90 12 1046 14560
150 duw vo ? Byesd cu.25 96 12 Le042 1.190 90 14 14014 1,373 90 17 14045 14560
150 suu  ve o EEEIYY 32.35 46 16 lebél 1.190 90 19 1e014 1,373 99 23 1e044 14559
15u suy 7o 12 DY3e0 4us37 96 20 le 043 l.192 90 23 1.015 1375 90 29 14046 le562
20y lv  que 1 (ousl VB3 1ue 1 1007 lel52 102 1 1015 14307 102 1 Le022 14469
20y ev jul { Toues lev2 e 1 1008 1,165 108 1 lelo4 1,359 108 1 lela2 14559
200 4y lyo 1 Tuoeo 2492 102 2 0996 1219 108 2 1e091 14421 108 2 1e129 14631
200 by (1% 1 740y GegQ Lyd 2 0394 1+209 108 3 14036 1e413 108 3 1s072 19622
ey luw  1un 2 liced 1432 Lud “ 1=036 1202 108 S 14085 le#léd 102 6 1065 14622
20y 2uv  lun ] lyosn 14e58 0¥ 8 1042 1.208 108 11 1090 1e420 102 1} 1+068 14627
20u  duu  jut ! Tyse¥ ¢je8p 198 )2 Le0é6 1s212 108 17 19093 1e424 102 17 10073 14633
20u wgu B 9 Tudsy 2% b jut 16 1epé? 1,213 108 23 10095 10426 102 22 12073 11634
20u v lud ) Tyesa 46436 198 2y 14045 le211 108 28 1eg92 1s423 102 2B Leo7) 1463)
300 lu 1e0 L lubes? pel3 126 1 Le008 1e180 26 1 10016 14358 126 1 14024 10543
300 du 120 1 P90 1e32 126 1 19009 12199 126 1 14036 1e41}) 126 1 Le075 11640
3oy 4y 1o 1 B8Ded 245 132 1 Lsll2 1+258 126 2 1e196 1+489 126 2 Le148 12730
30v oy fJde 1 Youse deT2  1d¢ 2 1s052 1v252 126 3 1e064 14499 126 3 14104 LeT43
ET luw | 3¢ 2 Yeied 0e2] 126 4 Le00Y 14250 126 5 10062 10497 126 S 14102 1v740
dgu 2uu  13¢ “ 9eied 12443 132 7 Leu48 1+249 126 11 1662 10497 126 19 12102 1740
30 duv e E) LEN) 18462 126 )2 10010 1e252 126 | 14064 1.499 126 15 1104 14743
30v 4buu  j3e ’ Yives 2aslz 132 14 1+055 1+256 126 ee 1069 14506 126 2¢ 10110 1:759
30y Doy tse Ll iley 30493 132 17 1059 14255 126 28 14069 14504 126 25 10108 14748
S0v v 16e I 19deed 0461 196 i 0978 10218 196 1 Us988 1443] |56 1 04997 14650
900 2y 162 1 1333,1 1409 156 1 Ue975 1.246 162 1 1+02% 14489 162 1 12074 1.770
S0v 4y 16¢ s 124343 2406 168 1 1084 7 14299 162 2 leln? 14599 162 2 1,161 1.8%0
Syv by l6e 1 12yusl 2499 o2 2 10069 10317 162 3 10138 1e627 162 3 14193 10934
Sou 10y lbe 2 12134 2403 |6b 3 1+089 14307 162 5 1.12% 14612 162 5 12180 14916
S0y 20y 164 3 124cev 497 168 6 10064 1+3}8 162 10 14099 1.627 162 9 12150 1.931
500 3yy  ]6b « 124042 14490 162 10 12037 1e322 162 15 lelg2 1,634 162 14 1155 14939
Sou 4yy &b 6 [P 19495 182 13 12034 1318 162 20 1+099 1e627 162 18 12150 14931
50y Soy 168 ! 12404 24487 162 17 14037 14321 162 25 lel03 1.631 162 23 1.153 11936

100v ly  gew 1 24900l 049 216 1 0973 1281 216 1 Ue985 1+585] 216 1 0+996 14828
Loy du  2ed 1 2u¥fes ued3y 210 1 PEELL] 14328 216 1 us982 lebé42 216 1 1903} 14997
loov 4y d2o 1 18904 ] 1+53 228 1 180323 12370 216 2 14085 14791 216 2 10139 24178
1000 by 2¢0 1 143146 2e23 216 2 1s036 1e43] 228 2 1151 1.829 216 3 1218] 24246
100U luw ged L 179%e2 3ebe  2g8 3 1e096 . _ 13447 228 3 14479 1+86)  2e8 4 19247 24279
1000 2yv  2é4v 2 179442 7429 228 5 1=093 leddsd 228 6 1e179 1486} 216 9 19396 2+278
luov 30uv  22v 3 11%4eg 10493 228 8 10089 lekd} 228 9 14175 1486} 2% 13 1+1%6 2277
1000 4yu 220 4 17952 14¢58 228 ] 10087 14439 228 12 14175 1+86] 228 117 10243 2276
1000 Syv 24y 4 |BBjeg 18017 228 14 1048 14443 228 |5 10133 10866 228 2] 14198 2+282
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TEXAS

