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FIGURE 7 - Profile from Boerne Junction to BMWD

Alternative 1 Profile - High Service Pump Station at WTP
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GURE 8 - Profile from Boerne Junction to BMWD
Alternative 2 Profile
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FIGURE 9 - Profile from Boerne Junction to BMWD

Alternative 1 Profile - High Service Pump Station at WTP
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FIGURE 10 - Profile from Boerne Junction to BMWD
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Alternative 2 Profile
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FIGURE 11 - Profile from Boerne Junction to BMWD

Gmd+300 psi

Alternative 1 Profile - High Service Pump Station at WTP
Phased Project - Max Pressure 250 psi

Elevation (ft)

0 20000 40000 60000 80000 100000 120000 140000 160000
Distance from WTP (ft)
Ground —®—ALTIP-AHGL  ------ Grnd+150psi
— — — Gmd+200psi — - — - Gmd+250psi — - - — Gmd+300psi

FIGURE 12 - Profile from Boerne Junction to BMWD
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TM No. 2 Appendix

Background and Working Information




GBRA REGIONAL WATER SYSTEM
ALTERNATIVES FOR CONVEYANCE OF POTABLE WATER FROM THE WTP TO GBRA PROJECT CUSTOMERS
EVALUATE VARIOUS MAXIMUM PRESSURE CLASSES FOR OPTIMAL BALANCE OF PIPING AND PUMPING COSTS

PRELIMINARY ESTIMATE OF COSTS ™

ALT 1P-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
Transmission Pipelinesa) $ 14,225,000 | $ 14,746,000 | $ 15,889,000 | $ 17,754,000 | | $ 15,199,000 [ $ 15,641,000 | § 16,184,000 [ $ 17,031,000
WTP Pump Station $ 991000]$ 1,425000]9% 1,861,000{% 2385000 - - - -
Booster Pump Station 1 $ 11800001 % 766,000($ 558,000 - $ 932000($ 1358000|$ 1,760,000 ($ 2,006,000
Booster Pump Station 2 $ 558,000 - - - $ 1251000|$ 754000 % 558000 -
Booster Pump Station 3 - - - - $ 558,000 - - -
System Storage $ 799000|% 399000|% 399,000] % - $ 1,198,000 $ 799,000 | $ 799,000 | § 399,000
Electrical Feed $ 193,000 )| § 1930004$ 216000 $ 239000|]% 204,000} $ 184,000 | $ 200,000 | § 196,000
Total Capital Cost®[$ 17,946,000 $ 17,529,000 | $ 18,923,000 | $ 20,378,000 | | $ 19,342,000 | § 18,736,000 | $ 19,501,000 [ $ 19,632,000
Add'l Land Acquisition (PS
and Storage Tank) $ 14,000 | $ 7,000} $ 700018 - $ 20,0001 § 14,000 | $ 14,000 | § 7,000
Total ProjectCost‘a’ $ 17,960,000 } $ 17,536,000 | $ 18,930,000 | § 20,378,000 | | $ 19,362,000 | $ 18,750,000 { $ 19,515,000 | § 19,639,000
Annual O&M Costs
Annual Debt Service $ 1473000($ 1,438000]|% 1,552,000]|% 1671,000(/$% 1,588,000/($% 1,538,000 | § 1,600,000 | $ 1,610,000
{Assuming 25 years, efective interest
rate of 6.5%)
Pumping Costs $ 808,000 ($ 809,000 |% 902000|$ 999000||$ 849,000 |$ 772,000 ¢ $ 837,000 | § 820,000
Operation and Maintenance ¥
Pump Station| $ 68,000 $ 55,000 | § 60,000 | $ 60,000 % 69,000 ( $ 53,000( $ 58,000 | $ 50,000
Transmission Facilities| $ 142,000 [$ 147,000 $ 159,000 ($ 178,000|1$ 152,000 $ 156,000 | $ 162,000 | $ 170,000
Storage Facilities| $ 8,000 $ 4000($ 4000 $ - $ 12,000 | $ 8,000 % 8,000 % 4,000
$ 1,026000[$ 1015000)% 1,125000[§ 1,237,000 1,082000]$ 989,000 | $ 1,065000($ 1,044,000
Total Annual Cost $ 2,499,000 [ $ 2.453,000 [ $ 2,677,000 | $ 2,908,000 | | $ 2,670,000 1 $ 2,527,000 | $ 2,665,000 | § 2,654,000
) Costs are developed for purposes of preliminary evaluation and mclude only those costs that vary between the alternatives  Thus, the costs should not be taken as final estimates for
any alterative  Maximum pressures represent max pressures in main pipeline, not including branch to BMWD
@ Lengths obtained by graphical analysis of hydraulic profile using only a limited number of ground points for reference. This methodology was applied for comparative analysis only.
Actual piping lengths will vary in design
® ltems not included for cost comparison due to equivalence between alternatives include. Intake, intake Pump Station and Water Treatment Plant, Interconnects to all participants,
Equilization Tank near Boeme/SAWS Delivery Point, Environmental Studies
" O&M costs assume 1% of the total capital costs of pipelines and tanks, 2.5% of the total capital cost of pump stations
Description of Alternatives
Alt 1P-A- Single high service pump station at WTP (route along Rd 46); Phased to provide 14 mgd with add'l head to high service pump station at WTP
Alt. 2P-A. Gravity from WTP to west of Rd. 281 along Rd. 46 to remote pump station, pump to Boerne and BMWD; Phased to provide max capacity of 14
mgd

HDR ENGINEERING, INC

5/23/00,phase-PC xis

r\07081033\hyd




-GMING 01 Youelq epnjout jou ssop pue auijadid ulew ul ssejd ainssaid wnwixew sjuesaiday |

L¥8E61L L8E6L L1E61 L¥8E6L L¥BE6L L¥8E61 L18E61 L ¥8E61
- - - 001 - - - (174 dy fsd
- - - v's - - - 6L (pBw) mold °sd
- - - Gl - - - (]! (1) Y11 pesH sd
- 052 08y 006 - 062 06¥ ov8 dy *sd
- 6L 6L rA - 6L 6L i {pBuwi) moid ’sd
- szl sy oze - 12 05z 00¢ (1) W1 peeH ’sd
0451 osel 066 0€9 oL6l1 ovpl 0501 089 dy ‘sd
0z 02t 02l 0l ol oyl ovl oyl (pBw) mold 'sd
225 oSy oce oLz S¥S (187 00¢ G614 (1) W peaH ‘'sd
(1sdoog>d>052)
005.€ 0008 0 0 00619 0 0 0 1 ‘yibua) adid
0 (1sdosz>d>002)
00582 00S¥2 0008 0 00548 000S¥ 0 4 ‘yiBua) adid
9 0 (1sdgoz>d>051)
IS ALA 00GS€ 0068¢ 0 £V6€2 000€2 Z6195 2 ‘wbue) adid
689.€ L ¥8E61 (isdosi>d)
86€€01 148521 LYELYY L¥8E6) 86805 L¥8SL ! 4 ‘yBua) adid
] Zz z € ! z z € Sd p,bay jo "ON
1sd 00€ 1sd 052 1sd 002 1sd 061 1sd 0o€ 1sd 05 1sd 00Z 1sd 0G4 ssefy sald auljuiew
{1sd) ,SSelD 2INSSald 'XeN (1sd) ,SSeld 8INsSald ‘XeWw

v-d¢ 11V

v-di 1V

SIWIHIS ONIdid 40 AYVYWINNS




ubisap ur Aea | syibus) Buidid |enjoy “AjUO SisAjeue aAesedwod Jo)

payjdde sem ABojopoyjew siy1 ‘8auaia)as Joj sjuiod punoib Jo Jequinu pajiun e Auo Buisn spyoid aynespAy Jo siskleue [eaydesd Aq psureiqo syibus) uo paseq siso) ,

