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VOLUME 3 - TECHNICAL APPENDICES

Purpose:

The purpose of Volume 3 is present the details of demands and supplies used for the
technical analyses during the IRP process, as well as the technical description of the
models and tools used.

Volume 3 is separated into 7 appendices:

Appendix A - Retail Water Demands

Appendix B - Local Project Data

Appendix C - Groundwater Conjunctive Use Storage Potential

Appendix D - State Water Project Supply Variation and Development Potential
Appendix E - MWD Capital Projects

Appendix F- IRPSIM Model Description

Appendix G - Supply Reliability and Least-Cost Planning
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APPENDIX A:

RETAIL WATER DEMANDS

Metropolitan uses the MWD-MAIN water demand forecasting model to project future urban
water use for the region. MWD-MAIN is an econometric computer model that relates
demographic and economic trends to residential, commercial, and industrial water demands.
MWD-MAIN is a regionally calibrated version of the national IWR-MAIN model, developed
for the U.S. Corps of Engineers, Institute for Water Resources. IWR-MAIN has gone through
some major improvements which were jointly funded by the Federal Government,
Metropolitan, the City of Phoenix, and the States of New York and Illinois. IWR-MAIN is
considered to be state-of-the-art in demand forecasting and is currently used by district offices
of the U.S. Corps of Engineers and U.S. Geological Survey, the Cities of Phoenix and Las
Vegas, the States of New York and Illinois, and by some of Metropolitan’s member agencies,
including the City of Los Angeles and the San Diego County Water Authority.

Over the years, Metropolitan’s water demand model has been reviewed during the Bay-Delta
Hearings, Metropolitan’s Blue-Ribbon Task Force, and the IRP. During these reviews,
MWD-MAIN has been evaluated by experts from the University of California, University of
Colorado, Johns Hopkins University, University of North Carolina, and Southern Illinois
University. The reviewers found the model to be an acceptable and credible methodology for
forecasting water demands in Metropolitan’s service area. Where improvements could be
made, they were incorporated into subsequent versions of the model and are reflected in the
current forecast.

DEMOGRAPHIC/ECONOMIC DATA

MWD-MAIN uses projections of the following demographic and economic trends to project
urban water use:

O Population O Personal Income
O Housing by Type 0 Price of Water/Sewer
OO0 Employment by Category O Climate

The major sources of data include: (1) the Census Bureau; (2) California Department of
Finance; (3) the California Employment Development Department; (4) the Bureau of Labor
Statistics; (5) the National Oceanic Atmospheric Administration; (6) the Southern California
Association of Governments; and (7) the San Diego Association of Governments.
Metropolitan reviews this data to ensure accuracy and consistency. Table A-1 presents some
of the key demographic data used to project regional demands for the SCAG region (Los
Angeles, Orange, Riverside, San Bernadine, and Ventura Counties) and the SANDAG region
(San Diego County).



Table A-1
Demographic Data Provided by SCAG and SANDAG*

1980 1990 2000 2010
Demographic Data Census Census Projection Projection
SCAG Region:
Population (millions) 10.20 12.35 14.08 15.86
Total Housing (millions) 3.68 4.15 4.64 5.25
Single-family (millions) 2.09 2.26 2.44 2.69
Multifamily (millions) 1.59 1.89 2.20 2.56
% Share of SF to Total 56.9% 54.3% 52.5% 51.2%
Persons per Household 2.78 2.97 3.04 3.02
Total Employment (millions) 5.10 6.18 7.04 8.18
Industrial (millions) 1.19 1.16 1.13 1.12
Commercial (millions) 391 5.02 591 7.06
SANDAG Region:
Population (millions) 1.81 2.44 2.93 3.21
Total Housing (millions) 0.63 0.83 1.00 1.13
Single-family (millions) 0.41 0.52 0.62 0.68
Multifamily (millions) 0.22 0.31 0.38 0.45
% Share of SF to Total 65.2% 63.2% 61.7% 60.3%
Persons per Household 2.88 2.95 2.92 2.85
Total Employment (millions) 0.81 1.20 1.30 1.41
Industrial (millions) 0.11 0.14 0.15 0.15
Commercial (millions) 0.70 1.06 1.15 1.26
Metropolitan’s Service Area:
Population (millions) 12.01 14.79 17.01 19.07
Total Housing (millions) 4.30 498 5.64 6.37
Single-family (millions) 2.50 2.78 3.05 3.37
Multifamily (millions) 1.80 2.20 2.59 3.00
% Share of SF to Total 58.1% 55.8% 54.1% 52.8%
Persons per Household 2.79 2.97 3.02 2.99
Total Employment (millions) 5.91 7.38 8.34 9.59
Industrial (millions) 1.30 1.30 1.28 1.28
Commercial (millions) 4.61 6.08 7.06 8.31

* Based on draft growth management plans, originally developed in 1993.

Figure A-1 presents the projected population for Metropolitan’s service area for three different
SCAG/SANDAG forecasts. The prior two forecasts made by the regional governments fell
short of actual population growth in the first three years. Figure A-2 presents the annual




population growth in the service area, showing the components of growth (natural increase
and net migration).

Figure A-1
Population Forecasts for Metropolitan’s Service Area
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RAINFALL DATA

Local rainfall can impact Metropolitan’s water sales in two ways. The first impact relates to
retail water demands. When rainfall is heavy (wet conditions), retail water demands are low;
and when rainfall is light (dry conditions), retail water demands are high. This is mainly due
to landscape irrigation of residential yards and large public areas. The second impact relates
to local supplies. When rainfall is heavy, local runoff is high -- naturally filling local
reservoirs and groundwater basins; but when rainfall is low, local runoff is unable to naturally
fill local storage -- thereby increasing Metropolitan’s seasonal sales. Figure A-3 presents 117
years of Los Angeles civic center rainfall, from 1887 to 1995. Note that three of the last four
years (1992, 1993, and 1995) had annual rainfall totals greater than 20 inches. This recent
rainfall is one of the major reasons why current water sales are so low.

Figure A-3
Los Angeles Civic Center Rainfall
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WATER AND SEWER PRICES

Based on ten years of retail water use data, demographic data, climate, and price of water and
sewer service, price elasticity estimates were statistically derived. Price elasticity isa
measurement of water customers’ response to changes in the price of water. Generally, if the
price of water goes up, it is expected that the quantity of water demanded will go down.
Measuring price elasticity is very difficult because all of the other factors that could be
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responsible for changes in historical water use (such as changes in population growth,
economy, weather, and conservation) must be controlled for. Statistical regression analysis is
used to parcel out the effect that changes in the price of water have on changes in water
demand. Metropolitan’s water demand consultants have estimated that the price elasticity for
urban water use ranges from -0.13 to -0.27, depending on the season (winter or summer) and
type of use (single-family, industrial, or commercial). The overall, weighted urban annual
average price elasticity for Metropolitan’s service area is about -0.22, meaning that a 10
percent real (above inflation) increase in price will lead to a 2.2 percent decrease in water use.

Based on the regional supply investments identified in the IRP Preferred Resource Mix, the
average retail cost increase is about 4.5 percent per year. Discounting for the effects of
inflation (estimated to be about 3 percent per year), yields a real increase in retail cost of about
1.5 percent per year. Therefore, after 10 years the real increase in the price of water is
expected to be about 15 percent greater than it is today. The quantity of water at the retail
level will, therefore, be about 3 percent lower than it would have been if prices remained
constant (in real dollars).

URBAN PER CAPITA WATER USE

In reaction to the recent low water sales, the question of “what is the long-term trend in water
demands, and has that trend changed recently” has been raised. To help answer that question,
urban per capita water use can be examined. Per capita water use (dividing retail urban water
use by population) can be useful when evaluating trends in water use only if the major factors
that drive changes in per capita water use are known. MWD-MAIN does not use the per
capita use approach to project water demands, but the model can summarize the resulting
demand forecast in per capita use terms in order to help explain future trends.

Factors that cause per capita water use to increase include: (1) income -- the greater the
income, the greater the landscaping requirements and indoor water using appliances; (2)
commercial industry mix -- those commercial establishments that use more water, such as
restaurants, hotels, and amusement/recreation, are expected to grow faster than those
establishments that use less water; (3) commercial labor force -- the fraction of people
employed in commercial activities is expected to increase, thereby increasing overall water
use; and (4) inland growth -- the growth of people and jobs in the inland desert regions of the
service area is going to be greater in the future, where water use is higher because of the hot
and dry conditions. Factors that cause per capita water to decrease include: (1) housing mix --
multifamily housing, which uses less water than single-family housing, is expected to grow
faster; (2) family size -- the average persons per household is expected to continue to increase
until 2010 (when it starts to decline slightly), which causes per capita water use to decrease;
(3) industrial industry mix -- those manufacturing activities that use more water, such as
aerospace and defense related industries, are expected to decrease overtime; and (4) industrial
labor force -- as time goes on, manufacturing jobs will be replaced by service oriented jobs
(which use less water), thereby reducing overall urban water use.



Table A-2 presents a summary of actual and projected per capita water use from 1990 to year
2010. The table shows how per capita use, which is split into residential, commercial,
industrial, and public/other, is expected to change in the future, and the factors responsible for
that change. It should be noted that these per capita estimates do not include conservation.
The effects that anticipated conservation has on reducing overall per capita water use is shown
at the bottom of the table.

Table A-2
Changes in Per Capita Water Use
(assumes normal weather conditions)

Factors Affecting Per Capita Use

Base Per Capita Changes in GPCD Between 1990 - 2010
Water Use (GPCD) Housing Family Industry Labor Inland
1990 2010 Change Income Mix Size Mix Force Growth'
Residential 136.7 1415 4.8 49 -3.3 -0.3 0.0 0.0 3.5
Commercial 38.9 43.8 49 0.0 0.0 0.0 23 0.5 21
Industrial 12.3 10.0 -2.3 0.0 0.0 0.0 -1.5 -1.9 1.1
Public/Other 18.1 19.7 1.6 0.0 0.0 0.0 0.0 0.0 1.6
Total 206.0 2150 9.0 49 -3.3 -0.3 0.8 -1.4 8.3

With Conservation? 206.0  190.0

1 Represents growth shifting from coastal areas to inland desert areas that have hotter & drier climates.

2 Reflects new conservation (post 1980), including 1991 plumbing codes, plumbing retrofits, landscaping
efficiency, commercial & industrial, leak detection/repair, and effects of retail water prices.

Table A-2 indicates that per capita water use is expected to increase from 206 gallons per
person per day (GPCD) in 1990 to 215 GPCD by 2010. However, if planned conservation
programs are fully implemented, then per capita water use will be about 190 GPCD, a
reduction of about 12 percent.

Figure A-4 presents actual per capita water use from 1976 to 1995 and projected per capita
use based on different statistical trends. During the 1977-78 period, per capita water use
decreased from 210 GPCD to 175 GPCD, a 16.6 percent reduction over two years. This
decrease was due to three factors: (1) mandatory conservation due to the 1976-77 drought; (2)
an economic recession; and (3) three years of extreme wet weather. However, after these
events “normalized,” per capita water use quickly increased to its pre-1977-78 levels. During
1983, local rainfall was one of the heaviest on record (over 32 inches) causing per capita use
to decrease from 205 GPCD to about 188 GPCD. During the period from 1985 to 1990, the
region experienced strong economic growth (annual population growth was over 300,000) and
hot and dry weather. This caused per capita water use to remain over 210 GPCD. During the
1991-1992 period, per capita use decreased from 217 GPCD to about 181 GPCD, a 16.6
percent reduction over two years. The events that caused the significant decrease were



remarkably similar to those that caused per capita use to decrease back in 1978, namely
drought related-conservation, an economic recession, and three years of extreme wet weather.

Figure A-4
Urban Per Capita Water Use in Metropolitan’s Service Area
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Based on the best data available before the 1991 economic recession, the statistical trend for
long-term per capita water use (without conservation and under normal weather conditions)
indicated that future per capita water use would be around 225 GPCD by year 2005. After the
1991 recession, many demographers and economists revised their long-term economic
outlooks for California showing slower and more dense growth. Based on these new
demographic and economic projections, Metropolitan staff made another demand forecast,
reducing the long-term trend in per capita water use to about 212 GPCD by 2005. However,
neither of these trends in per capita use accounted for conservation. Assuming full
implementation of conservation BMPs, the long-term trend in per capita water use is expected
to remain at about 190 GPCD. This is the demand trend staff has been projecting for the last
three years and during the IRP process.

RETAIL DEMAND PROJECTIONS

Based on the SCAG/SANDAG demographic data and the trends in urban per capita water use,
the projection of total regional demands are shown in Figure A-5. The demands are shown for
three weather scenarios: (1) wet conditions; (2) normal conditions; and (3) dry conditions. In
addition, demands under a repeat of 1984-1995 weather conditions is shown for illustrating
how projected demands could vary year to year. Based on 70 different historical weather



traces, retail demands can vary as much as 500,000 acre-feet in any given year due to weather
alone.

Figure A-5
Regional Retail Water Demands for Metropolitan’s Service Area
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Table A-3 presents the population forecast by member agency. Table A-4 presents the M&I
retail-level demand projections by member agency. Table A-5 presents the retail-level
agricultural demands. The agricultural demands were projected based on current and future
land use trends.
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APPENDIX B:
LOCAL PROJECT DATA

During the IRP process, Metropolitan’s member agencies and sub-agencies provided data to
Metropolitan on local water recycling and groundwater recovery projects. The data included
any projects that were already operational, under construction, or in some stage of design,
planning, feasibility, or reconnaissance. The local project database currently consists of 159
reclamation projects and 38 groundwater recovery projects. Project information contained in
the local project database include: on-line dates, supply yield, capital costs, interest rates, terms
of debt, and O&M costs. The data was used to estimate annual total unit costs for each project
through the year 2020. Table B-1 shows data on local water recycling projects. Table B-2
shows data on groundwater recovery projects.

B-1



niqiseay = 4 ‘@ { Y = Y ‘ubiseq = g 'uo| 9= D ‘jeuonesdg = Q snieig aloig
yog = g ‘luswysuajday = Y 108G = Q 8dAL pajord
N 561 svi 68 € 08 (Y4 S9 006’6 006'6 006't 006 961 o 9 sopebuy 50) WO4 YWD
1v6$ 0£Z 052 19) Sl VZy'6oses 74 01 08¢y 08L'v o8L'y 0 0002 1 a U089 DU0) UOLIBISUIY I0IDM PUUALYOY 000G Ou) 40 AlLD
wes e e wuy 068 89L'2LS 0 or 001 00¢'t 00L'l 006 0861 o ] 1o00g Buoy 190h1g UDNOWI 03 Y0 L0
s Lt Lt oy 0ot 05 [°74 S9 0082 005°C 0052 0052 0861 o a Youeg uo) 178104} UOHDALLIBY Y20Bg BUOY
862s 9 ozt 26 8 186°18$ ST S9 009 009 009 V] Q661 2> a QM $6UIDNA 50) ONOUSOM U SIOA OM}
oves [''74 8ve oSy ue 0$ Ge S9 00¢ 00¢ 00¢ 009 1661 o Q QM SOULDHA 30) worsuodc J WeIAS $OXNLD
oves 8pL 17 4 e 08 [14 59 002 0042 002 0002 9861 o q QM 30ULNA 0] LBIHAS WOJSOM $OUODNA 301
8vLs 8ve ;174 4 e 0§ S $9 000'l 000t 000t 0001 teol o Q QM S0u0DAA S0} WA SOWQUI)
01€$ ole ote 06¢ oSt 0 se 59 00¢ 00¢ 00¢ 00¢ Lol o a QMY S0u00nA 50} woysAs ASJUA S0uUDAA S}
€498 059 vey (4% 61 oS (CL1S 14 0¢ vee 0 0 0 0z 8 a opPuA9 UOBUOX3 BuUgach] IOUIS VONPIOA
SSULS oe 6se 81z L7241 9EeEILS 11 S9 oLl 002’1 004 0 8061 o a OFAMAD 120{0ky 10445 00npIOA
1629 (14 152 vst 9t 802'502$ 44 0¢ (144 144 05t 0 §66l a a LA Sl 1D0pN Iy pang
(41243 1444 1474 4] k4] S66'E91LS 114 09 009 009 009 0se 2061 o q opAnaD 150j01g UML) 130104
ves we we vt 12t o$ 2 s9 oSy osy osv o5y 0861 o a oranud 130fo1d 1utAg 1omog
gee'es g8ee 88ee 181 vest 0$ 114 S9 Sel Sel SEl Sel 290\ o a QMW 00y @D A0 OPILYY LPOW D L)
vits 4] €9 ot [ £9T'EVLS 14 0t (X)X 4 €96’y £96'¢ 0 0002 Y u UMW WwopL) 8 oug o0Iydey ey Doy fsHeunit
(098 805 8/¢ 1444 [} 0£0cCI$ 14 0L 05¢°L 0se't 0set 1] 0002 u a amn wepny UOLLAL20Y 100N LOSON
6598 805 9¢e [4%4 [+ 658°2Ep$ [+14 0¢ 98z 9482 9482 0 000Z Q a QM Wopv ) (A7g PO SR B40H) POOY WK
595 805 8 1A% A [} 1E£°20t$ s 0¢ €084 €081 €09°L 0 0002 Q a U wepo) @ SN - UOOWI}0Y AYOA DYIO0WIaY
805§ 805 8¢ [4%4 []] £EE200TS 11 S9 0009 0009 005°¢ 0001 vool o a amn wepv) UORULX b UOHLALI 20U DRLOWLD OUUOU
805$ 805 8Lc [4%4 061 208°9EP°t S se 9 gzve [X4 25 £86°C 000V €601 o Q QM wopod  shs >0y pucoy of M
805$ 805 8c zee 061 026'66$ sz 9 (sE -1 (S8 € £661 o a My worso) RO 20y HONOT UINOS
805$ 805 8. ze 061 0$ sz S9  00£¢ 00€°€ 00£'c 00t 6861 o o M weyso) V GI0IL UOHBURADBU AMDA DFYI0L0L
88 S8 € of (43 0$ ST SO  ovell we'lL g vZ8'e o686t o ] amn o3 WALy EX00B0Y ACKIA W04
805$ 805 7% zee 061 oprries ST ov 1Heot 90t 1501 6(5°0tL 1861 o a QM WBii0) UOULALINI0Y ABIOA OUBIOHY
vees vee 859 vov (134 [ se s9 59 259 59 59 £861 o Q QMK ey SO0 OO AID S
Ges 58 1% ot (AN ozp'L6$ L14 ov S8z pov'Le £z1'ee [74%4] 961 o a AMW Wwoyses} 19000 o0y FAADOU siinnol
' S8 €9 ot A [ ST 59 £0°1 LE0°L £80°1 L80°L 0 © u M Wogio) vouy Doy vt Doy rsnuuon
26618 tov 00t 4%/ S0z 285°P6LS 414 0! 00S 00S 0 0 (111174 4 Q i) wajduo)
95128 8512 2091 $86 ouL 1807(S1$ Se S9 000V 0007 000 05¢ 1661 o Q UM 0D 150[01g UOHUALKAIOY JOJOM OJULWION) W5
[0S 1114 1114 tee 68¢ SLL0SIS 14 09 00¢L 00L 005 0 0061 o Q QM P00 UORULX I § HOROWDI 30y DUt Yinog
[44A %Y F£2AY (44 199 95 oS sz S9 098 098 098 099 reol o a AN P HHOM RS0 (L0 T UN0S
2uLs ey oee €22 wi 80L'99p°CS sz 0t 008°¢ 000 000V 0 0002 4 a M UROG 0D 0103 18 1UOM BX0PB0Y
(198 S6v 89¢ 223 661 £90Pr9s sz 0¢ 0002 005'1 050'1 ] 0002 a a QM UA0E U 0103 vakuo) VGO D
2868 ey ofe 37 ot V88’5998 sz 0t 005°¢ 000 (8o'c 0 6001 1 o A U0 OuRD) 010 v K oy
92918 %N oz 501 [ 0$ 14 $9 vee vzz (774 vee €86l o o AN AR OUND PND A4unoD) ek i
2 21 06 oL 29 0s sz 59 00g°t 00g'l 00¢° 00£'1 Lol o a UMW UBUF oD GG OY U A PO 1]
LS o 99 8es ovy [ [+14 g9 004 00( 00( 00L Q6L o q QM usog U D LGy 10§ UOININSUL DRU0JE )
202$ 4174 oSl su €0t 0$ 14 s9 00Z'l 002°t 00z oozt 8961 o a UMYEIEOH G D HUG PANIOM FUIO B110D 0D OOIN0
eLLSS €S $2244 se9z ssie 0§ s2 §9 0 0 1} 1] €961 o a QA Upog OURID D AYUO0D it WesUM
9595 0oy 96C 881 ovi 192°209$ 114 09 gEL'e oel'e oL 0 000z 4 a QAN VIR U0 DOV UOHDOIDOY SMOLN 10HIMM
999§ Sov ove [4t4 (1] 08€°216°t$ s 09 005°6 000'¢ 000°Z 0 0002 (] 0 QM 1RO NUBD 20Ul 12000k DUEIAI6Y 1BIOM OfAKH ORY
[42:] €ls £1s Sie X4 19'9v02S ST 0L 000 S 000'S 000'S 0 0002 a u [UTLE TR 181034 000K ARG SUIRAY
[ Sov 9pe (414 v 125°(99$ 0ot to 000 000G 000'S 001 G661 o a UMY VA U8 D) L vuay) 120000 BuyIA6Y I91UM OPUOH O
Sops Sov we tATA 74} vSeves LS 114 (&) 005G 005°S 005'S 009t pool o a (MY UG N0 ) 120001d Ouy A0y 10IVM Asyus )
£2£$ £e8 ove 14} 174} 194°0Z$ 174 19 09 (24 09z 09 £661 0 Q QMW VB0 S1juo)) 150JU1d UURUG)E § 10JDM DAUIKR0Y WIN0 D)
vZes vig €19 UL 80¢ ShP'9sS$ 4 ov oww ovy ovy 05¢ 6861 o a QM UROQ Fr1ue?) 198[0K) VUULALY 209 IGIOM POOMORY
9568 (] 1414 vsZ [iv14 9ao'ts sz 0S s 0s 0s oS 9ol 0 a MW Ut g RuoD 126{0)y UOKLUXA VY MOYILE
[N %% 1444 551t @\ 806°¢LLS 114 ov 000'p 000 000 v 0002 861 4] a N UpLg Yus ) 12604 BN IOY 10RO D
Se$ St 9 ve 214 oS 114 0¢ 0006¢ 0006S¢ 000'6¢ 00005 1961 0 U UMP g D100 ) R suodey Uiy PHuL))
Sovs 58t 8et ve 69 208°66¢°1S 114 09 000§ 000 000G 0 0002 v ] OMIN SN ) 12000 101U POALIEYIBY ABYA PLEy
pLLs 90t 622 14} [ 23 898°2£6$ 114 09 0002 000'C 000°C 1} 0002 Q a OME 000D 1201014 IDJOM OUKNI0Y VOAR) Y
158¢ 20 0st ] Vo £56'621% ot 09 002 002 002 0 0002 Q 1] M HAD 0D 150K\ (U 1JOM POWINOY AUROA BiRs
vers Sot g€l ve 16 06L'5981$ 114 09 005°L 006°¢ 008°¢ 0 0002 u L] QM Wou ) 120101 IDIUM IR J0Y PRATC)
98v$ S8l 8el ve 69 [T 14 09 00¢'L 0061 00¢'l 0 (7Y 2 0 AMSONDORD)  GUIL s0IM PUALIOBY Y IU0Y WONIHO 100
10£$ 10L 9US 068 FA%Y 950°10L$ ST 09 ove ove ove 0 S6ol ] q UM SNy 0F 10} WIDMBISLM SPH |BUS/P00Y) WA
8£$ 8t \£ 1754 0sZ Vot 16€$ 174 (44 008 00¢ 05S 0 {661 o} Q rxxpg B IO ) HORUX HJ IBJUM [XALa08 0
oves ove 082 o8y 414 12814 14 (W 05 05 14 74 ool (¢} ] Auxpy 10000 A1) Loy
uL$ ' 1€l 801 S6 TI9'es 114 ov 001 s9 9 14 coot o o nxxing SO0
s I L v € 0$ 62 0¢ 006 006 006 006 1961 o (] g NR 4 Moy ()5d
v/ v/$)
av/$) Qv/$) avig) L& QIA 40 SNIVIS 3dA1 AON3IOY
.%w.‘“ﬁm, o“wﬂmm_ﬂ% 010ZISO240 000ZISOD4O §6811SOD40  iqegronuuy WU ISIAINI - OCOLAVIA - OIOZQIAIA 0O0CANIA SSSIAWIA ooy iy yo3r0u4  1030NS  HIOWIW INVN