PEAR FACTUK ®

FLUW LENGIH 51allC Reap SLUPE @ Q STATIC HEAD SLUPE = 4 STATIC HEAD SLOPE = -] STATIC HEAD SLOPE = 12
MBU  MILES DIAGNOWPS LaCol3/ML WelaCT/To DIACNOIPS CoCoRATIO WeCeRATIO DIAGNOGPS CoCoRATIO WaC,RATIU DIASNDGPS CeCoRATIO WeCaRATIO
2 v 16 i 5846 6456 16 1 14035 14052 16 1 1,071 1,107 16 i 14106 l.163
2 20 16 1 bbb 12+38 16 1 14040 1057 16 1 14048 1,133 16 1 1e162 1:218
2 4y 16 2 500D 24e77 16 2 12040 12057 16 2 1ep98 12133 16 ] 10128 1e201
2 6y 16 2 5lep 37410 16 3 10032 14058 16 4 12077 1:133 16 4 le)26 14294
2 10v 16 4 Sbe] b61e18 16 8 14048 12069 16 6 12094 lelé2 16 7 10140 14216
2  ¢éov )6 [] b6l 122436 16 10 1048 14069 16 32 10094 1162 16 15 10337 1215
2 3o 16 12 5601 183454 16 15 12048 10069 16 19 1209} lelé) 16 22 10137 14215
2  40p 6 16 5041 244472 16 21 __ 1046 14069 16 25 12091 lel40 16 29 1138 14215
e Suv 16 20 56,1 30590 16 26 16046 14069 16 31 1.092 1e141 16 37 10137 14218
5 ly 21 1 7443 3454 21 i 1030 14051 21 1 10071 1e123 21 1 1107 14197
5 2v 24 i tley 6:79 24 1 1046 14081} 21 2 1033 1170 24 1 10162 14243
5 40 24 2 Tlet 1358 24 2 16046 _ 1.08) 24 3 16073 14158 24 2 1¢162 1,243
5 6y 24 3 Tley 20437 24 . 14038 1080 24 4 12080 1.161 2l 4 14108 le24l
S Wy _2s 4 _ 111 33,64 2% 6 __1l.032 _le076 24 8 1072 14163 21 7 1095 14236
5 2uv 24 9 Toe? 67450 24 12 J0037 11079 1 13 14064 1.168 21 14 14101 1+240
£ 30v 24 13 7646 1uls 05 2¢ 18 1039 14081 21 19 1068 lel72 21 22 l1.098 1:239
5 400 24 )7 [ 134489 21 e2 16034 14106 21 26 10065 14169 21 a9 1098 14239
5 Syy 24 22 To.0 16854 21 28 1s033 _ _ 1a:1064 21 32 14066 14170 21 37 14097 14237
10 v du 1 1ubed 2443 27 1 0+958 14052 27 1 0e987 1127 30 i 14052 lel74
ju ev S i Lulew 30 _ 1 __ 1046 14090 . ] 10098 1.189 30 2 14095 14243
1 4y 30 2 luieu 30 2 14046 1.090 30 3 1.067 1.162 30 L3 14095 l1e243
14 6y 3y 3 lulew 30 4. _1.031 ) 14077 39 5 10043 1.158 30 6 10095 1¢243
1v lov ET] 5 10ley 30 7 14029 14075 £ 9 1s064 14159 30 10 1,098 1,243
10 200 3y 11 Luosy A, 1&_ . leQ30 _ 14076 30 17 10063 1.158 30 21 14095 1:243
14 30u 3u 16 luued 30 21 14032 14077 30 26 10064 14159 30 31 1+096 10245
10 %uu  3u | 2] Lyue! .30 28 14033 1e078 ___3p 35  ].065 10160 30 14088 12246
10 S0 3v  ¢e 1uued 1i4s70 30 35 14032 1.078 30 43 1+065 le160 30 52 14097 10245
29 v 3y 1 14403 _1a 7L L N 10033 _ . 1017 39 1 1+027 1s160 39 1 10045 1+25)
20 gu 3 1 1alel 327 39 1 12046 1¢108 39 2 Je081 1.213 39 2 10100 1308
2u 4y 3y e 137e4 €453 39 3. 1038 ___lelol 39 3 1.070 10203 39 4 14100 10308
20 6y 39 3 13741 9480 39 4 14033 14097 39 5 14066 14200 39 6 10100 1.308
20 lwe 3y S5 0 13740 16,33 39 T 1033 14097 39 8 1.088 1.201 v 1o 16100 14308
2v 20v 39 10 137l 32467 39 14 14033 10097 39 17 14066 14200 39 20 14100 12308
20 30u 3% )6 13/eu 48298 39 21 14033 1097 39 26 Le66 14200 3% 3 1,100 14308
2v 40y 3y 2) 13645 65,28 a9 27 1034 1098 39 3 1067 1201 ELAEEE 1101 14309
20 dou 3y ¢6 140en 81453 I 3 14034 14098 _ 39 43 1+068 1,201 39 o1 le102 1+310
40 v a0 1 22len o8 1 1e012 14080 48 1 le027 1173 48 1 1.052 1+281
4y 2y 51 1 2300 81 1 16037 1ell2 51 1 14075 1,23} (1] 2 1+042 1.348
4y “y bl 2 23y 5,59 EY 2 14037 1e1l2 48 3 14006 1,225 48 3 14033 14341
4y by LYY 3 234su 8239 5} 4 14035 1110 44 4 le004 le224 51 4 14094 1340
44 lvu 5y 5 23UV 13498 51 & 14636 lalll 48 7 le003 1.223 LY 8 1+030 14338
4y 20y 5l 1y 2dveu 27495 51 13 1,035 1al10 4«8 14 1+003 14223 48 16 1+030 le338
49 ELT T 19 23ueuy 41493 51 20 14038 lello 51 17 14065 le223 48 24 1.030 1.336
L 1Y) 23Uy 5591 bl g6 11035 1ell0 51 23 1065 1223 48 32 14030 14338
40 S0 51 25 23y 69.89 51 33 10035 1110 51 28 1065 14223 44 40 1030 1.338
69 10 6y 1 EPLYY 132 87 1 0955 14094 57 1 06965 1,194 60 1 1.031 1s304
66 2u 6y 1 3ulae? 2048 60 L 1,031 1.118 60 1 1063 1.244 60 1 14098 1,377
6y 4y by ] 3ule? 4495 6y e 14031 1.118 60 2 14063 le244 60 3 14094 14374
60 (Y] 60U 2 30Llen Te42 60 3 14031 1el119 60 3 le0b4 1,245 60 4 1,089 1370
6y 10U oy o 3uuey {235 6u 5 14034 1e121 69 6 14064 10245 64 7 14094 le374
60 2uu 6y 9 AGyed 24,67 11 9 10034 le12} 60 1l 14064 1,245 60 13 1e093 10374
60 30¢ sy 14 Juuse 36499 60 13 14034 lel21 69 16 1.085 1246 60 20 14094 14375
60 “yy by 148 Iuved 49434 60 17 1034 1121 60 22 14064 1+245 6y 6 ls093 10374
6y %0y by 23 3uved - Ble6§ 60 22 10034 lel2] 6p_ 27 10064 14245 60 33 10093 . 14374
100 v Te 1 4beef 1415 2 1 10006 10104 T2 1 14013 1216 i2 1 14020 14335
100 F 1 4leed 2613 T2 1 1033 14133 T2 1 leg68 1.275 72 1 1e103 1ad2é
100 “y to 1 44743 4»25 72 2 0949 1135 12 2 0+981 1.278 12 3 12008 10422
100 6y leo e 44443 6432 72 3 0960 1elab T2 3 0+992 1290 72 4 10013 1s43]
100 1oy (8 3 4434} 10+54 72 5 02958 1nl4a T2 6 0986 1,284 72 7 10013 10430
100 2oy Te 3 44341 21908 72 9 04957 14143 T2 11 0+984 le283 72 13 12012 l+430
100 300 L] 10 44403 31458 72 14 0s959 10145 T2 17 0+986 1e284 72 29 1,013 1e43]
lov 40y {o 13 44300 42a05 X 18 0+959 10146 T2 22 04987 1286 7e 27 12014 10432
100 sy Tb i6 444e0 02453 Te 22 04960 1el47 T2 28 V.87 L+260 72 34 14015 14433
159 v 9y 1 63003 le02 B4 1 04938 1125 84 1 0e9%s 1251 84 1 0.952 14384
150 v Yu 1 57644 187 90 1 14010 1e138 90 1 12047 1.302 90 1 1.087 Lea7é
150 4y 9o 1 5yb.u 3467 90 2 04978 1.161 90 2 l1e014 1.328 90 2 14053 14504
15u oy 9y ] 55744 9446 9u 3 1.045 10171 90 3 1.08% 1,339 90 & 1s121 14513
150 10u Yy 3 S5y Iele 90 5 14039 1dl66 90 5 1.078 1.334 90 6 lelll 1.503
15y 2oy Fu T bhoe4 ibe26 90 10 14042 lel68 90 9 1,081 1,336 S0 12 lell4 11506
15¢  J00 Y9¢ b 554,01 ¢743]1 90 15 104> lelTl 0 14 Le083 14339 90 17 14115 1+508
159 4vu Y94 13 55/t 36445 90 20 1.043 10170 90 19 1.081 14337 9 a3 lelle 11506
150 Suu 9y 17 55/ 45453 Yu 25 le 044 14170 9p 23 1.082 1.333 L7 29 14115 14508
200 v loe 1 T6Usl 0494 96 1 0.947 1136 96 1 Vo954 1.274 96 1 00962 14419
200 2u  1lve 1 Tuued 1,71 102 1 14008 14151 102 1 1,047 1,329 102 1 14089 1.516
200 “0  luw 1 Tutet 330 102 2 04996 14190 102 2 1.035 1e374 102 é 14076 14567
200 6u 1l 2 673.1 4r96 102 3 19048 1+189 1w k) 1e08Y 1373 102 4 1e131 14565
20u 10V Loe 3 6lued be23 loe 4 1s052 10193 102 5 1:094 14379 108 6 14132 1+568
20u 2oy lud 6 6Tued 16046 192 9 14059 14191 102 9 14093 14378 102 11 12129 14569
200 3o ue 9 67yed 2469 102 14 11049 10190 102 13 12093 143786 192 17 1+130 1566
200 4uy U 9 Tybsu 3289 102 19 04997 119} 102 18 12939 1379 102 22 1e073 14567
200 S0y lue I® 6Tyed 41016 102 26 10049 1419 102 22 10092 14378 o2 28 10129 12566
30y lu teéu 1 laifey gel2  j20 1 1009 14158 129 1 1e017 1e316 120 1 1026 1e48)
300 2u 12y 1 B9/ ¢4 1048 |2y 1 1v0l0 14175 126 1 1091 1,376 126 1 1+132 1584
300 4y ek 1 883, 4 2«81 29 2 1023 14239 j26 2 lelg® 1+450 126 e Le148 1+67g
0y by ¢ 1 $eyes 4023 126 2 1v017 16227 )26 3 Lepb4 1o446 126 3 12104 11666
J00 1oy 1é® 2 asl,7 __Te05 126 4 _ 14047 _ 1e22) 126 _ 5 14103 126447 126 5 12145 12666
300  20yu Les 5 665, 4 14407 125 B 1050 1e226 120 9 10061 10448 20 ) 1e102 14668
300 3uu e 4 B8 e cl*03 126 12 1e0%5 16229 120 13 14066 1.453 12y 16 1107 1+674
J0u 40y }eb 9 87943 e7498 126 16 14058 1e231 120 17 1+069 12456 120 22 1s110 14677
300 Sgv 1ev 1y Byeg 35.01 126 20 1056 1e230 120 22 1+067 1455 j2u 27 1v108 14675
500 lu 156 i 148447 0+70 150 1 04978 1e192 150 1 0+988 1+380 150 1 04997 14575
500 2y b0 i L2es. ) 123 150 1 __0e975 1217 )56 1 14035 le466 156 1 1.080 14693
$00 4y 1206 1 11854 2v3¢ 156 1 1+068 1.280 156 2 1s172 1.546 156 2 1,171 1.8)2
500 6y Lhe 1 120yel 3:38 162 2 12069 1429} 156 3 1s1p8 14574 156 3 12156 14847
500  1bv 1%e 2 116244 Si:66 162 3 1107 1e292 156 4 1138 1,565 156 5 1191 14840
500 20y 15 “ 1169+4 1132 156 T J1e074 14289 156 8 1,138 1,565 156 10 12191 1+840
500 30uv le¢ 5 leuusl 16491 162 10 16069 1291 156 11 leln% 1,570 156 15 14156 14847
Sou 4oy 162 7 leydse deebg 162 13 1,067 1290 156 15 1vlgl 14507 156 19 1evl152 1484
500 S50v 162 H 12vust cBel9 162 17 10069 1292 156 19 1el0% 1570 166 24 1154 1844
1900 10 216 1 24yuuen 0e55 216 1 1012 1.249 216 1 10024 1.487 216 ] 1s036 1+733
1000 2v 216 1 20ule> Us% 236 1 14014 14291 216 1 14029 14571 216 1 1408] 14892
1000 4y 218 1 18uewy 1e73 204 1 1088 10348 216 2 1ri4d 1.720 216 2 10200 24070
1000 by 2i6 1 17354 2:5] 216 2 12093 14395 216 2 1+166 14758 26 3 11246 24138
1000 lov 22o 1 1T%6¢ “slé 216 3 1s05Q  __le4Ql _ 216 4 1e134 14780 216 4 1202 24]55
1000 20u 228 2 17942 8128 216 6 12050 ledp} 2l6 7 1e129 14776 216 ¢ 19196 2+149
1000 30y 228 3 179442 12042 216 9 14050 1+40} 216 10 Lv128 1-774 216 13 19196 2e149
1000 4oy 228 ALY 16,86 228 1} 1,087 1,400 216 13 1.127 1,776 216 18 1,196 2,149
1000 Spu 216 T 1T, 20,67 208 )14 1,138 1,402 216 17 1,181 1,777 216 2e 1,250 2,150

leby

WATER DEVELUPMENT BUaHu

LRUnTH KATE =

0+06

LUCKHOODs ANDREWS + AND NEWNAM) [NCe PROGRAM
COST UF UELIVERING wATEK oY PIPELINE = MOST ECONOMICAL DIAMETEH
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INTEREST RATE ® o040

AMORTIZATION PERJOD = 4QYRS

PRESENT WORTH FACTOR = 3.4}



TEXAS wATER DEVELUPMEN( guARD LOCKWOODy ANDHEWS s AND NEWNAM4 INCs PHOGRAM
COSYT UF DLLIVEHING wAlER bY PIPLLINL = MOST ECONOMICAL DIAMETER
PEAK FALTUR 2 Janu GHUN TH HATE 3 Qey3 INTEREST HATE = 04040 AMORTIZATION PERIOD » 40YRS PRESENT WORTH FACTOR = 8,92

