SAN BERNARDING

alley

WATER DISTRICT

SPECIAL NOTICE REGARDING
CORONAVIRUS DISEASE 2019 (COVID-19)
AND PARTICIPATION IN PUBLIC MEETINGS

On March 4, 2020, Governor Newsom declared a State of Emergency resulting from the threat of
COVID-19. Governor Newsom issued Executive Order N-25-20 (3-12-20) and Executive Order
N-29-20 (3-17-20) which temporarily suspend portions of the Brown Act relative to conducting
public meetings. Subsequent thereto, Governor Newsom issued Executive Order N-33-20 (3-19-
20) ordering all individuals to stay at home or at their place of residence. Accordingly, it has
been determined that all Board and Workshop meetings of the San Bernardino Valley Municipal
Water District will be held pursuant to the Brown Act and will be conducted via teleconference.
There will be no public access to the meeting venue.

BOARD OF DIRECTORS WORKSHOP - RESOURCES
THURSDAY, NOVEMBER 5, 2020 — 2:00 P.M.

PUBLIC PARTICIPATION

Public participation is welcome and encouraged. You may participate in the November 5, 2020,
meeting of the San Bernardino Valley Municipal Water District online and by telephone as
follows:

Dial-in Info: 877 853 5247 US Toll-free
Meeting ID: 979 215 700
Passcode: 3802020

https://sbvmwd.zoom.us/j/979215700

If you are unable to participate online or by telephone, you may also submit your comments and
questions in writing for the District’s consideration by sending them to comments@sbvmwd.com
with the subject line “Public Comment Item #” (insert the agenda item number relevant to your
comment) or “Public Comment Non-Agenda Item.” Submit your written comments by 6:00 p.m.
on Wednesday, November 4, 2020. All public comments will be provided to the President and
may be read into the record or compiled as part of the record.

IMPORTANT PRIVACY NOTE:

Participation in the meeting via the Zoom app is strongly encouraged; there is no way to protect your
privacy if you elect to call in to the meeting. The Zoom app is free to download.

Please keep in mind: (1) Thisis a publlc meetlng as such, the V|rtual meeting mformatlonls publlshed on
the World Wide Web and available to everyone; (2) Should you participate remotely via telephone, your
telephone number will be your “identifier” during the meeting and available to all meeting participants.



https://sbvmwd.zoom.us/j/979215700
mailto:comments@sbvmwd.com
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SAN BERNARDINO VALLEY MUNICIPAL WATER DISTRICT
380 E. Vanderbilt Way, San Bernardino, CA 92408

BOARD OF DIRECTORS WORKSHOP - RESOURCES
AGENDA

2:00 PM Thursday, November 5, 2020

CALL TO ORDER
Chairperson: Director Hayes
Vice-Chair: Director Harrison

1) INTRODUCTIONS

2) PUBLIC COMMENT

3) SUMMARY OF PREVIOUS MEETING

3.1 Summary Notes BOD Workshop - Resources 10012 (Page 3)
Summary Notes BOD Workshop-Resources 100120

4) PRESENTATIONS

4.1 Presentation by Mr. Mark Norton of SAWPA on the Santa Ana River Watershed Weather
Modification and Feasibility Study (Page 6)
Staff Memo - Presentation on the SAWPA Weather Modification Study
SAWPA Draft Final Report

S) DISCUSSION ITEMS

5.1 Consider Continued Participation in the Delta Conveyance Project (Page 111)
Staff Memo Delta Conveyance
Letter of Support from Members of the Advisory Commission
Delta Conveyance Planning Cost Sharing
Delta Conveyance Funding Agreement
Delta Conveyance Agreement in Principle
Delta Conveyance Notice of Exemption

5.2 Consider Amendments to the Delta Conveyance Design and Construction Joint Powers
Authority Agreement (Page 143)


https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/736771/Summary_Notes_BOD_Workshop-Resources_100120.pdf
https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/734202/Staff_Memo_-_Presentation_on_Weather_Augmentation.pdf
https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/734208/SAWPA_Draft_Final_Report.pdf
https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/734682/Dyer_Staff_Memo_Delta_Conveyance__2___1_.pdf
https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/729559/Advisory_Commission_-_Delta_Conveyance_Project.pdf
https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/729266/4th_Supplemental_Funding_Agreement_as_of_10.15.2020_v.2.pdf
https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/728981/Valley_District_Funding_Agreement_Planning_Group_C_-c1.pdf
https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/697781/1698_DC_141_Final_AIP.pdf
https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/729317/Template_Notice_of_Exemption_-_NOE_-_Resolution_re_Delta_Conveyance_Proj-c1.pdf

Staff Memo - Amended and Restated Delta Conveyance Design and Construction JPA
Agreement

Amended and Restated Delta Conveyance Design and Construction JPA Agreement Showing
Changes

MOU for Class 8 Election to Delta Conveyance Design and Construction JPA

6) ADJOURNMENT

PLEASE NOTE:

Materials related to an item on this Agenda submitted to the Board after distribution of the agenda packet are available
for public inspection in the District’s office located at 380 E. Vanderbilt Way, San Bernardino, during normal business
hours. Also, such documents are available on the District’s website at www.sbvmwd.com subject to staff’s ability to
post the documents before the meeting. The District recognizes its obligation to provide equal access to those
individuals with disabilities. Please contact Melissa Zoba at (909) 387-9228 two working days prior to the meeting with
any special requests for reasonable accommodation.



https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/734112/Staff_memo_Amend_DC_JPA_2__2_.pdf
https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/734687/DCA_JPA_Amendment_Final_Redline-c1.pdf
https://legistarweb-production.s3.amazonaws.com/uploads/attachment/pdf/734117/DCA_Board_Election_MOU_draft_final.pdf
https://www.sbvmwd.com/
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WATER DISTRICT

DATE: November 5, 2020
TO: Board of Directors’ Workshop — Resources
FROM: Staff

SUBJECT: Summary of October 1, 2020 Board of Directors’ Workshop — Resources

The Resources Workshop convened on October 1, 2020. Director Hayes chaired the
meeting. President Harrison, Vice President Kielhold, Director Longville and Director
Navarro participated in the Workshop. Heather Dyer, Matt Howard, Wen Huang, Cindy
Saks, Bob Tincher and Melissa Zoba of staff participated in the workshop.

3. Summary of Previous Meeting

The meeting notes from the September 3, 2020 were reviewed with no comments.

4.1 Consider New Coordinated Operating Agreement with Metropolitan Water

District of Southern California

Bob Tincher reported that Valley District Ordinance 79 directs the general manager
to develop agreements for the sale of any surplus State Water Project water and to
bring them back to the Board for consideration. In March 2018, staff presented draft
terms for a new Coordinated Operating Agreement (COA) with Metropolitan Water
District of Southern California (Metropolitan) that would sell them most of Valley
District’s surplus water, among other things, and would replace the previous version
of our agreement that expired in 2016. Those Board members present at the
workshop, supported the terms of the agreement and asked staff to develop an

agreement based on the terms. One of the terms requires Metropolitan to offer 50%



of any surplus water purchased under this agreement to their member agencies in
the Santa Ana River Watershed through the Santa Ana River Conservation and
Conjunctive Use Program (SARCCUP). Metropolitan and its member agencies that
are part of the SARCCUP have also developed a companion agreement that
describes how SARCCUP will function within Metropolitan’s existing policies. Staff

recommended forwarding the new COA to the Board of Directors for consideration.

Action Item(s): Staff was asked to forward this item to an upcoming Board of

Directors meeting for consideration.

4.2 Consider Amendment No. 18 to the San Bernardino Valley Municipal Water
District State Water Project Contract to Provide Management Flexibility and

Making Findings Pursuant to the California Environmental Quality Act

Bob Tincher reported that staff is recommending approval of a Resolution which
approves Amendment No. 18 to the Valley District State Water Project (SWP)
Contract and making findings Pursuant to the California Environmental Quality Act
(CEQA). This amendment generally provides guidelines for selling, or exchanging,
SWP supply to other public water agencies (PWASs) that have SWP Contracts with
the Department of Water Resources (DWR). The amendment has been forwarded

to Special Counsel, David Aladjem, and approved, as to form.

Action Item(s): Staff was asked to forward this item to an upcoming Board of

Directors meeting for consideration.

4.3 Update on the Upper Santa Ana River Habitat Conservation Plan
Heather Dyer and Joanna Gibson provided a status update on the Upper Santa Ana
River Habitat Conservation Plan (HCP). A summary of the HCP and the program
cost share structure was also provided. Staff reported that a complete Wildlife
Agency/Permittee Administrative draft would be posted online by mid-October 2020,
CDFW permitting applications would be submitted before the end of 2020, and the
Public Review Draft of the HCP and associated environmental documents would be

circulated for review early 2021.



Action Item(s): Receive and file.

4.4 Consider Amendment Thirteen to the ICF Jones & Stokes Consulting
Agreement for Inclusion of Evans Lake Tributary Project and Extension of
Agreement Period
Chris Jones reported that staff is recommending the CEO/General Manager be
authorized to execute Amendment Thirteen to the ICF Jones & Stokes Consulting
Agreement. This amendment includes an increase in funding and time to provide
consulting services related to design and environmental compliance associated with

the Evans Lake Tributary and Camp Evans Recreation Project.

Action Item(s): Staff was asked to forward this item to an upcoming Board of

Directors meeting for consideration.

5. Adjournment

Staff Recommendation

Receive and file.
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DATE: November 5, 2020
TO: Board of Directors’ Workshop - Resources
FROM: Heather Dyer, CEO/General Manager

SUBJECT: Presentation on SAWPA Weather Modification Feasibility
Study

Mr. Mark Norton of the Santa Ana Watershed Project Authority (SAWPA) will give the Board a
presentation on a recent study, the Santa Ana River Watershed Weather Modification and

Feasibility Study, for which a Draft Final Report was recently released.

Fiscal Impact

There is no immediate fiscal impact to the presentation of this item.

Attachments:

Draft Final Report — Santa Ana River Watershed Weather Modification and Feasibility Study

Staff Recommendation

Receive and File



Santa Ana River Watershed
Weather Modification and Feasibility Study

Draft Final Report

Prepared For:

Santa Ana Watershed Project Authority

Prepared By:
North American Weather Consultants
Todd Flanagan
David Yorty
Stephanie Beall
Garrett Cammans

Don A. Griffith
North American Weather Consultants, Inc.
8180 South Highland Dr. Suite B-2

Sandy, UT 84093

October 15, 2020
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EXECUTIVE SUMMARY

General Climatology

The Santa Ana Watershed Project Authority (SAWPA) watershed shares a Mediterranean-type
climate with the rest of Southern California. Typical for this climate SAWPA experiences warm, dry summers
and cool, somewhat moist winters. Though precipitation can be highly variable season to season, after
reviewing over 30 years of seasonal precipitation there are significant patterns that emerge.

There is a strong correlation between elevation and average precipitation. Mountainous areas
(above 2,000-3,000 feet) experience 20-40 inches of precipitation per year. Lower elevation coastal areas
receive between about 10-20 inches precipitation annually. Semi-arid regions generally receive less than 10
inches of precipitation annually.