S103rotdd DNITOADIH HILVM TVYI0T
I-d21q¢e],



Q) 4= 4 H=4 .:a_msc a2Qq o) D=D"| ....v = (Q sneig _uo_o.&
ylog = @ "wewysiusidey = Y "wang = g edA) 1alord

908$ 208 009 055 133 02'106$ 0z 0§ o0l 001t 001'y 08 V661 o ] VA'XIS Vet pnbig uog
£0Z'1$ £5¢ 09 oty 00z £51GE1$ 0¢ 0! 00¢ 00 052 o¢ 2661 o 0 VMOOS Ve 0ppI000
£5¢$ €St 095 ow S8l voo s ot oe St Sot Sot ot 2661 o Q VMOas A0 4 I04UCD VORI 10UM DAY
[ 68L 085S ow [V 096'892$ 0z ve 0502 0502 0502 006 2661 o Q VMXIS Vo0ud Lo LAY
ofLs 68 0SS o oy 0$ 0 00 Sle Sie St 00¢ 2061 o Q VROAS (6DpR) MOPLUS) ¥ GURM LISIA
6848 ot 058 o 9 13 0 00 (149 00¢ 002 00 260t o ] vMOQas (Buusrd) 8 Djus CYUOY
oLes 9ce 0sZ (L% 8se rLovzs oz €S 00Z'L 002t 009 002 0661 o [ VMOaS V UOUG UK IO{OM PEUI0Y XOOKID )
€548 [X+73 095 oy 809 zions 0z £ 005'1 005't 0051 05¢ 0661 o Q VANDGS KOA) UOUKION D) 2010k VOHOWOL30Y 1010M A0
£5¢S 574 0% oty {74 s 14 0t oSt 05t 051 002 1861 o ] vMOas $ur0g Bupodsim
6€¢s o8¢ (154 oty 92 0 sz 0¢ oSt (1 4] (14} 1Y (86t o 4 VMIas HOY SR
6LLs olL 08 ogy 8L [ se 0! 009 009 009 009 114 o L] YOS OIUIMIA LS
6848 6EL 0SS 1114 1224 0§ 74 0¢ 00€ 00t 00t 00 piot o 4 VMOas v oi0Ug 01ued Aogun
2143 ot 0SS [1]14 voe 0$ 114 0L 00¢ 00t 00t ooy 8961 o a vMOas Vo0 - 81ung
059$ 059 ver o€ €52 o$ sz 0¢ 006'c 006'C 005 006 Zvol o 8 YMOas uojupueg Aeo)
£5¢$ £5¢ 095 o Lo 0 4 0¢ 00¢ 00¢ 00¢ 00£ 0 o 4 VMOOS ¥ G0uy ORI
0598 059 Vo 62¢ oS 0$ 13 00 oL ol ol 0 9661 ] a DOMOW OJuOS OUDING ANOSIWOW
0598 059 vep 62¢ €5z 6L58LS 14 0t 44 [£4 124 [£4 vool o Q VIO DIuDS SUOPIDD 1BI0M DIV DjUDS
Ze0't$ vy 144 1724 962 1ovZrL'es *14 (114 00L'y 00’y 004y 0 0002 Q Q d WojsAs 10I0M Pewoy d10 KD
9E'1$ 6621 1473 oo 114 L2EBLIES 14 0¢ 0008 0008 0 0 11114 ¢ 4 ooamn 2 uopRuOux) 123 GMOO
AT 0t6 269 2 1ze 20029565 [ 0¢ 000t 1 000 0 0 0102 a9 a 20amMN 3ot oM ¥ 0juog
voRs s eI SiE (147 966900t § 14 0L 000 000G 0 0 ol i u S0amH 40 - 1901014 souEg SOIANY
o'z 685 2ty 692 0zz vo1'v95'6$ 3 0t 00£°9 005% 0 0 S00Z 4 9 20amn €I0dyxioy Ouny
aens s oy 8ve oz 19e8LTs st 0s €I8'c €i8't ¢} 0 $S002 i a J00mn OO 3 2 B UOY oAy
os1'1$ ve9 o 062 Jiv4 SSLWLYSS 14 o¢ 0001t 0009 0 0 $00Z 1 Q 20uMH P BN YIOY Sy
9eets 14 voe {8t 182 zizovees *74 0L 009¢ 009t [+ 1104 0 0002 o Q 20am OPbND  GM PRLORY OlUOS
pPvis 6621 (729 995 oy 062°(89'1$ sz 0¢ 000’8 0008 0009 0 0002 [ 4 20amn 1 voRURXix] 1230 MO0
Wi'1S o6 269 szy 14 LLBEO'ETS 14 0¢ 000001 000'G¢ 00008 0 0002 1 u DOGMW 19001 LONIRIN30Y 10J0M DUCSl AMDO
L9$ 14 gty 692 e 069°(98 114 0s 8LL 8L 8¢ 0 0002 i Q d0amn UORUOdn ) OM SOV 101
9658 v St 08 [174 pIEOILS [*14 0L 08L'9 0849 0829 0 0002 i L Q0amAN VUUKE GMAD JOMNW
288$ 1wy g9t 082 €Iz PA N 414 0S 000°¢ 000°¢ 000'L 0 0002 1 Q D00MN VI1 oM PouRYI0d QM
(2143 €Lt 6zl 73 S9 SoLISS 14 oL 059 005 0s 0 0002 L Q d0amn €H0g M VoAUDD 0N
[ X4 626 169 {244 1744 r16'SL6'CS ot St 188°C 1852 £a3en 0 8601 E] [} DOMN Uopu3 010} 1
LS a9 €021 8¢¢ 062 8Py Lops sz X4 000 000 0002 000°1 [LY] 2 a DOUMWN VUUXS UopuOdc3 OM 10NN Yoo
[Z4 38 6t ove (6% e989vLS se 0S St L7AN 92 9zs Sool 2 a ooumn € WOg DY O
LUels L9 €021 8e¢L 062 w8'I01$ 414 0S 005°1 005°t 00S°'L 005°t S661 2 Q 20aMN S1 19/ POUIDUY UMN
Lo'1s 1191 £oz1 8¢¢ 06 096°681°t$ 114 (111 00S°t 00S°L 005t 00s°L oot o Q doamn UORIOUE) 030 QM DRI LIS
€oes €9t 1124 soz (2:]] £61°20671$ sz ot 0£S'S 0£S'S 0ts'e oel’l 2661 > a doamn VINMY  Wopuodc) O tend uoinop
7443 8 4477 [{4} o0 182°20¢'t$ 114 0s 000°'¢ 000°¢ 0009 056 1601 o 9 DOAMKY 1300100V UuBID
{258 {749 68 ore 61 01£'6001$ Sz 0s veve viv'e pivo | {44 9861 © a J0amK 103 U0y Sy
eis 14} ozt oL (244 66V '90E$ ST os 008 008 008 001 2861 o a Soamn 291804 QM U0AUD) 00l
L0191 09 €oct e€L 062 Sroeess :14 0s vez't 4.4l [ 4N il f7743} o 4] 20amW OO aM BB B1U0s
(A% 835 26t ove 61 1096628 Sz 0s (89°C 188°¢ 88t i88°C sl o g S0aMN UORUOUA] | 40 YUOY Gy
oET'1S otet (47 995 134 $85'801$ 114 0s 618 woL'e o6l'e o1's veol o Y J0GMH DAY 1A 2| oA 1240 OMOO
699¢ 08S ;144 69 0ze 0180028 sz 0¢ 001°2 001°C 001°2 0041 9961 o a doamn AM Y 10}
eeLs 82L v [ANY e 08¢ 62§ 174 0S 005 005 005 005 961 © Q9 200mK Ouux) 001 1)
€oes €t 0z S0z 1211 [A A4S 114 Se ow o 744 (1744 o6l o g D00 Dugu) M 000 woInopy
Lot 002 opt szl vot PLO6OL'ES ot 19 (144 0se'e (V] 0 ooz u a suoliuy s0) HOQUOOID ABJDA ROM
ov8s ove S8l (3]} 69 90£0Zy$ ot 19 00¢ 00¢ 00t 0 0002 Q a sopeluy s0) T At - UL OPUAIKIOS
9eL$ 095 Ly 952 602 LA 1% 19 00001 00001 000'S 0 0002 u u soreluy s0y SPOMPLOY
(42 9te 0sZ 061 (73] €S9'116$ ST 0¢ 000C 0002 000 0 0002 Y @ subuy so) UORUOIL] OpR0Y OR) MOV
068°1$ 908 009 v oty ero'sLes ot L9 0051 005 1 008 0 0002 u a soiuy s0) $ouOuy 10} 010 )
€08§ s9 68p 00¢ €8¢ HeeLLvs o¢ 19 000°0¢ 005 01 005'S 0 0002 Yy 8 supbuy soy 1oy sty W)
809§ oy 00¢ 0gZ soz 006 PES1S 74 (14 005°¢ 005 ¢ 008°¢ 0 0002 d a sojoliuy 50) VORIVIA} AsBUHOY UK SOM SOV
LS oz¢ [N74 ost 261 260919'p$ o 19 000'6¢ 000S§  005't1 0 0002 0 u sequiry s0) AopoA 103
yoLs 14 00¢ 1 1% S0e T 85628 *14 0¢ 005t 000'¢ 0002 0 0002 Q Qa seqoliry 101 UOBULIT) GPEISOM UBLY 15OM dMUVY
829§ ole €91 001 00t 08691 $ 0¢ 9 0oLy 001’y 00L1T [ 6661 ) ] soyu0uy $0} WG ORAIAID B0 D
yyps ove <81 9t 9 696'vEZS ot te 00zt oozt 002't 0 Q601 2 a sopDuy so 1 A upLg DPOATKIeS
9618 ovt VoL Ve e 921 298¢ ot 19 00001 0s8't 058t 009 Sool 2 ¢ sujoluy su) SO0V 107 DpAsOM
pess Sol Swt 68 28 LHo1evs ot 19 00Z'1 00Z't 00z'l 00¢ 2661 o Q Stofury 501 HXIH00IY) SO S0
sot$ S61 Spi 68 ¢ 0$ 14 59 001 001 00t 001 86l ) 9 sviotary 101 GAmsveL R G )
av/$) (E)70)
(iv/§) (1v/$) v/ LELLH QuiA 40 I dAL AONIOV
1S00vIOL 0Z0%1S0240 01021SODd0  000ZISODO $6611SOD40 438G [ORUUY Wil 1S3U3tNY 0T0TAIA  OLOZANIIA OOOZANIA S681QNINA WVIAISHY  1D3FONd  1D3rO¥d BIANIN INVN

Avain QIAVILSI

S123rodd DNITOAD3H HILYM V20T
(yuod) -4 91qe ],



Aunqiseed = 4 ‘9ouBsS|BULODAY = Y 'UBISEQ = Q ‘UOll

do = O :sREIS 1Pelorg

ISU0D = 3 'y

yiog = g ‘juswysjuejdey = ‘z aenQ = Q edy pelorg

2oUL$ 059 (414 .74 144} 126°29LTS 14 0L 00v'S 0ov's 00s'y 0 0002 d qa UM LoSoM 120101 UONIRLNIDY 181D Aoop eousi}
0508 59 vev 62¢ €52 ' 14 G9 g € 4 t (i ] o a Omn woitom A0 10U 8 10JOM LAOY IR
0598 059 vey (24 1374 05 114 S9 095 095 [ {44 ol 6861 ] [ QMIN Woptom UOYIAIRAI0Y 11L) BLONJAGKOA BI0ARI}
059§ 059 vay (A% £52 0§ 14 sS9 [11Y3 0L 08¢ 0t v861 o a M weisom 0y MDD o)
059§ 059 vey [24Y 2414 0$ ST S9 29 (434 0% 159 vesl o [\] QM WOIUM  UORTALADEY YOUDY DDOF/ORIONDD OYRIIY
0598 059 vay 62 £se 0§ sz s9 ole't ot ot oel 086l o q QMK wertom 126f11g UOHEALID0) S| LORXY
059§ 059 124 628 374 0§ sz 59 192 19z 192 192 0 o q OMA Wotum 126001 UL 0Y 42K
1€48 095 314 (4% 447 99955 TS ST 0¢ 00051 000'G1 000's 0 0002 8 qa OMWURORISOM 1 OUNK 130001 DUEDAIBY IBIDM U 1HOM
6LLs 09 (114 (14 60C €SL'6LTes 114 (173 000'G1 00051 000'S [} 8661 Q Qa UM UG 1SoMm § otnay - 130f0n) BupA I8 WM DG HOM
9EL1$S 241 cee 2§ 114 265°¢ce2Ps -4 59 00002 00002 0006 0 661 2 ] [ T 130j0M 1ROP 00D JOM
095§ 095 oy L1 602 222°205°CS st [ 4] 00002 00002 000Gt 0s8 G661 2 Q MW URR 10 1 83 + 1 50§01 Oug JA20Y IOJOM RO IHOM
[74%Y 002 w1 ovi |24} €S9°116$ 114 0¢ 000y [{/4% (111K [V} 0002 u a AW ADS 1oukin 0 G0W/ s OjuLNd
[{1%7 e {5t 96 6L 900°(968 ot 0L 00001 0000( 0009 0 000 ] a G ADS KL & 12Ul0W KNOIRAIBY I0IOM ASIUA DY) LD
({11 114 (S| 9% .74 025°20v°CS ot 0¢ 00052 000'5C 00062 0 0002 a [} UMW ADS Ihi)  §20{04 UQUOURA J0Y 10]0M ADJUA 1D LO§
S St u 6 ] 0§ 14 S9 St St St Stie 8L61 o a AN ADKS 10k QD AUI0D LALIORLD
908$ 059 pey oz¢ [£44 90E€20N$ 114 0L 0099 009'9 009’9 0 0002 i Q ouLN) UORLIOJE] 0 U0LU0] UKD 10M
00's$ 059 vev [24% 881 Sro'818$ 114 0L 0007 000 0007 0 0002 Y a UM SARIDA 00K} 17001y UOHDWIDIIOY PULWMOY
|2 THH] 256 (114 e5¢ 902 vL9'009$ 14 [/ 73 00S 00S 005 [] 9601 o [} QMW SAKOA 08Ny} UORE X ] LI VORALOI0Y ABIDA HRAOM
265§ 255 (114 444 02 1} 14 S9 0002 000'C 00027 0051 9861 o Q MW SAOKOA G0y 190014 YOHOWIDIEY ABUDA WRIOM
0598 059 vey (24 (374 0§ 114 s9 0w0ee oee oce 098¢ €861 o a TMN SARA O0m) VGG WosAS POwOrIey Aysning 10 A
L72%] 743 [1:74 1441 it 0s (1} [:11] 0096 0096 00v's 000'6 o961 0 a UM AN BBRY 199/0A$ UOHDAUDE0Y UUIOG
174 cov 00¢ oy gol 965°25¢°61$ oe 0¢ 000'V 0 0 ] 0202 d a VMOQs 0 0yg - WBOI IDIOM WA
vezs (¥ 058 ol o L01°L8528 ot 0¢ 0061 0061 0 0 0102 ] a YMOUS 010Uy UBDg oW
veris L4 0sC oy 982 9O6LYS ot ¢ 009 0w 0 0 S00Z d [} VMOaS 6 NS HIKD IO/ PUURI0Y HOOKIO |
voces £5¢ 095 o 618 6EE06L'08 o¢ 0t 009 009 0 0 $002 ¥ Q vMOas YOI JUM (LUCADF) LoD
TS (344 0SS ow 124 0 P06t S ot 0L 000 000°t 0 0 $002 ] Q VMDAS 2 wong - e0jUOg
09'1$S (X713 0% ow (424 089°CS0'1$ ot 0¢ 000t 000't 0 0 §002 d Q VMOUS 020N W
uvis £6¢ 095 ol 014 vesenLs 0t 0¢ 0001 008 0 0 S002 d a VMOas QTIUg SPEUDLIO
voL Z$ £ov 00t ow col 00°104'6$ ot 0¢ 000'¢ 000 € 0 0 1002 [ a VMOUS (AID UUON) § 050y WOIDOLS IBIOM 101D
(A4 otL 0SS oy e L1e9e0s 0o¢ 0¢ 0001 004 0 0 1002 4 Q VMOas 9 O0ug DA
8ECtS £6¢ 09 o 002 L6048 ot ot 00Z'| 002' 0 0 1002 y o RIS Be0uy 0pRU0ed0
095°1$ 909 009 o £28 061'€64$ [ 0L 000t 000°) 0 0 1002 d 4] YRS Qo) pilsog oy
get1s ot¢L 05S oty 51 wspens 0ot 0¢ 00t 0st [} 0 0002 Q 4] VMO 4 Oung 19)UBD) AOROA
190728 €S¢ 09s 1114 e pZSERS 114 is (1014 [r4 001 0 0002 aQ a VMOas OKEAQ 10 UOINY
2E0'1$ £5¢ 09$ [+114 He (A TA 8" XA 14 {s 0082 008°C 000°t /] 6661 o YMOUs OPPN0%)
(2743 %74 09 oty €9t 016198 (74 91 0S¢ 0S¢ 005 1} gool 9 a VMOGS Ve vpon bies
(L33 6¢¢ 0SS ow £t 0§ st 0L 0s8 058 0se 0 860t q a VMOUS BUAN) DR LIS
viees ot¢ 0SS (1114 €6l 9GS 2661S ot 0¢ 00571 00s'vl 000'G 0 60t ol a VRIS €A Wi V @AY - WDIBULY KOI0M WA
AHeNs 6€¢ 0SS oty v 1e8esLs ot 0¢ 0002 000 005 0 8661 4 q VRIS Aomoy
LIYAH (394 0sS ov \£S oro9sp1$ ot 0L 000 € 000'¢ 0S¢ 0 9661 u aq YMOQS UG
o8L$ oL 055 o vez 167°269§ oz tc 00Z 00¢ 005 0 166\ ] Q vmdas gy sujus
€58 £5¢ 09 oy e 11E96% 0 €€ 08l 0s¢'t st 0 1661 a e VMOas ohy g
o8t o8¢ 058 otv voe V18§ 0z 1€ o (1144 1144 0 9561 Q a vMUas 1S oy
(avr§) (F170]
v 4vi$) Gvi$) LU Qi 40 SNIViS 3dAl AJNIOY
.”mwwﬂn_ _.%w%_w% 0102150040 000ZISO24O $66LISOD40  Gegionuuy  "WO31  ISTEIINE  OLOCCIIA - OI0ZQWAIA OOOZGMIA SOONTWIA \\0iycus (o3rond  103rONd  HIGWIW VN

S10370dd ONITOAD3H HILVM VIO

(3u0d) 1-g 91qe ],

B4



Table B-2

“METROPOLITAN WATER DISTRICT OF SOUTRERN CALIFORNIA
GROUNDWATER RECOVERY PROGRAM

Project Background Data

Cost Year: 1994
Total “MWD" “Est ma Imate m imal
Yield Replenishment  Start Capital Ann. Capital O&M Cost  Repl Cost Untt Cost

Project Name Contaminant (affyr) (aflyr) Year ($ millions)  ($1000/yr)  ($1000/yr)  ($1000/yr)  (1994%/af)

