Project Sizing and Expansion Options .
Two project phasing options were developed to provide adequate capacity for the initial

contracted deliveries as well as the future phase capacity anticipated by projected water demands

in the area.

The first phasing option for project sizing involves the base case design with an expected single
construction phase with a capacity to deliver initial contracted deliveries of 10 mgd. Evaluation
for pipe sizes, pressure class, and preferred delivery scheme was conducted for the base case.

Potential expansion of project facilities was evaluated using a phased approach with an initial
phase to deliver initial contract deliveries, and a future phase to deliver water that may be made
available. This option was evaluated for the most feasible alternatives resulting from evaluation
of the base case delivery scheme.

System Demand Distribution

The project demands used for detailed study of the hydraulic alternatives were derived from
information obtained from meetings with the potential customers of the system in November and
December of 1999.

The requested delivery quantities for both initial conditions (start of project operation in year
2002) and ultimate conditions (year 2012 project operations) are tabulated in Table 1, Requested
Delivery Quantities — Base Project. The table clearly shows the additional (returnable)
deliveries not used in-district during initial operation as distributed to the out-of-district
customers. Similarly, the table indicates the full in-district use of those deliveries during
ultimate operation.

Hydraulic Criteria and Constraints
The primary hydraulic parameters set for project constraints include the following:

=  Minimum internal pressure of 10 psig above any expected local external hydrostatic pressure
under all normal conditions in the pipeline. This internal pressure is slightly higher than
Texas Natural Resource Conservation Commission (TNRCC) guidelines for potable water
transfer lines to account for uncertainties in actual operational conditions.

» Maximum internal pressure of 300 psi in the transfer pipeline. This pressure was selected
based on standards in engineering design practice and consideration for feasible pipeline
construction and maintenance.

= Minimum velocity of approximately 2 feet per second (fps). This minimum velocity is
required for maintaining adequate scour of potential filter sediment entering the transfer
system.

Table 1 - Requested Delivery Quantities -Base Project

Entity Requested Delivery

Ultimate Initial
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(1)

Annual Ave Ave' Annual Ave Ave
(acftlyr) (mgd) (acftlyr) (mgd)
IN-DISTRICT
City of Boerne 1,861 1.74 500 047
City of Fair Oaks 1,400 1.31 800 0.75
Comal Independent School District 150 0.14 150 0.14
Apex Water Services 200 0.19 100 0.09
Bulverde Utility Corp. (absorbed by Bexar Met.) 202 0.19 202 0.19
Murcia Development Co. 220 0.21 100 0.09
Lost Owl (Comal Water Co.) 44 0.04 5 0.00
Clyde Johnson 400 0.37 100 0.09
Double J. Ranch 250 0.23 100 0.09
Cordillera 1,000 0.94 400 0.37
Tapatio Springs/Kendall Co. Utility Co. 500 047 150 0.14
Others 300 0.28 0 0.00
SUBTOTAL 6,527 6.12 2,607 244
OUT-OF-DISTRICT
San Antonio River Authority 50 0.05 50 0.05
San Antonio Water System 1,813 1.70 4,654 436
{commitment) (1,813 (1.70) (1,813) (1.70)
(retumable) (0) (0.00) (2,842) (2.66)
Bexar Metropolitan Water District 2,138 2.00 3,216 3.01
(commitment) (2,138) (2.00) (2,138) {2.00)
{retunable) (0 (0.00) (1,079) (1.01)
SUBTOTAL 4,000 3.7 7,920 7.4
TOTAL IN AND OUT OF DISTRICT 10,527 9.9 10,527 9.9

Notes:

' Demand values reported in mgd include additional consideration for 5% system losses expected.
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Established Decision Criteria

Decision criteria were established for selection of the most feasible hydraulic design alternative
for the project. The decision criteria are comprised of both cost and non-cost factors and are
characterized by inherent concerns or trade-offs affecting that affect the decision process. The
factors and associated concerns are listed below in Table 2, Decision Criteria.

TABLE 2 - Decision Criteria

Cost Factors Concern
Pipe Pressure Class
Trade-off betweeen pipe size and pump head
Pipe Size >
Pump Energy Cost -—— Trade-off with capital cost of pipeline
System Storage ———» More storage required for remote pump station

Power Connection for Electrical .

Feed Less costly for single electrical feed at WTP

Non-Cost Factors

Affects feasibility of gravity conveyance to system.

i e
WTP Location (Elev.) Affects number of suitable sites.
O&M Staffing Location ——— Convenience for O&M if single facility
. Complexity of system control increases with off-
Control Complexity —™ site facilities.

Additional non-cost concerns that are of less importance to the actual feasibility of the project
include system delivery to the customer’s preferred hydraulic grade line elevation and electrical
feed considerations (facilities within single service area vs. multiple, potential for dual feed vs.
generator for backup).

Pipeline and Pump Station Design Alternatives and Hydraulics

The relative elevations of the preliminary location for the water treatment plant site and the
customer delivery points provide the opportunity for several different delivery schemes. These
include pumped delivery to all customers as well as gravity flow to the customers at lower
elevations with pumped delivery to the customers at higher elevations. The most likely options
have been identified as follows:

= Alternative 1 — This alternative provides pumped delivery to all customers via a high service
pump station at the water treatment plant.

= Alternative 2 — This alternative provides gravity delivery to a remote pump station located
west of Road 281 along Road 46, with pumped delivery to Boerne and BMWD.

= Alternative 3 — This alternative provides gravity delivery to Bexar Metropolitan Water
District (BMWD) in Bexar County and requires a remote pump station in the vicinity of the
Boerne/BMWD junction for pumped delivery to Boerne. To allow for gravity to BMWD,
GBRA Regional Water System
Technical Memorandum No. 1
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the pipeline route was reconfigured along Smithson Valley Road between the water treatment
plant and the junction to Boeme.

Refer to Figures 2-4 for system map for each alternative.

Results of Hydraulic Analysis — Base Project

The three hydraulic design alternatives to meet current contract delivery quantities were
evaluated for resulting hydraulic grade line, required pipe size and pressure class, pumping
facilities, and the required storage facilities at those pumping facilities.

A summary of hydraulic results pertinent to the established project hydraulic constraints is
tabulated for each alternative in Table 3, Summary of Hydraulic Results — Phased Project
Delivery. Violation of any project criteria is noted within the comment column of the table.

