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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Fortran source program and voluminous computer outputs, remains unpublished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

\Joe G. Moore, 3r/C/
Executive DirecHjr
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Cost 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 2570 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 (470 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.

Output

Output in 4 forms is obtained as follows:

Output A: 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.)

Output B: Print-out of costs for selected combinations of delivery
rates, lengths and other factors [Appendix B, Part ll].
This print-out shows cost, data and maximum head per pump
station for the range of diameter investigated for each
combination. (All data for 470 and 40 years.)

Output C: 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.

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

Conclusions and Comments

Experience in developing these data and the analysis of the result mdi
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. If 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.

Purposeand 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.
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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 1070 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 "Output 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 Output 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 Output 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 "Output
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 alignment from a uniform profile
gradient (however, both pipeline and pump station costs have been increased by
a factor of 2570 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. If the latter peak
factor is greater than the pipeline peak factor, terminal storage will be
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needed to supply the difference. In 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. In 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 I.
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 2570 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
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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 capacities^? 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-
cumstances the following general formula is appropriate:

-' Taken from data furnished by the U.S. Bureau of Reclamation for pump plants
on the Canadian River Project in West Texas.
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Where: CPST = Pump station cost
CXI 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. In 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 Mm are the maximum and minimum delivery rates:

(1)

The factor E4 represents the additional motor and electrical installa-
tion for the additional pumps discussed above. In this case if Hs =0:

(2)

2/ Actual value of X not required for use in the final formula.
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E3 = Q Max = 1
Q Mm + Q Max 1 + Q Mm

Q Max

HP for Q Mm = X x Q Mm x H Mm = X x Q Mm /"Q Min\2 H Max
VQ Maxy

= /"Q Min\3 Max HP
VQ Maxy

E4 = Ratio Req'd HP 1
1 + fQ MmV3

VQ Max^y
Total HP

(X = Horsepower conversion factor"/)

(QAV = Average delivery rate in MGD)Assuming Q Mm = rQAV

Q Max = PKF x QAV (PKF "- Peak factor)

Q Mm = r
Q Max PKF

E4 = 1
1 + (".IN3



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

For PKF < 1.5, E3 and E4 are both assumed equal to 1.00

Values of E3 and E4 for HS> 0 are estimated and given in Table 11-B.

More specifically the pump station cost formula becomes:

(3)

Where QAV = Average delivery required
PKF = Peak factor
CXI, 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 CX 1 and CX 2. Values of the latter are shown by the
heavy lines, which have the following general formulas:

(4)

Values of a, b, c and d, as obtained from Fig. 3 are shown in Table 11-A.

Note that CX 1 and CX 2 are shown as having constant values for Q Max >
350 MGD. Up 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 CX 1 and CX 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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E3 E4
PKF = 1.75, r - 0.75, r/PKF = .43 .70 .92

PKF = 2.0, r - 0.70, r/RKF = .35----- .74 .96

CPST = QAV x fPKF x CXI + CK2 x H Max'N
V E3 El x E4 J

CX 1 = a(Q Max)b

CX 2 = c(Q Max)d



El - Efficiency of pumps at maximum head and capacity.

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

E3 - 1 Factors (not actually efficiencies) previously discussed in
, J 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
11-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 11-B.

Interest Rate and Amortization Period

As agreed with the Texas Water Development Board, the charts and the
outputs A, B and C were based upon an assumed interest rate of 470 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) + C2x 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)

C 2= 1.00 t/KWH
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For installations over 500 KW

Cl = $19.00/KW/Yr

C 2= 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 C 2are 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.
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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 111-A, 111-B and 111-C. Table
111-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.
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Table 111-B shows the application of the three methods to the case where
the use of the facility has a growth rate of 10%. In 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 111-A. For the case shown
by Table 111-B;, the unit cost obtained on a present worth basis is about 1070
higher than that obtained on a capitalized basis.

The analysis shown in Table 111-C covers the same condition as illustrated
in Table 111-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 111-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 111-B and 111-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:

n . rTT . Total Investment Cost + Present Worth of Pumping Costs
LiOsl oi water = — ;—* "Present Worth of Water Delivered

or in mathematical terms:

(6)

Where WC = Water cost in $/MG

CPL = Pipeline Investment Cost

13
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CPST = Pump Station Investment Cost

N = No. of Years for Amortization

Cl = Power Cost in $/KW/Yr

KW = Maximum Kilowatts in a year

C 2= 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.^/

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

dl 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 Output

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 flexibilityand 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.
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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. In 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.
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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:

(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:

(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
suits 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:

(9)

(Note that AWC can be either positive or negative.)
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TABLE I
ASSUMED PIPE COSTS PER MILE

(In place, including 25% for engineering and contingencies)
Thousands of Dollars

31

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 oo. /
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 2 73.4 298.7 323.9 349.2
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 511A 646.7 716.0 785.3
26. 96 559.1 639.8 720.4 801.1 881.8
27. 102 610.2 702.2 794.2 886.2 978.2
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. 1142. 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. 2329.
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. 2 786. 3184. 3583.
49. 2 76 2090. 2512. 2933. 3354. 3776.
50. 288 2192. 2636. 3081. 3525. 3969.



TABLE 11-A

VALUES OF PUMP STATION COST FACTORS

CXI = a Qmax
d

CK2 = c Qmax

Range of Qmax

TABLE 11-B

VALUES OF EFFICIENCY FACTORS
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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

Static head slope=0 Static head s lope=4 Static head slope=8 Static head s lope= 12
PKF

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 1.00 1.00 .80 1.00 1.00 .83 1.00 1.00 .83 1 .00 1.00

1.50 .59 1.00 1.00 .76 1.00 1.00 .81 1.00 1.00 .82 1.00 1 .00

1.75 .55 .70 .92 .75 .85 .96 .80 1.00 1.00 .81 1 .00 1 .00

2 .00 .44 .74 .96 .72 .87 .98 .79 1.00 1 .00 .81 1.00 1 .00



TABLE 111-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 x4O

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

(3) PRESENT WORTH BASIS:

Initial Investment = $10,000,000
P.W. of Operating C05t=19.793 x 300,000 = 5,940,000

Total Present Worth Cost = $15,940,000
P.W. of Water Used=l9.793 x 16,000 316,000 MG

=> Cost per MG - $50.50

33

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
=O> 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



TABLE 111-B

EFFECT OF ALTERNATE METHODS OF STATING WATER COSTS

Gradually Increasing Use for 10 Yrs

(2) CAPITALIZED BASIS:

Interest and Principal in 40 yrs = 40 x 505,200 = $20,208,000
Operation Cost Ist 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 Ist 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 = 54.405/MG

(3) PRESENT WORTH BASIS;

Initial Investment = $10,000,000
P.W. of Operating Cost Ist 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 Ist 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 = 58.205/MG

"Assuming proportional to Q, and "§■ proportional to Q .
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1): Annual Cost Basis Present Worth
Year Q/QlO (Q/Qio) 2 Prin. Total Water Op.

& Int. Operat.* Cost Used $/MG Factor Cost Wa ter

1
2

.05

.15
.0025
.0225

.05

.17
505,200

do
7,500

25,500
512,700
530,700

800
2,400

641.
221.

.9615

.9246
7,200

23,600
770

2,220
3 .25 .0625 .31 do 46,500

70,500
97,500

127,500
160,500
196,500
235,500
277,500

551,700 4,000
5,600
7,200
8,800

10,400
12,000
13,600
15,200

138. .8890 41,400
60,200

3,560
4 .35 .1225 .47 do 575,700 103. .8548 4,780
5 .45 .2025 .65 do 602,700 83.7 .8219 80,100 5,910
6 .55 .3025 .85 do 632,700

665,700
72.0 .7903 100,800 6,950

7,900
8,770

7 .65 .4225 1.07 do 64.0 .7599 121,800
143,5008 .75 .5625 1.31 do 701,700

740,700
58.5 .7307

9 .85 .7225 1.57 do 54.5 .7026 165,200
187,400

9,560
10

I
.95 .9025 1.85 do 782,700 51.5 .6756 10,270

1.00 1.00 2.00 do
1,245,000

300,000 805,200
80,000

50.50
931,200 60,690

11 16,000

(2) CAPITALIZED BASIS:

Interest and Principal in 40 yrs = 40 x 505,200 =
Operation Cost 1st 10 yrs =

$20,208,000
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 1st 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 = 54.40$/MG

(3) PRESENT WORTH BASIS;

Initial. Investment = $10,000,000
P.W. of Operating Cost 1st 10 yrs =
P.W. of Operating Cost last 30 yrs

931,200

= 300,000 x .6756 x 17.292 3,500,000
Total Present Worth Cost

P.W. of Water Used 1st 10 yrs
$14,431,200
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



TABLE 111-C

EFFECT OF ALTERNATE METHODS OF STATING WATER COSTS

Same as 111-B. Paying Interest Only for 5 Yrs

(1) ANNUAL COST BASIS:

(2) CAPITALIZED BASIS:

Interest Ist 5 yrs = 5 x 400,000 = $ 2,000,000
Interest and Principal 35 yrs =35 x 535,800 = 18,750,000
Operating Cost Ist 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 = 55.305/MG

(3) PRESENT WORTH BASIS:

P.W. of Interest Ist 5 yrs = 400,000 x 4.452 = $ 1,784,000
P.W. of Interest and Principal 35 yrs

= 535,800 x 18.665 x 0.8219 = 8,220,000
P.W. of Operating Cost Ist 10 yrs = 931,200
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

Present Worth of Water = 247,690 MG

=> Cost = 58.205/MG
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(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

127,500
497,500 69.1

6 535,800 663,300 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

I 1,245,000
11 535,800 300,000 835,800 52.20

(2) CAPITALIZED BASIS:

Interest 1st 5 yrs = 5 x 400,000 $ 2,000,000
Interest and Principal 35 yrs = 35 x 535,800 18,750,000
Operating Cost 1st 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 = 55.30$/MG

(3) PRESENT WORTH BASIS:

P.W. of Interest 1st 5 yrs = 400,000 x 4.452
P.W. of Interest and Principal 35 yrs

= 535,800 x 18.665 x 0.8219

$ 1,784,000

8,220,000
P.W. of Operating Cost 1st 10 yrs 931,200
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

Present Worth of Water = 247,690 MG

=> Cost = 58.20$/MG



TABLE IV

PRESENT WORTH FORMULAS
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Present Worth of Water Delivered:'resent Worth o

F rfclt x dt r tn At ~\P.W.W.D. = 365 x Qavg Rate) x + t^
Present Worth of Pumping Cost:

P.W.P.C. = 0.1309 x K x(Qavg ) 3 x A x (Growth Rate) 3 x C l t3x dtL_ Jo (l+i)t
+ rn dt n

to a+Tp__

+0.1309 x Hst x Qavg x B (Growth Rate) x f^-Lldt r t —.

+ \ n dt

In the above equations:

C* 1
t x dt = -t x In (1+i) -1 fc ~ fcl

J° (l+i) c pLnU+i)] 2 x (l+i)t t m 0

1.0 ti x In(1+1) + 1.0
Qln(l+i)[]2 " Qn(l+iJ]2 xd+i) 1!

Ctn dt = - l.o t = tn
(1+O t

ln(1+i ) x ( i+i) t
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El= Efficiency for Max KW

E2= Efficiency for KW-Hr



TABLE V

SUMMARY OF COMPUTER PROGRAM

COST OF TRANSPORTING WATER BY PIPELINE

1. 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.

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

3. Select first specified flow and length.

4. 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.

5. 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

6. If called for, print, for all other specified diameters, the following
output; "B":

a. Diameter
b. Most economical number of pump stations
c. Maximum head per pump station
d. Pipeline cost per mile
c. Pump station cost per mile
f. Project cost per mile
g. Present worth of pumping cost per mile
h. Water cost per 1000 gal

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

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

9. Repeat steps 4, 5, 6 and 7 for other specified static head slopes.

10. Repeat steps 2 to 9 for other peak factors and growth rates.

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

*0n 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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1. 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.

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

3. Select first specified flow and length.

4. 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.

5. 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

6. If called for, print, for all other specified diameters, the following
output "B":

a . Diameter
b. Most economical number of pump stations
c. Maximum head per pump station
d. Pipeline cost per mile
e. Pump station cost per mile
f. Project cost per mile
g. Present worth of pumping cost per mile
h. Water cost per 1000 gal

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

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

9. Repeat steps 4, 5, 6 and 7 for other specified static head slopes.

10. Repeat steps 2 to 9 for other peak factors and growth rates.

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



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

NPCS = Number of
NL = Number of
NQR = Number of

Diameters.
Pressure Classes
Lengths.
Discharge ranges to compute Pump Station

Cost.
PIPEC = Pipe Cost in $1000 per mile.
QR, CKA, CKB, CRC, CKD = Discharge and constants to

20 050
30 003

compute Pump Station Cost.

40 001 RI = Interest Rate.
TN = Amortization Period in years.
Cll = 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
PIPEL = Pipe Lengths in miles.50 001

51 001 PRCLS = Pressure Classes in psi.
D = Diameters in inches.52 004

53 004 DMINP = Minimum pressure class of each diameter in psi.
NPKF = Number of Peak Factors.60 001
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.

PKF = Peak Factors.
GR = Growth Rates.

80 001
81 001
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"
NPKF, NGRR, NSHD, NQ, A, 3, C, IDX (See Card Index 60)
E (See Card Index 70)

960 01
970 02

PKF (See Card Index 80)
GR (See Card Index 81)
STHDS (See Card Index 82)

980 01
981 01
982 01

Q, MIND, MAXD, MLNL, MAXL (See Card Index 90)990 04

TOTAL NUMBER OF INPUT CARDS — (OUTPUTS A & B)96

94 (002 First Card) Same data as shown on Card 40001 with additional
(010 Last Card) values of RI and TN for use in Output AA.
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Card Last
Index Card No. Description of DataDescription 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
30

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

compute Pump Station Cost.

40 001 Rl = Interest Rate.
TN = Amortization Period in years.
Cll = Cost of Power in $ per max. Kw.
C22 = Cost of Power in f. per Kw-hr.
FRN = Friction factor (Manning's "n").
El = Efficiency.

50
IRTX = Indicator for changing the above values.

001 PIPEL = Pipe Lengths in miles.
51 001 PRCLS = Pressure Classes in psi.
52 004 D = Diameters in inches.
53
60

004 DMINP = Minimum pressure class of each diameter in psi.
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
90

001 STHDS = Static Head Slopes in feet per mile.
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
970
980
981

01 NPKF, NGRR, NSHD, NQ, A, 3, C, IDX (See Card Index 60)
02 E (See Card Index 70)
01 PKF (See Card Index 80)
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) values of RI and TN for use in Output AA.











































Addendum
Illustrative Examples in Use of Report





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 - 225 MGD

1969 water requirement
(limit of existing supplies) 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. Assume pipeline to be designed for 1985 requirement.
(Second pipeline to be added after 1985)

Then growth rate = 4- = 6.25%16
2. Assume pipeline to be operated at same peak factor as that of the load,

or 2.0.

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

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

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

c. 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.

4. 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

For construction cost, correction factor = 1.03
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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:

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. For 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

82



From Chart 15--peak factor 1.75

Water cost (static head =0) = B.B^/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 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:

For a growth rate of 57, the water cost is 11.35^/1000 gal.

II.Interpolation for Interest and Amortization Periods Other THan 4% and 40 Years
40 YEARS

Example

To find correction factor for 57. interest rate, 57> 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
07> for 30 years and lc and Id for 40 years. This is interpolated on straight
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Water Cost WaterWater Cost Correction Factor CostGrowth Rate (Static Head = 0) (5 ft/mi) (5 ft/mi)

0% 6.9^/1000 gal 1.195 8.25£
10% 8.5^/1000 gal 1.16 9.8 t

67o 9.5(^/1000 gal 1.14 10.8 £
3% 13.1^/1000 gal 1.10 14.4 2



line basis from 0-12. Five ft/mile would be 5/12 or 0.42 of space from 0 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 = 0.71. 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 1070 in pipe costs

2. Adjust costs for an increase of 2070 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.

84



* Rederived.

3. From page 28 of Appendix Bit 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. In the Manning Formula, friction-slope varies as V ,
and hence as Q^ for the same diameter. Hence, for 75 MGD and 70 miles,

and HS = 70 x 5 = 350 feet.

Hence, H Max = 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 -^r-— = 287 feet.

Then pipe cost/mile = $373,400 approximately

4 x 910and pump station cost/mile = — = 52.0

6. Now the effect of a 10% increase in pipe cost is to add

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

7. The effect of a 2070 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(537,340 + $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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Hf = C~S J x 436 x "^8" = 80° feet

H Max "Pipe Pump Station *Pump Station
Growth Q

MGD
L HS No. of per Press. Pipe Cost

$1000/Mi Cost
$1000/Mi

Cost
$1000/Station

Page Rate Mi Ft/Mi Pumping Stations Segment Class

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 60 100 0 3 242 150 366.7 32.8 1090

22 0.0 60 100 12 6 321 150 376.9 56.5 940



By formula (7) on page 17 of the report, the increased water cost for an
increased construction cost of $3.34 million is

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),

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

formula (8) the added water cost is

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

PW of water cost = 10.8 x 75 x 13.41 x 3650 = $39.9 million.

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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WC = $3,340,000 = o.cy/1000 gal.
75 x 13.4 x 3650

WC=7sx s
l33!4010

x 03650 = 0-10^/100°Sal

«c - rA°3°Ai iwio - °w"°



and using the relation in formula (8), page 17,

wn = 0.2 x $8,900,000 = 0.5*/1000 gal.
75 x 13.41 x 3650

3. Hence, the water cost with a 20% 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

* 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 2070 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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Approximate Area"Peak Above Maximum Capacity
Required Volume in MGFig. Factor (for timei of onei 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 .01 x 75 x 365 = 240 MG



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

atto/v/ia" -,\ Evap.Loss(MG) x (Water Cost at Source + Water Del.Cost) (^/1000)AWC(,mOOO gal) = 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:

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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Terminal Water Costs 2/1000 gal
Peak Storage Pipeline Project Add for Cost of

Factor Cost Cost Cost From Terminal Water
$'< Million $ Million Million Charts Reservoir Delivery

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 10.8 0 10.8

Peak Water Costs tf/1000 ;a lions 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



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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Terminal
CASE B
Storage $1200/MG

CASE C
Terminal Storage $1800/MGPeak

Factor Project Cost Total Water Cost Project Cost
$ Million

Total Water Cost
$ Million jzf/1000 Gal (zf/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









91



92



93





Appendix A





Contents of Appendix A

Page

PART I, PRINT-OUT OF DATA USED FOR CHARTS (Output A)

Chart No. Peak Factor Growth Rate

1 1.00 0% 101
2 1.00 10% 102
3 1.00 6% 103
4 .1.00 3% .. 104
5 1.25 0% 105
6 1.25 10% 106
7 1.25 6% 107
8 1.25 3% 108
9 1.50 070 109

10 1.50 1070 110
11 1.50 670 11l
12 1.50 370 112
13 1.75 07c 113
14 1.75 10% 114
15 1.75 6% 115
16 1.75 3% 116
17 2.00 0% 117
18 2.00 10% 118
19 2.00 6% 119
20 2.00 3% 120

PART 11, BLOCK DIAGRAM FOR COMPUTER PROGRAM 121

PART 111, COST ESTIMATING PROCEDURE (FOR PUMP STATION OPERATION
AND MAINTENANCE COSTS), Supplied by U.S. Bureau of
Reclamation 125

General 12 7
Operation Costs 127
Maintenance Costs 129
Hydraulic-Driven Pumping Plants 130
Reconnaissance and Feasibility Estimates 130
Example 130

Pumping Plant Operation Cost Nomographs
Fig. 1. Unattended Plants 5-10,000 HP 133
Fig. 2. Semi-attended Plants 450-15,000 HP 134
Fig. 3. Attended Plants 450-15,000 HP 135
Fig. 4. Plants 5-149 HP 136
Fig. 5. Plants 150-15,000 HP 137
Fig. 6. Plants Greater than 15,000 HP 138
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Part I

Printout of Data Used for Charts(Output A)
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2 *oo io 7 bi.* lbi.38 16 t 2 L«0«* I'O'B 16 j6 l, lo l lfl 96 16 21 j.iSo 1.2932 6 0o 16 9 si.3 io9. 0 8 i& 15 i.o5l jio" 16 20 I«lo3" Ll'7 16 26 j »l52 1,29*3 lu 1 »*'£ 2«35 21 i i.02» i, 0ff5 21 1 1.Q57 l.l^l 21 i i, 0«5 1,256
b 2o 21 1 bb<b *«39 21 1 1.0*5 no* 2i i j, 102 1.218 2* i j,26* 1,3 39s *o 2<» 1 '*"' u'7l 21 2 0.942 1.112 21 2 0.99* 1.227 21 3 1.021 li339b *>m a 2 03. 9 13.06 21 3 1.038 i,U2 21 * j.offl 1#226 21 * i §13i 1,3379 l°u 24 B «." *1«62 J21 5 0t?4» 1,120 21 7 0.979 1.23* 21 6 1.035 1,3*65 20o 24 * If,;.* »3i23 24 7 1,673 "TTfi* 2i~ TV 1.079 1.236 21 13 i.o31 1,3*63 3uo 2* 6 '2-4 04.85 2* 11 1.039 l,n7 2* 16 I.o7« 1.23* 21 19 l.o32 1,3*6s *ou 24 B /*,* H6.47 2* 15 1.6*0 ltliS 2* 21 1.081 1.235 21 25 ltO32 1.3463 boo 24 10 72.4 luB.08 24 IS l,04u ltl.IT 21 13 1.127 1,248 21 16 1.159 1.33010 1" Jw 1 100.7 1.65 30 1 1.017 1.104 30 1 1.035 1,209 30 1 1.052 1.3131" ** J" t. ... .<*$"'...... 3_..1.L_ _30 J LtOl.8 LtUi 27 _1 _0_t?84 _ k.l49_ JO 1 1.098 1.24510 *" «' t ''I'* °«03 30 1 1.123 1.100 27 2 1.043 I.l86" — 3))- "—g-— l# j65 JJ28510 bu 30 2 93./ 9.15 27 2 0.992 l<0?4 27 3 0.996 Ll73 30 3 1.113 1.27110 iou Jo J V3.H 15.19 27 * 0.969 1.077 3o 4 I.086 1.175 30 5 Hl6 1.276lu 20J Ju J yVt^ i.9.97 27 8 0.932 1.091 3o 8 1.044 1.1*1 27 13 0.985 l,290

lo 3ou it b VO.J 4*.80 27 12 1,024 1.095 27 16 1.052 1.194 30 16 I.l75 1,294
lo 4oo tl i\ a*,i bV.51 27 16 _1.028 U0?9 27 21 1.057 i.j99 27 26 1.087 1.30010 bu ,j tl i4 e^.a 74.32 H 2o lioH* L100 27 26 l. O59 1.201""' 27 33 i. o87 1.3Oo2o lo J* 1 \4*;l 1-16 33 i Q.876 1, 1U 33 X 0.887 1.2J8 39 J l. O35 i. 2 *620 «io Jb 1 uu.b 2.10 39 1 1.092 1.104 39 l l.igS 1.237 39 2 1,163 1,37520 *o JV 1 12/./ 4.07 39 2 1.033 1.140 39 2 1,064 1,278 39 3 1.079 l,*022o &u jo 2 U 1'.'* 6.26 JV 3 1.101 1.111 39 4 1,129 1.241 39 " 5 1.157 U372
20 100 J^ J li».<: 10.21 39 4 1.022 1.130 39 6 l,050 1.265 39 8 I.fl79 l,* o i20 «0u 3* S U7.7 io.34 39" 8 T. 02 6 1.134' 39 12 1.054 1.269' jV 15 i. O79 i;*o220 JOO JV f IZt.b Ju.47 39 12 i, 027 1.135 39 17 l. O55 l.27o 39 23 1.082 l,405
20 4uo jy lo iiUl 4Q.68 39 16 1.026 1.134 39 23 1.052 1.268 39 3b 1.079 ii4o220 90o J* 1 if U'.b 3O.«l 39 2o l«027 1.134 39 29 l. O53 1.269 39 38 I,o8l 1.4fl4*0 lo »3 1 191.1 0.93 48 I 1.113 1.113 48 1 1.124 1,243 48 1 1,136 1,373
♦0 io fb 1 <;oo.o 1.75 48 1 1.011 _i.«.138_ _ 48 I 1.047 1.295 *B 1 1.085 1,454*O 4» si 1 2i*.o 3.49 48 2 0.942 1.145 48 2 0.976 1.303 46 3 0.996 U450*0 bo to £ 196.b s.19 48 3 1.029 1,153 48 4 1.058 1.307 48 5 1.087 1.460♦0 loo 40 j lVO.y a.64 48 b 1.031 1.155 48 6 L062 1.310 48 8 1.089 U4624o <ioo to 6 196.u 17.2H 48 10 1.031 1.155 48 13 1.059 1,308 4tt 16 1.089 1,462
♦0 JOO to t lVb.o i!b.92 48 14 1.030 1.154 48 19 1.060 1.309 48 24 1.089 1^462
*0 400 4« 12 l*o.u J4.b6 4« 19 1.029 1-154 48 26 1.059 1.308 48 33 1.0&94o 3uo 40 IB 19O.o 43.20 48 24 1.029 1.154 48 32 L059 1.308 48 41 1.089 1.4626u lo 51 1 goj.9 0.82 a7 1 1.010 1.146 57 1 1.019 1.291 57 1 1,029 1,"*376 0 2o bl 1 <foo.i 1.57 S7 1 1,010 1,152 60 1 1.10* 1.315 60 1 1.136 li*8360 "*u bu 1 J.08 57 2 0.967 1.176 60 2 1.057 1,3*1 60 3 1.085 1.512bu "^ s' 2 *OJ>0 4.64 60 t 1.099 1.167 60 3 L126 1.335 60 ♦ L155 1.5o360 IV" <! tl-)./ 7.69 60 4 1.029 1.171 60 5 1.059 1.3*4 60 7 1.086 l,Sl3
6u iuu nu » 2^9./ tb.37 too ti 1.029 1.171 60 11 1.056 1.341 60 14 1.086 ii5 136lJ Joo h« 6 it^'l <!3.06 00 11 1.029 1,171 60 16 L057 1.3*2 60 21 L086 l,Si3"00 hu 9 2/y.b ju.73 SO 15 1.028 i.i7i 60 22 1.057 1.342 60 29 1.086 1.5i36o 30« 0,; n ilV.3 ja.39 60 19 1.028 i.i7i 6 0 28 .. L058 1.343 60 36 l. O87 1.514lOu 10 \£ 1 421.4 u.7i 72 1 1.008 1,165 72 1 i. 0 i7 1.331 72 1 1-025" 1.496»°0 1* 1 JV='J 1-36 Id 1 1.009 1.174 72 1 l. 03 l 1.358 72 1 l. O6 3 1.650100 *0 U 1 jat.j 72 2 1.044 1.205 72 2 l. O66 1.394 72 3 1.096 1.590100 b U U a job.o 4.01 U 2 1.02b n»o 72 3 L054 1.382 72 ♦ l. O 8* J.575100 loo Id 2 J83.J 6.63 72 4 1.027 1.192 72 5 l. O63 1.39l 72 7 l.o92 1,585

l"u U b jo^.j 72 a 1.030 L195 72 u l. O 63 1.392 72 14 l. O95 1.589100 J0o U I Jem l9.a2 72 l2 i.o32 1.197 72 17 1.064 1.394 72 22 1.097 1,591l°0 4ou Id 9 jox.o <:b.4o Id 16 1.033 1.198 72 22 L066 1.396 72 29 1,099 1.593100 buy It u JOu .7 J2.98 72 20 1.034 L199 72 28 l. O66 1.396 72 37 1.100 1.59415o lo 9 U 1 bvo.4 0.63 9U 1 1.005 1.184 90 1 1.010 1.367 90 1 1.015 1.551lbu *" yu 1 bbo.3 1.19 vu 1 1.00b 1.195 90 1 1.0H 1.389 90 1 1.048 l,6lll5u *u ** 1 bjo.o 90 1 1.03b 1.225 90 2 1.049 1.433 90 2 1.087 1.661
190 bu Vu 1 b^J.9 3.43 90 2 1.031 1.224 90 3 1.062 1.448 90 4 1.093 1.672190 iou Vu d b^o.b 3.74 90 3 1.030 1.222 90 5 1.056 1.442 90 6 1.091 1.668l5o ioo 9u 3 bdd.o il.41 90 7 1.036 1.229 90 10 1.065 1.451 90 13 1.097 1.67615o Joo 90 1 o<;j o 9 17.16 90 lo 1.031 1.224 90 15 1.062 1.448 90 20 1.093 1.672150 40o 9u h btt.b dd.U3 90 13 1.032 1.225 90 20 1.06b 1.4bl 90 26 1,097 1.676ISO 300 9u M SCJ.4 ib.37 90 16 1.031 1.224 90 25 1.063 1.449 90 33 1.09b 1,674
£Ou lo Io2 1 719.' 0.58 102 1 1.005 1.201 102 1 1.011 1.402 102 1 1.016 1,60220o 2u lo<; 1 boo,-* 1.08 102 1 1.00b 1.214 102 1 1,012 1.428 102 1 1.050 1.6T0200 4o lui 1 oJv.o 2.09 102 1 1.034 1.245 102 2 1.054 1.478 102 2 1.094 1.728200 bu lot 1 bjl.o J.10 102 d 1.034 1.247 102 3 1.068 1.495 102 4 1.103 1.742200 loo io<i d bJ4.3 5.20 102 3 1.027 1.241 102 5 1.062 1.488 102 6 1.098 1.73520U 20o lui J bti.t 10.32 102 6 1.036 1.249 102 10 1.071 1.498 102 13 1.104 1.745200 Joo lo<i 4 0^9.4 ib.49 102 9 i.03b 1.249 m2 14 L070 1.497 102 l9 LIOS li74520o *uo lo^ 0 b^9.^ 102 13 I.fl3b 1.249 J02 1^ 1-070 1.497 102 db 1.104 1.74520u bou Ivt I o^o.i ,d3.77 102 16 i. O 37 i.25o 102 24 l. O 71 1.498 i O 2 33 1.107 1,748300 lu idu 1 9<;/,j u.bo 120 1 1.006 1.230 120 1 L012 1.4&1 12U 1 L0l9 1.691J0o d\i l£v 1 #*t.d 0.94 120 1 1.007 1.248 J20 1 L0l4 1.496 120 1 1.055 1.772300 40 i<iu 1 «u'.J 1.80 12b 1 I.083 1.277 i2 0 2 Lo64 1.556 120 2 L1Q7 1.8*3300 Ou liu 1 79h,u 120 2 1.041 1.289 i2 0 3 1.Q82 1.577 120 4 1.122 1,866300 100 L<ib 1 0JJ.3 4.42 120 3 g.986 1.288 J20 5 i, 0 30 1.583 12U 6 l,068 1,871300 2uj k» d Bjj.3 8.84 120 6 o,986 1.288 i2 U 9 i, 02 9 i.SBi i£0 13 1.0*6 Ii869300 J0u I2o - Jo«>t 1J.24 12o 9 i<0 42 1.291 12O 14 l. O85 1.5B3 120 19 1.127 J.874300 "00 12b 0 Bjj.3 i/,68 120 12 0.986 1.288 i2 0 19 L026, 1.578 120 26 1.066 1.869300 buu leu ' 7o9.o tZ'UH 12o lb 1.041 1.29o l2o 24 1.083 1.581 120 32 1.125 1.871900 lu lbu 1 1290.1 0.42 Ibo 1 1.007 1.275 l5 0 1 1.01& 1.550 I5o 1 1.022 l.»26=00 2o lbu 1 113/.1 0.77 ibo 1 1.008 1.301 i5o 1 1.0l7 1.602 156 1 1.098 1.928900 "»u lbu 1 I(j9u.b 1.47 Ib6 1 1.062 1.322 l5o 2 1.079 1.6B1 l56 2 1,165 2iO22s °o by is u 1 iuoo.4 2.17 ibo 2 1.051 1.354 j5o 3 I.lol 1.7o9 156 3 1.189 2^05650O Iou ibb 1 Uuu.3 j.S7 ibo 3 1.012 1.366 i56 4 l.lo* 1.723 156 6 1.149 2io79Soo 2ou 13« 2 lluuO 1.13 Ibb b 1.053 1.3&2 i56 9 I.lo2 1.722 156 12 1.149 2,079Soo Jou Ibb j noo.3 10.7o Ibb H 1.049 1.359 156 13 1.099 1.719 156 18 1.149 2,079
500 4ou 130 " uou.b 14.26 Ibb n 1 .Obi 1.361 156 17 1.100 1.720 156 24 1,149 2.07960u 3Ou ibo -1 Uoo.b 17.B3 156 13 1.04M 1.359 156 22 l«100 1.719 156 3Q 1.1*9 S.079100O lu Ki" 1 211°.0 0'33 216 1 i.oo9 1.353 216 1 1.018 l.7o7 21& i i, 0 27 2,0601000 2u 2io 1 lose.u 0«5B 21b 1 1.010 1.397 216 1 1.021 1.79* 216 1 1.055 2.211lOOo to 210 1 l/i9.u l-lo 21b i 1.011 1.4g3 216 2 1.100 1.912 216 2 1.136 2,3571000 bu 210 1 tbN.o 1.61 216 2 1-064 1.478 216 2 Mil) 1.939 216 3 H66 2.*101000 I0o 21" 1 Ibj9 1<; 2ib 2 1.0.73 1>492 2 lb 4 l«12b 1.967 216 4 l.l?J 2»_454

1000 20u 2^» 1 |FU.» 3.26 216 5 1.01b 1.483 216 8 l«077 1.969 216 8 1.140 2.456
1000 Jou 21° 2 ib2i.4 7.63 216 7 1.06B 1.492 216 12 1«137 1.985 216 12 l«20* 2.4761000 *oo iit J lb<:D.o 10.46 21b 10 1.069 1.492 216 16 L134 1.980 216 16 1.201 2.4711000 buu 210 <t ibcoo 13.«9 21b 12 I.o6* 1.487 2I6 20 1«132 1.978 216 2o Ll99 2.467
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TEXASfcATtH utvELUHMtNl BUMHU ■ LOCMrfOOD,ANOHEwSiANO NEwNAM.INC.PROGRAMcosr or oelivekinu «ArtK un PiPtLinE - most economical diameter
PEAK FACTOHa ltuu uKUaIm KaTE « 0-10 INTERESTRATE ■ 0.040 AMORTIZATIONPERIOD=■ 4QYRS PRESENTKORTH FACTOR* 15.78

FLOW LEnuIh blAllC hEaU SLuPE = 0 STATICHEAD SLOPE= 4 STATICHEAU SLOPE= 8 STATIC HEAD SLOPE■ 12MQO MILLS 01a.InU.P5 C-C.TS/M1 W.L.CT/TG DIa.NO.PS C-C.RaTIO W.C.RaTIO qIa.NO.PS C.C.H4TIO X.C.RATIO DlA.NO.PS CC.RaTIO W.C.RaTIO
2 10 16 1 54.0 5.25 16 1 1,041 1.069 16 1 1.081 1.135 16 1 1.122 l.2 0 l
2 2u lb 1 blL''i 9-84 I6 1 1.0*2 1.071 16 1 1.0"4 1.141 16 1 1.132 1.21&2 *f lb 1 1^-04 16 1 1.062 1.090 16 2 HoZ 1.18O 16 2 n5o 1.2572 6u 1" 1 bl'b 2b.45 16 2 1(0 4b l . 0 B8 16 2 iM1 2 1.^3 \b 3 1M47 i, 2 62
2 I"" I6 <i *>»"* 47.27 16 3 1.049 li0B7 16 4 Llol I.l76 16 5 1-154 1.2662 2"0 I6 * 51'* 16 6 1.049 1.087 16 8 Llol 1,17b 16 10 1.154 1.2662 3Ou lb 6 bl"* 141-82 16 9 1<049 L087 16 12 1.l0 l Ll76 16 16 LiSo 1.265« *0(L.....16 7 bl.« 1B8.?5 .16_._i.?.....J._9*?... 1-089 16 16 1. 1O 1 1-178 16 21 H50 1.2662 b0u lb 9 &1'J 2Jb-72 16 lb 1.051 I.o9o 16 20 1.10 3 1.179 16 26 1,152 N267\ i U *} } f? 1? ?' 8° 2i 1 "■ I*02" l'°79 21 1 1*057 H57 21 1 1.085 1.235b 2" 21 1 &5.b b'27 21 1 1.045 1.096 21 1 1.1O 2 1.202 21 2 1.129 l,3 12b *O 21 2 6b.b 10.55 21 2_ 1.045 1.096 21 3 l.O79 1.197 21 3 1.132 1.300«>U 21 2 bS>-v li"T6 21 3 1.03b 1.100 21 4 1.079 1.202' 21 4 1.131 1.355.. 5.