APPROVED PROJECTS
1 Santa Monica GW Treatment Plant voC 1,800 0 1983 $2.9 $300 $371 $373
2 Burbank Lake Street GAC Plant VvOC 2,744 2744 1993 $1.4 $145 $607 $571 $482
3 West Basin Desalter No 1 TDS 1,524 0 1983 $1.5 $130 $833 $632
4 Oceanside Desalter No 1 TDS 2,200 0 1994 $5.8 $595 $888 $674
5 Tustin Desaiter TDS 3,271 909 1996 $6.9 $651 $996 $189 $561
6 Irvine Desalter TDS, VOC, Se 6,700 1926 1998 $28.5 $2,197 $2,832 $401 $810
7 Rowiand GW Treatment Project TCE/TDS 516 0 2000 $23 $191 $216 $787
8 Menifee Basin Desalter TDS 3,360 0 1999 $16.5 $1,141 $1,571 $807
9 Chino/SAWPA Desalter No. 1 TDS/Nitrate 8,000 0 1998 $41.5 $3,349 $2,200 $694

APPROVED PROJECTS - Subtotal 30,115 5,579 3707 $8.700 310,513 Ave = 647

PROJECTS UNDER REVIEW
10 Beverly Hills Desalter TDS 2,688 0 1999 $103 $898 $800 $632
11 Arlington Desalter * TDS/Nitrate 7,200 0 1998 $234 $1.727 $2,310 $561
12 Capistrano Beach Desalter TDS 1,372 0 1999 $42 $352 $389 $540
13 San Juan Basin Desalter No. 1 TDS 2,200 0 1999 $11.4 $959 $796 $798
14 Baldwin Park Operable Unit voC 24,100 24,100 1999 $18.1 $1,878 $3,907 $5,013 $448
15 Sweetwater Desalter No. 1 TDS 3,440 0 1998 $83 $1,214 $1,092 $670

PROJECTS UNDER REVIEW - Subtotal 41,000 23,100 75.7 7029.5 ferickA] Ave = 3508

(Approved + Review Projects) TOTAL 71,115 29,679

PROJECTS UNDER PLANNING
16 Oceanside Desalter No. 2 TDS 3,360 0 1998 $55 $464 $857 $393
17 San Juan Basin Desalter No. 2 TDS 2,800 0 2000 $13.0 $1,097 $826 $687

PROJECTS UNDER PLANNING - Subtotal 5,160 [¢] 319 31,567 51883 Ave = 3540

{Approved + Review + Planning Projects) TOTAL 77,275 29,679

POSSIBLE PROJECTS
18 San Pasqual Basin Desalter TDS/Nitrate 5,000 0 2005 $9.6 $810 $1,700 $502
19 Winchester/Hemet Desalter TDS 3,000 1,500 2001 $125 $1,055 $1,300 $312 $889
20 Laguna Beach GW Treatment Project Color 2,000 500 2001 $63 $532 $336 $104 $486
21 Santee/E! Monte Basin Desalter TDS 1,000 0 2001 $2.7 $230 $455 $685
22 Otay/Sweetwater Desalter TDS 3,000 0 2002 $8.9 $753 $1,155 $636
23 Corona/Temescal Basin Desalter TDS/Nitrate 10,000 0 2002 $28.4 $2,392 $2,730 $512
24 Perris Basin Desalter TDS 6,000 0 2002 $17.0 $1,434 $1,750 $531
25 Chino/SAWPA Desalter No. 2 TDS/Nitrate 8,000 9,200 2002 $331 $2,311 $2,010 $1.914 $779
26 Torrence Elm Ave. Fac. Chloride 4,000 0 2004 $37 $312 $2,081 $598
27 WestenrvBunker Basin Treatment Pro Nitrate 8,100 0 2002 $154 $1,302 $3,360 $576
28 IRWD Colored Water Treatment Proj. Color 10,000 2,625 2012 $16.8 $1,417 $1.680 $546 $364
28 West Basin Desalter No 2 TDS 6,000 0 2002 $135 $1,139 $2,701 $640
30 West Basin Desalter No 3 TDS 5,000 0 2003 $14.0 $1,181 $2,179 $672
31 Tijuana River Valley Desalter TDS 2,500 0 2004 $53 $443 $1,107 $620
32 San Dieguito Basin Desalter TDS 5,000 0 2003 $147 $1,240 $1,575 $563
33 OCWD Undetermined Colored Water Projects Color 12,000 3,000 2004 $26.3 $2.215 $3,150 $624 $499
34 RubidowdWastem Desalter TDS/Nitrate 3,000 0 2004 $89 $7583 $1,155 $636
35 Chino/SAWPA No. 3 TDS/Nitrate 9,050 10,400 2005 $37.4 $2614 $2,273 $2,163 $779
36 Hunt Beach Colored Water Color 5,000 1,250 2005 $21.0 $1,772 $210 $260 $448
37 Mesa Colored Water Project Color 2,500 625 2005 $10.5 $886 $105 $130 $448
38 Sweetwater Desalter No.2 TDS 4,000 0 2005 $6.6 $964 $1,070 $508

POSSIBLE PROJECTS - Subtotal 113750 25,100 37T 325,757 T34, 08T Ave = 3569

GROUNDWATER RECOVERY PROGRAM TOTAL — 191425 58,778
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APPENDIX C:
GROUNDWATER CONJUNCTIVE USE STORAGE POTENTIAL

This appendix summarizes the groundwater basin storage assumptions used in the IRP resource
simulation. Most of the data was provided by consultants working for the Association of
Groundwater Agencies (AGWA). Other data was based on water master reports and annual water
surveys of the groundwater agencies and Member Agencies, collected by Metropolitan. The
following presents a brief description of the terms used in this report.

Conjunctive Use Storing:
Storing excess imported water in the local groundwater basins for regional purposes. The stored
water could be used for drought protection and/or to reduce seasonal peaks on Metropolitan.

Storage Capacity:

The total volume (or space) of the groundwater basin dedicated to conjunctive use (storing excess
imported water for regional benefits). It does not represent the total capacity of the basin, which can
be significantly greater. It also does not represent the actual monthly or annual groundwater
production, which is usually much less.

Maximum Production Capacity:

The maximum pumping (well) capacity in the basin, which can be expressed in monthly or annual
amounts. It represents the maximum quantity of water that could be pumped from the basin in a
given time period.

Typical Groundwater Production:

The typical (average) amount of water that is pumped from the basin to meet demand (usually
expressed as monthly or annual amounts). Its monthly pattern usually follows the pattern of water
demand, because groundwater usually represents the cheapest supply available to the local agency.

Conjunctive Use Production Capacity:

The additional production capacity available for conjunctive use storage. It represents the difference
between the maximum production (pumping) capacity and the typical groundwater production for a
given month.

Spreading/Injection Capacity:

The physical spreading and/or injection capacity in the groundwater basin available for putting
(storing) water. Spreading facilities are usually percolation ponds, while injection facilities are
usually large injection pumps.

In-Lieu Capacity:

The amount of imported water that local agencies can receive in-lieu of water being pumped from
the basin. This has the effect of storing water in the basin for later use. The capacity for in-lieu is
limited by: (1) the ability of the individual groundwater agency to take direct deliveries of imported
water; (2) the local agencies’ water demand; and (3) Metropolitan’s conveyance distribution system.
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For the purposes of the IRP simulation, monthly values for groundwater production, spreading, and
in-lieu capacities were used. It should also be noted that all of the groundwater values presented in
this report are the usable amounts available for Metropolitan’s service area only. For example,
Chino and Raymond Basins serve areas outside of Metropolitan’s region.

Figure C-1 presents the total storage capacity made available for conjunctive use for each of the
major basins. In total, about 1.5 million acre-feet of groundwater storage could be used by the
region for emergency, drought, and seasonal purposes. This storage capacity does not represent the
amount of additional groundwater production that could be used in any given year -- that amount is
significantly less. Of the major basins, Orange County has the greatest potential for storage
capacity at 350,000 acre-feet. San Gabriel and Chino Basins also have significant storage
potentials, estimated to be 300,000 acre-feet and 250,000 acre-feet, respectively. Raymond and Las
Posas both have about 100,000 acre-feet of storage potential. These storage capacities were
provided by AGWA'’s consultants.

Figure C-1
Groundwater Storage Capacity Available for Conjunctive Use Storage
400,000
TOTAL GW BASIN 1
STORAGE CAPACITY FOR
35°'°°° 1 CONJUNCTIVE USE = 1.5 MAF
300,000
§ 250,000
u
o
< 200,000
150,000 -
100,000 -
50,000 - I
0 . : +
CentraVWest San Gabriel Los Angeles Raymond Orange Las Posas Chino

In order to develop the monthly production capacity available for conjunctive use, two pieces of
data are needed: (1) the maximum monthly production (well) capacity; and (2) the historic (typical)
monthly groundwater production pattern. Figure C-2 presents an example of this calculation for a
specific groundwater basin. The maximum monthly production for this basin is 35,000 acre-feet
(represented by the dark line running across the graph). The basin’s historic monthly production
pattern is represented by the dark shaded area. In any given month, the difference between the
maximum monthly pumping capacity and the historic monthly production equals the remaining

" pumping capacity available for conjunctive use. For example, in the month of March about 20,000
acre-feet is typically produced from the basin, while the maximum monthly production capacity is
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35,000 acre-feet. The difference between the two values, estimated to be about 15,000 acre-feet, is
the additional production that could be used for regional storage purposes. During the summer
months, the additional production capacity for conjunctive use storage is significantly less.

Figure C-2
Estimating the Potential for Groundwater Storage
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The maximum monthly production (well) capacities for each of the major basins were provided by
AGWA'’s consultants. They basically represent existing facilities, except for Orange, Chino,
Raymond and Las Posas Basins -- where additional facilities were assumed. The historic monthly
production estimates were based on 1985-1989 safe-yield production data obtained by Metropolitan
through its annual surveys. These historic monthly production estimates were reviewed by AGWA
and the Member Agencies. Figure C-3 presents the average winter and summer month production
capacity potential for conjunctive use storage by basin. In general, the largest potential for
conjunctive use storage is during the winter, when water demands in the basin are low. However, in
most cases the need for significant conjunctive use storage production is during the summer.

In order to estimate how much water could be stored in the basins, two pieces of data are required:
(1) the maximum monthly spreading capacity; and (2) estimates of monthly natural runoff. The
difference between the two values indicates the remaining spreading capacity for storing excess
imported water for regional purposes. Maximum monthly spreading capacities for each basin were
provided by AGWA'’s consultants. Estimates of natural runoff were calculated from data provided
by flood control districts and/or by the groundwater agency reports. Figure C-4 presents an
example of the spreading capacity for a basin.
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As shown in Figure C-4, winter months have lower spreading capacities for storing excess imported
water because the basin is making use of natural runoff. This calculation gets somewhat
complicated because in addition to winter vs. summer runoff data, the type of local hydrologic year
must also be taken into account. For example, during local wet years natural runoff is very high --
even during the summer. In fact, for most basins wet year runoff prevents any winter-time
spreading of imported water. However, it is important to note that the majority of excess imported
water is available during winter months and these local wet and normal years (because northern
California hydrology typically mirrors local hydrology). A benefit of the Eastside Reservoir Project
is that excess imported water can be stored in the surface reservoir during the winter and than cycled
into the groundwater basins during the summer months -- when groundwater spreading capacities
are the greatest. Figure C-5 presents the winter and summer month spreading/injection capacities
for each basin available for additional conjunctive use storage.

Figure C-5
Monthly Spreading/Injection Capacities for Conjunctive Use Storage
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Another way to store excess water into the groundwater basins is by in-lieu deliveries of
Metropolitan water. This method does not require spreading facilities or connections to physically
get water into the basin. Instead of pumping from the groundwater basin, direct deliveries of
imported water are made to the local groundwater pumping agency. These deliveries are made in-
lieu of the agency pumping groundwater.

For example: Member Agency X usually pumps an average of 30,000 acre-feet per month from the
basin during the winter and buys no Metropolitan non-interruptible water. When excess imported
water is available -- Metropolitan makes available discount water to be sold in-lieu of Member
Agency X pumping the water from the basin. The Member Agency still meets its demand and
keeps the groundwater supply it would have pumped for later use.



The limitations to in-lieu deliveries as a means to store water include: (1) local ground-water
pumping agencies that cannot receive imported water (either directly from Metropolitan or
indirectly through local interconnections) cannot take advantage of the excess imported water; and
(2) Metropolitan’s distribution system is pushed harder because instead of delivering its typical non-
interruptible water, more water is being delivered to for in-lieu purposes. Table C-1 presents a
summary of the storage parameters used in the resource simulation model regarding groundwater
storage.

Table C-1
Groundwater Storage Parameters

Time | Central/ San LA/San Ray- Las
Storage Parameter Period | West Gabriel | Fernandof mond Orange | Posas Chino
Storage Capacity for Conjuctive Use (acre-feet) 150,000{ 300,000 200,000 100,000 350,000f 100,000 250,000
Availabel Monthly Production Capacity (acre-feet)* 22,000 29,000] 21,000 4,000 36,500 8,500, 25,000
in-lieu Capacity for Conjunctive Use, expressed as 1996 40% 25% 55% 80% 40% 3% 30%
percent of monthly groundwater safe-yield 2000 40% 30% 60% 85% 45% 3% 45%
production ** 2010 50% 30% 70% 85% 60% 3% 45%
Wet Year Spreading of Additional imported Jan 0 0 0 1,000 0 5,000 0
Water (acre-feet) Feb 0 0 0 1,000 0 5,000 0
Mar 0 0 0 1,000 0 5,000 0
Apr 0 0 0 1,000 0 5,000 1,000
May 1,000 0 2,500 0 0 0 1,800
Jun 2,200 7,000 2,700 0| 12,000 0 1,800
Jul 2,500 10,000 3,500 0| 14,000 0 2,000
Aug 3,000 11,000 4,000 0| 15,000 0 1,800
Sep 2,500 ( 10,000 4,000 ol 15,000 0 1,000
Oct 2,200 8,000 2,200 1,000 14,000 5,000 1,000
Nov 1,000 5,000 1,000 1,000 8,000 5,000 0
Dec 0 0 0 1,000 0 5,000 0
Normal Year Spreading of Additional Imported Jan 1,500 4,000 3,000 1,000 0 5,000 500
Water (acre-feet) Feb 2,000 5,000 4,600 1,000 5,000 5,000 1,200

Mar 2,400 8,000 5,200 1,000 6,500 5,000 1,500
Apr 2,500 9,000 5,400 1,000 6,500 5,000 2,000

May 3,500 10,000 5,400 0} 13,000 0 2,000
Jun 3,800 | 10,000 5,400 0| 15,000 0 2,000
Jul 4,000 11,000 5,400 0] 15,000 0 2,000
Aug 4,000 11,000 5,400 0| 15,000 0 2,000
Sep 3,500 | 10,000 5,100 0| 15,000 0 1,000

Oct 3,000 8,000 4,700 1,000 | 15,000 5,000 1,000
Nov 2,500 8,000 4,500 1,000} 13,000 5,000 1,000

Dec 2,000 5,000 3,000 1,000 8,000 5,000 500
Dry Year Spreading of Additional Imported Jan 3,000 20,000 5,600 1,000{ 20,000 5,000 1,800
Water (acre-feet) Feb 3,300 21,000 5,700 1,000 21,000 5,000 2,000

Mar 3,500 ( 25,000 6,500 1,000 | 25,000 5,000 2,200
Apr 4,000 | 28,000 6,700 1,000} 28,000 5,000 2,500

May 4,300} 30,000 6,700 0{ 30,000 0 2,700
Jun 4,300 | 30,000 6,700 0| 30,000 0 2,700
Jul 4,300 | 30,000 6,700 0| 30,000 0 2,700
Aug 4,300 | 30,000 6,700 0| 30,000 0 2,700
Sep 4,000 | 28,000 6,400 0] 28,000 0 2,700

Oct 3,500 ( 25,000 5,900 1,000 | 25,000 5,000 2,500
Nov 3,300 | 21,000 5,600 1,000 | 21,000 5,000 2,200
Dec 3,000 | 20,000 5,700 1,000| 20,000 5,000 1,900

* Additional monthly capacity available for conjunctive use represents the difference between this maximum production capacity and the typical monthly groundwater
production.

** Represents only the in-lieu deliveries for conjunctive use purposes; in-lieu potential improves over time as improvements are made to MWD’s distribution system.
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Table C-2 presents the typical (average of 1985-1989) groundwater safe-yield production and
additional production from conjunctive use storage for the major basins in Metropolitan’s service
area. Note that Santa Monica, Eastern, and Western groundwater basins are shown in Table C-2,
but not in Table C-1. This is because the storage potential in these basins are not significant and/or
could not be determined at this time. However, these basins do provide year-round local supplies to
the region and are therefore included in the analysis.

Table C-2
Average Groundwater Production

Historic Groundwater Safe-Yield Production From 1980-1989 *

Central/ San LA/San Santa Las
West Gabriel Fernando Raymond Monica  Orange Posas Chino  Eastem Western  Total

Jan 13,301 11,101 7,577 1,377 451 22,008 1,156 7,185 2,253 5611 72,019
Feb 12,192 10,589 6,723 1,245 407 19,034 1,083 6,546 2,170 4790 64,759
Mar 13,116 11,784 7,150 1,226 363 19,034 1,202 7,824 2,754 5,748| 70,200
Apr 14,040| 13,150 8,110 1,415 385 19,629 1,688 10,857 5,258 8,758| 83,290
May 16,072 15,883 9,604 1,472 402 24,090 2289 15647 8,697| 13,548 107,602
Jun 17,1801 17,420 10,458 1,321 418 26,766 2659 18,681 11,852| 16,559 123,312
Ju | 192212 18,445| 11,098 2,056 §50f 32,120 2821 21,555! 14,188| 19,296 141,340
Aug 18,843 17,932 11,098 2,019 556| 30,335 2,705] 20,597 12,3521 18611 135,047
Sep 17,180 16,054 10,031 1,811 495] 28,848 2474 17,244 9,848| 15601 119,585
Oct 16,072 14,517 9,070 1,811 506 27,361 2219 14,848 7.428| 13,274 107,107
Nov 14,224 12,467 8,110 1,660 473F 24,090 1,526 10,378 4,173 8,621 85,723
Dec 13,301 11,443 7,683 1,453 495 24,090 1,318 8,303 2,587 6,432 77,103
Total 184,731 170,785 106,712| 18,865 5,500| 297,404] 23,119 159,663] 83,462| 136,848] 1,187,088

Additional Groundwater Production for Conjunctive Use Storage **

Central/ San LA/San Santa Las
West Gabriel Fernando Raymond Monica Orange  Posas Chino Eastenm Western  Total
Jan 8,699 17,899 13,423 2,623 NA 14,492 7,344 17,815 NA NA 82,296
Feb 9,808] 18,411 14,277 2,755 NA 17,466 7,437 18,454 NA NA 88,608
Mar 8,884 17,216 13,850 2774 NA 17,466 7,298 17,176 NA NA 84,664
Apr 7,960 15,850 12,890 2,585 NA 16,871 6,812 14,143 NA NA 77,112
May 5928 13,117 11,396 2,529 NA 12,410 6,211 9,353 NA NA 60,944
Jun 4,820 11,580 10,542 2,679 NA 9,734 5,841 6,319 NA NA 51,516
Jul 2,788} 10,555 9,902 1,944 NA 4,380 5,679 3,445] NA NA 38,694
Aug 3,571 11,068 9,902 1,981 NA 6,165 5,795 44031 NA NA 42,472
Sep 4820 12,945 10,969 2,189 NA 7,652 6,026 7.756] NA NA 52,359
Oct 5928; 14,483} 11,930 2,189} NA 9,139 6,.281) 10,151 NA NA 60,101
Nov 7,776 16,533 12,890 2,340 NA 12,410 6,974 14,622 NA NA 73,545
Dec 8,699 17,557 13,317 2,547 NA 12,410 7,182 16,698 NA NA 78,411
Total 79,269| 177,215 145,288| 29,135 NA 140,596 78,881 140,337 NA NA 790,721
Winter 51,827 103,466] 80,648 15624 NA 91,116 43,047 98,908 NA NA 484,635
Summer 27,442 73,749 64641 13,511 NA 49.480| 35834] 41429 NA NA 306,086

* Does not include Metropolitan's basic replenishment, which averages to be about 100,000 acre-feet per year for all basins.
** Calculated by subtracting the historic monthly safe-yield production from the maximum monthly production capacity in Table C-1.



Based on the results of the resource simulation model, the following dry year storage production
(takes from storage) and normal year spreading, injection, and in-lieu deliveries (puts into storage)
were estimated for each basin. Dry years are estimated to occur 1 in 10 years, and normal years are
estimated to occur 7 in 10 years. Figure C-6 presents this storage summary. In total, the average
(from 1995 to 2020) additional groundwater production (takes from storage) is about 250,000 acre-
feet per year. In some years this storage production is much greater -- about 350,000 acre-feet,
while in other years it is much less -- about 100,000 acre-feet. The variation has to do with the
projection of demands, core local supplies, and available imported supplies. In total, the average
(from 1995 to 2020) spreading and in-lieu deliveries (puts into storage) is about

150,000 acre-feet per year. Orange County has the greatest potential for storage, followed by San
Gabriel, Chino, and Los Angeles.

Figure C-6
Storage Simulation Results Indicating the Average Storage Puts and Takes
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APPENDIX D:
STATE WATER PROJECT SUPPLIES AND MODELING

For the IRP, Metropolitan needed to capture the effect of two potential variations in SWP
supplies. First, the effect of hydrologic conditions on SWP supplies needed to be
determined. Second, the effect of different levels of investment on SWP operational
standards needed to be determined. To answer each of these questions, Metropolitan
started with projected SWP supplies that were generated by the California Department of
Water Resources (DWR) simulation model, DWRSIM.

DWRSIM is used by DWR to forecast SWP water supplies for the 29 State Water
Contractors (Contractors). As inputs, DWRSIM uses a set of operational constraints or
“standards” for water operations in the Delta, a level of investment and development on
the SWP, and a demand for water by the Contractors. For a given set of operational rules,
level of investment, and water demand, DWRSIM cycles through historical hydrologic
conditions and calculates the supply yield that would result from those conditions. The
supply yield is calculated for each historical hydrologic year used by DWR, from 1922
through 1991, and includes the carryover storage effect along the SWP system.