TABLE 3 - Summary of Hydraulic Results - Base Project Delivery
HYDRAULIC RESULTS - MAINLINE DELIVERY "

Minimum Maximum Minimum Maximum Comments
Flow Condition Velocity (fps)  Velocity (fps)  Press. (psi)  Press. (psi)
Initial Demand ALT. 1 3.0 47 124 242.8
ALT.2 30 47 11.8 2349
ALT.3 1.2 7.0 10.1 2349 violates min. velocity criteria
Ultimate Demand ~ ALT. 1 2.8 3.8 26.6 2431
ALT.2 28 38 124 2371
ALT.3 08 73 12.6 2371 violates min. velocity criteria

™ Includes those areas of the mainline deemed subject to hydraulic criteria constraints (exceptions include less significant
portions of the line such as branches).

Hydraulic Grade Line (HGL)

Determination of the desired HGL elevation at the furthest termination point, SAWS delivery,
was made based on the design criteria that the minimum working pressure be at least 10 psi for
the entire pipeline. The Hazen-Williams equation was used to compute the headloss in each
segment of pipe. Both spreadsheet models and the hydraulic distribution model, KY Pipe, were
used to evaluate the alternatives.

The resulting hydraulic profiles for each alternative from; 1) Canyon Lake to the furthest point of
the pipeline at the SAWS delivery location and 2) Boerne/BMWD junction to BMWD are shown
in Figures 5 and 6, respectively.

The HGL for Alternative 1 shows that the single high-head boost at the WTP. Profiles for
Alternatives 2 and 3 indicate gravity from the WTP to the respective remote pump stations where
deliveries further down the line are supplied a boost in HGL.
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Figure 6 - Hydraulic Profiles, Boerne Junction to BMUWD
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Pipe Size and Pressure Class Determination

For the determination of pipe pressure classifications, a Hazen-Williams roughness coefficient of

120 was used as a safety factor to account for the possibility of increased pipe deterioration. The .
working pressures within the pipe were calculated considering the difference between HGL

elevation and relative ground elevation, converted to pressure. Based on the calculated working

pressure, a pressure class was assigned to each segment of pipe. Pressure class increments of 50

psi with a minimum pressure class of 100 psi were used.

The pipe sizes, pressure class and corresponding length required for each hydraulic alternative
are summarized in Table 4, Summary of Pipe Size and Pressure Class — Base Project.

TABLE 4 - Summary of Pipe Size and Pressure Class - Base Project

LENGTH OF PIPING (ft)
Dia.(in.) Pressure Class ALTA ALT.2 ALT.3
36 150 - - 45003
100 - - 21777
30 250 46647 16693 -
200 26506 3292 -
100 - 53168 -
27 150 - - 21002
100 - - 3018
24 250 11407 11407 11407
200 31323 31323 31323
150 5937 5937 5937
20 150 33579 33579 33579
100 5038 5038 5038
18 100 2961 2961 2961
16 150 - - 6423
14 300 - - -
250 27425 27425 -
200 3018 3018 -
10 100 - - 20265
8 100 - - 4133
Totals 193841 193841 211868

GBRA Regional Water System
Technical Memorandum No. 1
05/23/2000

Page 8




Required Pumping Facilities

The required pumping facilities for each hydraulic design alternative were evaluated as a
component contributing to both the capital cost and O&M costs for each alternative. The
resulting pumping requirements associated with each alternative is summarized in Table 5,
Summary of Pumping Requirements — Base Project.

TABLE 5 - Summary of Pumping Requirements - Base Project()

ALTA ALT.2 ALT.3
Pump Head (ft) 370 399 503
Flow (mgd) 9.9 9.1 6.4
Required hp 910 910 810

{"Reported values represent average conditions between initiat and ultimate demand distributions.

Required System Storage

Because it is a unique component of some hydraulic design alternatives evaluated, the additional
storage that may be required at remote pumping facilities was considered. For all practical
purposes, the minimum storage needed at a remote pumping facility was assumed as 0.25 million
gallons.

Relative Cost Comparison of Alternatives
Costs for facilities and O&M required for each alternative were evaluated to provide a cost
comparison between alternatives.

Cost Basis

For the purpose of this comparison, only unique components were evaluated for cost, not
including all common components. The resulting cost value is useful for determining the
relative difference between alternatives and should in no way be construed as total for any
alternative.

The cost comparison included consideration for the following unique components:
* Transmission pipelines
=  WTP/Remote Booster Pump Stations
= System Storage
= Electrical Feed
* Additional Land Acquisition (Remote PS and Storage Tank)
*  Pumping Costs
* Operation and Maintenance for Pump Stations, Transmission and Storage Facilities

The cost comparison does not include the following common components:

= Intake
» WTP
®*  RW Pipeline

* Interconnects

* Equilization Tank

* Environmental Studies and Mitigation
* Land ROW Cost

GBRA Regional Water System
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» Engineering and Financing Costs

Base Project Relative Cost Comparison .
The cost comparison for the base project hydraulic alternatives is tabulated in Table 6, Delivery

System — Relative Cost Comparison, Base Project — 10,527 acfifyr (10 mgd Capacity). The non-

cost factors relevant to the established project decision criteria are also included.

As indicated in the relative cost comparison table, Alternative 3 is the most expensive of the
alternatives. This fact, in combination with violation of the minimum velocity requirements
during ultimate demand distribution (year 2012 demands when out-of-district is reduced) makes
Alternative 3 the most infeasible. The Alternative has thus been eliminated from further
evaluation.
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TABLE 6 - Delivery System — Relative Cost Comparison, Base Project - 10,527 acft/yr (10 mgd) Capacity

PRELIMINARY ESTIMATE OF COSTS "

Basis of Comparison Alternative 1 Alternative 2 Alternative 3
Capital Costs
Transmission Pipelines 16,621,000 | $ 15,589,000 | $ 16,866,000
- - $ 968,000
WTP Pump Station 1,263,000 - -
Booster Pump Station - $ 1,299,000 | $ 1,168,000
System Storage - $ 282,000 | $ 282,000
Electrical Feed 114,000 | $ 118,000 | $ 104,000
Total Capital Cost ?| $ 17,998,000 | $ 17,288,000 | $ 19,388,000
Add'l Land Acquisition (PS and Storage Tank) - $ 6,800 | § 6,800
Total Project Cost ? 17,998,000 | $ 17,295,000 | $ 19,395,000
Annual O&M Costs
Annual Debt Service 1,476,000 | $ 1,418,000 | $ 1,590,000
{Assuming 25 years, efective interest rate of 6.5%)
Pumping Costs (Initial Demands) 478,000 | $ 494,000 | $ 412,000
{Uttimate Demands) 4780001 $ 458,000 % 434,000
(ave) 478,000 | $ 476,000 $ 423,000
Operation and Maintenance ©
Pump Station 28,0001 $ 32,000] % 29,000
Transmission Facilities 166,000 | $ 156,000 | $ 169,000
Storage Facilities - $ 2800|% 2,800
Total Annual Cost 2,148,000 | $ 2,085,000 | $ 2,214,000

Non-Cost Factors
WTP Location (Elev.)