FLOW LEWOTH STAIIC HEaO SLUPE = ¢ STATIC HEAD SLOPE a4 STATIC HEAD SLOPE = g STATIC HEAD SLOPE = ]2
MGU  MILES ULAeNUGPY LoeCol3/M] WelolT/Tu DIASNUGPS CoCoRATIO WaCaRATIO QLASNOGPS CoCoRATIO Wel RATIO DIASNOWPS CoCoRATIO W,C.RATIO
2 1v 16 1 TRy ) Ye38 16 1 1,03% 14052 16 1 l1a071 1,104 16 1 l.106 1,156
2 2¢ 18 i boen 17492 16 1 1040 11056 16 1 14098 14129 16 1 1e162 1209
2 4 16 2 ELPEY 35,85 16 2 1.040 14056 16 F] 14098 1.129 16 3 le128 14184
2 6u 16 3 H0en 53.77 16 3 15040 1¢056 16 4 14086 le122 16 - 14135 1+188
2 10y 16 4 ELTR 88,77 16 s le048 le066 16 6 1e094 14131 16 7 1e140 14197
2 2uV 16 d boe] 17754 16 10 leDe8 14066 16 13 1¢092 1413} 16 15 10137 19196
2 300 16 1e 506} 266432 16 15 10048 12066 16 19 1¢09) 1e129 16 22 10137 1196
2 4 1o )6 56e) ;55:39 16,21 __leQ46 1,065 _ 16 25 1091 1.129 16 3 10137 14196
2 Soy 18  &u 267 443,86 1677 26 14046 14064 16 31 14092 l.130 16 3 14137 14198
5 w21 1 Tae3 4490 21 1 10030 1,053 21 1 14071 1.120 21 i 1e107 1,186
5 T 1 T1eu Sa19 21 2 0.994 14054 21 2 14033 l.121 2l 2 14068 le186
) 40 21 3 T349 19442 21 __ 4 __ 14035 _ 14063 2) 4 10076 14130 21 “ 14113 1197
] 60 21 5 fde0 £%:06 21 6 1039 1.065 21 5 le082 14131 21 6 lell7 14199
S luv 2l _ 8 {348 44447 21 10 1,038 1,064 21 9 1079 _ 14130 21 7 lelés 1.198
5 2wy 21 a7 EETI R I TY-F 2% 12 1,081 12077 217713 1e109 1.137 21 T1a 14147 le200
5 duv el ¢e Tdes 145416 24 18 2 1721 _ 19 lelie 1e140 21 a2 leléé 14196
5 4oy 2l EL] T34 193,80 24 24 21 26 lellv 1.138 21 29 14145 1+198
5 Sy 2 22 fosb 243435 264 30 1038 1:07} 21 2 1066 14133 21 37 1097 1+189
v v 27 1 98] de31 3 S U 1Y V-4 4 a8 2T 1 1.058 1.113 27 1 14086 14178
1 20 Ju___ Ll __lulev_ __ _bed2_ _27 __ 2 04997 1e066 27 Le027 _ _1le132 21 _.2 1¢054 10197
10 4y au 2 ludeu 13404 et 4 04997 14066 Fi - 1e027 lel32 27 4 1054 14197
v 60 Ju 3 104ey 19456 27 6 0997 _le066 27 6 15027 1.132 27 6 14054 10197
10 100 v 5 1viey d2eb0 k1) T 1+029 1:065 27 9 14027 1.132 27 10 14054 1197
10 200 4 U1 | quuey 65413 30 34 _Le030 __ Le066 __ 27 17 16028 14133 271 @0 14055 14199
lo 30y 3u 16 1Uued ¥7.56 3¢ 21 14032 14067 FLA{] 14029 leldé 271 29 14057 le+200
Lo o0 v 21 luve/  1e¥e98 3y _ 28 10033 1.06B 27 = 34 1e030 . 14335 2l 39 1058 le20}
10 S59u 4u 26 10vel le2454 21 54 04999 l.068 27 43 10030 14135 27 48 14057 14200
4 I 36 1 Sldees o Re34 . 36 1. 15014 .. 12060 ____ 36 1 1e042 1,138 39 1 12103 1.2)8
2u 2v EL] 1 137} 4eb2 3b 2 1.011 1096 26 2 1e039 1.176 39 2 lel00 14259
2u 4y 39 2 13741~ 9406 __ 139 P |- S 3 le070¢ 14173 39 4 lel0Q 11259
20 6u 39 3 13741 13.56 39 39 5 14066 1.170 39 6 1100 1259
2v 1oy 39 5 13741 €6y 39 ] 32 _8 _ 1l.068 1s172 36 __ 9 10064 14256
20 20v 49 i 14741 8,20 3y a9 17 14066 1.170 36 18 14064 14256
20 3uu 3Y  le 137eu 67,77 3y 39 26 14066 1170 36 27 1064 1,257
20 Uy 3y 21 13vey ¥0.28 39 39 3 14067 1.172 36 35 14065 1e257
2u  S50u 39 26 13648 112+79 39 39 43 12068 1.172 36 44 14066 l.258
4y 1v 45 1 2113 1+91 45 45 1 le049 14160 45 1 le070 1e246
4y F{ Y 1 217T«9  _ 3475 45 __ 45 2__ le0)7 l.181 45 2 le038 1,268
40 4y 4t 2 21749 7451 45 45 3 le012 1.176 45 4 14038 1+268
LY I} 4 2119 1126 «5 45 5 10010 1a}174 45 6 1038 10268
40 10U 4B 6 21749 1477 45 45 9 14010 14174 45 10 14038 1,268
40 200 43 13 21709 4754 45 45 17 1009 14173 45 19 1038 1¢268
40 oy 48 20 2ifew 9643] 45 45 26 1008 14173 45 29 le038 le268
4y 40U w8 27 21749 .08 45 45 35 lago¥ 12173 45 39 12038 1s267
40 Suv 45 32 2ufe Y384 45 45 43 11062 10173 45 49 11092 1e267
LT v e 1 29ved 173 94 54 1 14035 14164 54 1 14056 1.257
6y - a7 1 28844 3432 57 ST 1 1+068 1.206 54 H 1063 1e311
6u 4y by 2 2dBa4 6464 57 54 3 }e022 1196 54 3 . 1e05) 1¢200
60 Y'Y 3 cdtes 9496 bé YN 4 1023 1.198 54 4 14051 14300
6y 10 57 E] 280eu L6460 b4 94 7 legald 1.197 54 7 14051 1¢300
6y 20y BT 9 260,14 33,17 ba 5¢ 15 14029 1.198 54 )4 1,052 le301
6y 30y 57 13 28849 4974 b4 S4 23 1+023 1+198 54 21 14052 le3dgl
60 4yu 57 17 d68ey 6643] S4 5¢ 31 14023 10194 54 27 1v052 14301
. B0 Spu 51 ¢y 207»¥ ___ Hp488 94 . 33.. ..0299 2097 . 84 .39 __lspaé . 1s198 S4. _ 34 1e052___ 1302
100 v 60 1 4y Le49 66 66 1 ie024 10177 66 1 17041 1278
100 2u 6o 1 ELETSS 2482 66 66 1 Le070 1224 66 1 1106 14345
100 4y 66 e 383 5065 66 65 3 1061 1e217 66 3 19089 14332
100 6U 66 3 363.9 de47 66 66 4 1.061 1.217 66 4 11086 1329
100 luu 68 5 ELETE] 14¢12 6b 66 ] beool 1s216 66 7 1087 14330
100 200 46 1¢ 3d4.9 ¢8424 66 66 12 1061 1216 66 13 14086 14329
loy  3ug 66 1B 38440 42434 66 66 17 16061 1.217 66 20 14087 14330
100 40y 66 21 3833 5642 6b 66 23 le062 1.218 66 26 14087 16331
100 buu 68  ¢6 ELERY Tue5} 66 66 29 14062 1.218 66 33 1088 14331
159y v 7¢ 1 550443 1434 7d 1 1.008 1092 78 1 1022 14195 78 1 1e042 14308
150 2u  d4 1 53243 2447 aé 1 1,038 1.130 84 1 14073 1.264 84 1 lelll le403
150 4y de 2 53243 4494 23 2 14036 1.130 84 2 1.073 1,264 78 3 1.05¢ 1397
159 LI T 2 Sdles Te40 a4 3 14037 1,132 84 3 12075 1,266 84 4 14103 14396
15u luu dé 4 53l 12433 4 5 14038 1,133 B84 6 14073 1265 78 7 1e¢05] 14399
150 200 He 9 53Ve8 24ebb 44 9 14036 14131 84 11 14070 16262 84 13 14108 14356
150 30y bHe e 53u.7 36495 86 13 14037 1.132 8s 17 1.071 1,263 86 20 14104 14397
150  40¢ &4 19 53va/ 49,27 46 18 1.036 1.131 84 22 1.070 1.262 8e 27 14105 1.398
15¢v Suu LD 24 93l bl.58 d4 22 14036 1.131 B4 24 14070 1,202 78 31 14050 1398
200 w9 ! o8lel 1423 90 1 1.008 1.103 90 1 1.017 1.210 90 1 14036 14331
200 2u Yo 1 Givee 2426 94 1 1,033 1,133 _ 96 1 lel22 1.278 90 1 1e120 14430
20v “u Yy 2 6i7ee 452 90 2 14033 14133 96 2 le122 1.278 90 3 1el11 14422
20u IR T 2 6430 ( 6e69 90 3 04994 lelsa? 9% 3 1080 1:294 90 4 1067 1439
200 109 96 4 64)a0 11.12 96 4 1+043 1+150 90 6 1.035 1.295 90 6 1+070 1e443
20v 200 96 C) 64146 2224 96 8 1e043 1s150 90 12 1.035 14295 u 12 14070 led4d
200 4uv 96 12 646 33436 96 12 120643 10150 9., 19 1+034 1.2%94 9 17 1070 1e443
200 40u Yo i YRt Ghebe 96 16 15044 1151 9p 25 14035 12295 90 23 10071 1ebas
200 Sueu 98 ¢} 64)ey 95495 59 " 26 0+998 1+15) % 31 14035 1e2%0 9 2B 10071 PRITLS
300 v Jod 1 Geaey 1440 148 1 1s0g? 1s118 o8 1 14019 10239 108 1 1e031 14368
400 2y lu® 1 ByBey 1+96  |1é 1 1+078 1:156 11 1 10119 1:318 )4 1 172 10496
300 “yu e 1 8544 3.85 14 2 1+0)9 10176 114 2 14058 1342 114 2 1e108 1+522
300 by 114 2 Henes 9:75 114 3 10055 10180 114 3 L1vQ95 1-3‘: 108 ; 1010: 1'55’23
Apu 10v v 3 84745 956 114 _ 4 1ep21 _  ]elT79 116 S _ _1lep64 1934 114 1+10 1523
v 2w {eu [ 8895 7 9.3 H« 8021 %-179 1187 19 14064 1.348 116 2 1+108 14523
300 ey Qv 9 B4de2 2He69 114 1] 1e021 1179 J14 1S 11064 1+349 114 18 1el06 1+923
400 4uy 134 1o dgles daezs e 15 1053 1179 114 20 1+099 14349 114 24 1e142 14523
Jou B0y v e Badey “Te8p 114 19 1+021 16179 114 24 1e0b4 14349 14 30 1106 14523
50y v 148 L 13elee Ve94 138 1 14011 12143 138 1 le02l 1.285 138 1 1ep32 10432
500 Zu 13w Looefed lebe  16s 1 1,051 _ 1.173 138 1 1069 1.366 144 1 lel49 14569
500 4y 190 1 113042 3009 144 2 14060 Te244 138 2 10078 10448 144 H 14158 14663
500 By 144 ¢ 1leddd 4469 144 2 1059 1,216 | 138 3 11090 1,429 14e 3 14171 1.642
500  luv 1ab 2 lltDes T.75 144 4 1025 lv230 138 5 14053 1a442 138 6 1102 14656
500 20v 150 5 1ldaee 15445 144 7 Le048 12233 )44 9 1e)p2 leddd 146 ] 14153 14659
S0u  30u 15U I 1l4ves €4.2]1 146 10 104> [e230 144 13 14098 led4y 146 16 1153 14658
Sou 49u by 1y 11392 30s9p _ 14% _ 13 1.047  _ 1.232 144 18 lelg2 lakbé laée é2 14153 14659
500 S0u 150 i2 1133y 3H.6) 144 16 10067 j1e232 144 22 lelal 1443 144 er 1e154 14660
1000 1y L9¢ 1 2217y usT6 186 1 00934 1e}82 186 1 le0o7 14359 186 1 1020 1:542
1o 2v 19¢ i l81aey 1.27 186 1 0+992 1217 192 1 14058 14452 192 1 1s106 14699
1000 4y 192 1 1631 2432 204 1 1+120 1.295 192 2 1179 1596 192 2 14233 1+867
1000 6u  2u« 1 16lTey de43 204 2 14090 12312 204 2 15169 1e60> 192 3 14199 1.89)
1060 lou  eue 2 |6boss Se69 294 3 1.095 1318 192 4 1133 12607 )92 5 Je205 14900
1000 <&0u 2u# & 16BB.e 11439 20% 5 1+095 1.318 192 -] 10133 16607 192 10 1205 14900
100y 30w 2ue 6 166%.4 L7408 age 8 1+095 1#318 204 11 1v169 14607 204 14 le2él 1+900
100¢ $9u  2u% E] 166344 2277 204 10 14095 1+318 192 16 l1e133 1e607 204 19 le2é0 14900
1000 Suv 216 T 1T)%en gbe43 204 13 12065 14320 204 18 14136 1.608 192 26 1172 14902
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TEXaS wA LM UEVELUFMENT BUaKU LUCKWOQD s ANDREWS ¢ AND NEwWNAM, [NCe PROGHAM
COST UF ULELLIVERInG walfed BY PIlPelioe = MOST ECONOMICAL O1AMETER