_
100_21_ 4 65,u 26.04 21 6 J.0*6_ _ 1.109 21 7 1.091 1.211 21 7 1.1*5 l.3l6b 20" 21 a b5^-U 52.OB 21 11 1.045 " I.I06 24 11 1.202 1.243 21 13 1.148 i.3?6b 300 21 I2 bs-0 7B-12 2* 11 1.158 1.136 21 22 l. 0fl7 1.210 21 19 i.iSO 1.3l65 *0U 21 16 6b.u 1U4.16 24 15 1.158 1.137 24 21 1.204 1.243 21 25 1.150 li3l6* b0u -£i 20 65.0 pO-20 24 18 1.159 1.137 21 13 1.256 1.261 21 16 1.292 1.335lu lu ii 1 *!"' 1*97 27 1 1.019 1,092 27 1 1.038 1.184 27 1 1,057 1.27510 2u 2] -i |Li±.V..._ _|±7.3 M L 1.123 L.lli 2J_._ 1 1.084 1,133 27 1 1.145 |,2431" "u 2? 1 *1«* 7.28 30 1 1.123 1.115 27 2 1.043 1.162 27 2 1.101 l7*751"-" «"J 3u 2 7 11.15 27 2 0.992 1.073 27 3 0.996 1.138 27 3 1.052 1,2*8

1" l"u 30 3 9b.4 ib.bl 27 4 0.969 1.054 27 5 0.999 1.142 27 6 1.030 1.231ID *uu 2? 5 91.4 36.38 27 b 1.012 1.073 27 JO 1.043 1.162 27 13 1,070 1.248lu JOu 2/ 8 90.3 54.03 27 12 1.024 1.084 27 16 1.052 1.171 27 19 1.083 1.261lu 40u 2/ 11 b9.9 Lli7_7_ _ gl_.±6 _JLiO28_ __l-088 27 21 1-057 1.176 27 26 L087 1.2651" 2/ 14 69.8 09.62 27 2o" 1.029 T.089 27 26 1.059 1.178 27 33 1.087 1.26620 i" \ 135-7 ..1».38... 33. 1 0.876 1.Q57 33 1 0.8a7 H49 36 l 0.965 1.2U2" 2u 36 1 Uu.tt 2.50 36 1 1.01« 1.107 39 1 1.125 1.231 36 2 1.084 1,343
2U *u ?* 1 I****-.4.96 36 a 0,964. . 1,U6 36 3 0.992 1,232 39 3 1.079 1.3452" "u 3b 2 119.b 7.45 36 3 1.02B 1,114 36 4 1.055 1.229 36 5 1.083 1.34420 l°u 3b 4 Ul±L ili*0_ 39 _ 4 J_.094_ m JjlLL* 36 7 1.553 1.228 36 9 1.085 1.3452U 20u J6 7 H9.3 24.72 36 H 1.031 1.117 36 14 1.057 1.231 36 17 1.087 1.34820 30U 3b 11 U.y«.*.. ...3-Lai... 36 16 1.028 HIS 36 21 1.057 1.231 36 26 1.086 1.347
20 400 36 14 119.3 49.45 36 21 1.028 LU5 36 28 1.057 1.231 36 35 1.086 U34820 36 lh 119.3 61.82 36 26 1.029 1.116 36 35 1.057 1.231 36 43 1.087 1.348*u 1" *b 1 191.X 1.07 45 1 1.012 1.115 46 1 1.023 1.229 4b 1 1,035 1.344*u 2u 4b 1 IMxl I1Q6 4b 1___ 1j_L19. Ui32 _45 J 1,068 1.272 45 2 1,095 1.403♦0 *u 4b 2 lbu.7 4.11 4b 2 1.119 1.132 45 3 1.057 1.264 45 3 1.089 1.399*u 6u 4b 2 190.b 6.16 48 3 1.029 1.135 45 4 U.974 1.269 45 5 1.002 1.402*O 1OU 4B 3 I9b.o 10.24 45 6 0.944 1.134 45 7 0.976 1.271 45 9 1,004 1.40540 20O 4b 9 179.6 20.48 45 12 1,030 1.134 45 15 1.063 1.270 45 18 1.095 l,4 05*u JOU 4b 13 179.3 30.67 45 18 1.032 1.135 45 23 l. 0 6b 1.271 45 28 1,097 1.40 7*u *»u 4b 17 179.3 4U.89 45 24 1.032 1.135 45 31 1.065 1.271 45 37 1.098 J..4o740 50U 45 21 179.4 bl.15 45 30 1.031 1.135 45 38 1.064 1.271 4b 47 1.097 1.4o6fc0 1« 54 1 264.4 0.97 54 1 1.Q10 1.125 54 1 1.021 1.24" 54 1 1.031 1.3746u 2w 54 1 240.b 1.86 57 1 1.089 1.135 57 1 1.120 1.281 57 1 1,154 1.4306j *" *! 1 262.a 3.66 57 2 1,032 1.151 57 2 1.061 1,298 57 3 1.088 1.445
6lJ fau =>' 2 263.u 5.bo 57 3 1.030 1.149 57 3 1.05* 1.297 57 4 1,086 1,4436u I01- 'j/ J 261.9 9.14 57 4 i.032 H51 57 6 1,060 1,298 57 7 1,091 1.447
6" 20U 57 6 261,9 ib.27 57 9 1.028 1.140 57 12 1.060 1.2«8 57 15 I,o9l 1.4476" 30« bl H 261.3 27.37 57 13 1.031 1.150 57 18 l<,062 1.300 57 23 1.092 1.4496u *Ou b7 a 261.2 36-46 57 18 1.032 1.151 57 25 1.063 1.301 57 31 1.094 1.45160 SOU.. 57 14. .26.1,3 4_Sj..6O S7 ..22 ._U031_.. itlSO . .57 31 1.062 i.300 5V 39 1.Q93 1,450

100 lu 6b 1 376.3 0-85 66 1 1.010 l«140 66 1 l«01 9 1>281 66 1 1-029 1.421
10U 2u bb 1 35U.2 I.61 66 1 1.01* X"1&1 72 1 I»l64 1.314 72 1 1 .200 1-48110U 4u It 1 3b2-3 3.15 66 2 0 «929 1.177 72 2 l>0 66 1.343 72 3 l-0»6 x.S l3100 bu bb 2 342-9 4.76 72 2 1.157 1.168 72 3 1.18b 1.335 72 4 1-222 l.5o3100 100 Tt 2 3«3.3 7.90 72 4 1.027 W66 72 5 1-063 1.340 72 7 i. O92 i-5 08
100 20u 7«r b 302.J 15.76 72 8 1.030 1»169 7 2 n i. O63 1.340 72 14 i-o95 A ,5 l210U 30U U 7 3B1.4 23-60 72 12 1-032 1.l7l 72 17 l- 064 1,342 72 22 1.0^7 i-5i4100 4ou ?2 9 3bl.o 31.44 72 16 1-033 1.172 72 22 1.066 1.344 72 29 1.099 i.5i6100 50U It 11 3bu.7 39-27 72 20 1-034 1-173 72 28 1-066 1.345 72 37 1.100 1.5l7150 10 b4 1 543.7 0.75 b4 1 1.005 H55 84 1 1.011 1.310 84 1 1,016 1,465
150 2U «4 1 50J.6 1.41 84 1 1.006 1.165 84 1 1.025 1.342 84 1 1.056 1,528I5" *" b<t 1 4BJ.9 2.73 b4 2 1.047 1.205 84 2 1.067 1.387 84 2 1.099 1,579
IS" blJ b4 2 490.b 4.15 84 2 1,024 1.184 84 3 1,053 1.371 84 4 1.083 1,561
150 10U »4 2 484.3 6.84 84 4 1.030 1.190 84 5 1.066 1.386 84 7 1.097 1.577150 20U d4 S 4BJ.9 13.66 84 8 1.031 1.191 84 11 1.064 1.385 84 14 1,098 1,578
150 300 B4 / 4B2.3 £0.45 84 12 1.034 1.194 84 17 1.067 1.38b H4 22 1.101 1.58215j 400 «» 9 4tU.9 27.23 B4 16 1.035 1.195 84 22 1.069 1.389 84 29 1.103 1.584
15u 500 04 11 401.3 34.02 S4 19 1.035 1.196 84 28 1.069 1.390 84 36 1.104 1.58520U Iw 9b 1 669.7 0.69 96 1 1.006 1.169 96 1 1.012 1.339 96 1 1.017 1.50820u 2u 9b 1 616.3 1.29 96 1 ls_006 l._182_ 96 1 1.021 1.370 96 1 1.057 1.577
200 40 9b 1 bb9.9 2.48 96 1 1.049 1.223' 96 2 1.067 1.421 96 2 1.105 I.636
200 60 96 1 59o.3 3.72 96 2 J.032 1.209 96 3 1.066 1.421 96 4 L102 I.633
200 100 96 2 5b4.6 6.15 96 4 1-043 1.220 96 5 1-077 1.432 96 7 1.112 I.646
20U 200 96 4 564.6 12.30 96 7 1.038 1.216 96 10 1-077 1.432 96 14 1.112 I.646
200 300 9b 6 b«4.6 Jb«44 9b H 1.037 I»2l5 96 16 1-074 1.430 96 21 1«112 I.646
20U. 400 ...96 « 5B4.6 24.59 96 _1.4.38__ U_2i6 96_gi J.Q75 J.43J 96 28 i.U2 1.646
200 5oo 96 iu 504.6 30-74 '6 18 1.036 1*214 '6" 2" 1.075 1.431 96 35 W12 1-646
300 lu 114 1 877.4 V.6 O n4 1 1.0Q7 !" 1«3 H4 1 l. Q13 1.386 u* 1 i <020 1-579300 20 114 1 797.6 1.12 U4 1 1 .007 1.2o9 114 1 1.01* 1-422 H4 1 1.061 1.66030U 40 114 1 757.? 2-U 114 1 1.049 1.252 1I4 2 1.073 I.483 114 2 1.117 1.732300 6u 114 l 746.2 3,17 114 2 1.045 1,251 114 3 1,089 1,502 114 4 1.133 1,752300 100 114 2 749,/ 5,30 120 __3 AiO?6 1.249 y4 5 1.08* 1,496 114 6 1.128 1,746
300 200 114 4 ' 749;7 10.61 114" 7" 1.040 1.246 114 10 """l,08*" 1,496 114 13 1,12b 1,746300 300 114 5 746.2 lb.b5 114 10 1,045 1,251 114 15 1,089 1,502 114 20 1.133 1,752300 400 114 7 74b. I 21,13 114 14 1.045 1.252 114 20 1.090 1,503 114 27 1.133 1.753300 500 114 9 746.3 26.43 |i* 17 1,043 1.250 114 26 1,088 1,501 114 34 1,132 1.75150O 10 144 1 1240.8 0.51 144 1 1,008

'"'
1.230 1*4 I l,0l6 1.460 144 1 1,023 1,689

500 2u 144 1 llu/.e 0.92 144 1 1,009 1,253 1*4 1 1.017 1,50b 144 1 1.063 1.789500 4o 144 1 lo*i.i K75 150 ~ 1 1.077 l7f¥7 14T~'"I 1,082 1.585 144 2 l,l3l 1,883500 60 144 1 1019.1 2.59 144 2 1,053 1.307 J44 3 l-lo 6 1.613 144 3 1.155 1.9J7500 10U 15u 1 10b3.6 4,32 144 3 1.003 1.300 144 5 1,058 1,609 144 5 1,105 1.9l2500 200 144 3 101*.6 8,59 J44 6 1,054 1,308 i5q 9 1,14b 1,614 144 9 1.160 1,923500 300 144 4 1012.B 12.87 144 9 1.65S 1,310 1*4 14 l.lo* 1 .618 144 14 1.162 1.926
500 4uo ibu 5 10b7,3 1.7jJ7 I5o \\ 1.jj51 1,3Q8 i5q I,io2 1.616 150 25 1,154 1,924500 5oo 14* 1 1012.0 21/43 150 14 1.096 I,3o8 l5o 23 1,152 1,618 150 31 1.206 1.927

1000 10 204 1 2018,5 0.4fl 20* 1 1.010 1.293 20* I 1.019 1,586 2q4 1 1,029 1,878
1000 20 204 1 l75£,5 0.7o 204 1 1.011 1.331 204 1 1,022 1.662 204 1 1.061 2,0l81000 4u 2u4 1 1619,4 1,32 2Q4 1 1.QJ7 i,359 204 2 UI06 1.779 2 0 4 2 1.1*8 2,159
1000 60 204 i 1575.1 1.93 2 04 2 i,o69 l,«ll 204 2 1.122 1.80 9 2 0 4 3 l.lBi Z,Z\\1000 100 204 l 1539,6 3^5 2JL*_ 3 1^8? _20* * 1,1*2 U°39 20* 4 J,2O 5 2,2^21000 200 2u4 2 1539.6 6,31 20* 5" 1.07~0 1.*19 204 8 1.142 1.839 2o4 8 l,205 2,2521000 30O 204 3 1539,6 9,46 JQ4 8 1.Q7Q I.*l9 20* 13 1,140 1.83b 2 04 12 1 ,205 2,2521000 4ou 204 4 1539.6 12,62 204 10 l.oto I.*l9 20* l7 1,140 1,837 2o4 l7 I,2o5 2,2521000 Sou 2(j4 5 1539,6 15,77 2Q* 13 1.068 1.«V 17 2 Q4 21 1.140 1.838 20 4 21 1,20s 2,252
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TEXAS wATLrt DtvELUHMtNT BOAHU LOCKWOODtANDREWS»ANDNEWNAM,INC« PROGRAM
COSTOf OtLIVthlNb xATtN t>T PIPtLlNE - MOSTECONOMICALOIAMETEH
PEAK FACIUHi i.ou GkUxlH K«TE ■ 0«06 INTERESTRATE * 0.0*0 AMORTIZATIONPERIOD* *0YRS PRESENTtfOHTHFACTOR= 13.41

FLU* LtNUIn blAMC nt«D bLUPt = I) STATICHEAO SLOPE» * STATIC MEAD SLOPEa 8 STATIC HEAD SLOPE» 12
MGU MiutS 01m.nu.PS i,.c.T»/Ml w.C.CT/TQ DlA.NO.PS C.C.RaTIO W.C.R&TIO DIa.NO.PS C.C.RaTIO W.C.RaTIODlA.NO.PS C.C.RaTIO w.C.RaTIO

2 10 16 1 b4.o 6.02 16 1 1.0*1 1.068 16 1 1.081 1.133 16 1 1,122 1.196
2 2J |6 1 b2.4 11.37 16 1 l_«042_ l.»J>6? 16 1 1.08* 1.136 16 1 1.132 1,2()8
2 4u lb i bl.5 22.08 16 1 1,062 1.088 16 2 I.lo2 1.l7» 16 2 I,l5o 1,2**
2 bu lb l bl.6 J3.05 16 2 1,0*5 l,08g 16 3 1.099 1.173 1& 3 1.1*7 1.2*7
2 10U lb 2 bl.4 54.88 16 3 1.0*9 1,082 16 * 1.101 1.166 16 5 1,15* 1,251
2 2uu lb * bl.* 1U9.76 16 6 1,0*9 1.082 16 8 1. H> 1 1.166 16 10 1.15* 1,251
2 JOu lb 6 bl.* 16*.6* 16 9 1,0*9 1,082 16 12 l.lol 1.166 16 16 1.150 1.250
2 «Uu _ lb 7 bl.* 2jV,22 16 12 1.0*9 1*083 16 16 l.lQl 1,168 16 21 1,150 1,250
2 bOu lb 9 bl.J 2?3,73 16 15 1,051 1.08b 16 20 i.103 1.169 16 26 1,152 1,252
b 10 21 1 6b.2 3.17 21 1 1,028 1,075 21 1 1,057 1.1*9 21 1 1,085 1,221
b 2u 21 1 6b.b 6.00 21 1 1.0*5 1.091 21 1 I,lo2 1.193 21 2 1,129 1.291b 4u 21 i 6b,b 12.00 21 2 1,0*5 1,09; 21 3 1,079 1,18* 2J 3 1.132 1,2825 6u 21 2 6b.V iT.«7 2i 3 1.038 1.093 21 * 1.079 1.1B8 21 5 1,120 Ii283
b 10U 21 4 6b,u 29j66_ 21 _ _6 L,_0*6 1.102_ _ Z\ 7 1,091 1,198 21 9 1.132 1,295S 20u l\ 8 bbTu 59.33 21 11 1.045" 1.099 2* 11 ' 1.2Q2 1.2*7 21 16 I,l32 1.295
b JOu 21 12 6b,0 ?8.9? 21 1.7 1.0*3 1,098 21 22 1.Q87 1.J97 21 27 1,132 1,295
S 40u 21 16 bb.u ll»766 2* 15 1.158 " 1.1*8 " 24 22 1.2o2 1.2*7 21 36 1,132 1.295
b »0u 21 2U 6b. u 1*8.32 24 IB 1,|5« 1,1*8 21 13 1,256 1.268 21 16 1.292 1,338

10 lu 27 1 VI.7 2.21 27 l 1.019 1.086 27 1 1.038 1.170 27 1 1.057 1,25*
lu 2u 27 _1 _ _OL.9__ *.2Q 11 _._1 l±038_ LlUJ* _ 27 1 liO9* 1.135 27 1 1.1*5 1.2*0
10 4u 27 1 91.* 8.30 27 2 0.99V 1.118 27 2 1.0*3 1.1*8 27 2 1,101 1,255
lu 6u 27 3 B7.V 12.60 27 2 1,079 1,076 27 3 1.08* 1,135 27 3 1,1*5 1.2*0
10 10U dl t B7.4 20.83 27 * 1.058 1.062 27 5 1,091 1.1** 27 6 1.125 1.228
10 20u 27 5 Wi,* *1.5o 27 8 1.01.2 1.065 27 10 1.0*3 1.1*8 27 13 I.o7o 1.226
10 Jou II 8 VuiJ bl,62 27 Iz 1.02* 1.076 27 16 1,052 1.157 27 l9 1,083 U240
10 4uy HI 11 eV^V _H.L»_83 27_ _ \J> J.02»_ _ 1.0.81 27 21 1,057 1.162 27 26 1.087 1,2**
lu bOu 27 1* ov.b 1U2.19 27 20 1.029 1.082 27 26 1.0S9 1,164 27 33 'l."o8"7 U245
2U 10 3d 1 l<ib.l 1,56 33 1 0,9*2 1,037 33 I 0,955 1,121 36 1 1,038 1,19*
2u 2u Jb 1 liii.b 2.83 36 1 1,019 1.097 36 1 1,063 1,216 36 2 I.o8* 1.3l*2U *u Jb 2 120.8 b.65 36 2 1,019 1.097 36 3 1.0*9 1,203 36 3 1.080 1.310
20 6u 3b 2 11V.B b.*2 36 3 1.028 1.105 36 * 1.055 1.210 36 5 1.083 1.3l520 1UU jb 4 IVfL Ittfia 36__ 5 UD2JL 1.LQ6 36 7 1.053 1,208 36 9 1.085 I,3l6
20 2uu 3b 7 llV.J 27.96 36 H 1.031 1.108 36 1* 1.057 1.212 36 1? l.Ofl? 1.3l9
20 Juu Jb H UV.4 41.97 36 16 1.028 1.106 36 21 1.057 1,211 36 26 1.086 I,3l8
2U 40u Jb 1* 119.3 bS.93 Jb 21 1,028 1.106 36 28 1,057 1.212 36 35 1.086 1.3l9
20 bOu Jb 1« 11V.J 69,92 36 26 i;029 1.106 36 35 1.057 1,212 36 *3 l,,087 I,3l9*u 1U 4b 1 1*1.1 1.19 4b 1 1.012 1.10* *5 1 1.023 1,20* *b 1 1.035 1,313*U 2u 4b i iou.7 2,28 *b 1 1.031 I«i25 45 \ 1.068 1.2b* *b 2 1.095 1,375
*0 *u 4b 2 lBu,7 *.57 *b 2 1,031 1.125 45 3 1.057 1.2*5 *b 3 1.0S9 li370
*O 6u 4b 3 1BU.7 6.85 *5 3 1.031 1.125 *5 * 1.060 1.2*/ *5 5 1.089 1.370♦0 10U *b * 17V.V 11.38 *5 6 1.028 1.123 *5 7 1,063 1.250 *5 9 1.09* 1.375*0 20U *b V lYv.b 22.72 *b 12 1.030 1.12* *5 15 1.063 1.251 *5 18 1,095 1.376
*U JUO *b 13 Wv.3 3*.03 *b 18 1.032 1.126 *5 23 1.065 1.252 *5 28 1.097 1.379
*O 4ou tb 17 l'/V.j *5,37_ *5 2* 1,032 1.126 45 31 1.Q65 1,252 *5 37 1.098 1,379
*U buu 4b 21 17V.4 S6.'74 *5 30 1.031 1.125 *5 38 1,06* 1,252 *5 *7 1.097 1.378
60 lu bt 1 2b*.4 1.09 b* 1 1.010 1.U3 5* 1 1.Q21 1.226 5* 1 1.031 1,339
<>0 2u bt 1 2-»o.B 2,07 5* 1 1.018 1.12* 54 1 1.051 1.261 5* 1 1,090 l.*0360 4u 5* 1 2<.i>.3 4.13 5* 2 1.019 1.125 54 2 1.052 1,262 54 3 l.QBl 1.396
6u bl/ 54 2 2*b.b b.13 54 3 1.031 1.136 5* * 1.063 1,273 5* * 1.092 l,*0 8
60 10U 54 4 2tb.b lu.22 b4 5 1.031 1.136 54 7 1.062 1.273 54 6 1.091 l.*0760 20U bf 7 24b, 0 20.40 5* 11 1.033 1.138 54 1* 1.065 1,275 54 12 1.093 l.*106U 30J b* 11 244.6 Ju.b6 54 16 1.033 1.139 5* 21 1.0&7 1.277 54 18 l,095 l,*12
6u 400 bt 15 244.d 4U.79 54 21 1.033 1.138 S4 28 1.066 1.276 54 24 1,0^4 l.*1060 SOW bt it) 244,7 3«,V5 54 .27 .1,0.33. 1.138 54 35 1,066 ].,277 54 30 1,095 l,*;l

100 lu 66 1 37b.J 0.95 66 1 1,010 1.128 66 1 1.019 1,255 66 1 1.029 1.383
10U tu bb 1 3bu.2 1.79 66 1 1,01* 1.138 66 1 1.0*8 1.293 66 1 I.086 l.*5010.U 4u bb 1 340.V 3.5* 6b 2 1.024 1«1*7 66 2 1.058 1.303 66 3 l«092 l.*57
100 bu bb 34^-V b»27 66 3 l»036 1«158 66 3 l«071 1.315 66 * l»102 1«*69
100 100 bb 3 344O B.8i 6b 5 1-031 1*153 66 5 l«066 1.310 66 6 l.Q94 1«*61100 20U bb 7 342.3 17.53 66 10 L037 1.159 66 10 L072 1.316 66 12 1.101 l.*69
10U JOU bb 10 34<;.* 2b.33 66 15 1.036 1«158 66 1* L070 1.315 66 18 1.099 1.467
100 4UU bb 14 34^.J Jb.O6 66 21 1.037 1.159 66 19 1.072 1.316 66 23 1.101 l.*6810U bOW 6b 17 34i.6 43.85 66 26 1.036 1.158 66 24 1.072 1.316 66 29 1.100 l.*67150 lu 7b 1 4V/.7 O.a* 78 1 1.006 1.139 78 1 1.012 1.279 78 1 1.017 1,*1815J 2u 7a 1 *bf.d 1.57 78 1 1,006 1.1*9 78 1 1.0*1 1.321 8* 1 1.162 1.493150 4u «4 1 4B3.V 3.08 78 2 0.952 1.176 78 2 0.985 1.351 78 3 1.017 1.526
15U bv 10 2 444,3 4.61 7a 3 1.036 1,176 78 3 1.072 1,352 78 4 1,10* 1.52*150 10u Iti 3 *4b.l 7.7o 84 * 1.120 1.173 78 5 1.071 1.350 78 6 J.099 1.520
15u 2UU 04 5 4BJ.M lb.38 H4 8 1,031 1.174 84 11 1.064 1.350 78 12 i, 0H 1.521lbu JUU »4 7 402.b 2J.02 d4 12 1.034 1,176 84 \7 1.06? 1,353 . 7b 17 1.013 1.52*15u 4Uu b4 9 401.9 30.66 H4 16 1.035 1.17B 84 22 1.06* 1.355 78 23 1.015 1.52615u bUu B4 11 401.5 ja.3O 84 19 lt o3b 1.178 8* 28 1.Q69 1,355 78 28 1,015 1.52620U lu Vu 1 6ciU.* 0.77 Vu 1 1.006 1.152 9o 1 1.012 1.30b 90 1 1.019 l.*57

20u dv Vu 1 b6Y.2 l.*3 VO 1 1.007 1«164 9q 1 1.03& 1.346 9u 1 1.070 1.533
200 4u VO 1 b44.7 2.77 9u 2 1.048 1.203 9q 2 1.079 1.391 90 2 1.115 1.584
20U bu Vu d b4^.b 4 tl8 Vu 2 1.037 1.193 9 0 3 1.069 1.381 90 * 1.105 1,572
20U 1UU 9u 3 54b.V 6.93 9u 4 1.038 1.19* 9o 6 1.075 1.388 90 6 1.110 1.579
20U 2UU Vu b b44,7 13.8* 9u 9 1.039 1.195 9 0 12 1.078 1.39o 90 11 1.110 1,580
200 JOu Vu b b4d.4 i0.69 Vo 13 1.0*1 1.196 9 0 18 l.o«2 1.395 9u 16 1.U5 1.585200 4UU Vu ll 54J.J 27.62 _ VU 17 1,040 1»1?7 9p 24 1,080 1,393 90 21 1,113 1,58320U buu Vu 13 54J.2 J4.52 9u 22 1.6*0 1.196 9o 30 1.081 1,393 90 27 1.113 1,58*3uu lu luB 1 8*0.J 0.68 108 1 1,007 1,173 lOB 1 1,01* 1.3*5 1Q8 1 1,021 l o 5i830U 2U luB 1 74B.b 1.25 108 1 1.008 1,188 ll* 1 1.086 1.387 108 1 1,069 1,600
30U 4u luf 1 7ua,b 2.39 nf 1 1,121 1,239 jl* 2 1.1*7 l,*5o 108 2 1.129 1.673
300 6u 114 1 74b.2 3.57 n* 2 1,0*5 1.229 ll* 3 1.089 1,*57 108 3 1.072 1,682
300 lOu 114 2 7*V,7 b.V7 198 0j?85 11* 5 1,084 1,452 JOB 5 1,067 1,67530U 2uu Ii4 4 7'»V.? 11.9* 114 7 1,0*0 1.22* 11* 10 1.08* 1,*52 loB 10 1.067 1,675
30U Juu 114 5 74b.2 l7.8* n* 10 1,045 1.229 Jl* 15 1,089 1,457 108 15 1,072 1,682
300 40u 114 7 74S.7 23.77 114 14 1.04b "1,229 ll* 20 1.090 1,*58 108 20 1,073 1.68330U bou 114 V 74b.b 29.74 114 17 1,0*3 1,227 Jl* 26 1,088 1,457 108 25 1,072 1.681500 lu lJo 1 llVi.f 0.57 138 1 1.008 1.205 138 1 1,016 1.409 138 1 1.02* l,6l*
SOU dt) 13« 1 lubb.7 1^04 138 1 l._P.Q? 138_ 1 1.023 1,*56 138 1 1,069 U7l2Sou 4u lJo 1 Vv,;t2 1.97 1*4 1 1,092 "1.271 ~l38 2" "1,092 1.536 138 2 1.1*0 1,8 0 7
SO" fcu Ub ). V/J.u 2.91 13H 2 1.057 1.281 J38 3 1.1J3 1.561 138 3 1.163 I.836
SOU lOu 13b 2 V/b.V 4.87 144 3 1,0*2 1.273 138 5 1,1 O6 1.553 138 5 1.156 1.0275ou 2uu 144 3 10i*.6 y,67 J44 6 1,054 1,280 14* 9 1,1O9 1,562 138 10 1,115 1,83850u JUU 144 4 1012.8 14.49 144 9 l.o5S 1.282 1*4 1* I,lo9 1.563 138 14 1.116 1,8*0
500 4UU 144 6 1014.b i*.,35 J44 U liO54_ __ 1l26Q _ 1*4 19 1.1Q7 1,560 138 j? 1,11* 1,838500 buu 144 7 1012.u 24.13 144 15 i,056 1,283 j** 2* I,lo9 1.563 138 23 1,117 1,8*1100U lu 192 1 192U.1 O.*5 }92 1 1,010 1,260 192 1 1,020 1.519 192 1 1,030 1,779100U 2u lV<f 1 I6b4,i 0,B0 192 1 1.012 1.295 j92 1 1.023 1.59o 192 1 1.069 l,9l*1000 4u 192 l 1521,u 1.46 2Q4 j_ ll0 83 1,331 X^Z 2 1.U3 1.7o7 192 2 U[63 2,055100U bu iVt 1 1476,7 2 §1 7 j92 2 I.o73 1.375 j92 2 1.136 1.741 192 3 1.197 2,ln6100U 100 2U<* 1 1539,6 3,58 3 J _Ax_37? _ j9j_ * J.088 1 .757 j92 5 1,1*8 2,127100U 2uu 2u4 d 153V,6 7.15 20* 5 l .676 1,378 {92 9 1,087 1,756 1*2 9 1,1*5 2,12*

1000 JOU 1V2 4 l4bV,u 10,73 J92 9 1,07* 1,379 y9z J3 1.1*7 1,757 192 13 1,207 2,123100U 4uu l<ii 5 14&4#b 14,27 20* 10 1.132 1,382 1*2 18 1,151 1.761 192 i7 1,210 2,128
lOOu bou 192 6 1451,9 i7,8j 20* J3 1,132 1,382 j92 23 1,152 1,76* 192 22 1,213 2,132
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TEXASWATLH OEVELOPmEinT bOAHU LOCKWOOD.ANDREWS.ANDNEWNAM.INC.PROGRAMCOSTOF OtLIVEKlM? wATtH tJY HIPELlNE - MOSTECONOMICALOIAMETEH
PEAK FACION■ l.uo aHONfM RATE ■ Q.03 INTERESTRATE ■ 0.040 AMORTIZATIONPERIOD■ 40YRS PRESENTWORTHFACTOR" 6.92
FLOwLENGTHilAHC HtAU SLOPE- 0 STATICHEAD SLOPE» 4 STATIC MEAD SLOPE■ 8 STATICMEAOSLOPE» 12MOD MILESDU.NO.PS C.C.(*/M1 i.C.CT/TG OlA.NO.PS C.C.RATIO W.C.RATIO OU.NO.PS CCHaMO W.C.RaTIOOIA.NO.PSCCRATIO *.C.RaU0

2 10 16 1 54.0 8.63 16 1 1.041 1.065 16 1 1.081 1.126 16 1 1.122 1.184..L. _2u- ..1* I b*Jt4 16.53 16 1 __l..p.*g 1.064 16 1 1.084 1.124 16 1 1.132 1,190
2 4U 16 1 bl.b 32.34 f6 1 1.062 1.081 16 2 Llo2 l.lbO 16 2 1.150 1.2l72 6lJ I6 ..» bi'6 48.53 16 2 1.045 LoTj 16 3 1*099 j.149 j6 3 1.J47 1.2i62 10U I6 2 61'4 «0.49 16 3 lf0 49 l.O72 16 4 1.1O 1 1.147 l& 5 1.154 1.2222 i ti» 1«> 4

_
bl.4 I6tt.98 .16 6 . _. l..o>9 ..1.0.72. 16 8 1.10 1 1.147 !& n ltl 5! 1.22 22 3"« lb 6 bl.4 241.47 16 9 i. O49 X .O 72 16 12 Hoi 1.147 \b U l.l50 1.220

..- 1-. .4.04L.. _1| 7_ 5j^4 321.79 16, tf 1.049 1.073 16 17 Liqq 1,148 l& 21 i,iS 0 1.2202 I6 « &T73 401.73 !6 15 1.051 1.074 16 21 l.i O 2 1.149 t 6 26 J.i52 1.222I I" g» -$..- -*gi| *-"*-£- 21 1 1...Q28 _.a«.Q66 21 l i. o5 7 H29 2i l i. O85 1.19Q5 2" 21 I bS«b S.48 21 1 1.045 1.080 21 1 1.1O2 1.171 21 2 1.129 {,248
I *« 21 2—. »!>:.. ...l*A?ft. .21 2. 1a.0*5...... 1«_Q8q 21 jj 1.079 Ll57 21 3 H32 1.244b 60 2i 3 6b.S ifb.44 21 3 1.045 LO8o 21 4 1.085 1.160 21 5 1.127 llZll. _§ 1Q0 4J 4 pjtjjL -U.i9?_ 21 6 1.Q46 1.087 21 7 1.091 1.169 21 9 l.i32 1,251
5 2"U 21 H 6b.o 83798 21 11 1.045 1.084 21 15 1.088 1.168 21 18 1. 32 i.IS5 .3.0U. 2-l 42 6i>!»! l»i»7 81 ....17......JL...Q13...1.083 21 22 1.087 1.167 21 27 1.132 1,2515 400 21 16 65.0 167.96 21 23 1.044 1.084 24 22 1.20 2 1.252 21 36 1.132 1.251b bw 2.1. «jl »l»sJi.....J!y»i»5......aL...je«.....i.iAM i-oej. a* 27 i.2O2 i.2Si 18 2s (.235 i!^}1° 1" 24 1 a*«b 2»98 24 1 1.021 It070 24 1 1.054 I.l5o 24 1 l.o89 1,232
18----55—IS—i—B»—-flft- i: 2 1:81—WH—g—J -ft*--itili -8 -1 i:i!i h!?510 60 24 3 04.b 1M2- 24 ..„..♦ 1,026 1,^64 24 4 1.073 1,146 24 5 1.094 1.20 410 100 24 5 04. b kid.53 24 6 1.U34 1.071 24 7 1.067 1.140 24 9 1.090 1.2ol10 200 24 lu_ B4.a 57.Q6 24.___.13. 1.J127 1.464... JJ4 15 1,Q5? 1,133 24 18 l.o9o 1.2ol10 J0o 2* I6 H4«l «5«23 24 20 1.031 1.068 24 23 1.064 H38 24 27 1.095 [,in(,... W.._*M. <14_ £1 b4il U3'7Q 24 26 1.031 1.068 24 H__ ltQ63__ 1,137 _ 24 36 l.(|94 l,2 0 6
1« b 0u 2* d7 84.o 142.00 24 33 1.032 1.069 24 39 1.0641.138 24 45 1.096 l,20 72« l« 30 1 Un,X 4'QOl _3_3__.__.l 1J.Q8.0 1,H« .33 1 1,094 i,13fl 33 1 1,U8 l,20 72" 2u JJ 1 11J.4 3.86 33 1 1.040 1.094 33 2 1.062 1.1?4 33 2 1.085 1.253
2" *u 33 2 IW*-4- 7._..7a._._.J3. 3. 1,.Q25_. 1.J181 31 3 U06.0. ... 1.171 33 4_ 1,085 1,2532° "U J^ 3 1U.4 H.58 33 4 1.02B 1.084 33 5 1.056 1.168 33 6"" i. O 85 1,253
20 . 1JBM...3.3_ _6 HAlO 19.24 33 7 1.029 1.085 33 9 1,057 1.170 33 i(L L.Q89 1,257
2" 20U 33 11 1U.7 38.40 33 15 1.031 1.087 """33 "l8 1.060

"
1.172 33 21 1.091 1.2592« 3uo 3J 17. iU.b &7A57_ 33.. ..22 UQ3.0 i»_086 33 27 1.061 1.173 33 32 1.091 1,2602" *"« 3J 22 lia.J 76.80 33 29 1.030 1,086 33 36 1.060 1.172 33 43 1.091 1,2592" &0" 33 dti 1U.S. ..»5..89 33 37 1.Q3J. 1.087 33 45 1.061 1,174 33 54 1,092 1.260♦0 ly JV 1 I5553.13 1-51 39 1 1.024 1.094 39 1 1.053 1.193 39 1 1.078 1.288♦0 20 42 1. . ,16b,5! Lt*J_ 41 1 1.040 1.111 3? g_ _P,988 J.2J1 3? 2 1.012 t.3o7♦« *u ** 2 lBb' y 5.93 42 3 1.029 1.101 42 3 1.062 1.206 42 3 1.090 1.307♦« bu *2 4 16b.7 8.89 42. .__ 4 1,032 1.104 4? 4 1.063 1,207 39 6 1.013 1.3o9♦» l«u »«! 6 I"'*''1' 14.75 42 8 1.035 1.107 48 7 1.068 1.212 42 8 I,o97 1.31440 2U" 42 12 Ib4.* 29.51 42. .15 1,035 1.1QT 39 17 0.988 1,212 39 19 1,016 i,3j3♦u Jt)^ I8 I6*. 9 44.26 42 23 1.035 1.107 42 20 1.068 1.212 39 29 1,016 1.31340 400 4< . db 164,b b».00_ _42_ 31 .U035 1^.107 39_ 34 0.988 1,212 39 38 1.016 1.31340 bOu 42 31 Ib4.7 73.fo 42 39 1.036 1.107 39

"
42 0.989 "1,213' 39 48 1.017 1,3146" ly *b 1 Zdf.a 1,40 48 1 1.012 1,091 48 1 1,027 1.185 4B 1 1,052 1,287

60 2u 51 1 23u.o 2.69 51 1 1.037 1.117 48 2 iVoi't 1.231 48 2 1.042 1.3376u *u b» <?Ju.u 5.38 48 3 0.980 1.114 48 3 1.006 1.221 4B 3 1.033 1^3296u 6u bl 3 2JU.U 8.07 4B 4 0.978 1.U2 48 4 1,004 1,220 4B 5 1,032 1,328
6u luu b"l 5 2J0.U 13.45 48 6 _0_.976 l.llo 48 7 1.QQ3 1.219 48 8 1.030 1.32760 200 51 10 2JU.0 26.B9 48 12 0.976 1.110 48 14 1,003 1,219 48 16 1.030 1.32760 300 51 lb 23o.O 40.34 48 17 0.976 1.110 48 21 1.003 1.219 48 24 1,030 1.3276" *«" b* 20 230. U 53.79 48 23 0.975 1,110 48 28 1.003 1,219 48 32 1.030 1,327
60 500 . . bi.. .. «Jb 23o,ii ...67,J81 4B. 2? _Q..97_b: 1,110 4B._J4 l,Q0 3 1.219 48 40 1.030 1.327l°u 1" b<> 1 33J.2 1.22 60 1 1.011 1.102 60 1 1.021 1.204 60 1 1,039 1,312

l°u £u b" 1 3io.7 2.30 60 1 1.029 1.122 60 1 1.067 1.253 60 1 1.104 1.382l°u *u «"> 2 310.7 4.60 60 2 1.029 1.122 60 2 1.067 1.253 60 3 1.092 1,373
10" 6" 6" 3 310.? 6.9o 60 3 1,029 1.122 60 4 1.063 1.250 60 4 1,092 1,372100 100 60 4 310.0 11.47 60 5 1,031 1.124 60 6 1,063 1.25o 60 7 1,093 1,374
100 200 60 8 310.0 22.94 60 10 1.031 1.124 60 12 1.063 1.2bo 60 14 1,093 1,374
100 Joo 60 12 310.0 34.42 60 15 Lo31 H24 60 18 Lo63 1.25o 60 22 1.0^3 1.374100 400 60 16 310.0 45.89 60 20 1.031 1.124 60 25 1.062 1.249 60 29 1,093 1,374
100 boo bo 20 310.0 b7.36 60 25 1.031 1.124 60 31 1.062 1.249 60 36 1.093 1.374I5" 1" I* 1 4b*.7 1.09 72 1 1.006 1.109 72 1 1.013 1.218 72 1 1.020 1.328I5" 20 It 1 4U.« 2.02 72 1 1.033 1.140 72 1 l.O68 1.281 72 1 1.103 1.422I5" *« 2 412,t> 4.04 72 2 1.033 1.140 72 2 1.068 1.281 72 3 1.097 1.4i7150 60 72 3 412. 0 6.07 72 3 1.033 1.140 72 3 1.068 1.281 72 4 1.090 1.412150 100 Id 5 412.8 10.11 72 5 1.033 1.140 72 6 1.063 1.277 72 7 1.092 1.41315TJ 200 72 9 412.5 20.21 72 9 1.032 1.139 72 11 1.062 1.277 72 13 1.092 1.414150 300 Id 14 412.3 30.31 72 14 1,033 1,140 72 17 1.062 1.277 72 20 1,092 1.4J3150 400 Ii 19 412.3 40.40 72 18 1.033 1.140 72 22 1.063 1.277 72 27 1.091 1.413150 500 Id 24 412.2 bO,5o 72 22 1.033 1.140 72 28 1.062 1.277 72 34 1.092 1.414

200 lo la 1 531.6 1.01 78 1 1.007 1.118 78 1 1.015 1.237 84 1 1.104 1.359200 2o B4 1 b22.1 1^.86 _ 84 1 J.._019 1«!.38_ 84 1 1.051 1.288 84 1 1,094 1.446
200 40 84 l~ 510.6 3.70""" "»♦" 2 "1.027 ""

"1.146 84 2 1.060 1,296 84 3 1.101 1.455
200 60 84 2 51*. 3 5.50 84 3 1.039 1.157 84 3 1.071 1,309 84 4 1.107 1.463
200 100 B4 4 511.4 9.15 84 5 1.040 1.159 84 5 1.073 1,311 84 6 1.105 1.461200 200 64 8 511.4 18.30 84 11 1.040 1.158 84 10 1.073 1.311 84 12 1.105 1,461
200 300 M4 n 5io«b 27.41 84 16 l«042 I«l6o &4 15 l«075 1.313 84 lB W0& 1.464
200 400 «4 15 510.1 _ 36.52 84 22^ 1.043. J_.j6l 84 20 1.Q76 1..314 84 24 1.107 1.465
200 5oo «4 19 5o*^9 45.64 84 27 l«043 1"161 84 25 I»o77 1.314 64 30 l«10B 1.465
300 10 *t> 1 732.^ 0«B9 96 1 l.QQ 8 J.134 96 J 1.O l6 1.267 96 1 1.024 1.4O 1300 2o *6 1 6bj.i !.62 l0 2 x loSj l-lSS" jO2 1 L123 1.332 102 1 L1&7 I.Sq&
300 *o 102 1 67/.j 3-19 i Q2 2 1-Q42 1.179 102 2 l. O83 1.357 i02 2 L12& 1.536
300 60 1U2 2 67J.7 4.76 102 3 l«048 I«l85 102 3 WoS9 I.363 96 4 1.0^0 1«539300 10O 102 3 _ 6/o.3 7.9p 102 4 1.Q52 I»l89 jQ2 5 _1.q94 I_t36? 96 6 1.073 1.544
300 200 102" 6 67o.J l5.So 102 ~9" I«o5o I«l87 102 9 1.093 1.368 Io2 11 1.129 1,542
300 JOo 102 9 67U"3 23.7g 102 14 1.Q49 1»186 JO2 13 1.093 1.368 96 - 19 1.071 1.543
300 40o 102 12 6?0t3" " "31.60" 102 i"9" "li'6'W" YJl86"" 102 18 1.093 1,368 102 22 1.129 1.542
300 5oo lOd IS 67O>3 39.49 102 24 1.049 1") 86 JQ2 22 Lo92 1.367 lo2 28 1.129 1,5*3
500 10 12t> 1 lo'b'.b o.li 126 i l.do9 l'i'l'56 126 1 LOl^ 1.311 126 1 1.026 1.467
500 2o 126 J 96jj.6 _J«37 126 1 1.010 I«l74 126 1 I.048 1.373 126 1 1 ,o'l 1.576500 *o u6 1" "9o?7o"^ ~2.*1 "12« 2 l7070 1.2l4^ \IS 2 liilO 1.4*2 ~ 126 2 1.156 1,6555oo 60 13B 1 973.o 3.93 126 2 Q.99o 1.219 i26 3 1.037 1.434 126 3 1.0^0 I.646
500 100 132 2 94i.o 6.51 132 4 1.0561,224 126 5 1,072 1.444 126 5 1.116 1.657
500 200 132 4 941.0 l3«02 }26 9 1.0)9 1.223 1?6 9 1.Q70 1,442 126 n 1.113 1.654
500 300 120 8 9ob.l 19.48 126 13 1.060 1.226 126 13 Llll 1.445 126 16 1.155 li657
50O 4oo 126 \\ 9oJi2 25.92 t32 15^ 1±Q?8 Ijl2l__l26. _ IT _

i,H3 1,447 ;26 21 1,158 1.661500 boo 132 11 93b.7 32.38 132 19 1.059 1,228 J26 21 1.074 1.448 126 27 1,118 1,662
1000 lo Ibo 1 182J.b 0.62 180 1 1.Q11 1.194 18Q 1 1.021 1.387 J80 I 1.032 1,5811000 2u I80 1 1557.4 1.07 180 1 1.012 1.223 180 1 1.028 1.450 180 1 1.079 I,;7o7
1000 4o 160 1 1424.* 1.97 18.0 1 l«057 1_.281 l80 2 1«124 1.570 18() 2 1«179 1,849
1000 6u lUu 1 138o.O 2.86 180 2 I.08I 1.3o8 180 2 1*156 1.611 180 3 1.217 1.90 l
1000 10O lby. 2 1397.8 4.85 180 3 1.071 1.297 180 4_ H41 1.592 180 5 1.202 l.tSO
1000 20O 186 3 141^.2 9.65 18Q 7 1.055 1.3o3 l80 7 L122 1.598 180 9 i tl8o 1.885
1000 JOO Ibo 5 13BQ.0 14.39 180 10 1*081 1,308 180 11 1«154 1.609 180 14 1.213 1.898
1000 400 Ibo 7 1384.5 19.24 180 13 1.078 1.3o5 180 14 1*150 1*604 180 18 1.209 1.892
1000 boo I80 b 1383.3 24..Q3 I8fl 17 1.Q78 l«305 18.Q 17 1.151 1«6q5 180 23 l»209 1«*93

1*2.00
....8j>_Qfl....

3.86
11.58
19.24

24 33 1.032 1.069
-3.3. 1 IjMQ 1,&1>Z.

33 1 1.040 1.094
—33. 3. 1,.Q25__ X.SL61-.

