Building a Resilient
Water System

California’s path toward Resiliency
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Outline

¢ Water 1ssue globally and in San Diego
¢ Risks 1n San Diego

¢ Resilient Solutions for San Diego



Facts on water usage globally

Total Water Withdrawal per capita . '
B 11,5500 - 51.26 R

W 51.26 - 1086 A

[ 108.6 - 184

O 1842706 3‘
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[ 3935-549.3 {
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W 729.7-1,037

W 1,037-57375
O No data

Source: ChartsBin

This map shows total water withdrawal per capita by country.
The darker areas has the highest water withdrawal per capita.

W T TR T

f GENI Global Energy
Network Institute

S W v



Climate Change
Effects on Water

TR

Lake Oroville - July 20, 2011

Climate change could potentially shrink
water supplies while increase water
demand.

¢ The West has seen its rainfall decrease
over the last 50 years, while experiencing
serious droughts.

¢ At the moment about 1.6 billion people
RGO aniary, 16, 2014 g live in countries that are experiencing

| complete water scarcity, and this number
1s predicted to reach 2.8 billion people by
2025.

Source: 22 words

Top figure shows lake Oroville — July 2011
Bottom figure shows Lake Oroville — January 16,2014
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Impacts of the drought globally®

Number of deaths caused by drought worldwide from 1900 to 2013*

China (1928) 3,000,000

Bangladesh (1943) 1,900,000

India (1942) 1,500,000
India (1965) 1,500,000
India (1900) 1,250,000

Soviet Union (1921) 1,200,000

¢ Economic Impacts

China (1920) 500,000

¢ Environmental Impacts

Ethiopia (May 1983) 300,000

150,000 6 Social Impacts

Sudan, (April 1983)

Ethiopia (December 1973) 100,000

0 500,000 1,000,000 1,500,000 2,000,000 2,500,000 3,000,000 3,500,000

Number of deaths

Source: Statista
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Floods throughout the world

Areas affected by | v L~
major floods,

May 1, 1997- Sept. 1, 1998
n= 258, 16 months

e
% l'.“b‘ﬂ

i Citation: > ‘

; G.R.Brakenridge, 2009, "Areas affected by (i
! major floods, May 1, 1997-Sept. 1, 1998,

» online publication: http:/Awww. dartmouth. edu/~floods/ElNino. html

Source: Dartmouth Flood Observatory

¢ Effects on El Nino on global flooding
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Water-Supply Stress Score @

Water-Supply Stress Score g . " ':»\“ : 0

No measurable

stress 00

Low stress 01-02

Source: Union of Concerned Scientists

Water supply to be stressed in watersheds when demand for water-by power
plants, agriculture, and municipalities, for example-exceeds a threshold of 40
percent of the available average annual supply provided by local sources
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Watersheds of the South ®

San Diego & Tijuana Watersheds eSt

~~ JM -

ccccc

A watershed is the
area of land where all
of the water that is
under it or drains off
of it goes into the
same place
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Southern California Water Sources

Water Project Facilities

¢ Groundwater sources
provide between 30
and 40 percent of
supply, and the
remainder is imported
from the Owens
Valley, the Colorado
MWD Water River, and the State
Facilities Water Project.

pduct

W T TR T

Netw Okl tt Ite

S W v

[,



BT

Drought leads to wildfires in

Southern California

0 120 Svedr aversge ,'r ¢ California’s most
< 100/ serious wildfires
% occurred during a
§ 80 | drought or after a long
@ 60 drought when dry
%’ vegetation is the
§ pad BN leading instigator of
20 fires
0 bt
1985 1990 1995 2000 2005

Year \juional Interagency Fire Center?®?

Source: Desdemona Despair
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City of San Diego’s Water Supplies

Recycled Water Groundwater
2.80% 0.10% Local Surface
Conservation— Water 7.30%
13.1%

Imported Water
76.8%

Source: Public Utilities Department

Average Household Usage

4%

110%

27%

3%
3% =2 Legend

. Outdoors
. Bath, shower

[] Toilet

[ ] washing machine,
dishwasher

Drink, cook, clean

[
[

Other
53%

Source: Kiama Municipal Council

* Nearly 80% of San Diego’s water supplies are import.

* More than 5 O% of household water usage 1s for outdoor.
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How much do we use and

how much does 1t cost?