PeAR FaClun @ [4fn wRUR (R HaTE 3 gag0 INTEREST RATE = 4040 AMOKT1ZATION PERIOU = 4GYRS PRESENT wORTH FACTOR 3 20el9
FLUW LENGIH STalll Heau SLUPE = 0 STATIC HEAD SLOPE = 4 STATIC HEAD SLOPE = 8 STATIC HEAD SLOPE a 12
HBU  MlLER DIasnuePa CoCala/ML HelolT/TE 01laeNO4PS CoCoHATIO WeC AATIO DIAWNDCPS CuCoRaTIO WaCoRATIO DIASNOSPS CeCoRATIO WaCoRATIO
2 v 21 1 bl,4 2406 18 1 04960 10032 16 1 0.972 1,068 16 1 1.002 1.125
e 2u i CLINY 9+28 2l 1 14023 1053 21 1 1055 lell4 18 1 14097 1120}
2 4y el 1 6243 17T 21 1 1e072 1el02 2] 2 1+0R2 14167 18 2 Le125 14259
e 6y ¢l 1 LETH 2646] 21 2 10037 12084 21 3 lep?2 12165 16 4 1e072 16266
e Loy 2y 2 ocee 43486 21 4 14046 1+096 21 S 1+087 10178 18 6 1,119 19248
¢ oy 2 “ ocec oleT2 21 7 10047 14092 21 11 le0Al lell7 812 is119 14268
¢ e el 6 beeg 13} 98 21 1) 10043 1+0%0 21 16 leg81 14178 1819 14115 1268
2  40u ey 4 beee 115445 21 15 1e044 _ 1e092 21 21 1083 le176 18 25 1s116 10268
2 S el 1o beag 219:3] 21 18 Leaé 1+0%0 21 27 14080 14175 18 9 10117 10268
5 v 24 i CETRS 2178 26 1 04998 10035 24 1 1e000 1:086 24 1 1032 10168
a du 24 1 B2es Sele 24 1 16034 14069 24 2 1e043 1.161 24 2 10077 1e249
5 4y g4 2 Beed iyezs 24 Z 10034 10069 24 3 Le046 lelé8 24 3 10084 10238
9 by g7 ¢ 8o Y 19429 24 3 04980 14078 24 4 U995 14156 24 ) 16040 1e241
s>  lou ef 4 Aley PEYL Y 24 [ 24 7 Ue992 14107 24 [ 14051 14253
5 euy el [ 87y S0e9] 26 T 11 7 “24 13 04994 1156 24 13 14042 12245
9 3wy 2! ¥ 8lau 16436 24 16 24 19 04995 1156 24 20 1.038 10242
3 evy 2l 13 6o,y 1ula76 26 21 26 23 leooY 1,158 2¢ 27 14039 11241
v bov 2! 16 obel 127409 24 26 26 29 1e008 1.158 24 34 1,03% Le26]
v lu 33 L Levsi 1499 33 1 33 1 U988 1e125 33 1 12002 10194
1v du 33 L 1leey 3.55 __ 33 1 33 1 14054 1.189 33 2 14065 14277
1w 4y 33 ¢ Lidey T.09 "33 2 3 3 1+033 1N 33 4 14065 1.277
10 by 33 k] lics¥ 1uebd 13 4 33 5 14036 14174 33 5 1065 1.277
1y Lov 33 4 1124 17466 Ek] & 33 8 1e0138 1.176 33 9 1,067 1:280
v 2uu 33 v lideg 39427 3312 33 15 14039 1,178 33 19 14068 1.281
100 30 93 13 12y 52480 33 g8 33 23 Le04v 1179 33 24 LedT0 1+283
10 4oy 33 (¥ 1icasu Tos40 33 24 33 3l 1040 1a178 33 3 1.070 1,283
v S0u 83 ¢l Viceu ot 06 33 30 33 39 14039 Lel178 33 47 10069 1+282
2v lu we L 11604 1446 39 1 39 1 veB878 1,148 42 1 04988 14256
2y du a2 1 jodal 274 ¢ 1 39 2 Ue949 1222 42 2 1067 14337
20 ey 4l 2 16441 54149 LY 2 42 3 Le0a7 1.212 42 4 1,067 1337
20 by 42 3 16344 Be23 42 4 4z 5 14036 1.211 42 ] 1067 14337
20 luu e E] 163,14 13.T2 42 6 42 8 1.035 1,210 42 k4 1.067 1,337
2y vy ee v 10cat eledn " 427 13 42 16 1037 1.212 42 19 14069 1339
29 duy “e ie 1ogsd 41405 2 19 42 26 1039 1.214 42 29 14071 12341
20 40U 42 49 102.4 S4.72 42 26 42 3 Le039 1e2l4 42 39 1,071 1+34)
20 Suu sg 29 loces LYY 42 32 42 41 le038 1,213 42 49 le070 14340
4y v sl 1 3079 1.28 54 1 b4 1 Vegab 1,175 S4 1 04916 1295
4y 2v S/ i 26143 2433 a7 1 sy 1 1e019 1,237 57 1 14056 1.386
4y ay 0y 1 2903 4498 57 2 57 2 Ue98b 14257 57 3 1.015 14403
4y 6y ! 1 eivee 6.85 o7 3 57 3 Legsl 14259 57 4 1069 1e4g3
LY 10 sy 3 2¥val i1.43 S7 5 97 S V988 1.258 S7 6 14013 ledgl
4 2un of 7 214,.9 22,83 o7 10 l1e024 1.129 57 10 lep42 1260 57 12 1.068 la403
40 20y ar ] 2440 34422 s 16 1a022 1e130 57 15 LeDe3 le261 57 18 14069 lebo4
4y 4y 9! 15 27441 45,63 a7 2l l1e02 1129 57 20 1e043 1.26) 57 24 1.069 LT
4y S0y 6y L4 28% .3 97401 s7 27 06973 14130 57 24 Ue99D 1.26) 57 30 14015 1eé404
6y lu 6y L autay 113 66 1 0974 14089 66 1 Ve9sH 1.194 66 1 0,967 10324
ay 2y o 1 64,9 2408 66 1 16000 14119 66 1 1.016 14260 66 1 1,055 1a424
by 4v 3 1 38Y.0 4.07 66 2 0e936 14145 66 2 Us95] l1+288 66 3 0583 10452
6u by o6 2 EETI oul2 b6 3 1.024 1el4l 66 3 104U 14283 66 4 1,071 11443
&y TR 1) 3 EETIC) 1us22 66 4 1e022 14139 66 s Le039 1,282 66 6 1e067 ledao
6y Quu Te ) 3JoYed 20034 66 [} 0936 14145 66 10 04951 1,288 66 12 0977 10447
6y 30u re ¢ 3898 ENTE: 66 12 Ge936 1el4b 66 15 0e951 1.288 66 18 0977 1e447
6u 40y T2 1v 38Y40 40467 e 15 04936 14148 66 20 Us951 1.288 66 24 04977 leba?
6y  Buy e g2 38%ag Sus 77 66 19 ve937 1v146 66 . 25 us953 1+2% 66 Ju ve978 10449
100 Ly Be 1 8YY.6 Ve98 44 1 Ue966 1e105 8o 1 Vo944 1e222 ) 1 04950 19369
100 gy B4 L S3dsu 178 dg 1 0¢84 1+133 84 1 U+999 1+296 84 1 1033 1+489
100 PO N S40e dvap 84 2 4v96] 10178 84 2 Ve976 10347 B4 3 1e009 14538
100 by Yy H Sels) el 84 2 0957 14174 LN 3 Ue974 14344 84 4 19004 12532
l1ov Lov Yy 2 Seuse des7 He 4 00967 14184 -1 6 V986 1+358 B¢ 6 1¢014 10547
100 20 Yy 4 bhyeg 16094 4 9 0e965 1+183 84 12 0+986 1+358 84 11 12013 1¢545
l10v 3ou Yy ] Séuee é5v42 d4 14 0e964 lelB2 By 19 ye986 14358 B4 17 14013 1¢546
100 400 Yy d Seuee 33489 D) 18 00965 1.183 Ha 25 0e986 14358 B4 a2 1013 11546
100 SU0u Su lu S54ued 42036 4 23 e965 1182 .19 32 Je986 1.358 B4 a7 12013 14545
150 lv  jue 1 agleg Ve 87 1ve 1 00963 lel22 Y6 1 Ue879 1+255 96 1 V.B885 104316
150 2u lue 1 Tilew 1:56 o2 1 0982 14156 102 1 Us989 14334 102 1 1.023 14539
15y 4y lue 1 66/, 2494 102 2 1.056 1.227 1u2 2 le063 le4l6 lo2 2 14099 14634
15¢ 6u  us 1 Tuda! 4utry lue 2 0.987 14217 102 3 1009 1+420 lo02 3 1,043 126238
150 lbu loe e Tebed red6 102 4 04977 1.208 102 s 14005 le415 102 5 1.038 14632
159 2uu  1ue k) [LT] 14,71 1u2 8 14034 1,209 102 11 1,062 1,415 102 10 1,099 1,634
150 30v  lwe ’ 604,48 22400 10 12 1e038 1.213 102 17 Le06® 1.419 192 15 12104 14639
150 euu Jub ! Tulen 2927 1ué 16 U984 1+216 162 23 1+010 1.422 102 2] 1e046 1e642
15y S0v  juw v 10+ 36,64 e 20 04982 16214 102 29 le0g8 1.429 lo2 26 12044 14640
29y 1y 114 1 LLY Uebg 114 1 04959 14133 114 1 G932 1.278 114 1 0,939 14487
20y 20 114 1 Hoa ey la42 114 1 0980 1e172 120 1 14031 1,366 114 1 1021 14590
200 “y Lle 1 Tt , 4 2e66 120 1 lal01 1.24] 120 2 14119 14458 114 2 1,107 1,698
200 by icu 1 Bel,l 4,93 q2v 2 1,042 1,245 120 3 1.074 1,478 114 3 14063 1.721
20y 100 1dv 2 B23. it 0,57 114 4 04992 1e24% 120 S 14070 1.474 114 S 1.059 14716
200 cuu  12u “ 83,1 13.15  12v 7 1.037 le249 120 10 leo70 1,474 114 19 1,059 1.716
2ov  duv  Jeu S B2, 19,67 120 10 1,002 1,205 114 17 14026 1,478 114 15 1,063 1.721
200 4o0u  1ev 7 817,64 26,12 120 1% 1,045 1.248 120 21 1,078 1,483 114 <y 1,u68 1,728
200 Sov 1eu ¥ B¢ 32,69 20 17 1,045 1,248 120 26 1,076 1,481 114 25 1,006 1,726
3ov L] i 13el.¢ ¢.T1 138 1 0,955 1415% 138 1 0,924 1,329 138 1 0,932 1,523
300 v 1de 1 11el,e 1,23 138 L 0,978 1,203 144 1 1y007 1,417 138 i 1,014 1,679
3ou LI 1 luel v 2428 144 1 1,078 1,269 144 2 1,105 1,529 138 2 1,113 1,81]
3ov by Jas 1 lusd,e 3.33 144 2 1,051 1,293 144 3 1,089 1,563 136 3 1,097 1,858
Jou lvy  |=0 1 i1l9,1 _ 9459 148 3 0,986 1,286 )44 5 1,019 1,559  13b S 1,026 1,847
30y 20y jee 3 1o3e,n 11405 144 6 1.059 1,3017 146 10 1,096 1,577 138 19 1,104 1.869
Aoy duu 150 “ lufs,s 16,66 144 10 1,016 1.294 144 15 1,053 1,569 138 14 1,060 1,859
30u 4oy 14% 6 ludo,o d2.11 144 13 1,085 1,298 144 20 1,096 1,577 138 19 1,102 1.867
30U S0y Loy 6 luld,n 27,65 144 16 1,018 1,297 146 24 1,088 1,576 138 24 1,065 1.866
Sav v sy 1 1991,2 0.60 174 1 0,924 1,187 174 1 0,899 1,382 174 1 0,898 1,621
S0y 2y 1du 1 16i8,v 1.02 }74 1 0,944 1,251 174 1 0,929 1,503 180 1 l.002 1,85
500 ey By i L4ne,b 1,86 186 1 14003 1.317 174 2 le035 1,649 140 2 1,117 1,991
Sou bu By i 1391,¢ 2.70 174 2 1,029 1,364 180 2 1,106 1,702 180 3 1,161 2,058
Sov luy 1bb 1 L1410, f LI 180 3 1,037 14374 180 4 1,089 1,724 180 S 1,146 2,087
S50y 29U (db 2 [eio, 7 H§.,87 LT 6 1,037 12374 180 9 l.088 1,723 174 9 1,111 2.083
S0v dgu 1B 3 L4ld, T 13.31 18y 9 1,037 1,374 180 14 le087 1.723 180 13 1142 2,083
50y 4ou 1oy a 1471,¢6 17.72 180 _ }2 1,070 1,376 180 18 14123 1,725 174 18 1,146 2,086
500 dyy  Jae A 1415,¢ 22,18 189 15 1,037 1.374 180 23 l.088 1,723 18y 22 1,143 2,084
100u lu  25%¢ 1 234,y V49 240 1 4,908 10237 240 1 V0,867 1,479 240 1 0,877 1,77«
1000 2u 252 1 FELTIS ] u,79 24y 1 0930 1,331 240 1 Uy 91V 1,656 24y 1 0,959] 2,044
100y hy 252 1 2239,4 140 252 1 0a99% 1,@82 252 1 1,077 1,862 24y 2 1,093 2,307
100y by 292 1 21295 2.01 2%2 1 1.085 l.482 252 2 1113 1.928 24y 3 14150 2e411
1000 luu 252 1 2pse,8 3,23 2852 2 10100 . ___ 1,528 252 3 1,360 1,999 a5 “ 1,230 2,488
1000 2uy  25¢ ¢ 2y3e,n 6,47 252 ] 1.091 1,520 252 6 1.160 1,999 252 8 1,230 2,480
100¢  30u 264 ¢ 2uYu,d 9,61 252 7 1,066 1,937 252 9 1,130 2,018  es2 2 1,198 2,52
luoe  4uy  gow 3 2lul,® 12,88 252 10 1,057 1,527 252 12 1,124 2,008 252 16 1,192 2,500
100y Suu  ¢%¢ “ 2uel . 16,11 252 13 1,097 1,526 252 15 1,166 2,007 240 21 1,191 2,498
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TEXAS WATEM UEVELOPMENT guaRD
COST OF DELlveMino waltw oY PIPELINE = MUST ECONQMICAL DLAMETER