O&M Staffing Location

Control Complexity

taken as final estimates for any alternative.

cost of on-site pump stations

" Costs are developed for purposes of preliminary evaluation and include only those costs that vary between the alternatives. Thus, the costs should not be

“ ttems not included for cost comparison due to equivalence between altemnatives include Intake, Intake Pump Station and Water Treatment Plant,
Interconnects to all participants, Equilization Tank near Boeme/SAWS Delivery Point, Environmental Studies and Mitigation, Land Acquisttion for WTP and
Transmission Line, Reserve Account, Financing Costs,and Interest Duning Construction

® 0&M costs assume 1% of the total capital costs of pipelines and tanks; 2.5% of the total capital cost of remote pump stations and 2.25% of the total capital
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Phasing Options for Future Capacity Expansion
Hydraulic design Alternatives 1 and 2 were evaluated further to investigate the potential for

expansion of the project facilities to deliver water that may be made available by maximizing
capacity of the system.

Two expansion options for each alternative were evaluated. A description of the mode of
expansion is as follows:

Alternative 1 - Phased

= ALT 1P-A. Increase capacity and head of high service pump station at WTP and pressure
class of pipelines.

= ALT 1P-B. Increase pipe size to west of junction to Boerne by relaxing minimum
velocity criteria. Increase pumping capacity at WTP.

Alternative 2 - Phased

»  ALT 2P-A. Increase pipe size in gravity line from WTP to remote PS, increase capacity
of remote PS.

« ALT 2P-B. Increase pressure class of pipelines, add booster pump station at WTP,
increase capacity of remote pump station.

Refer to Figures 2-4 for system map for changes required by each phasing alternative.

Results of Hydraulic Analysis — Phased Project
The phased project hydraulic alternatives to provide expansion were evaluated for resulting
hydraulic grade line, required pipe size and pressure class, pumping facilities, and the required

storage facilities at those pumping facilities. For comparison purposes, a Phased Project capacity
of 15,683 acft/yr -the maximum capacity of Alternative 1- was evaluated.

A summary of hydraulic results pertinent to the established project hydraulic constraints is
tabulated for each alternative in Table 7, Summary of Hydraulic Results — Phased Project
Delivery. Violation of any project criteria is noted within the comment column of the table.

TABLE 7 - Summary of Hydraulic Results - Phased Project Delivery

HYDRAULIC RESULTS - MAINLINE DELIVERY
Base Phased Minimum Maximum Minimum Maximum

Project Project  Velacity (fps) Velocity (fps)  Press. {psi) Press. (psi) Comments
ALT.1 ALT 1P-A 29 5.2 11.0 24341

ALT.1P-B 22 4.4 13.8 2253 violates min. velocity criteria under base demands
ALT.2 ALT. 2P-A 24 5.2 11.0 2814

ALT. 2P-B 2.4 5.2 10 2814

™ includes those areas of the mainiine deemed subject to hydraulic critenia constraints (exceptions include less significant portions of the
line such as branches).
2 £iow condition for phased project alternatives consider ultimate base project demand distribution with even distribution of additional

demands assuming 75% west and 25% east of the junction to Boerne
GBRA Regional Water System
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Hydraulic Grade Line (HGL)

The procedure for determination of the desired HGL elevation for the phased project is the same
as described for the base project. The HGL is modified from the base project by adding
elevation where head at a pump station is increased or by change in slope (flattening) of the HGL
where the diameter of pipe was increased. Fundamentally, the general characteristics of the
HGL are the same as for the base project, where adequate head to provide a minimum of 10 psi
either at the next pump lift location or the furthest termination point is provided. Thus, the
hydraulic profiles are not presented. Refer to the phased project Required Pumping Facilities
section for an indication of additional head required at pumping facilities.

Pipe Size and Pressure Class Determination
Determination of pipe pressure classifications for the phased project was done in accordance
with the procedure described previously for Base Project determinations.

The pipe sizes, pressure class and corresponding length required for the phasing of each

hydraulic alternative are summarized in Table 8, Summary of Pipe Size and Pressure Class —
Phased Project.

TABLE 8 - Summary of Pipe Size and Pressure Class - Phased Project

LENGTH OF PIPING (fY
Dia.  Pressure ALT.1P-A ALT.1P-B ALT.2P-A ALT.2P-B
(in.) Class

36 100 - - 26506

33 100 15536 -

30 300 62893 - 16693 16693
250 10259 14418 3292 3292
200 - 58734 - -
100 - - 11126 53168

27 250 - 2523 - -
200 - 16373 - -
150 - 45281 - -
100 - 18070 - -

24 300 11407 - 2523 2523
250 7488 - 8884 8884
200 23835 - 24166 24166
150 5937 - 13094 13094
100 5038 -

20 150 33579 - 15509 15509
100 5038 - 23108 23108

18 100 2961 2961 2961 2961

14 300 27425 - 11277 11277
250 3018 27425 16149 16149
200 - - 3018 3018
150 - 3018 - -

Totals 193841 193841 193841 193841
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Required Pumping Facilities

The required pumping facilities for each phased project hydraulic design alternative were .
evaluated. The resulting pumping requirements associated with each phased alternative is

summarized in Table 5, Summary of Pumping Requirements — Phased Project.

TABLE 9 - Summary of Pumping Requirements - Phased Project’)

ALT.1P-A ALT.1P-B ALT.2P-A ALT.2P-B
WTP PS Remote PS
Pump Head (ft) 545 375 522 45 522
Flow (mgd) 14.00 14.00 12.0 14.0 12.0
Required hp 1910 1320 1570 160 1570

("Reported values represent ultimate demand distributions (year 2012 operation) and are based on a phased project capacity of
15,683 acft/yr ~the maximum capacity of Alternative 1.

Required System Storage

Because it is a unique component of some hydraulic design alternatives evaluated, the additional
storage that may be required at remote pumping facilities was considered. As a result of project
expansion, the assumption for minimum storage required at a remote pumping facility was
increased from 0.25 million gallons to 0.50 million gallons.