For Metropolitan’s IRP modeling, four levels of SWP investment were requested from
DWRSIM. In each of the four DWRSIM runs, a full project demand of 4.23 million
acre-feet was requested, corresponding to a 2.01 million acre-foot request by
Metropolitan. Metropolitan made this assumption because it was necessary to know the
potential amount of water supply available, with all Contractors requesting their full
allocation. Operational constraints on the SWP were specified using the State Water
Resources Control Board proposed Decision 1630 (D-1630). Although D-1630 had not
been adopted, the standards were considered to be a reasonable surrogate for anticipated
operational constraints in the Delta. The four investment levels represented the different
development paths that could occur on the SWP. By requesting four sets of DWRSIM
output based on four development paths, Metropolitan could impose completion of the
development levels at different points in the planning horizon. The four levels of
investment specified for IRP modeling are: (1) Existing Facilities , (2) Interim Delta
Improvements, (3) Full Delta Fix, and (4) South of the Delta Storage.

Under the “existing facilities” scenario, no new investment is made on the SWP. This
scenario most closely represents current conditions on the SWP and in the Delta. For the
IRP modeling, a degradation path was assumed with the “existing facilities” supply
scenario. The current political and environmental controversy surrounding water supply
issues in the Delta led to the assumption that, without any improvements on the SWP,
potential water supply would decrease over time. It was specifically assumed that in each
future year, the amount of water that was available under D-1630 would degrade 5%
incrementally until the year 2005. With degradation, supplies available under the
“existing facilities” scenario would equal one-half of the current supplies available under
D-1630 operational constraints by the year 2005.



Under the “Interim Delta Improvements™ scenario, investments that improve the
conditions at the South end of Delta are assumed to occur. In the IRP modeling, “Interim
Delta Improvements” are assumed to occur in the year 2000, providing an increase in
expected supply yield. However, because the improvements are understood to be
“interim” and provide only a temporary “fix” to Delta problems, the available supply is
degraded over time. The degradation path occurs over a ten year period. The supply
available under the “Interim South Delta Improvements” scenario would degrade
gradually until it became equal to 75% of the current supplies available under the
“existing facilities” scenario.

Under the “Full Delta Fix” scenario, a “fix” to the Delta, presumably in the form of a
peripheral canal, results in a significant increase in the amount and reliability of SWP
supply. In the IRP modeling, the “Full Delta Fix” is assumed to be on-line in 2010.
Since the “Full Delta Fix” involves a permanent fix to many issues surrounding Delta
water exports, no degradation is assumed when using this scenario. Supply varies only
by hydrology.

Under the “South of the Delta Storage” scenario, nearly 3 million acre-feet of storage
capacity is added to the SWP south of the Delta. In conjunction with the implementation
of the “Full Delta Fix” facilities, this scenario provides a full SWP allocation of 2 million
acre-feet nearly 85% of the time. This facility is assumed to be available by the year
2015, and because the scenario is created by permanent facilities, no degradation path is
assumed.

For IRP modeling purposes, the four scenarios could be joined together at different points
in the planning horizon to form the assumption of a specific development path on the
SWP. In the Preferred Resources Mix SWP assumption, the “existing facilities” case was
used for forecast years 1995-1999. The “Interim Delta Improvements” case was brought
on line in the forecast year 2000 and was effective until the year 2009. In 2010, the “Full
Delta Fix” was implemented and assumed to be the scenario describing SWP deliveries
through 2020, the end of the planning horizon.

Table D-1 shows the matrix of available SWP for existing facilities under operational rule
D-1630. The forecast years are shown across the top of the table and the hydrologic trace
years are shown along the side of the table. Tables D-2 through D-4 show similar data
for the Interim Improvements, Full Delta Fix, and South of Delta Storage, respectively.

If the data in Tables D-1 through D-4 were ranked by percentile and joined together into
development paths, as described above, then the available SWP supplies during certain
types of hydrologic years could be estimated. For example, what would the top 10
percentile projected SWP supply be? Figures D-1 through D-3 show the projected SWP
supplies and development potential under the top 10 percentile (hot and dry conditions),
the middle 50 percentile (normal hydrology), and the bottom 90 percentile (cool and wet
conditions).



Table D-1
Simulated SWP Supplies Under Existing Facilities

1985

1996

1997

1998

1998

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009} 2010

2011

2012

2013

2014

2015

2018

2019

2020]

1922

1991

1891

1792

1692

1593

1483

1394

1294

1185

1085

996

996

996

996

996

996

996

996

996

996

996

996

1923

1998

1898

1798

1698

1598

1499

1399

1298

1199

1099

999

999

999

999

999

999

999

999

999

999

999

993

999

1924

742

705

668

631

594

557

519

482

445

408

3N

371

371

371

371

371

371

371

371

371

371

371

371

371

1925/

1165

1107

1049

990

932

874

816

757

699

641

583

583

583

583

583

583

583

583

583

583

583

583

1926

1308

1243

1177

1112

1046

981

916

850

785

719

654

654

654

654

654

654

654

654

654

654

654

654

654

1927

1778

1686

1598

1509

1420

1331

1243

1154

1065

976

888

888

888

888

888

888

888

888

888

888

1928

1526

1450

1373

1297

1221

1145

1068

992

916

839

763

763

763

763

763

763

763

763

763

763

763

763

763

1929

1279

1215

1151

1087

1023

959

895

831

767

703

640

640

640

640

640

640

640

640

640

640

640

640

1930

1586

1507

1427

1348

1269

1180

1110

1031

952

872

793

793

793

793

793

793

793

793

793

793

793

783

793

1931

643

611

579

547

514

482

450

418

386

322

322

322

322

322

322

322

322

322

322

322

1932

1200

1140

1080

1020

960

900

840

780

720

600

600

600

600

600

600

600

600

600

600

600

1933

829

788

746

705

663

622

580

539

487

415

415

415

415

415

415

415

415

415

415

415

415

1934

869

826

782

739

695

652

608

565

521

435

435

435

435

435

435

435

435

435

435

1935

1475

1401

1328

1254

1180

1106

1033

959

885

738

738

738

738

738

738

738

738

738

738

1936

1901

1806

1711

1616

1521

1426,

1331

1236

1141

951

951

951

951

951

951

951

951

951

951

951

951

1937

1767

1679

1590

1502

1414

1325

1237

1149

1060

884

884

884

884

884

1938

1978

1879

1780

1681

1582

1484

1385

1286

1187

1088

989

989

989

989

989

989

989

989

989

989

989

989

989

1839

1447

1375

1302

1230

1158

1085

1013

941

868

724

724

724

724

724

724

724

724

724

724

724

724

1940

1572

1493

1415

1336

1258

1179

1100

1022

943

865

786

786

786

786

786

786

786

786

786

786

786

786

1941

1960

1862

1764

1666

1568

1470

1372

1274

1176

1078

980

980

980

980

980

980

980

980

980

980

980

980

1942

1844

1752

1660

1567

1475

1383

1291

1199/

1106

1014

922

S22

922

922

922

922

922

922

922

1943

1986

1887

1787

1688

1589

1490

1380

1291

1192

1082

993

993

993

993

993

993

993

993

883

993

993

1944

1700

1615

1530

1445

1360!

1275

1190

1105/

1020

935

850

850

850

850

850

850

850

850

850

850

850

1945

1781

1663

1576

1488

1401

1313

1226

1138

1051

963

876

876

876

876

876

876

876

876

876

876

876

876

1946

1640

1558

1476

1394

1312

1230

1148

1066

984

902

820

820

820

820

820

820

820

820

820

820

820

820

1847

1257

1184

1131

1068

1006

943

880

817

754

691

629

629

629

629

629

629

1948

1214

1153

1093

1032

971

M

850

789

728

607

607

607

607

607

607

607

607

607

1949,

1458

1385

1312

1239

1166

1094

1021

875

802

729

729

729

729

729

729

729

729

729

1950

1694

1609

1525

1440

1355

1271

1186

1101

1016

932

847

847

847

847

847

847

847

847

847

1951

1875

1876

1778

1679

1580

1481

1383

1284

1185

1086

988

988

1952

2008

1908

1807

1707

1606

1506

1406

1305

1205

1104

1004

1004

1004

1004

1004

1004

1004

1004,

1004

1004

1953/

1878

1785

1691

1597

1503

1409

1315

1221

1127

1033

940

940

940

940

940

940

1954

1755

1667

1667

1667

1667

1667

1667

1667

1667

1667

1667] 1667

1667

1667

1667

1667 1667

1667

1667

1667

1667

1667

1955

1400

1330

1260

1180

1120

1050

980

910

840

770

700

700

700

700

700

700

700

700

700

1956

1833

1741

1650

1558,

1466

1375

1283

1181

1100

1008

917

917

917

917

917

917

917

917

917

917

917

917

1857

1907

1812

1716

1621

1526

1430

1335

1240

1144

1049

954

954

954

954

954

954

954

1996

1896

1796

1697

1597

1497

1397

1297

1198

1098

998

998

998

998

998

1959

1672

1588

1505

1421

1338

1254

1170

1087

1003

920

Gk

836

836

836

836

1960

1405

1335

1265,

1194

1124

1054

984

913

773

703

703

703

703

703

703

| 703

703

703

703

703

703

1961

1249

1187

1124

1062

993

937

874

812

749

687

625

625

625

625

625

625

1384

1315

1246

1176

1107

1038

969

761

692

€92

692

692

692

692

692

692

692

692

692

692

1863

1938

1841

1744

1647

1550

1454

1357

1260

1163

969

969

969

969

968

968

1964

1352

1284

1217

1148

1082

1014

879

811

744

676

676

676

676

676

676

676

676

676

676

676

1965

1826

1735

1643

1552

1461

1370

1278

1187

1096

1004

913

913

913

913

913

913

913

913

913

913

913

1966

1717

1631

1545

1459

1374

1288

1202

1116} 1030

859

859

859

859

858

859

859

859

859

1967

1973

1874

1776

1677

1578

1480

1381

1282

1184

1085

987

987

987

987

987

987

987

987

987

987

1968

1868

1778

1681

1588

1494

1401

1308

1214

1121

1027

934

934

934

934

934

934

934

934

1969

1990

1891

1791

1692

1592

1493

1383

1194

1095

935

995

995

995

995

995

995

995

1870

1668

1586

1502

1419

1335

1252

1168

1085

1001

918

835

835

835

835

835

835

835

835

1971

1958

1860

1762

1664

1469

1371

1273

1175

1077

979

979

979

979

979

979

979

979

979

1568

1490

1411

1333

1254

1176

1098

1019} S41

862

784

784

784

784

784

784

784

784

784

784

1973

1951

1853

1756

1658

1561

1463

1366

1268

1171

1073

976

976

976

976

976

976

976

976

976

976

1974

2008

1908

1807

1707

1606

1506

1406

1305

1205

1104

1004

1004

1004

1004

1004

1004

1004

1004

1975

2008

1908

1807

1707

1606

1506

1406

1305

1205

1104

1004

1004

1004

1004

1004

1004

1004/

1976

1379

1310

1241

1172

1103

1034

965

896

758

690

680

690

630

690

690

690

690

341

324

307

290

273

256

238

205

188

171

171

171

171

171

171

171

171

171

171

1978

1802

1712

1622

1832

1442

1352

1261

1171

1081

991

901

901

901

901

901

801

901

901

901

1979

1917

1821

1725

1629

1534

1438

1342

1246

1150/

1054

959

959

959

959

959

959

959

959

959

1980

1996

1896

1796

1697

1597

1497

1397

1297

1198

1098

998

998

998

998

998

998

998

1981

1653

1570

1488

1405

1322

1240

1157

1074

992

909

827

827

827

827

827

827

827

827

1962

1864

1766

1668

1570

1472

1373

1275

1177

1078

981

981

981

981

981

981

981

981

981

981

1983

2008

1908

1807

1707

1606

1506

1406

1305

1205

1104

1004

1004

1984

2008

1908

1807

1707

1606

1506

1406

1305

1205

1104

1004

1004

1004

1004

1004

1004

1004

1004

1004

1004

1764

1676

1588

1499

1411

1323

1235

1147

1058

970

882

882

882

882

882

882

882

882

1986

1830

1739

1647

1556

1464

1373

1281

1190

1098

1007

915

915

915

915

915

915

915

915

915

915

1987

1069

1016

962

909

855

802

748

695

641

588

535

535

535

535

535

535

535

535

1988

948

901

853

806

758

711

616

569

521

474

474

474

474

474

474

474

474

474

474

1989,

1086

1032

877

823

869

815

760

706

652

597

543

543

543

543

543

543

543

543

543

-543

1990

985

936

887

837

788

739

690

640

591

493

493

433

493

493

493

493

483

493

493

1991

304

288

274

258

243

228

213

198

182

167

152

152

152

152

152

152

152

152

152

152




Table D-2
Simulated SWP Supplies Under Interim Delta Improvements

995] 1996] 1997] 1998] 1999] 2000] 2001} 2002} 2003] 2004 | 2005{ 2006( 2007] 2008 | 2009} 2010{ 2011{2012{ 2013{ 2014| 2015]| 2016{ 2017 2018| 2618 2020
19221 0 0 0 0 0 [1493] 1505} 1503] 1502] 1501} 1500] 1498| 1497] 1496{ 1495] 1493 1443 1394| 1344 1294| 1244| 1195} 1145] 1095} 1045| 996
1923 0 4 0 0 0 _}1499] 1505| 1505] 1504} 1503] 1502 1502] 1501] 1500] 1499| 1499 1449] 1399] 1349) 1299 1249| 1199] 1149/ 1099} 1049 999
1924} O 0 0 0 O |557]856 823|790 756 | 723 | 690 | 656 | 623 | 590 } 557 | 538 | 519 | 501 | 482 | 464 | 445 | 427 | 408 | 390 | 371
1925| 0 0 0 0 O | 874|874 ] 874 [ 874 | 874 | 874 | 874 | 874 | 874 | 874 | 874 | 845 [ 816 | 786 | 757 | 728 | 699 | 670 | 641 | 612 | 583
1926 0 0 0 0 0 {981{9581961|963|966[ 968|971 | 973|976 978 | 981 | 948 | 916 { 883 | 850 | 818§ 785 | 762 | 719 | 687 | 654
19271 0 0 0 0 0 |1331]1310§ 1312 1314] 1317 1319} 1322| 1324{ 1326] 1329} 1331| 1287 1243] 1198| 1154} 1109] 1065} 1021 976 | 932 | 888
1928) 0 0 0 0 0 |1145)1166] 1164}1161] 1159] 1157] 1154 1152] 1149]| 1147] 1145{ 1106|1068} 1030 992 | 954 | 916 | 877 | 839 | 801 | 763
1928] 0 0 0 0 0 [959]857 | 8681879891 902 | 914 | 925 | 936 | 948 | 959 | 927 | 895 | 863 | 831 | 799 { 767 | 735 | 703 | 671 | 640
1930} 0 0 0 0 0 11190 1173{ 1175/ 1176] 1178 1180 1182] 11841186/ 1188} 1190} 1150} 1110 1071]1031| 991 ]| 952 | 912 | 872 | 833 | 783
1931} © 0 0 0 0 |482[816| 779 742|705 ] 668 | 631 | 594 | 557 | 519 | 482 | 466 | 450 | 434 | 418 | 402 | 386 | 370 | 354 | 338 | 322
1932 0 0 0 0 0 | 900) 938 ) 934 ] 930 ] 926 ]| 921 ] 917 | 913 | 909 | 904 | 900 | 870 | 840 | 810 | 780 | 750 { 720 | 630 | 660 | 630 | 600
1933] 0 0 0 0 0 |622|665] 660 655] 651 646 | 641 | 636 | 631 ] 627 | 622 | 601 | 580 | 560 | 539 | 518 | 497 | 477 | 456 | 435 | 415
1934° 0 0 0 0 0 |652]670| 668 | 666 | 664 | 662 | 660 | 658 | 656 | 654 | 652 | 630 | 608 | 587 | 565 | 543 | 521 | 500 | 478 | 456 | 435
'@ 0 0 0 0 0 | 1106 1124] 1122] 1120§1118[ 1116]1114{ 1112} 1110} 1108] 1106 1069{ 1033} 996 | 959 | 922 | 885 | 848 | 811 | 774 | 738
9, 0 0 0 0 0 ]1426] 1397] 1400} 1403} 1406} 1410] 1413] 1416] 1419} 1423 ] 1426} 1378 1331] 1283| 1236{ 1188| 1141] 1093| 1046 998 | 951
[19.7] © 0 0 0 0 |1325] 1308} 1310} 1312] 1314} 1316{ 1318| 1320] 1322] 1323} 1325] 1281} 1237{ 1193[1149] 1104} 1060 1016] 972 | 928 | 884
1938| 0 0 0 0 0 |1484] 1481] 1482] 1482 1482] 1482] 1483} 1483] 1483| 1483] 1484 | 1434] 1385} 1335} 1286| 1236} 1187} 1137} 1088| 1038} 989
1939 0 0 0 0 0 |1085]1304| 1280} 1255] 1231} 1207} 1182] 1158{ 1134] 1110] 1085} 1049} 1013} 877 | 941 | 904 | 868 | 832 | 796 | 760 | 724
1940] O 4 [4 0 © | 1175|1317 1302] 1287| 1271] 1256 1241] 12251210 1194} 1179] 1140} 1100/ 1061] 1022] 983 | 943 | 904 | 865 | 825 | 786
1941] 0 0 0 0 0 |1470] 1485] 1483] 1482] 1480} 1478| 1477| 1475 14731 1472] 1470] 1421] 1372{ 1323} 1274| 1225} 1176{ 1127]1078| 1029} 980
1942] O 0 0 0 0 | 1383] 1494| 1481] 1469 1457 1445] 1432| 1420] 1408} 1395] 1383|1337} 1291]1245| 1199} 1153] 1106] 1060| 1014{ 968 | 922
1943] © 0 0 0 0 11490]1413]1421]1430] 1438| 1447] 1455] 1464] 1472] 1481| 1490 1440} 1390} 1341[ 1291] 1241] 1192 1142] 1092} 1043| 993
1944t © 0 0 0 0 {1275]1251] 1253 1256 1259 1262{ 1264 1267} 1270} 1272} 1275] 1233) 1190} 11481 1105} 1063} 1020} 978 | 935 | 893 } 850
1945{ © 0 0 0 0 11313]1232] 1241| 1250] 1259| 1268! 1277|1286 1295| 1304| 1313] 1269| 1226| 1182] 1138} 1094 1051] 1007} 963 | 919 | 876
1946 0 0 0 0 0 | 1230[ 1449 1424] 1400} 1376] 1352] 1327| 1303] 1279] 1254| 1230] 1189] 1148] 1107|1066 1025| 984 | 943 | 902 | 861 | 820
1947} © 0 0 0 O {943}988)|983[ 978} 973 ) 968 | 963 | 958 | 953 { S48 | 943 | 911 { 880 | 848 | 817 | 786 | 754 | 723 | 691 | 660 | 629
1948| 0 0 [ 0 0 §911[963] 957 (951946840934 928922916} 911 | 880850 819|789 759 728 | 698 | 668 | 637 | 607
1949 0O 0 0 0 0 | 10841088} 1089] 1083] 1090] 1091] 1091| 1092(1092| 1093|1094 | 1057|1021} 984 | 948 | 911 | 875 | 838 | 802 | 765 | 729
1950{ O 0 0 0 0 |1271]1237) 1241] 1244} 1248] 1252] 1256| 1259} 1263] 1267] 1271) 1228|1186 1143|1101 1059] 1016| 574 | 932 | 889 | 847
1951} © 0 0 0 0 |[1481] 1477} 1477/ 1478] 1478] 1479 1479} 1480/ 1480] 1481] 1481| 1432) 1383 1333} 1284| 1234] 1185] 1136| 1086( 1037] 988
19582{ 0 0 (] 0 0 [ 1506] 1506 1506{ 1506 1506] 1506 1506] 1506] 1506{ 1506 1506 1456] 1406{ 1355} 1305 1255/ 1205] 1155} 1104} 1054] 1004
1953] 0 0 0 0 0 11408 14961 1487] 1477 1467] 1458] 1448| 1438} 1429] 1419] 1409] 1362} 1315] 1268] 1221 1174{ 1127] 1080] 1033| 986 | 940
1954] © 0 0 0 0 _11667] 1462] 1446] 1430} 1413| 1397] 1381] 1365 1349{ 1332| 1316} 1272{ 1229} 1185] 1141] 1097] 1053{ 1009] 965 | 921 | 878
1955{ 0 0 0 0 0 11050] 1116} 1109] 1101} 1094] 1087] 1079] 1072| 1065| 10571 1050] 1015] 980 | 945 | 910 ﬁSI 840 | 805 770 | 735 | 700
1956} 0 0 0 0 0 [1375(1408] 1404[ 1400{ 1397{ 1393{ 1389] 1386( 1382] 1378] 1375] 1329[ 1283{ 1237} 1191] 1146] 1100{ 1054/ 1008} 962 | 917
1957} © 0 0 0 0 |1430{ 1367/ 1374] 1381 1388] 1395] 1402| 1409] 1416] 1423 1430] 1383} 1335 1287] 1240{ 1192] 1144] 1097] 1049] 1001] S54
1958| 0 0 0 0 0 [1497| 1488 1489{ 1490; 1491] 1492| 1493] 1494] 1495 1496| 1497 | 1447] 1397| 1347| 1297} 1248} 1198] 1148] 1098] 1048| 998
1959 0 0 0 0 O ]1254]1326) 1318] 1310) 1302| 1284] 1286] 1278] 1270] 1262) 1254 1212 1170| 1129 1087 1045| 1003| 961 | 920 | 878 | 836
1960f O 0 0 0 O 1105411069/ 1068 1066| 1064} 1062] 10611 1059} 1057| 1055| 1054 1019] 984 | 948 | 913 | 878 | 843 | 808 773 | 738 ] 703
1961} 0 0 0 0 0 | 937 [1032{1021]1011] 1000] 990 | 979 | 968 | 958 | 947 | 937 | 906 | 874 | 843 | 812 | 781 | 749 | 718 | 687 | 656 | 625
1962] © 0 0 0 0 |{1038] 1049} 1048] 1047} 1046| 1044 1043] 1042] 1041} 1039 1038] 1003} 969 | 934 { 900 | 865 | 830§ 796 | 761 | 727 | 692
1963} O 0 0 0 O [1454]1454] 1454} 1454] 1454 1454 1454] 1454| 1454} 1454] 1454 | 1405] 1357 1308 1260} 1211] 1163} 1114} 1066} 1017| 965
1964 0 0 0 0 0 |101411212]1190] 1168] 1146] 1124} 1102] 1080} 1058] 103611014 980 | 946 | 913 | 879 | 845 | 811 777 | 744 | 710 | 676
1965| © 0 0 0 0 | 1370]1413] 1409} 1404| 1399] 1394/ 1389] 1384] 1379| 1374] 1370/ 1324 1278] 1233{ 1187} 1141 1096] 1050] 1004} 958 | 813
1966| © 0 0 0 0 |1288] 1373{ 1364 1354{ 1345| 1335] 1326] 1316| 1307{ 1297] 1288| 1245| 1202| 1159] 1116] 1073] 1030| 987 | 944 | 901 | 859
1967) © 0 0 0 0 | 1480] 1489] 1488| 1487] 1486} 1485} 1484 1483| 1482} 1481] 1480] 1430} 1381| 1332] 1282{ 1233} 1184 | 1134| 1085} 1036| 987
1968] 0 0 0 0 0 [1401]1438] 1434[1430| 1426| 1422| 1418| 1413] 1409] 1405| 1401| 1354| 1308 1261} 1214] 1168| 1121 1074] 1027| 981 | 934
1969 0 0 0 0 0 14931 1497| 14971 1496| 1496| 1495( 1495] 1494| 1494 ] 1493| 1493] 1443| 1393| 1343] 1294 | 1244 | 1194] 1144] 1095{ 1045] 995
1870 © 0 0 0 0 {1252}1247]1248| 12481 *"49] 1249} 1250] 1250] 1251} 1251] 1252] 1210] 1168|1127} 1085] 1043} 1001{ 960 | 918 | 876 | 835
1871} © 0 0 0 0 ]1469]1473]11472}1472 71| 1471 1470] 1470] 1469] 1469] 1469] 1420| 1371| 1322| 1273] 1224] 1175} 1126] 1077} 1028| 979
1972) © 0 0 0 0 11176]1196] 1193[1191 391187 1185] 1183]1180] 1178} 1176] 1137 1098] 1058| 1019] 980 | 941 | 902 | 862 | 823 | 784
1973| © 0 0 0 0 11463} 1465] 1464 1464| 1464| 1464 1464] 1464| 1464 1463 1463{ 1414| 1366| 1317] 1268] 1219§ 1171] 1122 1073} 1024} 976
1974 © 0 0 0 0_|1506] 1506] 1506] 1506 1506 1506 1506 1506 1506] 1506] 1506| 1456 1406] 1355] 1305] 1255] 1205] 1155] 1104| 1054] 1004
1975 © 0 0 0 0 }1508]1506] 1506/ 1506] 1506] 1506) 1506 1506] 1506 1506 1506) 1456] 1406 1355 1305] 1255/ 1205} 1155] 1104] 1054] 1004
1976] © 0 0 0 0 }1034} 1287] 1259] 12311 1203} 1175] 1147} 1119] 1091] 1062} 1034| 1000 965 | 931 | 896 | 862 | 827 | 793 | 758 | 724 | 690
1977] O 0 0 0 0 | 256]| 291287283279 ] 275} 271|267 [ 264 | 260 | 256 | 247 | 239 | 230 | 222 | 213{ 205 | 196 | 188} 179 | 171
1978 0 0 0 0 0 | 1352] 1352 1352] 1352] 1352| 1352| 1352] 1352] 1352] 1352] 1352) 1306] 1261 3216] 1171] 1126) 1081} 1036| 991 | 946 | 901
1879 0 0 0 0 0 |1438] 1376} 1383} 1389] 1396 1403} 1410} 1417} 1424} 1431] 1438] 1390] 1342| 1294] 1246} 1198] 1150] 1102} 1054} 1006] 959
1980| 0 0 0 0 0 | 1497} 1489 14501 1491] 1492| 1493] 1493| 1494| 1495| 1496 1497] 1447] 1397|1347} 1297 ] 1248] 1198] 1148 1098] 1048| 998
1981 0 0 0 0 0 11240{1276] 1272] 1268} 1264} 1260] 1256 1252] 1248} 1244| 1240| 1198] 1157]1116] 1074] 1033| 992 | 950 | 909 | 868 | 827
1982 0 0 0 0 D | 1472|1476 1475 1475| 1474 1474] 1473] 1473| 1472| 1472] 1472] 1422) 1373| 1324] 1275] 1226] 1177] 1128] 1079] 1030] 981
1983] 0 0 (] 0 0 | 1506] 1506] 1506] 1506} 1506] 1506] 1506 1506} 1506] 1506] 1506 1456 ] 1406} 1355} 1305 1255} 1205} 1155} 1104 1054| 1004
1984 0 0 0 0 0 [1506] 1506| 1506] 1506] 1506| 1506[ 1506| 1506] 15061 1506{ 1506] 1456| 1406] 1355} 1305] 1255] 1205 1155] 1104] 1054] 1004
1985{ 0 0 0 0 0 ] 1323]1452] 1438] 1423 1409] 1395| 13801 1366} 1352 1337} 1323) 1279] 1235] 1191} 1147 1103| 1058] 1014 970 | 926 | 882
1986 O 0 0 0 0 11373(1379] 1379} 1378| 1377] 1376} 1376} 1375 1374{ 1373] 1373| 1327 1281] 1235 1190] 1144} 1098] 1052] 1007| 961 | 915
1987 © 0 0 0 0 [802[873]871[862(854|845]8365)828{819!8101802}775]/748722) 695 668 | 641 ] 615 588} 561 ] 535
1988 0 0 0 0 0 [711|795[786 | 777 | 767 | 758 | 745 | 739} 730 | 720 ) 711 ]| 687 | 664 | 640 [ 616 | 593 | 569 | 545 521 ] 498 | 474
1989 © 0 0 0 0 |815}9271{915[902]| 890} 877 | 865 852 ) 840} 827 | 815 | 787 | 760 | 733 | 706 | 679 | 652 | 624 | 597 | 570 [ 543
1990 O 0 0 0 0 | 739|737 (737|737 | 737 [ 738|738 | 738|738 739|739 | 714 { 690 | 665 | 640 | 616 | 591 | 566 | 542 | 517 | 493
19811 O 0 0 0 0 [ 228253250 (247 {245 | 242§ 239 | 236 | 234 | 231 | 228 220 { 213 { 205} 198 { 190 | 182 175] 167 { 160 | 152
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Table D-3
Simulated SWP Supplies Under Full Delta Fix