33 4 1.02B 1.084
33 7 1.029 1.085
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TEXASwAItrt DEVELOPMENTBOAKl) LOCKwOOOiANDREWS, ANONEXNAM.JNC.PHOGRAM
COSTOFDELIVERING«AT£HaY PIPELINE - MOSTECONOMICALDIAMETERPEA* FACfuH» 1.25 OHO»rhMA TE » o«OO INTERESTRaTE ■ 0.0*0 AMORTIZATIONPERIOU* 40YRS PRESENTWORTH FACTOR» 20.19

FLU* LENGTHS1AUC HEAD SLOPE ■ 0 STATIC HEAD SLOPE■ 4 STATIC HEAD SLOPE« 8 STATIC HEAD SLOPE« 12
MOO MILES0Ia.N0.PS c.C«T*/MI «-C-CT/T6 OlA.NO.PS C-C.RaTIO W.C.RaTIO qU.NO.PS C«C-RaTIO W.C.RaTIODIa.NO.PS C-C-RaTIO W.C.RaHO

2 10 16 1 56.2 4.49 16 1 1.038 1.060 16 1 1.076 1.123 16 1 1.114 1.189
2 2U 16 1 54.3 _ 8,32 16 1 LlO3?__ _ 1.065 _ 16 1 1.081 1.135 16 1 1,143 1,226
2 4u 16 1 54.u 16.16 16 2 1.045 1.0*7 16 2 1.086 1,169 x b 2 1.148 i.263
2 . 60 l<> 2 W«7 2*'3l 16 2 l«05» 1-084 16 3 I«fl93 1-166 16 3 I«lb6 J.26Q2 100 16 3 53,5 40-29 16 4 1.047 1.084 16 5 L096 \.\12 \b 6 1.145 1.2652 200 16 6 53.5 «Q'58 j6 8 1<047 1.084 16 10 1.Q96 w72 16 12 lt i45 1,265
2 300 16 6 5j-7 120-73 16 12 i»044 1.0*5 16 l5 l.o93 n74 16 18 lt i42 ii266
2 4.00 J4_-.il J3-5 16O'64 16 16 1.048 1.Q87 J6 20 J.Q97 1.J76 J6 25 1,143 1,2692 500 14 200.79 16 20 l704S "x.oTf 16" 25 'UqW I.l76 j6 31 1.14* 17269
5 10 24 1 7b.4 ?,«49._. ?1 1 Q.930 i .067 21 I 0.954 1,141 24 \ 1.072 1.233S 2u 24 1 75.4 4.65 24 1 1,025 I.080 24 1 1.080 I.lfl9 21 1 1,095 N2655 40 2* 1 7b.6 9.15 24 2 1.022 1.097 24 2 1.078 1.208 21 2 1.093 1.285
5 6u 24 2 74.4 13.62 24 3 1.039 1.106 24 4 L077 1,214 21 3 1.110 1.295
5 _140 _ _2*_ 3 f»«2 22.6p 24 5 1.Q41 LilU 2*_ 6_ 1,084 1.219 21 5 1.113 1.3015 200 24 6 74.2 45.19 24 9 1.044 1,110 21 8 1.092 1.229 21

"
10

"
T.113 " i,3 0 i5 300 2* « ?4.2 67,79 24 J4 1.040 1.10.8 21 12 1.092 1.229 21 15 1.113 1.3O1b 400 24 12 74.2 *0.39 21 13 l,063~ 1.152 21 16 1.092 1,229 21 20 1.113 1.3ol5 500 24 15 74.2 112.99 21 17 1.054 1.144 21 21 1.083 1.220 21 25 1.113 1.3nl

10 lu 30 1 lOi.8 1.72 30 1 1.017 1.089 3o 1 1.033 1.184 27 1 0.986 I."2i8W- 20 -30 1 "*All 3i23 3JL 1 1.026 1.102 30 1 1,072 l, tL6.l _3_y J_ 1.127 L-28210 *« 30 1 100.4 6,31 33 1 1.124 1.128 30 2 1.053 1.190 30 3 1.0?3~ 1.285
10 60 .33 1 lQti.2 9.5? 3.3 2. JL.JU.8. . 1.09J) 30 3 0.977 1.175 30 4 1.000 1.27310 100 30 3 99,1 15,60 30 4 1.036 1.103 30 6" 1.057 1.195 30 7 1.090 1.30210 200 30.. 6 99.1 jA.2 O 3g 9 l.o_28 1,096 3g J2 1.Q57 1.195 30 15 1.087 1.30 0
10 300 30 9 99.1 46.Bo 30 14 1.026 1.094 30 18 1.057 1.195 30 23 1,086 1.299
10 ..__4.0JL _.1O 12 99jJ 62.4] ifi 19 1.024 1.093 3J1 _ 25 L!lQ55_ 1»1?3_ 10. -31__1-Q85 1,29910 SOU 30 16 9b.6 77.65 30 23 1.032 1.100 30 31 1.061 1.199 30 39 1.091 U3o4

20 10 3*. 1......13.V..6 l_._2i .36 1 0*95.0. 1.0.86 3? I 1.Q25 1.154 39 1 1.038 lt 26420 20 39 1 133.1 2.23 39 1 1,021 1.118 39 1 1.066 1.258 39 2 1.089 1,387
20 4w 39 2,......133j1 ...AjAti JV.-^.i lj.Qiil 1,118.. 39 3 1.051 1.246 39 3 1,084 1,383
20 6u 3V 2 132.2 6.65 39 3 1,028 1,124 39 4 1.057 1,252 39 5 1,087 1.38720 1.00 ... .39 4 L3_U_8- ll«06 39 5 1.031 1.127 3? 7 i.Q57 _ 1,253 39_ <i V.Q?O 1.39020 200 39 7 131.6 22.10 39 11 1.030 1.125 39 14 1.059 1.254 39 17 1.091 1.39120 300 39 _U

_
.131,3 33..1Q. 3?_ 1.6. IjlQJ.Q..... 1j126 39 21 1.Q61 1,256 39 26 1.092 1,392

20 400 39 15 131.4 H4.17 39 21 1.030 1.126 39 28 1.060 1.255 39 35 1.090 1,391
20 500 39 18 .131.2 .55..14.... 39. .27:. UQ3.1 . 1.127 39 3.5 1.062 1,257 39 44 1,092 1,393
♦0 lu bl 1 237.6 1.01 51 1 1.011 1.120 51 1 1.021 1.244 51 1 1.032 1.37440 8«._...SL_ i 22'>.i» L-9J 51 I 1.014 1.128 51 \_ _ J..050 1,277 5.1 1 1.089 1.436♦U *0 54 1 237.a 3.83 51 2 0.958 1,138 51 2 0.992 1.288 51 3 1.016 U437♦0 60 51 2 220.« 5_._7l 51 3 1 ,.Q31 .1.143 5l 4 1.063 1.29o 51 5 1.094 1,444
♦0 100 51 4 221.9 9.56 51 5 1.026 1.139 51 7" 1.058 1.285 51 8 1.088 1.438♦0 200 51 7 220.6 19,03 _ 51.. ...18. .. ...1,032.. 1,144 ...5.1... 14 1.064 1,291 51 17 l. O 95 1.445♦0 J00 51 10 22u.a 28.57 51 15 1,031 1.143 51 20 1.063 1.29Q 51 25 1.094 1.444♦.0. . 40U 51 14 220.6 J«ift6. 3\ ._ 2.1 1.032 1.144 5l g7 _1.063 1.29y 51 34 1.095 1.4i5♦0 5U0 51 17 220.6 47.57 51 26 1.032 ~"l7l43 51 34" 17063 i!29o 51 43 J.095 VXX60 U 6U 1 314.0 0,90 60 1 1.010 1.133 60 1 1.020 1.270 60 1 1.029 1.41560 20 b» 1 294.S 1,72 60 1 1.010 1.140 60 1 1.044 1.302 60 1 1.078 1.47260 *u bu 1 2v"«a 3.40 60 2 1.023 W51 60 2 L057 1.315 60 3 1.088 1.4846" 60 b(J 2 dUl.'i 5.06 60 3 1.033 L160 60 4 1.067 1.325 60 4 1.097 1,494
60 lOi) bu 3 2bb.6 8i45 ..._6.U. 5....._l.tliai_ ... L158 _ 6q 6 1.Q65 1.322 60 6 1.Q92 1,499
60 200 6u t zoe.b 16.90 60 10 L031 L158 60 13 1.065 1.322 60 12 1.093 i.49O60 300 6y 10 2b^.9 25.30 60 15 1.Q33 LI60 60 20 l»067 1.325 60 17 1.094 1.49260 4Ou 6U 13 2b7.6 33.70 60 20 1.035 1.161 60 26 L069 1.326 60 23 1.096 1.4936u 500. 60... 16 . 2b/,.8 *2,_15 60... .25........_UQ3.* UiAl AO—.,33— J..068 1,325 60 28 i,q95 1.492100 10 7b i *ai! .9 0 .79 78 1 j.ooB i. l5 6 78 1 i. 0j7 1.313 78 X 1-025 1.476100 2u fb i «bu-J 1.49 Iti 1 i. 00 9 1.165 78 1 l. o3 2 1«343 78 1 1.53 6

100 4u 7b 1 *3*. O 2.88 78 2 j.o4 7 l. 20 l 78 2 l. O71 I.384 7« 3 1-103 1.582100 6u 7b 2 439.4 4-37 78 2 1-028 L184 78 3 1-057 l-37 0 78 A, i. O 89 {.565100 100 7b i 436.0 7.23 78 4 1.027 1.185 78 5 1-066 1.379 78 7 i >0 97 1.575100 200 7b 5 434.0 14.41 78 8 i. O 32 1-189 78 \\ l. O68 !. 3 82 78 14 i. 1O2 1.581100 300 7b 7 432.9 21.57 78 U i. o3 4 l.i»j 78 \S {.o«9 {.384 78 22 .Jol 1*584100 *00 7b 9 4J2.3 28.74 78 16 L036 L193 78 23 l. O71 1.386 78 29 !., 06 1.586100 300 7b a 4J2.6 J5.94 78 20 1.035 I.l92 78 28 i, 0 70 1.385 78 37 1.105 1.585I50 1" 9" 1 612.7 0.69 90 1 1.006 1.174 90 1 1.012 1.348 90 1 1.018 1.5311&U 2u 9u 1 562- y 1-29 90 1 1.006 1.186 90 1 1.030 1.386 90 1 1.061 1.601150 «" 90 1 537.9 2.5 0 90 2 1.053 1.229 90 2 1-078 1.436 90 2 110 659150 60 96 1 579.2 3.73 96 2 1.037 1.224 90 3 l.OOl 1.442 90 3 1.031 1.666150 10O 96 2 5b2.3 6.25 90 4 0.957 1.216 90 5 0.995 1.436 90 5 1 025 1.658I5u 200 9U b 537.9 12.49 90 8 1.037 " 1.216 90 11 1.076 1.434 90 10 l."110 1.659150 300 96 5 579.2 18.66 90 12 0.963 1.221 90 17 0.998 1,441 90 16 1.031 1.66615U *00 96 7 5bU.O 24.91 90 16 0.961 1.220 90 23 0.997 1.439 90 2l 1.030 1.664150 SOU 9b 9 5bU.b 31,15 90 20 0.961 1.219 90 29 0.996 1.437 90 26 1.029 1.663200 10 102 1 749.2 0.63 102 1 1.006 1.191 102 1 1.013 1.382 102 1 1.019 1.581200 20 102 _ 1 _6B2.6_ „ U18_ J02 1 __U007 U?06 J08 1 1.087 1.417 102 1 1.064 1.66020U 4U 102 1 649.4 2.27 108 1 1.122 1.249 108 2 1.143 1.474 102 2 1,118 1,726200 6u 10b 1 6b7.6 3.36 1U8 2 1.039 1.247 108 3 1.079 1.493 108 4 1.120 1.747200 10U 10b 2 692.1 5.62 102 4 0.974 1.247 108 5 1.073 1.485 102 5 1,049 1,738200 20u 10b 3 69u. o u.2 2 lo8 7 1-Q39 1«247 108 10 L076 1.488 iO8 13 L117 1.742200 30U iu« 5 6b7.b 16.78 108 lo l. O 39 L247 108 {5 Lo7« 1.493 IO6 20 1-120 1.74720° *OlJ 10«....7 *?»:* -g|'4j iflB 13 Ltflja Lt246._ 108 20 l. O78 l.*9l 1O8 27 i.U8 1.7*4200 5uu 108 8 686.b 2T.9* lQB ~^T i.O 42 1.250 108 25 l. 0«l 1.494 i o8 33 1.122 1.749
3°u 10 I2* 1 102U-2 0-55 l2 6 1 I.Q0.7 1-223 126 1 i. 01 4 1.443 126 1 i. O 21 1.672300 2u 126 1 9«;u.3 1.02 126 1 L008 1.243 126 i !. O16 1.483 126 1 !. O62 1,7633SS l: & \ S!s:s M III 1 i:ft i:^ \it \ \:iit \:tn \il i\:\n \$i!o° u° 2ooS-jfS-r-f—1^1- 9tII -Bf—I—fcfi—HW-*~r! i:-o°IZ 1:1ft--III 13

6 \:\lt \:l?x300 30u 132 4 896.9 14.32 126 lo 0.997 L292 126 15 l. O43 1.579 126 2o 1.089 1.877300 4OU 132 & 895.2 I9.o6 126 13 0.999 1.294 126 2 0 1.045 1.561 126 27 .^i ,88 0300 bOO !32 6 89b. 6 23 .8 4 1?6 j6 t .M o 1.294 126 2 5 l >044 1.58l 126 33 J.^l 8 795Ou lu 1*2 1 146U.4 o-46 162 i looB \,z1q 1&2 i i. 01 7 1.534 l&2 i i. O 25 ,8 08|OU 20 162. _ 1.....1ZV4..1. 0^4 162 1 j.009 1.299 i&2 j 1<0 9 i.59 2 62 ,0&l 923fOO 4y lbi i 12U.0 i75B iW—i lT0*2 1T332 1*2 2 1.089 !.6B 3 6£ 2 " 34 203 200 6u ibJ 1 Hb3-«4 2-33 162 2 1.057 1.361 3 l.U 4 U7lS 1&2 3 .61 2 072Sou 100 160 1 1210.7 3.8* !6 2 3 1.024 i. 369 J62 4 1.^83 1.73o 62 5 {.34 2*o95500 20U 16b 2 121U..7 7.67 .162 6 1.Q24 l<3 69 1&2 9 j.O78 t 62 9 j tl 34 2. 0 95500 3U0 166 3 1210.7 U.5l 168 8 l,0 56 1.368 l6 2 14 1.Q80 1.727 162 13 1. 34 2.095500 40U 16b 4 A2iP_l|. i|'34 162 11 1.024 J_._369 16? 18 1.Q78 1.726 162 17 J.134 2.095500 buo 16b 5 121U.7 i9.18 162 14 1.022 1.36? 1*2 23 i; 0 78 1.725 162 22 L134 2^951000 1U 22b 1 23S6.3 0.-36 «B 1 .. J.QJo 1-349 2l 6 1 0-979 1.687 2l 6 \ 6-989 2)036
1000 2U 22b i 2023.7 0.64 228 1 1.012 1.399 2i 6 \ 0.975 1.784 22 8 1 . 0 fe 1 2.2 n5is:: s in : isi: ilts & : 8 u: gj i \:?,i \-:,t\ \% : i »:»: k us i-swif- lu ti M«4 \m- m i ii-si i:» s : 3 t1000 300 22b j 1757.7 8.45 228 7 l,074 1.5O 1 228 12 L15Q 1.989 it a l2 lt2l 6 2 .4831000 400 22« 3 17*1.0 U-18 228 l0 l. 08l 1". 510 228 16 [.[ll 2 . 005 22 B 16 .227 ils"1000 5oo 22b * 1744.4 i3,99 228 . i 2 i.Q8 0 l,509 228 2i i. l5 7 2.001 226 20 1-225 2.499

1.044
1.0*0
1,063"
l«0.54
1.017
1.026

l.no
1.1Q8wisjf"
l;l*41.089
1.102
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TEXASWATEN UEvELOPmlMbUAKU LOCKWQOO,ANDREWS,ANO NEWNAM.INC.PROGRAMCOSTOF UC.L1VER1NO»«rt H b' PIPELINE - MOSTECONOMICALOlAMETEH
PEAK FACTUH■ i.2S dHuwfrt HA TE = 0.10 INTERESTRaTE ■ 0.040 AMORTIZATIONPEtflOU"■ 40YRS PRESENTWORTH FACTOR■ 15.78
FLO* LENlilH SUUC HlaO SLOPE ■ u STATIC HEAD SLOPE■ * STATIC HEAD SLOPE« 8 STATICHEAD SLOPE■ U
MGO MILES0U.N0.PS C.C!*/M1 KtC.CT/Tfl 0U.N0.PS C.C.RATIO k.C.RaTIO qIa.NO.PS C.C.RaTIO W.c.RaTIO DIa.NO.PS C.C.RaTIO W.C.RaTIO

2 lu 16 1 bb,2 5.47 16 1 1.038 i.061 16 1 1.076 1.121 16 1 1.114 1.184
2 2u^ 16 1 54.3 10.26 16 1 1.03* l«0&3 1*> 1 1.081 1.129 16 1 1.1*3 1.2l6
1

"
40 " l6 i 54. o 20.06 16 2 1.04b 1.087 16 2 L086 1.154 16 2 1.1*8 1.243

2 bo 16 2 53.7 30-09 16 2 l«059 1.082 16 3 1.093 L1&4 16 3 l»lS6 1.244
2 100 16 3 53.b 49.93 i& 4 1*047 1*078 16 5 I*o96 1.1&0 1& b 1«1*5 1.245
2 20U 16 6 bj.b 99.85 j6 8 1.047 1.07b 16 10 1-096 1.160 16 12 1.145 1.245
2 300 16 8 bJ.7 149.76 16 12 l-o** 1*078 16 15 i*o93 1.1&0 \b lB 1.142 1.2452 *0 0 _ lb _il bJ?3 l >y'Zp 16 16 1.048 1.081 16 20 1.097 1.163 16 2b 1.143 1,247
2 ?6u IB 14 53.3 248.94 yi 20 1.6"*8"" ""

X.oBl 16 25 Lo97 1,163 16 31 1.1** 1.2475 10 21 1 7i.O 2.96 21 1 1.026 1.064 21 1 1.053 1.132 21 1 1.093 1.2j8S 2o 21 1 69.6 5.67 24 1 1.110 I.081 21 2 1.074 I.18Q 21 i 1.186 1.2*2
b 40 24 1 7b. 6 n.32 24 2 1.022 1.084 21 3 0.995 l.l74 21 2 l.fl93 1.24S
5 6u 24 2 74.4 16.81 24 3 1.039 1.095 21 4 1.01* 1.185 21 3 1-110 1.258
5 \0<L- 4* 1 Hig 27.91 _g*__ J5_ K041 UO?? 2* 6 1.08* 1.19b 21 5 1.113 1.263
3 20U 24 6 T4.2 ~~5ST5l 24 9 1.044 1.099 24 13 1.079 1.1*3 21 10 1.113 1.263
5 JOU £T4 9 74.2 «»3.72 24 14 1.0*0 1.096 21 12 1.092 1.200 21 15 1,113 1.263
b 400 24 12 74.2 111.62 24 19 1.039 1.096 21 16 1.092 1.200 21 20 1.113 1.263
b 5qu 2* 15 74.2 1_?9.53 21 1_7 1;O_S* 1.123 21 21 l*oS3 I.l9l 21 25 1.113 1.263

10 lu 30 1 102.O "2"."06 27 1 1.079 27 1 0.954 1.159 27 1 0.986 1,177
10 2u 27_ 1_ _J»JiO 3.88 27 1 1.048 1.093 30 I 1,137 1.160 ?7 2 1.090 X .2511" ♦« 30 I luu.4 7.72 27 2 0.970 I.IOO" 30 " 2 i.053 1.167 30 3 1.073 1.2*9
lu 60 30 2 9e.2 11*6? 27 4 0.973 1.080 30 3 1.Q76 1.163 30 * 1.101 1,2*9
10 100 3u J 99.1 19.08 30 4 1.036 1.092 30 6 1.057 1.172 30 7 1.090 1.266
10 20U 3u 6 99.1 3b.16 30 9 1,028 1.085 3fl 12 1.057 1.172 30 15 1.087 1.26*
10 300 30 9 99.1 57.24 30 14 1.026 1.083 30 18 1.057 1.172 30 23 1.086 1,263
10 4ou 30 U 99j,l 76.32 30 19 1.024 UCI82 3o 25 1.055 I.l7g 30 31 1.085 1.26210 500 3U 16 9h, b 94.94 30 23 1.032 1.089 30 31 1.061 1.1~76 30 39 ' 1.0*1 1.26820 10 39 1 139.b 4.45 36 1 0..950 1.061 39 1 1.Q2S 1.141 39 1 1.038 1,237
20 20 39 l 13J.1 2.68 39 1 1.021 1.163 39 1 U066 1.229 39 2 1.08* 1,3*0
20 4u 39 2 5.36 39 2 1.Q21 1.103 39 3 1.051 1.216 39 3 1.084 1.336
20 6u J9 d U2.2 7.99 39 3 1.028 1,110 39 * 1.057 1.222 39 5 1.087 1,3*0
20 100 39 » l-LLi'L _ 13.29 39 5 1,031 A*_113_ 39 7 1.057 1,223 39 9 1.090 1,3*3
20 200 39 7 I3i.b 26.54 39" n 1.030 1.111 39 1* 1.059 1.22b 39 17 1.091 1.3*5
20 300 3* U 131.3 J9.75 39 16 1.030 1.112 39 21 1.061 1.226 39 26 1.092 1.3*6
20 400 3* IS 131.4 S3.03 J9 21 1.030 1.112 39 28 1.060 1.225 39 35 1.090 1.3*5
20 50U 39 16 131.d 6b.21 39 27 1.031 1,113 39 35 1.062 1.227 39 4* 1.092 1.3*6
♦O lu 4B 1 2lB.b 1.19 48 1 1.011 1.101 48 1 1.023 1.207 4tt 1 1.034 1.320
*O 2u 4b 1 20S. 3 Z.J.1 48 1 1.03b i*.125_ *8 1 1.074 1.257 *8 2 1.100 1,385
*O 40 4tt 2 20b.3 4.55 48 ~ 2 ~1.036 1.125 48 3 1.065 1.249 4ti 3 1.094 1.381
*O 6u bl 2 22U.« 6.81 48 4 0.962 1.124 48 4 0,991 1.251 4b 4 1.016 1,380♦0 100 4b b 203.3 11.36 48 6 1.033 1.122 48 8 1.065 1.249 48 7 1.093 1.380♦u 200 bl 7 220.b 22.69 48 13 0.96J 1.123 48 16 0.992 1.252 48 14 1.018 1,382
40 30U 4b 14 203.U 34.02 48 19 1.034 1.123 4H 24 1.068 1.252 48 20 1.095 1,38240 4OU 40 19 204.9 *_5.34 4b 26 l_*03b i,12* *B 32 1.069 1.252 48 27 1.096 1.383
40 500 4B 24 2ub.u 36.7o 48 32 1.034 1.123 4b 41 1.068 1.252 48 33 1.095 1.382
6« 10 57 1 29b.u 1.07 57 .1 1.010 1.112 57 1 1.021 1.228 57 1 1.031 1,352
60 2u 5/ 1 273.4 2.03 60 1 1.080 1.124 60 1 I«ll6 1.268 60 1 1.153 I.*l860 40 bu 1 2^0.0 4.03 60 2 1.023 1*134 60 2 1.057 1.278 57 3 1.031 1«*Z560 bu bu 2 zal.9 6.00 60 3 1.033 1.1*3 60 4 1.067 1.28b 57 4 1.037 l.*3*
60 10U 6u 3 2Bb.o 1(J« 02 6y 5 l«03l 1*140 &O 6 l«065 1,28b 60 6 1" 092 1»*3160 20U 60 7 2BO.5 iO«O5 bO 10 1-031 1.141 bo 13 1-065 1.286 57 13 1.03* l.*3160 300 bu 10 2B7.9 3o«Ol 60 15 1.033 1,143 57 16 1.010 1.288 57 19 1.036 l.*33
60 400 6U 13 2«7.b 39.98 60 20 1.035 1.144 57 21 1.010 1.289 57 25 1.037 1.4356u boo . by 16 &1*» bO.QO 6.0 25_ .J.JJ03*.. . 1*1*3 57 26 1-QlU 1.288 57 32 1-036 1,434

100 10 Id 1 437.9 0-94 Id 1 1.009 1-130 '2 1 l*01u 1«262 72 1 i, 0 27 i.4Ol
100 20 Id 1 4u3.,d 1.76 72 1 1-013 1*1*0 72 1 l«049 1.302 72 1 1.089 1.47*100 4U 7B 1 43»«U 3«47 72 2 0.946 1«155 72 2 0-980 1.31* 72 3 1.012 1.489
100 6u Id ?. 39b.4 b.17 72 3 l»038 1«163 72 3 l»075 1-328 72 4 l«108 1.497
100 100 72 3 397.4 b.66 72 5 1-033 1-158 72 5 1-070 1.323 72 6 1-100 l.*89100 20U Id 7 39b.4 17.24 72 10 1-038 j.163 72 10 l. O75 1.328 72 12 1.105 1,495100 30u Id 10 39b.4 2b.86 72 15 1.038 1^63 72 !4 1.075 1.328 72 18 i.i O5 1.49S
100 400 72 !4 393.4 34.49 72 20 1-038 1-163 72 l9 l. O 75 1.328 72 23 1-10* J.*9*100 500 72 17 394.9 43.07 72 2b 1.039 Icl64 72 23 1.076 1-329 72 29 1.106 l.*96150 1U 90 1 612.7 O.83 84 1 0.931 1.144 84 1 0.937 1.29o 84 1 0.943 1,4*4
150 2U 9U 1 362.9 1.54 d4 1 0.92b 1.157 90 1 1.030 1.331 90 1 1.061 1,517150 40 9U 1 537.9 2.97 «4 2 0.971 1.202 90 2 1.07b 1.383 90 2 1.110 1.576150 6u 9u 2 54b.2 4.51 90 2 1.029 1.182 9o 3 1.061 1.365 90 3 1.093 1,556
150 100 9u 2 542.9 7.49 90 4 1.027 1.181 90 5 1.068 1.372 90 5 1.100 1.56*150 200 90 3 537.9 14.86 90 b 1.037 1.190 90 11 1,076 1.381 90 10 1.110 1.576150 300 90 7 53b.3 22.23 90 12 1.040 1.193 90 17 1.078 1.384 90 16 1.114 1.580
150 40U 90 10 537.9 29.71 90 16 1.037 1.190 90 23 1.075 1.381 90 21 1,110 1.576
15u 500 90 12 b3b,9 J7.O8 90 20 1.039 1.192 90 29 1.077 1.383 90 26 1.112 1.579
200 lu 96 1 70U.3 0.76 96 1 1.007 1.158 96 1 1.01* 1.318 96 1 1.021 1,*86
200 2u 96 1 633±B 1_,4q 96 1 _ lj«08 1.171 102 1 1.10" 1.363 102 1 1.146 1.568
200 4u 1U2 1 649.4 2.69 96 2 0.983 1.221 102 2 1.081 1.420 102 2 1.118 1.63*
200 6U luo 1 ba/.a 4.07 102 2 0.986 1.206 102 3 1-021 1.411 102 3 1.056 1.62*
200 1OU 102 2 64B.3 6.72 102 * 1-0*0 1.210 102 5 1.083 l.*22 102 5 1.120 1.637
200 20U 102 4 64B.3 13-45 102 8 1-0*0 1-210 102 11 1«080 1-420 96 \\ 1*051 1«635
20U 30U 102 7 64^-2 20-1* 102 12 1-042 1*212 102 16 1*083 1.423 9b 17 1*053 1,638
200 4ou iUd 9 646.1 db.B 2 _Jj)2 l»0*2_ 1*213 _ 102 22 l*084 1.424 96 22 l"054 1-640200 5oo 102 11 645.4 33.4?" 102 1? 1*043, 1*213 102 2^ l*08S 1.425 96 27 1 .055 1.&41300 lu 12u 1 97i,u g.67 1 1*QOT 1«186 120 1 l*01 5 1.3?0 120 1 l«022 1*56130U 2u l<;u 1 a7 i.j !.22 120 1 i.ooa 1-203 l2o 1 l«029 l«4lb 120 1 l*0&9 1*651300 4U \du 1 b^l** 2'32 120 1 l«O&o 1'255 120 2 l'O 92 1-*S6 i 2u 2 1-13* 1*73*300 <>U 12& 1 Bbj.9 3.44 l26 2 I«o47 1.252 i2o 3 l»o5O 1*498 i2 0 3 I*o9l 1.748
300 lOu 12u 2 8J2.J 5.74 12^ 4 _l_t4i57 _L*_255 x2q 5 i-lo* 1-499 j20 b L147 1*750
300 200 12U 4 «12.J 11*47 120 T l.oS'S 1.253 120 11 I«lo3 1.496 i20 10 1«1*7 1*750
300 300 12u b Bici.J 17.21 J20 1} 1*052 l»25l 12q 16 Llo3 1.498 12U 15 L147 1.750
300 4yu 12o 8 bi*.3 120 15 1.051 1.25o 120 22 I.lo3 l.*98 120 20 1.1*7 1.750
300 300 12b b 8b«!.b 2b,67 j,20 j9 J.0Q2 1.252 j2q 27 1.Q50 l.*99 120 2* 1. o92 l«75o
500 lu Ibu 1 I36c;.4 0*56 ibo 1 1.009 1.222 l5o 1 1.01d 1***1 150 1 1*027 1,66$
500 2u Ibu 1 H9b.l 1.U1 lbO \ 1,010 1*2*8 1 1.061 l.*96 l5o 1 1,072 1,780SOO *u 160 1 UlJ*o i.'o 136 1 ■■■'1,089" i,29* i56 2 1.1*0 1.587 l5y 2 i,i52 1,889
500 6u J56 1 H3-..0 2.79 2 i. 0 6 u 1.312 1=6 3 Hi 9 l.*l8 1&0 3 1.131 l.^Zt500 100 16b 1 121U./ 4.68 156 3 0.989 1.299 i56 5 Lo*8 I.606 l5o 5 1.059 1.912500 20U 136 J H<;b.3 9.26 J56 6 1.0&1 l'3l* l56 9 1-122 1.623 156 9 j. ;75 1.93*500 300 lbb 4 1129.6 13.90 15b 9 I.u6o 1.313 156 1* 1.120 1.621 150 1* 1.13* 1,931500 400 lbb b 112?. 3 18.52 1^56 Id 1.y61 1.314 l56 19 1.120 1.621 \$Q 19 1.J35 1.933500 5uu l5b 7 lUb.d 23.o9 l5b lb 1.0&4 1.3l7 i56 24 1.123 1.625 i5o 23 1.138 1.937

1000 lu 216 1 223/.7 u<44 204 1 Q.9&8 J.287 204 \ 0,978 1.566 2Q4 1 0.989 1.854
1000 2u 216 1 l9<!3.l U.77 2 U 4 1 0.962 1.330 204 1 0.975 1.651 2i6 1 1,068 2.010
1000 4u eilb 1 j7ba.B 1.42 216 \ 1.027 1.369 204 2 L067 1,785 21& 2 1.169 2,17*
1000 6u 216 1 l7 0 J.4 2.08 2u4 2 1.022 l-*23 21& 2 L138 1.8l9 2i& 3 l.2o7 2.23*
1Q0U 100 21b 1 lbbv.j 3,38 nb 3 l,Q9b _ 1«**5 zib 4 1*168 1.859 2!& 4 1,234 2.2«11000 2uu 11> 2 1669,1 6,76 216 5 I«o89 1**39 216 8 1-168 1.859 2j6 9 1«234 2.281
1000 300 21b 3 l6b*.i ji0 " 1* 21& H l*0a* l-*35 216 13 1 " 16? 1.859 2i& 13 1.232 2.279
1000 *0U 21b 4 I6b9.i 13.53 216 H I«o85 1.436 216 l7 1M67 1.859 216 l7 1-232 2-279
1000 Suu 2i6 5 1639.1 ib .9i 21 6 13 1-Q86 1.437 216 22 1-167 1.859 216 21 1.231 2.278
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TEXASnAICR Ot vELUPMt". F BU«rtu LOCKwOOO.ANDREWStANONEwnAM.INC.PHOGRAMCOSTOF Oc.LlVtKl'NU >«MTdH ol PlPcLInt - MOSTECONOMICALOlAMETEH
PfcAX.FACfOH■ 1.^5 OKOviln HrtTE ■ 0-06 INTERESTHaTE ■ 0.040 AMORTIZATIONPERIOD= 4QYHS PHEStNT*ORTHFACTOR« 13.41

FLOwL£i1I»Tm SUliC hEaO SLUKL « 0 STATIC HEAD SLOPE» * STATIC HEAU SLOPE* 8 STATIC HEAD SLOPE» 12
MGO MILESu1a.nu.PS C.C.I»/Mi k.C.IT/TG OlA.NO.PSC.C.KaUO h.C.RaTIO oIa.NO.PS C.C.«aTIO h.C.KaUO OIA.NO.PSC.C.RaTIO k.C.HaTIO

2 10 lb 1 Sb.2 6.27 16 1 1.038 1.060 16 1 1.076 1.120 16 1 1.114 1.180
2 iiu 1 to 1 34.3 11.8* 16 i 1.039 1.062 16 1 1.0S1 1.125 16 l 1.1*3 1.210
2 »u ib 1 34.u 23.25 16 2 1.0*5 l»08l 16 2 1.086 1-146 16 2 1.1*8 1.2322 6u ib 2 SJ./ j*.8i 16 2 1.059 LO8o 16 3 1.093 1.1*8 16 * 1.1*3 1.232
2 100 lb 3 53.3 a/.79 16 4 1.0*7 1.075 16 5 L096 1-152 16 6 1.1*5 1.233
2 200 10 6 53.3 115.58 16 8 !. 0*7 1-075 16 10 l-O^ 6 1-152 1& 12 1.1*5 1.2332 300 10 9 Sj.b 173.37 16 12 1.0*7 1.075 16 15 1.096 1.152 16 19 1.1*3 1.233« *0U 10 11 b3.a 230.66 16 J6 1.0*8 1.077 16 20 1.097 1.155 16 25 1.1*3 1.23*2 SOU 16 14 3J.b eb8.24 16 20 i.0*tt 1.077 16 25 1.097 1.155 16 31 LI** 1.235j> 10 2i 1. '{'it 3.3* 21 1 1.026 1.062 21 1 1.053 1.127 21 1 l. O 93 1.20 95 20 21 1 *>9.6 6.** 21 1 LOSS 1.088 21 2 l,0 7* 1.169 21 \ ltl 86 1.242s *o 21 2 69.6 12.88 21 3 1.Q31 L077 21 3 1.0«0 1.16* 2J 2 itl 86 ll2425 6u 21 4 ov.l 19.31 el * 1.0*6 1.080 21 ♦ 1.093 H6* 21 ■ 3 1.196 1,2*3
5 10U 21 6 6b.a 31jl99 _ _21 7_ L«J>*7_ _ 1.086 2* 6 1.170 1.191 21 5 1.200 1.251s 20U 21 le bo.a 63.98 21 15 1,04*

" "l.08* 2* 13 1.16* 1.186 21 io 1,200 1.251
S 3ou 21 Id bd.d 95.97 2* 1* 1.122 1.098 21 12 1.179 1.193 21 15 1.200 1.251S *uu 2* 12 K.2 12H.97 2* 19 1.039 1.089 21 16 1.092 I.18* 21 20 H13 1.2*1
5 SUU 2* IS ?4. c 101.21 2* 2* 1.0*0 1.090 21 21 1.0S3 1.175 21 25 1.113 1,2*1

ID lu it 1 **"? 2-32 27 1 1,018 1.069 27 1 1.036 1.1*3 27 1 1,070 1.165
10 2u dl_ 1_ 93mj 4^39 21 1 1.0*8 L«090_ 30 I 1.137 1.167 27 2 1.090 1.235
lu 4u 2' 2 *J.U 8.77 27 2 1.0*8 1.090 27 3 1.062 1.15* 2T 4 1.090 1.235
10 ou dt J 93.u 13.16 27 * 1.029 1.073 27 5 1.059 1.152 27 6 1.090 1.235
10 10U 3u 3 99.1 21.93 27 7 0.963 1.072 27 8 0.99* 1.153 27 10 1.023 1.236
10 200 2/ 11 9c.S *3_.67 27 1* 1.032 1.076 27 17 1.06* 1.157 27 20 1.096 1.2*1
10 30U 27 17 92.3 65.*l 27 21 1.03* 1.078 27 26 1.065 1.158 27 30 1.098 1.2*3
10 400 Zl 22 92.3 ILlllL 27 28 U_032 1.076 27 35 1.063 1.156 27 41 1,096 1,2*0
lu 50U 27 dti 9c.4 109.07 27 36 1.032 1.076 27 *3 1.06b 1.157 27 b'l 1.097 1.2*2
20 lu 3* 1 13«.6 ..1..6* 36. 1 0.950 1.0*6 36 1 0.962 1.127 39 1 1.038 1.2l9
20 CO 3* 1 133.1 3.05 39 1 1.021 l. O95 39 1 l. O 66 1.2H 39 2 1.089 1,3 l2
20 *U 39 2 133.1 . .6.10. 39 £ 1.021 1.095 39 3 l.QSl 1.198 39 3 1.08* 1.3o82o Ou 39 2 132.2 9.09 39 3 1.02d 1.101 39 * 1.057 1.20* 39 5 1.087 1.31220 luu 39 4 131.d 1^1? 39 _ _5 1.031 1.104 39 7 1.057 1.205 39 9 1.090 1.3l520 20u 3V 7 131.6 30.19 39 11 1.030 1.103 39 1* 1.059 1,206 39 17 1.091 ii3i620 3U0 39 II 131.3 4S.21 39 16 1.030 1.103 39 21 1.061 1.208 39 26 1,092 1,318
20 4Ou 3* 15 1J1.<» 60.33 39 21 1.030 1.103 39 28 1.060 1.207 39 35 1.090 1.3l620 5uo 39 18 U1.2 75.31 39 27 1.031 1.10* 39 35 1.062 1.209 39 ** 1.092 1.318
*O 10 4b 1 2ou.b 1.33 45 1 1.013 1.089 45 1 1.027 1.185 48 1 1.128 1,29*
♦0 2u 4o l 2ua.a 2.54 48 1 1.036 1.11a 48 1 1.07* 1.241 *d 2 1.100 1.360
40 40 40 2 2u3.b a.07 48 2 1.036 1.118 48 3 1.065 1.233 48 3 1.094 1.35*
*O b«J 40 3 20b.a 7.6J 4d 4 1.033 1.116 48 4 1.065 1.233 48 * 1.092 1.353*O 100 Hb b 203.a 12.68 *d 6 1.033 1.115 *fl 6 1.06& 1.233 4d 7 1.093 1.354
*O 200 40 9 2U3.3 . 25.35 48 13 1.032 1.115 48 16 L066 1.234 4b 14 1.094 1.35540 3ou 40 1* 2uS.u 3?.97 48 19 1.034 1.116 48 2* 1.068 1.236 4b 20 1.095 1.35640 40u 4d 19 2u4.9 bo.60 48 26 1.035 LH7 48 32 L069 1.237 48 27 1,096 1,357
4o bou 4d 24 2uS.o 63.28 48 32 1.03* L116 *8 *1 1.068 1.236 *8 33 1.095 1.35660 10 bf 1 g*S.O 1.20 b* 1 0.9*8 1.102 54 1 0.959 1.206 57 1 1,031 1.320
h" it b' 1 2'*'* 2-27 b7 1 1.026 l.l 22 57 1 1.058 1.2S0 57 1 i. O 96 1.390b" »n 5' -i 27b.» 4.54 57 2 1.026 L122 57 2 l. O 58 1.250 57 3 I.088 1.384
60 6u *" * d<sl>* 6.78 b7 3 0.982 1.126 57 3 1.0U 1.255 57 4 1.037 1,3866 >J lou b/ 4 Hi,I 11.26 57 6 1.034 L129 57 6 1-066 1,258 57 6 1.095 1.392
bu <!uu 5/ d ili'i 22.53 67 12 1.034 1.129 57 11 L065 1.257 57 13 1.093 1.3906>J 30U a/ 13 2^.0 33-76 57 18 i.03b 1.130 57 16 1.06b 1.256 57 19 l,o93 1,390
6lJ. *uo 5? 17 2?2-o 44.99 b7 24 1.036 L130 57 21 1.066 1.259 57 25 1.095 1.392b» b"u b/ 21 27cW . 36.25 57. 30... .1.036 L130 57 26 1-066 1-258 57 32 1.094 1.39110U lu Id 1 43'.si 1<OS 66 1 0.9H 1.U6 66 1 0.920 1.234 72 1 1.027 " 1,362100 *» f d 1 4u3-2 1«97 72 1 1.013 1-128 72 1 i. o4 9 lt278 72 1 i.O 89 1»*36l°u *u '<: 1 40U.O 3.9o 72 2 1.02b L139 72 2 1.06I 1.29U ' 72 3 1.096 1.446100 6" \i i J 1"^"* s.79 ? 2 3 J.Q3B 1-152 7 2 3 1-075 1-304 72 4 1-108 i«459100 100 Id 3 39?.4 9.69 72 5 l. O33 L147 72 5 l. 0 7o 1.299 72 6 t-lOO 1.451100 200 72 7 39b.4 i9.3 0 72 10 L038 H52 72 10 Lo75 l.3O4 72 12 i.iO 5 1.457100 Juu Id lu 3V3.4 id.95 72 15 1.038 L152 72 14 l. O 75 1.30* 72 18 1>105 l.*57l°u *0^ u 1* J9b.* 3d.6O 72 20 1.038 1.152 72 \<i i, 0 75 1.30* 72 23 1.10* l.*56100 bOU Id 17 394.K 48.2o Id 25 1.039 MS] 72 23 1.076 1.30b 72 29 H06 1,498

l5u lu b* 1 56f.l 0.93 84 1 1.006 1.130 84 1 1.013 1.262 84 1 1.019 l.*00l5u H« 1 bl/.2 1.72 84 1 1.009 1.142 84 1 1.046 1.308 84 1 1.084 1,484l5u 4U -yu } bj?.* 3.36 84 2 0.971 1.169 84 2 LOOS 1.339 84 3 1.042 l.SiB1=0 6u d4 * bul.3 3.03 84 3 1.041 1.172 84 3 1.079 1.342 84 4 1.113 1,518
I50 iUu "4 3 bu4.u 8.42 84 5 1.036 1.167 84 5 1.073 1.336 84 6 1.104 1.5oB15l) 2ou «4 1 buc.3 16.79 84 10 1.039 1.170 84 10 1.077 1.3*0 8* 12 1.107 1.5l215u JOO 9u 7 bJb.3 25.1* 84 15 0.974 1.172 84 14 1.00a 1.3*2 8* 17 1.036 l,5l*150 »uu 04 13 buC.u 33.56 84 20 1.040 1.171 84 19 1.077 1.340 84 23 1.107 1.5l2150 boo b» II 5U1.3 41.91 b4 25 1.042 1.172 84 23 1.078 1.342 84 29 1.109 1.51420u 1" 9 b 1 70U.J 0.85 96 1 1.007 1.144 96 1 1.014 1.288 96 1 1.021 1,438
200 d^ 1 bJJ.a 1.57 96 1 1,008 1.156 96 1 1.043 1.336 96 1 1.082 1.5252OU *u *° 1 61^.7 3.05 96 2 1.042 1.189 96 2 1.079 ■ 1.373 96 2 1.119 1,568
200 60 90 2 611.6 4.56 96 3 1.044 1.190 96 3 1.081 1.37b 96 4 1.120 1,570200 10U 9b J 60?.2 7.56 96 4 1.049 1.195 96 5 1.0R9 1.384 96 6 1.12* 1.57620U 200 9b b 60/. 2 15.12 96 9 1.0*6 H93 96 9 LoSB 1.383 9b 11 1.122 1,574
200 JUO 9b 9 6J|'C 22-67 96 14 1.04b 1-192 96 13 1-0*8 1.383 96 17 1.123 1.575200 *00 Vb 12 bu/.2 3(j.23 96 }B _ 1.0*6 1.193 96 18 l. 0 8H I.383 96 22 i, 122 1.57420o Sou *b ib 6 U7.2 j7.79 96" 23 [.04b 1.l9 2 96 22 i. o 88 lt383 96 27 \>\2Z 1.57*300 10 114 1 V2C? 0 .75 U 4 I 1.00« 1-164 114 \ l-Qjb 1.328 u* 1 1-02* l.*993Ou 2u lit 1 822.9 1.36 a* 1 1.009 1.180 120 1 l«090 1.3&1 H4 1 i. o 83 1.59530u *u 1^« 1 «*<:l«* 2.&1 114 2 l.oll 1.235 J2O 2 I«o92 1.444 n4 2 i.O 85 1,669300 ou 12b 1 6aJ-9 j.92 i 2u 2 1.006 1«222 120 3 l«050 1.4*2 n* 3 l«0** 1.666300 luu I2u d Oic.j 6.46 120 4 J 1.235 t 2 0 5 Llo* 1.458 u4 5 1.097 1.685300 auu 12u 4 S 1<:.3 12.92 120 7 l".o"55~ i.233 l2o 11 1.10-3 1.457 tl 4 \\ i. o 94 1.68230u 3uu Uu 6 812.3 19.3H I2u 11 1-052 1.231 120 16 Llo3 1.45? n4 16 1.093 1.681J00 4uu id-j H die,3 25.84 120 15 l. 05l 1.230 120 22 I.lo3 1.457 H4 21 I.o93 1.681300 aou 12u lu 8ic.3 32.3o 120 19 l.o52 1.231 12o 27 Llo2 1.457 n* 26 i. o 93 1.681|0U 1« I*- 1 1314.3 o-63 144 1 i.oo9 1.197 !44 1 1.01"* 1.3«1 144 1 i. O 28 l(593l°" iu I"* 1 H*0*' 1'13 144 1 1.011 1.220 l5 0 1 l. 0 6d 1.446 144 1 i<0 79 L7Q35 0U " U |»« i 1U03.1 2.13 ibo 1 1.103 1.2^6 15 0 2 1.151 I.S38 144 2 1.163 l,8i 250U 6u iau 1 loov.u 3.14 ib u 2 !, 063 1.286 i5 0 3 1.12b i,565 144 3 1.137 1.844S OO luu 130 2 lu^b-4 3.26 ib6 3 1.092 1.282 i5o 5 1.1 j8 1,556 144 5 1.130 1.83350U cuu lbb J 1120.3 lu.49 ibo 7 1.026 1.282 j5o 10 1.08b 1.561 144 10 1.098 1.83950U JUU lbu 1 loO't.u 15.7o 150 10 1.063 1.285 jSo 15 1.12& 1.565 150 14 I.l76 I.843SOU »uu lb u 7 llioo.u eO-92 14 J.065 1.286 jSo 20 1.127 1.566 150 19 1.177 1,845
500 buo lbb 7 1123.2 26.17 150 17 1.028 1.284 l5o 25 1.090 1.565 150 23 1.138 I.8431000 lu 2u* 1 2100.3 O.5o 204 1 1.011 1.253 204 1 1-022 1.500 204 1 1.033 1.7561J00 2u 2U* 1 lbe/-9 0-87 204 1 1-013 1-293 204 1 1-026 1.578 20* 1 1.076 l,9 0 51000 4u 2U4 1 Ibb^.l l.b 0 216 1 i. O87 1.342 204 2 1.129 1.712 204 2 H84 2.067