Phased Project Relative Cost Comparison

In accordance with the Cost Basis for comparison of the hydraulic alternatives, the phased
project hydraulic alternatives were evaluated. The cost comparison is tabulated in Table 10,
Delivery System — Relative Cost Comparison, Phased Project Capacity. The non-cost factors
relevant to the established project decision criteria are also included.
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TABLE 10 - Delivery System — Relative Cost Comparison, Phased Project Capacity

PRELIMINARY ESTIMATE OF cosTs !
Basis of Comparison Alt 1P-A Alt 1P-B Alt 2P-A Alt 2P-B
Capital Costs
Transmission Pipelines $ 18,368,000 | $ 18639000{ | $ 16,914,000 | $ 15,941,000
WTP Purmp Station $ 2,385,000 | $ 1,727,000 - $ 558,000
Booster Pump Station - - $ 20440001 § 2,044,000
System Storage - - $ 399,000 $ 399,000
Blectrical Feed 2900 $ 165,000{ | $ 196,000 | $ 216,000
Total Capital Cost ?| § 20992000 | $ 20531000( |$ 19,553,000 | $ 19,158,000
Add! Land Acquisition (PS and Storage Tank) - - $ 7,00 $ 7,000
Total Project Cost 4] $ 20,992,000 | $ 20531000 |$ 19,560,000 | 19,165,000
Annual O&M Costs
Annual Debt Service $ 1721000 | $ 1,684,000 {$ 1,604,000 | 1,572,000
{Assuming 25 years, efective interest rate of 6.5%)
Pumping Costs $ 999,000 | $ 688000] |$ 821,000 | $ 903,000
Operation and Maintenance ¥
Pump Station| $ 54000 | $ 30000 | $ 489,000 | $ 65,000
Transmission Fadilities| $ 184,0001 $ 186,000] | $ 196,000 | $ 159,000
Storage Fadiliies| . - $ 195,600 | $ 4,000
Total Annual Cost ** $ 2,958,000 | $ 2597,000| |$ 3,305,600 | $ 2,703,000
Non-Cost Factors
WTP Location (Blev.) + + - NA
O&M Staffing Location + + - -
Control Complexity + + - -

capacity of Altemative 1 (Alt. 1P-A and Alt. 1P-B).

cost of on-site pump stations.

" Costs are developed for purposes of preliminary evaluation and include only those costs that vary between the altematives. Thus, the costs should not be
taken as final estimates for any aftemative. For comparison purposes, costs are based on a Phased Project production of 15,683 acft/yr - the maximum

@ |tems not included for cost comparison due to equivalence between altematives indude: Intake, Intake Pump Station and Water Treatment Plant,
interconnects to all participants, Equilization Tank near Boeme/SAWS Delivery Point, Environmental Studies and Mitigation, Land Acquisition for WTP and
Transmission Line, Reserve Account, Financing Costs,and interest During Construction.

® O&M costs assume 1% of the total capital costs of pipelines and tanks; 2.5% of the total capital cost of remote pump stations and 2.25% of the total capital

Although Alternative 1P-B is the least expensive alternative, it should be noted that it
significantly violates hydraulic constraints established for the project during base project
operation. It is therefore not recommended as a feasible design alternative for the GBRA

Regional System.
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Conclusion and Recommendations

Based on both cost and non-cost factors established and a maximum system pressure of 300 psi
as the project decision criteria, we recommend Alternative 1P-A. This alternative would entail a
single high service pump station at the WTP, and allow phasing to full expansion by increasing
the pump head. Installation of higher pressure class pipe would be required to permit phasing.
Alternative 1P-A was recommended for the following reasons:

= The relative cost comparison has shown Alternative 1P-A to be comparable to the other
alternatives, within less than 10% of the least expensive feasible alternative for phased
expansion.

» Pumping to all delivery points allows flexibility in location of the WTP.

» The single pump station located on the WTP site allows convenience for O&M staffing and
decreases the complexity of control required for the overall system.

»  All established hydraulic criteria and constraints are satisfied for both the base and phased
project conditions.

It should be noted that the reported additional cost for phased expansion, Alternative 1P-A,
incorporates capital pump and O&M costs during expanded operation. This value is not the cost
incurred initially since much of the expanded facilities would not be needed until expansion
occurs. The initial project costs would incorporate only the capital costs of the increased
pressure class of the pipelines. The required increase in pressure class piping between the base
and phased projects has been tabulated for comparative reference in Table 11, Increase in
Pressure Class Piping for Alt. 1P-A. The estimated cost for the increased pressure class of the
transmission pipeline is approximately $1.7 Million.

TABLE 11 - Increase in Pressure Class Piping for Alt. 1P-A

LENGTH OF PIPING (ft
Dia.  Pressure ALTA ALTAP-A
(in.) Class
% 300 : 52603

250 46647 10259
200 26506 :
24 300 - 11407
250 11407 7488
200 31323 23835
150 5937 5937
2 150 33579 33579
100 5038 5038
18 100 2961 2961
14 300 - 27425
250 27425 3018
200 3018 :
Totals 793841 153641

It should be noted that this recommendation is specifically based on the 300 psi maximum
pressure assumption, synonymous with reduced operation, maintenance, and control issues
associated with a single pumping facility located at the WTP. Re-evaluation of the system is
warranted if multiple pumping facilities 1s preferable to higher system pressures.
GBRA Regional Water System
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GBRA REGIONAL WATER SYSTEM

ALTERNATIVES FOR CONVEYANCE OF POTABLE WATER FROM THE WTP TO GBRA PROJECT CUSTOMERS

PRELIMINARY ESTIMATE OF cOSTS

Basis of Comparison Alternative 1 Alternative 2 Alternative 3
Capital Costs
Transmission Pipelines 16,621,000 | $ 15,589,000 | § 16,866,000
- - $ 968,000
WTP Pump Station 1,263,000 - -
Booster Pump Station - $ 1,299,000 | $ 1,168,000
System Storage - $ 282,000 | $ 282,000
Electrical Feed 114,000 | § 118,000 | $ 104,000
Total Capital Cost ® 17,998,000 | $ 17,288,000 | $ 19,388,000
Add'l Land Acquisition (PS and Storage Tank) - $ 6,800 | $ 6,800
Total Project Cost @ 17,998,000 | $ 17,295,000 | $ 19,395,000
Annual O&M Costs
Annual Debt Service 1,476,000 | $ 1,418,000 | $ 1,590,000
(Assuming 25 years, efective interest rate of 6.5%)
Pumping Costs (Imtial Demands) 478,000 | $ 494,000 | § 412,000
(Ulimate Demands) 478,000 | $ 458,000 | § 434,000
(ave) 478,000 | $ 476,000 | $ 423,000
Operation and Maintenance
Pump Station 28,000 { $ 32000 $ 29,000
Transmission Facilities 166,000 | § 156,000 | § 169,000
Storage Facilities - $ 2,800 ] $ 2,800
Total Annual Cost ' 2,148,000 | $ 2,085,000 | $ 2,214,000

Non-Cost Factors
WTP Location (Elev.)