19957 1996] 1997} 1998 1999 2000] 2001 | 2002] 2003} 2004] 2005]2006] 2007) 2008 2009} 2010]2011{ 2012] 2013] 2014|2015} 2016 2017 2018] 2018| 2020
1822| 0 0 0 0 [ 0 0 0 0 0 ] 0 0 0 0 {2008[2008{ 2008|2008} 2008!2008( 2008 2008} 2008 2008{ 2008
1823 O 0 0 0 0 0 0 0 0 4 0 (] 0 0 0 |2008}2008) 2008 2008| 2008} 2008 ] 2008} 2008] 2008| 2008| 2008
1924] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [1285]1285} 1285| 1285] 1285 1285| 1285{ 1285} 1285] 1285|1285
1925{ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |1704] 1704 1704| 1704| 1704] 1704] 1704{ 1704{ 1704] 1704| 1704
1926| 0 0 0 0 0 0 [ 4 0 0 0 0 0 0 0 [11547[1547]1547| 1547] 1547 1547 | 1547] 1547|1547 1547| 1547
1927} 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1195171951 1951]1951]1951]1951]1951] 1951} 1951) 1851] 1951
1928| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [1675] 1675|1675 1675( 1675 1675} 1675) 1675} 16751 1675] 1675
1828 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [1241]1241]1241}1241] 1241} 1241] 1241{1241{ 1241] 1241{ 1241
1830] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1503|1503} 1503| 1503} 1503] 1503} 1503| 1503] 1503{ 1503{ 1503|
1931| 0 0 0 0 0 0 0 0 0 0 0 0 Y 0 0 [1228( 1228] 1228] 1228] 1228] 1228] 1228] 1228] 1228] 1228 1228}
1832{ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 11569] 1569} 1569] 1569 1569] 1569} 1569 1569] 1569} 1569} 1569]
1933{ © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ]1165]1165| 1165] 1165( 1165] 1165] 1165{ 1165[ 1165 1165{ 1165]
1934| © 0 0 0 0 0 ] 0 0 0 0 0 0 0 0 11108} 1108] 1108] 1108} 1108} 1108] 1108] 1108] 1108 1108} 1108]
1935{ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |1904]1904!1904] 1904] 1904 1904] 1904] 1904] 1904] 1904] 1904
1936 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ]196311963] 1963 1963] 1963| 1963] 1963 1963] 1963| 1963] 1963,
1837] © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ]1605] 1605} 1605] 1605} 1605| 1605] 1605] 1605] 1605] 1605] 1605
1938} 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 {1956]1956] 1956] 1956] 1956( 1956 1956| 1956] 1956] 1956] 1956
1938] © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [1839]1835] 1839{ 1835/ 1839] 1839 1839] 1839} 1833] 1839} 1839
1840( O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 1986] 1986 1986] 1986] 1986] 1986] 1986| 1986} 1986} 1986] 1986}
18411 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 }2008{2008]2008{2008} 2008} 2008] 2008|2008 | 2008{ 2008 2008|
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Table D-4
Simulated SWP Supplies Under South of Delta Storage
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Figure D-1
Projected SWP Supplies Assuming Top 10 Percentile of Hydrology
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Figure D-2
Projected SWP Supplies Assuming Middle 50 Percentile of Hydrology
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Figure D-3
Projected SWP Supplies Assuming Bottom 90 Percentile of Hydrology
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APPENDIX E
MWD CAPITAL PROJECTS

Metropolitan's anticipated capital expenditures have been divided into two broad categories of
projects to facilitate financial analyses. The first category, supply, distribution, and storage
projects, includes raw water supply and treated water distribution lines, groundwater and
surface water storage projects, and projects that maintain the operational reliability and
efficiency of Metropolitan's existing conveyance and distribution system. The second
category, water treatment projects, includes new water treatment projects to enable
Metropolitan to meet existing and future water quality regulations, and upgrades,
modifications, or rehabilitation projects at existing treatment facilities so these plants can
continue to meet water quality regulations.

The following table summarizes estimated capital costs over 10 years, over 25 years, and
shows the total program estimate (including contingencies and actual costs since project
inception) for the major projects anticipated. The table reflects the first quarterly update of
Metropolitan’s capital improvement program. Volume 2 of the final IRP report will be
revised to reflect the data contained in this appendix. Costs are escalated at five percent per
year as required to reflect the appropriate fiscal year cost. Metropolitan uses the 10-year and
25-year escalated costs in determining revenue requirements and the impact the capital
expenditures would have on commodity rates and indebtedness.

The supply, distribution, and storage projects category represents about 80 percent of the
10-year escalated capital costs and 76 percent of the 25-year escalated capital costs. Major
projects under this category include the Eastside Reservoir Project, several groundwater
conjunctive use projects, the Inland Feeder, San Diego Pipeline No. 6, the CPA Tunnel and
Pipeline, the Allen-McColloch Pipeline and the South County Pipeline. Other major projects
include repair or replacement of the outlet tower at Lake Mathews, a supervisory control and
data acquisition system for the CRA, seismic upgrades along the CRA, the Union Station
long-term headquarters and the Desalination Demonstration Project.

The water treatment projects category accounts for the remaining 20 percent of capital
expenditures for the next 10 years and 24 percent of the remaining capital expenditures over
the next 25 years. New major water treatment projects include the CPA Filtration Plant, the
Perris Filtration Plant, the oxidation retrofit program for the five existing filtration plants,
completing expansions of the Mills and Jensen filtration plants, and a second finished water
reservoir at Diemer. Other major projects include the Cryptosporidium action plan, and
various modifications or upgrades at the five existing filtration plants to enable these plants to
continue to meet water quality regulations.
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31| Diemer Land jon snd Habitat Conservation Plan 27219 ,668.9 - . N s B N N N
[5-0520-31] Diemer, & Skanner Filtrations Plants - Oxidation Retrofit Program - 53.9 | 362756 | 223611 | 51,5574 1063565 723929 9.288.1 - -
5.6080-32 FiltPits., Distr. M‘W and Colorado River Aquaduct - Backfiow Assemblies 2,837 1 1679.3 44038 462.9 4847 508 9 533.1 559.7 5875
5-6100-31] Jensen & Mills Filtration Plants - Oxidation Retrofit Program 20,002.1 64,1432 [ 230646 - - Z N N -
5-5270-31| Jensen Fitration Plant - ion No. 1 10,442.0 4 49 469.0 - - - A B N B
"u)sos»u Jensen Filtrstion Plant - Repar Roof at Reservoir No 1 810.6 | 6020 - - - N B N B N
5-5820-32| Jensen Filtration Plart - Replace Fiiter Media - - - - - - . - - - -
[5.6980.32_Jensen Fitration Piant - Studge Handng Study 3028 | . - - 5 - ~ 5 N - . 3028
5-6860-31] Jensen Plant - Chemical Tank Farm Modifcations 1479 - - - - . N - N . R 1)
5-011263] La Veme Facilites - Constructa Buildiny - - §32.3 5492 72234 - - - . - 83050
5-0317-61| La Verne Fadilities - Electncal Service Upgrade - 575.8 - - - - . - - -  5Y88
|| La Verne Fadility - Hazardous Waste Stagmng Area 538 20113 - - - - - - - - 20171
Mills Fittrahon Plant - Expansion No 2 280616 | 17,0174 .088 - - - - - - - 461670
Mills Filtrabon Flant - Landfil S| 3904 241 11391 1,8508 1,968 4 - - - - 7,5898
San Joaquin Reservor - Imp 794 | 5954 | 13,564 70765 - - - - - - 213160
San Joacuin Reservor - Slope Repair (Mef's Share) 2444 | 2497 | - - - - - - - - 4941
Skinner - Relocate Front Entrance Gate and Fencing, and Construck New Parking Lot - - 2298 - - - - - - - 238
Skinner Filtration Plant - Emergency Power Generating System 1,721 947 - - - - - - - - 18158
Skinner Filtration Plant - Filter Media Repl 11857 4,310 314 - - - - - - - 53272
Skinner Filtration Plant - Flocculator Repiacement in Modules 142 1776 13267 - - - - - - - - 1,504.2
Skinner Filtration Plant - install Efluent Adj Weyr - 5490 1427 - - - - - - - .7
Skinner Filtration Plant - Modules 4, 5, and € Sedimentation Bas - 19714 | 111760 | 22168.0 38811 - - - N - 39,1984
Skinves Filtration Pisnt Mono#f 31 7245 480 5 - - - - - -1 - 1,208.0
Skinner Modules 1-3 Electrical Conduit and R 218 219 - - - - - - -1 - - 4438
Warehouse and Storage Building At Mils Fittration Plant 111 < 1,967 1 3573 . - - - -1 - 23385
24096 ] 12589 - - - - - - - 50336
23411 799.0 - N A N - N S008
52233 40974 ! - : 1 . N s 11,9646
5,109 - - R - - | - - - 5,1743
953 - - - - R - - 1312
134 6 | 7734 - - - - - - - c- 9080
L AITTI6 1.1 921063 30,2365 1091360 72,9018 98212 5597 567.5] 760229.6
\ A -
19.486 9 - - - - - - -1 - 229041
S0 o : S AR B¢ X1
1 T ! .
5051631 Perris Filtrabon Plant -] ] - . -1 - - - | - -
$-5800-71] Penis Filtation Plant - Study and Advence Land Acquistbon - | 193374 - - - - - - -1 - 19,3874
TOTAL PERRIS FILTRATION PLANT - 193374 - - - - - - - - 193874
L L I L ] ] L | [ ;
. _ SUBTOTALFOR WATER YREATMENT PROJECYS a_n,gu_l 1768102 16285811 9211063 302365 109,360 729018 s.n:.% -889.7 1 4] 14
) il
N R M R I N g 3 -~ 5 2
' _TOTAL PROPOSED CAPITAL IMPROVEMENT PROGRAM " 3160776 7093047 ﬂ?ﬂ-ﬂ 711,641.3 04,408.5 4125305 2154208 77888.5 705“-2 169,162.7 4,438,188.7
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: WY,WMWSTORAGE PROJECTS

All Facilthes - Security Systems imp

All Pumping Plants - WMWWQM‘"E Sersmic Modificatons.

5-6230-11

All Pumping Piants and Reservoirs - Instali Hyp

Automatic Meter Reading Sy

fer Syver V1)

Capital Program For Projects Costng Less Than $250,000 For Fiscal Year 1995-96

563106

Capital Program For Projects Costing Less Than $250,000 For Fiscal Year 1991-92

564506

Capital Program For Projects Costing Less Than $250,000 For Fiscal Year 1992-83

>-66

T
Capital Program For Projects Cosbng Less Than $250,000 For Fiscal Year 1953-94
Capital Program For Projects Costing Less Than $250,000 For Fiscal Year 1994-95

-2035-8

1
1
1

[5-6750-

Capital Susp
Colorado River Aqueduct - Sup ry Control and Data A (SCADA) System

5-5840-43

)&ndowlgmu Network - cammnmongm Upgrade

5031

-42

Services To Plants and Desert Faciites

5-6720-22
| 5-5770-42

System - Metro Green Line Electrolysis Monitonng Stations

Of Area Control Systems

5-6850-63

5-5280-21

5-0601-9

ystem Reliability Projects

5-0701-8

System Rekability Projects FY 1997/98

5-0801-

Future System Rekability Projects FY 1998/99

5-0901-

Future System Rehability Projects F'Y 1999/00

2000-

Future System Rekability Projects FY 2000/01

uture Syste X
Future System Rekiabiltty Projects FY 2001/02

Future m Reli Projects FY 2002/03

Future System Reliability Projects FY 2003/04

0]
m Rekabiiy Projects FY 2004/05

uture System Relabulity Projects FY 2005/06

14,142

>

Future System Reliabifity Projects FY 2006/07

28,284,

~

14,

Future System Rebiabiiity Projects FY 2007/0¢

14,1424

FY 2008/0¢

14,

16,3716

FY 2009/

32,7431

FY 2010/11

- 16,371 6

18.0496

12

36,099.3

189!

213

18,049.6

37.9

Fmesmem Reuwtypro’m FY 2013/14

18,9

4/15

Future System Reliabilty Projects FY 20

Future System Reliability Projects FY 2015/16

Future Reiiability Projects FY 2016/17

Future Relability Projects FY 2017/18

Future System Reilabiltty Projects FY 2018/19

Future System Reliabilty Projects FY 2018/20

Garvey Reservor Repai

Impiementaton of he Drainage Water Quality Management Plan

3 Systems Strategic Plan - Implementabon

[“insuiating Joint Test Stabon
ron Mountain

La Veme

Ls Verne

La Verne Faciy Auto Repar and USity Shog Bidg. Seism

Lake

|_Lake Mathews - Vaives and Appurtenances, Refurbxshment Progr

Lake Mathews and Temescal Power Plants - Install 34.5-KV Cir

Lake Mathews Auto and Heavy Equpment Shop.

Lake Mathews Mutti-Purpose Building

Lake Mathews Warehouse and Tool Crib Extension

Lake Perris Pumpback i

back improvement
Lake Skinner - Bypass Pipeime Na. 2, Screen Installaton

Lake Skanner Facilities - Outiet Tower and Bypass Pipelines

Lakeview Pipeine - Awrstack

Lower Feeder - Arr Release

Lower, Middie, and West Coast Feeders - Cathodic Protecton

Middie Feeder - Rio Hondo Pressure Control Structure - Repla

Operations Control Center at Eagle Rock

Record Drawing Restoration

Retrofit 23 Manhole-Risers on the Santa Monica Feeder

Rolm 8000 CBX Network

San Jacinto Tunnel, West Portal - Sersmic Modifications

jc Operations and Mantenance ent System

Union Station Long-Term Headquarters Facilty
and Replacement of Two-| Radio m with New Wire

JOTAL RELIABILITY.F REHABILITATION 7 ADMMRISTRATIVE FACILITIES

59397.9

>52,36-7.l

72,1988

75&.5

Allen-McColioch Pipeline Paraliel (S4B/SS5 Reach)
Purchase

| 10144 27850
T

42875.0

Allen-McColloch Pipekne

South (Orange) County Pipeline - Joint Partcipation and Purchase

* TREATED WATER DISTRIBUTION -
!