1000 bo 2U4 1 lbuo.2 2-33 2 0 4 2 1.084 1.385 2 o4 2 H53 1.750 204 3 1-224 z'.l?!1000 1UU 21b 1 lbav.i j.8« 2 g4 3 1..Q39 J.395 204 4 1..H9 1.776 20 4 4 1.186 2.156
1000 2UO 210 2 lbb-v.l 7.68 2 0 4 6 1.039 f.395 204 7 li\\1 1.774 2 0 4 9 itl79 2«150100U 3uu 210 3 163*.1 n,5j 2 0 4 9 l>039 1.395 204 10 l-ll' 1-773 204 13 W77 2.1481000 4ou 210 4 lbav.i 15.35 204 12 l«039 1.395 204 13 I«ll6 1.773 2o4 18 1-179 2.1501000 Sou 21b b 1659.i i».l9 2U 4 15 1.Q39 1.395 2 o* 16 l.U6 1.773 20* 22 W77 2-148
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TEXASWAlt.Pl utVtLOHMtNI dUMWU LOCKWOOD>ANDREWS»ANONEWNAM.INC.PR06RAMCOSTOf UfcLlVtMHu WAltH B» PIPELINE - MOSTECONOMICALDIAMETER
PEA* FAClUK■ 1.^3 uKj* In K«Tt ■ 0«03 INTERESTHaTE ■ 0.040 AMORTIZATION PERIOD* 40YRS PRESENT«ORTH FACTOR « 8«92
FLO* LtNulH blAllC ml«O bLdPt . 0 STATIC HEAD SLOPE■ 4 STATIC HEAD SLOPE■ 8 STATIC HEAD SLOPE■ 12
MOD MILtS ulA.wO.Pb coH/Ml K.C.CT/Ttj OIA-NO.PSC.C.HaTIO K.C.RaHO q1A.NO.PS c-CRaTIO W.c.RaTIO OIA.NO.PSC,C.RaTIO «.C.RaTIO

lo 16 1 bb.2 a.98 16 1 1.03B 1.059 16 1 1.076 1.115 16 1 1.114 1.170
1 2U 16 1 34.J 17.18 16 1 1.039 1.058 16 1 1.081 1.116 16 I 1.1*3 1.196
2 4o 16 1 64.0 J3.97 16 2 1.045 1.070 16 2 1.086 1.12' l6 2 1.148 1.2<)9
I 6u 16 2 S3.7 30.74 16 3 1.051 1.074 16 3 1.093 1.134 16 4 1.143 1.207
I 10U 16 3 5J.3 S4.30 16 4 1.047 1.068 16 S L096 1.137. 16 6 1.145 1.2o»1 200 16 6 3J.3 1611.61 16 8 1.047 1.068 16 10 1.096 1.137 16 12 1.145 1.2<|9
2 30U 16 9 3J.3 232.91 16 12 1.047 1.068 16 15 1.096 1.137 16 19 1,143 1.20&
2 400 16 11 3J.3 336.74 16 J« _ JL-048 1.069 16 20 1.09/ 1.139 j6 ,25 J.J43 1,2()8
2 boo 10 14 3J.S 420.73 16 20 1.048 1.070 16 25 1.097 1.139 16 31 1.144 I.2o9
3 10 21 1 7l.u 4.66 21 1 1.026 1.057 21 1 1.053 1.114 21 1 1.093 1.187
b £*> *l 1 °9.o 9.06 21 1 1.055 1.084 21 2 1.074 1.146 21 2 1.115 1.220b 4u 21 2 6-v.b 18.11 21 3 1.031 1.066 21 3 1.080 1.145 " 21 3 1,122 1,220
3 6u 21 4 69.1 27.04 21 5 1.042 1.075 21 5 1.08S 1.149 21 " 5" 1,129 1.226
5 10O 21 6 6b,o 44.84 __2.1 8_ i_.O43 _U0JJ 21 9 1.086 1.153 21 5 1.200 1.252
b 200 21 " 12" Vo.a 89.69" 2i '"Y5 1.6** "~

1.077 24 13" 1.164" " 1.202 21 10 1.200 1.252
S JOO 21 1« eo.o U4.53 21 23 1.042 1.076 24 19 1.165 1.203 21 1.5 1.200 1.252
b 4UU 21 to oo.o 179.37 24 19 1.121 " 1.124 24 26 1.164 1.202 21 20 1.200 1.252
3 300 21 Ji) 60,0 224.22 24 24 1.1.22 1.125 2.1 21 1.16B 1.194 21 25 1.200 1.252ID 10 24 l 9l.i 3.16 24 1 1.031 1.059 24 1 1.061 1.122 27 1 " 1.113 U158

10 2u 27 { 9j,o _6_,4q 27 I Ls.0_4_8_ 1.082 _ _2_4 2 1.040 1.16.3 27 _ 2 . l«0?0 _1.2oO
lo to 27 2 vJ.u 12.20 27 2 1.048 1.082 27 3 1.062 1.133 27 4 1,090 1.2001U feo 2/ 3 vJ.o .18,30.. 27. _4_._.1.029. 1.064 27 5 LOS' 1.131 27 6 1.090 1.20010 lou 2? 3 9J.u Ju.5o 27 7 1.027 1.062 27 8 1.060 1.132 27 10 1.090 1.200
10 200 2/ 11 9<:,3 00.72 27 }4 1.032 1-067 27 17 1.064 1.136 27 20 1.096 1,2<)6
1U Jou 2/ 17 92. J 9y.93 27 21 " 1.034 1.069 27 26 1.065 1.137 27 30 " 1.098 l,208
10 4uo il 22 92.3 121.43 27 28 __1.032_ _ l_.0_67 27 35 i«Q63. 1.135 27 4} ltQ96 1*2<)6
10 boo d< 2b V2.4 131.65 27 36 i.032 1.067' 27 43 L065 1.136 27 5l 1.0*7 1,207
20 lo 3J 1 12J.3 2.16 .33 1. I.Q19 1.Q67 36 1 1.089 1,140 36 1 1,112 I,2l7
20 20 30 l US.? «.2O 36 1 1.041 1.093 36 2 1.068 1.174 36 2 I,o9l 1.253
20 4o jo 2 42». I o.4y 36 3 1.02.9 l.OSi 36 3 1.063 H68 36 4 l_.09l 1,25320 oo 3b J 123.7 12.60 36 4" 1.030 1.082 36 5 1.060 1.166 36" 6 l".o9l U253
2U 1UO JO 6 123.0 20.97 36 I 1.028 1.Of1 36 9 l»059 1.1&5 36 1Q ltO?2 1.254
20 200 J6 11 123.0 41.75 36 14 1.034 1.086 "36 18 1.065 1.171 36 21 1.097 1.259
20 3oo JO 17 12b.2 »2.72 36 22 1.031 1.084 36 27 1.063 1.169 36 32 1,095 1,257
2o 400 30 22 123.0 03.49 36 29 iVoM 1.085 36 36 1.065 1.171 36 42 1.097 1.259
20 boo JO 2H 123.1 104.47 JO 36 1,031 l.«84 36 45 L064 1.170 36 53 l«0?5 1,258♦0 10 »2 1 loJ. 1* 1.7j 42 1 1.026 1.084 42 1 1.052 1.172 42 1 1.075 U264
40 20 43 1 l<*c.0 3.37 42 2 0.98.0 _ 1.100 42 2 1.00& 1.189 42 2 1.026 1.282
40 4o 4b 2 192.0 6.73 42 3 " ~0.969"'"" 1.090 42

"
3 1.00* "i.l«8 42 4 1.026 1.282

40 60 43 4 I*!.* 10«07 42 5 0.976 1.096 42 5 1.00^ 1.188 42 6 1,030 1.286
40 100 »3 0 iv^.2 i6.8o 42 a 0.973 1.093 42 9 l.ool 1.186 42 10 1.029 1.2844o 200 <»b 13 1V1.9 33.56 42 lb 0.973 1.093 42 j7 1.002 1.187 42 20 1.030 1.285
4o JOO 43 20 191.9 30.33 42 23 0.972 1.093 42 26 l.OOl 1.187 42 30 1.030 1.2864o 400 43 20 191.9 o7.13 42 31 O-^I? __ l_«093_ *2 35 JL.001 1.186 42 39 J.030 1,28540 boo 43 33 m.9 Mj.89 42 38 0.972" 1.093 42 44 l.OOl 1.186 42 49 1.030 1^285
6" 10 bj 1 239.4 I.b6 Si 1 1.Q12 1.081 51 1 1.033 1.173 bl 1 1.055 1,271
6 0 <io b4 1 2O0.0 3.01 S4 1 1.031 1.103 54 1 1.071 1.217 51 2 1,053 1,32060 40 b* 2 2O0.0 6,02 54 2 1.031 1.103 bl 3 1.013 1.203 br 3 1.044 1.3J260 60 b4 j 200.u v.03 61 4 0.985 1.101 51 4 1.016 1.206 51 5 1.042 1.31160 100 94 b 2bo.u 15.05 31 6 0.986 1.102 _51 7 1.01b 1.204 51 8 1,043 1,3H6u 2ou 64 U 23V.o jo.08 51 13 0.98b 1.101 51 15 1.013 1.203 51 17 1.0*3 1.3U60 JOO b4 it 2bv.o 4b.11 51 19 0.984 HOI 5l 22 1.014 1.204 51 26 1.0*3 I«3l260 400 b4 22 2b*.u O0.I6 bl 25 0.984 1.101 51 30 L013 1.203 51 34 1.043 1.311
60 bUO b4 2« 239,0. 13,19 ..._fil....JZ fl,.9SS 1.101 5l 37... 1.01,3 .. 1.203... 51... 43 _i.O43 1»3H

10O 10 6u 1 3bb»J 1«37 60 1 l«0l6 I«o92 60 1 l^OS? 1'193 60 1 I«o56 1«298
100 2o 60 i 30<».a 66 ! l«032 Wl^ 66 1 l«071 1«243 66 J l»110 1«372
100 40 66 2 jbt.o b«14 66 2 1-032 1M18 66 2 1*071 1»243 66 3 I»o98 1«362
100 60 00 J 30<».a 7.72 66 3 l«032 I«ll8 66 4 l«06d 1.240 66 4 l«097 1.361
100 100 60 * 304. a 12.«6 66 5 l«033 l'llB 66 6 l«064 1.236 66 7 l«095 l«360100 200 60 a 304.0 <;5.72 66 10 l»033 1 " 11» 66 12 l«064 1.236 66 14 1.095 1.360
100 3ou ob u 304.7 30.58 06 15 1-033 I«ll8 66 18 1-064 1.236 66 21 1.095 1*360
10O 400 6b i'j Jbf.o bl«44 66 }9 1-032 1-117 66 24 1-064 1.236 66 28 1.Q95 1,360
100 boo 6b 19 364.0 04.3o 06 24 1.032 1.117 66 30 1.064 1.236 66 35 1.095 1.360l5o lo U 1 4bu.3 1.22 72 1 1.008 1.097 72 1 1.024 1.20b 78 1 1.113 1.317150 20 Vo 1 472.9 2.24 7« 1 1.036 1.135 78 1 1.073 1.271 78 1 1.H0 1,*1315o 40 7b 2 4/2.v 4.48 78 2 1.036 1.135 78 2 1.073 1.271 78 3 1.105 1.4o9
150 60 7o J 472.v 6.73 78 3 1.036 1.135 78 3 1.073 1.271 78 4 1.098 1.403150 100 7b b 4/2.V 11.21 78 5 1.036 1.135 78 6 1.068 1.267 78 7 1.100 1,404I5o 200 7a lo 47*.9 22.42 78 9 1.034 1.132 78 11 1.067 1.266 78 13 1.099 1.40*
150 JOU 7o lb 472.9 J3.64 7B 14 1.034 1.133 78 17 1.066 1.265 7U 20 1.098 l,*03150 400 7b 20 47<:.9 44.85 7b 18 1.034 1.132 78 23 1.066 1.265 78 27 1.098 1.403
15o 500 78 25 47*.9 30.06 78 23 1.034 1.133 78 28 1.066 1.26b 78 34 1.098 l.«02
20O 10 «<» 1 610.0 1,12 84 1 1.008 1.108 84 1 1.0f6 1.219 84 1 1.034 1.345
20o 20 9o 1 boo.2 2.05 90 1 1.026 1.138 90 1 1.059 1.281 90 1 1.103 1,440200 4U 9o 2 500.2 4.11 90 2 1.026 1.138 90 2 1.059 1.281 84 3 1.043 1.437
200 60 9o 2 67/.0 6-08 90 3 1.041 1.152 90 3 1.074 1.298 90 4 1.113 1,493200 100 9o 4 b/3.4 10-10 90 4 1.043 1.154 90 5 l«079 1.302 90 6 1.115 1.456
200 200 9u b 673.4 2o«21 90 8 1-043 1-154 9 0 10 1-079 1-302 9o 12 1-115 1.456
200 JOO 9 U 12 5/3.4 JO-31 9o 12 1-043 1-154 9 0 15 1-079 1-302 9o 19 1«11* 1-455
200 400 9 U 16 57b.4 40.41 9g _ 16 1-043 1-154 9o 20 1.079 1.302 9o 25 1.113 ' 1.454
200 Soo *o' 20 b7b.4 So.62 " 9"0" 2o""" 1.043 1-154 9 0 26 1-078 1.302 9o 31 1-113 1.454
300 lo 102 1 b<:*.o l.Oo 102 1 1 .OO9 1-12* 102 1 l»01 7 l-2&0 102 1 1-02& 1*381300 2o lo2 1 7Jo-0 1-79 io» \ I.080 1-157 108 \ 1-123 1.325 i O2 1 1-124 I,5o4
300 »o II* 1 7/9.4 3.5g i 0B z 1-OH 1 " 176 108 2 1-052 1-347 i O 2 2 I«o53 1*529
300 6 U i 0 o 2 74b. 2 5.24 lo6 3 I»o53 1.183 108 3 1.096 1.3S5 iO2 4 1.09 0 1,532
JOO 100 loo 3 7bl-j 8.77 1KB _4 1.549 1.178 108. 5 1.091 1.35o 108 6 1-131 1,526
300 200 luO 7 740.6 l7.44 108 8" 1.05b Ll85 102 11 1.052 1.357 108 12 1-138 1.834
300 JOO 10" 10 740.2 26.21 luB 11 1.0.53 1«183 108 14 1.0^3 1.353 loB 17 1.136 1,532
JOO 400 10O 14 740.0 J4.89 10H 15 I ioSS I«l85 jQ6 i9 1.096 1.356 108 23 1.137 1,533300 buo lob \1 74?.3 43.66 10« 1« 1.054 1-183 J08 24 L095 1.355 108 29 1.135 1.531
bOO lo Mi. 1 1221-2 0-»5 126 " J 0-974 1.148 i26 \ 0-983 1.2*5 126 1 0.993 1.44&
500 2o 132 1 1034.V 1.5o J32_ l.__liQl* 1.171 \$Z 1 1.061 1.369 138 1 1.140 1.575
SOO 4o I3o 1 1027.1 2.65 132 2 1.042 1.23B j32 2 1.08' 1.443 138 2 Li7i 1,661
SOU &u 1J2 3 IO0O.0 4.3o }3b 2 liO'S l»2?0 l32 3 1.1JB 1.432 13B 3 1.201 Ii6*8
500 100 144 2 103'-0 7.14 138

■■""' 4" " 1.034 1.223 138 4 1.087 1.43b 132 6 l.loS 1^654
500 2oo 130 b lo2'.l 14.24 138 8 1.065 1,227 132 9 1.08b 1.440 132 11 1.136 1.658
5oo 3oo lib b 102J.4 21-29 138 13 1.068

""
1.231 132 14 1-090 1.445 132 17 1.138 1,641

bOO 400 IJb n 102O.I 28.46 138 Jj 1.065 1«22_8 i3jg \B 1.Q86 1.441 132 23 1.13b 1,658
300 bou 13b U 1024.4 Jb.b2 138 ~ 22 I."o67"" 1.230

"
132 23 1.088 1.443 132 28 1.137 1.661

1000 lo loo 1 1974.0 0-68 180 1 i«012 1-188 1B0 1 1,02* 1.372 180 1 1-037 1,563
1000 20 lou 1 1641.4 1.17 180 1 1.015 1.221 1B6 1 1.074 1.456 186 1 1,121 I.7o8
1000 40 180 1 Ib2u.4 2.13 192 1 1.Q98 1.297 186 2 1,159 1,592 JB6 2 1-210 1.868
1000 60 l9<? 1 ib3J«9 3.16 192 2 1-084 l-3o8 i92 2 1-162 1.604 186 3 1-1»9 1,089
1000 100 \^t i ibJJit 5-27 192 3 _ 1.4586 li.3.10_ l86_ 4 _ 1-135 1.598 \6b 5 1-200 l«89o
1000 2Oo 192 4 15JJ.4 10-53 l SI2 7 1-083 1-308 "186 8 1-135 1.598 186 10 1-200 1-&90
1000 Joo 192 0 lbJJ-4 ib-bfl 192 i 0 l-QO1* 1-308 186 \\ 1-134 1.597 \Sb 15 1-200 l».8'0
1000 400 192 7 152'-b 20-99 192 14 I.088 1-312 186 15 1-136 1.600 186 19 1-204 l|896
1000 boo l9c 9 lb2J?O 26-18 i9g i7 l-o'l 1-316 1B6 l9 1-140 1-&05 186 24 1-2Q7 l-9oO
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TEXAS »Alt« OtvtUOH.xt.W oo-rtu LOCKWOODiANOHEWS i AND NEkNAM,INC. PROGRAM
COS! Ul- ucLiVcrtlivu fl«lcK oi HIPhlIhE - MOST tCONOMlCALOlAMtTEK
PEA* FACfuK * i>3 u oKuiiln Hrt Tt = Q'Ou INlEHEST HaTE ■ I).0<tO AMOHTUaTIOn PEHIOU= *oYRS PRESENTKOKTH FACTOR= 20.19

FLO« LbNo'ln al»»llC nuu SLUft = u STATICmEaU SLOPE» 4 STATICHEaOSLOPE■ 8 STATIC MEAD SLOPE« 12
MGu MILtb ijU.hu.Ps utC«l»/Mi w.L.CT/Tb OlA.HU.PS C.C.KaTIO k.C.HaTIO dU.nO.PS C.C.HaHO w.C.RaTIu D1a.NO.PSC.C.HaTIO W.C.RaTIO

£ IU It 1 ba.b 4.7l 16 1 1.03b 1,049 16 1 1.071 1.107 16 1 1,106 1.166
d 2u lo l bo.b d.7ft 16 1 1.040 1.056 16 1 L098 1.137 16 1 1.162 1.227
£ *o 21 1 "I'd i?«33 1» 2 u.96l 1.06b 16 2 l«01& 1.1*7 16 3 1.0*2 1.231
d 6u dl 1 Uiii^ 2b.66 ib 3 0.966 I»o8o 16 3 l«020 1*162 16 4 l«05* 1.2*52 lOu 21 d oi.u 42.99 16 5 0.9b4 Lo74 16 6 l«007 1.15S 1& 6 L058 1.238
2 d\)u dl J Oj.o Ob.29 jo io U.967 l«082 16 12 1*010 1 .1 &<* 16 12 I«o6l 1«2*82 JOu di b bu.v 128.28 16 15 0.966 1.080 16 IB 1.00' 1.161 16 17 1.063 1.2**
£ *0o dl fa ou.o Wo.58 16 20 0,^67 1,082 16 2b l,00a 1.16* 16 23 1.063 1,2*7
d buu 21 7 ou.o 212.96 16 25 0.968 1.084 16 31 1.0f>» 1.165 16 28 1,065 1,249
3 lo d* 1 ou.J 2.b8 24 1 1,023 1.063 24 1 1.046 1.134 24 1 1.068 l.ZllS '£» d* 1 7/.0 4.B2 24 1 1.0*6 1.087 24 1 1.094 1.189 2* 1 1,162 1,262
3 4u £4 ll,n v.63 24 2 1.046 1,087 24 3 1.073 1,103 2* 2 1.162 1,262
5 °o d* -i 7'«U 14.45 24 3 1,046 1.0B7 2* * l.oflO 1.18* 2* 3 1,162 1,262
b lUu 2* 4 7/.1 23.93 24 b 1,032 1.089 24 4 1.132 1.191 24 5 1.161 1.269
b 2Ou d* * 76.7 47. 02 24 12 1.037 i.o*O 24 8 1,1.18 1.192 24 10 1.167 1.271
3 JOu 24 U /o.b /1.56 24 9 1.U4 1.121 24 12 1.1*0 1.1*5 2* 15 1,168 1,27*
3 »0u d<* 1' 'D"° 9b.43 24 12 1.113 1,121 24 16 1.139 1.194 24 20 1.167 1,273
b buu 24 21 '0./ H9.36 24 16 1.102 1.112 24 20 1.13/ 1.194 24 2b 1.166 1,273

10 lo 3u 1 lub.l 1.79 Jo 1 1.016 1.069 30 1 1.032 1.156 30 1 1.052 1,202lu du ju I 101.u 3.35 33 1 1.096 1.077 33 1 U1*S 1.1*1 30 2 1.095 1,288
K' *" JJ 1 Iu9,o 6.68 J3 2 1,010 1.080 30 3 u.984 1.192 33 3 1,075 1,288
lo &J JJ 2 lo/.3 9.85 Jj 3 1.030 1.098 33 4 1.060 1.200 33 5 1.090 1.3o5
lu lou JJ J m'.o 10.46 33 5 1.027 1.095 33 7 1.059 1.199 33 8 1.088 1,30*
10 duv JJ 0 H1I.0 J2.92 JJ 10 1.027 1.095 33 13 1.057 1.197 33 17 1,087 1.3o3
10 Jo,i JJ Hi 10'.a 4*.24 33 Ib 1,030 1.098 33 20 1.060 1,200 33 25 1,0*0 1.3o510 4uu JJ iJ lu/.* Ob.61 JJ 2U 1,031 1.099 33 27 I.06I 1.201 33 33 1.091 1,3<)7
lo buu JJ Ib lu/.* 81.98 33 25 1.031 1.099 33 33 1.060 1.201 33 42 I,o9i 1.3<)7
2o lo J* I I*". 3 1.2« Jy 1 1.013 1.092 39 1 1,027 1.196 39 1 1,0*5 1.3U
2o 2o J* 1 u/.i 2.46 J* 1 1.046 1.119 39 2 1.081 1.244 39 2 1,100 1.3632u *o jv 2 1J/.1 4.92 J9 3 1.038 1.114 39 3 1.070 1.235 39 4 1.100 1.36320 60 JV j 1J/.1 I.3H 39 4 1.033 1.110 39 5 1.U66 1.233 39 6 1.100 1.363
2o lUu JV h U^.l 12.29 3v 7 1.033 1.110 39 B 1.06« 1.234 39 10 1.100 1.363
2u 2ou J 1* id 1J/.1 <i4.b8 39 14 1.033 1.110 39 17 1.066 1.233 39 2o 1.100 1.363
20 J0u i-i ir, ij/.u JO.H6 39 21 1.033 1.110 39 26 1.066 1.233 39 31 1.100 1.363
du 4uu i-i d\ Ijo.V 4V.11 39 27 1.034 1.111 39 34 1.067 1.234 39 41 1,101 1,36*
2u buu ii da Ijo.o U1.37 39 3-* 1.034 1.111 39 43 1.068 1.234 39 51 1.102 1.365
*u 1" 3* 1 26*.4 1,11 34 1 1.010 1.112 b4 1 1.021 1.231 54 1 1.031 1.356*o 2u 3t 1 2tn.o 2.11 54 1 1.018 1.123 b4 1 1.051 1,265 54 1 1.0*0 I.*l9

*" 3' I dod.o 4.19 b4 2 0.964 1.129 b4 2 0.996 1.273 54 3 1.023 I.*l9*o 00 bt /. 2»b.o 0.26 54 3 1,031 1.134 54 4 1,063 1.277 54 4 1,092 1,*2*
*o 10u 4 2<*^.u 10.44 54 b 1.031 1.134 54 7 1.062 1.277 5* 6 1.091 l.*Z34" dw a* ' 2H3.0 2U.84 b4 n 1,033 1.136 54 14 1.065 1,279 54 12 1.093 l.*264u Jou b* n 2*4.0 J1.22 b4 16 1.033 1.137 54 21 1.067 1,281 54 lo 1.095 l.*284u 40o b» 13 24*.o 41.66 b4 21 1.033 1.136 54 28 1.Q66 1,280 54 2* 1.09* l.*27*U buu 5* in 2**.' 32.05 54 2? 1.033 1.136 54 35 1.066 1,281 54 30 1.095 l.*28&o 10 bb 1 3b*.* 1.00 60 1 0.890 1.123 60 1 0.899 1.252 60 1 0.908 1,389
60 i\i on i J*b.-y 1.09 b6 1 1.01U 1.135 66 1 1.040 1.2*1 66 1 1.07* l.*56
°" *o do 1 JJ",» J.?l 6b 2 1.033 1.157 66 2 1.064 1.316 66 3 1.095 l.*8lfto bo bb 2 3J-3.1 b.56 bb 3 1.033 1.157 66 3 1.06* 1.316 60 * 0.971 l.*7860 IOO bb j JJ0.3 9.2ft bb a 1.03b 1.160 66 6 1.067 1.319 66 6 1.0*8 l.*85bl> d\)u ob o 3Jo,3 10,»M 60 9 1.032 1.156 66 12 1.0A? 1.31* 60 13 0.976 1,*8*6 >J J"o bb y jjo.b 2^.72 66 14 1.033 1.158 66 18 1.067 1.319 60 20 0.976 1,*8*
b" *"" "D H 3Jo.i jb.92 6b Id 1.033 1.158 66 25 1.067 1,320 60 26 0.977 l.*8560 3U« 00 1* j3*,l 4b.lo ob 23 1.03b 1.159 66 31 1.069 1.321 60 33 0.978 1.48610" lu /n 1 *^/.^ 0.06 78 1 1.006 1.1*1 78 1 1.012 1.289 76 1 1.017 1.***100 do la 1 «/.» l.bl 7b 1 l.ooh 1.151 78 1 1.041 1.330 76 1 1.077 I.S18l"u *u nt* 1 *oj,v J.13 78 2 0.952 1.187 78 2 0.985 1.373 78 3 1,017 1,565

100 bo lo d 4**.3 4.73 7h 3 1.U36 1.177 78 3 1.072 1.360 78 4 1.10* 1,549
100 luo «4 t 4o*.j J.M2 an <, 1.030 1.184 78 5 0.9M4 1.372 78 6 1.010 1.55910o 20« n* b 4"J.v ib.63 d4 8 1.0J1 1.18b 78 9 U.9H5 i .373 78 12 1,011 1.56010U Juo «* I *B£.3 d3.39 84 12 1.034 1.188 78 1* 0.9fl8 1.376 78 17 1.013 1.563
100 4uu e* v 401.v J1.15 dft 16 1.03b 1.189 78 18 0.989 1.377 78 23 1.015 1.565
100 buu 14 11 Ituo 30.92 d* 19 1.035 1.190 84 28 1.06* 1.378 78 28 1.015 1.566ISO lu Ib 1 bO4.o Cj.76 96 1 1.006 1.16b 96 1 L0l3 1,337 96 1 1.01* 1.513ISO 2o vb 1 btr*.-* 1.41 9b 1 1.00? 1.181 96 1 1.033 1.378 96 1 1.066 1.589IS" 4u 9b 1 3«.u 2.7u 96 2 1.058 1.228 96 2 1.08b 1.433 96 2 1.120 1.653150 bo 102 1 63/.0 4.06 96 2 u.980 1.221 96 3 1.012 1.432 96 3 1.0*5 1.652lbu luo Hid d bjo.a 0.77 4 0.970 1.213 96 5 1.0U 1.431 96 5 1.0*3 1.65015u 20u Vb 5 b93.u 13.52 96 8 1.0*1 1.215 96 11 1.083 1,*32 96 11 1.11* 1,653
I5" Joo 90 I b94./ 20.28 96 12 1.042 1.215 96 17 l. O83 1.432 96 16 1,120 1,653
150 *uo 1U2 1 bja.b 26.99 9o 16 0.975 1.217 96 23 1.0l3 1.434 96 21 1.0*8 1.65615u buu 96 12 b»J.d J3.76 96 20 1.043 1.217 96 29 1.084 1.433 96 26 1.121 1.655<*00 lo 10b 1 M2O.J 0.69 10d 1 1.007 1.184 108 1 1.01* 1.370 108 1 1.021 1.56320" 2u loo 1 7*1.3 1,28 lua 1 1.00« 1.200 114 1 1.086 1.413 10« 1 1.069 1.6*7200 *0 luo 1 7uo.o 2.45 U4 1 1.121 1.251 114 2 1.1*/ l.*76 108 2 1,129 1.720200 6u 11* 1 7*0.2 3.63 114 2 1.045 1.249 114 3 1,089 1.493 106 3 1.072 1.7*0200 loo a* 2 7*9./ 6.07 uja 4 o.98b 1.2*5 114 5 1,0*4 1.487 108 5 1.067 1,733

20U 2oo H4 * 7*9./ 12.13 114 7 1.040 1.244 114 10 1.0«* 1,487 108 10 1,067 1,733
20^ J00 114 b 7*o,2 10.13 uft 10 l,04b 1,249 n* t 5 l.o«9 1,493 lo8 15 1,o?2 1.7*020U 4uu 11* / 7*b,/ 24.16 114 J4 1,045 1,249 H4 20 1,090 1,494 108 20 1,073 1.7*120u buu 11* 9 7*o,a Ju.23 114 17 i, 0 43 1.247 114 26 i, os8 1,4*2 i o 8 25 l,0 72 1,739300 lu \.i<L 1 UlJ.4 u.60 Hi 1 1.008 1.217 132 1 1.016 1.431 132 1 1.023 1.652
J00 du lid 1 9VJ./ 1.10 132 1 1,009 1,238 132 1 l.o?3 1,478 132 1 1,068 1,750J0U *" l*d 1 9jj.d 2.09 13o i 1,09b 1.28* 132 2 1.089 1.555 132 2 1,137 1,8*1
J0u bu I3n 1 9bj.u 3.09 132 2 1.006 1.293 132 3 1,056 1.579 132 3 1.102 1.870J00 loo 132 d 9«:i.o b.lH 130 3 I,p9b 1,286 132 5 1,1O 3 1,571 132 5 1,151 1,860JOu 2uu I3o j SbV.u 10.27 132 7 1.008 1.296 i32 10 1,060 1.58* 132 10 1,107 1,876300 JOO lJcj 4 9bu.O lb.42 138 9 1.05i 1.296 J32 15 1.059 1,583 132 1* 1,105 1,87*300 40u l;l» o Sib9.u 20.b4 132 14 1,008 1.296 l38 19 I.lo2 1.584 132 19 1.106 1.876300 buu I3h I 9bb.o <ib,62 130 16 1,054 1.299 t32 26 1.062 1.587 132 2* 1.10* 1.880
50u lu loo ] ibOj.J U.bl 168 1 1.009 1.264 168 1 1.0l8 1.521 168 1 1.027 1.7865 00 do loo 1 i30i./ U.9o 168 1 1,010 1,296 \b& 1 1.021 1,583 168 1 1,068 1.9o*50u *o lbo 1 I2oi.u 1.7o 17* 1 1.071 1.336 168 2 1.100 1.684 168 2 1.151 2.031bOU bu lb" 1 12*o.7 2.bo 168 2 1.06b 1.365 1&8 2 1,130 1.720 168 3 1.182 2,075
500 lou lou ) lid-i.o 4.12 160 3 1.001 1.374 174 4 1.097 1.736 168 5 1.U8 2,097
50u <iuo l«u t lJ^o.0 0.24 J6O 6 1,001 1.374 17<> 9 1.Q93 1,732 168 9 l.llS 2,09*
SOU Juo lbu J 13i0.o 12.36 160 9 1,001 1.374 174 13 1,094 1,733 168 13 1.115 2,09*
boo *uo I/* 3 1201.2 16.48 17* 11 1,064 1.373 \T\ 18 1,127 1,733 160 18 1,150 2,095bOu buu lit h idii.d <!0.b7 174 14 I.064 1.374 174 23 1.129 1.735 160 22 1.151 2.097lUOu lu 2*o 1 25V3.3 u.4o 220 1 0.973 1.3*4 228 \ 0.984 1,671 220 1 0.995 2,0o7100U 2u 24u 1 21'»o.* U.69 220 1 0.968 1.398 228 1 0.981 1,776 24u 1 1,066 2.1911000 *o d*u 1 19-yo.V 1,27 2*u 1 1.017 l.*36 24 0 \ 1.123 1.926 2*0 2 1,173 2.378

lOOu bu 2*u 1 l9Ju,* 1.85 240 1 1,080 1.So 1 ?4o 2 1,139 1,963 240 3 1,213 2,**8lOOu luu 2*0 1 187/.2 J.01 24o 2 1.0*7 1.526 2*0 4 I,l7o 2.009 2*0 * 1.236 2,*97lOOo duo d-u £ 18//.2 6.02 24o 5 1.081 1.513 24o 8 1.170 2.009 2*0 6 1.236 2,*971000 JOO dsd i 19**.3 9.01 240 8 1,0*6 1,521 24 0 12 1.127 2,01* 2*U 12 1,190 2.5o*lOOu *0u 2*o 4 18/7.2 12,04 24u 10 1.081 1,513 24o 17 1.170 2.008 2*0 16 1.236 2,*971000 buu 2*u * I8oi,2 1*,94 240 U 1.Q9J 1,526 g 40 21 l,l«0 2.023 22« 21 1,1*8 2,5i5
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TEXAS wAltrt UtvtLOPMLiM I cuaKU LOCKwOOU.ANDHEwS.ANONEwNAM.INC.PROGRAM
COSTOf OtLlvtnJ.no wAlcK a< PlHtLl^t - MOSTECONOMICALDIAMETER
PEAK FmCTuk = l.so ohu«. in KMTE =■ o.lu INTERESTHATE * 0.040 AMORTIZATIONPERIOD■ 40YRS PRESENTnORTHFACTOR"= 15.78
FLU* LtNUln slAllC nuO SLOr>t = u STATICHEAD SLOPEa * STATIC HEAD SLOPE= 8 STATIC HEAD SLOPE= 12
MGu MILLS 0lAov0.PS <,-C. |*"'U w.c.cT/Tii OIa.NO.PS C«C«RaTIOw.C.RaTIO qIa.nO.PS C.C.RaTIO k.C.RaUO OIa.NO.PS C.C.RaTIO *.C.R*TIO

«* lu 16 1 SO.6 b.73 16 1 1.035 1.051 16 1 1.071 1.107 16 1 1.106 1.165
d 2u lb 1 =".3 10.74 lb 1 1.0*0 1.057 16 1 1.098 1.135 16 1 1.162 1.221d 40 lb t 3O.3 21-49 16 2 1.0*0 1.057 16 2 1-098 1.13b lb 3 1-128 1«2()8
2 6g id 2 al.o J2«lO 16 3 I«o32 1.061 16 3 l«090 1.1*0 1& 4 1«126 I'2j3
2 lOu 1(3 i ao.i 33-01 lb 5 1-048 l«07l 16 6 I«o9* 1-147 lb 7 l«l*0 W24
<J 1° d ao*l lub-02 16 10 l«0*8 1.07l 16 12 1-09* 1.1*7 \b If l«l*0 1«22*
2 Juu 16 l^ 3b.i 139.03 16 15 1.0*8 1-071 16 19 1.091 1.1*6 16 22 l«137 1.22*
2 *0J 1° lb ""! 212-04 lb 20 1-048 1" 0 7 J 16 25 1-Q91 1-1*6 16 29 1«138 1«22*2 3uu I6 2u 3°'l 26 3 . 0 5 16 26 1.0*6 1.0^1 16 31 1-092 1-146 lb 37 1.137 1.22*b U <■* 1 °u-J 3-14 21 1 0*953 1.05\ 21 1 0-991 1.125 2* 1 1.068 L193
3 2u 24 1 II. 0 3.90 2* 1 1.0*6 1.08* 2* 1 1.099 I.l78 2* 1 1.162 1.2503 *u 24 2 /7.u 11.do 2* 2 1.0*6 1.084 2* 3 1.073 1,167 2* 2 1.162 1.250
s fau B* 3 7/.u l'.7o 2* 3 1.0*6 1.08* 2* * 1.0H0 1.169 2* 3 1.162 1.250b 10" -i* * ".1 29.39 2* 6 1.032 1.081 2* 7 1.077 1.173 2* 5 1.161 1.255
3 2ou 2* 9 76.7 30.6* 2* 12 1.037 i.083 21 13 1.064 1.187 2* 10 1.167 1.258
3 JUU 24 U lo.a oy.78 21 16 1.039 1.125 2* 12 1.140 I.l9l 2* 15 1.168 1.2615 *Uo 24 17 ?o.o ll7.09 21 22 1.03* 1.121 21 26 l. 06b 1.189 2* 2o 1.167 1.260
3 bou «4 22 lo.a 140,42 2* 16 1.103 1.115 21 32 1.066 1.190 2* 25 1.168 1.260

lu lu Ju 1 Iu3-i «!"15 30 1 1.016 1.066 30 1 1.032 1.1*2 30 1 1.052 1,185
lu du Ju 1 101.U *.O* 33 1 1.096 1.091 33 1 1.145 1.195 30 2 1.09b 1.260
lu "« 3" d lul.u B.07 33 2 i.096 1.091 3o 3 1.067 1.172 30 * 1.Q95 1.260
lu bu Ju J loi.u 12.11 30 * 1.031 1.081 30 5 1.063 1.169 30 6 1.095 1.260
lu 10" 3u 3 lul.u 20.18 30 7 1.029 1.079 30 9 1.06* 1.169 30 10 1.095 1.260
lu 2uu Ju 11 100.9 to.31 30 1* 1.030 1.080 30 17 1.063 1.169 30 21 1.095 1.261lu Juu Ju lb loo.a oo.39 30 21 1.032 1.081 3o 26 1.06* l.llii 30 31 1.096 1.262lu 4uu Ju i.\ luu./ *0.47 30 28 1.033 1.082 30 35 1.06b I,l7l 30 *1 1.098 1.263lu Suu Ju db luuJ 1U0.62 30 35 1.032 1.082 30 43 1.06b I.l7fl 30 52 1.097 1.2622u lu J* 1 i*t.J l.Sj 39 1 1.013 1.083 39 1 1.027 1.1?* 39 1 1,0*5 1.27*
2U 2u J9 1 lit.I 2»9q 39 1 1.0*6 1.113 39 2 1.081 1.225 39 2 1.100 1.329
2u *U it 2 lit.I 3.8Q 39 3 1.Q38 1.106 39 3 1.070 1.216 39 * 1.100 1.329
ZU bu 3* 3 lit.l d. 7{j 39 * 1.033 1.102 39 5 1.066 1.213 39 6 1.100 1.329
2u luu it a 1J/.1 l*.bo 39 7 1.033 1.102 39 8 l.Ofid 1.21* 39 10 1.100 1.329
20 2uu if lu HI.I 29.01 39 1* 1.033 1.102 39 if 1.06b 1.213 39 20 1.100 1.329
2.) JUu JV 16 lJ/.u 4J.49 39 21 1.033 1.102 39 26 1.06b 1.213 39 31 1.100 1.33020 *ou j* d\ lJO.-y 37.95 J9 27 1.03* 1.103 39 3* 1.067 1.21* 39 *1 1.101 1.33120 30u J9 tt, uo.rt 72.40 J9 3* 1.03* 1.103 39 43 i.068 1.21* 39 bl 1.102 1.331
*u U 11 1 d**,l 1,32 bl 1 l.Oli 1.093 5l 1 1,022 1.194 51 1 1.035 1.3o3*u 2o 31 1 2Ju.u 2.*9 51 1 1.037 1.118 51 1 1.073 1.2*5 51 2 1.105 1.374
*u *O 31 2 2Ju.O *.99 31 2 1.037 1.118 51 3 1.069 1.2*1 51 3 1.096 1.366
*u bu 31 J 2Ju.o 7.*8 bl * 1.035 1.116 5l 4 1.067 1.239 51 4 1.094 1.36*4U luu 31 1 2Ju.o 12.47 51 6 1.036 1.117 51 6 1.066 1.238 51 7 1.09* 1.36**u 2uu 34 I 243.0 24.94 31 13 0.972 1.117 51 12 1.001 1.239 51 14 1.027 1.365
4u Juu 3'f 11 ?■*"*, o J/.36 31 20 0.973 1.118 31 17 1.002 1.2*0 51 21 1.029 1.367
4u *uj 34 jb 2**.u »9.85 51 26 0.972 1.117 5i 23 1.o01 1.239 51 27 1.02? 1.365
*U 3OU bf in £*<*,/ 02.28 51 33 0.973 1.118 51 28 l.ool 1.240 51 34 1.028 1.366
°U lu hu 1 Idi.d 1.18 bO 1 1.010 1.103 60 1 1.021 1.215 60 1 1.031 1.333
ftu S\) bu 1 Jul./ 2.22 60 1 1.0J1 1.12b 60 1 1.063 1.26u 60 1 1.098 l.*0*feu *u nu i 3ul.' 4.43 60 2 1.031 1.12b 60 2 1.063 1.260 60 3 1.09* l.*0l°U ou ou £ JOl.a o.bB bu 3 1.031 1.125 60 3 1.06* 1.261 60 * 1.089 1.3976" lUu bu h Juy.J 11.06 bo S l.oJ* 1.127 60 6 1.06* 1.262 60 7 1.09* l.*02°u 2ou dJ v Juu.'* 22.10 bu 9 1.03* 1.128 60 11 1.06* 1.261 60 13 1.093 l.*02
°" 3u.l 00 1* Juu.2 J3.13 bo 13 1.03* 1.128 60 16 1.06b 1.262 60 20 1.09* l.*02
°u "»0u ftu Iri 3UU.* t*.19 60 17 1.034 1.128 bo 22 1.064 1.261 60 26 1.093 1.+026u 30u Q\i di Jiiu.J 3b.22 bu 22 1.03* 1«128 bo 27 1.06* 1.262 60. 3J I.fl93 l.*02