O&M Staffing Location

Control Complexity

1" Costs are developed for purposes of preliminary evaluation and include only those costs that vary between the altematives. Thus, the costs should not be

taken as final eshmates for any altemative

@ ltems not included for cost companson due to equivalence between alternatives inciude Intake, Intake Pump Station and Water Treatment Plant,
Interconnects to all participants, Equilization Tank near Boeme/SAWS Delivery Point, Environmental Studies and Mitigation, Land Acquisition for WTP and
Transmission Line, Reserve Account, Financing Costs,and Interest Dunng Construction.

) 0&M costs assume 1% of the total capital costs of pipelines and tanks, 2 5% of the total capital cost of remote pump stations and 2.25% of the total capital

cost of on-site pump stations

Description of Alternatives

Alt. 1 - Single high service pump station at WTP (route along Rd 46).

Alt. 2 - Gravity from WTP to west of Hwy 281 along Rd 46 to remote pump station, pump to Boerne and BMWD.

Alt 3 - Gravity from WTP to BMWD (route along Smithson Valley Rd), including gravity branch to Rd s 281/46

customers. Remote pump station at/near junction to Boerne, pump to Boerne

HDR ENGINEERING, INC
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DESCRIPTION OF ALTERNATIVES

BASE PROJECT PHASED PROJECT
(Meet Current Contracts) (Provide for Expansion)
1P-A

Increase head of high
service pump station at

WTP.
Single high service pump
station at WTP. Pump to
all delivery points.
1P-B

Increase pipe size west of
junction to Boerne by
relaxing minimum velocity
criteria

2P-A
Increase pipe size in gravity
line from WTP to remote

PS.
2
Gravity to remote pump
station west of Hwy 281,
pump to Boemne and
BMWD.
2P-B
Addition of booster pump
station at WTP.
3
Gravity from WTP to
BMWD. Remote pump —> Not Studied

station at junction to
Boerne, pump to Boermne.

5/23/00.aits xIs
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Pipe Material/instailation Costs
Assumes 13% increase per 50 psi pressure class above 150 psi.
ENR= 6039 (June 1999)

ALTERNATIVE 1 Pipeline Costs for Rock in Rural Areas
100 psi 150 psi 200 psi 250 psi 300 psi
Dia. Pressure Length
(n) Clss () o Cost, $ Pipe Dia (in) _ $/t S/t $it St $/it
30 250 46647 117 5438782 12 42 42 47 54 61
200 26506 103 2734908 14 48 48 54 61 69
24 250 11407 91 1034469 16 53 53 60 68 76
200 31323 80 2513755 18 59 59 67 75 85
150 5937 71 421663 20 62 62 70 79 89
20 150 33579 63 2112267 24 70 70 79 89 101
100 5038 63 316888 27 80 80 90 102 115
18 100 2961 60 177233 30 90 90 102 115 130
14 300 0 70 0 33 104 104 118 133 150
250 27425 62 1705426 36 118 118 133 151 170
200 3018 55 166086 Reference: HDR Cost Estimating, Section 5 of Studies Level Engineering
checks 193841 and Costing Methodology, Senate Bill 1 Report.

TOTAL= $ 16,621,477
Costs for piping are for instailed piping and appurtenances, including
markers, valves, thrust resraint systems, corrosion monitoring and control
equipment, air vacuum valves, blow-off valves, erosion control,
revegetation of ROW, fencing, and gates. Costs do not inclue crossings.

ALTERNATIVE 2
ENR= 6127 (Dec. 1999)
Dia. Pressure Length
{in.) Class (ft.) $ILF Cost, $ Pipeline Costs for Rock in Rurai Areas
30 250 16693 117 1946288 100 psi 150 psi 200 psi 250 psi 300 psi
200 3292 103 339650 Pipe Dia (in.) $/it it S/t $/t $/ft
100 53168 91 4854832 12 43 43 48 54 61
24 250 11407 91 1034469 14 49 49 55 62 70
200 31323 80 2513755 16 54 54 61 69 78
150 5937 71 421663 18 60 60 68 76 86
20 150 33579 63 2112267 20 63 63 71 80 91
100 5038 63 316888 24 Al 7 80 91 102
18 100 2961 60 177233 27 81 81 92 104 117
14 300 0 70 0 30 91 91 103 117 132
250 27425 62 1705426 33 106 106 119 135 152
200 3018 55 166086 36 120 120 135 153 173
150 0 49 0 Reference: HDR Cost Estimating, Section 5 of Studies Level Engineering
checks 193841 and Costing Methodology, Senate Bill 1 Report.

TOTAL= $ 15,588,557

ALTERNATIVE 3
Dia. Pressure Length
(n) Class () - Cost. $
36 150 45003 120 5387788
100 21777 120 2607099
27 150 21002 81 1704635
100 3018 81 244965
24 250 11407 91 1034469
200 31323 80 2513755
150 5937 71 421663
20 150 33579 63 2112267
100 5038 63 316888
18 100 2961 60 177233
16 150 6423 54 345403
10 100 20265 40 810618
8 100 4133 38 157057
checks 211868 length (ft)
TOTAL= $ 17,833,839 211868
(gravity branch to 281/46 alone)= $ 967,675 24399
(All wio gravity branch)= $ 16,866,164 181046
5/23/00,3lts xis
+\07081033\hyd
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Storage Costs
Look at storage costs in addition to tank used for equilization (Equilization tank is same for all alternatives and

. 1s not included in cost comparison)

ALTERNATIVE 1
-Involves a single high service pumping station to Boerne
No additional system storage is required.