$-5600-11

Eastside Reservorr Proj

[ - | -

- |

TOTAL EASTSIDE RESERVOIR PROJECT

|
55590-11| _iniand Feeder

=1

TOTAL {NLAND FEEDER

5-5580-21| San

Py No. &

“TOTAL SAN DIEGO PIPELINE NO.¢

$-5990-71

‘West Valley Area Study

$-0229-21

West Valtey Project

West Vatley interconnection

TOTAL WEST VALLEY

5-0141-21

Central Pool Aug! Tunne! & Pipeline

13,9853

14,054.9

18,7990 | 166,1090

167,995.0

1733890

1164344

Central Pool Ay on Extension Pr

 Central Pool Aupmentation Corveyance Extension Project
TOTAL CENTRAL POOL AUGMENTATION (Supply, Distribution, & Storage Projects)

53663

14,0549

e e
18,799.0  166,109.0

167.995.0

173389.0

1164344

_I_].——-J——

3 T]

Chino Basin Storage Program

5-658

0-71

Foothull Area Study

5-05

11

Local Groundwater Stora

9.5833

ments
TOTAL CONSUNCTIVE USE / OW STORAGE

9.583 3

35833 95833

9,583 3
9,5833

T

57500

-

5,780.0

5-5810-71 San Bemardino / Riverside Area Study

I

!
! - |

TOTAL SAN BERNARDINO ! RIVERSIDE AREA STUDY

|

5-6040-11] Desalination Demonstration Project

[

{ |

TOTAL DESALINATION

I

T

[ [

I

SUBTOTAL FOR SUPPLY, DISTRIBUTION, AND STORAGE PROJECTS

67,7902

75,9452 80,1331

79.202.8

82,1813  234,330.3  240,569.0 2638737 234.9178

79,5389
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Y WATER TREATMENTP

| 5-6270-61| AN Facilities - Discharge Elimination B
5-6030-31! Al Filtration Plants and Dr System - Chemical Spill Containment -
Oiemer - Relocate Front Gate and Install Lighting, Sec Camera and Gate Control
Diemer and Weymouth Install Emergency Generators -
Diemer Chemical Feed Pumps Relocation -
Diemer Filiraton Plant - Chionnation System Modificabons -
Dremer Filration Plant - Constiuct Sedimentation Basin Spiiway - - - - -] - . B
Diemer Filvation Plant - Domestic Water System Improvement - - - - - | . N N B

Diemer Filtration Plant - Mixing and Setting Basin No. 8 - North Siope Remediation - - - - - . - - N N
Diemer Filtration Piant - New Finished Water Reservor - - - - - - . . A N

Drerner Filtration Plant - New Maintenance Building - . - . . - N N A -
Dremer Filtration Plant - Upgrade Flocculator Drives - - - - - - . - - .
Diemer Filtration Plant Modifications and Washwater Reclamation Piant Eniargement _ - - - - s T - . o .
mm«wmmmmmm - - - - . - | N - T N
Diemer, Weymouth & Skinner Filtrations Plants - Oxidation Retrofit Program - - - - - - N . - N
Fitt.Pits.. Dstr. System, and Colorado River Aquedict - Backfiow Prevention Assemblies 6169 8466 642.9 - - - - - . -
Jensen & Milts Filtration Plants - Oxidation Retrofit Program - - - - - - N - B N
Jdensen Filtration Plant - on No 1 - - - - . - A - N -
Jensen Filtration Plant - Repair Roof at Reservoir No. 1 - - - - - . - - N B
Jensen Filtration Plant - Replace Filter Media - - - - - . - B B N
Jensen Filtraton Plant - Siudge Handling Study - - - - - - - - - -
ensen Plant - Chenwcal Tank Farm Modifications - - - - - - - B B A
La Veme Facilites - Construct a Utilty Shop Building - - - - -
La Veme Facilities - Electrical Service Upgrade - - - - - - N B B N
|| La Veme Faciity - Hazardous Waste Staging Area - - - - - - B N P N
Milis Fitration Plant - Expansion No. 2 - - - -1 B - -
Mills Filtraton Plant - Landfill - - - - B - N

San Reservorr - improvement - - . - - - B

5-5610-

5-7010-11]_San Joaquin Reservow - sbmmma.mL . N . B 7 . .

56280-33|_Skinner - Relocate Front Entrance Gate and Fending. and C New Parking Lot - - - -

56110-3

 5-6660-2
157

|7
N

NuN

H
L

1 _Skinner Filtration Plant - E: Power Genersting System - - N

D

Il
31]_Sidnner Filration Plant - Filter Media Repla - - - 1
31| Skinner Filtration Plant - Flocculator ment in 182 - - - ! - - -
5-0304-31| Skinner Filtration Plant - install Effuent Weir - - - |
5-0410-31| Skinner Fittration Piant - Modules 4. S, and 8 Sedimentabon Basin - - -
56510-31] Skanner Filtration Plant Monofill - - -
5-6920-31] Sknner Modules 1-3 Electrical Condut and - - -
5-0402-61] Warehouse and At Milts Fittayon Plant - - -
5-0514-31| Water - L Action Plan - -
5-6590-31] Water - Demonstration-Scale T¢ - -
5-0401-61| Water Lad-1 Plasma Mass - -

O N _r_ -

bbb

5635063 Water Bull

56910-32 Fitration Plant - Handing Fa

56530-31 Fiftration Plant- Femic Chioride Retrofit and Au

50002-32 Existin P . S N
TOTALWATER GUALITY AND TREATMENT. v 8 ) [ )

-

adelefeteteaiels

th

| T

5-5560-71| Central Pool mentaton and Water - and Land isthon - - - - -1 -1 M N
5-0221-32| Central Pool Augmentation Fitraton Plant 136023 | 162196 | 152096 | 153708 | 73,9000 | 100864 5 | 104,654.3 | 56,3412

Central Pool Au Filtration Plant - 2nd - . - Ny s - 5 .
TOTALCENTRAL POOLAUGMENTATION. 2 [ 738023 162196 162096 153708 _ 739000 1008645 KM ELE]

ol
™
e
S

1 T
5-0516-31 Permis Filtration Plant - - 2,528 4 2,854.8 11,1502 | 11,7078 | 92,1986 | 96.808.5 | 1016490 | -
5-5300-71] Peris Fittration Plant - and Advance Land ition - - - - - - P
- 25284 26548 11,1502 11,7078 - 92,1986 96,808.6 1016450 -
! 1 1 L

TOTAL PERRIS FILTRATION PLANT T
e “SUBTOTALFOR WATER TREATMENT PROJECTS 14,2132 . 168682 - 9 1802585 85 125722 1968630 1951498 1016490 . TTSTA
—— | i i

2&, A 2&113 385150 972284 - 1672315 48528 ;37#22-0 84,0235 - 3365688 31,396.1

i TOTAL PROPOSED CAPITAL 1|




L 203847 2017418 201819 201920
g "3k W - .
Sl Y DISTRIBUTION, ANO STORAGE PROJECTS
[5-041363| AX Facilities - Systems | ments - - - - - 4837 . 3,046
5-6070- AN Pumping Plants - Discharge Pipefines and Pump Buildings, Seistic ons - - - - - 2,066.6 128604
56230-11] Al Pumping Plants and - install B B B s . N S 3401
>6890-22| Automatic Meter Readin, Information em (WIN) - - - - - 439.6 44089
1| Capital Program For Projects Costing Less Than $250,000 For Fiscal Year 1995-96 - - - - - 546.0 30000
 5-6310-61 For Projects Costing Less Than $250,000 For Fiscal Year 1991-92 - - - i - - 57 30387
5-6450-61| Capital Program Projects Costing Less Than $250,000 For Fiscal Year 1992-93 - - - - - 107.5 10000
610-61! Capital Program For Projects Costing Less Than $250,000 For Fiscal Year 1993-94 - - - - - 1014 14,5000
5930-61{ Capital Program For Projects Costing Less Than $25 For Fiscal Year 1994-95 - - - - 287.9 3,000
| 5-2035-81] Capttal Susp - - - - - - 1ATIS
5-6750-11| Colorado River Aqueduct - Supervisory Control and Data (SCADA) System - - - - 851.8 . 6,5784
5840-43| Data and Digrtal Microwave Network - Communicaton System Upgrade - - - - - 2284 13890
5-0312-42| Digital Microwave Services To Plants and Desert Faciibes - - - - - - 8842
| 5-6720-22| Drstnbution System - Metro Green Line Electrolysis Monitonng Stations - - - - - 502 3600
5-5770-42| D System - Replacement Of Area Control Systems. - - - - - 1,384.1 44,000.0
685063 Cavitation Test Failty N - - - B 872 ‘o518
5-5280-21 Pipeline and Control Facility - - - - - 153424 1212092
5-0601-91| Future System y Proj FY 1996/97 - - - - - . - 34,7494
5-0701-91| Future System Reli y Projects FY 1997/9i - - i B - - A8
5-0801-¢ Future System Rehability Projects FY 1998/9¢ - - - - - - 383112
5-0901- Future System Reliability jects FY 1999/00 - - - - - - 40,2263
| 5-2000- Future System Reliability Projects FY 2000/ - - - - - - 422384
5-2001-91| Future System ity jects FY 2001/02 - - - - - - 43500
5-2002-91| Future System Reliability Projects FY 2002/03 - - - - - - 48,5675
| 5-2003-91| Future System Reliability Projects FY 2003/04 - - - - . - 43,8959
-2004-91| Future System Reliability Projects FY 2004/05 - - - - - - $1340.7
Future System Reliability Projects FY 2005/06 - - - - - . 83,9502.8
Future System Rellability Projects FY 2006/07 - - - - - - §6,803.1
Future System Reliabilty Projects FY 2007/0f - - - - - - $9433.3
Future System Reliabilty Projects FY 2008/08 = = : B - - 624050
Future System Reliability Projects FY 2009/1 - - - - - - 65,5282
Future System Reliabikty Projects FY 2010/11 - - - - - - 63,8015
Future System Reliability Projects FY 2011/12 - - - - 722418
Future System Reliability Projects FY 2012/13 - - - - - - 758836
Future m Reliability Projects FY 2013/14 20,894.7 - - - - - 798483
Future System Rehabiiity Projects FY 2014/15 41,7894 | 21,93 - - - - 338286
Future m Rebabilty Projects FY 2015/16 208947 | 43.878. 23,036 4 . - - 878101
Future System Reliability Projects FY 2016/17 -~ | 219395 460729 | 24,1882 - - 922006
Future System Refiability Projects FY 2017/18 - - 230364 | 483765 | 253977} ~ 268105
Future System Reliability Projects FY 2018/19 - - - | 247882 507953 - 749635
Future System Reliability Projects FY 2019/20 - - - - 253977 - 263977
5-6400-21| Garvey Reservoir Repair - - - - - 2,171.5 28,0000
5-6830-11 ntaton of the Drainage Water Quality Plan - - - - - 3.290.1 . 24,1000
£340-43| Information Systems Strategic Plan - Implementation - - - - - - - 27,2104
>-6840-22| _Insulating Joint Test Station - - - - - 1703 10200
5-7110-99| Iron Mountain Q - - - - - 2232 - 19623
| 5-0001-63| La Veme Construct Office and Storage - - - - - 661.1 48910
| 5-0594-63| La Veme Facilities - Mortar Lining and Gunrte Coating Facil - - . - - 108.1 14,2203
5576061, La Veme Faciity Auto Repair and Utlity Shop Bidg_Sessmic - - - - - 833 5101
10-11] Lake Mathews - Construct Outlet Facikity = - - - - 18,7719 145,000.0
[56620-11] Lake Mathews - Vaives and Appurtenances. Refurbishment Progr - - - - - 26354 39199
5-6790-53| Lake Mathews and T Power Plants - Install 34.5-KV Cir - - - - - %3 A
0408-61| Lake Mathews Auto and Heavy Equipment Shop. - - - - - 567.6 §,000.0
104-61| Lake Mathews Buildin, - - - - 186.7 1.260.0
04 1| Lake Mathews 2and Tool Crib Extension - - - - - 33 . 3880
5-0143-11| Lake Perns ck | ment - - - - - 809 800
5-6410-21| Lake Skinner - B Py No. 2, Screen Instailaton - - - - - 3559 22047
5-5730-21] Lake Skinner Facifites - Outiet Tower and Bypass Pipeines - - - - - 3955 * T RAD0D
5-0104-21] Lakewiew Pipeline - Airstack instaliation - - - - - 24 2888
5-5160-22| Lower Feeder - Arr Release - - - - - 753 - 5498
5-6490-21| Lower, Middle, and West Coast Feeders - Cathodic Protecton - - - - - 569.9 4,300.0
5-0108-22! Middle Feeder - Rio Hondo Pressure Control S! - Repla - - - - - 2.7 3812
$-567043| O Control Center at Eagle Rock - - - - - 2335 440.1 | 3,8610
5-0506-61| Record Drawing Restoration - - - - - £,5116 | 85118 7637 C 7282
5-7100-99; Retrofit 28 Manhole-Risers on the Santa Monica Feeder - - - - 3238 708 621 -~ 7989
7000-42| Rolm 8000 CBX Network - - - - - - 2A035 24038 953 24994
5-5870-11| San Jaonto Tunnel, West Portal - Sessmic Modifications - - - - - 18738 | 24732 2762 24500
5596042 yc Operations and Maintenance System - - - - - 17114 1} 18174 3%6.9 23143
5-65880-61| Union Staton Long-Term Headquarters Facilty - - - - - 1286144 -132,2184 27845 135,000.0
5-0512-43 and R of T Radio System with New Wire - - - - - 1,092.5 10128 1434 11558
TOTAL RELIABILITY / REHABILITATION / ADMINISTRATIVE FACILITIES 335788 37,7678 921457 96,7530 101,590.6 | 1,818017.7 49804843 5738101 20468453 |
5-0507-21] Allen-McColloch Pipeline Parallel (S4B/S5 Reach) 5 - .| - 70174 || 78,0774 - 780774
5-6690-21] Alten-McColloch Pipeline Purchase - - - 7 - - 81088 { | 68,0674 2883 £635857
5-5710-21] South (Orange) County Pipeline - Joint Parbcipation and Purchase - - - - - 1424 . 69,5472 - $9,5472
TREATED WATER DISTRIBUTION = - | - — - - 34,328.1 2138917 2333 213380.0
| .l ] 1 -
5-5600-11| Eastside Reservor Pro) | -1 - - - | t2rasers 17334576 | | 2386424] 1972099
TOTAL EASTSIDE RESERVOIR PROJECT - , - I - : - - | s2resars 17334578 1,972,093 |
T T 1 . «
5.5590-11]_inland Feeder B -1 P - 8543913 |) - sesde77 || 1326024 . 10270004
l‘l’OTAt INLAND FEEDER L4 . - T - - [ - 8543913 ' 8 7 - 1,027,000.4
|
5.5580-21] San Die; ne No. 6 | - 1 - 1 - - 2751895 || 1.2 41,748.9 3240000 |
JOTAL SAN DIEGO PIPELINE NO.6 - - - - - 276,189.5 28228512 | | 497489] 32400000
5-5990-71| West Valley Area Study - - - . - 194 1 ‘27760 - 2,760
5-0229-21] West Valley Project . N B . . R | - . B
West Valley Interconnecton - - - - - 8,470.3 < 34703 - 84703
TOTAL WEST VALLEY - L3 - - - 3489.7 11,2462 - 11,2462
} H
5-0141-21] Central Pool Aug Tunnel & Prpeline . - T . - 6318792 6816792 | | 1063043 7879835
Centrat Poot Augmentaton Conveyance Extension Project 27103 56916 59762 | 705936 | 74,1232 153,094.8 189, - 150,094.8
TOTAL CENTRAL POOL AUGMENTATION (Supply, Distribution, & Storage Projects) 27103 $,691.6 59762 705936 74,1232 840,774.4 840,774.1 106,304.3 470783
| 1 .
5-3950-11] Chino Basin Groundwater Storage Program - - . . ) 85.0 44833 - 44533
56580-71] Foothill Area Study - - - - ] - 191 || 2034 - 2034
5-0517-11 Local Groundwater St ements - - - - - 210,000.0 210,000.0 - 210,000.0
TJOTAL CONJUNCTIVE USE { GW STORAGE - ( - \ - - - 210,074.1 214.656.7 - 234,856.7
| | |
55810.71]_San Bemardino / Rverside Area St - B! - - - 2344 [ 23967 - 23967 |
TOTAL SAN BERNARDINO / RIVERSIDE AREA STUDY - - - - - 23441 23987 - 2398.7
! | [ I
15-6040-11] Desalination Demonstration Project - - | - | M| - 256064 ] 30279.5 4,420.5 34,700.0
]TOI‘AL DESALINATION - : - [ - ] - | - 25606.4 30,273.5 44208 34,700.0
SUBTOTAL FOR SUPPLY, DISTRIBUTION, AND STORAGE PROJECTS 86,289.2 934494 98,1213 1673468 175713.9 | 5,398,062.9 6,212,614.8 581,387.6 6.794,002.3 |
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| 5-6270-61| Al Facikhes - Discharge Eliminaton - -
All Filtration Plants and Distribution System - Chemical Spill Containment - -

| 5-0122-33 Dremer - WmeGﬁdeQm Sec Camera and Gate Control - -
[556810-31] Diemer and Weymouth Install Emergency Gen - B
| 5-6820- Diemer Chemical Feed Pumps Relocation - -

5760- Dremer Filtration Plant - Chlorination System Modifications - -

5-0503-31| Diemer Filtration Plant - C Sedimentstion Basin Sprtway N -
| 5-0509-31| Dremer Fittration Plant - Domestic Water System improvement - -
| $-6570-31 Diemer Fitration Plant - Mixing and Settfing Basin No_8 - North Siope Remediation - -
§-0501-31| Diemer Filtration Plant - New Finished Water Reservorr - -
5-0502-61| Diemer Fittration Plant - New Maintenance w - -
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APPENDIX F:

IRPSIM MODEL DESCRIPTION

BACKGROUND

The primary goals of the modeling for the Integrated Resources Planning process were: (1) to
determine the probability of regional water supply surplus or shortage, and (2) to define
resources that could contribute to meeting a regional supply reliability goal. A simulation
modeling technique was chosen to accomplish these goals, because simulation is highly
effective in determining the probabalistic outcomes. In addition, simulation allows for
flexibility in defining the variables needed for a scenario-based analysis over a long planning
horizon, and provides a mechanism for including stochastic uncertainty in forecasts of supply
and demand.

Specifically, the Integrated Resources Planning Simulation Model (IRPSIM) uses a
sequentially-indexed Monte Carlo simulation algorithm to simulate future supply
surplus/shortage conditions using correlated hydrologic variations in regional supplies and
demands. In using this type of simulation algorithm, well defined operational rules for supply
and storage operations are employed to meet the objectives of the simulation. The sequentially-
indexed Monte Carlo process applies historical effects of hydrology and weather to forecasts of
supplies and demands, generating a distribution of projected surplus/shortage conditions. This
appendix contains definitions of the variables and ratios used in IRPSIM, the objectives of the
IRPSIM algorithm, a description of the simulation processes (supply and demand, and storage
operations), and an example of the storage algorithm used in IRPSIM.

VARIABLES AND RATIOS

Although many individual variables are used in IRPSIM, only the ones critical for
understanding its algorithm will be defined.

Demand: The aggregate retail-level demand for water.

Supply: The aggregate water supply from all sources, local and imported.

Surplus/Shortage: The contemporaneous surplus or shortage of water, Supply-Demand,
before storage puts or takes. Surpluses are represented as positives,

shortages as negatives.

Storage Device: A groundwater basin or surface reservoir.

F-1



In-Lieu

Conveyance: The ceiling on the amount of in-lieu deliveries that a groundwater basin
can and/or will take. In-lieu deliveries to a storage device are made by
reducing groundwater pumping below safe yield for any single time step.
The reduced pumping allows the basin to fill by accumulating natural
runoff or regular replenishment.

Put/Take: The put or take from a storage device, or aggregate of all storage devices.
Puts are represented as positives, takes as negatives.

Net-Surplus/
Net-Shortage: The surplus or shortage of water after storage puts and takes. Surpluses
are represented as positives, shortages as negative.

Storage Capacity: The total space in a storage device dedicated to storing water for regional
purposes. Storage capacity can be defined for an individual storage
device or for the aggregate of all storage devices.

Put Conveyance:  The physical spreading and/or injection capacity of a storage device.

Take Conveyance: The physical pump or withdrawal capacity of a storage device. (for
groundwater basins, this is derived as the maximum production capacity
minus groundwater production).

Storage Level: The total amount of water stored in a storage device at a particular time
step.

Remaining

Storage Capacity: The storage capacity minus storage level for a storage device. Remaining
storage capacity varies with time due to changes in storage level and
storage capacity.

Put Ratio: The minimum number of time steps required to fill the Remaining
Storage Capacity of a storage device, provided there is enough water
supply to maximize Put Conveyance. Mathematically, this variable is
equal to Remaining Storage Capacity divided by Put Conveyance.

Overlying

Demand: The aggregate water demands of Metropolitan Water District’s Member
Agencies, Sub-Agencies, or Retailers, minus their respective local
supplies, that overlies any single groundwater basin. This variable is
interpreted as the maximum potential storage take for a groundwater
basin, without export of the water to another region, or as the demand for
imported water within the area of service for a groundwater basin.
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Modified
Take Conveyance: The maximum take conveyance for which there is an overlying demand.

This variable is equal to the lesser of fake conveyance or overlying
demand.

Take Ratio: The minimum number of time steps required to empty a storage device
given its Storage Level, provided there is enough water demand from
which to maximize the Modified Take Conveyance. Mathematically this
variable is equal to Storage Level divided by Take Conveyance.

OBJECTIVES

There are four objectives for the IRPSIM algorithm: (1) meet consumptive demands for water
with coincident water production, (2) minimize the amount of wasted water; (3) efficiently use
storage withdrawals to alleviate shortages; and (4) prioritize storage operations to fill storage:
local (Groundwater & Surface), regional, and then outside service area. The four objectives
split the IRPSIM algorithm into two separate parts; the production of supply and demand
(objective 1), and the operation of storage (objectives 2-4).

Objective 1 has top priority in the IRPSIM algorithm, and also determines the supply surplus /
shortage conditions used by the storage algorithm. Ideally, Objectives 2-4 would not be
prioritized, so that all would carry the same importance. However, Objectives 2-4 are often in
competition with each other. For example, in order to minimize wasted water, surplus water
should be stored so as to maximize the likelihood of having remaining put conveyance in the
future. In other words, when you have a choice between two groundwater basins to store
surplus water, the groundwater basin with the lowest ratio of remaining storage capacity
divided by its put conveyance should be used. This metric, called the put ratio, can help govern
storage put decisions. In particular, the put ratio is interpreted as the number of future time
steps required to fill the remaining storage, if there is ample water. Choosing where to store
surplus water by put ratio assures that the maximum amount of put conveyance and remaining
storage capacity is available in the future. However, this ratio conflicts with the objective of
storing water to maximize future storage production. To accomplish this objective, surplus
water should be stored in the basin with the lowest ratio of storage level divided by its take
conveyance. This metric, called the take ratio, is interpreted as the number of time steps
required to empty a storage device. These ratios can sometimes suggest alternative storage
rules depending on the objective chosen. Therefore, objectives sometimes need to be
prioritized.

The IRPSIM algorithm is most easily understood when broken into two parts: (1) The
generation of future supplies and demands, and (2) the routing and balancing of storage.