100 10 to 1 *v/.7 1.03 72 1 0>9lb l«12o 72 1 0*921 1-2*4 72 1 o«928 1.37510u 2u 7i 1 *3^.o 1.9] 78 1 1.006 1.131 78 1 1.041 1.289 78 l 1.077 1 .*55
100 4u la l »**.J j.77 7b 2 l»025 1«1*9 78 2 1-061 1-310 78 3 1-0^5 l.*76
10U Ou lu £ <»4t.3 3.60 la 3 1.03b 1.159 78 3 l»072 1.321 70 4 1-10* 1«*86
10U 100 I" 3 »*3«1 9.34 7b b l«03b 1-158 78 5 1-071 1-320 78 6 i-0'9 1-482lOu 2uu la b »43.l ie.69 7a iq 1.035 1-158 7b 9 1-070 1.320 78 J2 I«o99 1.482lOu Jou 7o 10 4<f».3 £7.99 la 15 1.036 1.159 78 14 1.072 1.321 7b 17 1.100 1»*83
10U »Ou to 1J »*J»tf J7.28 78 19 1.03d H60 78 18 1.074 1.323 78 23 1.102 1.485
100 buu la 16 4*J.3 Hb.57 16 24 L038 1.161 78 23 L075 1.324 78 28 1.102 1.485Ibu lu yu 1 6J0.J 0.91 90 1 1.007 1.137 9o 1 1.01* 1.279 90 1 1.020 l.*2815u 2u iu l 3/0. t I.67 9U I 1.010 1.150 90 I 1.0*7 1.328 9U 1 1.087 1.515Ibu »u 1 b-yb.u 3.23 yo 2 0.97b 1.190 90 2 1.014 1.37* 90 2 1.053 1.56715u bu Vu £ 33'.u *.8B 90 3 1.0*5 1.182 9o 3 1.08* 1.365 90 * 1.121 1.55*
I5u lOu 40 J hul.u B.16 9b 4 1.031 1.180 90 5 1.00* 1.362 90 6 1.035 1.5*7iSu 20u -vo b 393,u 16.17 96 8 1.0*1 1.190 90 9 1.01* 1.373 90 12 1.0*6 1.560
15u Jou -io I &■»*./ £*.25 96 12 1.0*2 1.190 90 1* 1.01* 1.373 90 17 1.0*5 1.560
lSu iDu 90 lu B-o.u J2.35 96 16 1.0*1 1.190 90 19 1.014 1.373 90 23 1.0** 1.559
15u 30U *o 12 S'yj.o tu.37 9b 20 1.0*3 1.192 90 23 1.015 1.375 90 29 1.0*6 1.562

20u lu iu2 I Cou.i u.83 102 1 1.007 1.152 102 1 1.0l5 1.307 102 1 1.022 l.*69
20u 2u 102 1 7oo.J 1.52 li;2 1 l.OOd 1.165 108 1 1.10* 1.359 lob 1 1.1*2 1.55920u 4u loo 1 7u°.o 2.92 102 2 0.99b 1.219 108 2 1.091 l.*21 108 2 1.129 I.63I
200 bu n* 1 7-»o.2 4.40 10» 2 0-998 1-209 108 3 1-03& 1-413 10» 3 l«072 1.622
200 luu lyo ? 'ic.3 /.32 lo« 4 1.036 1-202 108 3 1.085 1.414 102 6 1.065 I.622
20u 2ou lu" b ?uo.o 14.58 iqW 8 l»042 1-208 1Q8 11 1-090 1-420 102 11 1-068 1.627
200 Juu jo" I fu^-9 2l»80 10» 12 1-0*6 1-212 10H l7 I«o93 1.424 102 l7 l'§"fi 1-63320u 40u mo 9 7u3.u 29.04 Iu8 16 l«0*' 1-213 108 23 1-Q95 l.*26 l O 2 22 1-073 1.63*
20U 3uu iu1 ii 7u".d Jb.36 108 20 1-0*5 1-211 108 28 1-092 l-*23 102 28 l-07l X «631
30J lu 120 1 lub4.y u»73 126 1 1.008 Ll8o 126 1 1-Ol6 1.358 126 1 l«02* 1.5*3
30u 2u 12" 1 943.1 1.J2 126 1 l«009 1.199 126 1 1«O16 1.411 126 1 I«o75 1.6*0
300 4u I2o 1 oaa.J 2'5o 132 1 1-112 1.258 j26 2 l-lo 6 1.489 126 2 1.148 1.730
300 Ou ii£ 1 -*2u.4 J.72 U2 2 1.052 1-252 126 3 1-064 1.499 126 3 1.10* 1.7*3
300 lOU \i£ £ 921.* b.21 126 4 1-009 1.25o 126 b L062 l.*97 126 5 l«102 1.7*0JOO 20u 1J2 4 921.d 12.*3 132 7 I.ij48' 1.2*9 126 11 1.062 1.497 126 10 1.102 1.740
JOu Jou IJ* 3 92u.4 1B.62 126 12 i.oio 1.252 126 17 l. O64 1.499 126 \b i.i O4 1.7*3
JOO 4uu 1J2 ' 9ib.a 24.72 132 14 1.055 1.256 126 22 1-069 1.506 126 20 1.110 1.750
Jou 3(ju 1J2 9 9il'.o JO-93 1J2 if l.Obb 1.255 126 £ti I.o6d I«5o4 126 25 l«108 1.7*8
500 lu I02 1 lUJi.V 0.61 156 1 0.97B 1,218 \Sb 1 0.98a1 1.431 156 1 0.997 1,650
300 2u lb2 1 1JJJ.1 1.09 156 i 0.975 1,246 162 i 1.02* 1.489 162 1 1.07* 1.770
500 *u l6<: 1 1233. j 2.0* l63 1 1.08*" r 1.299 j62 2 I.lo7 1.59o 162 2 1.1&1 1.890=UU ou lb2 1 120U.1 2.99 \oi 2 l»06 y 1.317 i&2 3 1.13** 1.627 \td 3 I»l93 1.934
SOU luu Ibd 2 121J.4 5.03 16B 3 1.089 1.3o7 162 5 1«125 1.612 162 5 1.18q 1.9i6
50j 200 16B 3 1242.u 9.97 lbB 6 1.06* 1.3;8 162 10 1.099 1.627 162 9 1.150 1.931
500 JOu 160 * 12JO.<; 1*-9q 162 10 l«037 1.322 162 15 1.10s 1.634 162 14 1-155 1.939500 4UU lbh 6 12*<:.U 19.95 Ib2 13 1.03* 1-318 162 20 1-099 1.627 162 18 1.150 1.931
5oo 3ou 160 7 12JO.1 24.87 162 17 1.037 "

1.321 162 25 Llo3 1.631 162 23 Ll53 1.936
1000 lu ££* 1 249b. I 0.49 216 1 0.973 1-281 216 1 0.985 1.551 21& 1 0-996 I.828
1000 2u 220 1 209'.0 u.83 21b \ 0.968 1.328 216 1 0-9R2 1-642 216 1 1.031 1.997
lOOu *u 22o I 1B9B.1 1.53 228 l l«033 1-376 216 2 1.Q85 1.79J 216 2 1-139 2.178
1000 bu 22O 1 l83i.6 2.23 2l6 2 1-036 1-431 228 2 1-151 1-829 2 t 6 3 l-l8l 2.2*6
1000 luu 228 i 1794.2 J.64 2,;8 3 I«y96 _1«447 2g8 3 1-175 1-861 228 * 1*2*7 2.279
1000 2ou d£a £ 1794.2 7.29 228 5 1.093 1.444 228 6 1»173 1.861 216 9 l.)96 2.278
1000 JOu 22o J 1794.2 10-93 228 8 1.089 1.4*1 228 9 1-175 1.861 ' 21* 13 1-196 2-277
100U 4uu ■££« 4 1794-2 14-58 228 n 1-087 1-439 228 12 1-175 1-861 228 17 1-2*3 2-276
1000 sou 24o 4 i«bi.2 18.J7 228 i* l<0 «8 1,443 228 j5 1-133 1.866 22b 21 1.l98 2-28g
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TEXAb HATtH UtvELUPMtml bUHKu LOCKWOOOsANDREWStANDNEWNAM.INC.PROGRAM
COSTOf UtLIVEKiNu waTEK b* HlHtLlNE - MOSTECONOMICALDlAMETEH
PEAK FaCTOh■ 1.t>0 (jrtUwfM KATE « o«O6 INTERESTRATE ■ 0.040 AMORTIZATIONPERIOD■ 40YRS PRESENTHORTH FACTOR=> 13.4i

FLU* LENGTHiUllC ntAO bLOPE ■ 0 STATIC HEAD SLOPE» 4 STATICHEAD SLOPE« 8 STATICHEAD SLOPE» 12
MQO MILfcbUU.NO.PS C.C»!»/M1 w.CCT/Tlj 0lA.NO.PS C.CRaTIO h.C.RaTIO QlA.NO.PS C.C.RaTIO H.C.RaTIO OlA.NO.PSC-C-RaTIO W.C.RaTIO

2 Xu 16 1 5b.6 to.56 16 1 1.035 1.052 16 1 1.071 1.107 16 1 1.106 1,163
2 2U 16 1 56.b 12.38 16 1 J.0*p 1,057 16 1 1.098 1.133 16 1 1.162 1.2l82 *U 16 2 5b.s 24.77 16 2 1.040 l«057 16 2 l.o9S L133 16 3 1-128 lt2ol2 6u is 2 b/.o J7.10 16 3 1.032 l»0S8 16 ♦ l«077 1-133 1& 4 1-126 1.2o*2 10U 16 4 bb-1 bl-lB 16 5 1.048 1.06* 16 6 L094 1.142 16 7 1.140 1-2162 200 16 B bb-1 122.36 16 10 1.046 1.069 16 12 I.fl94 H42 16 15 1-137 1.2i5
2 30u 16 12 Sb.l 1B3.54 16 15 1.048 1.069 16 l9 1.091 1.141 16 22 1.137 1.2l5
1 ♦OU_. J6 16 bb.1 244.72 16 _2j _L-046 J.0.69 16 25 1.Q91 1.140 16 29 1.138 l>2 ,5
2 Suo 16 20 bb-1 3u5.9o 16 26 1.046 1.069 i6 31 1.092 1.141 16 37 1,137 1.2i55 lu 21 1 74.3 3.54 21 1 1.030 1.051 21 1 1.071 1.123 21 1 H07 1.197s 20 24 l 7C.0 6.79 24 1 1.046 1.081 21 2 1.033 l,l?0 24 1 1.162 1,243

* *0 24 2 JI.O 13.58 24 2 4.046 l.QBl 24 3 1.073 1.158 24 2 1.162 1,243
5 6u 24 3 77.0 20.37 24 4 1.038 l.OBO 24 4 1-080 1.161 21 4 1.105 1.2415 10.0 24 4 _ 77^ Jli«4_ 24 6__ 1.032 1.076 24 8 1.072 1.163 21 7 1.095 1,236
b 20U 24 <i 7b.7 67.50 24 12 1.037 1.079 21 13 1.064 1.168 21 14 1,101 1.240
3 300 24 U 76.6 lul.05 24 18 1.039 1.081 21 19 1.068 1.172 21 22 1.098 1.2395 *00 24 it 16,0 134.»0 21 22 1,034" l«106 21 26 1.065 1,169 21 29 l«o98 1,239
b bou 24 22 7b.b 16B-54 21 28 1.033 1.104 21 32 1.066 1.170 21 37 1.097 1.23710 lu Ju 1 lub.l 2.43 27 i 0.958 1.052 27 1 0.987 1.127 30 1 1.052 1.174

10 4u .&._ . ,.l . LMrU *_i60 JO L__ i_U!4_6 l±Q_9Q 3_Q I 1.098 1§ 189 30 2 1.095 1.2431U *u 30 2 lul.U 9.2o 30 2 1.046 1.090 30 3 1.067 1.162 30 4 1.095 1.243
10 6u 3u 3 lol.U 1.3.80 30 4 1..031 1.077 3Q 5 1-063 1.158 30 6 1.095 1.243
10 lou 30 b 101.U 23.00 30 7 1.029 1.075 30 9 1.064 1,159 30 10 1.095 1.243
10 2UU 3u 11 100.9 4b.96 30 14 1.Q30 1.076 30 17 1.063 1.158 30 21 1.095 1.243
10 300 Ju lb lou.a 6B.84 30 21 1.032 1.077 30 26 1.064 1.159 30 31 1.096 1.245
10 *OU 3u d\ LMjlL yj.i_7_2_ 30__.._2B LlQIA. Ltfi78 __3o 35 1.0.65 |,|6( 30 41 1.098 1.24610 bou 30 26 luo.f 114.70 3u 35 1.032 1.078 30 43 1.06b 1.160 30 52 1.097 1,245
20 lu J* 1 . J.44,3 1,71 39 _X 1jlO.1.3_. 1-A77 39 1 L027 I,l6y 39 1 1.045 1.251
20 2o 39 1 137.1 3.27 39 1 i.O 46 1.108 39 2 1.081 1.213 39 2 1,100 1.3o82U 4o 3* <!... UltX -.6.-.53 .-3? X WQ38 1,101. 39 3 1.070 1,203 39 4 noo 1.3o82U 60 3« 3 137,1 Si.80 39 4 1.033 1.097 39 5 1.066 1.200 39 6 1.100 1.3<)B
20 luu 3* b 137.1 i_6±33 _ 39 7 __ J.033. __J«0?7 3? 8 1.068 1.201 39 10 1.100 1.3o8
2U 200 3* 10 13/.1 J2.67 39 14 1.033 1-097 39 17 1.066 1.200 39 20 1.100 1.3oB
20 30U 39 16 IJ/.u 4b.98 39 21 J.Q33 1,097 39 26 1.066 1,200 39 31 1,100 1.3o8
20 400 3* 21 13b.« 6b.25 39 27 1.034 1.098 39 34 1.067 1.201 39 41 1.101 1.30 9
20 bou 3V 26 ljo.a 81.53 3? 34 1.034 1.098 39 43 1.068 1,201 39 bl 1.102 x.310♦U 10 »o 1 22/. >i 1,47 48 1 1.012 1.080 48 1 1.027 1.173 4B 1 1.052 1.281*U *O bl 1 230.0 2.8o 5_L 1 Jl-_P_37 1.11? Si j 1.Q75 1.231 4« 2 1.042 1.348
*u 4u bl 2 23u.u b.59 51 2 1.037" 1.112 48 3 1.00& 1.22b 4b 3 1.033 1.341
*U bu bl 3 230.0 b.39 51 4 I.Q35 \.\\Q 4« 4 1.Q0* 1.224 51 4 1,094 1,3*0
40 1UO bi b 2J0.0 13.98 51 6 1,036 1,111 48 7 l.Oo3 1.223 4b H 1.030 1.33840 20U bl lo 2JU.U 27.95 bl 13 1.035 1.110 48 14 LOo3 1.223 48 16 1.030 1.338*u 30U bl 1b 230.u 41.93 51 20 1.035 1.110 51 17 1.065 1.223 48 24 1.030 1.3384u 400 bl 2o 2JU.0 . b5.9l_ bl 26 1,035 1.110 bl 23 1.06b 1.223 4b 32 1.030 1.33B
*O 3UU bl 2b 23u.u b9.B9 51 33 1.03b 1.U0 51 28 1.065 1.223 4b 40 1.030 1.3386'J '.0 60 i 323.2 1.32 57 1 0.955 1.094 57 i 0.96b 1.194 60 1 1.031 1.30 46u 2U 61) 1 3ul.f 2.48 60 1 1.031 1.118 60 1 1.063 1.244 60 1 1.098 1.3776u 4u ou d iui.l 4.95 60 2 1.031 1.118 60 2 1.063 1.244 60 3 1.094 1,374
60 bu bi/ i 3ul.i> 7.42 60 3 1.031 1.119 60 3 1.064 1.245 60 4 1.089 1.3706J 10U bu 4 3UU.9 12,35 60 5 '1-034 1.121 60 6 1.064 1.24b 60 7 1.094 1,374
60 20U bu 9 30U.4 <i4.67 60 9 1.034 1.121 60 11 1.064 1.245 60 13 1.093 1.3746u 30u bu 14 3UU.2 36.99 60 13 1.034 L121 6 0 16 l.0 6b 1.246 60 20 1.0*4 1.37560 40U bu lb 3UU.4 49.34 60 17 1.034 1.121 60 22 1.064 1.245 60 26 1.093 1.37*. 6u boo 6u d3 30U.J .91.66 60 22 4.U34 1«121 60. 27 1.064 1.24b 60 33 1*093 1.374100 lu 'd 1 4b«!./ 1 " 15 72 1 1.006 1.1Q4 72 1 1«o l3 1.216 lz 1 \.QZQ 1.335100 20 U 1 4U.8 2.13 72 1 1.033 L133 72 \ l.O 68 l. g7b 72 1 H03 1.42 4

100 40 lo i 4^9-3 4.25 72 2 0-949 lll3 5 72 2 U-981 L278 72 3 1-008 1.42 2
100 bU lo d 44*.3 6.32 72 3 0.960 H46 72 3 0.992 1.290 72 4 1.013 1.43110U 1UO I" 3 443.1 10-54 72 5 o«958 1.144 7 2 6 u-986 1.284 72 7 l«013 1-430100 200 7b 6 443-1 21-08 72 9 0 -957 1-143 72 H 0-984 1-283 72 13 1-012 1-430100 300 7» 10 444.3 31-58 72 14 0-959 1,145 72 17 0-986 i. 2b4 72 20 1-013 1.431100 400 la 13 44J.0 42.qb U \* 0-959 1.146 72 22 0-987 1.286 72 27 1, 0 14 i,*32100 buu 7o 16 44J.3 32.b3 72 22 0.960 1.147 72 28 0.987 1.28b 72 34 1-015 1.433150 10 9u 1 6jo.j 1.02 84 1 0.938 1.125 84 1 0.944 1.251 84 1 0.952 1.384I5u 2o 9u l b?6,4 i.d7 90 1 1.010 1.138 9o 1 1.047 1.302 90 1-087 1.474150 *u 9b 1 593.u 3.67 90 2 0.978 1.161 90 2 1.014 1.32B 90 2 1.053 1.50 415U 6u 9u d 53/.0 5.46 9o 3 1.04S 1.171 9o 3 1.084 1.339 90 4 1.121 1.5l3150 100 9u J S3*.V 9.14 90 5 1.039 1.166 90 5 1.07b 1.334 90 6 1.111 1.503I5o 20u 9U 7 bbo.4 lb.24 90 10 1.042 1.168 90 9 1.081 1.336 90 12 1.114 1.5q6150 JUU 9u lu 53/.0 t!7.31 90 15 1.04b 1.171 90 14 1.083 1.339 90 17 1.115 1.508150 40U 9u 13 b3/./ J6.4b 9U 20 1.043 1-170 9 0 19 1.081 1.337 90 23 1.H4 1.50 6150 5uu 9U 17 53/. d 45.53 90 25 1.044 1.170 9o 23 1.082 1.338 90 29 1.115 1.508200 10 loi 1 7bO.l 0.94 96 1 . 0.947 1.136 96 1 0.954 1.274 96 1 0.962 1.419200 20 \iid 1 70U.3 1.71 102 1 1.008 1.151 102 1 1.047 1.329 102 1 1.089 1.6l6200 40 10O 1 7u°.b 3.30 102 2 0.996 1.190 102 2 1.035 1.374 102 2 1.076 1.567200 60 1U2 d bin.I 4.96 102 3 1.048 1.189 102 3 1.089 1.373 102 4 1.131 1.565200 10U 102 3 6/u.J b.23 102 4 1.052 L193 102 5 1-094 1.379 102 6 1.132 1.568200 <!OU 102 6 67u.j 16.46 Iu2 9 i.pSo 1-191 102 9 l<0 93 1.378 l O 2 11 1.129 1.565200 300 iud 9 6?u-j 24.69 102 14 l. O49 l.\9 0 102 13 1-093 1.378 i O2 17 1.130 1-566

200 400 1UO 9 Jub.u 32-89 102 _l9 0.-997 __1. l« 1 102 1« l-OI^ 1.379 i0 2 22 i, 0 73 1-567200 5 0u lud lb 67u.3 *1-15 102 24 i-0 49 1.X^O 102 22 1-092 1.378 i O 2 2B 1>129 1§ 566300 lo 12u 1 lOl'-l 0-^2 120 1 1-009 W»8 120 1 l-Ol? 1.316 120 1 1-026 i-48i300 2u 12u 1 89^.4 1.48 i2u 1 1.010 1.175 l2 6 \ l.O 91 1.376 i2 6 i j.j32 1.584300 4^ 12b 1 8b3.j 2«8l J2U 2 1-023 1.239 l2 6 2 IMo6 l.45 O 126 2 1«148 1.670300 6u lid 1 92u-4 4.23 126 2 1.0l7 1.227 126 3 I«o64 1.446 12 6 3 l»10* 1.666300 10U 12b 2 8d/.7 7.05 126 4 LlPJj _ J^22l 5 1.103 1.447 i2 6 5 1.145 1.666300 20U 120 5 b8 3.j 14.0? i2 S "B" llO So 1.224" " l2o 9 1.0 61 1.448 i 20 n !.i 02 1.66830U 3uu 12» 7 Bbi.3 £1.03 126 12 l.0 5b 1.229 l2o 13 L066 1.453 l2u 16 i.iO 7 1.674300 400 126 9 tiVi.i 27.98 126 16 l.O 58 i. 23i l2o t 7 l.0 6« 1.456 12 U 22 LU0 1.677300 buu 12b u 8«u.2 Jb.Ql 126 20 i.p56 i.2 3 O j2o 22 1.0&7 1.455 i2u 27 H08 1,675500 lu Ibb l i4d*.7 O«7o 150 1 0.978 1.l92 "l 5 0 1 0.988 1.38o 150 1 0.997 1.575500 2u 13o 1 12B3.1 1.23 150 1 _ 0^975 1.217 jS6 1 1.035 1.444 156 1 I.080 1.693500 *U 13b 1 llBb". * 2.3o 156 1 1.066 l.Sofl l56 2 1.122 1.546 i56 2 I.l7l 1.813500 bu ihd 1 12UU.1 3.38 162 2 l.O 69 1.291 i56 3 1.1O « 1.574 156 3 H56 1.8*7500 lOu Ibb 2 116s.* 5.66 162 3 1.107 1.292 4 1.138 1.565 156 5 \.\<i\ 1.8*0500 20U Ibb 4 H63.4 11.32 J56 7 1.074 1.289 ib6 8 H38 1.565 156 10 1.191 I.840500 30u 162 b 12UU.1 16.9l ib2 10 1.069 1.291 156 11 1.10* 1.570 156 15 1.156 1.8*7
500 4UU 162 7 12U-?.* 22.6o 162 13 1.067 1.290 156 15 l.lOl 1.567 156 19 1.152 1.841500 bOO lb<! M 120U.b dti.\9 \bd \1 1.069 1.292 156 19 Ho* 1.57o 156 24 1.154 I.8441000 10 21b 1 240U.O 0.55 216 1 1.012 1.249 2 l6 1 1.024 1.4B7 216 1 1.036 1,7331000 20 21b 1 20U1.3 0.94 216 \ 1.014 1.291 2 l6 1 1.029 1 .57 1 216 1 l.oBl 1.8921000 4u 21» 1 Ibu2.o 1.73 22B \ l>088 j.348 2 l6 2 J.143 1.720 d\b 2 1.2Q0 2.07Q1000 6u 21b 1 1733.4 2.51 2i 6 2 l. O93 1.395 2 16 2 1-166 1.75B 2l 6 3 1«246 2.1381000 lOu 220 1 1794.2 4.1* 3 UQ5tf 1" *.Q1 216 4 L134 j.78o 21& 4 J.202 2.1551000 20U 22b 2 17*4.2 8.28 216 6 1.050 1-401 216 7 l.l?9 1.776 216 9 i. i»6 2."l«91000 300 22<J J 17V..2 1J.42 216 9 1.050 1.401 216 lO 1.12 B 1.774 216 13 W96 2< 1491000 400 220 4 17V.,2 16.56 226 U 1#o87 l,40 0 216 13 1 . 12 7 1,774 2 j6 18 1.J96 2 {49

1000 Soo 21b 7 1714,9 20,67 228 14 1,138 l,40 2 216 l7 1.181 1,777 216 22 1,250 2.150
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TEXASfcAFthl OEvELUPMtNftiOAHO LOCKwOOD,ANDREWS,AND NEWNAM.INC.PROGRAM
COSTUF UtLIVEKlNG wAlbrt or PlPcHNE - MOSTECONOMICALOIAMETEH
PEAK FACTO*= loo iiHU«fh HATE = 0«03 INTERESTHATE " 0.040 AMORTIZATIONPERIOD" 40YRS PRESENTWORTHFACTOR= 8.92

FLO*LENblrt SIAIIC fitAO SLUPE = 0 STATIC HEAD SLOPEa 4 STATIC HEAD SLOPE■ 8 STATICHEAD SLOPE" 12
MGO MILES UlA.NU.PS C.C.I»/Mi W.C.CT/Tii 0U.N0.PS C.C«ATIO W.C.RaTIOoU.NO.PS C.C.R4TIO W.C.RATIOOlA.NO.PSC«C.RATIOH.C.RaTIO

2 lu 16 1 bb.b 9.38 16 1 1,035 1.052 16 1 1.071 1.104 16 1 1.106 U156
2 20 16 1 56.3 17.«2 16 1 1.040 1-056 16 1 1.098 1.129 16 1 1.162 l.ZO*2 4U 16 2 bb.b 35.85 16 2 1.040 1.056 16 2 1.09H 1.129 16 3 1.128 1.184
2 6u 16 3 so.b 33-77 16 3 1.040 1-056 16 4 1-086 1.122 16 4 1-135 1.1882 10U 16 4 be.i 88.77 16 b 1.048 1.066 16 6 1.094 1.131 16 7 1.140 1.197
2 200 16 d bo.i 177.54 16 10 1.04S 1,066 16 \3 1-092 1.131 16 15 1.137 1.196
2 300 16 12 30.1 266.32 16 15 1.048 1.066 16 l9 Lo9l 1.129 16 22 H37 1.196
2 .*0H i« .16 bb.l i5S.O9 . 16 2J 1jlQ46 1,065 16 25 JL.Q91 1.129 J6 30 1.137 1.1962 50u 16 2y bb.i 443.86 16 26 1.046 1.064 16 31 1.092 1.130 l6 37 1.137 1,195
5 1U 21 1 '4.3 4.9 0 21 1 1.030 1.053 21 1 1.071 1.120 21 1 1.10? 1.1865 2u 24 1 II. u 9.79 21 2 6.994 1.054 21 2 1.033 1.121 21 2 1.068 1,186
b *0 21 3. 73jV 19.42 21 4 1,035 1.0.63 21 4 1.Q76 1.130 21 4 1.113 1.197
S 60 21 6 YJ.o <!9.06 21 6 1.039 1.065 21 5 1.082 1.131 21 6 1.117 1.199
5 100 21 « 'J.^ 4^47 21 10 1.038 k«J>64 21 9 1.079 1.130 21 7 1.144 1.19B
5 20U 21 17 73.6 9~6.8"2 '

24 12 ""1.08I 1.077 21 ~13 l.lo9 "
1.137 21 " 141.147 1.2nOb 300 21 26 'J.b 145.16 24 18 1.082 1.077 21 19 l.ljg 1,1*0 21 22 n** 1,196

3 40u 21 JS 7j.b 193",So 24 24 1.082 1.078
'

21 26 1.110 1,138 21 29 1,145 1.1983 boo 24 22 'o.b 243.35 24 30 1.038 I.o7l 21 32 I.066 1,133 21 37 I.o97 1,189
10 lu ii? i VB.l 3.3"i 27 '! 1.027 1.048 27" 1 1.058 1.11J 27

""" i" 1.086 H78
10 .. 20 . .JO 1 1U.1,U_.. . 6.52 27;_ 2 0.997 1.066 _27__ j> 1.02? 1.132 27 _ 2 1.054 J.19710 4u 3U 2 lul,U 13.04 27 4 0.997 1.066 27 4 1.027 1.132 27 4 1^054 1719710 60 Jo 3 101.0 19.56 27 6 0.997 1.066 27 6 1.027 1.132 27 6 1.054 1,197
10 10O 30 5 101,U 32.60 30 7 1.029 1.065 27 9 1.027 1.132 27 10 1.054 1,197
10 20o Jo U _ 100.9 65.13 3g 14.., J..03Q 1.066 27 17 l,0?8 1.133 27 20 1.055 1,199
10 30U 30 16 luu.a 97.56 30 21 1.032 1.067 27 26 1.029 1.134 27 29 l. O57 1.20 010 40u ...3.0 21 IUU.'_ 3_0_ _J8 1^^3.3 1^68 27 34 1.Q30 1.135 2/ 3? 1.Q58 1.2gl
10 50u 3u 26 100.' 102.54 27 54 0.999' 1.068 27 43 1.030 1.13b 27" 48" 1.057 1.20020 10 Jt> I _1J<?./ __.^,_34_ 36 1__ 1AQ14 _lj_0_6.Q 36 1 1.042 1.138 39 \ H03 1.2l820 2u 39 1 137.1 4.b2 3b 2 1,011 1.096 36 2 1.039 1.176 39 2 H00 1.259
20 40 J9 2 ...13'., 1 9.Q4 39 1 itJllM ltiie.9. .... 39. 2 1.070. 1.173 39 4 1,100 1,259
20 6U 39 3 13'.1 13.56 39 4 1.033 1.085 39 5 1,066 I.l7o 39 6 1.100 1.259
20 100 3V b 1J(.1 22_.6j) 39 7 1.033 1 j_08_4 39 8_ 1.068 1,172 36 9 1,064 1.256
20 200 39 10 U'.l 45.20 39 14 1.033 1,084 39 it 1.066 1.170 36" 18 1,064 1.256
20 3"0 39 16 137,U 67.77 39 21 1.Q33 1.085 39 26 1.Q66 1.170 36 27 1.Q64 1,257
20 400 39 21 1JO.9 90.28 39 27 1.034 1.085 39 34 1.067 1.171 36 35 " 1,065 1.25720 50U 39 26 lJb.d 112.79 39 34 1.034 1.086 39 43 1.068 1.172 36 44 1.066 1,258
40 lu 45 1 211.J 1.91 45 1 ' "i.025 1.076 "45 1 1.049 1,160 45 1 1.070 1,246
40 2u 4» 1 2l7.9 3.75 45 2 0x994 Li°?5 45 2_ 1.0l7 1.181 45 2 1.038 1,266
*0 4u 4B 2 217,9 7.51 4b 3 0.979 1.682 " 45" 3 1.012 " 1.176 45 4 1.038 ii268
40 6u 4B 4 ill. 9 11?26 45 5 0.984 l«086 4b 5 1.010 1.174 45 6 1.038 1.26840 1OU 40 6 21'.9 18.77 4b 8 0.982 1.084 45 9 1.010 1.174 45 10 1.038 1.268
40 20u 40 13 21/.9 J7.54 45 15 0.979 1,083 45 17 1«009 1.173 45 19 1.038 1.268
40 30U 46 20 21'.9 56.31 4b 23 0.980 1.083 45 26 LOO" 1.173 45 29 1.038 1.26840 400 40 27 217.9 7b. 08 45 30 _0.?8p 1 .JJ83 45 35 1.QQ8 1.173 45 39 1,038 1.267
40 bou 4b 32 2u'.O 93.84 45 38 1.031 1.082 45 43 1.062 1.173 45 49 1.092 1.267fcO IU b4 1 290.J 1.73 54 1 1.012 1.074 54 \ 1.035 1.164 54 1 1.056 1.257
6" 20 5' 1 2«6.4 j.32 57 1 1.032 1.099 57 1 1.068 1,206 54 2 1,063 1.31160 4U b/ 2 2dH.t 6.64 57 2 1.032 1.099 54 3 l«022 1.196 54 3 1.051 1.30060 6u bf 3 200.4 9.96 54 4 0.991 1.096 54 4 1.023 1.198 54 4 1.051 1.30060 10u b' b 2»o.* 16.60 b4 6 0,994 1-098 54 7 1.023 1.197 54 7 1.051 I«3o060 20U 57 9 2OB.1 J3.17 54 l3 0.993 1.097 54 15 1.023 1,198 54 14 1.052 1.30160 3ou 57 13 <;a«'U 49.74 54 20 0*993 1.097 54 23 1-023 1-198 54 21 1-052 1.3ol60 4uu b? 17 2O»-J 66-31 54 26 0-993 1.098 54 31 l«023 Ll98 54 27 1.052 l«3ol60 5ou 5'. dl 2O7?9 «2'88 .. b> 33. O.-9?j^ l.fl?7. 54 3? u.o.2.4. 1«198 54 J4 1«Q52 l«3ofc

100 lu 66 1 4u9.o 1.49 66 1 l«007 l«08l 66 1 l«024 I«l77 66 l l«041 l«278100 20 6b 1 303.9 2.82 66 1 1.034 1-108 66 1 1.070 1.224 66 1 1.106 1.345100 40 6b 2 3"J-* b.65 66 2 l«034 l-lo8 66 3 1-061 1-217 66 3 I«o89 1.332100 60 6b 3 3dJ.9 tl.47 66 4 1.033 1.107 66 4 1.061 1.217 66 4 1.086 1.329
100 iOu 6b 5 3d3.11 14.12 6b 6 1.031 1-105 66 6 L061 1.216 66 7 I.o87 1.330
100 200 bb 10 303.9 28.24 66 12 1.031 1.105 66 12 1.061 1.216 66 13 1.086 1.329100 3ou 6b 16 30J.0 42.34 66 19 1.031 1.105 66 l7 1.061 1.217 66 20 1.087 1.330
100 4yu 66 21 3»J.J 56.42 6b 25 1.032 1.106 66 23 1.062 1.218 66 26 1.087 1.331
100 bou 6b 26 3&J-2 ?0-5l 66 32 1-032 1.106 66 29 1.062 1.218 66 33 1.088 1.331150 lu 70 1 bbu.J 1.34 7d 1 1.008 1.092 78 1 1.022 1.195 78 1 1.042 1.3o8150 2u 04 1 532.3 2.47 84 1 1.036 1.130 84 1 1.073 1.264 84 1 1.111 1.403150 4u Of 2 532.3 4.94 84 2 1.036 1.130 84 2 1.073 1.264 78 3 1.050 1.397150 bu d4 2 5J1.4 7.40 84 3 1.037 1.132 84 3 1.075 1,266 84 4 1.103 1.396
150 IOU 04 4 531.1 12.33 84 5 1.038 1.133 84 6 1.073 1.265 78 7 1.051 1.39915u 200 M4 9 5JU. o <i4.64 84 9 1.036 1.131 84 11 1.070 1.262 84 13 1.105 1.39815u 3UU 04 14 53U.7 36.95 84 13 1.037 1.132 84 17 1.071 1,263 84 20 1.104 1.397150 400 04 19 53u.' 49.27 84 18 1.036 1.131 84 22 1.070 1.262 84 27 1.105 1.396
150 500 04 24 5JU.' bl.bB 84 22 1.036 1.131 84 28 1.070 1.262 78 31 1.050 1.398
200 lu 9u I 607.' 1.23 90 1 1.008 1.103 90 1 1.017 1.210 90 1 1.036 1,331
200 2U 9U 1 619.2 2.26 90 1 1.033 1.133 96 1 1.122 1.278 90 1 1.120 1.430
200 4u 9u 2 61V,A 4.52 90 2 1.033 1.133

'
96 2 1.122 1.278 90 3 1.111 1.422

200 6U 9b i 64J.7 6.69 90 3 0.994 1.147 96 3 1-080 1.294 90 4 1.067 1.439
200 100 9b 4 641. o 11.12 96 4 1.043 1.150 9o 6 1.035 1.295 90 6 I.o7o 1.443
200 20U 96 8 641.6 22.24 96 8 1.043 H50 90 12 1.035 1.295 90 12 1.070 1.443200 iUU 9b 12 641-6 33«36 96 12 1-043 1-150 9 0. 19 1-034 1-294 9o l7 1.070 1.443
200 400 9b l'' 641-1 44'44 96 lj?044 _1±L§1_ 90 25 l«035 1-295 9 0 23 l«07l 1.444
200 bou 9b 21 641. u »5.55 9*0 26 Q.WiA 1-151 9 0 31 1-035 1-29S 9 0 28 1,0 7i 1-444
300 lu 10a 1 »<!O>0 1-10 ll)B 1 _.1«009 .I'll8 108 1 +-019 l.«23* 10u 1 1-031 1.368
300 ■ 2u lu° 1 »uB-l 1-96 114 i 1-078 1-156 t l4 1 1-U9 l-3l8 n4 1 l-l72 1.496
300 4u iiu 1 8b4.9 3.85 ji4 2 1.Q19 1.176 H4 2 1.Q58 1.342 114 2 1-108 1-522
300 o u H4 2 8^3.4 b-75 114 3 1-055 1-lBo 114 3 1-095 " 1-346 108 4 1-104 I«5a3
300 100 120. 3 84V.3 9.56 H4 4 _ 1-021 1-179 U4 5 1-064 1.349 1J4 6 H06 1.523300 200 120 " 84?.b l9-13 114 C 1.021 1 " 179" 114 10 1-064 1.349 H4 12 1.1Q& 1.523
300 3uu 120 9 84*.3 20.69 n4 H 1-021 1 " 179 J14 15 l«064 1.349 n4 18 1-106 1.523
300 4uy n* 13 822.a 30.25 H4 l5 1 .oS3 1.179 H4 20 l»099 1.349 tl 4 24 1-142 1.523
300 Sou liil 14 049.u 47.B 0 1H 19 1.021 L179 J14 24 1*o64 1.349 H4 30 1.106 1-523
5OU lu 1JB 1 1347.2 0-94 13d 1 1.011 1-143 l38 1 1.021 1.286 138 1 i.O 32 1.432
500 2u 130 i U4'.' I.64 144 1 1.051 __1_!_173 }38 1 1,069 1.366 144 1 1.149 1.569500 4u ibo 1 UJf.d 3-09" 144:'" 2 1.0^0 "

1.244 l36; 2 1.07O 1.448 144 2 1.l58 1,663boo 6u 144 i IU»,7 4.69 144 2 1.059 1.2l6 . i38 3 1.090 1.429 144 3 I.l7l 1.642
500 100 13b 2 U63.4 7.75 144 4 1.025 1.230 138 5 L053 1.442 138 6 1.102 I.656
500 2Uu l6o 5 1138.i 13.45 144 7 1.048 1.233 144 9 Llo2 1.444 144 11 1.153 1.659
50o 3ou lbu ' U4U.3 c!3«21 144 10 1,043 1.230 144 13 1.098 1,440 144 16 1,153 1.658500 4ou Ibu 10 11JB-2 J0.90 _J44 \J_ 1-04L 1-23? lf4 18 1.1O2 1.444 144 22 1.153 1.659
500 Sou 130 12 113d.u 38.61 144 16 1.047 1.232 144 22 l.lol 1.443 144 27 1.154 1.660

1000 lu 192 1 221'.u 0-76 186 1 Q-994 1-182 186 1 l-007 1.359 186 1 1.020 1-5421000 2u 19i! 1 ldio-u 1-27 186 1 o«992 1.217 192 1 L058 1.452 192 1 l«106 1«699
1000 4u 192 1 1631-1 2.32 2Q4 1 1-120 1-295 _l92 2 1-179 1.596 192 2 1.233 1.867
1000 6u 2U4 1 ib".j 3.43 204 2 1.090 1.312 204 2 1-169 1.60b 192 3 1-199 1-891
100V 100 2U4 i J66O.4 5.69 j>u4 3 l_.fl?5 _L-3l8 _ J.?g 4 1-133 1-607 192 5 1-205 l-'oO
1000 20U 2ut 4 1668.4 11.39 204 5 1.095 1.318 i92 8 L133 1-607 192 10 1.205 l«9oolOOu JOu 2u* h J66O.4 l7.Q8 2q4 8 1.Q95 1.318 2Q4 11 1>169 1.6Q7 20* 1* 1-241 l-9oO
100U 4uu 20* d 1660.4 22-77 2o4 10 1-095 1-318 i92 16 1-133 1-607 204 19 1-240 I«'o0
1000 5 UU 216 7 1714.3 2«-43 2Q4 13 1-Q65 1-32Q 2Q4 18 1-136 i.6q8 192 26 I«l72 I«'o2
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TEXASWAltrt utvtLJPMt*! BO^KO LOCl<.WOOD,ANl)HEHS>AND NEwNAM.INC.f'HOGHAM
COSI UF LJLUVtKiHo «A(t* b» PIPc.Li.>it - MOST ECONOMICALDIAMETER
PtA*. FaCIoK = Wb UKO*lh « MTfc = 0«00 INTERESTHaTE ■ 0.0*0 AMORTIZATIONPERIOD* 40YRS PRESENT»ORThFACTOR=> 20.19

FLOW LENGTHsUUC HlmO SLOPE « o STATIC HEAD SLOPEn 4 STATIC MEAO SLOPE« 6 STATIC HEAD SLOPE« 12
MQl) MlLta iHa.iio.Ps i_.c.ri/Mi W.C.UT/TGDIa.NO.PS C.C.KaTIO K.C.RaTIO dU.NO.PS C.C.RaHO *.C.RATIO UlA.NO.PS C.C.RATIOW.C.RaTIO