ALTERNATIVE 2
-Invoives a remote pumping station located near west of Rd. 281 along Rd. 46, pumping tc Boerne and BMWD.
Assume required system storage at booster PS(MG)= 0.25
Ground Storage Tank ($)= $§ 282,470
Req'd Land Acquisition (acres)= 4 (pump station and tank)

Land value ($/acre)= $ 1,700 (1999 value)
Req'd Land Acquisition Cost ($)= $ 6,800

ALTERNATIVE 3
-Involves a remote pumping station located near the junction to Boerne, pumping to Boerne only
Assume required system storage at booster PS(MG)= 0.25
Ground Storage Tank ($)= $ 282,470
Req'd Land Acquisition (acres)= 4 (pump station and tank)

Land value ($/acre)= $ 1,700 (1999 value)
Req'd Land Acquisition Cost ($)= $ 6,800

Values from  Values from

. 2nd quarter, last quarter,
1999 1999
ENR= 6039 6127
Ground Storage Tank Costs

(MG) $) $)

0.01 86400 87659

0.05 146400 148533

0.1 209300 212350

05 393600 399336

1 679100 688996

2 1129300 1145756

4 1768600 1794372

6 2408000 2443089

7.5 2926600 2969246

9 329920 334728

Reference: HDR Cost Estimating, Section 5 of Studies Level Engineering and Costing
Methodology, Senate Bill 1 Report.
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GBRA REGIONAL WATER SYSTEM
ALTERNATIVES FOR PHASED DELIVERY FROM PROPOSED WTP TO GBRA PROJECT CUSTOMERS

Comparison of Alternatives 1P and 2P

PRELIMINARY ESTIMATE OF cosTs

Basis of Comparison Alt 1P-A Alt 1P-B Alt 2P-A Alt. 2P-B
Capital Costs
Transmission Pipelines $ 18,368,000 18,639,000 $ 16,914,000 | $ 15,941,000
WTP Pump Station $ 2,385,000 1,727,000 - $ 558,000
Booster Pump Station - - $ 2,044,000 | $ 2,044,000
System Storage - - $ 399,000 | $ 399,000
Electrical Feed $ 239,000 165,000 $ 196,000 | $ 216,000
Total Capital Cost @ § 20,992,000 20,531,000 | |$ 19,553,000 | 19,158,000
Add'l Land Acquisition (PS and Storage Tank) - - $ 7,000 $ 7,000
Total Project Cost @) § 20,992,000 20,531,000{ |$ 19,560,000 | $ 19,165,000
Annual O&M Costs
Annual Debt Service $ 1,721,000 1,684,000 $ 1,604,000 | $ 1,572,000
(Assuming 25 years, efective interest rate of 6.5%)
Pumping Costs $ 999,000 688,000 $ 821,000 | § 903,000
Operation and Maintenance ®
Pump Station| $ 54,000 39,000 $ 489,000 | $ 65,000
Transmission Facilities| $ 184,000 186,000 $ 196,000 | $ 159,000
Storage Facilities - - $ 195,600 | § 4,000
Total Annual Cost */ $ 2,958,000 2,597,000 1§ 3,305,600 | § 2,703,000
Non-Cost Factors
WTP Location (Elev.) + + - NA
O&M Staffing Location + + - -
Controt Complexity + + - -

M eosts are developed for purposes of preliminary evaluation and include only those costs that vary between the alternatives. Thus, the costs should not be
taken as final estimates for any altemative. For companson purposes, costs are based on a Phased Project production of 15,683 acft/yr - the maximum

capacity of Altemative 1.

@ ltems not included for cost companson due to equivalence between alternatives include. Intake, Intake Pump Station and Water Treatment Plant,
Interconnects to all participants, Equilization Tank near Boerne/SAWS Delivery Point, Environmental Studies and Mitigation, Land Acquisition for WTP and

Transmisston Line, Reserve Account, Financing Costs,and Interest During Construction

) 0&M costs assume 1% of the total capital costs of pipelines and tanks; 2.5% of the total capital cost of remote pump stations and 2.25% of the total capital

cost of on-site pump stations.

Description of Alternatives

Alt. 1 Single high service pump station at WTP (route along Rd 46)

Alt 1P-A. Add'l head to high service pump station at WTP (route along Rd 46)

Alt 1P-B Upsize diameters at west end of transmission line (furthest delivery points) by relaxing mmimum velocity critena

Alt 2 Gravity from WTP to west of Rd 281 along Rd 46 to remote pump station, pump to Boerne and BMWD
Alt 2P-A increase pipe size in gravity line to provide Max capacity of 14 mgd

Alt_2P-B Addition of booster pump station at WTP to provide Max capacity of 14 mgd

HDR Engineering, Inc

5/23/00,phasing xls
r\07081033\hyd
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GBRA REGIONAL WATER SUPPLY SYSTEM .
REQUESTED WATER SUPPLY AND AMOUNT AVAILABLE

Phasing Scenario - Max Capacity of Base Condition”

15,683 1400 mgd VALUES INPUT TO MODEL
Entity Build Out Delivery
Build Out Phase 1-'Ultimate’ Demand
Annual Ave Ave Annual Ave Max Demand
(acftiyr) {mgd) (acftiyr) (mgd) Node Reference Pt (mgd)
IN-DISTRICT
City of Boerne 2481 221 1,954 174 J-1 Reservoir (WTP) 14 000
Craig Elbel, Doubie J Ranch,
City of Fair Oaks 2,020 180 1470 1.31 410 & de Johnson. Lost OW 1.262
Comal Independent School District 305 0.27 158 014 J-11  CISD School Feed 0.091
J-12  High Point 0.000
Apex Water Services 355 0.32 210 0.19 J-13 Low Point 0000
Bulverde Utility Corporation (absorbed b " :
Bexar Met) ¢ 37 032 212 0.19 J-14 High Point 0.000
Murcia Development Co. 840 0.75 231 021 J-15  Murcia Feed (low point) 0749
Lost Owl (Comal Water Co.) 199 0.18 46 0.04 J-16  High Point 0.000
Clyde Johnson 555 0.50 420 037 J-17  Cordillera Feed (low point) 1446
Double J. Ranch 405 036 263 0.23 J-18  Fair Oaks Feed 1.803
J-19  High Point (Kendali Prop ) 0642
Cordillera 1,620 145 1,050 0.94 J-2  SAWS Feed 1699
Tapatio Springs/Kendall Co. Utility Co. 1,120 1.00 525 047 J-20  Boerne Feed 2214
Curtis Bremer 255 0.23 105 0.09 J-21  Tapatio/Kendall Co Utility Co 0999
Kendall Properties 720 0.64 105 009 J-22  Bulverde Hills 0319
Inland Estates " 53 005 53 0.05 J-23  Low Point 0000
Craig Elbel 255 0.23 105 0.09 J-24  SARA Feed 0.047
Blanco, City of - - - - J-25  High Point 0.000
Dominion Advisory Group, Inc. - - - - J-26  High Point 0000
SUBTOTAL (transmission pipeline) 11,483 10.25 6,853 6.12 J-27  High Point 0 000
J-28  Low Point 0000
OUT-OF-DISTRICT J-3  CISD School Feed 0091
San Antonio River Authority 53 005 53 0.05 J-4  Bexar MWD Feed 2.004
San Antonio Water System 1903 170 1,903 1.70 J-5  Flow Control Element -14 000
Bexar Metropolitan Water District 2,244 200 2,244 2.00 J-6 High Point 0000
SUBTOTAL (transmission pipeline) 4,200 375 4,200 3.75 J-7  Curtis Bremer Feed 0228
J-8  Apex Feed 0317
TOTAL IN AND OUT OF DISTRICT 15,683 14.00 11,053 9.87 J-9  CISD School Feed 0091
{transmission pipeline) 14 000