Gallon Per Capita Per Day

250 ¢ 1in the US, water is used
200 175 195 189 excessively because it is
150
100

156 157 only % cent per gallon,
which 1s too cheap.
¢ 160 gallons/day/capita of
water 1s being consumed in
50 the U.S, twice as much as
0 Australia, Israel and other

industrialized nations.

|

|

|

1980 1985 1990 1995 2000 2005 2010 2012

Source: Public Utilities Department
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The good news:
Population vs. Water use
in San Diego

1,400,000

1,200,000
For 40 years,
1,000,000 our population
have grown
800,000 twice but our

Population Growth water usage 1s
600,000 consistent.

400,000

200,000
Water Use in Acre-Feet

0
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Source: Public Utilities Department
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Water Risks 1in San Diego

GENTI Resilient Cities Project 2014
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Risk: Reduced Water Supply

California reservoirs drying up

The levels of many of the state’s major reservoirs are well below average and dropping.

Current level 5 [— Historical average for Jan. 14
1.7y ke 2,448 — prechy
’ in thousands acre-feet

2.Lake Shasta

4,552
3.Lake Oroville 3,538
4.New Melones
5. Folsom Lake
6.San Luis
7.Don Pedro
8.Millerton Lake

9. Exchequer | 1,025

98
10.Pyramid Lake [ 171

87
11.Castaic Lake - 325
17
12.Pine Flat | 1,000

Source; California Department of Water Resources
JE v Zarracina Los Angeles Times
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e
A Cause of the Reduced Water Supply

¢ The lack of rain causes drier climate and hotter

temperatures.
¢ The water supply is shortened due to evaporation of

bodies of water. . iy e
.

i i Pal ™M
Source: The San Diego Foundation alomar Mtn

Oceanside 79
8'9 Escondido

o3 Borregd’Spring’E\
Carlsbad
Poway 100

S6 JulKan
98

San Piego El Ghjon

1 7R

Chul¥Vista Campo

93 R . 92 R dbc

Source: abc News10
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Climate 1n San Diego will be
hotter and drier

¢ Global temperatures are expected to increase by 2050 - twice the amount of
temperatures recorded in the past 40 years.  Source: University of San Diego

Projected annual temperatures for San Diego County over the next BY 2050.’ S Dlego Slonsity
several decades will experience significantly

warmer average temperatures
throughout the year. The A2
scenario represents temperatures
if global greenhouse gas
emissions continue to increase.
The B1 scenario represents a
significant reduction in global
emissions.”

Source: The San Diego Foundation
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Temperature Change:

Now and Future

¢ Climate change and increased temperatures are reducing:
1. Rainfall
2. Colorado River flow

* These temperature

changes will likely
3. Sierra Nevada snowpack. result in more
Source: Cary Lowe, City of San Diego Water Policy Implementation Task Force fre quent and
= sl o tnlensiszcben prolonged heat waves
‘ that are more humid
® followed by less
2 12 cooling at night.
= Source: University of San Diego
-4
5 11
= , Source: Los Alamos National
20 it ag i atadadatatatitatatatatstatatod Laboratory, 2013
1910 1930 1950 1970 1990 2010 2030 2050
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Wildfires

( \\
( HIGHWAY FIRE

TOMAHAWK FIRE

A

FREEWAY FIRE )

OCEANSIDE FIRE

 ESCONDIDO FIRE
POINSETTIAFIRE o |,
SAN MARCOS FIRE

BERNARDO FIRE *  LAKESIDE FIRE

||k
\ / i -
) l \ ) Wt/

FOX 11 oz A

Source: KTTV News, Los Angeles
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O fires that occurred
in May of 2014
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Potential for Wildfires

6 27,527 Acres burned in San Diego from this year’s wildfires.

¢ Dryness from severe drought caused an early start to the fire

season in May of this year.
Source: U-T San Diego, 2014
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Risk: the entire southwestern ©»

region 1S 1n drought

¢ Between 85- 90% of San Diego’s drinking water comes from
Colorado River and Northern California (is imported), while
only 10% comes from local rainfall.

¢  Source: City of San Diego ° San Die gO draWS
Where San Diego Imports Our Water From - from WaterShedS that
= g are nearly 100%

affected by drought.

=+ All of California is in
exceptional drought,

Sacramento RIVCI' 9 '
zf < Colorado River

Legend
i - the largest within the
e RS - T e T last 150 years

. K By, o — Source: City of San Diego

Source: Travis Pritchard, San Diego CoastKeeper
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Risks 1n Agriculture

¢ Agriculture is the 5% largest industry in San Diego County.