SUPPLY AND DEMAND GENERATION

Future supplies and demands are generated by IRPSIM using equations specified in the variable
definition (VARDEF) file. The VARDEF file is IRPSIM’s primary source for data inputs and
provides a flexible variable language for manipulating input data. IRPSIM is not a forecasting
model. It is a tool for integrating supply and demand forecasts from several sources and
creating an estimation of water supply reliability. The actual forecasts of supply and demand
data must come from other models. IRPSIM uses an internal algorithm to cycle the effect of
historical hydrologies on both supply and demand to estimate the impacts of weather variation
on supply reliability. IRPSIM is also capable of generating and applying a random error term
to both supplies and demands to reflect uncertainty in forecasted data.

IRPSIM equations allow for the combination of data from several non-integrated models. In
this way, IRPSIM can leverage the information from multiple data sources. For example,
MWD’s long-range demand forecasting model, MWD-MAIN, produces weather normal
forecasts, but does not have weather effects applied to its forecasts. However, weather effects
are available from MWD’s short-range demand forecast tool, MWD-FORE. By combining
these two data sources, IRPSIM produces a “hybrid” demand forecast consisting of long-range
trends and short-range weather variability in its demand projections. In this same way, IRPSIM
combines data for all supply and demand data to create aggregate demand and supply.

IRPSIM uses an innovative approach called indexed-sequential monte-carlo simulation to
evaluate supplies and demands. Indexed simulation means that imported supplies from
Northern California and the Colorado River are indexed to the same historical year as local
demand and supplies in Southern California. This methodology preserves the contemporaneous
relationships between hydrology and climate effects on supply and demand. In other words,
1933’s weather impact on Northern California’s hydrology is matched with 1933’s weather
impact on demands and local supplies in Southern California and so forth for all supplies and
demands. The indexing between supply and demand is critical because of the relationship
between the two. The demand for water is inversely correlated with the supply. The same
factors that tend to make demand increase (hot and dry weather), also tend to decrease supply
availability.

The simulation approach not only preserves the match between supply and demand, but also the
sequence of years. Sequential simulation (preserving the order of the historical year’s climate
and hydrology) can identify the times in which demands exceed supplies and vice versa. This
analysis is critical for determining storage needs. In addition, sequential simulation preserves
the interrelationship of weather between years. Statistical models that are used to generate the
weather effect on water demand, or hydrology effect on water supply, generally measure a
multi-year effect. This means that the estimate of a weather effect on demand is based on the
previous two or three year’s weather. The same is true for hydrologic models of supply.
Therefore, if 1987 were separated from 1984, 1985 and 1986 in the sequence, then the
estimated weather or hydrology effect would not be valid.
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The sequentially indexed monte-carlo method developed for IRPSIM is best described in its
simplest form. Assume that water supply and demand come from independent distributions.
Simply by taking a random draw from each distribution and subtracting them (supply minus
demand), and repeating this hundreds of times, a distribution of shortage/surplus can be
constructed. However, this simplified method is complicated by the negative correlation
between supply and demand. Therefore, in order to determine supply reliability for water,
matched pairs of supply and demand must be used to develop the distribution of
shortage/surplus. Matching pairs of supply and demand, a low likelihood that a low demand
observation gets paired with a low supply observation. IRPSIM combines the indexed-
sequential simulation discussed earlier with Monte-Carlo probability analysis in order to obtain
the final distribution of shortage/surplus used to estimate supply reliability. The model takes
each of the unique 70 year climate/hydrology traces in the historical record (from 1922-1991)
and draws about 28 different random non-weather related demands. This provides about 2,000
individual events for any specified time-step (usually monthly).



THE ROUTING AND BALANCING OF STORAGE
The basic flow rules for storage in IRPSIM are depicted in Figure F-1 below.

Figure F-1

IRPSIM STORAGE FLOW
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In step one, total supply and demand are compared to determine if there is surplus or shortage.
(or the unlikely outcome of exact balance). Based on this determination, water is either put to

or taken from storage. If there is a surplus, water is delivered in-lieu to the groundwater basins
until the surplus is depleted or until the in-lieu conveyance reaches its maximum. Any




additional surplus water is put into tier one storage: groundwater basins', Lake Mathews, a San
Diego surface reservoir, and Emergency Eastside Reservoir, up to the put conveyance or
storage capacity of tier one. If surplus water remains, it is put into tier two storage: Non-
Emergency Eastside Reservoir (the carryover portion). Any remaining surplus (net-surplus) is
unusable in the Metropolitan Service Area, and is left as surplus on the State Water Project (or
it could be used in yet undefined storage transfer facilities on the SWP). If the initial condition
is shortage, then water is taken from tier one first (excluding Emergency Eastside Reservoir?).
If shortage remains then water is taken from tier two storage. If shortages still exist then State
Water Project Transfers are called. Finally, any remaining shortage (net-shortage) is true retail-
level shortage and is counted against the region’s reliability goal.

The linkage to the center line of the chart, the balanced path, represents an attempt to move
water from Eastside Reservoir (Non-Emergency) into tier one storage. This movement of
water, or storage shift, is attempted whenever there is surplus conveyance between Eastside
Reservoir and tier one storage. Storage shift serves two purposes: (1) it transfers water closer to
ultimate water demand off-peak, reducing the need for peak facilities; and (2) it frees up storage
space in Eastside Reservoir to receive hydrologic or unexpected surpluses from the Colorado
River Aqueduct or the State Water Project, reducing the overall likelihood of unused surplus
water (net-surplus). In simulation, the storage shift rules allow groundwater basins to use their
spreading basins in the winter for natural runoff while Eastside Reservoir fills, then receive
deliveries from Eastside Reservoir in late spring or summer when there is spreading capacity
available.

These gross flow rules handle a majority of the decisions for storage in IRPSIM. However,
they do not address issues regarding the placement of water within a tier. For example, if there
is only enough surplus to put water into a few tier one facilities, which facilities get the water?
Conversely, if there is a shortage requiring storage takes from only a few tier one storage
devices then which devices are used? In order to make these decisions, objectives of the
storage algorithm had to be prioritized, and an optimal storage rule had to be developed’.

As stated above, the objective of minimizing net-surplus and the objective of maximizing
potential takes (which is equivalent to minimizing net-shortage), are sometimes in conflict.
This conflict arises whenever a choice between tier one storage devices must be made. To fully
understand this conflict, examine the following examples in which only two storage devices
exist. In Example 1, shown in Table F-1, storage is balanced based on take ratios (putting and
taking water from storage so that take ratios are as equal as possible across all storage devices
within a tier). Balancing storage by take ratios maximizes the efficiency of future storage takes.

' Metropolitan Water District to Member Agency connections, specifically designed for groundwater spreading
and/or injection, allow groundwater deliveries over and above the ceiling of in-lieu deliveries. Additionally, the
configuration of most Member Agencies precludes delivery of in-lieu water to portions of their retail demand,
allowing a substantial remainder of groundwater conjunctive use potential to only be accessible through tier one
(direct) deliveries.

? Emergency Eastside Reservoir never experiences a take unless a catastrophic emergency has occurred (an
aqueduct severing earthquake).

* The Single Step Optimal Storage Rule documented below was developed for the MWD IRP process and is
documented here for the first time.



By the end of six months, both storage devices have 3 months of maximum storage take
available (storage level divided by modified storage take)*. Therefore, if three months of
shortage were to occur, the storage devices would have enough water in storage and take
conveyance to maximize takes. However, there is a drawback to this approach. If the next
three months had large surpluses then storage device 2 would be full in 2.3 months. This would
effectively

Table F-1
Example 1

Month 1 2 3 4 5 6
Supply 1200 1300 1200 1000 1000 1000
Demand 1000 900 1000 1100 1100 1200
urplus/Shortage 200 400 200 -100 -100 -200
Net-Surplus/Net-Shortage 0 0 0 0 0 0

Device 1
Storage Capacity 17000 1000 1000 1000 1000 1000
Storage Level 100 1556 305 390 355 300
Rem aining Storage Capacity 900 845 695 610 645 700
Put Conveyance 150 150 150 150 150 150
Take Conveyance 100 100 100 100 100 100
Overlying Dem and 90 81 90 99 99 108
Modified Take Conveyance 90 81 80 99 99 100
Take Ratio 1 1.9 3.4 3.9 . 386 .30
Put Ratio 6.0 5.6 4.8 © 4.1 4.3 4.7
Put/Take 55 150 85 -35 -55 -75

Device 2
Storage Capacity 1200 1200 1200 1200 1200 1200
Storage Level 100 245 495 610 545 500
Rem aining Storage Capacity 1100 955 705 590 655 700
Put Conveyance 300 300 300 300 300 300
Take Conveyance 250 250 250 250 250 250
Overlying Demand 140 126 140 154 154 168
Modified Take Conveyance 140 126 140 154 154 168
Take Ratio 0.7 1.9 ~ 3.5 4.0 3.5 3.0
Put Ratio 3.7 3.2 T 2.4 ‘2.0 22 23
Put/Take 145 250 115 -65 -45 -126

* Put and take ratio are actually beginning period variables, meaning that they are based on the actions of the
previous period. Therefore, the ratio of true interest is calculated for month seven, and is not displayed in the
chart. The balance that appears in month six is based on the actions of month 5.



Table F-2

Example 2

Month 1 2 3 4 S 6
Supply 1200 1300 1200 1000 1000 1000
[Demand 1000 900 1000 1100 1100 1200
jSurplus/Shortage 200 400 200 -100 -100 -200
Net-Surplus/Net-Shortage 0 0 0 0 0 0

Device 1
Storage Capacity 1000 1000 1000 1000 1000 1000
Storage Level 100 250 400 550 550 533
Remaining Storage Capacity 900 750 600 450 450 467
Put Conveyance 150 150 150 150 150 150
Take Conveyance 100 100 100 100 100 100
Overlying Dem and 90 81 90 99 99 108
Modified Take Conveyance 90 81 90 99 99 100
Take Ratio 1.1 3.1 4.4 5.6 5.6 5.3
Put Ratio 6.0 5.0 4.0 3.0 3.0 3.1
Put/Take " 150 150 150 0 B 4 -66

Device 2
Storage Capacity 1200 1200 1200 1200 1200 1200
Storage Level 100 150 400 450 350 267
Remaining Storage Capacity 1100 1050 800 750 850 933
Put Conveyance 300 300 300 300 300 300
Take Conveyance 250 250 250 250 250 250
Overlying Dem and 140 126 140 154 154 168
Modified Take Conveyance 140 126 140 154 154 168
Take Ratio 0.7 1.2 2.9 2.9 2.3 1.6
Put Ratio 3.7 8.5 2.7 2.8 2.8 3.1
Put/Take| =~ 50 250 50 -100  ~  -83 -134

reduce the put conveyance of storage to that in storage device 1. The alternative, Example 2
(illustrated in Table F-2), is to balance storage by put ratios. Balancing storage by put ratios
maximizes the efficiency of future storage puts. Therefore, if the next three months had large
surpluses then there would be enough remaining storage capacity to maximize storage puts for
all three months. The drawback of Example 2 is reflected in the take ratios. If there were three
severe shortage months ahead, then device 2 would be empty in 1.6 months, effectively
reducing overall take conveyance to that of device 1. The fundamental question is whether it is
more important to minimize unused surplus or to minimize shortage. Since the IRP process
was initiated to address supply reliability, it was decided to use the take ratio method and focus
on minimizing shortage.

The take ratio rule is used at any point in the IRPSIM storage algorithm where there is less
shortage than take conveyance and storage level available, or when there is less surplus than put
conveyance of remaining storage capacity available. The take rule is applied whenever there is
less storage shift than remaining put conveyance and remaining storage capacity in tier one.
After storage has been resolved for all shortages and surpluses, there may be remaining ability
for storage shift (movement of water from Eastside Reservoir to tier one storage). When this
occurs, it may be necessary to prioritize this shift for tier one deliveries; if there is not enough
water in storage shift from Eastside Reservoir to meet all the remaining put conveyance or
remaining storage capacity in tier one.



A STORAGE EXAMPLE

The following, Table F-3, shows an example of the storage algorithm. Only three storage
devices are assumed to exist: two tier one storage devices and one tier two storage device. For
simplicity, no in-lieu conveyance is assumed. However, in-lieu operation can be surmised from
the example. Supplies and demand are as given, and tier one is balanced using the take rule.

Table F-3
ontn ] 2 3 g 5 3] 7 ) ) 10 11
Supply 1700 1700 1600 1500 1200 1100 1000 1050 1200 1300 1400 1500
Demand 900 800 1000 1100 1300 1400 1400 1300 1100 1000 900 900
urplus/Shortage 800 900 500 400 -100 -300 -400 -250 100 300 200 600
Net-Surplus/Net-Shortage 0 100 0 0 o] 0 0 0 0 ] 0 0
TIER 1
Device 1
~ Storage Capacity 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200
Storage Level 100 250 400 550 700 725 710 710 642 722 842 992
Remaining Storage Capacity 1100 950 800 650 500 475 490 490 558 478 358 208
Put Conveyance 150 150 150 150 150 150 150 150 150 150 150 150
Take Conveyance 100 100 100 100 100 100 100 100 100 100 100 100
Overlying Demand 81 72 90 99 117 126 126 117 99 90 81 81
Modified Take Conveyance 81 72 90 99 100 100 100 100 99 90 81 81
Take Ratio 1.2 35 44 58 ‘7.0 7.3 71 ‘7.4 "85 8.0 104 122
Put/Take| 150" 150° 150 130 -60 -100 -100 -68 80 120 150 150
Storage Shift 0 0 0 20 85 85 100 0 0 0 0 0
Device 2
—Storage Capacity T800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800
Storage Level 100 400 700 1000 1300 1425 1390 1290 1108 1128 1308 1608
Remaining Storage Capacity 1700 1400 1100 800 500 375 410 510 692 672 492 192
Put Conveyance 300 300 300 300 300 300 300 300 300 300 300 300
Take Conveyance 250 250 250 250 250 250 250 250 250 250 250 250
Overlying Demand 126 112 140 154 182 196 196 182 154 140 126 126
Modified Take Conveyance 126 112 140 154 182 196 196 182 154 140 126 126
Take Ratio 0.8 36 5.0 8.5 7.1 73 71 7.1 7.2 8.1 104 12.8
Put/Take 300 300 300 270 -40 -196 -196 -182 20 180 300 300
Storage Shift 0 0 0 30 165 161 96 o] 0 0 0 0
TIER 2
Device 1
Storage Capacity 800 800 800 800 800 8O0 B00 B00 300 300 300 800}
Storage Level 0 350 700 850 800 550 300 0 0 0 0 50
Remaining Storage Capacity 800 450 100 -50 0 250 500 800 800 800 800 750
Put Conveyance 350 350 350 350 350 350 350 350 350 350 350 350
Take Conveyance 250 250 250 250 250 250 250 250 250 250 250 250
Put/Take 350 350 150 0 0 -4 -104 4} 0 0 50 150
Storage Shift 0 0 0 -50 -250 -246 -196 0 0 0 o] 0

In month one, with a surplus of 800 AF, all storage is at its maximum put conveyance, and
water is stored in all three devices apparently equally. Likewise in month two all put
conveyance is utilized, but 100 AF is left as net-surplus. In month three it becomes apparent
that tier one storage has preference for water over tier two, because its put conveyance is
maximized, before tier two receives water. No balance rules have been used to this point,
because there hasn’t been a case when there wasn’t enough water to maximize all tier one put
conveyance. In month four the surplus is smaller than the combined put conveyance of

tier one, so the take rule for balancing storage is applied’. Next, water is shifted from tier two
to tier one. This is possible because the put conveyance of tier one has not been maximized by

5 Although the rule is named the Take Rule, it is applied during puts and takes. The rule name comes from the
ratio it uses; not from when it is applied.
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direct puts, and take conveyance of tier two has not been maximized by demand. Since there is
enough water being shifted to maximize tier one puts (device 1: direct put of 130 AF and shift
of 20 AF, and device 2: direct put of 270 AF and shift of 30 AF), storage balancing is not
employed®. Month 5 has the first shortage month, and takes are balanced among tier one
storage. The shift is balanced as well because tier one put conveyance is not maximized by the
maximum tier two shift (equal to tier two’s maximum take conveyance). The balancing that
occurs is evidenced by the equal take ratios in month 6 (see footnote 4 above). Also in month
6, the modified take conveyance of device 2 forces a direct take from tier two. This implies
that the shortage in month 6, although smaller than the overall take conveyance of tier one, was
not distributed according to conveyance. Therefore, meeting this shortage solely out of tier one
storage would require export facilities that are not assumed in the IRPSIM runs. Storage shift
continues to keep tier one in balance until month 8, because tier two take conveyance never
maximizes tier one put conveyance’.

Although the example above is greatly simplified, having only two tier one devices and no in-
lieu capabilities, it illustrates several important features of the storage algorithm. First, no
water is put into tier two storage devices, unless it is unusable by tier one storage devices.
Second, tier one is optimized for minimizing future shortages, using the heuristics of the take
ratio rule. Third, storage is moved from tier two to tier one whenever possible. Fourth, tier one
takes are restricted to meeting the demand for Metropolitan water that overlies the particular
storage device.

§ It is also important to realize that any shift that maximizes put conveyance of tier one, negates the balancing that
occurred for direct puts in that month. However, it is still necessary to balance direct puts whenever possible,
because it is impossible to know a priori whether storage shift will maximize put conveyance.

” Following this logic it may seem impossible for a tier two storage device to ever maximize tier one storage
(given the relative sizes and conveyances), but it can happen as preferred tier one storage devices fill, effectively
decreasing the put conveyance of tier one.
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APPENDIX G:

SUPPLY RELIABILITY AND LEAST-COST PLANNING

Traditionally, water supply planning has been fairly straightforward -- emphasizing the
construction of supply projects such as surface reservoirs, treatment plants, wells and pipelines
to meet growing demands. However, due to rising capital costs, increased environmental and
water quality regulations, and attendant competition for new water supplies, different
approaches to traditional supply planning must be used. These new planning approaches can be
adapted from the techniques used by the power industry, such as least-cost planning (LCP) and
integrated resource planning (IRP). In general, LCP is a procedure that compares the costs
(resource development and environmental externalities) of traditional supply projects with
demand-side management programs (conservation). Based on the principle of minimizing
costs, the combination of supply options and demand-side management with the lowest overall
cost should be pursued. IRP is a dynamic planning process which incorporates the basic
principles of LCP, and explicitly considers other objectives such as environmental protection,
sustainable growth, and the economy (Beecher, et al., 1991). Although traditional supply
planning as often involved analysis of supply reliability, both LCP and IRP require detailed
reliability evaluations which take into account non-traditional resources.

Even though IRP’s will differ for each water utility due to the unique characteristics of its
service area, there are some basic technical steps that should be followed:

1. Develop a Detailed Water Demand Forecast
2. Estimate Current and Future Water Supplies
3. Estimate the Variation in Demands and Supplies Due to Weather & Hydrology
4. Estimate the Effectiveness of Demand-Side Management
5. Estimate the Cost of Water Supplies and Demand-Side Management
6. Assess the Risk Associated with the Development of Supplies and Demand-Side
Management
t°

This technical appendix summarizes the analytical techniques usedlénalyze supply reliability
and develop the appropriate resource targets for local and imported supplies. It details the
theory and principles of supply reliability planning and least-cost planning that were used for
the IRP. Figure G-1 presents a general flow chart of the technical evaluations that should be
incorporated into an IRP.
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Figure G-1
Technical Steps in Developing an IRP
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Metropolitan’s IRP process started with the adoption of a water supply reliability goal, which

states:

Through the implementation of the Integrated Resources Plan, Metropolitan and its

member agencies will have the full capability to meet full serivce demands at the retail

level under all foreseable hydrologic events.

One of the major objectives of the IRP was to determine whether this goal was attainable and
affordable. To determine whether the reliability goal was appropriate, a technical process was
developed to analyze different resource strategies in a systematic fashion. Figure G-2

illustrates Metropolitan’s IRP process. The process started with a level of service objective

(reliability goal) and moved to the identification of resource options (imported supplies, local
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supplies, conservation, and capital improvements). After resource options were developed,
combinations of these options were grouped to form resource mixes (or strategies) designed to
meet the multiple objectives of the IRP. The resource mixes were then evaluated in terms of
their reliability, cost and rate impacts, risk, and environmental impacts. The process allowed
for some iterative movements back and forth. For example, if the selected resource mix
resulted in unacceptable rate increases, then the process would return to the reliability goal for
adjustment.

Figure G-2
Technical IRP Process
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The discussion of supply reliability and IRP extends the technical work found in the power
industry (see Wu and Gross, 1979; Booth, 1972; Hirst and Schweitzer, 1988; and Barakat &
Chamberlin, 1994). However, the application of probability and simulation analyses and the
rigorous evaluation of storage and other means of improving supply reliability represents an
innovative and unique approach in the water industry.

NEEDS ASSESSMENT

A critical component to the assessment of supply reliability and development of an IRP is a
credible and accurate water demand forecast. Much progress has been made in developing
more advanced techniques for forecasting water demands. The use of econometric models that
relate water use to major determinants such as housing type, family size, income, lot size,
weather, and the price of water are increasing in the water industry. Metropolitan uses a
customized version of the IWR-MAIN model which projects residential, commercial and
industrial, and public water uses based on econometric models. Although this model does not
use the simple per capita water use approach to demand forecasting (multiplying population by
an assumed per person water usage factor), the resulting output explains why per capita water
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use increases or decreases over time. This ability to explain the effects that several factors have
on demand is one of the strongest attributes of the IWR-MAIN model.

The model indicates that about 66 percent of the region’s future urban water use will be in the
residential sector, 17 percent in the commercial sector, 6 percent in the industrial sector, and the
remaining 11 percent in public and other uses. Figure G-3 summarizes the resulting urban per
capita water use estimates that were derived from the model. The model was also used to
“backcast” demands in order to explain fluctuations in historical per capita use. For example,
the large decreases in per capita use in 1977 and 1993 were both caused by drought
conservation, economic recession, and wet/cool weather. The decrease in 1983 was due to
extreme wet/cool weather. The model projects that normal-weather per capita use (without
conservation) would increase in the future due to: (1) more families moving to the hotter and
drier climate zones of the service area; (2) a greater standard of living due to a modest increase
in income; and (3) employment growth in commercial sectors that use more seasonal water
(Planning and Management Consultants Ltd., 1991). Based on the projected effectiveness of
water conservation programs, it is anticipated that daily per capita use could be held down to a
level of about 195 gallons.