Average precipitation exhibits a strong seasonal trend. This is illustrated in the figure below. The
greatest precipitation generally occurs between the months of December — March. On average, the months
of January through March experience the most snowfall. Based on seasonality of precipitation and storm
activity in this region, the meteorological analysis for this study focused on the November - April season.
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Monthly precipitation averages at Big Bear Lake, 1961-2019. This illustrates the seasonal patterns
typical of the mountainous areas of southern California.
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Average snowfall varies dramatically with elevation, with most snowfall occurring over 5,000 feet
and areas above 7,000 feet observing 100-150 inches annually. Snowfall becomes more sporadic below
about 4,000 feet.
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Project Design

The Santa Ana River Watershed has four potential target areas for weather modification. Each of
the target areas exhibit relatively distinct geographical and climatological attributes. Listed in order of their
contribution to seasonal runoff (least to greatest):

e The northwest target area (NW Target), bordering Los Angeles and San Bernardino Counties
encompasses a portion of the Central Transverse Ranges, to the west of the I-15 freeway.
Estimated average seasonal runoff: 25,000 AF.

e The northeast target area (NE Target) in San Bernardino County encompasses the area of the
Central Transverse Ranges east of I-15, extending down to I-10 north of Palm Springs. Estimated
average seasonal runoff: 65,000 AF

e The southeast target area (SE Target) includes the mountains in Riverside County centered just
to the west and southwest of Palm Springs. Estimated average seasonal runoff: 10,000 AF.

e The southwest target area (SW Target) area includes the mountain range that lies on the border
of Orange and Riverside counties. Estimated average seasonal runoff: 5,000 AF.

Storm events that affected southwestern California over five winter seasons were analyzed and a
detailed climatology was developed. From this, an array of seeding sites for the Santa Ana Watershed’s four
target areas was compiled. Sites were selected based on their common upwind location from their intended
target areas, with the vast majority of sites located to the south through west of their target areas.

Two methods of ground-based seeding were considered. The first method incorporates manually
operated ground based CNGs (Cloud Nuclei Generators), which burn a solution of Agl. These generators
create a continuous plume of seeding material that provides broad coverage over primarily mountainous
terrain with strong orographic effects. The second method of seeding from the ground incorporates
proprietary AHOGS or (Automated High Output Ground Seeding) systems. These remotely operated units
use burn in place flares that release a high concentration of silver iodide very rapidly. These generators are
ideal for seeding convective bands with high concentrations of supercooled liquid water and strong
turbulence.

In addition to ground-based seeding, aerial seeding was also assessed. The use of a plane allows for
the immediate release of seeding agents at the most desirable location within a cloud. Though highly
effective, aerial seeding can be cost prohibitive and requires special permits and approvals from the FAA.

For each of the four target areas NAWC considered their unique geographies and topographies, as
well as their average contribution to runoff to determine the most advantageous seeding method or
methods.

After determining the best general design for each target area, advanced computer modeling was
utilized for a subset of the analyzed storm events in order to model the horizontal and vertical movement
of seeding plumes from ground-based equipment and aerial release. Adaptations to equipment placement
and flight tracks were made until results indicated successful dispersion of seeding agents over the
designated targets for a variety of storm conditions.
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Estimated Increases

To estimate the net potential gain in runoff for the Santa Ana watershed, NAWC first analyzed
individual storm periods from five representative November - April seasons to determine the potential gain
in precipitation from a well-executed weather modification program.

For the 58 storms that were reviewed over these five seasons, 81% had characteristics favorable for
cloud seeding. Of these seedable storms, 21% were considered to likely be seedable by plane only, with the
remaining 79% considered to be seedable from ground-based sites. To determine the potential increases in
precipitation, hourly rain gauge data was collected for each storm, and numerous storm attributes were
carefully tabulated and considered.

Estimated seasonal increases to precipitation were determined for each target area by adding the
potential increase for each individual storm event. The results for each target area over five seasons were
then averaged to determine an average projected increase. The results are summarized in the charts below.

Following the determination of projected increases in precipitation, NAWC created regressions to
model the relationship between precipitation and streamflow for each target area. Data were collected from
rain gauges and streamflow gauges dating back, in some cases, to the 1920’s. These models allowed NAWC
to predict the impact that the aforementioned increases in precipitation would have on total seasonal
runoff.

In most cases the correlation between precipitation and runoff was found to be very strong, with R-
values near to or greater than 0.8. The following table summarizes both the precipitation increases
estimates, and the resulting streamflow increase estimates, for a typical or “average” season. These
estimates are used in the determination of the total potential benefit of a seeding program as described in
this study.

Estimated precipitation and streamflow increases

|
Se.as.ona! Percent Avg. Natural Streamflow Percent
Target Area Precipitation
. Increase | Streamflow (AF) | Increase (AF) | Increase
Increase (inches)

NW 0.41 3.5% 25,000 2,043 8.2%

NE (ground) 0.49 4.1% 65,000 4,330 6.7%

NE (air) 0.89 7.3% 65,000 3,442 5.3%

SwW 0.59 3.7% 5,000 447 9.0%

SE 0.49 4.5% 10,000 1,373 13.7%

TOTAL w/ Ground Only 105,000 8,193 7.8%

TOTAL w/ Ground and Air 105,000 11,635 11.1%
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Estimated Costs

Ground seeding in all four target areas with aerial seeding in the Northeast target area

Rate Frequency
Annual Operations
Set Up S 40,000 S 40,000
Take Down S 31,000 S 31,000
Reporting S 10,000 S 10,000
Monthly Operations
Fixed Services S 55,000 5 S 275,000

Variable Items (timed expenses are billed on a per hour basis)

Ground Flares S 110 60 S 6,600
Generator Run Time S 19.50 600 S 11,700
Flight Time S 375 30 S 11,250
Aerial Flares S 110 150 S 16,500

TOTAL $ 402,050

COST PER ACRE-FOOT $ 35.61
Benefit to Cost 7.16

In order to calculate the benefit to cost ratio for this proposed program, SAWPA provided NAWC
several estimates for untreated and unpressurized imported water resulting in an average calculated
watershed wide value of $255 per acre-foot.

As seen in the table of estimated costs, the cost of a combined ground and aerial program will be
roughly $400,000, yielding a benefit to cost ratio of 7.16:1. We estimate the cost of a ground-only program
to be roughly $208,000, with a projected benefit to cost ratio of 10.03:1. The ground only program has
therefore been deemed more efficient than the combined ground and aerial program. Our recommendation
would thus, be to start with a ground only program and grow into a ground and aerial program as needs for
additional water grow in the future.

Conclusion
NAWC concluded that the proposed program, as designed in this study, is technically feasible.

After careful review of the predicted costs associated with running the cloud seeding program, and
after considering the potential yield as predicted in this study, NAWC has determined the following:

1. A ground-based program designed to target all 4 target areas, would exceed the ASCE’s
recommended 5:1 benefit to cost ratio with a 10:1 benefit to cost.

2. A mixed program with both aerial and ground support would optimize production, but at a lower
efficiency, yielding roughly a 7:1 benefit to cost.
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It is concluded that the proposed program would be economically feasible and that the ASCE

requirements that a proposed program would be both technically and economically feasible for the Santa

Ana River Watershed would be met.

Questions and Answer

Throughout the course of this study, NAWC has engaged with personnel from SAWPA member
agencies via, phone, email as well as during live and digital conferences. Throughout these engagements a
number of questions have been asked regarding aspects of this study. We have attempted to incorporate
these questions, as best as possible, into the body of this study. For quick reference, many of these
guestions were included in APPENDIX F, with corresponding answers.

14



1.0 INTRODUCTION

1.1 Background

North American Weather Consultants (NAWC), received a Request for Proposals (RFP) followed by
an executed contract to conduct a weather modification feasibility study for the Santa Ana River Watershed
located in southern California. This RFP was issued by SAWPA on October 1, 2019 with the title Weather
Modification Program. “The primary objective of the study is to determine the feasibility of a weather
modification or cloud seeding program to increase precipitation and snowpack in the Santa Ana River
Watershed”.

There are five tasks to be completed in this study:
e Task 1 - Collection of Data.
e Task 2 - Selection of Target Areas.
e Task 3 - Development of Program Design and Seeding Increase Estimates.
e Task 4 - Perform a Benefit/Cost Analysis.

e Task 5 - Delivery of Final Report

1.2  General Description of Cloud Seeding

Clouds form when temperatures in the atmosphere reach saturation, that is, a relative humidity of
100%. This saturated condition causes water vapor to condense around a nucleus forming a cloud droplet.
These nuclei, which may be small particles like salts formed through evaporation off the oceans, are known
as “cloud condensation nuclei”. Clouds can be composed of a combination of water droplets, supercooled
water droplets and ice crystals

In cold regions (< 0°C) of clouds, cloud water droplets may not freeze. The reason for this is the
purity of the water droplets. In a controlled environment, pure water droplets can remain unfrozen down
to a temperature of -39°C. As many clouds will never reach temperatures as cold as -39°C water droplets
depend on impurities to induce freezing. Naturally occurring impurities often consist of tiny soil particles or
bacteria. Cloud seeding is the process of introducing additional nucleating agents into storm systems to
improve the efficiency of the nucleation process. Research has demonstrated that microscopic particles of
silver iodide can be much more effective nucleating agents than naturally occurring freezing nuclei within a
temperature range of about -5 to -15°C.

Once an ice crystal forms within a cloud, it will grow as cloud droplets around it add their mass to
the ice crystal, eventually forming a snowflake. Ice crystals can also gain mass as they fall and accrete
surrounding supercooled cloud droplets, a process known as “riming.” Once heavy enough, these snowflakes
can precipitate and fall to ground as either rain drops or snowflakes depending on air temperatures near the
ground.
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1.3  Critical Terms and Concepts

Automated High Output Ground Seeding (AHOGS) systems:

Proprietary real-time, remotely controlled equipment that makes use of burn-in-place flares to
release high concentrations of seeding agents over a short period of time.

Cloud Nuclei Generator (CNG):

A generator that burns a solution of a particular seeding agent. Generally, these are ground based,
manually operated units.

Convection:

This is the tendency of warmer air to rise and cooler air to sink under the influence of gravity.
Convection plays an important role in the development of some cloud structures and is a defining
attribute of some of our targeted storm systems.

Convective Bands:

An organized or semi-organized area of convective clouds that produces precipitation, often linear
or banded in appearance. These storm types are of particular interest in cloud seeding, as they lift
seeding agents efficiently and generally contain high concentrations of supercooled liquid water.

Ice Nucleation:
The process of water droplets suspended in a cloud freezing, forming ice crystals.
Inversion:

Referring to temperature, a layer of air in which temperature increases with altitude, as opposed to
the more common decrease in temperature with increasing altitude. This is important as the
principle characteristic of an inversion layer is the presence of static stability, such that very little
turbulent exchange occurs within it.

Orographic Effect:

As air near the surface is forced up and over mountain barriers, the air cools. As the air cools it can
reach its saturation point (i.e.., 100% relative humidity) which results in the formation of clouds.

Orographic Lift:
Lifting of air masses by underlying mountainous terrain.

Nucleating Agents:

Impurities (naturally occurring or induced through the process of cloud seeding) that instigate the
formation of water droplets or ice crystals.

Wind Direction:

16



In meteorology, the standard convention is for wind direction to be reported as the direction from
which the wind is blowing. For example, a southwest wind would indicate the wind is blowing from
the southwest, towards the northeast.

Seeding Criterium:

When analyzing storm characteristics to understand the potential effectiveness of cloud seeding,
there are a few attributes that are critical to consider:

e Vertical profile of temperatures

e Wind: speed and direction at ground level and aloft

e Atmospheric stability, including temperature inversions
e Precipitation type and intensity

e Convective lifting/convection, which influences mixing and vertical dispersion of the seeding
agent.

e Topography of the target areas and localized storm characteristics

1.4 Potential Target Areas

An early requirement in developing a cloud seeding feasibility study to augment precipitation is to
identify potential target areas. Logically, the target areas should encompass regions in which the most useful
precipitation occurs. In the case of the Santa Ana River Watershed the most useful precipitation in
generating streamflow will be derived from locations that receive the highest amounts of precipitation. For
the Santa Ana River Watershed, as is the case in many mountainous areas of the world, the highest winter
season precipitation typically occurs at the highest elevations of the watersheds. This is due to an
atmospheric phenomenon known as the “orographic effect”. This effect is produced when lower-level air
accompanying winter storms is forced up and over mountain barriers.