PEAK FACTUR »

1s75

GHuw(n KATE a

FLUW LENuIn 51ATIC HeAD SLUPE = ¢

STATIC HEAD SLOPE = 4 STATIC HEAD SLOPE = 8 STATIC HEAD SLOPE s ]2

MGU  MILES DlasMUePd (oCoT3/ML Wals(T/Tu DIAINOSPS CaCoRATIO WiCoRATIO DIASNOSPS CoCoRATIO WaC.RATIV OIAWNOSPS CoCoRATIO WoCoRATIO
2 v 16 1 L] 6422 16 1 1,009 1,023 16 1 1e021 14056 16 1 14053 1,109
e 2v 2l 1 b4sl  j1e63 16 1 0+993 _ _1:04% 2] 1 14055 1106 18 1 1097 14183
2 4y 2L 1 CPY-} €2¢36 16 2 14918 10091 16 3 1+031 12146 16 3 14078 14218
2 6y 21 i LETHY 33166 21 2 L+037 1+075 16 4 1027 lelél 16 4 10072 1:212
2 1w 2l 2 62e2 ELRY Y 21 4 14046 1086 16 7 15040 14158 16 ? 14086 10227
2 20 ¢l “ 622 110487 2l 7 11047 1084 16 15 1e037 14155 16 14 12086 1227
2 300 21 [ beel 1ue.$1 21 11 14043 1+081 16 23 1.033 1,155 1: zg 1-0:; 1:226
2 400 2y 0 ® b2a2 2¢)eTa 21 15 _ lepdd _ Jep82 16 2 _1e037. 10155 1 2 20 14226
2 Sov zi 10 6242 27’.18 21 1 {T%~4 %.g 2 %e 38 14036 1,{55 16 34 }.051 14226
5 v 24 1 449 3434 24 1 04998 _ 1.032 24 1 15090 1.076 24 1 1032 1159
O 20 24 1 8ced 6430 24 1 1,034 1,066 24 2 1e043 1,143 24 2 1,077 1221
S by 24 2 Be.3 124690 24 3 1,0)7 1.063 24 3 12046 1,133 24 3 14084 14215
L] IS 3 Ble3 18499 24 4 1.022 14063 24 (3 14050 14133 24 4 1098 10209
S oy 2% 6 Bl.b _ 31447 e 7 1,026 1e064 24 ___ 1 14055 1,134 24 8 1,089 217
5 200 2« 11 oleY 62488 24 15 1.022 14064 24 13 14056 14135 24 13 1s106 le214
S 3uu 24 )7 CIPL] Gee26 24 22 1e024 _ 1le065 24 19 1058 14135 26 20 16104 1e212
9 40U 24 23 Bies 1¢5465 24 30 1e024 1,065 24 23 14071 1,138 24 27 14103 14211
5 20u 24 29 Blal 197+03 24, .38 le024_ . _1e066 24 29 12070 10337 24 34 14103 14210
1 v 3 i 1leed ¢+29 30 1 04990 1e042 30 1 02992 1101 a3 1 1,071 1176
1v 20 _ 33 L 1icey s34 33 _1e023 _ 1eQJ8 __30 . _2  _0+987 _ 1,162 33 2 10065 le24]
1y 4y~ 33 2 1idey 8168 33 2 10023 1.078 33 3 10033 lo1648 33 4 14065 1e24l
1 6u 34 3 lidey 1302 a3 4 10020 _ _ 1e07® a3 s 14036 1:+151 33 ) 14065 1241
1y 1oy 33 4 lices 2leb) 33 6 1018 1.074 33 ] 1.038 1.153 33 9 1.067 11244
10 20 33 49 14242 #3415 33, 12__ . 1e0}9 14075 33 15 12039 1,155 33 19 1068 14245
1 v 33 43 1icey 64460 33 18 1e022 10077 33 23 16040 Le156 3 24 1.070 10247
AT TUIVR T N & S ¥ 72 _86s13 33, @4 le022  de07 | 33 31 1004y 31155 33 a8 1+070 1e247
v Suu i3 <l 11€ev luleTs 33 3¢ le021 12077 33 3 1s039 14155 33 47 14069 1246
2u 1y kL] 1 1582 1e/2 3 1 04942 __  1e05¢ 39 1 Ge978 1ele2 39 1 1+0Q6 11225
2v 2y e 1 16341 3e29 39 1 04950 16092 39 2 Ue949 14169 39 2 04976 1.277
29 4y 4e 2 16341 0¢59 39 3 Us930 1+080 39 3 0e947 1,164 39 “ 0.976 14277
20 6y 4 3 163ei 988 L) 4 06935 12079 39 5 0e947 1.168 3% S 0973 10274
2v lov 4¢ 5 1634 1607 39 [ De9235 1079 _39 7 0946 lol68 ki 8 0e974 14275
20 20u 42 » 16247 32488 39 g2 0,937 14081 39 14 Vo4l 1.170 39 17 04975 1,277
20 30v #2114 16245 49426 32 18 0,938 1.082 39 2l V950 1,171 39 28 04976 14278
244Uy 42 )9 16244 05,68 39 24 04939 1,083 39 24 0e950 1.172 39 33 04976 1.278
2u S0y 4 24 16245 wdel?2 34 3 0.938 l.082 39 EL] Us949 14171 a9 4] 04975 1.277
LY’ iu a4 1 288,06 leadg 94 1 0De978 le062 51 1 VeF04 1,139 S4 1 09975 1:26]
4y v 94 1 2621 2477 24 1 1016 lelol 54 1 ie0a? 12214 54 2 1+072 14343
40 4y ai 1 21045 5453 S 2 Ue965 1+101 54 3 0,983 1.213 54 3 1s007 14334
Ay 6y ol 2 2/5.¢ 6426 94 3 Ue970 lel06 54 4 PALTLY 1,215 54 4 14009 14337
40 luu o7 3 215417 13478 54 5 04968 lelo4 54 6 0.982 ls212 54 7 1.008 14338
AU 2uu 57 7 214y 27+50 54 9 0e906Y lel06 b4 12 0s984 1.215 54 14 14011 14338
40 30u 57 11 27440 4le2] 54 14 ve9T1 lel07 54 17 Ua984 1.215 54 20 14011 14339
4y 4vy 51 15 2flaal 54.97 b4 18 0970 _1s106 54 23 V984 1.215 54 27 1e010 14328
4y 500 af i 214l bd.7) ED) 23 0970 1s106 54 28 us984 1.215 54 34 14010 1338
6v v b L 4ubey 1+36 Y] 1 v.870 14063 60 1 04853 14145 60 1 0.871 1262
6u ev be 1 304eY 2449 66 1 12000 10102 66 1 le016 1,223 66 1 14055 14368
6y 4y 6b 1 kLYY 4489 66 2 1019 1120 66 2 120035 1,243 60 3 0962 1,382
Y] by bb 2 3903 Ted) (-1 3 1024 12125 66 3 le04V le248 66 4 1+071 10388
6u  10v 6L 3 nben 1219 66 4 1022 1.123 06 E 14039 10247 66 [ 1067 1,384
6y 2uy 6b ! ELLYWY 435 66 8 1eU24 1e125 66 10 le041 1,249 66 le 1e06% 14386
6u 3wy bb g} 35549 36s5] 66 12 1,025 14126 66 15 1e042 1,249 66 18 10070 1387
6y 4uy 66 15 355.8 466 b6 15 12025 lel26 66 20 1a042 14254 66 24 14070 10387
6y Suv bb 19 35547 bped2 66 19 19025 ir126 66 25 19047 1.25¢ 66 39 1070 _. 14387
10v lu £ 1 BD4vE 118 78 1 0963 1%076 78 1 0939 1168 78 1 012945 1291
10v 2u o 1 P TR 2s12 g4 1 1074 1.118 78 1 1+014 1+294 78 1 10052 leb14
100 by ns 1 Syosd sl B4 2 14031 14158 78 2 V973 1295 78 3 10007 1e458
100 by D) I3 alued 618 He 2 1¢02% 1150 78 3 V970 14291 78 4 02996 1e448
10u 1ov LT 3 Syces 1u*23 B4 4 1031 1#156 8 5 ur978 1+300 78 6 12006 19460
100 200 du [} Subes 2046 He 9 1.029 10154 78 11 04876 14299 78 13 1004 1458
lou  3uu o v Subes 3y+68 B4 16 12029 1+]154 78 16 02975 14298 819 1003 19457
lou 4uy ba 12 BUL e 4 40e9] Be 18 1s029 12154 78 21 Ue97S 1,298 18 26 1004 le458
Loy Syv b 15 5y0 a4 D)1+l 84 23 14029 14154 78 26 Ue97> 1298 78 32 1s003 1+457
15u v 9o 1 Tosay 1+05 96 1 06961 14091 96 1 00934 1,196 96 1 0s941 1334
150 2u Yo 1 60Yel Le87 4o 1 0.981 1e124 9% 1 1000 1.263 96 1 14039 ledoh
150 4y lye i 6o/ 3455 9o 2 0.983 1182 96 2 1s002 14349 9% 2 11042 1540
15¢ bu 9o ¢ EETE] 5437 96 2 1,031 1e171 96 3 1e052 14338 96 4 16091 14525
15u lov  lue 2 6llee Be92 Yo 4 04977 lel75 96 5 V997 14343 96 6 1.029 14527
15¢ 20u  jee 5 bofen 1775 96 7 0982 1+181 96 9 lagol 14348 L 11 14034 14533
150 duv  lue 7 bb4ad 26s52 96 10 0986 1,185 96 14 1006 1,353 % 17 14037 1537
150 40v  lue » 6DG e & KLTY T L] 14 0e984 1+183 96 18 leD03 14350 96 23 14035 145235
15v 20 lue le bbda0 44425 96 17 U985 1e184 96 23 1004 1,351 96 ¢B 12036 14536
20u v Lue i Yaved 097 v 1 (957 lel00 108 1 Ue928 14216 108 1 04936 le364
20y ev  lub 1 Hufed 170 lu 1 0979 10137 108 1 Us996 1.308 114 1 1081 14503
200 4y lle i Toaoes 319 108 2 1.002 1214 108 2 1020 1.397 114 2 1el07 14605
200 6u v i Belel 479 114 2 1s000 1e204 108 3 Ve9?Y 14394 114 3 14063 1¢602
200 luv 114 2 Toued 7499 144 “ 10034 1.199 108 s Legy? 1.394 108 6 14055 14600
200 20u 1lw EY Tboes 15094 114 ] 12037 1201 108 9 leg)d 14395 108 11 14054 14690
200 Juv  lie 7 Towey €3sbp 114 12 10042 le207 108 13 1e02% le4oe 108 17 14061 14609
200 4y Lie v Jaked 3175 114 16 1e042 l1e207 1v& 18 ie0?3 lekgl 108 22 14059 1ebg7
200 Sov i1v 1l 785.7 4973 114 20 1°04u 1e208 108 22 1e021 12397 108 28 14058 14605
ELY o 13¢ 1 120Yes ool 132 ) 0e954 1'1L7 132 1 ue921 1e247 132 1 0e92% 14416
30v 2y y43¢ 1 dulYes 1248 132 1 0977 14163 )32 1 0e9R2 16349 3¢ 1 10020 14568
30y 4y 1de i 9oy 2+73 138 1 10091 12262 132 2 1082 1+463 132 2 1123 1791
Jov 6y 4s I lysdee 4sy6 138 2 1e0l6 14248 )32 3 1+016 1.477 132 3 1+055 14717
300 10y 140 2 1ouley 6.75 138 4 1e0l? _ 1e252 132 & 14050 1.479 132 5 1+092 1722
300 cuy |44 4 lodband 1366 138 7 1e021 14250 32 8 1s021 1.483 132 1g 1.062 1727
3ov  duy  14® b 1oyle? 2ue24 138 11 1050 le248 132 12 14050 1,479 132 5 1092 1eT22
300 “U Lée o fudbes €64%] 138 14 le021 1.25] 132 16 le021 1e483 132 <0 14062 14727
300  Suu 1lsv Y joubel 33,69 138 18 12050 1e24B 132 20 1¢051 1.48] 132 25 14094 1.724
500 v jbs i 189544 0s73 168 1 De946 1e141 168 1 Ge910 16293 168 1 0:919 1e49)
50y 2y 166 1 1hece 1v24 168 1 0497¢ 14200 174 1 ve987 le4l0 168 1 14008 14674
Sou 4y o8 \ 1356406 2024 174 T} 10065 10277 1 7a 2 1e108 1.555 68 H 1e131 19846
500 by 74 1 134009 325 174 2 14066 14315 174 2 10113 14605 168 3 1+138 14997
500 1oy 18d I 141547 5443 174 3 1a015 1¢311 168 4 14032 1.601 16y 5 10084 14903
20v 20y 1/4 3 133904 lue?8 174 6 14072 1322 168 7 1090 14613 174 9 1e174 14919
500 vy 1ou 4 137920 10017 174 9 1045 1s322 168 11 1e062 14612 168 14 1:113 14915
500 40y 8¢ 5 13liee ¢ie52 174 13 10045 14323 168 15 14065 1,616 168 19 1e118 14920
00  DUU 18 6 1311, eT.00 174 16 14040 1e317 168 18 1059 1,609 168 24 16112 14913
100v v ey 1 313743 Vb 224 1 04905 10177 228 1 0863 1,365 228 1 0+87a 12697
1000 Zu 2wy L 2efcer ve96 224 i ne928 1e26) 228 1 ve9n7 1.524 228 1 04953 1.853
Loou by 24y 1 21376 LeTp 24y b 1007 led4y 228 2 Le048 1.731 2z¢ 2 lelg2 24105
1u0v by 2ey 1 2ueBas 2443 228 2 14049 14423 228 2 1+081 1.792 228 3 1e162 24205
1000 luy  ¢ne i 2p30.8 3495 240 2 11062 _ JesaT 240 3 1+118 1.84] 244 4 1+190 2+258
100U 20u  25¢ 2 2udo.m 789 zeg 5 1+058 1e443 240 6 1418 1,841 228 9 1e147 2+256
1YoV duy  2be 3 2p30en 11e84 24y 8 14057 ledsz 228 10 14076 1e84] 208 13 11146 24256
100y 4Qu  25¢ LI NELILY 19:78 ey 1) 14056 les42 228 13 1+076 1e849 260 17 14186 24255
1900 Spy  ¢2be 4 2oelet 19465 240 14 10061 1e447 240 16 1122 140848 244 -3} 10191 21264
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INTEREST RATE = Q.