202 PIB 9L $ 6818981 ¢ SSe0 8N$Sud 158 0} yoroldde FANBAISSUOD a10U DLISN SISAIeUY Sihindi, {
098°L80°2L $ 7568191 $ 066°099'c $ 229'861°¢L $ £65°66L°1L 3 802°688°c) 3 0LLpL'vLS  S96'P2TPLS Siejoy
£29'76 $ 1LRIE S 1558’1 $ €16°811 ¢ 698'65Y $ 1558’1 § 051>

6EY' YL $ 98Y'088 $ 981'088 $ 6EVVEL § y0€°055 § 9€9'651'L § 002

y10TKE $ 62862 $ Siy'i6v $ yI0'zre $ 81€'641°1 § 052
1£0°185'} § 971295 § 1801851 $ 00¢ 115
eeC'LLL S SyT'LlL S Sve'LLL S SvZ'lLL 8 €ETLL Sve'lLL S She'LiL$ She'LLL S 0st> 8l
(FAN:TA XA evL'62r'e$ eyL'62Y'C $ evi'6ere$ vi16ev'e$ eYL'6Zr'e$ evL'6eye $ evi'6ey'e $ 051> 0¢

16€'929 $ 10€'280'C $ 8E6'CHST £0V'95Y°E § 106199 $ 868'652°C § £81°6292$ £0v'95Y'e § 051>

865'69.'1 § G69'109 § 980'1€0°} § AN ATANR 668109 $ 610288 $ 00¢

v8v'SZL S YVl S 86,769 $ 8cLLy8 $ 05
0/1°600°} § LIS 00¢ 174

165000} § 166°000'1 § 29¢'656'L § 00082 $ [ATA A AR 119'6L9'9 $ 051>

¥81'8€Z'} § 216'666 $ 665'92L'G $ 150°26v'C $ 002

yeo'syiL $ 885056 $ £08'9¥2'G § 91'8502 $ 0s¢
261'8/9¢ TL60LE S 00¢ og
S62'6E9'L $ 682°6€9'} $ 682'6€9°L § 682'689'L $ 051> %
LIAYINE ] S8T'eLL'E S S82'ELL'E $ Sggelles 051> 9t

(1]} (1*r4 00z 0S1 00¢ 052 002 0s1 {1sd) 0d "xe (‘ul) eig
auljule/od dyloeds
v-de'1v v-di'1v

(33) Buidid jo \BuUa

NMOOXY348 1S0D a3 vi3a

‘ubisep uy Auen |m syibus) Buidid [enjoy Ajuo siskjeue

aAnesedwon 1oy pedde sem ABojopoylew siy] “@ausiejes Joj sjuiod punoib Jo Jequnu pepuwi e Ajuo Buisn 8|o.d oinespAy jo sisAjeue jeoydel Aq paureiqo syjbua .

L¥8£61 1¥8E61 L¥8E61 198261 17886} 1¥8€61 199561 198£61 sieio
0 £v6l £vv9 37408 0 %274 347 £Yv0E 0S1>
%474 00094 00091 0 (%474 0000} 000i2 0 002
00§S 00sY 0008 0 008§ 00084 0 0 052
00522 0008 0 0 00622 0 0 0 00¢ 12
1962 196¢ 196¢ 1962 196¢ 196¢ 1962 1962 051> 8
2198¢ 1198¢ 1198¢ 1198¢ 1198¢ 1498¢ 1198¢ 1198¢ 051> 02
0288 02e6C 028S¢E 8998y 0z¢e6 0csie 899/¢ 8998y 0s1>
00022 0052 8v8Z1 0 00512 0052 00044 0 002
0008 884 0 0 000L 8vc6 0 0 0S¢
8186 0 0 0 8v80} 0 0 0 00¢ 174
85601 85601 8Svil OiLle 0 0 0006¥ (4413 0Si>
0 000z} 2596 0 0 00655 (441874 0 002
00051 518 0 0 0005t ¢59L1 0 0 0S¢
Z51S 0 0 0 25182 0 0 0 00€ 0¢
9e4S1 9e6S1 9£5S1 9€654 0 0 0 0 051> €¢
90992 905892 90692 90692 0 0 0 0 051> 9t
00€ 05z 002 0S1 00€ 052 00z 051 (1sd) og xep (u) eig

UIUEIN/Od J1oads

v-dg' i V-dl'LTV

(1) Budid jo yibua

s NMOOXYIXE HIONTT @3 vi3a




PAMEE0I BOLOVY

X Do Yd 00/C2/S
dy dung
oovi 002) 0001
L 1 o F
001 w m
—T 054 M
S ooy &
p———F 082 m m
Mol XU e ey, o ppes Budund] WMM 5
RPPE ‘Sdl Ut LOGONPRI {emseesd i
e o8 esmRou|
QIVINOIN dH dWNd
ANINIHINOAY SSYIO UVNSSIHD NNNIXYW
SAAILYNEIL T LO3NO¥d QISVYHd 40 NOSIHVANOD
0L5t 0091 oyl 0e9l o6t oeLt orsi [ dy dwng
00e 052 00Z 051 00€ 0S¢ 002 0CI___| SUHUIE|N Ul 23nSSaid xe
gdz LIV V-di 1TV ]

phul | JO AORIED Xely DPIACID 0} BUN AUABID Lt 32IS 2010 9SEAIU| 'V-dZ WY
aMIa pue susog o dund ‘uoes dwnd ajowes 0} gy P BUOIE LBZ P JO 153 O g1M Wl ANEID - 2 WY

LM J& UoHENS duind 8oAISS YBIL 01 Pesy LPPY Y-d) IY
(9% Pi GUOIR SIN0J) d 1M I8 UOREIS CLING 2DIAIBS LI SIBUIS - | WY

soageuss)ly jo uopduaseq

51502 I
B} JO PUBSP [EIUIIBIB B PUE B2INOS Jamod 158:183u BU) O SoUBISIP B

samod

01 pedotanp sem

dyl

ayy uogers

3pN[UL UOROALUOD J9MOd (BIUIIBID 1O} 550D

dyuonvig x —— = (WWQQQ'QSE) Uu0D4amod

AN

papaau

SIEUOIBW [[E PUE "}i0M 3US *JORUO3 [B3UIIB]0 ‘SI0I0W ‘Buisnoy *sduind o) SIS0 BPNU) SUOHEYS Buidwind 10} $150D

podey | /ig 8jeuss’

¥ buyso pue bup

e

{8467 SOIPMS JO G LOAZOS 1590 YGH "8
81 ¥1 86 €i 000004
vZel SOEl 00008
64 2i oz 00009

9¢ 6 €26 000E
6L 8L 00054
6E9 3] 00001
€49 09 0006
86 LS 0008
56 s 0002
s v0's 0009
;1 19y 0005
143 4 80v 000¥
£r'e gee 000€
6v 2 14 0002
el GE 1 0001
990 90 ooy
960 SG6 0 00v>
)
$1800 uoyelg Bujduing
6661 6661
‘sapenb ise|  “Jepenb pug
219 6£09 =4N3