Based upon this discussion, there are potentially four possible target areas that could be considered
in the Santa Ana River Watershed. Figure 1.1 provides a map of these potential target areas that will be
referred to as Northwest (NW), Northeast (NE), Southeast (SE) and Southwest (SW). The boundaries of these
areas are based upon the 3,000-foot elevation contour and also on the barrier crests in the case of the NE
and SE areas. One exception is the SW target area, where lower average elevations exist; this area was
created using the 2,000-foot elevation contour.

10

17



Figure 1.1.

Potential Cloud Seeding Target Areas in the Santa Ana River Watershed.
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2.0 CLIMATE

Southern California has a Mediterranean-type climate with warm, dry summers and cool, somewhat
moist winters. Winter precipitation is somewhat sporadic and highly variable from one season to another.
Average annual precipitation ranges from between 20-40” annually in mountainous areas (above about
2,000 to 3,000 feet in elevation), between about 10-20” in lower elevation coastal areas, less than 10” in
desert areas and under 5” in the drier inland deserts.

Although higher elevation areas (and more inland areas) receive some occasional monsoonal or
convective type shower activity beginning in July, the months of June and July are the driest on average.
During the months of July — September monsoonal moisture, as well as occasional moisture surges from
decaying tropical systems in the eastern Pacific (most common around September) leads to slight increases
in the precipitation average, most pronounced for inland areas. The beginning of eastern Pacific frontal
system activity in the fall results in continued average precipitation increases. The greatest precipitation in
general is during December — March, with the early season (December) precipitation events tending to be
the warmest, having higher snow levels in general, than the remainder of this seasonal period.

Mountain snowfall is most common in mid to late winter, with the months of January through March
having the greatest average snowfall. Most of this occurs above 5,000 feet in elevation, where a significant
snowpack can accumulate. An accumulating snowpack is most common in areas above 7,000 feet in
elevation, which often record between 100 — 150” of snowfall annually. Snowpack occasionally accumulates
to 2 feet or more in depth in these areas. Snowfall is more sporadic below about 4,000 feet in elevation,
with areas near 4,000 feet more likely averaging 20-25” of snowfall in a given season. Snow is much more
uncommon below 2,000 feet in elevation but does occasionally fall at or below this level. It should be noted
that even the month of April can bring storm events cold enough to produce snowfall at relatively low
elevations, partly related to the fact that the sea-surface temperature along the California coast reaches a
minimum in the spring.

The four primary target areas of the Santa Ana River Watershed are distinct in terms of their
geography and topographic features. The southwestern portion (Santa Ana Range), bordering Orange and
Riverside counties, is by far the lowest in elevation of the four, generally topping near 4,000 feet in elevation,
with a few peaks (such as Modjeska and Santiago) exceeding 5,000 feet. The portion of this range in the
Santa Ana River Watershed above 2,000 feet elevation is approximately 15 miles long by approximately 7
miles wide. This area generates primarily winter runoff directly pertaining to rainfall events, with little to no
accumulating snowpack under normal circumstances. Annual precipitation in this range is believed to be
generally between 15-25”, although there is a lack of precipitation stations in higher elevation portions.

The northwestern portion (NW target area), bordering Los Angeles and San Bernardino Counties
(mostly in the latter) encompasses a portion of the Central Transverse Ranges, to the west of the I-15
freeway. This portion of the watershed above 3,000 feet is a triangular area about 10-12 miles in scale,
containing multiple peaks above 8,000 feet elevation. Most of this area receives about 25-35” of annual
precipitation, as well as some significant snow accumulation in higher elevations. Runoff from this area
appears at a general maximum from about December — April, with snowmelt in some seasons keeping
streamflow elevated into May.
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The northeastern portion (NE target area) in San Bernardino County encompasses the area of the
Central Transverse Ranges east of I-15, extending down to I-10 north of Palm Springs. This is by far the largest
of the four target areas in this study above 3,000 feet, with a length dimension (oriented northwest —
southeast) over 35 miles and a width (for the Santa Ana River Watershed portion of the area) ranging from
2 miles on the northwestern side to about 20 miles in the much broader eastern portion. This eastern portion
extends generally southward from Big Bear Lake and includes some very high terrain with some peaks
reaching over 11,000 feet in elevation (such as San Gorgonia Mountain). This portion of the Santa Ana River
Watershed generally receives between 20-40” of annual precipitation, including significant snowpack
accumulation in some seasons at higher elevations. Runoff originating in this area appears to have a distinct
peak around late March/early April, which is likely a combination of direct runoff from rainfall as well as
snowmelt runoff. In some seasons, snowmelt contributes to runoff into May. This portion of the watershed
is by far the largest contributor to runoff, with typical runoff 2-5 times that of the other three areas in the
watershed.

The southeastern portion (SE target area) of the watershed, in Riverside County centered just to the
west and southwest of Palm Springs, appears significantly drier than more northern areas despite an area of
high elevation terrain. On the eastern side, there are portions above 8,000 feet in elevation with Mt. San
Jacinto (on the eastern boundary) exceeding 10,700 feet. The overall target watershed area over 3,000 feet
elevation is about 28 miles long (northwest to southeast dimension) and approximately 12 miles wide
(northeast to southwest dimension). This area generally receives about 15-25” of annual precipitation, with
a limited amount of high elevation area, over about 7,000 feet on the eastern side, as the only location that
is likely to have any significant snow accumulation.

Figures 2.1 — 2.4 show annual precipitation patterns representative of each of these areas. These
monthly plots are derived from long-term precipitation stations that appear to be most representative of
the respective areas. The periods of record for these plots vary somewhat but are based on sites that appear
to have the best long-term periods of monthly precipitation records. These graphs show a strong winter
season (December — March) precipitation maximum overall, with the months of November and April also
having some significant precipitation although generally half or less of the average of the other winter season
months. A strong precipitation minimum is observed in the summer (especially June and July), with this being
most pronounced in the more western areas closer to the coast. A minor monsoonal precipitation maximum
is observed around July to September in the more eastern (inland) areas when showers and thunderstorms
sometimes develop in these areas.
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Figure 2.1. Lytle Creek Range Station, 1942-2000 monthly precipitation averages, Northwest target area.
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Figure 2.2. Big Bear Lake, 1961-2019 monthly precipitation averages, Northeast target area.
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Figure 2.3. Hemet, 1943-2019 monthly precipitation averages, Southeast target area.
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Figure 2.4. Santa Ana Fire Station, 1923-2019 monthly precipitation averages, Southwest target area.
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3.0 PROGRAM DESIGN

A detailed operations plan should be developed by the Contractor selected to implement this a cloud
seeding program to benefit the Santa Ana River Watershed. This plan would be customized specifically for
the intended target areas. This plan would be available as a reference for all program personnel. It would
include such topics as: operational period, personnel, equipment, maintenance, operations center,
operational, procedures, models, seeding decisions, suspension criteria, communications and reporting.

The following discussions reflect the methods, equipment and general procedures as are typically
implemented by NAWC to perform the task of Weather Modification along the California Coastline. The
Contractors selected to participate in an RFP and ultimately to perform this work may propose different
equipment or procedures. SAWPA will decide what types of equipment and procedures in their best
interest during the RFP process.

3.1 Technical Program Design

3.1.1 Brief Cloud Seeding Theory for Precipitation Augmentation

Clouds form when temperatures in the atmosphere reach saturation, that is, a relative humidity of
100%. This saturated condition causes water vapor to condense around a nucleus forming a cloud droplet.
These nuclei, which may be small particles like salts formed through evaporation off the oceans, are known
as “cloud condensation nuclei.” Clouds can be composed of water droplets, ice crystals or a combination of
the two. Clouds that are entirely warmer than freezing are sometimes referred to as “warm clouds.”
Likewise, clouds that are colder than freezing are sometimes referred to as “cold clouds.” Cold clouds may
have cloud bases that are warmer than freezing. Precipitation can occur naturally from both types of clouds.

In warm clouds, cloud droplets that survive long enough and especially when cloud drops are of
different sizes, may result in cloud water droplets colliding and growing. They may attain sufficient sizes to
precipitate as rain. This process is known as “collision/coalescence.” This process is especially important in
tropical clouds but can also occur in more temperate climates.

In cold regions (< 0°C) of clouds, cloud water droplets may not freeze. The reason for this is the
purity of the cloud water droplets. In a laboratory environment, pure water droplets can remain unfrozen
down to a temperature of -39°C. Natural impurities in the atmosphere can cause cloud droplets that are
colder than freezing (usually referred to as supercooled) to freeze. These supercooled cloud droplets are
what causes icing to occur on aircraft. The natural impurities often consist of tiny soil particles or bacteria.
These impurities are referred as “freezing nuclei.” A supercooled cloud droplet can be frozen when it collides
with one of these natural freezing nuclei thus forming an ice crystal. This process is known as “contact
nucleation.” A water droplet may also be formed on a freezing nucleus, which has hygroscopic (water-
attracting) characteristics. This same nucleus can then cause the water droplet to freeze at temperatures
less than about -5°C forming an ice crystal. This process is known as “condensation/freezing.” Once an ice
crystal is formed within a cloud it will grow as cloud droplets around it evaporate and add their mass to the
ice crystal, eventually forming a snowflake (diffusional growth). Ice crystals can also gain mass as they fall
and accrete surrounding supercooled cloud droplets, a process known as “riming.” These snowflakes may
fall to ground as snow if temperatures at the surface are ~ 0°C or colder. They may reach the surface as rain
if surface temperatures are warmer than freezing.
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Research conducted in the late 1940’s demonstrated that tiny particles of silver iodide could mimic
the natural process and serve as freezing nuclei at temperatures colder than about -5°C. In fact, these silver
iodide particles were shown to be much more active at temperatures of ~ -5°C to -15°C than the natural
freezing nuclei found in the atmosphere. As a consequence, most of man’s modern day attempts to modify
clouds to produce more precipitation (or reduce hail sizes) have used silver iodide as the seeding agent.
These programs are conducted to affect cloud regions that are -5°C or colder (e.g., “cold clouds”) and are
sometimes called “cold cloud” or “glaciogenic” seeding programs. Glaciogenic cloud seeding can be
conducted in summertime clouds by seeding clouds whose tops pass through the -5°C level, and in winter
stratiform or convective clouds that reach at least the -5°C level.

There has been some research and operational programs designed to increase precipitation from
“warm clouds.” The seeding agents used in these programs are hygroscopic (water-attracting) particles
which are typically some kind of salt (e.g., calcium chloride). These salt particles can form additional cloud
droplets, which may add to the precipitation reaching the ground. This seeding technique, which is
sometimes referred to as “warm cloud” or “hygroscopic” seeding can also modify the warm portion of clouds
which may then grow vertically to reach temperatures colder than freezing. A research program conducted
in South Africa targeting these types of clouds indicated that such seeding did increase the amount of rainfall
from the seeded clouds.

In summary, most present-day cloud seeding programs introduce a seeding agent, such as
microscopic-sized silver iodide particles, into clouds whose temperatures are colder than freezing. These
silver iodide particles can cause condensation, forming cloud droplets that subsequently freeze or cause
naturally occurring cloud droplets to freeze, forming ice crystals. These ice crystals can grow to snowflake
sizes falling to the ground as snow or as rain depending on the surface temperature profile.