2 10 21 1 b/.J b.06 16 1 0.960 1.032 16 1 0.972 1.068 16 1 1.002 1.125
2 2u 21 1 t.f.1 9.28 21 1 1.023 1.053 21 1 LOSS 1,11* 1« 1 1.0*7 1,201
2 . '♦« 21 1 s^-3 17«71 21 1 1.0^2 1.102 21 2 l.o«2 1.167 16 2 1#125 1.259
2 bu 21 1 bJ«i 2b.61 21 2 l«037 l«oB* 21 3 I«o72 1.1&S 16 * 1.0^2 1.256
2 lOu 2i £ b<:.2 *3.B6 21 4 1.0*6 1.096 2j 5 1.0"? I.l78 i» 6 l.ll9 1.268
2 20u 2i * od.e B/.72 21 7 1.0*7 1.092 21 n l,Ofll 1.1/7 IB 12 \.\\<i 1.268
2 -*0U 21 b b*-2 131.58 21 11 1.0*3 1.0^0 21 16 1.081 Ll75 1« l9 LllS 1.2682 *0u 21 8 be.2 1'5»»5 21 15 1_.O** 1»P92 21 21 1.QS3 1.176 jB 25 LU6 1.2682 s0u 21 10 <^d.d 21*.31 21 '"iff 1.0*4 1.6^0 21 27 l»o8Q I.l75 i& 31 1#U 7 1,2683 lo 2* 1 oa.v 2.75 2* 1 p.998 L035 2* 1 1.000 1.086 2* j i, 032 1,168
3 2u 24 1 o^.j 5.1* 2* 1 1.03* 1.069 2* 2 1.0*3 1.161 2* 2 1,077 1.2*9b *u d* 2 *>d.i iu«2B 2* g 1.03* 1.069 2* 3 1.0*6 1.1*8 2* 3 1.08* 1.238b bo 2/ 2 Ob.V lb,29 24 j O.^So 1.078 2* * 0.995 n56 2* * 1.0*0 1.2*1
3 lOu r!/ J */.o <J3.*5 2* 6 Q.97J 1«Q78 2* 7 0.992 I.lb7 2* 6 1.051 1.2536 20u 2? h b7.u bo.9l 2* "~n" 'STIT* ' 1.07H" '2* 13 0.99* 1.156 2* 13 1.0*2 1.2*5
b 30u dl 1 o/.O /b.36 24 \b 0.97b 1.078 2* 19 0.99b I.l56 2* 20 1.038 1.2*2
a *0u 2/ U bo.o lul.76 2* 21 0.97B 1.078"""'24 23 l.OO9 1.lS« 2* 27 1.039 1,2*1
5 300 2/ lb ob. I 127.09 2* 26 0.979 l«07? 2* 29 1.008 1.158 2* 3* 1.039 1.2*1

lu lu 3J 1 Uu.l 1.9o 33 1 0.992 lib'SS'" 33 1 0.98B 1.125 33 1 1.002 1.19*
10 2u JJ 1 lid' 1* 3.55 33 1 itO23 __l_.08B _ 33 1 _l«05* 1.189 33 2 1.065 1.277
10 *u JJ d iid.-i 7.09 33 2 1.023 1.088"~" "33 3 1.033 I.l7l 33 * 1.065 N277lu bu Jj 3 1U.* 10.6* 33 * 1.020 1.085 33 5 1.03b 1.17* 33 5 1.065 1.277
1U iOu 3J * 1U.* 17.66 33 6 1.018 1.08* 33 8 l.O^B 1.176 33 9 1.067 1.280
10 20u 3J S 1U.2 33.27 33 12 1.019 1.086 33 15 1.039 1.178 33 19 1.068 1.281
10 J0u J3 13 112.u b2.»o 33 11» 1.022 1.088 33 23 1.0*0 1.179 33 2B I,o7o 1.263lu *0u 3J 1/ lU.u 33 2* 1.022 _ l_!_088 33 31 1.0*0 1.178 33 38 1.070 1.283
10 Sou J3 di 11^.0 ob.06 33 30 1.021 " "1.087 33 39 l. O39 1.178 33 *7 1.069 1.28220 lu *d 1 1/6.1 l.tt, 3V 1 0.BB2 1.063 39 1 0.878 1.1*8 *2 1 0.988 1,256
20 2u td 1 Ibj.l 2.7* *2 1 1.U2* 1.106 39 2 0.9*9 1.222 *2 2 lt067 1.337
2U *" »«i <i lfeJ'l 5«*9 *2 2 1.02* 1.106 *2 3 1.03? 1.212 *2 * 1.067 1,337
20 bu 4<d 3 Ib3.l «.23 *2 * 1.020 1.102 *2 5 1.036 1.211 *2 6 1.067 1,337
20 luu *2 b ibJ.i 13.72 *2 6 1.019 1.102 *2 8 1.035 1.210 *2 9 1.067 1.337
20 20u <*d "* IOC.I 2/.*0 *2 13 1.020 1.102 *2 16 1.037 1.212 *2 19 1.069 1.339
20 3ou id 14 10£.a *1.05 *2 19 /I.021 1.10* *2 2* 1.039 1.21* *2 29 1.071 1,3*1
2u *0U <*d 19 ib2.<» b*,72 *2 26 1.021 l.!0fc *2 33 1.039 1.21* *2 39 1.071 1.3*120 Sou td d<* lo^.b bb.** *2 32 1.U21 1. 103 *2 *1 1.038 1.213 *2 *9 1.070 1.3*0
*0 lu b/ 1 30/.* 1.25 b* 1 0.91b 1.081 b* 1 O.9o6 1.175 5* 1 0.916 1.295*0 2u s/ 1 2Oi.3 2.33 b/ 1 1.001 1.10B 57 1 1.0l9 1.237 57 1 1.056 1.386*0 *u *U 1 2Vu.b <f.b8 b7 2 0.969 1.126 57 2 0.986 1,257 57 3 1.015 l.*03*U fcU !»' 2 2/S.i 6.85 b/ 3 1.023 1.128 57 3 1.0*1 1.259 57 * 1.069 l,*03
*0 lOu bU 3 2*u.l 11.*3 b7 5 0.971 1.128 57 5 0.988 1.258 57 6 1.013 l.*0l*0 20U S7 / 2/*.->! c!2.B3 57 10 1.02* 1.129 57 10 1.0*2 1.260 57 12 1.068 l,*03
*u Juu *' 11 2'*.o J*.22 b? 16 1.02b 1.130 57 15 1.0*3 1.261 57 18 1.069 l,*04
*O *0" b/ lb 27*./ *b.63 57 21 1.025 1.129 57 20 1.0*3 1.261 57 2* 1.069 l.*O**U Sou 6u It 2OV.J S7.01 57 27 0.973 1.130 57 2* 0.990 1.261 57 30 1.015 l.*0*6u lu bb 1 <»uf.u 1.13 6b 1 0.97* 1.089 66 1 0.95B 1.19* 66 1 0.967 1.32*»J dV to I jb*.^ 2.08 66 1 1,000 1.119 66 1 1.016 1.260 66 1 1.055 1,*2*6u "*J '£ 1 -i°v'n *»07 6b 2 0.936 1.1*5 66 2 0.951 1.2B8 66 3 0.983 l.*526u bj oo £ 33b.j b.12 66 3 1.02* 1.1*1 66 3 1.0*0 1.283 66 * 1.07l l.**3
60 10" bb J 3bu.« 10.22 66 * 1.022 1.139 6b 5 1.039 1.282 66 6 1,067 l,*40
6u <iOu Id 3 30^.1 dO»3* 66 b 0.936 1.1*5 66 10 0.951 1.28H 66 12 0.977 l.**76u 30u Id I ia-i.a 30«5l 66 12 0.936 l«l*b 66 15 0»95i 1.288 66 18 0.977 l.**76u *0u Id 10 30*.1 *0.67 66 15 0.936 1.1*5 66 20 0.951 1.28B 66 2* 0.977 l.**76u bU0 U id 3«^?^ . „ bo-J7 66 19 0 '937 1.146 66 25 u-953 l»2 90 66 Jo 0«978 \.*>/><>

100 lu at 1 bSP^.6 U.98 at 1 0.966 L105 B* 1 0.94* 1.222 8* 1 0.950 1.369100 2u «* 1 5JJ.U 1.78 bt 1 0 .98t 1-133 84 1 0.999 i, 2 96 8* 1 i. O33 l.*8o100 *0 Vu 1 5t=>>/ j.*2 8* 2 0«96l 1.178 84 2 o«97b 1»3*7 8* 3 l»009 1.538
100 6 0 yu 1 54/.i b.14 B4 2 0"957 1-17* B4 3 y.97* 1.3** 84 4 1-00* 1.532100 10O 2 btu«2 B.*7 B4 * 0.967 I»l8* 84 6 0.986 1.358 84 6 l«01* 1«5*7100 200 9W 4 b*u-2 16.94 8* 9 0 »96b I.I83 84 12 o«98b 1.358 84 n l»013 1.54510U 300 90 b b*u.2 25.42 8* 14 0-964 L182 84 i9 0.986 1.358 84 17 1.013 1.546100 *0u Vu d 54U.2 33.89 84 18 0.96b L183 84 2 5 0.986 1,358 84 22 1.013 1.54&100 bOU 9u lu b*u.<i 42.36 84 23 0.965 L182 8* 32 0.986 1.358 8* 27 1-013 1.5*51=0 10 102 1 oL /.d 0.87 1U2 1 0.963 1.122 96 1 0.879 1.255 96 1 0.885 1.4i9150 2u lod 1 lit.* 1.56 102 1 0.982 1.156 102 1 0.9H9 1.33* 102 1 1.023 1.539150 *u Iu2 1 bb^.3 2,9* 102 2 1.056 1.227 102 2 1.063 1,*16 102 2 1.099 I.63*l5u 6u luM 1 NJ.I *.*o 102 2 0.987 1.217 102 3 l.oo9 l.*20 102 3 1.0*3 L63B150 1UU loo 2 7ub.a /.36 102 * 0.977 1.208 102 5 1.00b 1,415 102 5 1.038 1.632ISO 200 1U<; b 66/.b l*.7l lu2 8 1.03* 1.209 102 11 1.062 1,*15 102 10 1.099 1,63*
I5u 3ou Iu2 / 6b4.a 22.00 102 12 1.038 1.213 102 17 L066 I.*l9 i O 2 15 1.10* I.639150 *OU lu» / 7ul.=> 2V.27 Iu2 16 0.98* 1.216 102 23 1.010 l.*22 102 21 1.0*6 1,6*215O bou lu« * /Od.S Jb.64 102 20 0.982 1.21* 102 29 I.00B l.*20 102 26 1.0** 1.640200 lu lit 1 9a/.v g.bo 11* 1 0.959 1.133 U* 1 0.932 1.278 H4 1 0.939 1.457200 20 lit l Hat.* 1.42 11* 1 0.98O 1.172 l2o 1 1.031 1.366 114 1 1.021 1.590
d00 *o 11* 1 7ob.t 2.66 120 1 1.101 1.2*1 120 2 I.ll9 l.*58 n* 2 1.107 1,698200 6u idu 1 bil.l J.93 120 2 1.0*2 1.2*5 i2o 3 1.07* l.*78 n* 3 1.063 1,721200 100 120 i HdJ.l 6.57 11* * 0.992 1.2*4 120 5 i. O 7O l.*7* 11* 5 1.059 i,7i6
200 duu 12u t Hd-i.l 13.15 12U 7 1.037 1.2*0 120 10 1.070 l.*74 114 10 1.059 l,7l&20U 3uu 120 b 821.1 19.67 120 10 1,0*2 1.2*5 n* 17 1.026 1.47a U« 15 I.063 1,721200 40U 120 1 Bl7,4 26,12 [20 1* 1.0*5 1.2*8 12O 21 1.078 l.*8J H4 2y 1,0*8 1.728200 Sou 12u * 810.4 32.69 I2u 17 1.0*5 1,2*8 i2o 26 I,o76 l.*8l n* 25 1,066 1,7263 °0 10 1JB 1 132?. d 0.7l 138 1 0.955 1.155 138 1 0.92* 1.320 138 1 0.932 1.523300 2u Us 1 112/.b 1.23 i3e 1 0,978 1.203 1** 1 l.Oo7 I.*l7 13B 1 1,01* 1,67930u *0 1JO 1 1U2/.V 2,28 1** 1 i, 0 7B 1,269 1** 2 i.i o 5 1,529 138 2 1.113 l,8i|
30U bu it* 1 lu*3.2 3.33 1** 2 l.oSl 1,293 1** 3 1.089 1.568 138 3 1.097 1,858JOU 1UU ISO 1 Hlb.l b.59 144 _3_ ,0,984 _ 1,286 l^* 5 1,01* 1,559 13B 5 1.026 1.8*730u 2ou 1** 3 103b. b n,05 1** 6 1.059 1.301 1«* 10 1.096 1.57? 138 l 0 1.10* 1.86930U JOU lbu t 10/o.b 16.66 1** 10 1,016 1.29* 1** 15 1.053 1,569 138 14 1.060 1,859
300 *uu 1** 6 l03o.b 22.11 1** 13 1.055 1,298 i** 20 1,096 1.577 138 19 1,102 1.86730U bUU lbu b 10/J.b 27.65 1*4 16 1,018 1,297 \ ** 2* 1.058 1,576 13B 2* 1.065 1,86650u 10 l»u 1 19bl.D 0.60 17* 1 0.92* 1.187 17* 1 0.890 1,382 17* 1 0.898 1.6215 00 2U lrfu 1 1610.V 1.02 17* 1 0,944 _lj_251 Ij4 1 0.9?9 1,503 180 1 1.002 1.8i5500 »u l«u 1 itad.o I,b6 186 1 1.0*3 1,317 l7* 2 1.035 1.6*9 180 2 1.117 1.991500 bu ibu 1 13»/.2 2.7o 17* 2 1,029 1,36* l80 2 l,i o 6 1,702 180 3 1.161 2.058SOU luu lbb 1 141b./ *.4* ldo 3 1,037 1.37* lBo * 1.089 1.72* 180 5 1.1*6 2,087bOU 2uu irt6 d 1*13./ 8.87 J8o 6 J.Q37 1,37* l«0 9 1.088 1,723 17* 9 l.m 2.083500 Jou 18b 3 1*13.7 i3.31 180 9 1.037 1.37* i80 1* 1.087 1.723 180 13 1.1*2 2.083bou *uu loo b 13/l.b 17.72 j8o J.2 1,07 0 1j376 i80 IB 1,123 1,725 J7* ' IB 1,1*6 2,08650U sou lab 6 1413. u 22.18 lBO 15 1,037 1.37* l8o 23 1.088 1,723 I80 22 1.1*3 2,08*

lOOu lu 2b2 1 32J4.U u.*9 2*u 1 p,9o8 1,237 2*0 1 0,867 i,*79 2*0 1 0,877 1,77*1000 2u dbd 1 2bbb.il U.79 24u 1 0.930 1.331 2*0 1 O.9i0 1.656 2*u 1 0.951 2.0**100U *u 2b<; 1 22JO.J l.*0 2b<i \ 0,994 l,*02 2^2 1 1.Q77 1.862 2*0 2 1.093 2.3n7100U bu 2b2 1 2123.b 2.01 2b2 1 i. o65 1.482 2S2 2 i.U 3 1.928 2*0 3 l!l5 0 2S1I100O 10U d^d 1 20Jb.a 3,23 252 2 L.10J) __ 1.528 252 3 1,160 1.999 2 52 * 1,230 2.*881000 200 2b2 d 203b.b 6.*7 252 5 1.0^1 1.520 252 6 1.160 1,999 2 52 8 1,230 2.4801000 30u 2bt i 2u^u,3 9.61 2 S2 7 1,066 1,537 252 9 1,130 2 018 252 12 1,198 2 Si21000 *0U 2b4 3 21ul.b 12,88 252 10 1.057 1,527 25 2 12 i,i 2* 2.008 252 16 1.1*2 2 5 00
1000 bou 2bc t 202/,* 10,11 252 13 I.o97 1,526 g52 i5 1.166 2.007 2*0 21 l.l 9! 2,*98
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TEXAS HATtK utvtLGPMtNT BUmHU LOCKWOODiANOHEWS.ANDNEWNAM.INC.PROGRAMCOSTOF UtLlVtrtlNu wAlt^ dt PlPtLlNE - MOSTECONOMICALDIAMETER
PEAK FACTOR* 1,'jj GRU*frtKATE ■ 0*10 INTERESTHaIE » 0.0*0 AMORTIZATIONPE«lOO« 40YHS PRESENTWORTH FACTOR» 15.78
FLOwLENuIn SlAllC McAO JjLUPE » 0 STATICHEAD SLOPE* 4 STATICHEAD SLOPE■ 8 STATICMEAD SLOPE■ 12MGO MlLtS uU.NUtPi C.C«T»/MI W.c.tT/To oU.NO.PS C*C»HaTIOW.C.RaTIO qIa.NO.PS c.C.H»TIO W.C.RaTIOOIa.NO.PS C-C.FUTlO W.C.RaTIO

2 lu 16 1 60.o 6.22 16 1 1.009 1.023 16 1 1.021 1.056 16 1 1,053 1.109
2 2U 21 1 bo.l 11.&3 16 1 0.993 _l«_0*9 21 1 1.055 1.106 Id 1 1.097 1.183
2 *O 21 1 6*.b 22.36 16 2 1.0lB i-O'i 16 3 L031 1.1*6 16 3 I«o78 IiZjB
2 6u 21 1 oj.i 33.66 21 2 1-Q37 1.075 16 * 1-027 1.1*1 16 * 1-072 1.2122 100 21 2 b2-2 b5.*4 21 0 1-0*6 1.086 16 7 1-0*0 1.1&5 16 7 1.086 1.2?72 20U 21 * 62.2 no.B7 21 7 1.047 1.084 16 15 l. O 37 1.155 16 1* 1.086 l,22 7
2 30U 21 6 62-2 106.31 21 \\ 1.0*3 1-081 16 23 1-035 1.155 \b 20 l«087 1.226
2 ♦OU. ... 2J_. a. b2.2 221.7_4_ 21__l5 iifi**_ _L.g82 16 30 i.Q37 1.155 j6 27 1.087 1.2262 5ou 21 10 6*.<! 277.18 21 \i 1.0** 1.0?2 16 38 1.036 l,l55 16 3* 1.0B7 1.2265 1U 2* 1 83.9 3.34 24 1 0.998 1.032 2* 1 1.000 1.076 2* 1 1.032 1.150s 2o 2* I b*.3 6.30 2* 1 1.03* 1.066 24 2 1.043 1.143 24 2 1.077 1,221s 4u 24 2 b2.3 |2.60 24 3 1.017 1,063 24 3 1.Q46 1,133 2* 3 1.0B* 1.2j55 bu 24 j b^.j 1B.90 24 4 1.022 1.063 24 4 1.050 1.133 24 4 1.096 1.2fl9
s 1<L9_ _?* 6 «1.B _Jii.47 24 7__ 1.026 IiO6* 24 7 1.055 1.134 24 8 1.089 1.2l7i 20U 24 11 ai-9 b2.88 2* 15 1.022 1.06*" 24" 13 1.056" 1.135 24 13 i-106 1.2145 3UU 24 17 Bi-d 94-26 24 22 l.ft?4 1.065 24 J9 J.Q58 1.135 24 20 1.104 1.212b 40O 24 23 Bi.a lib.65 24 30 1.024 1.065 24 23 1.071 1.138 24 27 1,103 1.2H
b bou 24 2* Oi.,1 137-03 24 38 1.024 l«066 20 29 l«070 1.J37 24 J4 1.103 1.2101U iu Ju 1 1U.4 2.29 '30 1 0.990 1.043 30 1 0.992 1.101 33 1 1,071 1,176

1" .20.-.. JJ I Ik*.** .. .4.34 33 1 Lj_023_ l_.0.18 30... 2 Q.9B7 L-162 33 2 1.Q65 1,241
1U 4u 33 2 1U.V B.68 33 2 1.U23 1.078 33 3 1.033 1.148 33 4 1.065 1.241
lu 6u 3J 3 1U«» 13.02 33 4 1.020 l«07b 33 5 1.036 1.151 33 5 1.065 1.241
10 10U 3J 4 11*.4 21.61 3J 6 1.018 1.074" 33 8 1.03d 1.153 33 9 1.067 1.244
10 20U 33 9 H*.* 43.15 33 12 1.019 1.075 33 15 1.03* 1.155 33 19 1.068 1.2*5
lu 30U ii 13 11*.U 04.60 33 18 1.022 1.077 33 23 1.040 1.156 33 2b 1.070 1.2*7
1U 4Uu 33 .17 JJ.*..M ob.13 . 33 £4 _1 . 0_22_ liS77 33 31 1.0.4.0 I t.l.S5 33 38 1.070 1.247lu buu 3J 21 112.u lu7-74 33 30 1.021 1.077 33 39 1.039 1.155 33 47 1.069 1,2*6
20 lu 39 1 lbb.2 1-72 39 l 0.982 1-050 39 1 0.978 1.122 39 l 1.006 1.225
2U 2u 4* 1 lbj.l j-29 39 1 0.950 1.092 39 2 0.949 1.169 39 2 0.976 1.277
20 4o 02 2 lbJ-1 b.b9 39 3 0-936 1,080 39 3 0.9*7 1,168 39 0 0.976 1.277
20 6u 02 3 163.1 9.88 39 0 0.93b 1.079 39 5 0.947 1.16B 39 5 0.973 1.274
20 luu 4ki 5 163.| 16.47 39 6 _Q,9Jb 1*079 39 7 O.946 1.16B 39 B 0.974 1,275
20 20u 42 9 lb*.7 32.88 39 12 0.937 1.081 39 14 0.948 1.170 39 17 0.975 1.277
2U 30u 02 lo 16*:.b oy.26 39 IB 0.938 1.082 39 21 0.950 1.171 39 2b 0.976 1.278
2U 40U 42 19 Ib2.4 6b.b5 J9 £4 0.939 1.083 39 28 0.950 1.172 39 33 0.976 1.278
20 bOU 42 20 Ib2.b 02.12 39 30 0.93B 1.082 39 3b 0.949 1,171 39 41 0.975 1.277
*U lu bo 1 2BB.B l.bo bO 1 0.97B 1.062 51 1 O.9o4 1.139 50 1 0.975 1.241
*U 2u b4 1 ibd.,1 2.77 SO 1 1.016 1.101 54 1 1.03? 1.214 54 2 1.072 1.3*3
4U Ou bl 1 2?b.b b.53 bo 2 0.96b 1.101 b"4 3 U.983 1.213 50 3 1.007 1.334
4U 6u b/ 2 2/b.* a.26 bO 3 0.970 1.106 5o 4 u.98b 1.215 54 4 1.009 1.337
40 10U b? 3 2/b.7 13.78 54 5 0.968 1.104 54 6 0.982 1.212 54 7 1.00B 1.335
*U <!UU 5? 7 2^o.V 27.50 b4 9 0.969 1.106 54 12 0.98O 1.215 54 14 1.011 1.338
4U 3ou 51 H 270.6 01.21 54 14 0.971 1.107 54 17 0.984 1.215 54 20 1.011 1.339
*U 40u 57 IS 270.7 b4.97 bO IB 0.970 1.106 54 23 0.984 1.215 50 27 1.010 1.338
4U bOU 5/ in 2^0.? bb.7l b4 23 O.97o 1.106 54 28 0.984 1.215 54 34 1.010 1.3386U JU 6b 1 4UO.0 1.36 bO 1 0.870 1.063 bO 1 0.853 1.1*5 60 1 0.871 1,262
6^ 2U bb 1 joo.9 H.09 66 1 1.000 1.102 66 1 L0l6 1.223 66 1 1.055 1.368
60 *u bb 1 3b<*.i 0.89 66 i 1.019 1.120 66 2 1.035 1.243 60 3 0.962 1.382
6u bu bb 2 35b.j 7.31 6s 3 1.024 1.125 66 3 1.040 1.248 66 4 1.071 1.3886u lOu bb 3 Jbb.o It!.19 6b 0 1.022 1.123 b6 5 1.039 1.247 66 6 1.067 1.3846u 2Uu bb / 3Sb.i <;0.35 6b 8 1.024 1.125 6b 10 1.041 1.249 66 12 1.069 1.3866u 3uu bb n 3bo.V 3b.51 6b 12 1.02b 1.126 66 15 1.042 1.249 66 18 1.070 1.387
60 <»Ou bb ib 3bb.a Ob.6b bb 15 1.025 1.126 66 20 1.042 1.250 66 24 1.070 1.3876y buu bb ;9 Jbb.7 60-82 66 l9 1.025 1«126 66 25 1-042 l«25o 66 30 1.Q7Q 1«387

lOu lu la 1 Sbo«» 1'lfl 7B 1 0*963 l"076 78 1 0.939 1.168 78 1 0*945 l*29l10U 2u !o 1 000.j d.iz ao 1 1.07O 1.118 7« 1 1.014 1.254 7B 1 1.052 I«4l4
100 Ou bo 1 buo.rt 0*11 ao l«031 1*155 78 2 u-973 1-295 78 3 1.007 1.458
100 60 bo d. 310.9 6.18 B4 2 1.02b 1.150 78 3 0.970 1.291 7B 4 0.996 1.448100 lOu 00 i Suo.o 10*23 Bo 0 l«031 1>156 JH 5 o«978 1.300 7B 6 l«006 l«460
100 20u rto 6 buo.o 20.46 Bo 9 1-029 1-154 78 11 0.976 1.299 78 13 1.004 1.458
10U 3Uu bo 9 5ob.o 3o*b8 80 10 1.029 W50 78 16 0-975 1-298 7b \9 1.003 1.457100 40U bo 12 boo.o 00.9i do lb 1.029 1«15* 78 21 0.975 1.298 7B £b 1.004 1.458
100 bou bo lb bub.» 31.10 ao 23 1-029 L154 78 26 0.975 1-29B 7b 32 1-003 1-457
15u lu *o 1 7bB.V 1.05 9b 1 0.961 1.091 96 1 0.93* 1.196 96 1 0.941 1.33*
15U 2u >>d 1 60Y.2 1-87 96 1 0.981 1-12* 96 1 1-000 1.283 96 1 1.039 l.*6*15U 4U lut 1 6b(.3 3.55 9b 2 0.983 1-182 96 2 1.002 1.349 96 2 1-042 1-540
150 bu vo 2 633.9 b-37 96 2 1.031 1.171 96 3 1.052 1.338 96 4 1.091 1.525150 10U 1U2 2 b/1.2 B-92 96 0 0.977 1.175 96 5 0.997 1.303 9b 6 1.029 1.527
150 20u lUtf 5 bcW.a 17.75 96 7 0.982 1.181 96 9 l.OOl 1.308 96 11 1.034 1.533
150 30u l\)t 7 660. rt 26.52 96 10 0.986 1«185 96 14 1.006 1.353 96 17 1.037 1.537
150 40U lu* * bob.o 35.04 96 10 0.980 1.183 96 18 1.003 1.350 96 23 1.035 1.535
lbu bOU lu* 1* bba.o 00.25 96 17 0.985 1.180 96 23 1.00* 1.351 96 28 1.036 1.536
20u lu 1UB 1 you.* 0.97 10B 1 0.957 1.100 108 1 U.928 1.21* 108 1 0.936 1.36*
200 2u Iub 1 du^-2 1.70 10B 1 0.979 H37 10b 1 U.Y96 1.30B 11* 1 1.081 1.5q3
200 ou 110 1 7B0.0 3-19 108 2 1-002 1.214 108 2 l-0?0 1.397 114 2 1-107 1.6o5
20U 6u i*u 1 b*l-l 0.79 HO 2 1.000 L204 10b 3 0.979 1.394 114 3 1.063 1.6o2
20U 1UU no 2 7*u.J 7.99 110 0 1.034 1.199 108 5 1.01? 1.394 108 6 1.055 1.600200 <!UU 110 b 7BB.o 15.9o 114 B 1.037 1.201 108 9 LOlB 1.395 10b 11 1.05* I.60O
200 JUU n» I 7ao.u 23.B0 110 12 1.0*2 1.207 10« 13 1.024 1.402 108 17 1.061 1.6o9
200 4ou no 9 foo.a 31.75 114 16 1.042 1.207 10b 18 1.023 1.401 lob 22 1.059 1.607
20u 5ou no 11 7bb.7 J9.73 uo 2u l'O4o I«2o5 108 22 l«02l 1.399 108 26 I«o58 1.605
300 Id lit 1 1279.4 U.86 132 1 o«953 I«ll7 j32 \ 0-921 1.247 132 1 0.92* 1«4;630U 20 \ii 1 to?*.a 1.08 132 1 0.977 L163 l32 1 0.982 1.349 132 1 1.020 1.568
30U *U lid 1 9bu.i 2-73 138 1 l.o9l 1.242 i32 2 1.082 1.463 132 2 W23 l«7 0l
30U bu 100 1 10OJ-* 4»o6 13B 2 1-016 1-245 132 3 1-Ol6 1-477 132 3 1-055 1.717
300 10U 1JO 2 100?-9 6.75 132 4 1-Ol7 1-252 j32 4 1-050 1-479 132 5 l-092 1.722
300 2uu 100 J loJb.b 13.46 13B 7 1.021

"" 1.251 13? 8 1.021 1.483 132 10 1-062 1.727
300 3ou 1JO h 100'*9 *0-24 138 \\ l.oSo 1.248 132 12 Lo5O 1.479 132 15 1-092 1.722
300 oou 100 6 luJb.a 26.91 lib 10 1.021 1-251 132 16 1.021 1.483 132 *0 1.062 1.727
300 5uu lJb i loub.l 33.69 1J8 18 l.oSo 1-248 i32 20 1.051 1.48l 132 2b 1.094 1.724
500 lu 16b 1 i83b.4 0.73 168 1 0.946 1.141 \bb 1 0.9iO 1,293 I60 1 0.919 li«91
500 *U lbb 1 Ib**.* 1.24 16B 1 0.972 1.200 }74 1 0.987 1.410 16a 1 1.008 1.674
50U Ou ibo i iJbb.o 2-24 l7o " ~\ 1.06S 1.277 ]74 2 l«lo 8 1.555 16B 2 1. 131 1.846
500 bu i7o 1 13OB.9 3.25 174 2 1.066 1.315 l74 2 1.1|J 1.605 168 3 1.138 1,9q7
50O lOu lob 1 141b.7 b.*3 174 3 1.01b 1.311 168 4 1.032 1.601 168 5 I.O84 1.9o3
500 20U I/O j 13J9.0 10-78 170 6 1-072 1-322 168 7 1-090 1.613 170 9 1.170 1.919500 JUU lbu 0 1373.U lb.17 174 9 1.04b 1.322 168 11 1.062 1.612 168 10 1.113 1,9j5
50U OOu l»u b lJ/l.b 21.52 J7o 13 l.OOb 1.323 J68 15 1.065 1,616 168 19 1,116 1.920
500 boo l«u 6 13'7.B *7.00 "\Ti~. 16 1-0*0 1.317 168 18 1-059 1.609 168 2* 1.112 1.9l3

100U lu 2Ou 1 JIJ'.J 0-&0 228 1 0.9fl5 1.177 228 1 0-863 1.365 228 1 o.87o 1.6o7
100U <!U 2o u 1 20/2.2 0-96 22B i 0.928 1.261 22B 1 O.9fl7 1.524 228 1 0.953 1.853
1000 4u 2O O i *1J'».6 i,7 0 24o 1 1.007 1.341 228 2 1.0*8 1.731 228 2 1.102 2.105
1000 6U 2Ou 1 2u^°'» 2-43 228 2 l«040 1«423 228 2 1*081 1.792 2 2 8 3 1*162 2«2o5
100O luu i^>d I 203b.a 3.95 goo 2 I«fl62. _ 1.407 2*0 3 I«ll8 1.8*1 240 4 1.190 2.258
1000 *0u 2b,: 2 2uJb«o 7.89 200 5 1.058 1.443 24o 6 I«ll8 1.8*1 228 9 1-147 2-256
1000 JuO 2i>d 3 203O.B 11-Bo 200 8 1.057 1,042 228 10 1-076 1-801 228 13 1.146 2-256
100U *OU 25* * 20J°.° lb-78 200 11 1-056 1-042 228 13 1-076 1-840 2*0 l7 1-186 2-255
1000 5ou d$d 0 20*'-4 19.65 2O0 14 l.Q6! 1«4*7 2*0 16 1-122 1-848 240 21 l-l9l 2.26*
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TEXAS kAlL* ULYELUr'MtNl bjjHo LOCKWOOD»ANOHE*5iAN0NEWNAM.INC.PHOGRAMCOSTOf utLlVtKliNu ««ltf< D' HiKcLlNt - MOST ECONOMICALOIAME1EHPEA* FACfUK= ,./ a uKu»ln nM Tfc » 0-U6 iNTEHtSTHaTE « 0-040 AMOWTUaUOn PErtlOO= 4QVHS PRESENTKOWTHFACTOR = 13.41
FLO* UtwolH Sl«UC nc4u sluHl = o STATICHtAO SLOPE= 4 STATIC«EaOSLO^E= 8 STATIC HEAD SLOPE« 12
Mbu MiLta uia.ixvj.^s hc»t»/mi w.o.cT/ro uu.no.ps c.c.wAfio *.c.hatio dia.no.ps c.c.«aTio w.c.Ratio oia.no.ps c.c.Ratio k.c.Ratio

£ In l» I ot.u 7.14 16 1 1,00V 1.024 16 1 1.021 1.055 16 1 1.053 1.106
1 . iO 10 1 01"* l3»42 16 1 1.0J6 1.049 18 1 1.091 1.109 16 2 1.098 1.177
2 *u ii 1 o-i'3 26.13 ib 2 1.01» 1.077 16 3 l«03l 1.125 \t> 3 1.078 1.19*
2 bu 21 1 oj.1 J9.40 lb 4 0.99b 1.068 16 4 l-0?7 1.121 16 4 1.072 1.188
2 10U 21 <a o<i.<i 04.04 ,21 4 1.046 l.O8o 16 7 1.040 1.134 16 7 I«o86 1.2n32 2UU 21 "» o<:.2 129.69 21 7 1.047 l. O 79 16 15 l.O 3' 1.134 16 14 1,086 1,253
2 JUU 21 6 ■ac.i 1*4.53 21 11 1.043 1.076 16 23 I.03B 1.133 16 20 l.oB7 l.2O 32 *0u 21 b &£.<; 259.38 21 15 l. O 44 l. O 77 16 31 1.035 J.133 16 27 i. O 87 l,20 3
2 bUu 21 1U 02.2 3*4.22 21 Ib 1.044 1.077 16 38 1.036 H34 16 J4 1.Q87 1.20 33 lu 24 1 83.9 3.83 24 1 0.99B 1.030 24 1 1.000 l.O7o 24 1 1.032 1.139
3 2u -it I o^.j 7.25 2* 1 1.034 l.o6b 24 2 1.043 1,131 24 2 l.o77 l,2055 4w 2<* 2 ot.J 14.bo 24 3 1.017 1.058 24 3 1.04& 1.124 24 3 1.084 l,20 lU bo it J 02.3 21.7? 24 4 1.022 1.060 24 5 1,042 1.124 24 4 1.098 1.197
5 10u 2<t b "lil Jb.18 24 7 1.02b 1.061 24 9 1,045 1.126 24 8 1.089 I.2n4
3 2UU 11 Oi.,1 72.32 24 15 1.022 1.061 24 18 L044 1.126 24 13 1.106 1.2035 J"U ** 1' 0 lutt.39 24 22 1.024 1.062 24 28 1.044 1.127 24 20 1.104 l,20 la 4ou 24 2J oi.d 144.47 24 30 1.024 1.062 24 23 1.071 1.131 24 27 1.103 1.199
S 5ou d* 29 ai.7 loo.54 24 3d 1.024 1.062 24 29 1.070 1.130 24 34 1.103 1.199lu lu ->" I 112."♦ 2.60 30 1 0.99U 1.038 30 1 0.992 1.090 30 1 1.021 1.169lu JJ I H£>* 4.99 33 1 1.U2J 1.072 3o 2 0.987 1.135 30 2 1.016 1.218lu *u JJ * llt.^ 9.9H 3J 2 1.02J 1.072 33 3 1.033 1.135 30 4 1.016 I."2l8

lu bu JJ J lie.1* 14.97 33 4 1.02U 1.069 30 6 U.9S7 1.135 3U 7 1.016 1.2l7
lu 10" 3J 4 112.h 24.b4 3J 6 1.01O 1.067 33 8 1.038 1.140 30 12 1.020 1.223
lu 2uu JJ 9 li<:.2 *9.bo JJ 12 1.019 1.069 3o 21 0.992 1.141 33 19 1.068 1.223Id JUu JJ 13 llc.u 74.26 33 18 1.022 1.071 33 23 1.040 1.142 33 2b 1.070 1.226lu <»OU JJ 17 lli.u 99.01 33 24 1.022 1.071 33 31 1.040 1.142 33 38 1.070 1.226lu bou jj di n^.u UJ.B5 33 30 1.021 1.071 33 39 1.039 1.142 33 47 1.069 1.22520 lu J* 1 l=b.2 1.92 39 1 0.982 1.044 39 1 0.978 1.108 39 1 1.006 1.20420 2u 1 iou.4 3.69 39 I 1.030 1.087 39 2 1.029 1.1&7 39 2 1.059 1.2572U *u J9 d 13U.4 f.37 j9 3 1,013 1.074 39 3 1.027 1,15b 39 4 1,059 1,257
2u J 13U.4 11.06 J9 4 1.01b 1.074 39 5 1.02? 1.156 39 a 1.055 1.25320 l"u 31* 3 I3u,4 ia.43 39 6 1.014 1.073 39 7 1.0?6 1.155 39 8 1.056 1.2542u 2uu J9 l..i I3u."» Jb.87 39 12 1.014 1.073 39 14 1.02& 1.155 3y 17 1.05b 1,254
20 J^ 1-3 iau.4 3b.30 39 18 l.,jl4 l,0 73 39 21 1.036 Hb5 39 25 I.Q55 1.2532U *ou .<■* lv isu.J 39 24 i. 0 i4 1.073 39 28 l. o a7 1.155 39 33 1.055 1,253
2U buo it 24 l»u.J *2.17 39 30 1.014 1.073 39 35 l.o?6 1.155 39 41 1.055 1.253
4u lu 31 i 2/1.J 1.68 bl 1 0.9?6 1.048 5l 1 0.962 1.115 51 1 0.985 1.2l7*u ib b"* 1 i**'1 54 1 1.016 1.093 54 1 1.03? 1.197 51 2 1.017 1.311
*U 41/ 3* 2 2b,;.? 6.23 b4 2 1.016 1.093 51 3 U.980 1.190 51 3 1.006 l,3ol
*u bu b4 2 201.9 9.33 54 3 1.019 1.096 51 4 0.980 1,191 51 b 1.009 1.3o540 lUu t* 1 2o^.i 13.56 b4 5 1.01M 1.095 51 7 u.979 I,l9o 51 8 1,006 1.302*U 20U bt 1 2bl.^ J1.10 54 9 1.018 1.095 bl 14 0.9RO 1,191 51 16 1.007 1.30340 JOu r><» lu 2bi.9 tb.b3 54 14 1.01b 1.095 51 20 0.980 1.191 51 24 1.007 l,3 03

*° *uu it It 2oi.^ 02.19 54 18 1.018 1.095 Si 27 0.979 H9(| 51 32 1.007 1.3o340 buu ->t \.l 201.9 /7.73 b4 23 l.Old 1.095 51 34 0.979 1.190 bl 40 1.007 1.303blJ lu hu 1 jo^.l 1.51 6U 1 0.971 1.053 60 1 U.952 1.125 60 1 0.972 1.233b» iu bu 1 320.o 2.79 60 1 1.008 1.090 60 1 1.0?4 1.197 60 1 1.062 1.326bu *" 00 1 J3U'i 3-55 60 2 0.925 1.098 60 2 0.940 1.206 60 3 0.962 1.3266u feu 60 d jdO.J b.29 00 3 0.930 1.103 60 4 0.940 1.207 60 4 0.96U 1,332blJ 60 i 3SO.M 13.82 bu 5 0.929 1.102 60 6 0.940 1.207 60 7 0.967 1.33060 60 I jsb.i dl,bn bo 11 u.929 L103 60 13 0.940 1.207 60 15 0.968 1.3326u JOU bo 11 333.-* 41.38 60 16 0.929 1.103 60 19 0.941 1.209 60 23 0.968 1.33360 *uu bu ib 3b3.o 35.16 ou 21 O. l?3U 1.104 60 26 0.941 1.208 60 30 0.969 1.3336U 5uu on l* 33aW ua.94 60 27 Q.92 9 i. lo3 6 U 33 U«9 41 1.2U9 60 38 0«969 1O3310J lu '" 1 53'*-h 1«32 y« i 0.963 1-064 te 1 0.9 39 1.144 78 1 0.945"" 1«2541OlJ 2u 'n 1 4B9.J 2'38 7b 1 !. 0 02 1" 10« 78 1 l. 01 4 1-231 78 1 l. O 52 1.379l°u *u H« ! buo.o 4.67 Iti 2 0-961 1-127 78 2 0.973 1.252 78 3 1.007 1.40 010" "u '* < '*'°"t '-U1 '8 3 1.022 L127 78 3 LOib 1.252 7b 4 J.0&4 1.395l°u luu H* jj buo.4 11.63 ?a 4 0.962 1.129 78 5 0.978 1.257 78 6 1.006 1.40 l100 20u »i 6 5u6.» 7a d 0-962 1-129 78 u 0.976 1.2S6 78 13 j.004 ,,399
100 3uu UH 9 buo.4 J4.9(, 78 13 0.962 H29 78 16 0.975 1.255 78 19 i <0 03 1.39910° «^ H* 1^ buo.H Hb.53 78 17 0.962 H29 78 21 0-975 1.255 78 26 i.0 04 1.399100 3UJ 04 13 buh.H 3d.16 78 21 0-962 1.128 78 26 0.973 1.255 7 ts j2 i, 003 ,.399" l5° lu 9u 1 72£.<: 1.18 9U 1 0.958 1.071 9o 1 0.930 I.I60 90 1 0.937 1.283}50 2u *j 1 h2<:.4 2.10 96 l 1.055 1.115 96 1 1.Q75 1.259 90 1 1.055 1.423J5« *" 1 fjl.a 4.U4 96 2 1.029 1.156 96 2 1.049 1.30b 90 2 1.029 1.476lSo bu Vb hjb.9 6.05 9b 2 1.031 1.158 96 3 1.052 1.309 90 4 1.025 1.473150 iUu 9o J bjb.3 10.07 ~ib 4 1.032 1.159 96 5 1.0S3 1.310 90 6 1.027 1.476150 2uu 6 6J3.J 20.14 9b 7 1.032 1.159 9 0 11 0.992 1.308 90 13 1.024 1,47315J Juu y0 * 0J3.3 3U.21 9b 10 1.032 1.159 90 16 0.991 1.307 90 19 1.025 1.474150 *uu vd U 63H.J 40.23 *b 14 1.034 1.161 9o 22 0.994 1.310 90 26 1.026 1.47515u 5UJ 9b 16 bJt.J 3U.29 9b 17 1.U34 1.160 90 27 0.993 1.309 90 32 1.027 1.4762°u lu l"« I y*u.2 1.09 102 1 0.908 1.079 102 1 0.879 1.176 102 1 0.886 1.309<iOu d" luo 1 bu7.2 1.92 108 1 0.979 1.121 10H 1 0.996 1.27b 108 1 1.037 1.455

f; uo *u U1> l 7brt<* J>62 lUb 2 1.002 1.186 108 2 1,020 1.350 lob 2 1,062 1.5402Ou 6u luo 2 7b £.rt 3.48 lo« 2 1.030 1.171 108 3 1.054 1.339 108 3 i, 0 97 1.527
200 1UU lou j 7bo.3 9.07 lub 4 1.039 1,180 108 5 1.063 1.348 l O 8 6 H02 1.534200 20U 114 3 7oo.4 IB.12 10B 7 0.996 1.181 108 9 i. 01 8 1.348 1 OB n i. O 54 1.53320U 3ou lit I lot. 0 <:7.05 108 10 1.002 L187 108 13 1.024 1.355 i O b 17 l. 0 6l 1,542200 4ou U» * 7o^.3 j6.09 108 !3 1>ooi ltl86 108 18 i. o2 3 1.354 lO 8 22 1.059 !,5402°^ buu 114 a 7O3.7 *3 ,i7 io« 17 1.000 .1-184 108 22 l. O2 l 1.352 10b 28 i. O 58 !.538
3"U lu 120 1 !2J^.o y.97 126 i u.95l i.O95 t 26 1 o.9l8 L20 4 i2 6 1 0-92& 1.354Ou '^ 1<^ 1 l"Jj'i I'67 12b i o.975 H39 !J2 1 i >026 1.312 132 1 l. O 66 1,5,130U *u 132 1 9Ou .i 3.09 13b 1 1.091 1.231 i32 2 l. O 82 1.423 132 2 1.123 1.63930u 6u 1JO 1 iuli.c 4.63 132 2 l.OlS 1.219 i32 3 L048 1.423 132 3 L08B i,639300 lou iJb d 100?.1 7.68 132 4 1.017 1.222 l32 4 1.0 50 1.426 132 5 1.0 92 1.6*5300 20U 130 4 iou'.* lS.37 132 8 1.o 1 / L222 126 9 l. O l2 1.426 i2 6 n i. O 53 1.6*33oo JOu 1JO b iou'.^ 132 12 L0l7 L222 !26 13 Loll 1.42b 126 t 7 i.O 55 1.645300 4UU ]jo 8 lou'.'* J0-73 132 16 1.017 l>222 l2 6 18 i.0l2 i.426 i2 6 22 i. O 53 1.643300 boo IJO 9 looo.i 36,36 !32 2o LOJ* 1.224 126 22 i.ol 3 ' 1.42? l2 b 28 1 .0 56 1.64750u lu 162 1 i«u«.e 0.84 162 1 0.944 1.115 156 1 0.B82 1.244 i5b 1 0.89i 1.4,8bOO 2u Ib2 1 1470.u 1.40 162 1 0.971 1.1?2 168 1 0.994 1,363 162 1 1.011 1.5975 °o *u Ib2 1 13UV.7 2.53 108 1 1>07S 1.257 !&8 2 i. 12O lt5 09 X 62 2 l.j.39
S°u °u 1'* 1 1340.9 3,7,, l6a 2 1.040 1.284 1&8 3 1.088 1.54b 162 3 1.106 l.Bn500 lOu lbo d 13^J.3 b.2o 16a 3 1.062 1.278 162 4 l. 0 7b 1.532 162 5 H27 1.80 l500 2uu 17* 3 L3J*.4 12.27 108 7 l,0 47 1.291 162 8 l <0 62 1.549 162 10 I.114 1.822500 Jou Ibu 4 13/3.y lB .5l 16B 10 1.020 1.284 J6 2 12 i.O 34 1.540 162 15 1.085 l.BjlbOu *uu l'H b IJJ^'t .168 14 1.047 1.29J 162 15 1-061 1.549 162 20 1-114 1.822500 3uu 174 « 1344.4 Jo.77 16b 17 1.043 1.287 162 19 1.05b 1.543 162 25 1.110 1.8i&1000 lu 2^0 1 3041.b u.68 216 1 y.9 O 4 H46 2 16 1 U.860 1.304 21& 1 O .B7l 1.5l7100U 2u 2<;o 1 2J'b.4 i.io 216 1 o-92 6 1.22 6 22 8 1 u .943 1.455 22b 1 o.992 1 .7521000 *u 2^« 1 2 U4J.9 j.92 22B 1 i. u22 1.313 228 2 l <097 1.661 228 2 1,999