052961 § =($) 1500 uoyoBUUOY Jamad
¥5e'0z8 § =(34/8) 1500 ABieua W30

102 =(gnw)isod |ended sd 153
o5t  =dydung
0zL  =(pBw) D 'moid
ezs =) peay dung
3 dwing

sujureyy vy wnwipxew jsd 00F
awaog B AMWE 01 dund 'Sd ajowal Aiaei sanjoaul-
QOW bi =D ‘eup) Auaes9 Uy $-e1Q 218d - v-dZ WY

000'002 $§ 0SZ'IE § 052891 § =($)iS0D LORIAULOD JaMOd

825'9€8 § 92€'62L § 107202 § =UA/S)1S0D AiBUI W0
€2 950 7R =($w) 1507 jence) Sd 153
0094 0sz oggl  =dydung
64 oz =(pBw} O ‘mo14
[~74% oSy =(i} peay dung
@01 zdwng 4 dwngd

supuiew uj wnwixew 1sd 052
SwWs0g F JMWS 01 dwnd 'Sd owal o} ApaeiB sanjoauy-
QADW pi =D ‘Sul] AUARID U| $°€1Q 618N - V-dZ UV

0S.E8L § 00009 § O0GL€Z) $ =(§)150D uogdduuO) Jamad
$60'2LL § GLY'ESZTS ¥IO'BIS$ =UA/$) 150D AU W3O

¥4 SL0 g9t =($nw)isoD iended sd 153
olrs o8 066 =0y dund
62 0z1  =(pbu) D 'mord
214 0¢E ={y) peay dwng
1804 zdwng 4 dung

sugjurey up wnuyxew 1sd 002
aweog § AMWE 0) dwnd 'S4 ajowa) o} Anneib saajonul-
AOW b} =0 ‘U] AllAeIO u) §°€|Q 8ZiSdN » V-dT UV

0S2€0z $ 00S5ZF $ 00S'Zit $ 0S8 § =(§)31SO)UORIBULDY JaMOG
c6p'6¥8 § €60'0S § Z.C'69y § LZO'OEE § =UA/§) 150D AtiBu3 WRO
Lz 950 szl €60  ={$1w)ys0) jende] sd 153
0£9k 001 006 ogg  =dydund
[ i ozt =(pBw) D ‘moid
[72 0ze o1z =ly) peay dumd
1e01 £ duing Z dwng } dung

supuie uf wnuyxew 1sd 0GL
3we0g 9 AMWE 01 dwnd ‘S aloual 0} ApnesB sanjoaul-
GOW bi =0 ‘eur Ayaes9 uj $°81Q 8218dN - V-dZ WY

2y BuveeuBul 3aH

05L'86Z  § =(§) 150D LUONIBUUOD JamOd
052666 § =(:A/§)is0D ABU3 W3O
62 =(g1nw) 1507 [ended Sd 153
0181 = dy dwng
ovl =(pbw)} D mo14
&) =(u) peay dung
} duing

sutjureyy ut wnwixew 1sd 00¢

awaog 0} uoeys Budwind 221A19s yby 3buis @ saajoaul-
QOW v} =D 'PeOH dwing 98e8.5ur V-di WY

052912 § 0629t ¢ 000081 § =(§)iS0D UONOBUUDY iBMOY
(/106 § BIOOSL § 62L1SL =(sA1g) 1500 AB1au3 WEO
re 90 98 =($pu) 150D 1ended Sd 153
0844 062 oryl = dy dung
6L ori =(pBu) O mol3
spl iy =(y) peap dwng
1e04 Z dwng 3 dwng
ougurew up wawixew jsd o6
awaog 01 uoneys Buidwnd adinsas ybiy aiBus @ seaoau-
AOW pI =D ‘PesH dung 9sedsdul ¥-di WY
005264 § 0619 § 06Z1gr § =(§)1500 U0QGIBUUCY JaMOY
969'808 § 259852 § 9v0 065§ =(1A/$1150D ABIUI WRO
ze 1o i =) 1503 jende) Sd 153
orss 06¥ 0504 = dy dwng
6¢ or =(pBu) O mo4
14 00t ={ij) pRIH dwng
&0y 2 dung 4 dwng
sujjue up wnwxew 15d 9o
awaog oy uoners Burdiwnd @21Aas ubiy 9i6urs & SaA0AU)
GOW ¥} =D ‘POl tung 888010U ¥-di UV
00526l § 00S'T $ 000S0L § 00058 § ={(§) 1500 UONIBUUDY 1BM0d
216208 § 9vE0L  § 9E00W § OESISE  § =A/g)is0) ABsaua W3O
2 950 1Y 660 =H{$uw) 1500 |ende) Sd 153
orss 114 ove 089 = dy dwng
6L zit ovl =(pbuw) O "m0ty
ol 00€ S64 =(y) pean dwng
et £ dwngd Z dumng | dwng
suyure u wnwxew sd g5
awaog 0} uoneys Budwind axaas yBiy aiBuis e saaoaul-
GOW ¥1 =0 ‘pest dung 982013t w-di v
80 0 =(Umw$) aies ABaua
10 = Adusyye |leseno aaym
A y§ 150D |<§wo XL; 9, wth_mo X ome = C\hclﬂvﬁ . ——
/%4 =33 d,,ﬂ\c L i«v»o PR
T): L L&E&
{ do Snonunuod ) s1500 AL Buidwnd i) uoyendy

Buiseyd
$150) Burdwing




000°000°c$

000°006°C$

000'008°Z$

($) 3s09 jenuuy
000'002'2$

000°009°$

000'00S°C$

Il

000°'00¥°C$

V-d¢ 1V —=—
V-dl 11V —e—

0

- 0G

- 001

- 0Gl

- 002

- 06¢

- 00€

ININIFHINOIY SSV1O FINSSIHd WNINIXYIN
S3AILYNYILTV 103r0dd A3ISVHd 40 NOSIdVdINOD

0G¢

(1sd) aunuiepy ul sse|) ainssaid xep




00S'006'1$

($) ¥s0D |enuuy

005'002°'L$ 005'00S'+$ 005'00€'1$ 005'001L'1$ 005'006$ 005'00.$ 00G'005$
1 ﬁ " o
|
|
f
|
i - 0S5
|
!
— —t - N I - L 001
[vLidvd)]
y L 0G1
|ende) v-dz 1V —e— _
[ended v-di 1V —e— A
W30 V-dZ LTV —— |
W20 V-di LTV —e— - 002
: L 05z
* - 00€
|
|
0G€E

S1S09 W20 ANV TV.1IdVO
INIFWIHINDIY SSV10 FANSSTAd NNWIXVIN
SIAILLYNYILTY LO3rodd AaSVHd 40 NOSIHVAINOD

(1sd) auljuiey us ssej) aunssald xey




V-d¢ 11V —=—
V-dl LV —e—

0002

dy dwing

[da)

1L.PPe .Sd ul uoionpal
UIIM UBAS 8sealou|

A3diN03d dH dWNd
ININFHINDOIY SSYTO FHNSSIHd WNINIXVYIN

SIAILYNHILTV 103rodd A3ISVHd 40 NOSIdVdNOD

006,  008L  00ZL 009,  ©0OSL 00K  OOSL  00ZL OOLL 00O}
“ * ” _ 0
|
e e e : - 05
. -
pbayBudwnd| — . L 00}
|ejoy Jojeslb ‘gd m/.
_ i i
i . |
s e M : - 06}
e P : 002
] |
Sdef\ || -
L e Sd 7 052
R N I N “—p.bas 6udwnd M 008
|10} SS9 ‘Sd | |
MOJj KBul e peay m 0S¢

(1sd) aujjuiepy ul ssej) ainssaid xep




Appendix C
Technical Memorandum No. 3




To: File: 07081-033-036

From:  Christianne Gaylord
(Registered in California, C57977) /8

Date: February 21, 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. 3
Hydraulic Design Alternatives for Reduced Maximum Pressure Class

Purpose

The purpose of this technical memorandum (TM) is to further 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 was evaluated further to establish the optimum pressure class for the
hydraulic design alternatives. Results of the 200 psi optimum maximum pressure class are
summarized in Technical Memorandum No. 2 (TM No. 2), Determination of Maximum Pressure
Class.