040

AMORTIZATION PER[QO = 4QYRS PRESENT WORTH FACTOR ® }5.7g



TEXAS nAler LEVELUFMENT Buardy LOCRWODD s ANUREWS s AND NEWNAM, INCs PROGRAM
CUST UF peLIVENING saler of RIPeLINt = MOST ECONUMICAL OlAMETER

PEAK FACIUR = jafn urunln HaTE = gap6 INTEREST RATE ® geva0 AMURTLZATION PERIOD = 40YRS PRESENT wORTH FACTOR = 13e4)
FLun LbwoiH Sialll noaw SLure = il STATIC HEAD 5L0PE = 4 STATIC mEAD SLOPL = 8 STATIC HEAD SLOPE = }2
MU mILES UlaenveRd LeloTa/M1 WelaCT/T6 D1AINOWPS CoCoNHATIU WaCLoHATLIU DIASNOWPS CeCoRATIU WeC RATIO UIACNASPS CoCsRATIO WaCeRATIO
2 v 16 1 044y Tels 16 1 1e009 le024 i6 i 1.021 1,058 16 i 1.0583 lelob
e v ie i oley 13042 16 ! 1+036 1+049 18 1 1eg9l 14109 16 2 14098 10177
2 “u el 1 bZed 26+13 16 2 1.0}8 1077 Lo 3 1s031 1v125 16 3 1e078 10194
2 by el i eae] 39940 16 4 04996 1+068 16 4 19027 1e12t 16 4 1e072 1.188
e luw el 2 beeg 4st4 2l 4 14046 L+080 16 7 19049 1e134 16 7 Le086 1+203
2 euu el . ocee 129469 2l ! 1e047 10079 16 15 1e0a? 1134 16 14 1.086 le203
e duv el 6 bese 174453 21 11 14043 L+076 16 23 14035 14133 16 éo 14087 14203
2 4py 21 ] fcee 259438 21 15 14044 Le077 16 3) 1035 14133 16 27 14087 10203
2 Syu 21 o ve.e dcu.22 21 18 1044 1077 16 38 1+036 14134 16 34 1.087 1e203
5 v e4 1 LEFS 3.43 24 1 0e998 14030 24 1 12000 1.070 24 1 1,032 14139
5 v 2w 1 beed 7.25 24 L 14034 11065 24 2 12043 14131 2e 2 1077 1208
5 4y 29 4 03 14459 24 3 1037 14058 24 3 12046 1e124 24 3 1.084 le291
5 by 4 3 bed lels 24 4 12022 le 060 24 S 19042 1el24 24 L3 1+098 1197
5 10U 2% 6 nled Sbeld 24 7 1:026 1406} 24 9 10045 1v126 24 8 14089 14204
5 v 2% 11 diev tee32 24 1% 1e022 14061 24 18 legasé 1126 26 13 1¢106 1203
5 3yv o4 I died 1uBe39 24 22 14024 14062 24 28 1s04% 1.127 24 20 l1el04 14201
5 VY] 24 23 alan 1494 447 24 3y 1024 1e062 24 23 1s071 1.131 24 27 1303 14199
3 Suy g% ey Bial 13056 24 38 Le029 14062 24 29 1+070 1.130 24 34 12103 14199
10 v 2 L 1124 20 EN] i 0299y 1,038 30 i Ue992 1,090 kD] 1 1021 1.169
lu 2y 44 1 lice? 4099 33 1 10023 le0?2 39 2 Ue9a7 1+135 k1] 2 14016 1.2)8
1u au 34 P Liesy Yol 33 2 1e029 le072 33 3 1e033 1,135 30 4 1016 1e218
lu by KE] 3 llgey 14497 33 4 1s02v 14069 30 6 Ue9a7 1.138 k] 7 1.016 1e217
v loe 33 4 Lidsw 2hoby 33 6 1e01® 16067 33 8 ls038 1v140 30 12 1020 le223
lu  cuv 44 v lleer w346y 33 12 10019 14069 3 21 Us992 lel4) 33 19 1.068 14223
10 dov 33 13 e 14426 33 14 l.022 16071 33 23 10040 Lole2 33 ¢4 14070 1.226
1o 4uu 43 7 Lleeu I9a0] 33 24 1e022 1.071 33 31 1040 19142 33 3 1e070 le226
1u gy EE] 2l Licey 1¢3+45 33 30 1021 1e071 33 39 14039 1el42 33 47 10069 le225
29 iv It i IRy lLeve 39 1 0982 1+064 39 1 0978 1,108 39 1 14006 le204
2u 2u 3 1 Loues 3469 39 1 1+030 1.087 39 2 Leg29 1,157 39 2 1.059 1.257
2u “y 37 b 12ue4 1.37 39 3 1s035 1074 39 3 Len27 1.15% 39 4 14059 1+257
2u 6y 4v 3 1oues ileuh 39 4 12015 10074 39 E] Len2? 1,156 3y 5 14055 14253
29 1uv 3y o 15uee 18s43 39 6 1e01% 14073 39 7 11026 1,155 39 ] 1.056 1.254
2uv  euv  a¥ 10 12use 36,87 EL V-] 1.014 1.073 3% 14 1s026 1,155 )L 14055 14254
2v 30v 39 12 12009 bhe3g EL] 18 leyle 1073 39 21 Lsp26 14155 ELd 25 1055 14253
2u 40u s7¥ 19 1503 130173 v 24 1s0]4 1.073 3% 28 1e927 1,155 LA 14055 1253
2u buy 4% 24 Idued ¥2e17 39 30 1s014 1.073 39 35 leg26 14155 3% 4] 11055 1.253
4y lv ol 1 2f1ed LebA bl 1 Ua9706 1048 51 1 Ue962 1.115 sl 1 02988 1+217
4y 2u B £ bzl del2 54 1 1.016 1.093 S4 1 +e03? 1.197 51 2 1.017 1ed1}
4y 4y EDS 2 soegal 6.23 L4 e 1s016 1.093 51 3 Ue980 1190 51 3 1,006 1e302
4y by e Z 2614V 9433 94 3 1a01Y 14096 51 4 Ue380 1,191 51 5 14009 14305
4y luv o 4 eocal iDebb 54 5 letlt 14095 51 4 e 979 1.190 51 8 14006 1.302
4u 20U 9w 4 2blav slelo né 9 lsuiB 1095 51 14 04980 14191 51 16 14007 14303
49 ey a4 v LIRSS 46e83 b4 14 12018 1e095 E 20 Je980 14191 51 24 1.007 1+303
40 4uy e ia 2oley 6del9 54 18 1e018 1095 51 27 Ued79 1.190 51 32 14007 16303
4u byy 54 17 28149 {71473 b4 23 1s0]8 14095 51 34 Ue979 1.1%0 51 4y l.007 14303
bu v by I 36cel ie9] 6u 1 0s971 14053 60 1 Ve952 lal2o 60 1 0e972 1.233
by 4y wu I doen 2619 a¢ 1 1008 1090 60 1 Lep24 1,197 60 1 1.062 1e326
LY 4y vo L EELTY! ERY-1-} 60 2 Vo925 1e098 60 2 Vedal 1206 69 3 02962 1326
6u oy 6o e EELTE] 0429 ou 3 04930 14103 60 4 04940 1,207 60 4 04968 1e332
6y 1gv 6b 3 3504d 13.82 oy 5 De929 1.102 60 6 VeS40 1.207 60 7 04967 1330
6y cuw 6o li 3902y ¢lsbp oy 11 0s929 l¢103 60 13 0s96y nav? 60 15 0+968 1e332
6y Y] b6 11 EEETY 41e38 Y] 16 Dawy 1+103 60 19 0941 1e207 6y 23 04968 10333
6y 4uv oo 15 30048 55016 o0 2l 0093y 1s104 6y 26 Us94] 1s208 6y 30 02969 14333
6y Syy eb i EELEN) CLEA oy 2t 00929 14103 6y 33 Us941 1e209 60 38 0e96Y9 1+333
10u lu n 1 bdevh 1232 {8 1 0aY¥63 le0b4 78 1 ue939 lelaé 78 1 0+945 14254
10y 20 18 1 LEETR) 238 Ts L i*002 1+108 8 1 leg}4 1v23l 78 1 14052 14379
10U 4y e i HuBso 487 14 2 ys9o] lel27 8 2 Ve973 1252 T8 3 1007 le400
10u ou 1o ¢ 410sn [T 8 3 1e022 1s127 78 3 1eg3S 1+252 78 4 14064 14395
10v 1oy B 3 Subee 1le063 T8 4 0a962 1129 78 s U978 1e207 78 6 1006 1e40l
lov 2uy LI L Sybes €326 T8 3 ge962 10129 Td 11 ue76 1256 T8 13 12004 14399
100 duv Be 7 S5yces 34490 L 0e962 1+129 78 16 0978 1+25» 7819 14003 14399
199 LT Ha 1e LYLRY 4653 e 17 04962 1.129 78 21 UedTn 1+255 78 26 12004 14399
100 Suv od 1> Subew “Belb 8 21 Q962 le)28 1) 26 U997 1+295 78 32 14003 14399
= 150 % 9u 1 tccac 1s18 vu 1 0954 1e071 30 1 Ue930 1.16y £4Y 1 00937 1.283
15y 2y wu i hedet eelo ¥6 L 14085 10115 96 1 Leg75 1,299 90 1 14055 14423
15u 4y Yo 1 LEREY:1 “rys Y6 2 10029 141586 96 4 Le049 1+300 9 4 1,029 let76
15y by L] 2 LEETS ] Beyb Y6 2 1031 1.158 6 3 l1ep52 1,309 9 4 1:025 14473
15¢ lov Yo 3 [LEEPY] iueg? w6 4 lagd2 1159 96 5 19083 1,310 9 6 le027 le476
15u 2uu vb 6 LXERE} Zusle 9o ! 14032 1¢159 vo 11 V992 1,308 90 13 le024 14473
15y 300 vo ] CRETE] 3Ua.2] 96 10 ley32 14159 90 16 Ve39l 1,307 90 19 19025 led74
150 4uy  ¥o i3 63543 40ee3 ve 14 1e034 lelbl 90 22 Us994 1,310 90 26 1.026 14475
150 S0y L] 16 bi4ed Suee9y 90 17 IRTELY lelo0 90 27 Ue993 1+309 9 32 le027 le#786
20v v luy i whuse 1s09 e 1 04908 le079 102 1 GeHTY 1,176 loe 1 0.886 14309
20u e Luo i sulee Le¥2  jus i 0e979 lel21 108 i Vo396 1,275 108 1 1,037 14485
20y 4y Lle 1 LAY de62  Jub 2 1002 14186 108 2 14020 1,350 18 2 1.062 1.540
20 6u  1luo 2 Tocad Ds48 18 2 1s0d0 lel?l 168 3 1+054 14339 108 3 14097 14527
200 luy Lub K] T84 Y07 lub 4 18039 1+189 108 5 14063 14348 108 6 14102 14534
200 2uu 114 > Todes 18e12 108 7 0996 1e18} 108 9 le0y8 le348 108  }1 14054 14533
20y 3uu  1le ! fo%ey cle0s 108 10 15002 10187 108 13 lep24 12355 ig® 17 1s061 14542
20u 40y [1e H Tousy 36609 jo® 13 1001 14186 o4 18 le024 1v35%¢ 108 22 14059 14549
200 Suv 114§l foaef #2017 Jo8 7 12000 J1e184 o8 22 leg2) 1.352 108 28 1+058 14538
3gu v 1eb 1 1240 ue?7 o8 1 951 14095 26 1 0sN 8 le204 126 1 gs926 14354
3o 2y 1led 1 tydaeg Leb7 126 1 0979 1139 132 1 1026 1312 132 1 140686 14511
3ou 40 134 1 Juue] 3409 138 1 10091 1e231 132 2 1e082 1+423 132 2 lel23 14639
30u bu v 1 lutesc 4eb3 132 2 14015 14219 132 3 1e048 l.423 132 3 14088 146239
30y luu  t3s g Luylsd Te6B 32 4 1017 _ 1s222 132 4 1050 1e426 132 5 1+092 14645
300 2yu 13v 4 fouled 45037 132 8 1e017 le222 126 9 1:012 le626 126 1] 10053 14643
gy Jue  Lse o lgufleY €3¢05 132 1¢ 1s017 1e222 126 13 lvo1l 12425 126 17 14055 10645
300 4uu 1dv g luufaY 3973 132 16 is017 1222 126 18 1e012 1e426 126 22 14053 10643
300 Sgu 140 9 Lgudey 38,36 132 2y 1e0}19 14224 126 22 legld ' 1e427 126 28 14056 1¢647
50v ly 162 1 LBuben yeBe 16¢ 1 0244 1115 156 1 gebaz 12244 1506 1 Ve89] 1:4)8
50y eu  1ee I 14foey le4o 162 1 0:97) 1e172 168 1 04994 1,363 162 1 le0ll 14597
S0u 4y |be L 3ueeT 253 jo¥ i 14075 14257 168 2 1a120 1.509 162 2 14139 1+769
Sou LA YA 1 L3soed 4oy 108 2 19040 1+284 168 3 1.088 1548 162 3 14106 1.811
500 lov 160 2 13ed s 0420 108 3 1s062 14278 |62 4 1r075 1,532 162 5 14127 1801
S0y 2oy )/e 3 (437 e 1227 JCL] 7 19047 1+291 162 -] 12062 14549 162 10 1114 14822
59y dyu Loy . 131240 1805] 168 10 1e02y 14286 162 12 10034 1:54¢ 162 15 1.085 14871
504 4y L lw [ 133700 24sby 168 1% 1e047 1429} 162 15 Lagsl 14549 162 29 lellé 10822
500 TS W L] 1394w 3ye77 168 17 le043 1.287 162 19 10580 1,543 162 25 lello 1816
loow lv edo i 304len usbl 216 1 e904 lela6 2186 1 ueB6L 1+304 216 1 04871 1+5;7
Luou 2y geo 1 23/tes Lelo 216 1 U926 le226 228 1 0e943 1455 228 1 U992 14752
100v 4y 2¢B i 2usde 192 228 1 10022 14313 228 2 10097 1+66] 228 2 14153 1+%99
Loou CUR-PL] i %33y erT4 228 2 10092 1388 228 2 10134 1721 228 3 1e219 20098
Lo0v lyv 240 i iyvean 4ebg 228 3 1eQ62 _le40d 228 4 1e122 1.758 228 4 1191 2+129
100U 2vu <oy ¢ 190040 Yegg 228 5 1061 ls402 228 7 1116 1a752 228 9 14186 2+125
Lugu Uy ¢4y 3 190840 13+48 228 7 12080 le%p} 228 10 le114 1+75¢ 228 13 14186 Re]l24
ooy 4oy 2eu 4  |7b0en 17099 24y 1) 1093 le4g)y 228 13 o113 1:750  22¢ b 1186 2¢125
ooy 9uy 2oy 6 jJoo.T 2 47 240 14 14093 1e402 228 17 10116 14753 228 ¢ 1+186 2+125
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TEXAS walbr DEvELUPMEN]