Water Encyclopedia
¢ Agricultural non-point source pollution seems to be a major contributing risk
to San Diego’s agriculture, moving with rainfall or snowmelt, containing
various nutrients that impair bodies of water used for agricultural purposes.

Sources: Diane DeJong, Journal of Extension

D




How 1s San Diego building a
Resilient Water System?
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Why Resiliency?

“For the water sector, these ideas imply moving
beyond ‘engineering resilience’, and beyond the
traditional ‘predict and withstand’ approach for
extreme conditions, towards a much more dynamic
and flexible system. However, there 1s inevitable
tension here — namely, can these ideas fit within a
system that relies heavily on inflexible assets like
pipes and treatment plan?”

—Dr. Heather Smith, fellow at Cranfield University, UK

“Understanding Resilience: Implications for the Water Sector”

GENI Global Energy
Network Institute
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What are our options to address

the risks?

Total Factor Rating of San Diego County's Water Alternatives
5.0
4.0 - Y-
i 33 33 3.2
4 2.7
3.0 2.6
2.0 -
1.0 -
0.0 - Y T Y
Conservation Surface Water* Recycled Recycled Non- Groundwater* Desalinated Imported
Potable potable

Ranking of potential water supply alternatives with conservation being our best

option, according to a study done by the Equinox Center.
Source: “San Diego’s Water Sources: Assessing the Options”

Equinox Center
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Current solutions of San Diego

¢ Diversification of 6 Storm Water
water Development Plans

¢ Recycle wastewater é Desalination




Increasing San Diego County's Water Supply @
Reliability through Supply Diversification

1991
28 TAF
5%
550 TAF 2013
3 95% /
80 TAF et 27 TAF
13% 119 =LA
Total = 578 TAF .
103 TAF 21 TAF
16% 3%
46 TAF
7%
297 TAF
46%
Total= 645 TAF Total = 779 TAF
[ ] Metropolitan Water District [ ] Recycled Water
- Imperial Irrigation District Transfer - Seawater Desalination
[ All American & Coachella Canal Lining [] Groundwater
Il Conservation (existing and additional) [ ] LocalSurface Water

TAF=Thousand Acre-Feet
Source: San Diego County Water Authority o 2
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A Resilient Solution
The San Vicente Dam

-~

San Vicente Dam was
created as a reservoir

Y

i g o

vl T L The dam originally stood
: b at 220 feet

» Able to store 90,000
acre-feet of water

= S W T . TR TS
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San Vicente Dam Raise

Raised Damc
+117 leet

Existing Damc
20 feet

90,000 acre-feet
in current
reservoir

NateY u5ed by WO typieal
hovsebolds 0 one pear

Not to scale




Water Authority Service Area Water Use
75 Total Potable Use (acre-feet),
left scale

»  Per Capita Total Potable Use 250
(gallons/day), right scale

NN Consumption
1MW in San Diego

400,000

700,000

ACRE-FEET
GALLONS

300,000 | |—{ [ { [t F 1 A A w00

200,000 | |— —{ (1 - HHHHHHHHHHHHHHHEHHE

- 50

100,000 T

Average Household Usage

0 T T T T T T T T T T T ; : : :
0’»'\«“:0-%‘0’\%‘)0'»'\;": S O A P O O NV D

O° 97 9 9’ 9" 9 O° O O O ) o S & N O DY [+)
AT I g R SR gt R R R 39 3%

4% Legend

Fiscal Year

Water use in San Diego per year. Bars measures Outdoors

acre feet (left) and line measures gallons (right).
Source: San Diego County Water Authority

Bath, shower
Toilet

Washing machine,
dishwasher

Drink, cook, clean

HO OOEN

Other
53%
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Recycling Waste Water

North County Reclamation Plant

¢ 1s'large scale
reclamation plant

¢ Treats 30 million
gallons of wastewater

per day

¢ Non-potable water
used for irrigation

North County Reclamation Plant located in Mira Mesa.
Source: City of San Diego Public Utilities
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Advanced Water Purification Facility

Benefits:

¢ Local supply

¢ Less cost and energy
than imported water

Source: City of San Diego

Advanced water facility in north county San Diego (La Jolla).
The filtration systems are shown.
Source: purewatersd.org

¢ Purifies water even more than
reclamation plant!