Based on the results of TM No. 2, additional evaluation for feasible hydraulic design alternatives
was performed and is summarized herein, in TM No. 3. This evaluation includes a comparison
of the differential probable costs for a reduced maximum pressure class design of the preferred
alternative piping and pumping station scenario (pump to all delivery points) evaluated
previously in TM No. 1, Water Delivery System Hydraulic Design and Expansion Alternatives.
A final hydraulic design alternative is recommended based on the optimum 200 psi maximum
pressure within almost all of the proposed system.

Basis of Analysis
This analysis is intended to supplement previous analyses presented in TM No. 1 and TM No. 2

and utilizes the following basic information:

» Preliminary Pipeline Route (same as that used for TM s No. 1 and 2 analyses).

= Alternative Pipeline Route — Power Transmission Line

»  Ground Profiles for Preliminary and Alternative Pipeline Routes.

* System Demand Distribution and Phased Project Distribution.

= Preferred Hydraulic Design Approach — Pump to all Delivery Points.

*= Phased Project Equivalent Pipe Sizing.

» Hazen-Williams Friction Coefficient of 120.

»  Optimum Maximum Pressure Class of 200 psi for Reduced Maximum Pressure Class.
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Refer to TMs No. 1 and 2 for a detailed description of the above information. TM No. 3 serves to
further evaluate the feasibility of the preferred hydraulic design alternative for criteria developed
in TM No.2, specifically reduction of the maximum pressure within the majority of transfer
piping from 300 psi to 200 psi. The analysis described herein further evaluates the feasibility of
hydraulic design alternatives for reduced maximum pressure of 200 psi, and details the additional
facilities required to accomplish phased project expansion to 15 mgd (16,803 acft/yr).

This phased project capacity value allows for meeting the annual delivery quantity in 347 days,
or 95% of the year, to allow for losses and/or downtimes. It should be noted that the 15 mgd
value of maximum capacity for the system is also based on a particular demand distribution
assumed for expanded flow capacity and may vary based on the actual demand distribution of
additional flows.

Base Project Alternatives and Phasing Options for Future Capacity Expansion

In TMs No. 1 and 2, 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 for the preferred
Alternative 1 (pumped delivery to all customers) have been evaluated further for the purposes of
this TM and include the following:

Alternative 1 (as presented in TM No. 1 and No. 2)- Pump base project demand of 9.9 mgd to
all delivery points with single PS located at WTP. Maximum pressure class of 250 psi.

= ALT 1P-Al. Increase capacity and head of high service pump station at WTP and
pressure class of pipelines to 300 psi for maximum capacity expansion.

= ALT 1P-A2. Increase capacity of system by addition of remote pump station, maintain
250 psi maximum pressure for maximum capacity expansion.

Alternative 1(a) — Reduced Maximum Pressure - Pump base project demand of 9.9 mgd to all

delivery points with maximum pressure to 1 50 psi, requiring both a WTP pump station and

remote pump station.

« ALT 1(a)P-1. Increase pressure class of pipelines to 200 psi for maximum capacity
expansion.

= ALT 1(a)P-2. Increase capacity of system by addition of a second remote pump station,
maintain 150 psi maximum pressure for phased project maximum capacity expansion.

Comparison of the above phasing alternatives was accomplished using a capacity value of 14
mgd, the maximum capacity of the Alternative 1 system (with a single pump station at the WTP).
This maximum capacity value is used initially to establish a basis of comparison between the
alternatives for selection of the most feasible hydraulic design approach. The actual maximum
capacity of the selected system will be determined and applied for the preferred final design
alternative.

Methodology for Evaluation of Reduced Maximum Pipe Pressure Class

The methodology for determination of the reduced maximum pipe pressure class consisted of
utilizing the hydraulic grade lines (HGLs) developed in TMs No. 1 and 2. Since the piping
diameter and flow for the base and phased projects remain unchanged, the slope of the HGL also

GBRA Regional Water System
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remains the same. For simplicity, graphical analysis using these HGLs was conducted to
develop the reduced maximum pressure alternative.

The HGL required for the reduced 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.

Hydraulic Grade Line, HGL

The resulting HGL profiles for the base and reduced maximum pressure class alternatives are
graphed from the WTP to SAWS in Figures 1 and 2, respectively. The profiles indicate HGL
profiles for both the base and phased project conditions.

The reduced maximum pressure of 150 psi alternative is feasible for the current pipeline
alignment, but not for the alternative alignment along the power transmission line. If the power
transmission line alignment were to be selected, a maximum pressure class of at least 200 psi
must be allowed under base project conditions, as indicated in Figure 2.

Evaluation of the most feasible reduced maximum pressure class alternative was continued using
the pipeline alignment used previously in TM No.s 1 and 2, as detailed below. The effect of
interchanging this alignment with the Power Transmission Line Route (Alternative) is addressed
in the Recommended Hydraulic Design Alternative Section of this TM.

Required Piping Lengths

The required piping lengths for each alternative 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 base alternative (250 psi max for 9.9 mgd; 300 psi max for full capacity
expansion) was estimated graphically to produce an averaged value comparable to the remaining
analyses. The resulting measured lengths are tabulated for corresponding pressure class ranges
in Table 1, Summary of Required Piping — Reduced Maximum Pressure Class Evaluation.
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TABLE 1 - Summary of Required Piping - Reduced Maximum Pressure Class Evaluation

Base Project Phased Project
Alt1 Alt1(a) AltiP-A1  Alt1IP-A2 Alt1(a)P-1  Alt1(a)P-2

Max. f’ressure 250 psi; 150 psi; 300 psi; 250 psi; 200 psi; 150 psi;
Class'/No. PSs 1PS 2PS 1PS 2PS 2PS 3PS

Pipe length, ft 75841 193841 50898 75841 137689 193841

(p<150psi)

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

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

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

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

Required Pumping Facilities
The required pumping facilities for each hydraulic design alternative were evaluated. The
resulting pumping requirements associated with the base and reduced maximum pressure

alternatives is summarized in Table 2, Summary of Pumping Requirements — Reduced Maximum
Pressure Class Evaluation.

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

Base Project Phased Project
Alt1 Alt1(a) AItiP-A1  Alt1P-A2 Alt1(a)P-1 Alt1(a)P-2
Max. fressure 250 psi; 150 psi; 300 psi; 250 psi; 200 psi; 150 psi;
Class'/No. PSs 1PS 2PS 1PS 2PS 2PS 3PS
PS, hp 910 360 1910 1440 1090 670
PS, hp - 420 - 270 530 910
PS; hp - - - - - 500
Total hp 910 780 1910 1710 1620 2080

Required System Storage
Because it is a unique component of the hydraulic design alternatives evaluated, the additional
storage that may be required at remote pumping facilities was considered. For all practical
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purposes, the minimum storage needed at a remote pumping facility was assumed as 0.25 million
gallons for the base project and 0.50 million gallons for the phased project.