PEAK Facliur =

lefn

gUany

LrUATH HATE 2 o3

FLU LENGIA STallu ReaD SLUPE 8 v

LOCKWOOD y ANDREWS ¢ AND NEWNAM, INCs PROGRAM
COST UF UELivering walen oY PirFeLINe = MUST ECONOMICAL DIAMETER

INTEREST RaTr =
STATIC HEAD SLOPE =

0040
4

STATIC HEau SLOPE =

AMORTIZATION PERIOD = #4QYRS

8

PRESENT WOHTH FACTOR =

STATIC HEAD SLOPE =

8492
12

ML MILES DlashUePS Lolel$/ML welaCT/To DLACNOIPS CoCoRATIVO WaCoHATIO DIAGNOSPS CuCoRATIO WeCaRATIU DJA«NOSPS CoCeRATIO WoCeRATIV
2 v 16 1 b4ey 10423 16 1 14009 14024 16 1 14021 1,051 16 1 14053 1098
e 2y 16 1 ole4 19445 16 1 14036 14049 16 2 1+065 lel06 16 2 10098 14186
2 4 2) i 6243 3848 16 2 1s018 11051 16 3 1+03} 1,087 16 3 1+078 1+150
e oy 10 3 Blek ELTPY 16 S 11024 L1s04] 16 4 19056 1088 16 5 14093 lelad
e lov e 2 beae Y6e43 16 6 1e0l° 15052 16 8 10037 14096 16 9 14077 14155
2 <oy <1 4 ozel 172485 16 13 1+011 14050 16 1b 14037 14094 16 17 1.078 14155
2 duu el [ 6eeg 209,28 16 20 12011 1:050 16 23 14035 1+093 16 26 12077 11155
2 40y 21 8 82s2 ELETYSY 16 26 _Legll 14050 16 3] 1035 10093 16 35 12077 1elSé
2 Suw al I LYy 4092414 16 33 1.010 11049 16 238 1e036 1,094 16 44 14076 1el54
E v 2l 1 CEPL Se48 21 1 1+006 14025 24 1 14030 14059 24 1 12063 1el18
E] 2y 24 1 oced 1046 24 1 1.034 14060 24 2 le043 l.108 24 2 10077 1el71
EY 4y 24 2 ocded 20.92 24 3 1,017 1049 24 3 14046 1102 24 [ 1077 1.171
S by 2% 3 B2e3 d1438 24 4 1.022 1052 24 5 1042 1,103 24 [3 1.098 lel70
5 luy 24 b tleo 52409 24 7 1.026 14055 24 9 1e045 l.106 2e 11 1.081 1e175
S deu 24 e Hieb lu4el9 ~ 724 T 157 1,023 7 140537 24 18 Le045 1,106 21 2l 14072 l1el74
5 3du es 47 BleB 196419 24 23 _ _1.023_ 14054 2¢ 28 Le04 1+106 21 32 1.071 14173
S 4y 2+ 23 Bla0 2udel3 264 30 1.024 14054 24 23 14071 1.117 21 2 1.073 1175
B vy ¢ 29 alel 269447 24 38 14024 __ le0S54 24 29 12070 le116 24 4 14103 1175
1o v 3y 1 1lcee 3465 v 1 04990 10026 30 1 0e992 1e064 30 1 1.021 1+130
1v 2v v 1 1u7a0 30 2 14021 __1.055 39 2 1,023 14094 30 2 32053 11161
1¢ 4y 30 3 1uneb 30 3 1.013 1.048 30 4 le024 14096 30 4 1.05% i.l63
10 ou K “ 10Bes 30 S 1e015 _ _ 1e049 30 (] 1e028 1.099 30 7 1058 1167
) STRS V TTR 17 4 1uBed 30 9 14016 14051 30 10 1029 1.100 30 12 14059 1.168
10 2w Ju 14 1ubed 30 17 1015 _ 1.+050 39 2L 1.028 14099 30 24 1,059 1vl68
10 Juu 3u 21 1uBed 30 26 1e015 14050 ED] 31 l1e024 10100 k1] 46 1059 lil68
1v 4uv v 28 bUBed  141e34 3y 35 14015 __ 14049 3 42 lep28 1099 k] 49 14059 1el68
lu sve 36 3s luses 17648 30T e 1.015 14049 30 53 le028 1099 30 8l 1.089 1sl68
2v gy i 1562 2463 391 Qo982 14031, 39 1 0e978 1.077 39 1 Le006 14156
2v 2u 89 i 15ue% 5403 39 1 1040 1.078 39 2 Le029 lel2y 39 2 14059 1.2]2
2u 4y 39 2 19ues AQe 05 39 3 . le0l> lenbs 39 3 leg2? 1.127 9 L 1.059 le212
2y 6y 3y 3 15u.e 39 o le01> 1.063 39 5 l.027 1.128 39 5 1,085 1.208
2u luy 3y 3 Louses 39 6 1e0l% 1063 39 7 1,026 _ 14127 39 a 14056 1:2]10
2u 2w ¥ Uy 1ousé 912 1e01% 10063 3y 14 ls020 1.127 3% 17 1.05% 19209
20 duu 3% s Lous4 39 18 10014 14063 39 21 14076 l.127 3y 25 14055 1208
2v 40v 39 19 19usd 39 24 1014 14063 39 28 le027 le127 39 33 14055 1e208
20 B0y 4y 24 15ued 125465 39 30 [l014 14063 39 35 1e026 1.127 39 4] 14055 le208
4y 10 40 ! 5B 2+23 48 1 0e98]1 11036 48 1 0e975 14090 48 1 04994 1169
4u v =y L 23lev “s25 50 _ 1 _1a0l6_ _ 14074 __ 48 2 Vs991 lal44 1] 2 L.011 1.228
4y 4y bl é FETeY] e49 4t 3 0.974 1.067 4B 3 V4982 14136 oY 3 14008 1.225
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COST ESTIMATING PROCEDURE
(FOR PUMP STATION OPERATION AND MAINTENANCE COSTS)
Supplied by U.S. Bureau of Reclamation