Notes
* Demands in addition to the base case ultimate demand scenario were distributed by proportioning feed locations west of the junction to Boerne by 76% and east of the junction by 25%
(1) Inland Estates water would probably not be delivered through high svc PS or transmission pipeline due to close proximity to treatment plant Thus, the delivery quantity is not include
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To: File: 07081-033-036

From:  Christianne Gaylord
(Registered in California, C57977) /N

Date: February 3, 2000 (Revised May 23, 2000) Technical
Memorandum
Subject: Guadalupe-Blanco River Authority Regional Water System
For Portions of Comal, Kendall, and Bexar Counties
HDR Project No. 07081-033-036
Technical Memorandum No. 2
Determination of Maximum Pipe Pressure Class

Purpose

The purpose of this technical memorandum (TM) is to supplement previous hydraulic analysis of
design alternatives evaluated for the Guadalupe-Blanco River Authority (GBRA) Regional
Water System for portions of Comal, Kendall, and Bexar Counties. In response to concerns
raised during Milestone Meeting No. 1, the maximum pipe pressure class criteria for the
mainline of the system has been evaluated further to establish the optimum pressure class for the
hydraulic design alternatives. Evaluation includes a comparison of the differential probable costs
for the alternative pipeline and pumping station scenarios presented in TM No. 1, Water Delivery
System Hydraulic Design and Expansion Alternatives, for a phased project expansion.

Basis of Analysis
This analysis is intended to supplement previous analyses presented in TM No. 1 and utilizes the
following basic information:

® Preliminary Pipeline Route

* Ground Profile

» System Demand Distribution and Phasing Distribution

* Basic Hydraulic Design Alternatives
Alternative 1 — Pump to all delivery points.
Alternative 2 — Pressurized gravity from WTP to remote pump station. Pump to
downstream delivery points.

* Phased Project Equivalent Pipe Sizing

* Hazen-Williams Friction Coefficient of 120.

Refer to TM No. 1 for a detailed description of the above information. TM No. 2 serves to
further evaluate the hydraulic criteria presented in TM No.1, specifically the set maximum
pressure within the transfer piping. The maximum value was previously set at 300 psi. The
analysis described herein evaluates piping and pumping options for reduced maximum pressures,
and details the additional facilities required to accomplish phased project capacity expansion.

GBRA Regional Water System
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Phasing Options for Future Capacity Expansion

In TM No. 1, hydraulic design Alternatives 1 and 2 were evaluated to investigate the potential
for expansion of the project facilities to deliver water that may be made available by maximizing
capacity of the system. The most feasible expansion options have been evaluated further for the
purposes of this TM and include the following:

Alternative 1 - Phased

= ALT 1P-A. Increase capacity and head of high service pump station at WTP and pressure
class of pipelines.

Alternative 2 - Phased

= ALT 2P-A. Increase pipe size in gravity line from WTP to remote PS, increase capacity
of remote PS.

Methodology for Evaluation of Preferred Maximum Pipe Pressure Class

The methodology for determination of the preferred maximum pipe pressure class consisted of
utilizing the hydraulic grade lines (HGLs) developed in the previous analysis. Since the piping
diameters and flows for each phased alternative remain unchanged, the slope of the HGL also
remains the same. For simplicity, graphical analysis using the resulting HGLs was conducted to
provide a quick, yet reasonable, comparison between the alternatives for varying maximum pipe
pressure classes.

The HGL required for each maximum pipe pressure class condition was mapped to provide a
minimum working pressure of 10 psi at any point in the line, requiring addition of a booster
pump station once the minimum pressure is reached midway through the pipeline. The maximum
pipe pressure class values evaluated include the following:

= 300 psi maximum pressure,

s 250 psi maximum pressure,

= 200 psi maximum pressure, and

» Maximum pressures equal or less than 150 psi.

The resulting HGL profiles for the 150 psi, 200 psi, and 250 psi maximum pressure class
requirements have been graphed with the resulting 300 psi HGL from TM No. 1 for reference in
Figures 1-6 from the WTP to SAWS and in Figures 7-12 from the Boerne junction to BMWD.

Required Piping Lengths

The required piping lengths for each maximum pressure class requirement were evaluated
directly from the HGL profiles. Since this graphic methodology varies distinctly from the
spreadsheet calculation methodology used in TM No.1, the resulting distances are not equivalent.
In fact, since only the extreme high and low ground points were used to create the HGL profiles,
estimation of required pressure class by graphical methods results in an averaged value, rather
than the maximum estimated value predicted from TM No. 1 spreadsheet calculations. However,
for the purposes of this comparison, the 300 psi pressure class maximum originally evaluated in
TM No. 1 was estimated graphically to produce an averaged value comparable to the remaining
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analyses. The resulting measured lengths are tabulated for each size of pipe and corresponding
. pressure class in Table 1, Summary of Required Piping — Maximum Pressure Class Evaluation.

TABLE 1 - Summary of Required Piping — Maximum Pressure Class Evaluation

ALT 1P-A ALT 2P-A
Max. Pressure Class' (psi) Max. Pressure Class’ (psi)
150 psi 200 psi 250 psi 300 psi 150 psi 200 psi 250 psi 300 psi

Pipe length, ft 193841 137689 75841 50898 193841 147341 125841 103398
(p<150psi)

Pipe length, ft 0 56152 73000 23943 0 38500 35500 24443
(150<p<200psi)

Pipe length, ft 0 0 45000 57500 0 8000 24500 28500
(200<p<250psi)

Pipe length, ft 0 0 0 61500 0 0 8000 37500
(250<p<300psi)

' Represents maximum pressure class in main pipeline and does not include branch to BMWD.

Required Pumping Facilities
. The required pumping facilities for each phased hydraulic design alternative were evaluated.

The resulting pumping requirements associated with each maximum pressure class requirement

for each alternative is summarized in Table 2, Summary of Pumping Requirements — Maximum
Pressure Class Evaluation.