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:
s Intake
= WTP
=  RW Pipeline
= Interconnects
= Equilization Tank
= Environmental Studies and Mitigation
= Land ROW Cost
» Engineering and Financing Costs

The following assumptions were used for cost development:
» Annual debt service calculated for a pertod of 25 years at an interest rate of 6.5%.
s Pumping efficiency (wire to water ratio) of 0.70.

* Pumping energy cost considered at $0.08 per kilo-watt hour.

The resulting costs for each maximum pressure class requirement for each evaluated alternative
is listed in Table 3, Preliminary Estimate of Costs — Reduced Maximum Pressure Class
Evaluation. The results are also shown schematically for base and phased project conditions for
each alternative in Figure 3, Alternatives, Reduced Maximum Pressure Evaluation.
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TABLE 3 - Preliminary Estimate of Costs — Reduced Maximum Pressure Class Evaluation

Base Project Phased Project
ALT1 ALT 1(a) ALT 1P-A1 ALT 1P-A2 ALT 1(a)P-1 ALT 1(a)P-2
Basis of Comparison 1PS 2PS 1PS 2PS 2PS 3PS
P 250 psi Max | 150 psi Max 300 psi Max | 250 psi Max | | 200 psi Max 150 psi Max
Capital Costs
Transmission Pipelines(a) $ 15,889,000 | § 14,225,000 $ 17,754,000 | $§ 15,889,000 | | $ 14,746,000 $ 14,225,000
WTP Pump Station $ 1,269,000 | $ 558,000 $ 2385000|% 1,861,000[|$ 1470,000 $ 979,000
Booster Pump Station 1 - $ 558,000 - $ 558000||$ 813000($ 1,263,000
Booster Pump Station 2 - - - - - $ 558,000
System Storage $ - |$ 282,000 $ - 18 399,000 {1$ 399,000| $ 799,000
Electrical Feed $ 114,000 | $ 98,000 $ 239,000} % 214000 || $ 203,000] § 260,000
Total Capital Cost'§ 17,272,000 $ 15,721,000 $ 20,378,000|$ 18,921,000 || $ 17,631,000 $ 18,084,000
Add'l Land Acquisition (PS and
Storage Tank) $ - 1S 7000 |95 - |$ 70001} % 7,000 § 14,000
Total Project Cost | § 17,272,000 [ $ 15,728,000 |$ 20,378,000 | $ 18,928,000 $ 17,638,000 $ 18,098,000
Annual O&M Costs
Annual Debt Service $ 1416,000]$ 1,290,000 $ 1671000]$% 1,552,000 |]$ 1,446,000 $ 1,484,000
(Assuming 25 years, efective interest
rate of 6.5%)
Pumping Costs $ 4780001 % 408,000 $ 999,000} % 891,000||$ 8430001 $ 1,084,000
Operation and Maintenance 2
Pump Stationj $ 32,0001 % 28,000 $ 60,000 | § 60,000 | | $ 57,0001 $ 70,000
Transmission Facilities| $ 159,000 | $ 142,000 $ 178,000 % 159,000 1% 147,000 | $ 142,000
Storage Faciiities| $ - |93 28001 | $ - |8 400011 % 4000 § 8,000
$ 669,000 % 581,000 $ 1237000 111400011 $ 1,051,000 $ 1,304,000
Total Annual Cost '} § 2,085,000 | $ 1,870,800 | | $ 2,908,000 $ 2666,000||$ 2497,000($ 2,788,000

(" Costs are developed for purposes of prefiminary evaluation and include only those costs that vary between the altenatives  Thus, the costs should not be
taken as final estimates for any altemative. Maximum pressures represent max pressures In main pipeline, not including branch to BMWD.

2 Eor companson purposes, costs are based ona Phased Project production of 15,683 acftiyr (14 mgd) - the maximum capacity of Altenative 1 (ALT 1 and
ALT 1P-At)

¥ | engths obtained by graphical analysis of hydraulic profile using only a imited number of ground points for reference. This methodology was apphied for
comparative analysis only Actual piping lengths will vary in design.

4) temns not included for cost comparison due to equivalence between altematives include’ Intake, intake Pump Station and Water Treatment Plant,
Interconnects to all participants, Equilization Tank near Boeme/SAWS Delivery Point, Environmental Studies

5 O&M costs assume 1% of the total capital costs of pipelines and tanks; 2 5% of the total capital cost of pump stations

The reduced maximum pressure class to 200 psi (for phased expansion) 1s preferred since a 12% 1increase
1n capital costs 1s incurred for an increase in capacity of 42%.
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FIGURE 3- Alternatives, Reduced Maximum Pressure Evaluation.

ALTERNATIVES

BASE PROJECT PHASED PROJECT
(10 MGD) (14 MGD)*

ALT 1P-A1

/ 300 psi max, 1 PS

Cs $17,272,000

250 psi max, 1 PS

As $2,085,000

ALT 1P-A2
250 psi max, 2 PS

/ ALT 1(a)P-1
200 psi max, 2 PS

Cs $15.721,000 ALT 1(a)

150 psi max, 2 PS

As $1,870,800

Cs = Capital Cost ALT 1(a)P-2
Ag = Total Annual Cost 150 psi max, 3 PS

* Maximum capacity of Alternative 1 (ALT 1 and ALT 1P-A1)

Cs §$20,378,000

As 2908000

Cs $18.921.000
As $ 2,666,000

Cs $17.638,000
As $2497.000

Cs $18.098.000
As $2788,000
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Sensitivity to Hazen-Williams Friction Coefficient and Power Cost

The sensitivity to the results of analysis due to the choice of Hazen-Williams friction coefficient
(C) and power cost per kilowatt-hour (kwh) were evaluated. All analyses for piping and pump
sizing so far have considered a C value of 120 and power cost of $0.08 per kwh. In reality, the
system is very likely to operate under varying conditions with a C value as high as C=130 and a
power cost as low as $0.06 per kwh. To quickly evaluate the effect these changes would have on
pumping costs, an evaluation of the base alternative for C=130 and power cost of $0.06 per kwh
was performed. Alteration of these values resulted in up to a 33% reduction in pumping costs.
Applying this factor to all evaluated alternatives, significantly alters the weight for consideration
of annual O&M costs. The estimated effect is shown in Table 4, Sensitivity to C-value and
Power Cost; C=130 and 30.06 per kwh.

TABLE 4 - Sensitivity to C-value and Power Cost'; C=130 and $0.06 per kwh.

Base Project Phased Project
Alt1 Alt1(a) Alt1P-A1  Alt1P-A2  Alt1(a)P-1  Alt1(a)P-2

Max. Pressure 250 psi; 150 psi; 300 psi; 250 psi; 200 psi; 150 psi;
Class/No. PSs 1PS 2PS 1PS 2PS 2PS 3PS

Total Annual Cost ~ $1,927,000 $1,714,000 $2,578,000 $2,372,000 $2,211,000 $2,430,000

TFor comparison purposes, costs are based on a Phased Project production of 15,683 acft/yr (14 mgd) — the
maximum capacity of Alternative 1 (Alt 1 and Alt 1P-A1).

Recomended Hydraulic Design Alternative

The preceding evaluations indicate the reduced maximum pressure alternative to clearly be
preferable to the single pump station at the WTP with high 300 psi pressure class. Not only is
the cost saving significant, but concern for high pressures in the line exceeding 200 psi is
addressed by selection of this alternative. Thus, the reduced maximum pressure alternative is the
recommended hydraulic design alternative.