General

The study of 174 pumping plants ranging in size from 5 to 15,000 horsepower
indicates that annual operation and maintenance costs can best be estimated

by considering operation costs and maintenance costs separately. The pro-
cedures presented in this report are for estimating direct O&M costs for the
pumps, motors, accessory electric equipment, miscellaneous equipment, and the
plant structure for plants up through 15,000 horsepower. Wherever reference

is made to horsepower, total plant horsepower is meant and not the horsepower
of individual pumps. Estimates for plants larger than 15,000 horsepower should
be made by using Figure 3 in Part 153 of Reclamation Instructions as a guide
[Fig. 6 of this Appendix]. This table is based on powerplant operating expe-
rience. Costs for the intake channel, and discharge line, and administrative
and general expense are not covered by these procedures and should be estimated
separately, as appropriate, under existing instructions, Also, costs of

replacement of major items are to be estimated separately in accordance with
existing instructions.,

Operation Costs

QOperation Costs Defined

Direct operation costs included in these procedures are those costs incurred

at the pumping plant for such items as: Starting and stopping pumping units,
opening and closing valves, observing and recording motor and pump performances;
noting water levels and general operating conditions, routine cleaning, lubri-
cating machinery, servicing plant service facilities, and checking control
equipment. They also include transportation, supplies, a nominal amount of
trashrack cleaning, and direct supervision expenses associated with the perfor-
mance of these functions. 1In those cases where trashrack cleaning is expected
to be a major expense, the cleaning should be estimated separately and added

to the cost. The cost of electric power for operation of pump motors and
auxiliaries should be estimated separately because power rates vary so much
from project to project. Operation costs for intake channel, discharge line,
substation, powerline, housing, and for administrative and general expense

are not covered by these procedures and should be estimated separately, as
appropriate, under existing instructions.
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Classification of Plants

The primary factor in the cost of operation of pumping plants, exclusive of
energy costs, is the degree of attendance. For this reason it is necessary
that the cost estimating procedures include the classification of plants

according to attendance requirements. Three classifications have been estab-
lished as follows:

a. Unattended plants.--This includes plants automatically controlled,
relift plants in laterals or distribution systems operated by ditchriders,
plants remotely controlled, and other plants which receive only periodic
attendance of short duration. Attendance of plants in this group is less
than 2.5 man-hours per day during the operating season. For the plants
analyzed, the average attendance was about 0.5 man-hour per day.

b. Semiattended plants.--This includes plants of relatively high system
importance to which a pumping plant operator is assigned but continuous
attendance is not required., It also includes plants which are part of

a group of plants being operated by a single operator. The attendance is
from 2.5 up to 16 man-hours per day during the operating season. For the
plants analyzed, the average attendance was about 7 man~hours per day.

c. Attended plants.=-This includes those plants of high system importance
which require extended or continuous attendance because of frequent changes
in discharge or for other reasons. The attendance is 16 or more man-hours

during the operating season. For the plants analyzed, the average attend-
ance was 21 man-hours per day.

By methods of multiple correlation, the influence of the following factors on
operation costs was investigated for each of the classifications:

1. Plant size as represented by (a) horsepower; (b) size index; or (c)
plant discharge and total design head.

2. Length of operating season.
3. Number of plants being operated.
4, Seasonal plant factor.

It has been found that the factors which have the most influence on operation
costs, secondary to the effect of attendance, are plant size, as represented
by plant discharge and total design head, and length of the operating season.
Inclusion of the seasonal plant factor and the number of plants being operated
does not appear to significantly improve the correlations.

Nomographs, Figures 1, 2, and 3, for estimating operation costs for the three
plant classifications are included at the end of this chapter. These nomo-
graphs relate the annual operatien cost to total plant discharge, total design
head, length of operating season, hourly wage rates for the plant operator,
and price level. When a plant pumps to more than one elevation, the average
of the heads weighted by the unit discharge at each of the design heads should
be used, Note that design head rather than static head should be used in
making estimates.

- 128 -



Maintenance Costs

Maintenance Costs Defined

Direct maintenance costs included in these procedures are those costs incurred
in preventive and corrective maintenance of the pumping plant equipment and
structures. They include such items as: Periodic inspection and test of
equipment, the dismantling of pumps for inspection, the repair or replacement
of parts, the cleaning and repair of motors, and the repair of auxiliary and
control equipment. They also include service contracts covering both labor
and materials, equipment rental, transportation, materials and supplies, and
direct supervision expense. Replacement of the major items such as pump
impellers, stator windings, rotor windings, thrust bearings, station service
trans formers, and motor control cubicles are either included as a part of
maintenance or are estimated separately as provision for replacement, depend-
ing on the size of plant. This is done in accordance with existing replace-
ment procedures. Maintenance costs for intake channel, discharge line, sub-
station, powerline, housing, and for administrative and general expense are
not covered by these procedures and should be estimated separately, as appro-
priate, under existing instructions.

Classification of Plants

In the development and use of procedures for estimating maintenance costs,
pumping plants are classified according to the following size groups:

a. Pumping plants 5 to 149 horsepower.
b. Pumping plants 150 to 6,999 horsepower.
c. Pumping plants 7,000 to 15,000 horsepower.

For maintenance costs, multiple correlation methods also were used to investi-
gate the importance of the following factors:

1. Plant size as represented by (a) horsepower, (b) size index, or (c)
plant discharge and total design head.

2. Equivalent hours of operation.

3. Plant age,

4, Type of pump (for plants 150 hp and larger).

5. Condition of water pumped (for plants 150 hp and larger).
Maintenance costs for the size group 5 to 149 horsepower have been found to be
affected by plant size to the extent that the other factors do not appear to
significantly improve correlations for estimating purposes. For the size
groups 150 to 6,999 horsepower, and 7,000 to 15,000 horsepower, the optimum

correlations include the effect of equivalent hours of operation (in terms of
annual water pumped) in addition to plant size. 1In developing correlations,
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plant age was included. However, for estimating purposes, an age of 17 years,
which represented average maintenance cost, was selected and substituted in
the equation, thereby eliminating the age factor.

Nomographs, Figures 4 and 5, for estimating maintenance costs for the three
size classifications are included at the end of this chapter. 1In Figure 4,
for pumping plants 5 to 149 horsepower, maintenance cost is related to total
plant discharge, total design head, mechanic's hourly wage rate, and price
level. 1In Figure 5, for pumping plants 150 to 15,000 horsepower, maintenance
cost is related to these same factors and also the annual water pumped. When
a plant pumps to more than one elevation, the average of the heads weighted
by the unit discharge at each of the design heads should be used.

Hydraulic-Driven Pumping Plants

In the absence of better information, the nomographs for the electric-driven
pumping plants may also be used for estimating O&M costs for hydraulic-driven
pumping plants.

Reconnaissance and Feasibility Estimates

With the increasing use of pumping plants in plans for potential projects,
there has been an increased need for improved O&M estimating procedures and
guidelines for this type of project function and feature. Previous guidelines
for reconnaissance estimates wherein costs were related only to plant size
have been found to be too general to provide sufficiently representative esti-
mates for many pumping situations. In feasibility-~type estimates, where it
has been necessary in the past to itemize personnel, equipment, and material
requirements, there has been need for more criteria with which to estimate
number of man-hours, equipment hours, and material quantities for the various
pumping plant O&M conditions.

The nomographs developed in this report may be used for either recon-
naissance or feasibility-type estimates and provide improved estimating pro-
cedures for both types of estimates. For reconnaissance estimates, the results,
without adjustment, can be added to other O&M costs estimated separately for
other functions or features to obtain the total project O&M cost. However,
when used for feasibility estimates, which require the itemization of O&M
personnel, the labor part of the pumping plant O&M estimate must be reduced
by the amount of wages of the itemized personnel assigned to operation and
maintenance of the pumping plant. The horsepower designations give the limits
of the supporting data.

Example

Plant Description and Conditions

1. An electric-driven pumping plant (1,500 installed horsepower) pumps from a
canal into a lateral. Operation requires the attention of one pump operator
who also attends two other pumping plants during an 8-hour day.
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2. Q Total plant discharge is 100 cubic feet per second.
3. h Total design head is 100 feet.

4. G Annual water pumped is 20,000 acre-feet.

5. T Length of the operating season is 20 weeks.

6. Wo Pump operator's hourly wage rate is $2.

7. Wm Pump mechanic's hourly wage rate is $3.

8. I Ratio of current price level to 1962 price level is 1.00.

Operation Costs

The classification of the plant is based on the degree of attendance. Assuming
the pump operator were to divide his time equally between the three plants, the
average daily attendance at each plant for the operating season would be 2.7
man-hours. Therefore, the plant would be classed as a semiattended plant
because the attendance falls between 2.5 and 16 man-hours. Considering this,
the cost of operation is estimated by use of Figure 2.

Referring to Figure 2, connect Q (total plant discharge) of 100 cubic feet per
second to h (total design head) of 100 feet and locate point of intersection
on Turn 1. Next, connect point on Turn 1 with T (length of operating season)
of 20 weeks and locate point of intersection on Turn 2. From point on Turn 2,
connect to Wo (operator's hourly wage rate) of $2 and read C; (labor cost)

as $2,400. From same point on Turn 2, connect to I (price level ratio) of
1.00 and read Cy (other costs) as $410. The total operation cost is $2,400
plus $410 or $2,810.

Maintenance Costs

Maintenance costs for a 1,500-horsepower pumping plant would be estimated from
Figure 5.

Referring to Figure 5, connect Q (total plant discharge) of 100 cubic feet per
second to h (total design head) of 100 feet and locate point of intersection on
Turn 1. Next, connect point on Turn 1 with G (annual water pumped) of 20,000
acre-feet and locate point of intersection on Turn 2. From point on Turn 2,
connect to Wm (mechanic's hourly wage rate) of $3 and read C; (labor cost) for
plants 150 to 6,999 horsepower as $2,220. From same point on Turn 2, connect
to I (price level ratio) of 1.00 and read C2 (other cost) for plants 150 to
6,999 horsepower as $1,550. The total maintenance cost is $2,220 plus $1,550
or $3,770.

- 131 -~



Total 0&M Costs

The total estimated annual O&M cost would be as follows:
Operation cost §2,810
Maintenance cost 3,770
Annual O&M cost $6,580
Administrative and general expense, and the 0&M cost of intake channels, dis-

charge lines, housing, power service facilities, and unusual trashrack cleaning

would be estimated separately, as appropriate, in accordance with existing
instructions not in¢luded in this report,
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APPENDIX A, FIG. 6

Reclamation Instructions

Part 153 Irrigation Operation, Maintenance

Series 150 Estimating

and Replacement Cost Estimates

CHAPTER 1 THE PREPARATION OF IRRIGATION OPERATION, MAINTENANCE

Figure 3

AND REPLACEMENT COST ESTIMATES FOR PROJECT PL.ANNING REPORTS
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