¢ 3 Filtrations:

1. Membrane filtration

2. Reverse osmosis

3.UV/ advanced 0X1dat10n
Do | o~ ~-

Global Energy
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’1t’s Perfectly Clear”

67%

of SAN DIEGANS
think recycling

WATER

for drinking

is a good idea




Phase 2 Demonstration-Scale Project

Home North City Water Advanced Water S 3
Reclamation Plant Purlflcajlon Facility [ : 3 I i_ r P : y
I ﬁﬁvj T [ ] —J - —\JJ
HTTTUTTT T Recycled
‘ Water I )
= ‘ *’ fffff
= = (pEDEEEEE - =y
@ ‘ .‘ .‘ . . "DADDDDDD__J
« Membrane Filtration
» « Reverse Osmosis
Traditional Recycled « UV Disinfection/ N  Local Runoff |
Wastewater Water Uses Advanced Oxidation Imported Water
« irrigation \J +Colorado River |
«industrial « Northern
California |
*********************** B |
Purified San Vicente Reservoir
Water |
|
Drinking - |
Water N |
1 |
— R I |
 — — « Detention
-f--l-ll in nnne « Natural Treatment |
e
|
Potable Water Treatment Plant sodice s
; «Imported Water |
« Coagulation « Local Runoff
« Filtration « Purified Water Phase 3 N |
« Disinfection (Ozone & Chlorine) Full-Scale Advanced Water Purification
System & Transmission Pipeline )
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ -’

Yes: Meets 40% of City’s needs
No: Need to develop pipeline plan and alternative to San Vincente as the

environmental buffer
Source: Cary Lowe City of San Diego Water Policy Implementatzon Task Force
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Storm Water Development Plans

Manages and prevents urban runoff
¢ Urban runoff = biggest threat to water

. . o & 1EGO NG
quality in San Diego i -~
. ST0
4 Primary tools of storm water
management:

¢ Paving, channeling, storage, filtration

household wastewater commercial and
(tollets, sinks, etc) Industrial pollution

Storm water crew cleaning channel in
Sorrento Valley 2012.

Source: Union Tribune San Diego

sewerplpe o

to treatment plant 5 5 5
' storm draln Proactive approach to flooding in
= U T city

San Diego has 2 underground systems for our
storm water management.

Yy

s

x - —— B— -
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Is 1t addressing the problems?

¢ Ensures safe and healthy water quality in
lakes, rivers, and oceans

¢ Increasing storm water drainage system

NEWS BUSINESS UTTV MILITARY W

SPORTS  ENTERTAINMENT MARKETCONNECT OPINION  CLA

I

[] BUSINESS | BUSINESS COLUMNISTS | '

= L ) -
San Diego’s stormwater bill: $4
billion
Nobody really knows the price tag of California’s new standards

By Dan McSwain 5 P.M.FEB. 17, 2014 "= PRINT # COMMENT: n

¢ But “Channel and collect” is not enough

Construction of Avenida de la Playa

drainage system increase on May 26, 2014.
Source: La Jolla light newspaper

»~-1 F ‘ GENI Global Energy ‘,
. Network Institute



Future suggestions
aree |NFRASTRUCTURE

THE BENEFITS OF GREEN STORMWATER INFRASTRUCTURE ON PRIVATE COMMERCIAL PROPERTY

GREEN ROOFTOPS

Apartment buildings with green roofs received a 16% rental premium,
according to one study.

Green roofs typically Last twice as long as conventional roofs, saving hundreds
of thousand of dollars in roof repair/replacement costs.

The green roof on the Target Center Arena in Minneapolis
has decreased annual energy costs by $300,000.

¢ Green Infrastructure

WITH RAIN GARDENS AND BIOSWALES EC 0 = LAB ELS

. Well-designed landscaping 2R LEED, Sustainable Sites Initiative or other
< certifications can increase property values,
IS AV el s o 8 =l rents, and occupancy rates in commercial
office buildings by approximately AP office buildings.
7 percent e

4 Reuse storm water

| RAIN BARRELS <<, PERMEABLE

AND CISTERNS %€ PAVEMENT

Capturing rainwater for reuse can help save on TR < | Permeable asphalt, concrete, or paver blocks

water bills for landscape irrigation and other e | ¥ allow water to seep into gravel and soil below.

non-potable water uses H These systems can have significantly lower
maintenance costs than traditional pavement,
resulting in lower overall life-cycle costs

Global Energy
Network Institute




What 1s Desalination?