UOu bu 220 1 I9jj,u 2-U 228 2 1-092 1.388 22 8 2 l. i34 1.721 2 28 3 l. 2 l9 2 .098100U lou 2*0 1 i9oo.3 4.5o 228 3 1.Q62 . I»4o3 228 4 1.122 1.758 2 2 b 4 l.i9i 2«1 291000 20u d»o d i9oo.3 9.00 228 b 1.061 1.402 228 7 W16 1.752 228 9 1(1 86 2«125lOOu JOu d4u 3 i9o8.b 228 7 1-0&0 1-401 22« 10 1-U4 1.750 22B J3 1M86 2.124100U *UU 2*u 4 ivuoo j7.99 24o 11 l-o93 1.401 228 13 IMlJ l-750 228 ib 1086 2-125lUOu buu 2*u 6 i9bo.7 ed .^ 2kl} 54 1<o93 i , ltQ? 2g 8 j7 J# 6 < 753 <e?b 86



116

TtXAb wAftK ut.vELOPMt.il bOMHU LOCKwOOD,ANDREWS"AND NEwnAM.INC.PROGRAMCOSTOh OtLiVt"liMi> ..aIlM o> HiHLLXNt - MOSTtCONOMICALOlAMETERPEA* fACfO* = 1./5 iiwo«fri K ATE = O .U3 INTERESTHaTe ■ 0.040 aMOhTUaTIOn PErtlOO* 40*RS PRESENTWORTH FACTOR« B «92
FLO* LfcUbln SIaIIc nt»O bLOKt " 0 STATIC MEAD SLOPE= * STATICMEAOSLOPE» 8 STATICMEAD SLOPE« 12
MGli MlLtS 01a.NO.PSU«C«T*/Ml *.C.CT/Tu OIA.NO.PSC.C.RaUO ».C.RaH0 DlA.NO.PS C.C.RaTIO W.C.RaTIOUIA.NO.PS C.C.RATlO *.C.RaTIO

2 lu 16 1 64.u 10.23 16 1 1.009 1.02* 16 1 1.021 1.051 16 1 1.053 1.096
2 2u lb 1 ol.t 19.45 16 1 1.036 1.049 16 2 L065 1.106 16 2 1.098 1.1561 *« 21 1 &2.3 J8«8l 16 2 1.01S 1.051 16 3 1.031 1.087 l6 3 L078 i.jso
2 60 10 3 01.* 38.34 16 * l«024 l»041 16 4 l«056 l.oBS 16 5 1.0*3 1"U6
2 10u 21 a b2.2 9b.43 16 6 1.015 1.052 16 8 i, 037 i. O96 16 9 i, 0 77 H552 20U H * °2-2 I*?.85 16 13 1.011 l.o5o 16 15 1.03? 1.0*4 l6 17 l.o78 1.1552 JOu 21 6 bt.d 269.26 16 2o 1.011 l»O5o 16 23 1.03S 1.0*3 1& 26 1.077 L1552 *UO 21 B b<!.<: 3db.7l jb 26 1.05Q 16 31 1.035 1.093 16 35 1.077 1,15*
2 500 21 lo bi.2 402.14 16 33 1.010 1.049 16 38 1.036 I.o94 16 44 1.076 H5*3 lo 21 1 oj.4 5.48 21 1 1.006 1,025 24 1 1.030 1.059 24 1 1.063 ltllB5 2u 24 1 Qt.i 10.46 24 1 1.034 1.060 24 2 1.043 1.108 24 2 1.077 1.171
\ 4u 24 d od.i *0.92 24 3 1.017 1.049 24 3 1.046 1.105 24 4 1.077 1.171s 60 24 3 02.j 31.38 24 4 1.022 1.052 24 S 1.042 1.103 24 4 1.098 1.1705 luo 24 b bl.o 52.09 24 _ 7 l_>02b_ 1.055 24 9 1.045 1.106 24 11 1.081 1.175
3 200 24 12 ai.B Iu4~;i9 " 24 15" 1.023 "" 1.653 24 "18 1.045 I.I06 21 21 1.072 1,17*3 300 24 1? oi.o 136.19 24 23 I; 023 l«05« 24 28 1.044 1.106 21 32 1.071 1.173
S 400 24 di oi.b " 2o«.13 24" 30 1.02* 1.05* 2* 23 1.071 1.117 21 42 1.073 1.175b boo 24 fi si.? 260-07 24 38 1.024 1.054 24 29 1.070 1.116 24 3* 1.103 1.175

1U 1" 3u 1 1U.« "T.65 "3o""""l 0.990 "l,026 30"~1 0.992 1.064 30 1 1.021 1.130
1" 2o Ju 1 l.O'^O 7.U _30 2_ _ii.021_ __IaO55 _3g_ 2 i*P?3 1.094 30 2 1.053 1.16110 4u 30 3 lOo.b 14.19 30 3 1.013 1.048" "

30 * 1.024 1.096 30 4 1,055 U163
1" 60 Ju 4 luo.* 21.22 30 5 1.015 1.0*9 3o 6 1.028 1.099 30 7 1.05B 1.1671*» I"" J" ' lu«.J Jb.33 30 9 1.016 1.051 3o 10 1.029 1.100 30 12 1.059 1.16810 2UU Ju 14 luo.J '0*67 30 17 1.015 1.050 3p 21 1-028 1.099 30 24 1.059 1.168
10 3ou Ju d\ 100.J I06.OO 30 " 26 1.015 1.050 30 31 1.02" 1.100 30 J6 1.059 1.168
lu 40U Ju 2d 10b.J_ _14i_.34^ _ 30 35 i»01_5 _J»049 _30 42 1.028 1,099 30 49 1.059 1,168
lo sou 3u Jb luo.j 176.67 30 44 UO.lB 1*0*49'" 30'" 53 1.028 1.099 30 61 1.059 1.168
20 10 J9 1 Ibo.2 2.63 3?_ 1. Q.9B2 1.031 39 1 0.978 1.077 39 1 1.00b 1.156
2o 2u J* 1 13u.4 b.03 39 1 1.030 1.078 39 2 1.029 1.129 39 2 1.059 1.2122o 4u J* 2 I3u.» JW..05 39.., 3._ 1,015 1.06* 39 3 1.027 1,127 39 * 1.059 1.2l220 bu J'' J lbu.4 15.08 39 4 1.015 1.063 39 5 1.027 1.128 39 5 1.055 1.2o820 10U J* a l5lJ._4 25,12 _ 39 b __ _l_.014_ Iip63 39 7 1.02b 1.127 39 8 1.056 1.2102u 20u J* U lbu.4 30.26 J9 12' ~ 1.014" 1.663" 39 14 1.02b 1.127 39 l7 1.055 li2o9
20 Juu 39 lb iau.4 39 18 1.0J* 1.063 39 21 l.Q?_b 1.127 39 25 1,055 l,2 0 8
2" *"O jsr 19 ibu.J 100.52 39 24 1.014 1.063 39 28 1.027 1,127 39 33 1.055 l,208
2u bOu J* ci4 Ibu.J 12b.65 39 30 1.014 1.063 39 35 1.02b 1.127 39 41 1.055 1.208
40 10 40 1 2bb.i 2.23 48 1 ' 0.981 1.036 48 1 0.975 1.090 4b 1 0.994 1.1694u <iO 3i 1 231. u 4.25 51 1 _JaO.16._ _ 1jjO74 48 2 0.991 1.144 4b 2 1.011 1.228
*^ *o bl 2 231.U 0.49 <th 3 0.974 1.067 48 3 0.9S2 1.136 4b 3 1.008 1.225*O 6" 5i 3 2bl.u 12.74 48 4 0.974 1.067 48 5 0.980 1.134 48 5 1.008 1.225♦0 100 bl a 231,0 21.23 *b 7 0.973 1.066 *8 8 0.980 1.135 *8 9 1.008 1.225♦0 20u bl 4 230.1 42.31 48 14 0.977 1.070 48 17 0.9H3 1.137 48 19 1.012 1.22940 300 bl l<t 23U.4 b3.54 4« 22 0.975 1.068 48 25 0.982 1.137 4b 29 1.010 1.22B*u *00 bl 10 23U.1 04.62 *8 29 0,976 1,069 *8 3* 0,983 1.137 4tt 38 1,012 1.229*0 bou 31 di 230.J 105.85 48 36 0.976 1.069 *8 *2 0.982 1.137 *8 4B 1.011 1,228
60 lu 3' 1 343.a 2,01 57 I 0.969 1.033 57 1 0.960 1,091 57 1 0.979 1.176faJ d" bo 1 3<:o.t> 3.73 60 1 1.008 1.076 60 1 1.024 1.162 57 2 1,030 1.268
60 *« 6u . 2 Ico.a 7.47 6u 2 1.008 1.076 57 3 0.98* 1.156 57 3 1.015 1,2556 0 bu 01, d J2O.1 11.19 60 3 1.010 1.077 57 * 0.990 1.157 57 4 1.016 1.255
60 1UU bO 4 idb. 4 IB.56 6Q 5 1.015 1.082 57 6 0.994 1.163 57 7 1.021 1.261
60 2ou hu a 3<;d.4 J7.ll 60 11 1.014 1.081 57 12 0.994 1.163 57 14 1.021 1.2616u Jou du U Sdb.i 35.62 60 16 1.01* 1.081 57 18 0.995 1.16J 57 21 1.022 1.2626o 40u fau 17 323.0 74.10 60 21 1.015 1.083 57 24 0.996 1.164 57 27 1.022 1.2636" bou ou 21 323.9 . 92.65 ftl) 27. J,»fllA .1.0.8.2. 57___ J0_ 4.996 1.164 5/ 34 1.022 1.262l°u i" bb 1 4f4.b 1.77 66 1 0.966 1,036 72 1 I.008 1,089 66 1 0.960 1,18*

lOlJ U 1 4bb.<t 3.19 72 1 1.006 1.084 72 \ i, O l9 1,180 72 1 1.058 1.3Q0lOO 4U I'd i 430.4 6.38 72 2 1.006 1.084 72 2 1.0l9 1.180 72 3 1.043 1.28810° 6" I* <"■ 4bb.2 9.57 72 3 1,006 1.085 72 4 1 .01J 1.174 72 4 1.043 1.288100 1UU 7* * *S<*«1 15.88 72 5 1.011 1.089 72 6 1.020 1.181 72 6 1.048 1.293100 200 Id 9 4bJ,u 31.7o 72 11 1.011 1.090 72 13 1.021 1.182 72 12 1.051 1.296
100 JOu Id 13 433.1 47.56 72 17 1.011 1.09fl 72 2o 1.020 1.161 72 18 l.o5o 1.295100 4uu Id 10 43J.U 63.40 72 22 1.011 1.090 72 27 1.020 l.lBl 72 24 1.051 1.29610" 50U Id dl 45*.9 /9.23 72 28 1.U11 1.089 72 3* 1.021 1.182 72 30 1.051 1.296150 lu o<t 1 bOu.9 1.59 8* 1 0.955 1.0*0 8* 1 0.925 1.098 8* 1 0.9*6 1.203150 2u 9u 1 622.4 2.81 04 1 0.961 1.097 84 1 0.974 1.203 84 1 1.014 1.338
l5u *« 1 6io.b 5.58 84 2 0.971 1.10& 84 2 0.983 1.213 84 3 1.013 1.3*01= 0 bo 9u 2 buo.u 0.27 84 3 0.984 1.120 84 ♦ 0.993 1.225 8* * 1.026 1.355150 100 *u 3 6u'.b 13.77 90 4 1.023 1.118 8* 6 0.995 1.227 8* 6 1,025 1.35515u 20u 9u 6 6u'.3 27.53 9o 9 1.022 1.117 8* 13 0.994 1.226 84 12 1.025 1.35515u Jou 9u 9 bu'-b 41.30 90 13 1.021 I«ll6 84 20 0.994 1.226 84 18 1.025 1.355150 40U 9u Id bu'.3 35.07 90 17 1.020 1.115 84 26 0.994 1.226 84 dh 1.025 1.35515u buu 9u 16 6u/.J 60.81 90 21 1.020 1.115 84 33 0.994 1.226 84 30 1.026 1.355200 lu yb 1 b4*.o 1.47 9u 1 0.903 1.043 96 1 0.920 1.107 96 1 0.936 1.216200 2u vo i Tdl.J 2?57_ .96 1 0.998 I.99? 96 1 1.Old 1.220 96 1 1.061 1.366
20u tu lua 1 7bu.u 5.03 96 2 0.955 1.123 96 2 0.974 1.247 96 3 1.009 1.390
20U 6u luii 2 7J3.1 7.5o *6 3 0.988 H29 96 3 l.Oo 7 1.254 96 4 1.040 1.39520U lOu lu<i 1 7JJ.b 12.48 102 4 1.02* 1.130 *6 6 1.005 1.252 9b 6 1.0*2 1.397200 2uu iu<i o 7JJ.0 2*.95 l O2 8 j.02* 1.130 96 12 i. O q5 1,252 96 u i, 0 *2 1.397
200 3ou lu* 9 /Jj.b J7.*3 102 12 1.024 1.130 96 18 I.oo5 1.252 96 17 1.0*2 1.397
200 40u 102 11 /JJ.3 49.9o 102 16 1,025 _ _i,13o _ 96 24 1,00s 1,252 96 22 1.0*2 1,397200 boo 102 !<♦ 7j*:.b 62,31 102 20 1.026 1,131

" 96 31 1.006 1.253 96 28 1.0*3 1.398300 lu 11* 1 114*.2 1.32 H4 1 0,946 1,052 J14 1 0.9U 1.122 114 1 0.923 1.238
300 2u 114 1 940.0 2.2* 12U 1 1.030 1.115 l2o 1 1.040 1,24* 120 1 1.0*2 I.*l2
300 4u 12b 1 93^.o 4.28 120 2 1.020 1.17Q 120 2 1.031 1.305 120 2 1.082 1,482
300 bu UO 2 94u,o b.47 126 2 1,057 1.155 120 3 1.04* 1,295 U4 4 1.068 1,469300 lOu Idb i 9bb.d 10,66 120 _♦_ It 0_12_ _LiK>2 __l20__ 5 1,033 1,308 120 6 1.078 1,479
300 dOu Idb b 933.*; 21,32 120 8 1,012"

"" 1.162"" 120 10 1.033 1.308 120 12 1.078 1,479
300 JOu 126 9 933. d 31,99 120 12 1,012 1,162 I2p 15 1.033 1,308 120 18 1.078 1,*79300 400 12b 12 9b3.2 42,65 120 15 1,010 T,"lbV 120 20 1.033 1.308 120 24 1,078 l.*79300 bou 12o ib 9bb,2 53,31 120 19 1,010 1,160 120 25 1,033 1,30b 120 30 1,078 1,*79500 lu 144 1 167b.3 1,15 144 1 0,939 1,063 1** 1 0.899 1.1*4 14* 1 0.909 1,273
500 2u 144 1 1J4J.7 1.89 150 1 _ l,001_ _J_l122 l5o 1 1.01*> 1,277 150 1 1,066 1,*67
500 4u 136 1 12/0.7 3.46 162 1 1.081 1.221 l5o 2 1.068 1,39b 150 2 1,120 1.6o6500 bu 16B 1 1319,e 5.18 li?o 2 O.**8 1,208 1S0 3 1,035 1.39B 150 3 1,085 1.&07500 lou lb2 i 129b. d 8.60 156 3 1,035 1.211 156 4 1.072 1.402 l5o 5 1.105 1.6i2
500 200 lb<: 4 12*°.<: A7.21 J56 6 1.Q35 l*2Al l5o * l«0*7 1.398 j50 11 \.\0Z 1.&10500 Juu Ibd b 1296.*; <i3.81 156 9 1.03b 1.211 150 1* 1.0*8 1.399 150 17 1.101 1.6n9500 40U 162 9 129J.1 34.34 J56 12_ 1.03^ L.?l* _ 1.5o 18 1.049 1.401 150 22 1.104 1.6j3
SOU bOu \bd 11 129u.* 42.86 156 15 1.039 1.216 l5o 23 1.052 1.403 l5u 28 1.106 1.6l&1000 lu 2u* 1 2Bbc!.i Ut95 204 1 0.929 1.082 192 \ 0-854 1.179 192 1 o»866 1.336

1000 2u iiut 1 21 1*/, w l.b0 204 1 0.962 H52 204 1 0.961 1.331 20* 1 1.005 1.556
100U »o 20* 1 IB/H.i 2.6 0 216 1 i. Q8 0 1.259 20* 2 1M26 1.53* 20* 2 Ll78 1.79*
1000 by 21b i l8o utu 3.80 216 2 I»o87 1.30* 216 2 L13* 1.561 20* 3 I«l7* 1.8**1000 XVV 21° £ l«"3.3 6.3* zib 3 l_t()8fl_ Ii2?_7_„ _20.* * l»096 1.55£ 20* 4 w7q 1»8391000 20U 220 3 I9iy.a 12-57 216 5 1.059 l«3o3 204 8 l. O82 1.567 20* 8 I»l54 1.856
1000 3uu 22O 4 l9n.u 10.85 216 8 I.Q61 I;3o5 20.4 U 1-082 1-567 20 4 12 W54 I.8561000 4uu dd° 6 l9iu.O 25-14 216 10 l»059 1-303 204 16 1-082 1-567 2 0 4 16 1-154 1-856
1000 5uu dd a 7 i9UV 4 Jl-32 216 12 1.Q63 1-3Q7 216 18 l.U3 1.57J 20* 20 1-158 1.862
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TEXASnAlt* utvtLUHMf<l oU.HU LOCKWOOO iANDREWSt AND NEWNAM.INC.PROGRAM
COSTOt UtUKtKliio «Aft* ot flfcLl^t - MOSTECONOMICALDIAMETER
PEAK t-aCIOK = 2»oo unuwfri maTl * o-OO INTERESTRATE = 0«040 AMORTIZATIONPERIOD■ 4QVRS PRESENTWORTHFACTOR* 20«l9
FLO* LtiNoln SIAI1C nuj SLUHt = 0 STATICHfcADSLOPE■ 4 STATIC MEAD SLOPE = 8 STATICMEAOSLOPE» 12
mgo iiii.fcs uia.no.ps ct.!*/Mi w.c.cT/tg ou.no.ps c.c.haTio «.c.Ratio dIa.no.ps c.c.raTio «.c.ratio oia.no.ps c.c.Ratio h.c.RaTIO

2 lu ii 1 67.9 b.12 21 1 1.01b 1.040 21 1 1.032 1.082 21 1 1,062 1.137
8 <*u 21 1 64.7 9.40 21 1 1.023 1.050 21 1 1.069 1.122 21 l 1.129 1.2o9
2 *J <Sl 1 6J.1 17.95 21 2 1.049 1.100 21 2 1.096 l.lTb 21 3 1,127 1.261
£ bu 2i 2 bj.o dt.35 21 2 1.055 1.082 21 3 1.087 1.157 21 4 L127 1.2*2£ 10o 2i 3 oJ.t 4b.30 21 4 1.043 1.079 21 6 1.076 1.159 21 7 1.127 1.2*9
1 200 21 S 6J-1 ay.76 21 8 1.048 1.090 21 12 1.0S1 1.170 21 15 1.127 1.261
£ 30O 21 u oj.2 135.06 21 13 1.042 1.085 21 18 Lu79 1.167 21 23 1.124 1.2572 *OU *J 10 0J._l 1'9.52 2i 17 1.043 1.087 21 24 1.081 1.170 21 do 1.127 1.261£ 5 0u £i U 6j-2 224.82 21 21 1.042 1.085 21 30 1.080 I.l68 21 38 1.125 1.258S lu 24 1 at. a 2.85 24 1 1.001 1.019 24 1 L0l8 1.077 24 1 1.052 1.156
3 2u £1 1 a*-* 5.36 2? 1 1.028 1.066 24 2 0.996 1.149 24 2 1.029 1.2323 4o dl t o*,4 1U.71 2/ 2 1.02« 1.066 27 3 1.044 1.147 24 4 1,029 1,232
5 "u <!' 2 B*«d 15.97 27 3 1.024 1,073 24 5 0.994 1,148 24 6 1,025 L2*o= 1UU 2/ "* au-o i6_-*0 2? 6 1.02? 1.081 24 8 1.008 1.156 24 10 1.038 1.250
b 20u dl 8 oo.b bi>.79 27 ~il 1.031 1.079 24 16 LOO** 1.156 24 19 1.039 1,2*7
5 Juu 2/ \£ OB.6 79.19 27 17 1.029 1,078 24 24 L00« 1.156 24 28 1.039 1.246a 4UU dl 16 ao.o 105.59 27 23 1.028 1,078 24 32 1.00« 1.156 24 37 1.039 1.2*6
b 3Uu dl <^U OB.6 1J1_»99 27 29 1.02b 1-078 24 40 1.00« 1.156 24 46 1.039 1.245lu lu JJ 1 lili'i 1.96 33 1 0.995 1.063 33 1 0.993 1.131 33 1 1.015 1.22310 tu Jb 1 Hi£tU 3i_75 36. _1 1.910 _ l_.O78 33 2 0.981 1.J81 33 2 1.002 1.276lu *u Jfa 2 U2.u 7.51 36 2 1.010 1.078 36 3 L031 1.171 36

"
3 1.062 L275

10 6u J° 2 Ul-2 11.13 36 3 1.023 1.090 36 4 1.043 1.183 36 5 1.071 1.285
lu luu jo t Ui.4 18.57 36 5 1.022 1.089 36 7 1.039 1,179 36 9 1.070 1.28*
lu 2uu 3» Uu./ J6.9B 36 \\ 1.026 1.093 36 14 1.045 1.184 36 17 1.074 1,289
lu Juu jb U uo.v S5.52 3b 16 1.023 1.090 36 21 1.043 1.183 36 26 I.o72 1.286
10 4OU Jb 1* UU./ '3.95 36 2J 1.024 l±09l 36 28 1.Q45 1.184 36 35 1.073 1.288lu boo Jo Iri i<;u.n 92.47 36 26 1.024 Lo9l 36 35 1.044 1.184 36 43 1.073 1.28820 1" <"! 1 lou.j 1.59 42 1 0.988 1.057 42 1 U.982 1.138 42 1 1.008 1.24720 2u 4b 1 lOH.b 3.02 4b 1 1.019 1.097 42 2 0.960 1.202 42 2 0.984 I.3l720 »u "O 2 lot.b 6.03 42 3 0.939 1.094 4g 3 0.955 1,198 42 3 0.980 1.3l420 by <ts d 1»».» 9.U4 42 4 0.940 1.096 42 4 0.95b 1.198 42 5 0.982 1.31520 luu «3 4 ioj.1 14i98 4b 6 1.022 1.100 42 7 0.962 1.205 42 8 0.988 1.32220 2uu 43 « loj.l 29.97 45 12 1.022 1.100 42 13 0.962 1.205 42 16 0.988 1,322

20 JUO 43 13 lot.I 44.87 4b IB 1.024 1.102 42 20 0.964 1.207 42 23 0.989 1,324
20 4uu 43 It lec.o 39.80 4b 24 1.024 1.102 42 26 U.964 1.20B 42 Jl 0.990 1.3252u 50u -»3 dl lad.I It. 78 4b 3u 1.024 1.102 42 33 0.964 1.207 42 38 0.989 1,324
4u lu 6u 1 3J*:.b 1.35 b7 1 u.928 1.078 57 1 0.9J8 1.171 57 1 0.928 1,286
4u 2u eu 1 30*.* 2.51 6U 1 1.003 1.104 60 1 1.022 1.231 60 1 1.058 1.375*0 4o bu 1 2*b.* 4.94 bO 2 1.022 1.121 60 2 1.041 1.249 60 3 1.074 1.39340 bu cu 2 d*l.i> 7.38 60 3 1.02b 1.125 60 3 I.O46 1.254 60 4 1.075 1,395
40 luu bO 3 2*p.1 12.32 60 b 1.024 1.124 60 5 1.044 1.252 60 6 1.071 1,391
*U 200 bu t d-il.l 24.59 60 10 1.027 1.126 60 10 1.046 1,255 60 12 1.073 1.3944o 300 60 11 2W.1 J6.86 60 16 1.028 1.127 60 15 1.047 1.255 60 18 1.074 1.3954o 400 ou 14 2W.J 49.18 bO 21 1.027 1.126 60 20 1.046 1.255 60 24 1.073 1.3944u boo bo Id i-il.d 01.45 bo 27 1.027 1.126 60 24 1.047 1.255 60 30 1.07* 1.394b" lu td 1 430.o 1.22 66 1 0.886 1.089 66 \ 0.873 1.190 66 1 0.883 1.3176u *u td 1 4i*.3 2.25 72 1 0.994 1.U3 7 2 1 I.oi7 1.256 72 1 1.05* l.*i*ou 4U '« I tut.2 4.39 72 2 1.024 1.141 72 2 I.048 1,287 72 3 1.081 1,446feo 6u Id i 4U0.H 6.56 72 3 1.029 1.145 72 4 1.053 1.292 72 4 1.084 1,450
°0 100 Id J 3>yv.3 10.91 72 5 1.031 1.147 72 6 1.054 1,294 72 6 1.085 1,451ou 20o Id b J99.3 21.83 !Z 9 1.031 1.147 72 13 1.054 1.294 72 11 1.085 1.4516u Juo It 9 3^9.3 J2.U 72 14 1.03U L146 72 19 1.054 1.294 72 17 1.084 l.*5160 400 tc 12 39.9.b 43.66 72 19 1.030 1.146 72 26 1.054 1.294 72 23 1.084 1.451
60 =00 It 1° 3^,**- *t**J»* '2 24 ..1-03U L146 7 2 33 x.qsS lf29* 72 2? i. Q85 1.451100 lo \ 1 630.1 1.05 84 1 O»9ob I.I06 84 1 0»886 1.222 84 1 0.892 1-36*100 tu V 0 J bao.2 1.9! 9y I 0-988 1. 133 9 0 1 . l.OO2 L292 90 1 l. O36 1.471l°u *u *o 1 53H.J 3.64 90 2 1.043 1.187 9 0 2 i, 0 60 1.353 9o 2 1.095 I.541

l°,o bo 9u ■£ sbd.d 5.b 3 9 0 2 1.024 L168 9 0 3 1-045 1.337 9o 4 I.080 1.523100 loo *o 3 5b/.4 9.15 9 0 4 1.028 L173 9 0 6 l.O 53 1.346 90 6 l. O87 1.53210U 20o vu a 534.J itt.2 2 9 1.034 1.178 9 0 12 1.Q59 1.352 90 11 1.091 I,5i7100 JUO 9o H bod.a dl.db 9 0 13 1.035 1.179 9 0 18 l. O 62 1.356 90 16 1.094 1.541lou 4oo *u 11 b3j.a jb.4l 9 0 17 1#o3J L178 9 0 24 L060 1.353 9o 21 I.o9l 1.538100 buu 9u u b3J.i 45.47 9 U 22 1.034 1.178 9 0 30 1.061 1.355 90 27 1.093 1.5*0l5u lu loo 1 BB4W u.94 102 1 0.916 1.121 1U2 1 0.895 1.253 102 1 0.9Q1 1 .4 l2If 0 2u 10b i 7'o. a 1.68 102 I 0.92b 1.153 108 1 0.995 1.331 10« 1 1.030 1.532i5u *o 100 I tdd.i 3.16 102 2 0.994 1.224 108 2 l. O 69 1.413 108 2 i. l0 6 1.6^715u Ou 11* 1 733.B 4.71 108 2 0.996 1.218 108 3 1.023 1.420 108 3 1.058 1.63515U loo 111 2 761.1 7.90 108 4 0.983 1.205 108 5 1.016 1.412 10B 5 1.051 1,62515o 2oo lue 5 Idd.-i ib.78 108 8 1.035 1.207 108 11 1.068 1.412 108 10 1.106 1,627
15o Juo ii» 3 733.0 <:3.5b 108 12 0.990 1.213 108 17 1.021 1.419 108 15 1.058 I.63515o tuu loo 9 71O.0 J1.3B 108 16 1.042 1.213 108 23 1.07b 1.420 108 20 1.114 1.63615o boo [no H 71V««J J9.28 luB 20 1.040 1.212 108 28 1.073 1.418 108 25 1.112 1.634200 lo 120 1 10O1.4 0.86 120 1 0.967 1.135 120 1 0.944 1.280 120 1 0.951 1.454200 du 1<^ 1 917.3 1.52 120 1 0.983 1.172 126 1 1.03b 1.364 120 1 1.030 1.5832°o "u 12D 1 043.6 2.84 126 1 1,100 1.240 126 2 1.123 1.457 120 2 1.117 1.6922°o 00 i,;o 1 870.1 4.21 126 2 i,0 46 1.245 126 3 1.0B2 1.477 120 3 1.076 1.7l5200 lou l<fb d 8/9.9 7.03 120 4 1.000 L244 126 5 L080 1.474 120 5 1.074 1,7,2200 200 U° 4 on.v 14.05 126 7 1.041 1.240 120 11 1.036 1.474 120 10 1.074 1.7j|
20o Joy uo b BVo.i 126 lo 4 .0 *6 1.245 120 17 L038 1.476 120 15 L076 1.7l5200 4oo 120 I U/4. u 27.94 126 14 j.q*8 L248 126 21 1.Q86 l,48 2 l20 20 I.081 l , 1U"u &U.J 12b ") 074.,; J4.9 3 12b i7 i.o*9 l. 2*9 {26 2 6 L086 1,481 lzo 2 b l. oa{ }.7if
30O lo 13 U 1 14b0 .<» lj.75 i*4 1 0.93! W59 j44 1 o«9 06 1.324 144 1 0«9l4 1.52230o dj 13o 1 U44.6 ..3! i 0 ,9*& j.2,,5 j5o j u, 974 1#4l6 l 0j985 67<>3°o *u l^o 1 UJO.a 2.43 ;30 l i.,^;, l5o 2 i . Qbl l , S2<) l44 2 1#q79 i,8 08
3°u bu 1^. 1 UUU.a 3.55 lbo 2 1.056 1.295 iSo 3 1.l 0 l I.b7l 144 3 1.114 1,858J0O 100 16*: t u/o. j 3.9b tb6 J_ _Li0LB lL?lQ. l»g 5 l. O29 1.562 i** 5 1,0*1 1(847300 20U ib 0 j Uui.b 11.84 156 6 i. 0 89 1#297 jSo 10 Llol 1.570 144 l 0 LH3 1.85.7300 Jou lbo h HJ3.4 17.69 ib 0 10 l«024 !. 299 jSq 15 l. O68 1.577 1*4 1b !. O8 O 1.864300 4Uu l^b <a HJ3.1 <;j.58 !by 13 !. O 24 1.299 20 l»068 1.577 144 19 i. O 79 1.864300 3oo ibu o lu 1".1* 2 15O 16 l .0 6n 1-298 25 1.10 4 1.575 t 44 2* i.U 5 1.861=00 lo lie I <!U3*-1 0'64 186 1 0-957 1.193 1 0-928 1.388 18O 1 0«9l4 1.622Ou loo 1 Ib^v.o i.o9 186__ I 0.980 _1.255 186 1 0.9&7 1.504 186 1 i. O 14 1.8t 0b»0 *o 10° 1 ibi*.b 1.96 i92 1 "l.oSi " 1.3l9 idb 2 l. O 82 1.653 18b 2 1.134 1,988f°0 by J.JB 1 143*.9 2.87 186 2 l. 0 7l 1.368 186 2 m? 1.703 186 3 I.181 2.0565UO 100 du" 1 133"./ 4.74 192 3 1.021 1.376 X 86 4 i. 0 *9 1.722 186 5 l.l O 6 2. 0 7950o 2oo 2o* 2 ibbo.7 9.47 192 6 l. U 2l 1.376 192 9 l. O 7* 1,722 186 9 HOI 2.075500 JOO i-it 4 14«J4.» 14.IB 192 9 1.072 1.378 186 10 Llol 1.72b 186 13 1.157 2.079bOo 4oo l-id 3 !4/o.4 18.B4 192 a i. 0 7b J.382 186 13 H0 5 1.731 186 18 L1&1 2.086Soo 3ou i9j: b 14/4.0 c\i. b 0 192 14 1.077 1.384 i9 2 23 1.134 1.735 18b 22 L163 2.089lOOu lu dot 1 3443.-^ 0-b2 252 1 0.921 L246 252 1 0.B86 1.488 252 1 0.897 1.777lOOo du dbt 1 27^6.9 0-84 252 1 0.939 1.338 252 \ 0-924 1.661 252 1 0-966 2.042100O 4y 26* 1 djo/.* 1.49 2b4 1 Q.999 l.4o9 264 1 L086 1.866 252 2 1.M3 2.310lOOo bo 264 1 224^.3 2.14 2b4 1 l.0 ?0 1.489 364 2 1.126 !.935 252 2 n7 2 2.4 5100U luo 20- i 2ioi.o J.43 g64 2 1.1.07 1.536 264 3 H7* 2.00^ 26* 4 1.249 2.493lOOo duo £*", t dl*i>» b.B6 264 5 1.100 l«530 ?64 6 1«174 2.007 264 8 1.249 2.4931000 J0y 2/0 it 22ot>«l lO'P 2b4 7 1.Q7 b 1.547 264 9 1.H5 2.027 264 12 1-218 2.5i8100U 40y 2/6 1 22U-3 !3.63 264 lo 1.Q69 1.540 264 12 n*l 2. 0 21 264 16 1.21* 2.5io100U 3oy d>» * Zdcu.l , i7.u8 264 13 1.Q63 1.535 264 15 1.13 7 2 .O l5 2 52 21 Ll7 0 2.5o3
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TEX«s «.»lLr< LJt-tuuHit.l ao.m.0 LOCKWOOD.ANOKEWStANONEWNAM.INC.PHOGKAMCOSIUh UtLhtn|,,u ,.«lr'< ul P iPcL 1■ «£ - MUbr txONUMICALOlAMEfEK
PEA* KAClJ" ■ 2«dd .>Hu..|ri nA Tt = o«!O lNl£RtSr Haf£ » 0«0*0 aMOHTIZaHONPERIOD= ♦o*HS PHtStNT (lOKTH FACTOR» 15-78
FLU» Lt.Muui iniiC mou auJHt = u MaTIC HEAOSLOPE■ * STATICm£ao SLOPE■ 8 blAlIC HEAD SLOPE= 12
MGo rillfci uiA..<U.Ha c«C " " */Mi W.t,.cT/Tii 0lA.NO.PS C«C-KaUO ".C.HaTIO DlA-NO.PSC.C.RaTIO W.C.RaTIOLjIa.NO.PS C'C.NaTIO k.C.HaTIO

d lu el 1 ol.-i 6.34 21 1 1.01b 1.039 16 1 1.006 1.077 21 1 1.062 1.130
« «U «l 1 o*./ U.77 21 1 1.023 1.048 21 1 1.069 1.116 21 1 1.12V 1.198
d *u *i 1 OJ»1 22-63 21 2 1.0*9 1«09q 21 2 1-096 1. 1&1 21 3 1.127 1.235
2 6o O ' ""» J*-*o 21 3 1.0*0 l«076 21 3 1-087 l. l*b 21 4 1.12? 1.221
<! l°d di J OJ'1* b7-03 21 4 1.0*3 1.074 21 6 1-076 1.144 21 7 1.127 1.227
d dOu di 3 0J'l UJ-14 21 a l.04b 1.082 21 12 l.ofll 1.153 21 l5 1.127 1.235
d Jl)u <i M °J'd i7o-l7 21 13 1.042 1.077 21 18 1.079 1-lbo 21 23 1.124 1.231d *»lu 21 lo bj.i 226.28 21 17 1.043 1.079 21 24 1.081 1.1&3 21 JO 1.127 1.235
d 3"d *1 13 D->-2 2OJ.30 21 21 1.042 L077 21 30 l.|)«0 l.l&l 21 38 1.125 1.2333 1" <i* 1 0/.3 3.46 24 1 1.001 1.022 24 1 1.01« 1.074 2» 1 1.0b2 1.147
3 2u i/ 4 o9.<» 6.65 24 2 0.980 1.063 24 2 0.996 1.117 24 2 1.029 1.192
3 *d <!' <! o*-* 13.29 24 3 0.97b 1.050 24 4 0.996 1.117 24 4 1.029 1.192
3 6d 2/ i» oV.o 19.b8 24 5 0.972 1.05b 24 5 0.994 1.116 24 6 1.02b 1.196» 1UU <:' * oo.o J2.81 24 7 0.9B8 1.063 24 8 1.008 1.126 24 10 l.03b 1.208
3 dl n oo.o Ob.62 24 14 0.98B 1.063 24 16 1.00** 1.126 24 19 1.039 1.206
S Jud cl If. oo.o 98.43 24 21 0.98a 1.063 24 24 1.00a 1.126 24 2B 1.039 1.2053 *U" d> 10 "u.o IJ1-24 24 27 0.989 1.062 24 32 1.00<* 1.126 24 37 l. O39 1.205
3 3Ud d< do °*'° 164.05 24 34 0.989 1.062 24 40 1.U08 1.126 24 *6 1.039 1,20*