TABLE 2 - Summary of Pumping Requirements — Maximum Pressure Class Evaluation

ALT 1P-A ALT 2P-A
Max. Pressure Class’ (psi) Max. Pressure Class' (psi)
150 psi 200 psi 250 psi 300 psi 150 psi 200 psi 250 psi 300 psi

No. of Reg'd PS 3 2 2 1 3 2 2 1
PS; hp 680 1050 1440 1910 630 990 1350 1570
PS; hp 840 490 290 - 900 480 250 -
PS; hp 20 - . - 100 - - -

! Represents maximum pressure class in main pipeline and does not include branch to BMWD.
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Required System Storage

Because it is a unique component of some hydraulic design alternatives evaluated, the additional
storage that may be required at remote pumping facilities was considered. For all practical
purposes, the minimum storage needed at a remote pumping facility was assumed as 0.5 million
gallons.

Relative Cost Comparison of Alternatives
Costs for facilities and O&M required for each alternative were evaluated to provide a cost
comparison between alternatives.

Cost Basis

For the purpose of this comparison, only unique components were evaluated for cost, not
including all common components. The resulting cost value is useful for determining the
relative difference between alternatives and should in no way be construed as total for any
alternative.

The cost comparison included consideration for the following unique components:
= Transmission pipelines
=  WTP/Remote Booster Pump Stations
= System Storage
s Electrical Feed
« Additional Land Acquisition (Remote PS and Storage Tank)
=  Pumping Costs
* Operation and Maintenance for Pump Stations, Transmission and Storage Facilities

The cost comparison does not include the following common components:
= Intake
= WTP
= RW Pipeline
= Interconnects
» Equilization Tank
= Environmental Studies and Mitigation
» Land ROW Cost
* Engineering and Financing Costs

The resulting costs for each maximum pressure class requirement for each evaluated alternative
is listed in Table 3, Preliminary Estimate of Costs — Maximum Pressure Class Evaluation.
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TABLE 3 - Preliminary Estimate of Costs — Maximum Pressure Class Evaluation

PRELIMINARY ESTIMATE OF COSTS
ALT1P-A ALT 2P-A
Basis of Comparison 150 psi Max | 200 psi Max | 250 psi Max | 300 psi Max | | 150 psi Max | 200 psi Max 250 psi Max | 300 psi Max
Capital Costs
TrmsrrissimPipelin&s‘z’ $ 14225000 | $ 14,746,000 | $ 15,889,000 $ 17,754,000 | | $ 15,190000| $ 15,641,000 | $ 16,184,0001 $ 17,031,000
WIP Pump Station $ 991000|$ 1425000({$ 1,861,000 $ 2385000 - - - -
Booster Pump Station 1 $ 11800001 $ 766000|% 558,000 - $ 932000(|$ 1,358000|$ 1,760,000|$ 2006000
Booster Purrp Station 2 $ 558,000 - - - $ 1,251000]% 754000 $ 558,000 -
Booster Pump Station 3 - - - - $ 558000 - - -
System Storage $ 7990001$ 399000|$ 399000 $ - $ 1198000]$% 7990001 $ 799000|% 399,000
Blectricd Feed $ 193000/$ 193000{$ 216000]$ 239,000(]| $ 204000{$  184000{% 200000{$% 196,000
Tota Capital Cost?['$ 17,946,000 | $ 17,520,000 | $ 18,923,000 $ 20,378,000 | { $ 19,342000]$ 18,736,000 1 $ 19,501,0001$ 19,632,000
Add'l Land Acquisition (PSand
Storage Tank) $  14000] $ 7000(% 7,000 $ - $  20000]% 1400018 140001 $ 7,000
TothrojectCost‘3’$ 17,960,000 [ $ 17,536,000} $ 18,930,000 [ $ 20,378,000 |{ $ 19362000 [ § 18,750,000} $ 195150001 $ 19,639,000
Annual O8M Costs
Annual Debt Service $ 1473000|$ 1,438000/$ 1552000]|% 1671,000(|$ 1,588000]$ 1,5380001$ 1,600000($ 1,610,000
(Assuming 25 years, efective inferest
rate of 65%)
Pumping Costs § 808000|$ 809000{$ 902000|$ 999000/|$ 849000|% 7720003 &37000|$ 820,000
Operation and Maintenance ¥
Pump Station{ $ 68000{$  55000|% 60000($ 60000||$ 69000]% 53,000{ $ 58,000 $ 50,000
Transmission Faciliiesf $ ~ 142000|$ 147,000 $ 159,000 $ 178000}1$ 152000 $ 1560001$  162000{$ 170,000
Storage Facilities| $ 8000] $ 40001 9% 4000) % - $  12000]% 8000] $ 80001 $ 4,000
$ 1026000{$ 1015000]$ 1125000]$ 1,237.000]|[$ 1,0820001$  939000($ 1,065000]$ 1,044,000
Total Annual Cost $ 2,499,000 | $ 2,453,000 | $ 2,677,000 | $ 2,908,000 | [ $ 2,670,000 | $ 2527,000 $ 2,665000| % 2,654,000
“’Costsaedevelopedforpwpowofprelimna‘yevduaﬁonmdindudeonlyttnseooststhatvarybetweenthedtemativ&s. Thus, the costs should not be taken as findl estimates for
any atemative. Nadnunprmx&sre;xmﬁmprminnﬁnpipeﬁm,rdindtxﬁngbrammBMV\D. For companson purposes, costs are based on a Phased Project production
of 15,683 acit/yr (14 mgd) - the meximum capacity of Altemative 1.
@ Lengths obiained by graphical analysis of hydrauiic profile using only a limited number of ground points for reference. This methodology was applied for comparative andysis only.
Actual piping lengths will vary in design.
¥ tems not included for cost companson due to equivalence between altematives indiude: Intake, Intake Purmp Station and Water Treatment Plant, Interconnects to all participants,
Equilization Tank near Boerne/SAWS Delivery Point, Environmental Studies
* 0&M costs assume 1% of the total capital costs of pipelines and tanks: 25% of the total capttal cost of purp stabons.
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Conclusion

The results of this analysis indicate that there exists an optimum maximum pressure class at
which both piping and pumping requirements are optimized for cost savings. For both hydraulic
design alternatives, under full capacity expansion, the maximum pressure class requirement of
200 psi proves to be preferable on a cost basis.

Comparing the 200 psi maximum pressure class of both alternatives, ALT 1P-A and ALT 2P-A,
indicates ALT 1P-A — pumped delivery to all customers- to be most preferable. Although the
O&M costs for ALT 1P-A exceed those associated with partial pressurized gravity conveyance
of ALT 2P-A, the cost savings is obtained from the capital cost of transmission facilities for the
smaller diameter piping required for ALT 1P-A.
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