Alternative Alignment - Power Transmission Line

As mentioned previously, the reduced maximum pressure alternative for a maximum pressure of
150 psi is applicable for the current pipeline alignment, but not for the alternative alignment
along the power transmission line. Since the alternative pipeline alignment could potentially be
the preferred route, the final recommended hydraulic design alternative would need to be suitable
for this alternative route as well.

As a result, the reduced maximum pressure for both the base and phased project conditions shall
be 200 psi.

Maximum System Capacity — Phased Project
The maximum capacity of the reccommended hydraulic system as configured with a remote
pumping station is a fraction higher than that of the single pumping station alternative —the
15,683 acft/yr (14 mgd) value used in previous evaluations for comparison between the
GBRA Regional Water System
Technmical Memorandum No 3
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alternatives. A maximum delivery capacity of 16,000 acft/yr (15 mgd production, assuming 5%
losses) with nearly all pipeline system pressures below 200 psi has been applied to further
evaluation for the recommended system. The resulting HGL profiles for the 10 mgd base project
and 15 mgd phased project flows are indicated in Figure 4.

Required Piping Lengths

The required piping lengths for the base and phased projects for this recommended hydraulic
design alternative were evaluated using spreadsheet calculation methods previously used for TM
No.1 analyses. This spreadsheet analysis approach was used rather than the graphical analysis
used in TM No. 2 because it provides more detailed and conservative estimate for design.

Hence, the estimated length of required piping for pressures in the range of 150-200 psi would be
higher than the value estimated using graphical analysis. The estimated required piping lengths
are listed in Table 5, Piping for Recommended Alternative— 200 psi Maximum Pressure Class.

TABLE 5 - Piping For Recommended Alternative- 200 psi Maximum Pressure Class.

Base Project, 10 MGD Phased Project, 15 MGD
Alt1(b) Alt1(b)P-1
Max. P ) _
c,:;‘sy;fjs;‘;i 200 psi; 2 PS 200 psi; 2 PS
P'{:,i;%%%:{)ﬁ 167,024 84,661
Pipe length, ft
(150<p<200psi) 26,817 102,267
Pipe length, ft
(200<p<250psi)? 0 6,913
Pipe length, ft 0 0
(250<p<300psi)

Represents maximum pressure class in almost all of main pipeline and does not include branch to BMWD.
A single limited area is subject to pressures just above 200 psi. The estimation of pipe length for this pressure class
range is very conservative and will likely be reduced during design, given detailed route topography.

Required Pumping Facilities

The required pumping facilities for the base and phased projects for this recommended hydraulic
design alternative were evaluated. The resulting pumping requirements are summarized in Table
6, Pumping for Recommended Alternative— 200 psi Maximum Pressure Class.

GBRA Regional Water System
Technical Memorandum No. 3
05/23/2000

Page 11




PAUNEEDLB0L0VS
SX"0Z4=0"NB-201:00/42/G

"ONI "ONIY33NIONT ddH

s

C&m 81180

3

4]
e
o
=
4&"
2]

(un‘eseq)pbuug) (Re@ uin) 19H Sd Z ‘PBw O}
(puewaq @segd) 19H Sd ¢ ‘pbw 01 TOH Sd T 'POW G| e (‘suedy) punoi9 v
~ sdoogH3pwo - —- 1sd 0GL+HI PWD - - - -- - o punoi9
(4) dLM wouy dsuelsia ‘ease payun| 8jbuis e jo uondaoxe WM ,
000091 0000%1L 00002} 000001 00008 00009 0000% 00002 0
Pt + t + t + + + t + + t t + + t t + t t } t + t t + + + t 008
or 5w puanl oo s 000}
ORTSRYIN - Axl S
, !
i ;
| )
f , ,., /

ey

1sd om:on )

1sd 002+pPWO

aomsoa bmmmc& GQ 002 xew \E pajeolp
Lo ‘Sd 8joural 104 uoneoo] abuel 8jqISsod

Loinssald wnuwixey isd 002
SMVS 03} d1M wolj sajjjoid

Juiod Bupwi

0oct _

(1) uoneas|3

r 0081

r 000C

0oze

v 34N9ld




TABLE 6 - Pumping For Recommended Alternative- 200 psi Maximum Pressure Class’.

Base Project, 10 MGD Phased Project, 15 MGD
Alt1(b) Alt1(b)P-1
Max. Pressure . .
Class'/No. PSs 200 psi; 2 PS 200 psi; 2 PS
PS, hp 440 1,320
PS, hp 510 570
Total hp 950 1,890

' Represents maximum pressure class in aimost all of main pipeline and does not include branch to BMWD.
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Relative Cost Comparison

Based on the relative costing methodology described previously, costs for the base and phased
project alternatives have been tabulated below in Table 7, Preliminary Partial Estimate of Costs
for Recommended Alternative. Note that the difference between the transmission pipeline capital
costs for the phased and base project represents additional costs for a larger amount of higher
pressure class required for the phased expansion and would actually be incurred up-front, during
base project construction.

TABLE 7 - Preliminary Partial Estimate of Costs for Recommended Alternative.

PRELIMINARY ESTIMATE OF COSTS

Basis of Comparison - 200 psi Max Pressure” Base Project, 10 MGD | Phased Project, 15 MGD
Capital Costs
Transmission Pipelines $ 14,451,000 | $ 15,401,000
WTP Pump Station $ 707,000 | § 1,727,000
Remote Pump Station, Immediately D/S of F.O.R. Delivery $ 790,000 | $ 861,000
System Storage $ 282,000 $ 399,000
Electrical Feed $ 119,000 | $ 236,000
Total Capital Cost @} $ 16,349,000 | $ 18,624,000
Add'l Land Acquisition (PS and Storage Tank) $ 700019 7,000
Total Project Cost | $ 16,356,000 | $ 18,631,000
Annual O&M Costs
Annual Debt Service $ 1,341,000 | $ 1,528,000
(Assuming 25 years, efective interest rate of 6.5%)
Pumping Costs | § 498,000 | § 986,000
Operation and Matntenance @
Pump Station| $ 16,000 | $ 22,000
Transmission Facilities] $ 145,000 | $ 154,000
Storage Facilities| $ 3000]$% 4,000
Total Annual Cost ?| § 2,003,000 | $ 2,694,000
(" Costs 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 alternative
12} 1tems not ncluded for cost comparison 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
1310&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.

*Majority of Project

GBRA Regional Water System
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Conclusion

The recommended hydraulic design alternative for conveyance of flow to GBRA project
customers for the base project (10 mgd) and phased project (15 mgd) deliveries has been
presented. The factors contributing to recommendation of this design alternative include the
following items:

= Optimum maximum pressure class of 200 psi within most of system.

= Alleviate potential maintenance and design concerns associated with extreme high
pipeline pressures greater than 200 psi.

®= Pumped conveyance to all delivery points.
» Flexibility in selection of WTP location.

» Flexibility in selection of pipeline route; Valid design for all current alternative pipeline
routes.

* Phased expansion to full capacity of system (51% increase in capacity) can be
accomplished with an 14% increase in capital costs, of which only 7% must be spent
initially during base project construction for higher class transmission pipelines.

GBRA Regional Water System
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To: File: 07081-033-036

From:  Christianne Gaylord
(Registered in California, C57977) /8

Date: March 28, 2000 (Revised May 24, 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. 4
Pump Station Design

Purpose

The purpose of this technical memorandum (TM) is to describe the basis of pump station design
and selection for proposed pump stations for the Guadalupe-Blanco River Authority (GBRA)
Regional Water System Project for portions of Comal, Kendall, and Bexar Counties.