3.1.2 General Considerations

The ASCE 2016 publication entitled “Guidelines for Cloud Seeding to Augment Precipitation” states
that the design of operational programs should be based upon prior research programs that provided
positive indications of increases in precipitation, to the extent that the research results are considered to be
representative of the operational programs’ conditions (i.e., transferable results). The SAWPA target
areas offer an unusual mix of seeding potential from several different storm types based upon analyses
performed for Tasks 1 and 2 in the Memorandum Report. Two of the more recognizable winter coastal
California storm types were convection bands and orographically enhanced clouds. Other types indicated in
this analysis are a blend of stratiform and convective types that probably contain similarities to the two more
recognizable types. These two types will be discussed separately.

3.1.3 Convection Bands

There are some interesting cloud formations that affect the coastal areas of the western United
States. These features have been referred to as convection or convective bands which are embedded in
winter storms that impact these coastal areas. They are similar to summertime squall lines that impact our
mid-western states in the summertime.

The proposed seeding program for the four SAWPA target areas has a unique advantage in regards
to the above ASCE recommendation since a well-funded winter research program, Santa Barbara Il, Phases
I and I, was conducted during the winters of 1967-1973 (Brown et al., 1974; Griffith et al., 2005). The Santa
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Barbara Il research program consisted of two primary phases. Phase | consisted of the release of large
amounts of silver iodide from a single ground location near 2,500 feet MSL located in the Santa Ynez
Mountains northwest of Santa Barbara, California. These silver iodide releases were made as “convective
bands” passed overhead. These convection bands were shown to contain supercooled cloud droplets, the
targets of glaciogenic cloud seeding programs. The releases were conducted on a random seed or no-seed
decision basis in order to obtain baseline non-seeded (natural) information for comparison. The amount of
precipitation that fell from each seeded or non-seeded convective band was determined at a large number
of precipitation gauge locations. Average convective band precipitation for seeded and non-seeded events
was calculated for each rain gauge location. Results of seeding from the ground were calculated as ratios of
average seeded band precipitation versus the non-seeded band precipitation. Ratios greater than 1.0 were
common. A ratio of 1.50 would suggest a 50 percent increase in precipitation from seeded convective bands
compared to non-seeded bands.

In a similar experiment, Santa Barbara Il, phase I, an aircraft was used to release large amounts of
silver iodide (generated by silver iodide - acetone wing tip generators) into the convective bands as they
approached the Santa Barbara County coastline west of Vandenberg Air Force Base. The convective bands
to be seeded were also randomly selected. Again, the ratios of average precipitation from seeded to non-
seeded bands were calculated, and a large area of higher precipitation is indicated in seeded convective
bands compared to non-seeded convective bands.

A study of the contribution of "convective band" precipitation to the total winter precipitation in
Santa Barbara County and surrounding areas was conducted (in the analysis of the Santa Barbara Il research
program). This study indicated that convective bands contributed approximately one-half of the total winter
precipitation in this area. If it is assumed that all convective bands could be seeded in a given winter season
and that a 50 percent increase was produced, the result would be a 25 percent increase in winter season
precipitation if we assume the convective bands would have contributed one half of the winter season's
rainfall.

It is significant that the Santa Barbara County Water Agency has contracted for operational cloud
seeding programs to be conducted, targeting convection bands, in the County most winter seasons since
1981. NAWC has conducted most of these programs for the Agency. These programs have been based upon
the design and results from the Santa Barbara Il research program (Griffith et al., 2005). A WMA Journal of
Weather Modification paper that contained a target/control evaluation of this long-term operational
program provided estimated average increases in seasonal precipitation ranging from 9 to 21% (Griffith et
al., 2015).

In summary, earlier research conducted in Santa Barbara County indicated that convective bands
are a common feature of winter storms that impact Santa Barbara County and that those bands contribute
a significant proportion of the area precipitation. In addition, research has indicated that these bands contain
supercooled liquid water droplets, the target of most modern-day cloud seeding activities. Seeding these
bands with silver iodide either from the ground or air can increase the amount of precipitation received at
the ground. These bands are typically oriented in some north to south fashion (e.g. northeast to southwest,
northwest to southeast, etc.) as they move from west to east. It is common to have at least one convective
band per winter storm with as many as three or four per storm being fairly common. One band is usually
associated with cold fronts as they pass through the county. Frequently these frontal bands are the
strongest, longest lasting bands during the passage of a storm.
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Even though the Santa Barbara Il research program was conducted approximately 45 years ago, it is
NAWC’s professional opinion that it offers the most relevant information for the design of precipitation
enhancement programs for this area that are designed to seed convection bands. There has not been any
other winter weather modification research program conducted in the coastal areas of California since Santa
Barbara Il. NAWC’'s Memorandum Report, covering Tasks 1 and 2 indicated that convection bands were
present in some winter storms that impact some if not all the proposed target areas.

Convective storms result in highly turbulent and highly productive rain events. To take advantage of
these highly saturated and highly turbulent events, NAWC recommended that some ground-based remotely
operated silver iodide seeding flare sites be included in the design of the SAWPA program. NAWC's design
for this type of unit is known as Automated High Output Ground Seeding systems (AHOGS). A photo of one
of these units is provided in Figure 3.1. Flares manufactured by Ice Crystal Engineering (ICE) of North Dakota
are frequently used in these units.

e

Figure 3.1. Photo of a NAWC AHOGS Site

3.1.4 Orographic Clouds

There is a well-known orographic effect, which is caused when moist air is forced over mountain
barriers and cools as it rises over the mountains. When air reaches the saturation point, water vapor
condenses into liquid form creating clouds. This effect often occurs in the wintertime over mountain barriers.
Sometimes the resulting clouds only form over the mountain barrier. At other times, clouds have already
formed as organized storms approach a mountain barrier, but the orographic effect enhances these cloud
formations. Research has shown that this orographic effect frequently results in the accumulation of
supercooled cloud droplets, the target of glaciogenic cloud seeding (e.g., Griffith et al., 2013) along the
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upwind slopes of mountain barriers. Figure 3.2 provides a conceptual visualization of this accumulation zone.
This was the case with the Sierra Cooperative Pilot Project (SCPP) conducted over the American River Basin
in the central Sierra Nevada (Reynolds, 1988) and in a research program conducted over the Wasatch
Plateau Mountains in central Utah (Super, 1999). There were a number of other winter orographic research
seeding programs conducted in the western United States, a number of these were funded under the Bureau
of Reclamation’s “Project Skywater” research program.

Figure 3.2. Conceptual Model of the orographically-induced supercooled water accumulation zone.

The orographic effect results in more naturally occurring precipitation falling over mountain barriers
than over the upwind and downwind valleys thus presenting prime storm conditions for seeding since any
additions to these naturally higher precipitation amounts in mountainous areas can likely result in additional
runoff from these mountains; perhaps immediately if the precipitation falls as rain or delayed runoff when
snowpacks melt.

This reasoning led to some of the earliest cloud seeding programs in the U.S. being developed over
the Sierra Nevada Mountains in California, some dating back to the 1950’s. Winter orographic cloud seeding
programs have been conducted over numerous mountain barriers throughout the west. A comprehensive
report (Silverman, 2010) evaluated eleven long-term operational cloud seeding programs conducted over
the Sierra Nevada Mountains in California. These evaluations indicated that most programs targeting the
upwind slopes of the mountains indicated positive seeding effects, several being statistically significant.
Operational winter operational orographic cloud seeding programs have been conducted for many years in
several western states (e.g., Colorado, Idaho, Nevada, Utah and Wyoming). The seeding modes employed
on these programs have included ground-based seeding generators and cloud seeding aircraft. NAWC has
used manually operated silver iodide generators, sometimes referred to as cloud nuclei generators (CNGs),
in numerous winter programs conducted in several western states, for many years. NAWC, in the
Memorandum Report, recommended that a network of CNGs be installed to seed the SAWPA target areas.
CNGs would be sited at local residents and/or businesses and these participants called by the program
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meteorologist when the unit should be activated and deactivated. Figure 3.3 provides a photo of one of
these units. NAWC recommends that 20-25 grams of silver iodide be released for each hour of operations
from one of these or similar units. NAWC has also recommended that a cloud seeding aircraft be employed
on the SAWPA program to seed orographic cloud conditions that impact the SAWPA Northeast target area.
Figure 3.4 provides a photo of such an aircraft equipped with silver iodide seeding flares.

,'/ g

Figure 3.3. Example of a NAWC Manually Operated Cloud Nuclei Generator
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Figure 3.4. Example of a Cloud Seeding Aircraft Equipped with End Burning Silver lodide Flares

3.2 Personnel

Depending upon the seeding mode (i.e., ground based flares, aircraft seeding) or modes used there
may be the following staff positions: 1) a program supervisor, 2) a program meteorologist, 3) a pilot, 4) a
local part time technician, and 5) CNG operators. The supervisor and meteorologist could operate from the
contractor’s headquarters. The pilot would be stationed at a suitable full-service airport in proximity to the
target area. NAWC recommends that a Weather Modification Association (WMA) Certified Manager (CM)
or American Meteorological Society Certified Consulting Meteorologist (CCM) be the program manager and
that a WMA Certified Operator (CO) serve as the program meteorologist.

3.2.1 Meteorologist

A dedicated project meteorologist will manage the day-to-day operations of the project. He/she will
maintain daily logs of project activities. The meteorologist’s responsibilities include several tasks. First and
foremost, the primary responsibility of the meteorologist will be to conduct weather modification activities
for the Santa Ana River Watershed. This includes submitting to the client a daily forecast each weekday for
the target area, (transmitted via e-mail). The meteorologist’s duties also include computer archiving of
meteorological data, ground generator seeding times and, if seeding aircraft are used, aircraft flight tracks
superimposed on radar displays for all seeded storm periods. The meteorologist will act as project director,
ensuring that each component of the project is maintained in full operational readiness. This includes making
sure that the aircraft and ground-based seeding sites are serviced appropriately and kept in operational
status, as well as keeping track of seeding start/stop times and keeping notes on meteorological conditions
and operational decision making. The meteorologist will track usage of the ground-based seeding sites and
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coordinate refills by the project field technician and the propane supplier. The meteorologist will be
responsible for the operation of the two AHOGS sites remotely, and will communicate with the operators of
the manual CNG’s. The meteorologist will also be responsible for written (electronic) monthly reports for
each operational month submitted to SAWPA, and possible presentation of brief project operational
summaries at monthly Board meetings if requested by SAWPA.

3.2.2 Pilot

The duties of the pilot are to operate the seeding aircraft during appropriate storm periods, and to
make sure that the aircraft is always at full operational status. This includes servicing, refilling and testing of
the seeding systems. The pilot will also need to inform the meteorologist of any problems with the airborne
seeding systems, when the aircraft has any mechanical problems, or when any other aviation-related factors
may cause potential interference with the conduct of operations. The pilot must be reachable via telephone
24/7 and able to fly seeding missions on short notice. He/she must coordinate with the meteorologist any
potential travel away from the project area. The pilot also coordinates the project flight plans and activities
with the appropriate FAA authorities. This includes renewal of waivers or permits, approvals for the
predetermined flight tracks, and coordination of flight procedures. The pilot is also responsible for
coordinating any required aircraft maintenance with the project meteorologist and the aircraft owner.

3.2.3 Field Technician

The main responsibility of the field technician is the installation and maintenance of the ground
generator network. This includes refilling the CNG’s with seeding solution on request by the meteorologist
and taking care of other ground based CNG servicing issues as well as replacing expended flares in the AHOGS
systems.

3.2.4 CNG Operators

Each of the CNG sites is operated by someone who lives and/or works at the location. The CNG
operator is contacted via phone or email by the meteorologist with operational on/off instructions. The
operator will also inform the meteorologist if his/her CNG malfunctions or is out of service for any reason. If
at any point there is a major problem with the seeding generator, the operator will turn it off and inform the
meteorologist of the problem immediately. The meteorologist will then notify the field technician of the
service needs.