* Millions of gallons are
pumped from the ocean

and i1s treated
many times

* Brine, the wastewater
created from
desalination, 1s mixed
with other waste water
and returned into
the ocean

Pre-
Treatment

Source: San Diego County Water Authority
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Drinking From

_ The Sea



Poseidon’s Desalination Plant
in Carlsbad

* 50million gallons

of desalinated
seawater per day

o 8Y%0 of total water
supply for the county
will be provided
from this

desalination plant
by 2020

* 300,000 san

Diegans will be
provided with
drinking water
by 2020



Advantages of The

Desalination Plant

" ¢ Economic benefits for the region
» Reliable water supply
» More jobs created
* High quality water
* Local control of water resources
» Resilient from natural disasters

2013

103 TAF 21 TAF
16% / 3%
46 TAF
7%
297 TAF
46%

Total = 645 TAF
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Disadvantages of the

Desalination Plants

L ¥

* Very energy intensive process
» Requires more energy than other
water supplies =
» More $$$ is needed to run the
plant
» Increase in Green house gases
into the atmosphere

* Negative environmental impacts
» Withdrawing water can cause
sea life impingement and
microbial entrainment
» Depositing brine back into the
ocean can be harmful to the
marine life.

Fish swimming away from water
withdrawal of a desalination plant.
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Comparison of costs of future water

supply solutions h

d Seawater Desalination ) $1.46)-

:> Water Recycling I 0,97 - 52.1 1
Water Importation 1 $0.71
Groundwater I 50.30 - $0.89
Local Surface Water I 50.32 - $0,65
Water Conservation | |SSG_——s0.1 5051
Urban
Water Conservation |
Agriculture I 50.21-$0.51

$0.00 $0.50 $1.00 $1.50 $2.00 $2.50
Cost per Cubic Meter

All of these are solutions but urban and agriculture water conservation is the most cost effective.

Source: Brian Richter The Nature Conservancy and University of Virginia
T . TR TS \
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Household L

THr Cory or San Diroo

PusLIC UTILITIES

FOR IMMEDIATE RELEASE MEDMA CONTACT:
July 1,2014 Rebys Bullard
(B58) 614-5715

BallardRigsaadicy

City of San Diego Implements Level 1 Drought Alert
Level I Water Use Restrictions Effective July 1, 2014

SAN DIEGO ~On July 1, 2014, the City of San Dicgo entered a Level 1 drought alert condition—a set
of importast voluntary waler use measures, in addition w permanenl mandatory restrctions the City
implementod several years apo.

“Level ! calls for a heightened sense of aw. and responsshility for San Diegans to reinforce
their water use habits with additional conservation peactices, 45 we enter our hottest months during &
seronss drought year,” sad Halla Razak, Director of Public Utilaties

Relevant to most resadents are the additional guidelines under Level | relased to imigation. Landscape
watering, under Level 1, should be limited 10 no moee than tBeee days per week, This practice is now
recommended in addition 10 permanent irmgation restnictions that mandate watering befoee 10 am. or
after 6 pom. in the summer and afler 4 pm in the winter Teved 1 also recoesmnends that when watering

evel: Conservation

7

“Waste No Water” Level 1
Drought Alert

without an imgation system, 2 shisof]

eeeeeeen| City of San Diego Recommends:

watersaste@sandiepo pov. Visit wwy

Level 1 Water Use Recommendatiof
*  Limit wtering of landscapes

el @ Water landscapes < 4 times per week

a garden hose sprmiler syster]
*  Washing of vehicles is limitey
after 6 p.m. i the summer an)
washed after use; vehicles Sor|
carwish that recycles water )

eereess] @ UJSE hand held hose with shut off valve

Wk

ALL WAYS, ALWAYS,

¢ Wash vehicles before 10 AM or after 6
PM during summer

DING RESILIEN
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Need a change 1n consciousness

“Every thing you do with water,
you will need to do more
efficiently...we need to create a
new water conservation ethic”

— Cary Lowe TEDxTalk 2012

THINK GREEN

CONSERVE
WATER

L e _ N—
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Host and Sponsors

Hosted by:
@WORLD HESOUF{C ES
SIMCENTER
Sponsored by:

G E N IGIﬁhal Energy
Network Institute
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Partners

San [}icgn
World
Council
=

2 . UNITED NATIONS ASSOCIATION
WY of the United States of America

" A PROCGIRAM OF THE USITED MNATIONS FOLINPDATION
Ay DEGD CHAPTER
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Further Information

¢ Contact Information
Won-Mo Yang: wmyang(0910@gmail.com
Erin Johnson: erinjohnsonl145@gmail.com

Camille Castillo: cecastillo20@gmail.com
Andrew Oh: ajo001(@ucsd.edu
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