Based on the results of TMs No. 1-3, evaluation for hydraulic pumping conditions was
performed and is summarized herein, in TM No. 4. This evaluation includes pump selections for
the three proposed pump stations: 1) Raw water pump station, 2) Water Treatment Plant (WTP)
pump station, 3) Remote pump station. A description of the economic and non-economic
considerations involved with the pump selections is provided.

Basis of Analysis
This analysis is intended to supplement previous analyses presented in TMs No. 1 through 3 and
utilizes the following basic information:

Preliminary Pipeline Route. (TMs No. 1-3)

Alternative Pipeline Route — Power Transmission Line. (TMs No. 1-3)

Ground Profiles for Preliminary and Alternative Pipeline Routes.

System Average Demand Distribution and Phased Project Distribution. (TMs No. 1-3)
Recommended Hydraulic Design Alternative.

Alternative 1 — Pump to all delivery points. (TMs No. 1, 3)

Phased Project Equivalent Pipe Sizing. (TMs No. 1-3)

» Required Piping Lengths- Recommended Alternative. (TM No. 3)

*  Optimum Maximum Pressure Class of 200 psi for Treated Water Piping. (TM No. 2,3)

Refer to TMs No. 1-3 for a detailed description of the above information. The analysis described
herein evaluates the feasibility of various pump selections required to meet base project
conditions of 10 mgd (10,527 acft/yr), and details the additional facilities that will be required to
accomplish phased project expansion to 15 mgd (16,000 acft/yr). (It should be noted that the 15
mgd value of maximum capacity for the system is based on the particular assumed future
demand distribution of 75% additional flow west; 25% east of the Boeme junction. This value
may vary based on the actual demand distribution of additional flows in the future.)

GBRA Regional Water System
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Hazen-Williams Friction Coefficient

A Hazen-Williams friction coefficient of 130 has been used for design of the pumps. This
selected value is based on HDR’s extensive experience with design, construction, and operation
of pumping and piping systems. Past experience has found this value, inclusive of minor
transmission piping losses, as representative of actual operating conditions for similar systems.
Final design should include a check of system hydraulic calculations using a C-value of 134 in
addition to all actual minor losses.

Minimum Day Demand Distribution

The minimum demands within the system were estimated to accommodate the design for the full
range of expected conditions. Minimum demands were estimated from available information
provided from project customers during participant meetings held throughout late 1999 and early
2000. Where information was not available, the minimum daily demand was estimated as half of
the average daily demand where peaking needs are met from available on-site storage and one-
quarter the average daily demand where peaking needs are to be met by the system. The
minimum daily demands estimated for initial operation of the system is tabulated below in Table
1, Minimum Daily Demand.

TABLE 1 - Minimum Daily Demand

Min. Daily/  Ave Daily Min. Day, 2000
Ave Daily Demand  Demand Distrib.'

(ratio) (mgd) (mgd)

IN-DISTRICT
City of Boerne 0.53 1.12 0.469
City of Fair Oaks 0.40 1.17 0.496
Comal Independent School District 0 0.02 0.000
Apex Water Services 05 0.35 0.094
Bulverde Utility Co. (owned and operated by BMWD) 0.5 0.22 0.117
Murcia Development Co. 0.25 0.09 0.023
Lost Owl (Comal Water Co.) 0.5 0.02 0.005
Clyde Johnson 0.5 0.02 0.011
Double J. Ranch - no demand information 0 - 0.000
Cordillera 0.5 0.048 0.025
Tapatio Springs/Kendall Co. Utility Co. 0.5 0.39 0.141
QUT-OF-DISTRICT
San Antonio River Authority - - 0.047
Bexar Metropolitan Water District 0.5 5.85 2.004

-returnable 1.011
San Antonio Water System - - 1.699

-returnable 3.727

Totals 9.9 mgd

" Represents the lesser value of the calculated min daily demand and daily commitment. Includes consideration for 5%
system losses.

GBRA Regional Water System
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Recommended Hydraulic Design Alternative

In TMs No.s 1- 3, the preferred hydraulic design alternative, Alternative 1, was developed. T™M
No. 1 evaluations indicated pumped delivery to all points is preferrable, TM No. 2 indicated
optimal maximum pressure class of 200 psi, and TM No. 3 further developed the alternative to
provide pumped delivery to all points with a maximum pressure class of 200 psi within most of
the system. The resulting preferred alternative is described as follows:

Alternative I (as presented in TM No. 1-3)- Pump base project demand of 10 mgd and future
phased project expansion demand of 15 mgd to all delivery points.
Maximum pressure class of 200 psi for Treated Water Piping.
* Remote pump station located near/at Fair Oaks Ranch delivery point, approximately 26
miles downstream of the WTP.
* Piping diameters and lengths same as that presented in TM No.s 1-3.
* Base and phased project demand distribution and assumptions presented in TM No.s 1-3.

The system map for the preferred alternative is shown in Figure 1, System Map. The alternative
pipeline routes and estimated primary delivery locations are indicated.

Pump Station Locations

The pump station locations have been assigned for determination of system operations, but may
change as the design progresses. However, these selected locations best represent the current
information to date and the resulting evaluation is not expected to change significantly as the
design is refined.

Approximate locations of the intake and water treatment plant have previously been identified
for the system in which TM No.1-3 analyses are based. Location of the remote pump station was
determined by selecting the area most feasible, based on the existing topography and calculated
hydraulic grade line (HGL).

Figure 2, System HGL Profiles from the WTP to the end delivery point (SAWS), indicates the
results of this evaluation. The HGL profiles for both the base and phased project conditions are
shown. As indicated on the profile, two limiting points exist. The primary limiting point
pertinent to all profiles is due to high ground along the transmission line alignment. A minimum
of 10 psi, per early criteria developed in TM No. 1, is required in the line at this limiting point.
The other limiting point occurs by limiting the maximum line pressure to 200 psi during phased-
project expansion conditions. The maximum pressure criteria is mildly relaxed in this limited
area as pressures are not expected to exceed 210 psi.

The pump station can be located anywhere between the high ground along the transmission line
and the Fair Oaks delivery location. However, locating the remote pump station near/at the
assumed Fair Oaks Ranch delivery point is most feasible since it saves the additional pump head
(energy cost) that would be required at any point upstream.

Pump Station System Curves
The system curves for each pump station were developed as shown in Figures 3-5.

GBRA Regional Water System
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FIGURE 3 - System Curve — Raw Water Pump Station.
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FIGURE 5 - System Curve — Remote Pump Station.
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Required Pumping Design Conditions
The required pumping design points are summarized and tabulated for each pump station below
in Table 2, Summary of Pumping Design Conditions. .

TABLE 2 - Summary of Pumping Design Conditions

Design Conditions 1 Base Project Phased Project
No. of Pumps Operating 2 3 2 3
Total Flow, Q (mgd) 9.87 9.87 156.00 15.00
Pump Flow, Q (gpm) 3426 2284 5209 3473
Head, H (ft) 169 158 343 319

Req'd hp

Remote PS

420

390

1290

1200

Total Flow, Q (mgd) 5.32 - - 7.86

Pump Flow, Q (gpm) 1847 - - 1819

(MIN) Head, H (ft) 255 - - 285
Req'd hp 340 - - 560

Total Flow, Q (mgd) 6.53 - - 7.86

Pump Flow, Q (gpm) 2268 - - 1819
(MAX) Head, H (ft) 303 - - 333
Req'd hp 500 - - 660

Total Flow, Q (mgd) 9.87 - - 15.00

Pump Flow, Q (gpm) 3426 - - 3473
(MIN) Head, H (ft) 555 - - 586
Req'd hp 1370 - - 2200
Total Flow, Q (mgd) 9.87 - - 15.00
Pump Flow, Q (gpm) 3426 - - 3473
(MAX) Head, H (ft) 655 - - 686
Req'd hp 1620 - - 2580

" Includes allowance for expected station losses.