NAWC recognizes that there will be down time with CNG’s, operators will occasionally be unavailable
or unresponsive, and machines may fail or require maintenance. It is important to note, that adequate
redundancies have been incorporated into the design of this program, to accommodate for occasional
missed CNG operations.

3.3 Weather Radar

The National Weather Service (NWS) NEXRAD radar sites in southern California (KSOX — Santa Ana
Mountains; KVTX — near Ojai; KNKX — near Poway) will be used for the operation of the cloud seeding
program as they provide good coverage of the target areas. The radar provides valuable information
regarding the structure, intensity, movement, and evolution of precipitating cloud systems in addition to
wind speed and direction within the precipitating echoes. An upgrade to dual-polarization capabilities within
the past decade allows the radar to measure targets using both horizontal and vertical waves, providing
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additional information about hydrometeors (e.g., identification of precipitation types) and non-weather
targets. Real-time radar data are key in operational decision-making for seeding modes and tracks, to help
optimize the seeding releases. The NWS is responsible for all the necessary support for the radar including
operation, calibration, spare parts, and maintenance.

3.4 Seeding Modes

Ground-based seeding will be utilized to affect the target areas. The placement of twelve Cloud
Nuclei Generators (CNGs) adjacent to three of the target areas and two Automated High-Output Ground
Seeding (AHOGS) systems adjacent to the SW target area will help ensure dense coverage of seeding
throughout the watershed. As with airborne seeding operations, the CNGs and AHOGS are activated in areas
upwind of the target areas during storm events (generally southerly to westerly flow situations). Due to the
orientation of the mountain barriers, a westerly to southwesterly flow is the most favorable direction for
precipitation and provides the best orographic uplift. Therefore, the CNGs and AHOGS are located to the
south and west of the target areas feeding the watershed. One of the CNGs, at Strawberry Peak, is located
where it can be utilized in northwesterly flow situations. Figure 3.5 shows the recommended ground seeding
site locations and their site IDs. Table 3.1 provides basic information for these sites. The generators emit
silver iodide particles. Nucleation is achieved via the condensation-freezing process. Two of the ground sites
are AHOGS systems, used primarily for the seeding of approaching convective bands that are common closer
to the coast. The AHOGS flares are similar to those used in airborne seeding.

The array of ground-based seeding sites should be used liberally. Use of multiple sites helps assure
adequately high concentrations of nuclei in the seeding plumes and horizontal plume overlap over the higher
terrain. If use of a given CNG or AHOGS could conceivably have a positive effect, it should be activated. Use
of the HYSPLIT plume dispersion model, described in Section 3.8 can be helpful in assessing likely seeding
plume trajectories. Keep in mind that the seeding plumes are not straight lines as may be depicted by some
dispersion models. Rather, the seeding plumes are quickly distorted due to the effects on low-level airflow
caused by the complex terrain. Also keep in mind that many storms are very moisture rich. It is essentially
impossible to over seed most storms. NAWC's local field technician will keep the ground generator network
in operations-ready status as directed by the project meteorologist.

Airborne seeding operations will be coordinated between the project meteorologist and the seeding
pilot using VHF frequency 122.85. Wing-mounted flare racks containing silver iodide flares will be used, with
flares burning over a 4-5-minute period, producing plumes of ice nuclei upwind of the target area. Each flare,
manufactured by ICE, contains 16.2 g of silver iodide. Airborne seeding operations involve flying a
predetermined track, shown in Figure 3.6 to intercept clouds that are moving into the target area. The track
will be utilized to achieve proper placement of the silver iodide particles relative to the watershed and into
the area of higher supercooled liquid water concentration. Studies have shown that the warmest in-cloud
temperature for nucleation of supercooled liquid water droplets by the silver iodide particles is near the -
5°C level.

3.5 Ground Seeding Site Locations and Airborne Seeding Tracks

For the purposes of this feasibility study, several winter seasons, beginning with 2010-2011 and
ending with 2017-2018 were reviewed and storm periods noted as described in section 4.1 of this report. A
total of 58 storm events were identified during a five-season period. Various parameters, such as mid-level

wind speeds and temperatures (e.g., 850 mb/approx. 5000 feet MSL; 700 mb/approx. 10,000 feet MSL) were
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collected along with radar data showing the evolution of precipitation during these storm events as well as
hourly precipitation from various sites. Having developed a base of information from all storm events,
potential ideal sites for the location of ground-based Cloud-Nuclei Generators (CNGs) and AHOGS
(Automated High Output Ground Seeding systems) were identified using Google Earth. This was done for
each of the four target areas within the Santa Ana River Watershed identified earlier in the report (see
section 1.4).

Sites were selected based on their common upwind location from their target areas, with the vast
majority of sites located to the south through west of their intended target areas. Locations were based
upon a predominant wind flow from the Southwest at 850 mb (approximately 5,000 feet) as documented in
a wind rose in section 4.1 (Figure 4.5). Accessibility to the site was also taken into consideration, with many
locations either fenced off or on private property such that the general public would not have easy access.
Should a program eventually come to fruition, more or less sites may actually be used for targeting in the
different areas of interest; for this study, a total of 14 ground-based seeding sites (2 AHOGS, 12 CNGs) were
selected for the four target areas in the Santa Ana River Watershed, shown in Figure 3.5. In practice, the
AHOGS sites would primarily be activated during the passage of convective bands as is done by NAWC on a
long-term cloud seeding program conducted for the Santa Barbara County Water Agency (Griffith et al.,
2005)

The AHOGS sites were chosen based on their location close to the coast where convective bands
were most common based upon the analyses of the 58 discrete storm events and would be most effectively
seeded from such a unit. The remaining CNG sites were ideal for seeding stratiform and upslope/orographic
or convective storm events. Figure 3.5 graphically provides these locations in relation to the intended target
areas. Table 3.1 provides the digital locations and elevations of these sites.

: g : ’ .‘
N
GoogleEarth

N i % .; ;g . T b 20 mi :
Figure 3.5. Location of ground seeding sites for each of the target areas. Red squares are CNG sites, while
yellow pushpins are AHOGS sites. Numbers correspond to locations in Table 3.1.
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Table 3.1
Locations and Elevations of Ground-based seeding sites
* indicates AHOGS sites

Site Name Elevation (ft) Latitude Longitude
1 - Wildwood Ranch 1287 34°08'03.95" N 117° 48'50.88" W
2 - Deer Canyon 2641 34°10'23.47" N 117° 34' 24.85" W
3 - San Sevaine Canyon 2462 34°10'39.96" N 117°29'06.23" W
4 - Strawberry Peak 6151 34°13'54.84" N 117° 14' 03.72" W
5 — Arrowhead Springs 1624 34°09'38.23" N 117° 23'56.95" W
6 - City Creek 1548 34°08'21.73" N 117°11'18.79" W
7 - Seven Oaks Reservoir 1996 34°06'37.22" N 117°05'54.89" W
8 - San Felipe Olive 3284 34° 04'09.48" N 117°00'48.16" W
9 - Edgar Canyon 3236 33°59'26.83" N 116° 57'47.67" W
10 - Hemet 1864 33°46'37.58" N 117° 03'26.16" W
11 - Rancho Armendariz 1837 33°39'15.10" N 116° 56' 55.39" W
12 - Cahuilla Casino 3702 33°32'23.21"N 116° 44'24.29" W
13 - Handy Creek* 825 33°46'35.50" N 117° 45' 14.86" W
14 - Shady Canyon* 640 33°38'10.35" N 117° 46' 22.08" W

In addition to ground seeding sites, airborne seeding was considered as well. Aircraft seeding,
utilizing either solution generators or seeding flares, is another seeding mode used on winter cloud seeding
programs. Seeding flights would need to be conducted under Instrument flight rules (IFR) and would be
under FAA control to maintain separation between the seeding aircraft and other commercial, military or
private aircraft. If seeding flights could be conducted under visual flight rules (VFR), then the pilot of the
seeding aircraft could maintain separation from other aircraft flying in the same airspace. This would not be
the case in most seeding situations due to the presence of low and middle cloud decks. Storm winds at
appropriate flight levels during potential seeding events are expected to be blowing from southerly to
northwesterly directions. Flights would need to be conducted upwind of the intended target areas to allow
time for the nucleation, growth and fallout of the augmented precipitation in order to fall within the
intended target areas. Flights would likely be flown at the -5°C level (the average -5°C height from the storm
period analysis was approximately 11,000 feet).

The average wind directions at the 700 mb level (approximately 10,000 feet) were from the
southwest; that would mean that seeding flights would need to be conducted over the Los Angeles Basin to
impact the intended target areas. There are a number of major commercial as well as private airports in the
Los Angeles Basin. It may be difficult to get FAA approval for seeding flights during times of high traffic; unlike
typical flights that quickly leave crowded airspace, seeding flights run the same track for an extended period
of time. Such flights are likely to intersect take-off and landing zones for other aircraft since typical flight
levels would be at relatively low altitudes over the Los Angeles Basin. Typical aircraft used on programs of
this type include Cessna 340’s, 414’s, 421’s; Piper Navajo and Cheyenne II's and King Air 90’s. Any seeding
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aircraft used should be certified for flight in known icing conditions due to the type of clouds that would be
seeded.

A potential flight track to the south of the northeastern target area was developed, shown in Figure
3.6. It was chosen considering that most storm events contain south through southwest flow aloft, and the
position of this flight track would be ideal for aircraft seeding properly targeting clouds over the northeastern
target area, which, overall, provides the highest amount of runoff of the four target areas and would see the
greatest benefit from an aerial program.

The potential to conduct aircraft seeding to the north of the Los Angeles Basin over an area that
would experience fewer commercial aircraft traffic was considered by NAWC. There were some storm
periods that exhibited WNW wind flow at the 700 mb level (the likely altitude of aircraft seeding). Under
these conditions it was surmised that aircraft seeding could be feasible, designed to impact the NE target
area. This possibility was explored using the HYSPLIT model, but as will be mentioned in the summary, output
from the model indicated that plumes were not ideally transported into the target area until after the storm
event was over.
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Figure 3.6. Location of a potential airborne seeding flight track, in blue.

Once potential seeding sites were selected for each of the target areas, the next step was to utilize
the HYSPLIT model to determine how seeding plumes from each location would be predicted to behave
under varying storm conditions. As previously mentioned, 58 storm events were analyzed between the 2010-
2011 winter season and the 2017-2018 winter season. From these, a subset of 11 events which represent
the different storm structures experienced in the SAWPA areas of interest were chosen for HYSPLIT
modeling. Archived model data from the subset of storm events were collected and the model was set up
and run during periods where it was determined that seeding operations would have been feasible. For
brevity, only two cases will be shown here, but HYSPLIT data from other cases are provided in Appendix D.
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3.5.1. March 7, 2016

A cold upper level trough moved across the state during the day. There were two bands of
precipitation as the trough pushed through: the first early in the day and the second later in the afternoon.
700 mb temperatures fell from -5°C to -11°C as the cold core of the storm neared, while 850 mb
temperatures dropped from 2°C to 0°C. Winds at low and mid-levels varied from southerly near the surface
to west-northwesterly at mid-levels.