Figure G-3
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Figure G-4 presents the water demand projections in acre-feet per year, assuming the full
implementation of conservation programs. The demand projections are first developed
assuming normal weather. However, in order to estimate supply reliability, variations in future
demands due to temperature and rainfall must be developed. To illustrate this variation, a
climate trace from 1967 to 1991 was superimposed over the future demand projection. Wet and
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cool weather would result in lower-than-normal demands, while dry and hot weather would
result in greater-than-normal demands. In the historic climate sequence, 1983

(arecord wet year) falls on the projection year 2012 -- indicated by the lower-than-average
projected demand. The recent six year drought (1986 to 1991) falls on the projection years
2014 to 2020 -- indicated by the greater-than-average projected demands. Based on 70
different historic climate sequences occurring in any given forecast year, the variation due to
weather has been estimated to be about + 7 percent at the 95 percent confidence level.

Figure G-4
RETAIL WATER DEMAND PROJECTIONS
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In addition to the variations in water demands due to weather, the uncertainty in future demands
due to demographic changes, economic growth and forecast error were also included in the
reliability analysis. These uncertainties can add another + 5 percent to the variation in future
demands by the year 2020.

RESOURCE ALTERNATIVES

Based on the demand projections and assessment of existing firm water supplies available to
the region during a drought, reliability evaluations indicated that about 2.2 million acre-feet of
additional water supplies were needed to avoid water shortages that could occur at least 10
percent of the time. The possible local resource alternatives that could be used to meet the
anticipated shortfall in supplies include: (1) increasing local groundwater production by storing
excess imported water (available during wet and normal weather years) in underground
aquifers, and pumping greater amounts of groundwater during dry years -- known as
conjunctive use storage; (2) recovering contaminated brackish groundwater by desalination
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techniques -- thereby increasing production; and (3) developing reclamation projects that treat
wastewater to high quality standards -- such that the water can be used for irrigation,
groundwater recharge, and direct industrial uses. Moderate investments in local resource
alternatives could produce 0.67 million acre-feet per year of additional supplies by 2020, while
large investments could produce 1.10 million acre-feet per year of additional supplies by 2020.

In addition to the local resource options, the IRP identified several imported supply options that
could be developed. These imported supply options include: (1) increasing firm supplies from
the Colorado River; (2) enhancing supplies from the State Water Project; and (3) voluntary
water transfers between willing sellers and buyers. About 1.2 million acre-feet of additional
imported supplies could be developed by 2020 with moderate investments, while an additional
2.3 million acre-feet could be developed with large investments.

The IRP also assumed the implementation of long-term water conservation programs which are
expected to permanently lower the demand for water into the future. These long-term programs
were designed to minimize negative impacts to lifestyle. About 250,000 acre-feet of additional
conservation is estimated to occur by year 2000 as a result of plumbing codes and landscape
ordinances as well as programmatic demand-side management. By year 2020, it is expected
that over 500,000 acre-feet of demand reduction will occur. These estimated savings were
based on econometric studies, surveys, plumbing codes, and other studies.

RESOURCE EVALUATIONS
The next step in the IRP process was the grouping of local and imported resource alternatives

into resource mixes. The resource mixes were developed and evaluated based on five major
objectives:

1. Supply Reliability -- resource alternatives should be grouped such that, when
combined, they achieve the desired reliability goal.

2. Cost -- resource alternatives which have the lowest overall unit costs (dollars per acre-
foot) should be selected before more expensive options are developed.

3. Water Quality -- impacts to overall water quality need to be considered when
selecting the resource alternatives.

4. Flexibility and Diversity -- resource alternatives should be diversified in order to
minimize the risks and uncertainties associated with developing the supply or
conservation programs.

5. Institutional/Environmental -- institutional and environmental barriers or constraints to
resource development should be considered.




Least-Cost Planning

Cost evaluations were based on estimated total project costs (capital and O&M) over the
expected life of the project. The costs included developing and acquiring resources, capital
investments, and operational and maintenance (O&M) costs for treating, storing, and
distributing the supply. Capital costs were assumed to be financed at about 6 percent and future
costs were inflated using a 3 to 4 percent annual escalation rate. Constraints were put on the
available supply yield from these resource alternatives based on a risk assessment and
incorporation of institutional/environmental constraints. The risk assessment and incorporation
of institutional and environmental considerations were conducted over a one year period, during
which water managers and resource experts were surveyed regarding the likelihood of success
of resource development, the potential barriers to development, and means to overcome the
barriers. Figure G-5 presents a summary of the unit cost and supply constraints that were used
in the evaluations of the resource alternatives.

Figure G-5
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The graph illustrates that about 3.5 million acre-feet of dry year water supply could be
developed over the next 25 years. The resource alternatives are ranked by unit costs (dollars
per acre-foot). Unit costs were estimated by taking the capital and O&M costs needed to
develop the resources, divided by the anticipated water supply yield over the 25 year planning
period. Generally, those resources with the lowest overall unit cost were selected first.
However, water quality played an important role in the selection as well. For example, relying
on imported water that is not sufficiently blended between Colorado River water (high in
salinity content) and State Water Project or water transfers (low in salinity content) could
prohibit the development of local resources (reclamation and groundwater storage). This is



due to local groundwater basin water quality standards, and the fact that water high in salinity
recycled through reclamation plants will result in extremely low quality water.

Storage Evaluation and Simulation

One of the major differences between the power and water industries is the ability to store
water during times of excess (when supplies exceed demand) and to withdraw the water during
times of need (when demands exceed supplies). Storage is critical to regions such as Southern
California, which sometimes receive heavy rains and snowpack during wet years, yet may go
many years between such events. In addition to providing drought benefits, storage also
mitigates against catastrophic events such as earthquakes. All of the major imported water
supply conveyance systems to Southern California cross the San Andreas Fault, where a major
quake is long overdue. But, high costs and potential environmental impacts pose serious
problems to developing large surface reservoirs. During the IRP, it became apparent that
storing imported water in the large aquifers of the major groundwater basins in Southern
California could help achieve the region’s storage requirements. To evaluate the benefits of
increased storage, a computer model called IRPSIM was developed that accounted for the
availability of excess imported supplies, the total storage, the maximum monthly storage
(putting water into storage) conveyance, and the maximum monthly withdraw (taking water
from storage) conveyance.

An innovative approach called indexed-sequential simulation was used to evaluate the benefits
and costs of storage. Indexed simulation means that imported supplies from Northern
California and the Colorado River are indexed to the same year as local demand and supplies in
Southern California. This methodology preserves the contemporaneous relationships between
the hydrology and climate effects on supply and demand. In other words, 1933’s weather
impact on Northern California’s hydrology is matched with 1933’s weather impact on demands
and local supplies in Southern California and so forth. This indexing between supply and
demand is critical because of the relationship between the two. This relationship between
supply and demand is another major difference between the power and water industries. Power
demands are not necessarily correlated with the variation and uncertainties in power supplies.
Outages in power can occur during times of low demand or high demand. Therefore,
probability analysis of supply and demand for power reliability can generally be independent of
each other. The demand for water, however, is generally correlated with the supply. The same
factors that make demand increase (hot and dry weather), also tend to decrease supply
availability.

The simulation approach not only preserves the match between supply and demand, but also the
sequence of years. Sequential simulation (preserving the order of the historical year’s climate
and hydrology) can identify the times in which demands exceed supplies and vice versa. This
analysis is critical for determining storage needs. In addition, sequential simulation preserves
the interrelationship of weather between years. Statistical models that are generally used to
generate the weather effect on water demand, or hydrology effect on water supply, measure a
multi-year effect. This means that the estimate of 1987’s weather effect on demand is, based on
the previous two or three year’s weather. The same is true for hydrologic models of supply.
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Therefore, if 1987 were separated from 1984, 1985 and 1986 in the sequence, then the weather
or hydrology effect estimated would not be valid.

Figure G-6 presents a simplified example of an indexed-sequential simulation, where 1967 to
1991 historical weather is mapped over a 1995 to 2020 projection of supplies and demand.
The example summarizes the data into annual demands and supplies, and indicates the years in
which shortages and surplus exist.

Figure G-6
WATER SUPPLY AND DEIVIAND:
Assuming 1967-1991 Hydrology & Climate
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Figure G-7 presents the monthly simulation of storage assuming 1967-1991 historical
hydrology and weather. The total storage level is measured by the solid black line, read from
the right-hand vertical axis (ranging from 0 to 2.25 million acre-feet). The monthly puts into
storage are measured by the light gray shaded area, read from the top portion of the left-hand
vertical axis (ranging from 0 to +200,000 acre-feet). The monthly draws from storage are
measured by the dark gray bars hanging down, read from the bottom portion of the left-hand
vertical axis (ranging from 0 to -200,000 acre-feet). Finally, imported water which is available
but cannot be stored (wasted supply) is shown as a gray-hatched shaded area at the bottom of
the chart, read from the right-hand vertical axis.



Figure G-7
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This particular 1967-1991 weather trace starts off wet, and imported water is stored as fast as
the storage capacity can will allow. In the earlier years (before year 2000), only the
groundwater basins provide significant storage potential. Because the physical spreading
capabilities of the groundwater basins limit the storing of water, available imported water
during this period is not fully used. After 1999, the Domenigoni Valley Reservoir Project (a
planned 800,000 acre-foot surface reservoir) will be operational to store water for emergency
and drought protection for the region. With its large monthly capacity for storing water, the
slope of the total storage level increases dramatically and very little available imported water
during wet years is unused. The 1976-77 drought (one of the worst on record) occurs in the
2005-06 projection year, as indicated by the heavy withdrawals from storage. The total storage
level falls from 1.70 million acre-feet to about 0.70 million acre-feet in two years. The period
following the 1976-77 drought was very wet and cool, allowing water to be quickly stored.
Finally, the worst drought on record (1986 to 1991) occurs in the projection period of 2015 to
2020. This multi-year drought draws down the total storage level from 2.25 million acre-feet
down to the emergency reserves of about 400,000 acre-feet over a five year period. This
example represents only one such weather trace with a given demand growth. The storage
benefits were evaluated using 70 historical weather traces and about 28 different demand
scenarios.
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SUPPLY RELIABILITY EVALUATION

In general, water supply reliability can be defined as: the degree to which the performance of a
supply system results in the delivery of water service to its customers in the amounts desired,
within acceptable quality standards. Evaluation of supply reliability is important because it
provides a signal when additional resources and capital investments are required. Equally
important, reliability planning determines when "enough is enough" -- that is, when additional
resources or capital planning would constitute an over-investment in supply.

Supply reliability was measured using IRPSIM, an indexed-sequential and Monte-Carlo
simulation computer model (Chesnutt and McSpadden, 1994). Supply reliability measures the
likelihood and magnitude of supply shortages (when demand exceeds supply) and supply
surplus (when supply exceeds demand). Supply reliability has major two components:

(1) frequency -- how often does the supply shortage or surplus occur; and (2) magnitude -- how
large is the supply shortage or surplus. Typically, reliability planning focuses on the shortage
aspect, but it is also important to understand the surplus side of the equation. As discussed
earlier, identification of surplus water supply conditions are critical for the evaluation of
storage. Evaluation of surplus conditions also reveals the effectiveness of water supply and
management investments.

Reliability Measurement

Measuring supply reliability can involve a great deal of analytical effort. Traditional methods of
reliability analysis, borrowed from the power industry, were used as the basis for the analyses

in the IRP. However, because power is not economically storable, the reliability evaluations
had to be adapted for water. The simplest model for evaluating supply reliability in the power
industry starts by estimating mean future demands and its potential distribution. A statistical
demand model can have many predictors such as demographics, time of the year, and weather.
However, even the best statistical predictions have remaining uncertainty or error.

Supply models also contain forecasting error and it is this combination of the variations in
supply and demand that are used to estimate supply reliability. However, the distributions and
interrelationships of supply and demand variables are often too difficult to derive by pure
mathematical means. In order to avoid dealing with this computational problem, Monte Carlo
simulation was used. By making random draws from distributions and mathematically
manipulating them, a new distribution can be formed. In this way, distributions can be created
one observation at a time without ever having to explicitly derive the mathematical formula for
the new distribution.

The Monte-Carlo methods developed for IRPSIM are best described in their simplest form.
Assume water supply and demand were independent normal distributions (see Figure G-8a).
Simply by taking a random draw from each distribution and subtracting them (supply minus
demand), and repeating this hundreds of times, a distribution (see Figure G-8b) of
shortage/surplus can be derived.
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However, this method is complicated by the negative correlation between supply and demand
(see Figure G-9). For example, the same conditions that make demand increase (hot and dry
weather), also tend to make supplies decrease.

Figure G-8a
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Figure G-9
Relationship Between Supply and Demand

" Supply

Therefore, in order to determine supply reliability for water, matched pairs of supply and
demand must be used to develop the distribution of supply less demand. In other words, there
is a low likelihood that a low demand observation gets paired with a low supply observation.
IRPSIM combines the indexed-sequential simulation discussed earlier with Monte-Carlo
probability analysis in order to obtain the final distribution used to estimate supply reliability.
The model takes each of the unique 70 year climate/hydrology traces (from 1922-1991) and
draws about 28 different random non-weather related demands. This provides about 2,000
individual events for any specified time-step (usually monthly).

In order to estimate a reliability curve for any given time period, the distribution of supply less
demand should not be displayed as a probability density function but as a cumulative
probability distribution, by integrating the curve (see Figure G-10a). In this form, the
probability of shortage or surplus can be read directly from the graph. But for further ease, this
graphic can be rotated 90 degrees counter clockwise (see Figure G-10b). Now the likelihood
(or frequency) of shortage or surplus is read on the horizontal axis and the magnitude of
shortage or surplus is read on the vertical axis.
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Figure G-10a
Cumulative Probability of Supply Shortage and Surplus

S I
Short<ages urptlses

Cumulative Probability

'Supply Less Demand’

Figure G-10b
Rotated Cumulative Probability of Supply Shortage and Surplus

2
S @
: g
Ay
. Q
@ &
- 0p)
> =
Q vo
Q| c
- n
n ®

Cumulative PrébaBiIitj

G-14



This example is greatly simplified because it does not include the impact of storage. To
understand the impact of storage, it is instructive to illustrate how the reliability curve is
affected by different supply enhancements. Supply reliability can be improved from basically
three different types of water resource enhancements (or investments):

1. Core Supply -- investments are made for year round supply, whether they
are needed in every year or not. Core investments decrease the likelihood and
magnitude of water shortages, but at the same time increase the likelihood and
magnitude of water surplus. Since capital expenditures do not vary with water
supply yield, a portion of the core supply’s cost will remain fixed even if the
supply is not needed. For this reason, core supplies can be relatively expensive
during wet years and normal years.

2. Storage -- investments are made to store excess water during times of plenty
for use during times of need. Storage investments decrease the likelihood and
magnitude of shortages and also decrease the likelihood and magnitude of surplus --
because they transfer surplus water to meet shortages. Storage investments
may have relatively high unit costs in terms of total yield (because the supply yield is
‘only used periodically), but may be cheaper than core supplies over the long term.

3. Swing Supply -- investments are made for water only when needed, such as option or
spot market water transfers. These investments only decrease shortages and do not
affect the frequency or magnitude of surplus water. Even if the dry year unit costs are
higher than core supplies or storage, the average costs over time will likely be lower --
because the costs are paid only when the supply is used. However, flexible supplies can
have a higher degree of uncertainty than core supplies or storage.

The following discussion illustrates how different water resource investments affect supply
reliability. A core supply improvement (such as a reclamation facility) shifts the entire
reliability curve downward (see Figure G-11a), because the supply is available under all
hydrologic conditions. This can also be displayed as a shift to the right on the supply
distribution curve (see Figure G-11b).

The evaluation of storage requires an evaluation of the raw reliability curve (see Figure G-11a)
and the determination of a surplus or shortage condition. Based on this condition, water is
either placed into or drawn from storage effectively reducing shortages and reducing surplus
(see Figure G-12a). It also collapses the supply distribution from either side (Figure G-12b).
Although the collapse of the supply distribution appears uniform in this example, the collapse is
more likely to be skewed in either the right (if production capacity is less than storage capacity)
or to the left (if storage capacity is less than production capacity). Only if storage operations
were perfect (the same amount of water going into storage comes out of storage) would the
collapse of the distribution curve be uniform.
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Figure G-12a
Storage Improvement to the Supply Reliability Curve
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The actual measurement of the potential for storage to increase reliability depends on the inter-
temporal nature of storage. The ability to put to or take from storage is dependent on the total
storage capacity, conveyance constraints, availability of excess water, and the remaining
storage capacity (or level) from the prior time period. Although theoretical models have been
developed to predict weather in the short-term, no long-term forecast models have been used
successfully. Because of this fact, the simulation used to evaluate supply reliability should
maintain the sequence of the historical weather and hydrology.

Flexible supplies, such as water transfers, are used to help mitigate supply shortages. The
augmentation of supply only occurs during the shortage, and for this reason, the supply curve is
only shifted downward for the shortage, not the surplus (see Figure G-13a). The supply
distribution is skewed rather than shifted as a result of a flexible supply (see Figure G-13b).

In reality, a diverse mix of core supplies, storage, and flexible supplies should be pursued.
Based on detailed evaluations of different resource options, a diversified approach will tend to
minimize overall costs, reduce wasted supply, and lower the overall risk in supply
development. This notion of diversification of resources is consistent with the literature and
studies conducted in the power industry (Hall and Thomas, 1984).

Figure G-14 presents an estimate of the retail level supply reliability for Metropolitan’s service
area in the year 2020 using the techniques described in this paper. The resource mix evaluated
is a combination of cost effective local water supplies (reclamation, conservation, and
groundwater), surface and groundwater storage, improvements to imported supply, and
voluntary water transfers.

The top half of the graph depicts supply shortages, with the likelihood of shortages read from
the top. The top portion of the left-hand axis measures the percent of full service retail demand
that would not be met. For example, the reliability curves indicate that without future
investments in supplies, shortages of about 30 percent could occur about 10 percent of the time.
With core supply improvements, the shortages would be reduced to 15 percent, occurring about
10 percent of the time. Finally, with storage improvements, the shortages are further reduced to
under 10 percent, occurring 10 percent of the time. The bottom half of the graph measures the
likelihood and magnitude of supply surplus. No supply surplus would occur if no future
investments are made by year 2020 (in other words, there is a 100 percent chance that some
kind of water shortage would exist). When core supply investments are made, the shortages are
reduced, but the surplus is about 10 percent, occurring 10 percent of the time. Storage reduces
the surplus to about 5 percent, occurring 10 percent of the time.
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Figure G-13a
Flexible Supply Improvement to the Supply Reliability Curve
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Flexible Supply Improvement to the Supply Distribution Curve
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Figure G-14

RETAIL SUPPLY RELIABILITY IN YEAR 2020: PREFERRED RESOURCE MIX
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Metropolitan’s wholesale supply reliability goal, translated into a retail goal, would imply that
no shortage should be allowable 90 percent of the time, and that the maximum magnitude of the
shortage should be less than 10 percent of full service retail demand. Although this evaluation
indicated that the reliability goal could not be achieved with just core supply and storage
improvements, water transfers could be used as a cost-effective supply to completely eliminate
the remaining shortages. Based on the reliability evaluation, about 400,000 acre-feet of Central
Valley water transfers would be needed about 10 percent of the time.

Costs and Benefits of Supply Reliability

The costs and benefits associated with supply development can also be determined by an
extensive supply reliability evaluation. Ideally, the optimal level of reliability should be set to
minimize total costs. Total costs should include all costs related to developing, treating, storing
and distributing water, plus any environmental costs of development. The total costs should
also include the adverse impacts to the region’s economy and lifestyle that could occur if
chronic water shortages exist. Figure G-15 presents a theoretical approach to setting the
appropriate reliability.

The graph indicates that as reliability improves, the costs of resource development increase. If
reliability decreases, the shortage costs (negative impacts to the economy and lifestyle)
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increase. The sum of these two cost curves (resource development and shortage costs) yields a
total cost curve -- where optimal reliability is at the minimum point of the curve. In most cases,
the construction of perfect cost curves will not be possible. Although resource development
costs may be fairly easy to obtain for different levels of reliability, cost expenditures in the
water industry are typically disjointed and “lumpy,” rather than smooth curves.

Figure G-15
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On the other hand, obtaining shortage costs for different levels of reliability is much more
difficult. Measurement of the adverse impacts to the economy due to chronic water shortages
can be obtained by examining actual case studies, but transference of the results may not be
accurate. Statistical and economic input/output studies have been used to estimate the potential
impact of supply shortages in the water sensitive manufacturing sector for California and can be
helpful. Based on such studies, it has been estimated that a 15 percent shortage to the water
sensitive industries in Southern California could cause about $3.5 to $4.3 billion in lost jobs
and production (Spectrum Economics, 1991). However, most city councils and water boards
are unlikely to short large commercial and industrial water customers for the fear of reducing

economic output. Therefore, it is the residential customer that will most likely do without
during shortages.
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One way to measure impacts to residential users is by estimating their willingness to pay for
decreased supply shortages. This can be done using contingent valuation analyses. This
approach uses detailed surveys to determine willingness to pay for services that are typically
difficult to measure (such as recreation, environmental protection, and resource reliability).
Contingent valuation surveys completed in Southern California indicated that residential
customers were, on average, willing to pay an additional $10 to $15 more per month in order to
avoid varying levels of water shortages (Barakat & Chamberlin Inc., 1994).

Based on the results of the reliability evaluation, the costs of achieving the reliability goal
specified in Metropolitan’s IRP were estimated. These costs would result in a $3 to $5 increase
in the average monthly water bill over the next 10 years for the region. Based on the economic
studies and surveys of industry and residential water customers concerning supply shortages (as
noted above), the costs for improved reliability are well below the costs associated with the
chronic supply shortages that would exist without the new investments.
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