10 1J JJ 1 121.2 2.38 33 1 0.99b 1.052 33 1 0.993 1.109 33 1 1.01b 1,188
1" d>i JJ I lu.3 4.59 J6 1 1.074 1.076 33 2 1.043 1.148 33 2 1.066 1.231
lu *J JJ d 113.3 V.18 33 3 1.018 1.066 33 3 1.040 1.146 33 4 1.066 1.231
10 Ou jo i le.1*t 13.73 33 4 0.971 1.072 33 5 0.9S8 1.14/ 33 6 1.015 1.235Id luu J" 4 luil.t 22.9o 33 7 0.968 1.069 33 9 0.98* 1.144 JJ 10 1.01* 1.234
1" don 3° ' levI 43.58 33 lb 0.9/J 1.074 33 18 0.990 1.149 33 21 1.018 1.239
Id Joo jo n leu.* 08.45 n 22 0.970 1.072 33 27 u.988 1.148 33 32 1.017 1.237
1" *Ud i» 14 livl 91.16 ii 29 0.9/2 1.073 33 36 0.990 1.149 yi 43 1.018 1.238
Id Sou jo is ldv« 114.00 i-i 36 0.972 1.073 33 45 0.989 1.149 33 b4 1.017 1.238
2u Id td 1 loy.3 I«b9 39 1 0«903 1.049 42 1 0.982 1.11/ 42 1 1.008 1.214
2d du td 1 lot.-i 3.b9 42 1 1.026 1.084 42 2 1.043 1.174 42 2 1.069 1,275
2d *d td i Jo*.* 7.19 42 3 1.020 1.079 42 3 1.03? 1,169 42 3 1.065 1,272
2d 6" 4* J ion.9 10.78 42 4 1.020 1.079 42 4 1.036 1.169 42 b 1.065 1,272«« lUu *i o lo>.o 1/.94 42 7 1.021 1.080 42 7 1.038 1.170 42 8 1.066 1.273
20 2dd ""<: id l<>*.0 33.89 42 lb 1.021 1.080 42 13 1.038 1.170 42 16 1.066 1.273
20 J0d *d li io^.b S3.83 42 23 1.021 1.080 42 20 1.038 I,l7o 42 23 1.066 1.273
2d 4du <tc ch lo-».t> Yl.78 42 31 1.021 1.080 42 26 1.038 1.170 42 31 1.066 1,273
2d boo He Jl lo^.o B^.7l 42 39 1.021 1.080 42 33 1.038 1.170 42 38 1.065 1.272
*" 1" =' 1 Jl*.u 1.62 b4 1 0.926 1.058 54 1 0.9lb 1,133 57 1 0.983 1.236
*" d\t W I dno.l 2.99 57 1 1.01? 1.097 57 1 1.039 1.207 57 1 1.074 1.332
*d »d Ok, 1 din.-i 3.96 57 £ 0.973 1.099 57 2 0.994 1.210 57 3 1.019 1.328
*J "" t>" i dit.o B.90 57 3 0.977 1.103 57 4 0.996 1.213 57 4 1.019 1.330
*u luu "u J 2<".l 14.86 57 S 0.97b 1.102 57 6 0.992 1.209 57 7 1.018 1.329♦u Uu h« 7 2»/.J 57 9 0.976 1.103 57 11 0.993 1.211 57 13 1,021 1.3324d Jdd bu ii i«V/,i 44.45 57 14 0.977 1.104 57 17 0.994 1.211 57 20 1.021 1.332*d '♦"J o« I* f<>A 39.3J b"7 18 0.976 1.103 57 22 0.993 1.211 57 27 1.020 1.331
40 buu ou i'l i-ii.d /4.10 b7 22 0.976 1.103 57 28 0.993 1.211 57 34 1.020 1.332
bo id bh I »1J.» 1.46 66 1 0.978 1.066 66 1 0.965 1.149 66 1 0.976 1.257
60 <id oo 1 ill,I 2.67 66 1 1.017 1.105 66 1 1.040 1.226 66 1 1.076 1.363
6d 4d U 1 4v)«.<i b.3l 66 2 0.939 1.111 66 2 0.959 1.232 66 3 0.985 1.36*
fe d Od U d 4UU.4 7.93 66 3 0.943 I.lib 66 4 0.962 1.236 66 4 0.986 1.365
6d lOu !c 3 3»^.= 13.20 66 5 0.94b 1.117 66 6 0.961 1.236 66 7 0.988 1.3696d 2dd U t 3VV.3 26.39 66 9 0.942 1.115 66 11 0.960 1.23b 66 14 0.988 1.3696d Jdu Ic -I itt.t> J9.59 66 14 0.943 1.116 66 17 0.959 1.234 66 £U 0.988 1.368
6d 4du U Id JWV.S 52.78 66 18 0.942 1.115 66 23 0.960 1.234 66 27 0.987 1.3686d bdd It 10 399.,; bb?.93 06 2J 0«^44 1"116 66 28 0«960 l-23b 66 34 0«98B 1.368

lOd iu c* 1 OlJ.U 1«26 84 1 0.^71 l»079 84 1 0'951 I«l72 84 1 u»957 l«29l
lOd dyj ai 1 944»1 2«28 84 I 0.999 1*113 84 1 l«0l4 1.249 84 1 1.055 1.4o910d 4u >l, 1 bb*.J 4.40 84 2 0»97b 1-153 84 2 0.990 1.292 84 3 l»029 1.457
100 ou oa d bca.i 6.67 84 3 1.02* 1«141 8^ 3 l«04b 1.2^0 84 4 l»08o 1«438
10d lOd 9t. j 53'.* 11,06 84 4 0.967 1«145 84 5 0.98b 1.286 84 6 1.013 1.441100 2dd *„ b 33H.J 22.01 84 8 0.972 1-150 84 10 0.990 1.292 84 12 1.019 1.449
100 JOu Vu 1 bst.o 32.93 8<» ii o.97b L153 84 lb 0.993 1.296 84 18 1.022 1.452100 4uo in 11 33J.« H3.99 84 IS 0.973 1«151 84 20 0.991 1.293 B4 24 1,020 1.45010^ bdd *u |3 bbJ.l 34.92 B4 19 0.974 1.152 84 25 0.992 1.295 84 30 1.021 1.451
lbd Id luc 1 «jd.6 1.13 96 1 0.912 1.092 96 1 0.890 1.195 96 1 0.897 1.329150 2d lu<: 1 7e:o./ 2.01 102 1 0.986 1,124 102 1 1.006 1.281 102 1 1.046 1.458l^J 4u ido 1 Idd.-i . 3.82 lu2 2 0.994 1.181 102 2 l.OlS 1,346 102 2 1.055 1.533
15d 6u md i Qit.a 5.77 102 2 1.033 1.170 102 3 1.059 1.336 102 4 1.100 1.52115u Idd ive J ho^.o 9.55 Io2 4 1.0*0 1.177 102 5 1.067 1.345 102 6 1.104 1.52715d 20d luu b Ud.v 19.09 102 9 0.989 1.177 102 9 1.013 1,345 102 11 1.046 1.526
15o Jdu no / /i*.J aa.bQ 102 14 0.994 1.182 102 13 1.018 1.351 102 17 1.033 1.533
I5o »ui lut. <i /lo.u J/.94 102 19 0.995 1.184 102 18 1.020 1.353 102 22 1.054 1.535
15d 30o lu'j il 71*.2 H7.50 102 24 0.994 1.182 102 22 1.01B 1.351 102 1.052 1.533
200 lu lit 1 101J./ 1.04 114 1 0.965 1.103 114 1 0.941 1.217 114 1 0.949 1.363
20d 2u l|» 1 O69.V 1,82 U4 1 0.984 1.137 114 1 1.004 1.307 120 1 1.086 1.499
20d 4u uu l B*3.o 3.41 114 2 1.012 1.215 114 2 1.033 1.397 liio 2 1.117 1.602
20d 6 U 1^0 1 b/o.i 5.12 ito 2 1.00/ 1.203 114 3 0.995 1.39b 120 3 1.076 l,6ol
20d Idd 12u i 8<»i.j a.55 120 4 1.039 1.200 114 5 1.031 1.39b 114 6 1.071 1.598
200 c:od I2u 5 BH3.0 l'/«06 120 8 1.0*1 1-202 11* 9 L031 1.395 114 11 1.069 1.597
200 JUU l,fd 7 BhO.o 2b.47 120 le 1.0*7 1.208 1H 13 LO36 1.401 114 17 1.076 1.606
20d 4uo 12u -i B*u.? J3.96 120 16 1,047 1,208 114 18 1.03? 1,402 114 22 1.07b 1.6o5
200 byo uj 11 Ohct.u ■«2.bo 120 20 1.0* 3 1.206 114 22 1.03b 1.400 114 e8 1.074 1.60 3
30d lu 13o 1 IJuh,/ U.V2 ijd 1 0,961 1,121 138 1 0.934 1.251 138 1 0.943 1.4J6
"300 dv 1JO 1 U'»'J. >J 1.38 1J8 1 0,982 1,163 144 1 1.02* 1.349 13B 1 1.031 1,565
30d *u Ido 1 40*1,1 2.92 144 1 1,094 1,241 144 2 1,130 1,464 1JB 2 1,138 1,698300 6 U law 1 llud.o 4,31 144 2 1.027 1.254 144 3 1.068 1.4B6 138 3 1.077 1.725
30d lOd 144 d. luo'.l 7.19 144 3 1.063 1.256 138 4 1.064 1,483 138 5 1.111 1.72*
30d 2dd 144 <« luo/.l 14.38 144 7 1.058 1.252 (38 8 1.064 1.4B3 138 ly 1.111 1,724
30d JUd l»u 3 uoo.o ca,56 144 11 1,024 1,251 138 12 1.031 1.4BJ 138 15 1.077 1.725
30d 4dd 1*4 B 100/,1 28,76 144 14 1.058 1.252 138 16 1.1)64 1,483 13b 21 1.110 1.724
30d Suj l=o h luW.-y J5.B5 144 18 1.028 1,255 138 20 1.03* 1,*B7 138 2b 1,079 1,728b00 lu l«u 1 dKiil.d u.78 174 1 0.933 1.147 174 1 0.9n2 1.299 174 1 0.912 1.492
SOd dv lou 1 1631,6 1.32 174 1 0.951 1,203 180 1 0.969 1.412 174 1 0.991 1.671S0o »u lou 1 14/i.v 2.39 IBu 1 1.037 1.279 1B0 2 1.0H8 1.5'o9 174 2 1.112 I.846
bOd 60 lou 1 l*l£.d 3.46 1O0 2 I.o7b 1.320 l8fl 2 1.130 1.612 174 3 1.160 1,9j3
bOd lOd \ic 1 14Vo.<: b.8l 1B6 3 1.036 1.309 180 * 1.065 1.598 174 h 1,093 1,896
bOd <:0d 1<U, 3 14*/.9 11.49 1B6 6 1.0?2 1.323 J 80 7 1.099 1,613 18U 9 1.156 1.9l5500 Jdd loo 4 14*4,9 17.21 186 9 1.074 1.326 l8 0 n I.lo2 1.617 I8u 14 1.158 1.9x6
50d *dd iVr b 1 * / o, * <:2.96 186 12 I,o5o 1,325 180 14 1,077 1.613 174 19 1,10b 1,9j7
50d 3du l'lo / l**u,' <;8.61 186 15 1,077 1.329 jbo 17 l.ldb 1.620 180 23 1,161 1,922lOOd lo did 1 Jjt',3 0.64 240 1 0,919 1.187 24o 1 0.883 1,37b 24o 1 0.894 1,612

1000 e\i dod 1 dbJu.3 1.03 240 1 0,938 1.268 24o 1 0.922 I.b3o 24o 1 0.969 1,85*
lOOd *u d^c 1 22/u.V l.a 0 2 b2 1 1,013 1,3*7 2 52 \ l, 0 96 1,735 2 1.123 2.HO
lOOd bu ■d-^d \ 2.58 264 1 1,118 1.430 240 2 1.097 1.799 240 2 1.184 2.211
lOOd Idd 2"* 1 2lbi,o 4,18 252 2 l.U7l I,*b7 2 32 3 1.13* 1.8b2 252 4 1.211 2,2681000 <!l)u 2 n* d <!l3l.b 8,36 2b2 b 1,069 1,454 2^2 b 1,134 1.852 240 9 1,173 2,267
lOOd Jdd d 04* J 21 = 1.b 12.34 2b2 8 1.0&8 1,454 252 9 1.134 1.8b2 24d 13 I,l7l 2,266
100O 4od rfot 4 cpi.o 16.72 252 11 1.067 1.453 24o 13 1.096 1.852 252 17 1.209 2,265
100U 3du 2"* 4 c!l*^,J 20,87 252 1* 1.069 1.455 2b2 16 1.116 1,855 252 21 1,209 2,268
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TEXASsultK utvtLUHMtM MUmKu LOCKWOODt ANDREIS t AND NEwNaM.INC.PROGRAM
COSTUi- ULUVtrtlciu ..«lt« ol Hlfc.Ll'it - MOST ECONOMICALUIAME1EK
PEA*. FaCIuk = 2«uO liKOAln haTE * 0-06 INTEhlST HATE » 0.0*0 AMORTIZATIONPERIOD« 40YKS PREStNTWOMTHFACTOR= 13.*1

FLOn LtnuiM blrtllC nt.~o stoKt ■ 0 sTaTIC hEaOSLOPE» * STATIC mEaU SLOPE* 8 STATICHEAOSLOPE» 12
MGU MILta u1a.ho.H3 c-C-i»/M1 «-0-CT/TG UU.NO.PS C-C.KaTIO k.C.RaTIO dIa-NO-PS C-C.RaTIO W.c.RaTIO DlA-NO.PSC-C.RaTIO w.C.RaTIO

d 10 21 1 6/.* 7.34 16 1 0.991 1.03S 16 1 1-006 1.067 16 1 1.0*1 1.120
2 20 2i 1 b*.7 13,70 21 1 1.023 1.0*6 21 \ 1.069 1,112 21 1 1.129 1.191
1 '"o dl 1 °J'l 26.43 21 2 1-049 1.085 21 2 1-Q96 1-1&3 21 3 1.12? 1-221
2 6u 21 ■<> oJ.o 40-13 21 3 1.040 l«07l 21 4 1-077 1.138 21 4 1.127 l-2o'
2 100 il J oj-4 06.56 21 4 1.0*3 1-O7o 21 6 1-07° 1.135 21 7 1-127 l-2l*
d dUu a b bJ.i 132-15 21 9 1.0*5 1.078 21 12 1.081 1.1** 21 15 1.127 1.221
* 300 «il rt 6J.2 1*8.7 2 21 13 1.0*2 1.073 21 18 1.079 1.1*1 21 1.12* 1.2l7
2 *0u "fl lu °i' J 2i l7 i"0*3 l»074 21 2* 1.081 1.1** 21 31 1.126 l,22 0<2 5oo dl 1J o3.2 330.8? 21 21 1.0*2 1.073 21 30 1.08U 1.1*2 21 3B 1.125 1.2l8
3 lu 2* \ a I.■* 3.95 2* 1 1.001 1-023 2* 1 1.018 1.072 24 1 1,052 1.U0b 20 dl 1 n1*.* 7.7o 2* 2 0.98o 1.0*9 2* 2 0.996 1.100 2* 2 1.029 1.170b «u 2* J (13.1 IS.28 24 3 1.027 1.0*7 2* * 1.0*6 1.108 24 4 1.081 1.179
3 bo 2* ■♦ 05.* 22.93 24 5 1.022 1.0*8 2* 5 1.0*6 1.105 24 6 1.078 1.179
b 100 dl * 00.0 jd.o* 2* 7 0.9H8 1.051 2* 8 i.00« 1.109 24 lu 1.038 1.18*
b 20u 2/ * ao.o /O.uB 24 14 0.98b 1.051 24 16 1.008 1.109 24 19 1.039 1.182= Juv £l id 00.u 114.13 24 21 0,988 1.051 2* 2* i.oO8 1.109 2* 28 1.039 1,182
b *0u dl 16 ao.o 132-17 24 27 0.989 1.051 2* 32 I.008 1.109 2* 37 1.039 1.181
'"> buo 2/ 2u o(i.i) 1*0.21 2* 3* 0.989 1.051 2* 40 1.00M 1.109 2* *6 1.039 1,181

10 lu 3j 1 121.2 2.7 2 33 1 0.99b 1.0*6 33 1 0.993 1.095 33 1 1.015 1.168lu d\> 3J 1 113.3 b.2* 33 1 1,029 1.072 33 2 1.0*3 1.138 33 2 1.066 1,213
1" *u 33 2 113.3 10.4B ii 3 1.018 1.062 33 3 1.040 1.135 33 * 1.0&6 1.213lu 6u JJ 3 ilb.J 15.72 33 4 1.020 1.06* 33 5 1.037 1.133 33 6 1.066 1.213lu 1UU 3j 6 U3.4 to.19 33 7 1.018 1.063 33 9 1.035 1.130 33 10 1.0&6 1.213
10 20u M 11 113.0 32.19 ii la 1.022 1.067 33 18 1.039 1.135 33 21 J.069 1.2l7lu 3ou 3j 1? 113.0 /a.29 33 22 1.020 1.06b 33 27 1.039 1.13b 33 32 1.069 1.2l7
10 40u JJ dd US.u lu4.3H 33 29 1.021 1.06b 33 36 1.039 1.135 33 43 1.069 1.2l7lo sou 33 c<\ |l»i9 13U.38 33 36 1.022 1.066 33 45 1.040 1.136 33 5* I.o7o 1.2l8*o 10 J* 1 1°J'3 3* 1 0.99b 1.0*3 39 1 1.002 1.112 39 1 1.027 1.20 QZo 2o »2 1 lb».* 4.0b 42 1 1.026 l.o8 U 39 2 0.965 1.153 39 2 0.988 1.2*32u *u + d 2 10*.9 a.09 39 3 0.947 1.071 39 4 0.965 1,153 39 4 0.988 1.2*3
2u t>o *<t 3 lto*.9 12.14 39 b 0.951 1.075 39 5 0.959 1.148 39 6 0.988 1,2*3
2u lou 42 r> lo*.o 2u.2l 39 1 0.950 1.074 39 9 0.962 1.151 39 10 0.989 1.2*5
20 20u »2 id lo-y.o to.42 39 lb 0.949 1.073 39 17 0.960 1.149 39 19 0.988 1.2**2u 30u 42 it 10*.b 00.63 39 22 0.9*8 1.072 39 25 0.961 I.l5o 39 29 0.988 1.2**2u 40u <*<■ d* 10^.0 00.a* 3* 29 0.9*8 1.072 39 34 0.960 1.1*9 39 38 0.988 1.2**20 5uu td 31 io*.o 101.04 39 37 0.948 1.073 39 42 0.960 1.149 39 48 0.987 1.2*3*u lu 3» 1 2Vu,2 1.81 54 1 0.982 1.048 54 1 0.970 1.114 54 1 0.993 I,2l2
♦0 2u r,l i to\>.< 3.37 SI 1 1.01/ 1.090 54 1 0.99b 1.190 54 2 1.029 1.3g5
*0 4u 3/ i 2Ub./ 6.74 5? 2 1.017 1.090 54 3 0.990 1.186 54 3 1.013 1.2914u ou 3l d da*.t 10.07 b7 3 1.023 1.095 b4 4 0.990 1.187 54 4 1,022 1.300*o lou r>/ 4 2U4.3 jb.79 b4 6 0.977 1.094 54 7 0.991 1,187 54 8 1.018 1.297*u 2ou 3/ / deo.i 33.b7 b4 \\ 0.97b 1.092 54 13 O.990 1.187 54 15 1.019 1.297*o 3ou b' 10 dat.t bo.34 b4 16 0.976 1.093 54 20 0.990 1.187 54 23 1.01« 1.297*u *"« 3' *J 2o"».2 07.11 54 22 0.97b 1.092 54 27 0.991 1.187 5* 31 1.018 1.297*o boo a7 i7 284.3 e3.9o b4 27 0.97b 1.092 54 33 0.990 1.187 54 39 1.018 1,297
6u lu 00 1 HlJ.* 1.64 60 1 0.882 1.055 66 1 0.965 1.131 66 1 0.976 1.228oU 00 I j/l.i 2.99 b6 1 1.017 1.099 66 I 1.040 1.210 66 1 1,076 I.3376u *u bb d 3/1.1 5.9B 6b 2 1.017 1.099 66 2 1.0*0 1.210 6b 3 1.068 1.33 n6u fau bb jfao.o B.93 6b 3 1.02* 1.105 66 4 1.04b 1.216 66 4 l,O7o 1.33*6J iuu feu * 3oy.o 14.91 bb 5 1.021 1.102 66 6 1.039 1.210 66 7 1,068 1.3316U 2uu bo / jbo.* 6b 9 1.021 1.102 66 11 1.040 1.211 6b 14 1.071 1.33*6u Juu bo 1" 3bb.s 44.63 bb 14 1.022 1.103 66 17 L040 1.211 66 20 1.07o 1.33*<>u 400 bo 44 Joo-1 3^-55 b6 18 1.021 L102 66 23 i. Oj9 1,21) 66 27 1,069 1,333OJ b{J^ °° »' 30a./ 6b 23 . 1.022 1.103 66 2b i. 040 1.211 66 J4 l«069 1.333l°u !u 1° 1 50.3 1.43 /8 1 0-969 1.059 78 1 0-947 1-138 78 1 o-96l~ 1-250

10O 2u «4 1 b<*!-l 2-57 84 1 0-999 1<lo3 84 1 1-014 1-225 84 1 l- 055 1.373100 4u 9u i b34-3 b-02 8* 2 0-975 1-127 84 2 0-990 1-252 78 3 0.96l 1.39810u "0 a* 2 b«!9-l 7.51 »" 3 1-029 1 . 132 84 3 1-045 1.257 7b 4 lt0H lt4o210o lou »t 3 b<:3. b l£ -52 d4 4 1-025 1-12 9 84 5 l- 04* 1-256 84 6 l- 075 1.397100 2oo °4 7 5^4.v <:b.02 t>4 8 1>027 1*130 84 10 l«046 1-258 84 12 l-07b 1-39910U 3ou »» U t>24.b j/.bi d4 12 1-027 1.130 84 l3 !. 0Ab i, 258 84 18 1 , 077 1.4n01OJ *uu M<t '3 b<!'";:> b»«01 8* 15 1.027 1.130 »4 20 1.04& 1.258 84 2* l, 0 77 1.4o0100 boo «* 19 b24.4 02.51 b4 !9 i.o8 7 1.130 84 25 l. 0 *7 1.259 84 30 L07/ .400So lu *b 1 78V.o 1.27 9b 1 0.966 1.074 96 1 0.943 1.164 96 1 0.950 1.283du 9o 1 baL'' 102 1 1.054 1.120 96 1 l. 02 O 1.256 96 1 1.063 1.42015u *u l'"J 1 °^i'M *-3* 102 2 1.038 1.162 96 2 1.005 1.303 9b 2 1.0*8 1,473150 bu lu2 if b*«i.a b-52 102 2 1.033 1.157 96 3 1.003 1.302 96 4 1,040 1.466150 100 lo* 3 ba^.o i0 .79 96 4 0.988 1.162 96 5 1.0U 1.310 96 6 1.046 1.474ISO 200 lu* 6 b O 7.b il.58 96 8 0.988 1.162 96 10 1.0U 1.310 96 12 1.046 1.474150 3ou iud V bo/.b J2.38 96 \l 0.988 1.162 96 16 1.010 1.310 96 19 1.0*5 1.473150 4UO lu<; 12 60/.0 4J.17 96 16 0.988 1.162 96 21 i.ulO 1.309 96 25 1.0** 1.47315o boo lut 15 60/.b 33.96 9b 20 0.988 1.162 96 26 1.00 9 1.309 9b 31 1.045 1.473200 1U loo I 9b/.» 1.18 108 1 0.963 1.082 108 1 0.938 1.179 1 O8 1 0.9*6 l.3«8"u *« »«» I °^-b i'Ot 11* 1 1.039 1.122 108 1 1.01* 1.276 11* 1 1.105 U*53i0° 1*° i£K> 1 «Hb. u 3.88 U4 2 1.012 1.189 108 2 0.988 1,352 114 2 1.076 I.S39200 bo l^o 1 8/0.1 b.88 114 2 0.96/ 1.172 108 3 0.951 1.340 114 3 1.036 1,52 5i°° lOj "" J 0^'0 v<70 U* * 1.0*5 1,182 t 08 5 1.028 1.352 108 6 1.068 1,535200 20U I!"* b 8^.8 iV.41 H* 7 1.04b 1.182 114 9 l. O73 1.35U 114 H l.U2 5332O1J JlJU !«« ' a^-a "i-*l 11* 10 1.010 1-188 U 4 13 1-036 1-356 U4 i7 l- 076<JUU *ou Uu 9 840-7 J8.62 U4 13 1-010 1-188 1X4 18 l- 03 7 1.357 U4 22 L07b i,5aVbou uu U B,,..,, 4d,34 H4 16 L009 n87 U 4 22 i. 03S 1.355 {{4 2 B .q74 \.13 9
JOu lo ild 1 I3l<"2 1.0* 132 1 o-96o 1-099 j32 1 0-932 1-209 132 1 0-9*1 1-35530u *" lJi 1 l»u*.b j.79 l32 1 0-981 1.J39 }3 8 1 l. O3* 1.312 {38 \ J.O 75 lion\ 0{J *J »J0 1 lu-1'1 J«29 144 1 l. O 94 1.231 138 2 l. 0 9S 1.427 138 2 l#l3 8 1,640300 °J 1»" 1 lluu-o 4.94 138 2 0.999 1.223 l38 3 1.03& 1.427 138 3 l>0 77 1.64030U 100 14H i 100/.1 8.17 138 4 1.029 i. 23o l38 4 l. O64 1.432 138 5 1.11] 1,6513 °» 20u 14* 4 10O/-1 46.35 138 8 !. O 29 l. 23o X3* 8 l. O 6* 1.432 132 11 l. O75 lt650OU f UJ l<*- 6 luo -1 **-52 !38 12 1.029 lt23o 138 12 l. O 6* 1.432 138 15 l.m .651*0u j»* » loo^-l J2-7Q 13B 16 i. o2 9 L23 0 l38 16 1>06* 1.432 132 22 l. O 75 1.650300 b "u 144 10 loo'-1 4o-87 138 20 1-029 i. 23 O 138 2 0 l. O 64 1.432 138 26 . 10 !,65o
|OU lu lea 1 1V1/.7 0-89 168 1 0 .954 l-l 20 !bB i o-922 l. 25 O 168 1 0 -932 -42 ol°» i" 1"" I 'bf-l I'*9 I*" 1 0.978 1.173 1?4 1 i. 0o 6 1.365 168 i 1>o2b ,596=Ou u a 1 l3/o.* 2.70 174 1 i.o8 2 1.258 l7* 2 1.137 1.513 168 2 i,iS9 1,770Ou ,Ou l«« 1 l^l^'O 3.9 2 180 2 1.075 1.294 i80 2 1.130 1.559 i68 3 1.131 1,82 5buy luu I'1* 13oo./ b.59 180 3 1.096 1.285 168 4 l. O 93 1.540 168 5 1.150 1.8n9500 20u 186 J 14*/.9 13.12 180 6 1.051 1-292 168 8 i. O 48 1.548 168 lo H03 I.818SOU 30u 100 3 itii.o 19.61 180 10 1.075 1-294 l74 11 l. O 99 1.5S1 174 14 1.158 1.825500 400 lob b i^l.-i 20.24 180 13 1.049 1.290 174 15 l- 0 73 1.546 174 19 1,128 1.8i7500 buu lib / 144u./ 32-66 180 17 1.0SS 1.296 !74 18 l. O 78 1.553 174 24 1.133 1.82 41OOu lu 1 32 = 3.1 u.73 228 1 0.917 1.155 228 1 0.88O 1.314 228 1 0.892 1,522luOu **<> I 1.17 228 1 o.936 1.231 240 1 0.95& 1.461 2*0 1 L0O& 1.7531000 *u 2* u I 21/0.3 2-04 240 1 1-027 1.318 240 1 1-1O 9 1.667 240 2 L17J 2 ,00 5000 b 0 2-u 1 -io3b./ 2.9 2 g 1(101 l# 3, 6 -g 7 7b \ J " * «'»0|

1000 100 \ iv»l.* 4.78 2 4o... 3 1.0.73 1..418 2 4U 3 i.{3 8 1.767 24o 4 ,i l2 2 . 361000 20u 232 2 d»°l.° 9.55 240 5 l. 0 7 0 l.*0 9 2*0 7 1.133 1.762 2*0 9 l.2O 9 2^331000 3ou d'rxL 3 2u»'.o 14.33 240 7 l. O 69 i.4 O 9 240 10 1-130 1-76U 240 13 l-20 7 2.J321000 4O u 2b2 <♦ 2u°'-a 1^-10 240 9 lt069 i.4 O 8 2 40 13 1-129 1-759 2*0 17 1-208 2.1331000 300 2 =2 6 20°'"0 23-84 240 11 1" 0^1 1.410 2*0 1& 1«133 1-763 2*0 22 1-209 2-13*
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d 10 16 1 6b.5 10.65 16 1 1.012 1.023 16 1 1.027 1,051 16 1 1.063 1,100
2 2o 21 1 64.7 *o-20 21 i 1.U23 1.042 21 1 1.069 1.103 16 2 1.09z 1.161
d *u di 1 bJ'i j9'20 21 2 1-049 l«074 21 2 I«o96 1.136 21 3 1-127 I. j92
d bo 2i 2 03.b 3 9.4i 21 3 1.0*0 1-063 21 4 l. O 77 X. 121 1& 5 Wl* 1«18*2 luo Hi 3 03.* 9b.6i 21 4 1.0*3 1.063 21 6 1-076 1.118 2j B 1«122 1-1872 200 21 3 bJll 1*6.02 21 1.04b 1.068 2j 12 1-081 1.12b 21 15 1«127 L192
2 Jyu dL ° bJ*^ *94-63 21 13 l«042 1-064 21 18 1-079 1.123 21 23 1«124 1.189d *°,u 21 *" °J'l 3ld'P 2* -i7 1*043 1.065 21 24 1.081 1.125 21 31 1.126 1,192
d 3uu 2i 1J 6j'2 4*0-66 21 21 1.042 1.064 21 30 1-080 1.124 21 3b 1-125 1.190
3 10*4 1 e/.a b.62 2* i 1.001 1-024 24 1 Loi« L065 2* l 1.052 L125
3 2o 24 1 oo.i 11.05 24 2 1.017 1.041 24 2 1.034 1.084 24 2 1.069 1.U5
b 4o 2* 3 03.1 21. b3 24 3 1.027 1.049 24 4 1.04& 1.09b 24 4 1.081 1.159
3 "o 24 4 eb.4 32.8o 24 5 1.022 1.046 24 5 1.046 1.096 24 5 1.082 1.156b luu **" ' a3--* b4.63 24 9 1.022 1.047 24 b 1.048 1.096 24 9 1.080 1.153
3 20u 2* 13 Bb.l 109.15 24 Id 1.023 1.048 24 16 1.050 1.097 24 18 1.082 1.155
3 JUu 24 *j ob,i Io3.7l 24 28 1.023 1.048 24 24 1.050 1.097 24 27 1.082 1,155
3 *0o f Jo ot)«l 2lb.30 24 37 1.023 "1.048 24 32 1.050 1.097 24 36 l.o82 1.1555 30o 24 J" oS'l 2'2.82 24 46 1.023 1.048 24 40 1.050 1.097 24 45 1.082 1.1551° lu Ju 1 lit..; 3.79 30 1 1.004 ' 1.03b 30 1 1.016 1.082 30 1 1.040 1.142

lu du JJ 1 113.3 7.44 30 2 Q.993 1.056 3o 2 l.Oob 1.104 30 2 1.029 1.165lu 4lJ JJ 2 lib.3 14.88 33 3 1.01b 1.053 30 4 l.Oo5 \.104 30 4 1.029 1.1651" bu J i U3.3 22.32 30 5 0.992 1.054 30 6 1.00= 1.104 30 6 1.029 1.165iu 1Ou JJ b H&.4 37.20 33 7 1.01b 1.053 30 9 l.oo* 1.103 30 10 1.029 1.165
1° 20o 33 11 ll=.o 74.10 33 Jb 1.022 1.057 3o 17 1.00« 1,107 30 20 1.033 1.1701° JOO J3 1» 113.o 111.14 33 22 1.020 1.056 30 26 l.oo" 1.107 30 29 1.032 1.169
10 *U° Jj «!^ U3.u 146.19 33. 29 1.021 L«Q56 3o 35 Loo8 1.107 30 39 1.033 1.169
'u 3yu ii db 114.9 ldb.09 33 36 1.022 1.057 30 43 1.00* 1.108 30 49 1.034 1.170
20 iu ?* 1 16J.S> 2.79 39 1 0.996 1.039 39 1 1 .002 1.094 39 1 1,027 1,167
2u du ** 1 lhi,,b 3.51 39 2 1.012 1.054 39 2 1.0l9 1.110 39 2 1.044 1.18420 4u i* 3 139.^ 1U.9& 39 3 1.007 1.050 39 4 1.02& 1.117 39 4 1.051 1.1912u so J* 4 Ibv.o 16.35 39 5 1.016 1.058 39 5 1.023 1.116 39 6 1.056 1.196
2u i°o J 1* 6 lbo.B 27.22 39 7 1.015 1.057 39 9 1.02b 1.119 3V 10 1.057 1.198
20 20u JV 12 130.0 34.44 39 15 1.013 1.056 39 17 1.026 1.117 39 19 1.055 1.196
2u 30u J* 19 13a./ ai.62 39 22 1-013 l'05b 39 25 1.027 1.11b 39 29 1.056 1.1972u »0u j* di 130.b lub.78 39 29 1.014 1.056 39 34 1.027 1.118 39 3b 1.056 1.19720 boo J* 31 130.b Ub.94 39 37 1.014 1.056 39 42 U027 1.118 39 4b 1,056 1.197

ly 31 l 2^.o 2.42 bl 1 0.9B4 1.036 5l 1 0.983 1.091 51 1 1.002 1.168

*" 2u 34 1 2/J.4 4.6 0 51 1 0.987 1.071 51 2 1.006 1.148 bl 2 1.026 1,229
*u *»" S* 2 2'J-4 9.2o bl 3 0.9b3 1.068 51 3 0.991 1.135 51 3 1.019 1.223
*u °" b<t 3 dl-i't 13.BO 51 4 0.979 1.064 5l 5 0.992 1.135 51 5 1.019 1.223*u luo bn 4 <;/J.j 22.9S 51 7 0-979 1.064 51 8 0.991 1.135 51 7 1.019 1.223
*" 2"u 3» V 2^.3 45.b5 bl 14 0.982 1.067 51 16 0.994 1.138 51 14 1.022 1.22640 300 34 1J 2/cl 6B.69 51 21 0.983 1.068 Si 24 0.995 1.139 51 21 1.023 1.228*u 4UU bt l! -dU.t 91.66 31 2d 0.982 1.067 bl 32 0.994 1.136 51 2b 1-023 1-2274u buu b4 £2 2/2.3 114.54 5l 35 0.983 1.06b 5l 41 0.995 1.139 51 35 1.023 1.227
6u lu Ou 1 3/3.4 2.17 bO 1 0.976 1.035 60 1 0.971 1,094 60 1 0.989 1.17760 *o bu 1 344. d 4.04 60 1 1.012 1.071 60 T 1.034 1.159 60 1 1.070 1.261&o 4u bu d 344.2 b. U 7 6 U d 1.012 1.071 60 3 1.027 1.153 60 3 1.054 1.2486u Bu bj 3 344.^ i2.11 6u 3 1.012 1.071 6o 4 1.026 1.151 60 4 1.052 1.246
60 iOo bo 3 344.2 20.18 60 5 1.012 1.071 6y 6 1.024 1.150 60 7 1.052 1.246
6u bu V 344.u 4u.34 60 10 1.013 1.072 6u 12 1.023 1.151 60 14 1.053 1.2476" J0U 6u 13 343.9 6o.bo 60 15 1.013 1.072 6o 18 1.02b 1.151 60 20 1.053 1.247
6o 40u ou 17 34j.o ou.6b bu 2U 1.013 l«072 6o 24 l«02b 1.151 60 27 1.053 1.2466 0 300 t>\i di 34J.b lvu-bl bu 25. 1.014 1«Q73 6o 30 i«02b I«l5l 6o 34 l«Qb3 1.247

100 10 Id 1 3*0.0 1.B9 U 1 0.97o 1.038 72 1 0.957 1.100 72 1 0.973 1.189
100 2o /o i bO4«u 3«46 7b 1 l»007 l>084 78 1 l«030 I»l86 7b 1 l«069 l>304100 4j le 2 30fO 6.9 0 7b 2 1.007 1.084 72 3 0.976 1-182 72 3 1-000 1.287
100 b u to d bylW lu«3o 7b 3 l«012 1-089 72 4 0«97b 1-lbb 72 4 1-004 1»292100 lOo /o « 49o.o 17.08 7B 5 1.01B 1.094 72 6 0.982 1.190 72 7 1.008 1.297100 200 /b H 49o.a 34.16 7b iu 1.01B l>094 72 12 0.982 I.l9u 72 14 1.00» 1«297100 3oo It 12 itto.a bl.23 7o 15 1.01b 1.094 72 19 0.982 I.l9o 72 21 1.00b 1.297100 4OU lo 13 49o.l bb.23 7B 20 LOl* 1.096 72 25 0.983 1.191 72 dti 1.009 1.298
10u bOo lo 19 4W./ db.23 la 25 1.020 1.097 72 31 0.984 1.192 72 35 1.010 1.29913" lo *u 1 744.0 1.71 b4 1 0.915 1.043 9o 1 0.9J9 , 1.105 90 1 0.957 1.2o5l5u 9u 1 6-»o.l 3,02 90 1 1.007 1.094 90 1 1.02b 1.205 90 1 1.070 1,337
l5u *f 90 1 6/0.1 b.01 90 2 0.974 1.100 90 2 0.994 1.212 90 3 1.027 1.337130 bo 9b d 66c.9 B.93 90 3 0.984 1.111 90 3 l.OoS 1.224 90 4 1.036 1.34915u 100 90 3 bo<i.l 14.87 90 5 0.98b 1.112 9o 6 1.003 1.222 9o 6 1.037 1.35015o 2ou vo 6 b&£:.i 29.73 vu 10 0.98b 1.112 90 12 1.003 1.222 90 12 1.037 1.35015o 3ou *u V 6o<i.l 44.60 90 15 0.98b 1.112 9o 19 1.002 1.221 90 17 1.037 1.350150 4uu Vb 12 boc.l 39.46 90 20 0.98b 1-112 9o 25 1.002 1.221 90 23 1.037 1.350150 bOo 9o 15 bbCl /4.33 90 2b 0-985 1.112 9o 31 1.002 1.221- 90 28 1.037 1.350200 lo lo<: 1 92J.1 1.59 96 1 0.916 1.045 102 1 0.935 1.115 102 1 0.949 1.219200 2u lo* 1 700.V 2.75 102 1 1.00b 1.105 102 1 1.031 1.227 102 1 i.075 1.370200 4u 114 i bi/.3 5.39 lu2 2 0.970 1.128 102 2 0.992 1.253 10* 3 1.033 1.397
200 6u luo 2 TiJ.d 8-05 102 3 1-000 1-134 102 3 1.023 1.258 102 4 1.058 1.398
200 100 lud 3 I'id-d 13.41 lob 4 1.031 1.134 102 6 1.020 1.256 102 7 LO6o 1.4oO200 *00 loe b 7*£ .2 26.bl AUb 8 1.031 1.134 102 12 1-020 1.256 102 14 1.060 1.400200 3oo luo b 7*i-/ ho-20 102 14 1-000 1-134 102 18 1-020 1-256 102 21 1-060 l-40 0
200 4uo i^e ii 7*1.3 53.58 l02 19 0 .999 1.133 102 24 1.020 1.257 l U 2 28 1.0&1 l«4ol
200 3oo loc 14 79i.b 06.99 1(J2 24 0«"9 1.133 102 3o 1.020 L257 i02 3b l. O 6O 1.4O 1
300 lo Idv 1 123u«4 1-42 120 1 0-957 I«o5b i2o 1 0«9a6 1-130 120 1 0«939 1.243300 2u l£u 1 loli.a 2-4o 126 1 1-034 1.118 126 1 l»049 1.24b 126 1 1-102 I«4l4300 4u 13" 1 lo^l'l 4.57 1*6 2 1«O12 1-177 126 2 l»026 1-313 126 2 I»o7b 1,488300 60 13d d Io3u-b 6.9i 132 2 1-035 1-159 126 3 1-037 l-3o3 126 3 1-089 1-476
300 100 1-it J lu*l-o 11-41 J26 4 _l-()20 1-166 j26 5 1-047 1-314 126 6 l-0 94 1.484
300 20u 1J<; b lo^l-o *2-82 126 a

" "l'iO'20 1.166 126 10 1.04? 1.314 12b 12 1.094 1.484
300 JOO 132 v 10*1-0 34.23 12& 12 L02O 1.166 126 15 1.0*7 1.314 126 18 I.o94 1.484
300 4ou 1J* Yi> lo^l-o 4b.64 126 i5 1.01« l.l&b 126 20 l»047 1.314 12& 24 1.094 1.484
300 b uu ijB 12 1UJ9.O 37.01 12b 19 u .999 1.165 126 25 l-OZ" l-31b 126 j0 I«o74 1-485
50o lo 13o 1 1/0/.6 1.23 ibo 1 0.95o 1.070 1bo 1 0.9j6 I.lb3 I5o 1 0.927 1.280
500 2o lbu 1 14*o.i 2.02 i56 1 1.011 L127 \b6 1 l-02e 1.281 156 i 1.0^0 1.469bOO 40 lob 1 137o.4 3.68 i74 i 1.0«2 1.226 [bb 2 1-065 1.40b Ib6 2 1.119 1.6i5500 60 l»u 1 141*.u b.5i 162 2 1.013 1.216 ib6 3 1-040 1-411 lb6 3 1.093 l-6i8
5 00 100 il* d i3')o./ 9.14 162 3 1.032 1.222 1&2 4 Lo74 1.41b i56 5 1.111 1.626500 200 1/4 4 1300./ IB.2b 162 6 1.032 1.222 lS6 9 L053 1.414 l5b \\ 1.110 1.625500 30u 1/4 b i3do./ dl> 42 ib2 9 1.032 1-222 162 13 Lo71 1.412 162 16 1.128 1.624
500 4uo it* fl 1300./ 36.b6 1&2 13 1.031 1.221 162 17 1.069 1.411 16* *1 1.12b 1.6J4boo boo 1/4 x ,) i3oo./ 43.71 162 16 1.031 1.220 ]62 21 1.070 1.411 162 27 1.12b 1.623

1000 lo 21o 1 3o'4.9 1.02 2 0 4 1 0.916 1.091 204 1 0.876 1.192 204 1 0.889 1.345
1000 2o 2lb 1 2333.V 1.60 216 1 0«97l L159 216 1 0»973 1.339 216 1 1.018 1.5591000 40 21b 1 1990.* 2-76 22b 1 i>0a7 1.269 216 2 1-149 1.553 21 b 2 1.201 1.809
1000 o u dd-* 1 i9*9.o 4.03 220 2 1.09B 1.315 228 2 W50 1.574 21b 3 1-199 I.858
1000 10o 23* l *ui'«o 6.75 216 3 1.Q21 1-304 216 V 1-Q72 1.562 21& 4 1.145 1.8461000 200 *4u 3 iuictt 13.37 220 5 1-067 1O10 216 8 l-lol 1.57b 216 8 I«l76 1.865
1000 3oo *4u 4 2uJl<.4 20-03 22b 7 1.071 1-314 216 12 1-1Q3 1.58o 216 12 1.178 1.867
1000 4U o i»40 6 dOiol *6.73 22b 10 l»067 l«310 216 16 l'lol l-57b 216 16 1-176 1.865100O 3 U u 240 / 2o*J.f 33-27 2 2b i2 1 .0 71 I«3l5 228 18 1-132 1.585 21& 20 1-182 1.873
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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

Operation 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. In 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 operation 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.
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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
transformers, 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. In 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. In 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. In 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-typeestimates, 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-typeestimates 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 C 2(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 C 2(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.
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Total O&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 O&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 included in this report.
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APPENDIX A FIG. I
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APPENDIX A FIG. 2
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APPENDIX A FIG. 3
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APPENDIX A FIG. 4
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APPENDIX A FIG. 5
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APPENDIX A, FIG. 6
Reclamation Instructions

Series 150 Estimating Part 153 IrrigationOperation, Maintenance
and Replacement Cost Estimates

CHAPTER 1 THE PREPARATION OF IRRIGATION OPERATION, MAINTENANCE jxanre 3
AND REPLACEMENT COST ESTIMATES FOR PROJECT PLANNING REPORTS
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