Figure 3.7 shows a NEXRAD radar image at 0730 PST depicting the first band of precipitation moving
into the Santa Ana River Watershed region. Figure 3.8 shows the HYSPLIT one-hour run of all 14 ground-
based seeding sites and their respective plumes valid at 0800 PST. Note that most sites are properly targeting
their respective target areas. The meteorologist, having a good idea of the wind field in the area at the time
of the event, would have most likely not chosen to run all sites, particularly sites north of the two northern
target areas. Figure 3.9 shows a vertical cross section of a two-hour long plume originating from the two
sites targeting the southwestern target area valid at 1600Z (0800 PST). These sites are theoretical AHOGS
sites which would be activated during convective band passages, where the vertical dispersion of silver
iodide particles would be enhanced through convective updrafts on the band’s leading edge. Note the height
of the plume in the lower panel at that point, indicated in meters above ground level (AGL). The top of the
seeding plume is reaching near 3000 m (9840 feet) AGL, which, on this day, was above the height of the -5°C
level and thus at sufficiently cold temperatures to initiate ice nucleation. Even though the particle
concentrations are less near the top of the predicted plumes, this feature is offset since the activity of silver
iodide ice nuclei are known to exponentially increase with decreasing temperatures based upon cloud
chamber tests.
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Figure 3.7. National Weather Service NEXRAD Radar image from 0730 PST on March 7, 2016.
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Figure 3.8.
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HYSPLIT one-hour plume dispersion from all 14 ground-based seeding sites (red crosses), valid at
0800 PST on March 7, 2016. The blue colors indicate highest concentrations of particles, with green
and cyan areas indicating lower concentrations. Yellow outlines are the four target areas.
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Figure 3.9. HYSPLIT two-hour plume dispersion for two sites targeting southwestern target area, valid at 16002

(0800 PST) on March 7, 2016. Top map shows horizontal dispersion, bottom image shows vertical
distribution of particles, with y-axis indicating height in meters above ground level.

3.5.2 January 9, 2018

A cold-core upper low, that had merged with a subtropical disturbance, was pushing into southern
California during the day. Abundant moisture associated with the system entered the area, with scattered
areas of rain. As the center of the low made its closest approach to the SAWPA area from late afternoon into
early evening, a period of heavier precipitation and colder air aloft moved into southwestern California. 700
mb temperatures by the latter part of the afternoon had fallen to -6°C with 850 mb temperature around
+3°C. Winds were generally from the southwest to west-southwest aloft, and southerly at the surface.

Figure 3.10 shows a NEXRAD radar image from 1600 PST, indicating an area of moderate
precipitation covering a good portion of the Santa Ana River Watershed. Since it appeared that this would
have been a seedable storm event (indeed, seeding operations had occurred earlier further up the coast in
Santa Barbara County), ground generators and a potential seeding flight would have been commissioned.
Figure 3.11 shows a two-hour plume dispersion from HYSPLIT, valid at 1800 PST. Note that some of the
plumes were not directly targeting their respective target areas, but as mentioned previously, the
meteorologist would have had a good knowledge of the ongoing wind fields and may not have activated all
generator sites. Figure 3.12 shows a one-hour plume dispersion from the suggested flight track, valid at 1700
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PST. Plume coverage over the northern target areas appears to be excellent. It is worth noting that, since
the plane would be flying at approximately the level where the temperature was at or near -5°C, the
dispersed nuclei would likely be activating immediately with the supercooled water in the clouds over the
target areas and becoming ice crystals, so they would likely not continue to pass north/northeast of the
target area as shown in the image. In other words, the silver iodide nuclei would be depleted through the
nucleation process.
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Figure 3.10. NEXRAD Radar image from 1600 PST on January 9, 2018.

Google Earth

e Landsst / Copermce e | L

5 1o, e : 7 ke e

Figure 3.11. HYSPLIT two-hour plume dispersion, valid at 1800 PST on January 9, 2018.
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Figure 3.12. HYSPLIT one-hour plume dispersion from theoretical flight level (approximately 10,000 feet above
sea level), valid at 1700 PST on January 9, 2018.

3.6  Operational Guidelines and Suspension Criteria

NAWC'’s conceptual model of the dynamics of the convective bands is that they have a similar
structure to summer squall lines in the Great Plains. NAWC believes that the primary low to mid-level inflow
to these bands is along the leading edge of the bands. The inflow regions are thought to be the likely
accumulation zones of supercooled liquid cloud droplets water, which are the targets of the seeding.
Consequently, this is the desired region for the introduction of the seeding material. This would mean that
flares burned at the ground sites should be timed to occur as the leading edge of the bands, as determined
by area NEXRAD radars, approach the ground sites.

For orographic storm conditions, seeding from ground generators primarily becomes a
consideration of which ground sites should be activated and when they should be activated to properly
result in seeding plumes passing over the target areas (i.e., correct targeting). The program meteorologist
would make these decisions based upon upper-level wind flow observations and HYSPLIT modeling runs.

Sometimes “Atmospheric River” storms will impact the proposed target areas during the winter
season. These storms are deep cloud systems fueled by tropical, or subtropical connections that can feed
large amounts of atmospheric moisture into the werst coast including southern California. These storms
produce high amounts of precipitation and are essentially naturally efficient in terms of precipitation
production. In other words, cloud seeding would typically have no impact on such storms and consequently
should not be seeded. Other reasons not to seed such systems include: 1) the likelihood of higher
temperatures at the 700mb level which would render ground seeding ineffective and 2) concerns about
flooding which could oftentimes invoke seeding suspension criteria. Experience has shown that seeding
increases in wintertime are more likely to occur in light to moderate storms that are often less efficient in
producing precipitation.

The proposed length of the seasonal winter cloud seeding program is for five months, November 15
— April 15th. This period would cover a significant majority of the natural winter season precipitation.
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3.6.1 General Guidelines for Suspending Seeding Operations

One requirement in the design of all operational cloud seeding programs is to establish criteria that
will determine when cloud seeding operations should be terminated if seeding is in progress or not initiated
in other situations. Suspension criteria have been developed to minimize or avoid contribution of seeding to
a potentially hazardous situation.

Excessive rain or rain on top of snow can both result in heightened flood potentials. When a
significant rain on snow event is expected, the forecast will be monitored closely to flag the potential for
warm storm rain on snow. Coordination between the cloud seeding operator and water managers (or flood
districts) will be appropriate in circumstances where the freezing level is > 7,000 feet and the Quantitative
Precipitation Forecast (QPF) is > 3 inches in 24 hours.

The objective of suspension is to eliminate the real and/or perceived impact of weather modification
when any increase in precipitation has the potential of creating or contributing to a significant flood hazard.

3.6.2 National Weather Service Bulletins

During periods of hazardous weather phenomena associated with both winter orographic and
convective precipitation systems it is sometimes necessary or advisable for the National Weather Service
(NWS) to issue special weather bulletins advising the public of the weather phenomena. Each phenomenon
is described in terms of criteria used by the NWS in issuing special weather bulletins. Those of concern in the
conduct of winter cloud seeding programs include the following:

Winter Storm Warning:

Issued by the NWS when it expects heavy snow warning criteria to be met, along with strong
winds/wind chill or freezing precipitation.

Flash Flood Warning:

Issued by the NWS when flash flooding is imminent or in progress, or a dam break is imminent or
occurring.

Severe Thunderstorm Warning:

Issued by the NWS when a thunderstorm is expected to produce strong winds in excess of 58 mph
or hail larger than one inch in diameter.

Seeding operations may be suspended whenever the NWS issues a Winter Storm Warning, a
Flood/Flash Flood or Severe Thunderstorm Warning for or adjacent to any of the target areas. However,
since an objective of the cloud seeding program is to increase winter snowfall in the mountainous areas
where snow commonly falls, suspensions are not generally necessary when Winter Storm Warnings are
issued, unless there are special, extenuating considerations, e.g., heavy snowfall to very low elevations or
holiday periods.

Flash Flood Warnings are usually issued when intense convective activity causing heavy rainfall is
expected, or when moderate rainfall is expected for extended periods. The types of storms that may cause
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problems are those that have the potential of producing 2-3 inches (or greater) of rainfall in approximately
a 24-hour period, especially with high freezing levels (e.g., > 7,000 feet MSL). Seeding operations will
potentially be suspended for the duration of the warning period in the affected areas when the 24-hour
rainfall is forecast to be greater than 6 inches.

3.6.3 Specialized Considerations for the SW and SE Target Areas

In addition to these standard suspension criteria, additional criteria should be considered for areas
of heightened risk.

The SW target area is of particular concern to NAWC. After a conversation with the Riverside Flood
District, NAWC believes this area merits special consideration. The concern from the local flood district is
not so much for the target area directly, rather the area of land downwind (north and east) of the intended
target area. The concern is due, in large part, to underdeveloped infrastructure in this area leaving it
particularly susceptible to flooding. It is not uncommon for flooding to inhibit transportation in and out of
the area, leaving individuals unable to attend work or school. NAWC recommends implementing suspension
criteria for this area based, not only on flood advisories, but also on precipitation forecasts. NAWC would
suggest a suspension threshold between 0.5 and 0.7 inches in a one-hour period, or 2.0-3.0 inches in a 24-
hr period. These values correlate to roughly a 1 in 2-5-year events, by magnitude.

Similarly, the generally dry soil of the SE target area (between Riverside and Palm Springs), would
render this small range susceptible to flash flooding and heavy runoff. NAWC recommends a discussion
between the Weather Modification contractor and the flood district if rainfall is expected to pass the
thresholds selected for the SW target. This conversation may or may not result in a temporary hold on
weather modification services, but it would ensure greater cooperation and transparency during times of
heavy precipitation.

3.6.4 Wildfires

It is an unfortunate reality that the Transverse Ranges are no stranger to wildfires. After an event of
significant scale, many flood districts worry about debris flow and runoff. In the past NAWC has worked with
our California clients to determine the best response to fire related damages. Depending on the location of
an event, the scale of the event and the extent of damages, it may be wise to cease operations for a time, a
season or in some cases a multi-year period. The Santa Ana River Watershed is unique, in that it comprises
four target areas, sufficiently divided and relatively easy to target individually. This would allow a weather
modification contractor to target burn free areas of the watershed while avoiding burn scars, with relative
ease. In the event of a fire NAWC recommends careful planning and deliberation between the Weather
Modification Contractor and the SAWPA board to determine the best course of action.

3.6.5 Impact of Seeding Suspensions on Program Effectiveness

NAWC understands that suspension criterium are critical to the safety and positive public perception
of a weather modification program. NAWC also understands that suspending seeding activity reduces the
potential impact of the program. When the issues are weighed carefully it is possible to have a highly
effective and very safe program. In determining when to recommend suspending operations we addressed
each of the four target areas differently, based on their locations, proximity to populations, infrastructure,
propensity of flooding and probable down-wind affects. We determined that the South West target area
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required special consideration, after carefully discussing the down-wind areas with the Riverside Flood
Control District. In the end we recommended elevated suspension criteria for this location. These criteria
however, target the most severe of storm events, those most likely to overwhelm infrastructure and result
in localized flooding or flash flooding. They are based on precipitation levels that typically only occur once
every 2-3 years (a one in 2-year event). Probability would indicate that we would only miss 1 event every
two years due to flooding concerns, which would have only a marginal impact on the overall program
effectiveness. In addition, we would likely seed these events for the other 3 target areas during these storm
events.

3.7 Weather Data

NAWC'’s project meteorologists are responsible for archiving relevant weather data (e.g. local
NEXRAD radar displays, satellite photos and rainfall data) from each storm event. A variety of weather
information is available via the internet that can be used to forecast approaching storms, forecast and
observe weather conditions during storms as they pass through the area and document conditions of
interest like criteria relating to suspension criteria. Some of these useful products include:

e Upper-air data, including important levels at 850, 700, 500, 300 and 250mb.

e Rawinsonde data: pressure, temperature and wind observations which are plotted throughout
the atmosphere.

e Radar and surface data which allow the meteorologists to view important parameters before
and during seeding operations.

e Hourly observed precipitation data from ALERT networks in several counties in southern
California, including streamflow data.

e Satellite imagery: visible, infrared, and water vapor presentations updated at intervals ranging
from 5 minutes to one hour.