GBRA Regional Water System
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Pump Selections

Each proposed pump station was evaluated for use of both horizontal split case (centrifugal) and
vertical turbine pumps. The general advantages and disadvantages of each type of pump are
listed in Table 3, Advantages and Disadvantages of Pump Type.

TABLE 3 - Advantages and Disadvantages of Pump Type

HORIZONTAL SPLIT CASE PUMPS

Advantages
Pumps and motors can be removed separately for repair.
Pump repair can usually be performed in place without removing the entire pump.
Piping may be installed exposed.

Disadvantages
Pumps require more floor space and a larger building.

VERTICAL TURBINE PUMPS

Advantages
Pumps are more easily modified for future pumping conditions.
Smail footprint, requiring less floor space.

Disadvantages
Removing a pump for repair requires more labor.
Suction piping is buried under the floor siab.

The advantages and disadvantages of each type of pump for use at the pump stations proposed
for the GBRA system have been investigated. The pump selections and associated
characteristics applicable to the GBRA system were developed with the assistance of pump
manufacturers, as noted.

Raw Water Pump Station

A floating barge is currently proposed for the raw water intake at Canyon Lake. Hence, the raw
water pump station will require vertical turbine pumps due to the requirement for pumps
operating with suction lift.

The established design criteria encompasses the range of pump head possible for each base and
phased-design condition as a result of the low and normal pool elevations of the Canyon Lake
reservoir. To meet the base project maximum design point of 9.9 mgd at a head of 655 ft, 2
pumps operating would require 750 brake horse power (bhp) each at an efficiency above 84%
(1770 rpm). All pumps should be operated in lead/lag sequence based on filling of the raw water
reservoir to account for the fluctuations in lake elevation. For the phased design condition,
addition of a third pump operating provides the required head of 686 ft at 15 mgd.

GBRA Regional Water System
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An additional pump is recommended as standby for each the base and phased project conditions.
The pump curve is plotted with the system curve below in Figure 6. The layout of the raw water .
pump station is included in Appendix, Conceptual Pump Station Layouts.

FIGURE 6 — Pump Curve - Raw Water Pump Station.
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As shown in Figure 4, the system curve for the WTP pump station is quite steep, requiring an
addition of 150 feet (89% increase in head) for a 51% increase in flow to expand the system to
phased project conditions. As a result, there are a few alternative options available. Those
options are described for each different pump type evaluated as follows:

Horizontal Split Case (Centrifugal) Pumps
» Simple addition of a pump for expansion is not feasible due to the typical flatness
characteristics of horizontal split-case pump curves and the steep characteristic
curvature required of the system. Since finding a pump that can meet both base and
phased project conditions (requiring only minor modifications) is difficult if not
impossible, interchanging the pumps with totally new pumps upon expansion is
likely.

Therefore, 4 pumps total would be required (3 operating; 1 standby) for both the base
project and phased project. The pumps would be interchanged once expansion of the
GBRA Regional Water System
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system is required. Three pumps operating at a head of 159 feet for a flow of 9.9 mgd
requires 200 bhp each at an efficiency of 83% (1770 rpm). For expansion, the pumps
and motors can be upgraded to operate at 319 ft for a flow of 15 mgd (1780 rpm) for
an efficiency of 84%, requiring 400 hp motors.

To exemplify the difficulty in using horizontal split case pumps for this application,
the pump curves are plotted on the system curve in Figure 7.

Vertical Turbine Pumps
» Provide 3 pumps (2 operating; 1 standby) to meet the base project design conditions.

* Provide an additional pump (3 operating; 1 standby) for phased project conditions.
Add additional stages required to the existing 3 pumps.

*  The pump barrel must be configured to account for the additional stages that are to be
added in the future.

Two pumps operating at a head of 169 feet and flow of 9.9 mgd requires a 2-stage
pump with 200 hp motor for an efficiency of 78% (1770 rpm). The same pumps,
altered for a total of 4-stages, with a third pump added operating at a total head of 319
ft and flow of 15 mgd requires 400 hp motors for an efficiency of 84% (1770 rpm).

Provision of pumping systems designed for phased project conditions initially, operated on
VEDs to run the pumps at reduced speeds for base project demands, was evaluated briefly. As
expected, this option involves a significant annual cost for energy and proves not to be feasible
unless the project would be expanded within the first two years of operation. Since that is not
the intent of the project, the option has not been considered further.

The vertical turbine (VT) pump curves are plotted with the system curve below in Figure 8. The
layouts of the WTP pump station facility, for both vertical turbine and horizontal split case
pumps, are included in Appendix, Conceptual Pump Station Layouts.

As indicated in the pump curves in Figures 7 and 8, the pumps cannot cover the steep range of
heads required by the system at the WTP without use of a VFD. The VFD would allow one
pump to operate without cavitating. A redundant VFD is recommended.

Based on the developed WTP system curve, use of vertical turbine pumps is preferable for the
WTP pump station. The vertical turbine pumps inherently produce a steeper pump curve, which
is conducive to the larger increase in head with relatively low increase in flow expected to occur
within the system. In addition, the vertical turbine pumps require minimal layout area and are
more easily modified to provide for future expansion of the system.
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FIGURE 7 - HSC Pump Curve ~Water Treatment Plant Pump Station
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FIGURE 8 — VT Pump Curve —-Water Treatment Plant Pump Station
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Remote Pump Station

As in the case of the WTP pump station, both centrifugal and vertical turbine pumps have been
evaluated. As shown in Figure 5, Remote Pump Station System Curve, use of a VFD is needed to
account for the expected variation in flow and corresponding pump head required.

Horizontal Split Case (Centrifugal) Pumps

» Provide 3 pumps (2 operating; 1 standby) to meet the base project condition — a
maximum 303 ft head for a flow of 2,268 gpm and efficiency of 75%. These pumps
require 250 hp motors and operate at a maximum speed of 1800 rpm.

» Provide an additional pump (3 operating; 1 standby) to meet the phased project
condition — a maximum of 333 ft at 15 mgd.

Vertical Turbine Pumps

» Provide 3 pumps (2 operating; 1 standby) to meet the base project design condition —
a maximum 303 ft head for a flow of 2,268 gpm and efficiency of 83.5%. These
pumps require 250 hp motors, operating at a maximum speed of 1800 rpm.

* Provide an additional pump (3 pumps operating; 1 standby) to meet the phased
project condition — a maximum of 333 fi at 15 mgd.

Given that the vertical turbine pump efficiencies are significantly better than those of the
horizontal split case pump, use of vertical turbine pumps is recommended. The vertical turbine
(VT) pump curves are plotted with the system curve in Figure 9. The layout of the remote pump
station facility for both vertical turbine and horizontal split case pumps are included in
Appendix, Conceptual Pump Station Layouts. The layout area required is significantly less for
vertical turbine pumps than horizontal split case pumps, requiring overall less construction costs
for required facilities.
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FIGURE 9 - Remote Pump Station Pump Curves
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