3.8 Computer Modeling

Specialized computer models could be used in the conduct of this program. These atmospheric
models are of two basic types: 1) those that forecast a variety of weather parameters useful in the conduct
of the cloud seeding program (e.g. WRF or HRRR) and 2) those that predict the transport and diffusion of
seeding materials (e.g., HYSPLIT).

3.8.1 Weather Research and Forecasting (WRF) Model

The Weather Research and Forecasting (WRF) Model is a mesoscale numerical weather prediction
system designed to serve both operational forecasting and atmospheric research needs. WRF is suitable for
a broad spectrum of applications across scales ranging from meters to thousands of kilometers. The effort
to develop WRF has been a collaborative partnership including several agencies and universities. WRF
provides operational forecasting via a model that is flexible and efficient computationally, while offering the
advances in physics, mathematics, and data assimilation contributed by the research community.
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3.8.2 High Resolution Rapid Refresh (HRRR) Model

NAWC utilizes NOAA’s Earth Systems Research Laboratory’s High-Resolution Rapid Refresh (HRRR)
version of the WRF model. This model has a 3 km grid spacing compared to the more standard grid model
spacing of 12 km (e.g. NAM model), plus it is re-initialized every hour using the latest radar observations.
The NAM and GFS models are currently re-initialized every 6 hours. Hourly forecast outputs from the HRRR
model are available for a variety of parameters out to 18 hours, such as composite reflectivity, total
precipitation, 850 mb winds and temperatures, 700 mb winds and temperatures.

3.8.3 NOAA Aviation Weather Center Aircraft Icing Forecasts

Aircraft icing forecasts are produced that can be useful in inferring development of supercooled
liguid water (SLW) at various levels (MSL up to 29,000 feet) in the atmosphere out to 18 hours. These
forecast products are of particular interest because SLW is the substance targeted by silver iodide seeding
for precipitation augmentation.

3.8.4 HYbrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) Model

Accurate targeting of seeding releases is of great importance. In real time operations, the
temperatures and winds can vary considerably from storm to storm and within storms. Given this large
degree of natural variability, the task of the weather modification operator is to know where seeding should
be conducted in each “seedable” storm event. Silver iodide typically does not become an active ice
nucleating agent at temperatures warmer than about -5°C. Silver iodide becomes progressively more active
at colder temperatures. Ice crystals created at -5°C will be of a different habit (shape) and grow at different
rates than those created at -15°C. NAWC utilizes an atmospheric plume dispersion model developed by the
National Oceanic and Atmospheric Administration (NOAA), known as HYSPLIT, for winter cloud seeding
programs. The HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory) model is a modeling system
for computing simple air parcel trajectories to complex dispersion and deposition simulations. This model is
used with operational model (e.g., GFS, NAM, HRRR) data to produce dispersion estimates for free-floating
material released from a point source or sources. This can be of value in deciding if/when to seed in some
situations, and in selecting which sites may provide good targeting of the seeding material.

3.9 Operations Plan

A detailed operations plan should be developed by the Contractor selected to implement this
SAWPA cloud seeding program. This plan would be customized specifically for the intended target areas and
would be available as a reference for all program personnel.

3.10 Environmental Considerations

Appendix E summarizes some past studies and reports that are concerned with the potential
environmental impacts from precipitation augmentation programs.

Should the SAWPA decide to implement a program based upon this feasibility study, a Mitigated
Negative Declaration (MND) would need to be prepared and approved for the proposed program. MND's
need to be prepared according to California Environmental Quality Act (CEQA) guidelines. NAWC has been
involved in the preparation of similar MND’s for the Los Angeles County Department of Public Works,
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Sacramento Municipal Utility District, and the Santa Barbara County Water Agency operational cloud seeding
programs.

3.11 Permits/Reports

California Department of Water Resources (DWR) Notification Requirements: State requirements
for sponsors of weather modification projects consist of filing a notice of intent (NOI) initially, and every five
years after for continuing projects; some record keeping by operators; and annual or biennial reports to the
California Department of Water Resources (DWR). The information to include in the NOI can be obtained
from DWR. In addition, sponsors need to comply with the California Environmental Quality Act and should
send annual letter notices to the board of supervisors within affected counties and to DWR. The National
Oceanic and Atmospheric Administration (NOAA) also requires activity reports, which give the number of
days and hours of operation and the amounts of seeding material applied.

National Oceanic and Atmospheric Resources (NOAA): The National Oceanic and Atmospheric
Administration (NOAA) under Public Law 92-205 requires the operators of cloud seeding programs
conducted in the United States to file an initial, interim (if the project spans two calendar years) and final
report for each seeded season. These are rather abbreviated forms that should be filed by the Contractor.
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4.0 PROGRAM EFFECTIVENESS

4.1 Storm Period Meteorological Analyses

A total of 58 precipitation periods during five November — April seasons were analyzed to determine
potential seeding increases in precipitation on a seasonal basis. These seasons were selected to include wet,
dry and near average years that may be representative of the long-term climatology. The seasons include
the 2010-11 season as well as 2014-15, 2015-16, 2016-17, and 2017-18. Significant precipitation periods
were identified during those seasons and data were collected, including storm structure, precipitation type,
vertical profiles of temperature, moisture, winds, and hourly precipitation for sites representative of each
of the four target areas. These sites with hourly precipitation data that were utilized in the analyses are
shown in Figure 4.1.

These data were used to analyze each individual storm situation, including factors such as
precipitating cloud types, any atmospheric thermodynamic stability, the height of the -5°C level (where cloud
seeding becomes effective) and winds at the 700 mb (approximately 10,000 feet above sea level) and 850
mb (approximately 5,000 feet) levels as relevant to potential targeting of seeding material. Estimates of
possible seeding effects were made for both ground-based seeding and aircraft seeding in each proposed
target area for each of these cases. The results were compiled to generate estimated "average" seasonal
increases (November — April) in precipitation with each seeding mode. Appendix A includes samples of the
data used in these analyses.

= e ' - e 98 e e
Figure 4.1. Hourly rain gauge sites (shown as red circles) utilized in the storm period analyses. Yellow outlines
define the four target areas.

Several relevant issues were addressed in these analyses. These include the percentage of
precipitation events that are classified as potentially seedable during a typical winter season, the frequency
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of events classified as distinct convective bands and the frequency/degree of thermodynamic stability below
the -5°C level that may reduce the effectiveness of ground-based seeding.

When analyzing storm characteristics to understand the potential effectiveness of cloud seeding,
there are a few attributes that are critical to consider. The first, is that silver iodide (Agl) does not exhibit
strong glaciogenic effects until liquid water has cooled to around -5°C. The height of the -5°C level is
therefore important, particularly for ground-based seeding operations in situations where the primary mode
of air mass lifting is orographic rather than convective. This is because when the lifting mechanism is
orographic, the height of a lifted air parcel is typically limited by the terrain height and its configuration
relative to the wind field. Convective processes, on the other hand, can much more quickly lift an air parcel
to significant altitudes where temperatures are much colder. This has important implications for the
targeting of silver iodide, particularly from ground-based sites.

Cloud-top temperatures are an important factor, with some cases clearly having "warm" cloud tops
where the top of the cloud is at an elevation below the -5°C level and thus are not considered to have
glaciogenic seeding potential. Though cloud top temperatures are frequently difficult to determine and are
typically highly variable with regards to both time and location during a given storm event, there were some
clear-cut situations in these analyses where cloud tops were determined to be too low (warm) for effective
seeding operations. Conversely, some research programs have shown that cloud seeding effectiveness
typically becomes negligible in the -20°C to -25°C temperature range.

Analysis of wind direction during potential seeding periods was conducted and utilized in the
development of a seeding site array for each potential target area. Airborne seeding was also included for
the NE target area, in the analysis presented in this section. In reviewing both ground and airborne seeding,
wind directions at the ground and aloft were considered. Models that can predict the dispersion of silver
iodide into specific storm systems take into consideration varying speeds and directions.

For each target area, an array of precipitation sites with available hourly data was selected, with the
objective of best representing the actual target area(s) precipitation amounts and patterns. These hourly
precipitation totals were combined for the analyzed periods to obtain precipitation-weighted, target area-
specific totals pertaining to the storm periods.

In the analysis of underlying seeding potential for each precipitation period, 11 of the 58 cases (19%)
were determined to be not seedable by any mode due to overall storm characteristics, with the majority of
these having low (warm) cloud tops, where all precipitation was apparently being produced below the -5°C
level. A small subset of these cases involved only a higher cloud deck which produced only light stratiform
precipitation and that are likely not seedable. An additional 12 cases (21%) were considered likely seedable
by aircraft but not from ground-based sites, due to the -5°C level exceeding 700 mb (in stratiform cases)
and/or a significant amount of thermodynamic stability (sometimes referred to by the term inversion) below
the -5°C level which would trap the silver iodide nuclei below their threshold activation temperature. For
this reason, while an overall 81% of the analyzed periods were theoretically seedable with aircraft, only 60%
were judged to be seedable using ground-based sites.

There were a number of additional cases where a greater degree of seedability was assigned to
aircraft than to ground-based sites due to a marginally high -5°C level and/or indications of minor stable
layers below the -5°C level, although ground-based seeding was still considered to be viable in these cases.

Overall, strong stability below the -5°C level that would prevent ground-based seeding operations was noted
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in only about 10 of the 58 analyzed cases. Another 13 cases exhibited at least some minor stability that may
potentially limit the vertical mixing from the surface up to this level but may not be a significant problem.
To summarize, detailed analysis of 58 storm periods from five different winter seasons suggest that
approximately 60% to 80% of those cases deemed seedable could be effectively seeded, with 60% seedable
via ground-based seeding versus 80% seedable via aerial seeding.

Storm structure played an important role in the analyses and in the percentage of likely seeding
increases attainable in each case. Based on previous studies of well-defined convective bands in coastal
California, these situations were assigned the greatest overall potential with a likely 15% precipitation
increase in ideal cases. However, distinct convective bands were a small minority of the precipitation periods
identified, constituting only 10 of the 58 or about 17%. Frequently observed categories included scattered
convective cells (generally assigned a 10% potential seeding increase), as well as situations with disorganized
precipitation that typically involved a mixture of convective and stratiform precipitation types. These cases
were generally assigned a 5% to 10% likely increase based on careful consideration of storm characteristics.
Situations with distinct orographic (terrain-induced) precipitation, either stratiform or convective, were
typically considered to have a 10% potential increase due to seeding. Situations involving widespread (non-
orographic) stratiform precipitation, as well as other cases with some marginal parameters, were considered
to have a 5% potential increase in precipitation.

The definition of distinct convective vs scattered convective cells is somewhat subjective. All of these
were estimated, based on knowledge of the available literature and meteorological experience related to
operational seeding programs both in California and other western states. As storm conditions are so
variable, there is, unfortunately, no specific formula available to calculate specific percentage increases. An
attempt was made to provide reasonable and somewhat conservative estimates that would pertain to an
operational seeding program targeting these portions of the Santa Ana River Watershed. For comparison to
our estimates in these cases, the Weather Modification Association 2016 capability statement suggests a
seasonal range of increases from 5% to 15% in most winter seeding programs.

Figure 4.2 shows some general categories of storm types and the rough proportion of total
precipitation associated with each precipitation type, although these categorizations are admittedly
somewhat subjective. The most precipitation by far was in situations labeled as "disorganized", which
generally included a lot of larger events that were a mix of stratiform and convective precipitation but lacked
any distinct frontal precipitation features. These proportions of total precipitation did vary somewhat
between the different target areas.
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Figure 4.2. Rough proportion of precipitation type in various types of storm situations, by target area.

For the analyzed periods, 59 representative soundings from San Diego (the closest RAOB site) were
used to assess temperatures and winds. An example of a sounding is shown in Figure 4.3. These were
selected as representative of periods judged to have some seeding potential based on other factors as
described previously, with non-seedable (such as warm-cloud topped cases) excluded for this wind analysis.
Some interpolation of the data was necessary, as sounding times were only available twice a day and a storm
period could fall in between these during a storm period when synoptic and mesoscale conditions are
changing quickly. The average 700 mb temperature for these representative soundings was -3.5°C, which
correlates with an average -5°C height of around 11,000 feet MSL or roughly 675 mb. This is quite high for
ground-based seeding in stratiform situations, although most precipitation periods had at least some
convective activity which could more quickly carry ground-based seeding plumes to elevations well above
the terrain height (and thus likely to above the -5°C level). Therefore, ground-based seeding was judged to
be viable for many of the warmer situations in the absence of any significant stable layers. The overall
variation of 700 mb temperatures was from +4.0°Cto -12.7°C. At 850 mb (about 5,000 feet MSL) the average
temperature was +5.3°C, with an overall variation from +12.0°C to -2.3°C at this level.
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Figure 4.3. RAOB (weather balloon) sounding from San Diego at 00Z January 10, 2018; black lines are

temperature and dew point, and barbs at right of the plot show winds.

Wind analysis for the 700 mb level showed an average wind direction from 236° (slightly west of due
southwesterly, which is 225°). Wind directions varied from 135° (southeasterly) to 315° (northwesterly),
distributed through the southerly/westerly sectors with 46 of the 59 or 78% between due southerly and due
westerly (see wind rose plot in Figure 4.4). In interpreting the wind rose plots, meteorological convention is
for wind directions to be reported in the direction from which the wind is blowing. For example, a southwest
wind direction would indicate the wind is blowing from the southwest towards the northeast. A wind rose
plot provides the frequency of different ranges of wind direction and wind speed. Only four cases were east
of southerly at 700 mb, and nine were north of due westerly. Consequently, the winds at the 850 and 700
mb levels are primarily blowing from the southwest. This was an important finding in terms of selecting
potential ground-based seeding sites, a topic discussed in Section 3.5. The average wind speed at 700 mb
was 35 knots in these soundings, varying from 7 knots minimum to 67 knots maximum. There was an overall
peak in the average wind speed at this level (over 40 knots) for cases where winds were southwesterly, or
close to 235°. The average 700 mb temperature varied from about -1°C for due southerly periods (more
southerly than about 210°) to roughly around -5°C for wind directions more westerly than about 240°.
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Figure 4.4. Wind rose diagram showing 700 mb wind speed and direction frequencies for all 58 storm periods.

While the 700 mb wind distribution may be more applicable to aircraft seeding in the vicinity of the
-5°C level, the 850 mb (approximately 5,000 feet MSL) wind may be more applicable to the targeting of
seeding material from ground-based sites. A similar analysis at this level showed a mean southwesterly wind
direction from 231°, varying from 95° (southeasterly) to 305° (west-northwesterly), as seen in Figure 4.5.
76% of the soundings had 850 mb winds between due southerly and due westerly, with 5 to the left (east of
south) and 9 to the right (north of westerly). The average wind speed was 24 knots at 850 mb, varying from
1 knot to 53 knots. At 850 mb, the wind speed did not show any clear relationship to wind direction. The 850
mb temperature average varied from about +8°C for southerly cases to around +3°C for westerly cases to
the right of about 260°.

The temperature change with respect to wind direction is similar at both the 700 mb and 850 mb
levels, implying that the westerly wind situations are roughly 5°C colder than southerly situations. This
suggests a likely bias toward more favorable ground-based seeding conditions, particularly when winds are
more westerly in direction. Meteorologically, more westerly winds are typically associated with an upper-
level trough axis closer to the area, resulting in colder temperatures aloft. Although the bulk of the
precipitation with an event frequently occurs in pre-frontal conditions associated with more southerly
winds, a higher -5°C level can make ground-based seeding somewhat more challenging in those situations.
Figures 4.6 and 4.7 are wind roses showing the distribution of winds and temperatures during the storm
periods, at 700 mb and 850 mb, respectively.
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Figure 4.5.
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Wind rose diagram showing 850 mb wind speed and direction frequencies for all 58 storm periods.
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Figure 4.6. Wind rose diagram showing distribution of 700 mb winds and their corresponding temperature
frequencies (color shading) for all 58 storm periods.
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Figure 4.7. Wind rose diagram showing distribution of 850 mb winds and their corresponding temperature
frequencies (color shading) for all 58 storm periods.

S

4.2 Estimates of Potential Seeding Increases in Precipitation

Compiling the data and resulting seedability estimates for each of the storm periods in the five-
season analysis allows a precipitation-weighted estimate of an average seasonal increase for each target
area. Due to differences in precipitation patterns with respect to geography of these areas, the total
estimated seeding increases differ somewhat. For the NW target area, an estimated seasonal (November —
April) precipitation increase of 3.5% due to ground-based seeding was obtained in this analysis. For the NE
target area, an estimated precipitation increase of 4.1% for ground-based seeding and 7.3% for ground and
aircraft seeding operating in tandem was obtained. This is the only area where aircraft seeding was included
in the analysis. For the SW target area, an estimated seasonal precipitation increase of 3.7% was indicated
for ground-based seeding. For the SE target area, the estimate for ground-based seeding increase was 4.5%.
These estimates may be somewhat conservative, but they are useful for pairing with the
precipitation/streamflow relationships to obtain rough estimates of total streamflow increases that are
likely from a cloud seeding program of this type. These estimates are presented in Table 4.1 in Section 4.4.

The total estimated seeding increases in precipitation for these analyzed storm periods, examined
with respect to winds at the 700 and 850 mb levels, showed that most of the increases were associated with
winds between southerly and westerly. Figures 4.8 and 4.9 show the distribution of the estimated increases
with respect to wind direction at these two levels. AlImost none of the estimated seeding increases in
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precipitation for these cases were associated with winds east of southerly at these two levels; however, it
was observed that roughly 10-15% of the estimated increases, that is, the total potential benefit due to
seeding, were associated with winds in the WNW sector (between 270-300 degrees) at the 700 and 850 mb
levels. This result varied somewhat between target areas, although in the cases of deeper WNW flow (i.e.,
that seen at the 700 mb level), significant differences were noted between target areas. The NW target area
in particular had the least amount of seeding increase associated with this WNW wind sector (only 8% of its
total) and the SE target area had the highest corresponding proportion (nearly 18% of its total) in this 700
mb wind sector. Given the topography, the expected shadowing of the NW target area by adjacent terrain
to the west and likely channeling of air through the LA/Riverside basin areas toward the SE target area with
winds in this sector, these results appear to make sense.
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Figure 4.8. Estimated (annualized) precipitation increases from seeding, by 700 mb wind direction.
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4.3 Development of Precipitation/Streamflow Regressions

Estimates of streamflow based on long-term data from USGS and other sources suggest the
following long-term “average” annual runoff for the various potential target areas: NW target area: 25,000
AF; NE target area: 65,000 AF; SE target area: 10,000 AF; and SW target area: 5,000 AF. These target areas
were identified in Figure 1.1. The two southern areas have highly variable runoff from one year to another
and may generate little to no runoff during some years. It is important to note that, based on a review of
the topography of the various target areas and the available stream gauge data, NAWC believes there may
be significant amounts of runoff that are not included in the above estimates since some tributaries may not
have stream gauging sites.

Regression equations were developed between precipitation and streamflow based on long-term
data sets from various time periods, some beginning as early as the 1920s. Appendix A contains samples of
these regression analyses, which will all be available as separate files in support of the final results of the
study. Figures 4.10 and 4.11 show the long-term precipitation and stream gauge sites utilized in this portion
of the analysis, and Appendix B contains coordinates for each of these sites. As a whole, the
precipitation/streamflow regressions suggest that the best and most representative correlations relevant to
this study are between November — April total precipitation and the annual (November — October) runoff.
The data sets were utilized in this way for the precipitation/streamflow regression calculations. However,
the results using various seasonal periods appear similar in terms of the increases in runoff as a result of
increased precipitation, with nearly all of the annual streamflow generated by November — April
precipitation. It should also be noted that, although some of the precipitation data sets involve sites that are
no longer active (and in fact, a few of these stopped collecting data decades ago), there was no bias evident
in the results of these regression when using different historical periods. In fact, good to excellent
correlations between precipitation and streamflow, as well as consistency regarding the results for a given
geographic area, were generally observed. Results of these regressions are summarized for the various
seeding target areas under consideration, using the estimated increases to seasonal (November - April)
precipitation derived from the storm period analyses (Section 4.2).
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Figure 4.11. Stream gauges utilized in the precipitation/streamflow regressions.

For the NW target area, correlations between Lytle Creek streamflow and the best correlated
precipitation gauges in or near the target area resulted in R values around 0.85 (Mount Baldy FS and Lytle
Creek RS). These precipitation gauges did not have current data, but a long period with good records for
both precipitation and streamflow (back to about the 1930s) was available for analysis. A regression for a
nearby gauge at Cajon Creek below Lone Pine (averaging close to 8,000 AF annual flow during its period of

49

56



record) was only possible using the Lytle Creek RS precipitation gauge, for which significant overlap of the
historical data period with this station is available. An R value of 0.91 was obtained indicating excellent
correlation using this gauge. A long-term annual average natural runoff base value is estimated at about
25,000 AF for the NW target area.

For the NE target area, regressions for several tributaries were developed. For Devil Canyon
streamflow, good correlations (R values in the 0.73 to 0.85 range) were obtained with San Bernardino Fire
Station, Lake Arrowhead, and Lytle Creek RS precipitation stations. Good correlations were also developed
between the San Bernardino FS precipitation gauge and streamflow in East Twin Creek, City Creek, and
Plunge Creek (corresponding R values were between 0.80 and 0.90). A very long precipitation record at the
San Bernardino FS site resulted in long periods (from 50 to 80+ years) of corresponding data from which to
develop these regressions. For the Santa Ana River gauge near Mentone, a good correlation was obtained
with the San Bernardino FS precipitation data (R value of 0.76). However, this Santa Ana River stream gauge,
which measures by far the largest portion of the streamflow originating in the NE target area, is better
correlated with precipitation in the Big Bear Lake area. A precipitation gauge at Big Bear Lake provided the
best correlation (R value of 0.82) with the main stem of the Santa Ana River. The equations developed using
well-correlated data (e.g., precipitation and streamflow) were quite consistent, regardless of the historical
time period involved. The NE target area has a much higher long-term annual average natural runoff value
than for all the other areas combined, with an estimate of approximately 65,000 AF.

For the SE target area, the San Jacinto River near San Jacinto was well correlated with a couple of
precipitation sites. Regressions for those sites with long precipitation records and good correlation (ldyllwild
Fire Dept and Hemet) had R values for these regressions of 0.84 and 0.79, respectively. A site called Mount
San Jacinto, with a very short precipitation record of less than 10 years in length collected during the 1970s,
had a very high correlation to the San Jacinto River gauge (R value of 0.94) for this short period; however,
this period of record is considered too short to provide a truly reliable regression. A long-term annual
average of 10,000 AF of natural runoff is the base value estimate for the SE target area.

For the SW target area, several precipitation sites with reasonable overlap periods to Santiago Creek
were found: Elsinore, Corona, Tustin Irvine Ranch, and Santa Ana Fire Station. Correlations in all these
regressions were good, with R values between 0.82 and 0.91. The Santa Ana FS, having a very long
precipitation record that provided a regression period of 57 years with Santiago Creek, was used as the
primary site for determining the precipitation/streamflow relationship for this area. A long-term annual
average of 5,000 AF of natural runoff is the base value used for the SW target area, based largely on the
runoff in Santiago Creek.

It should be noted that the estimates of average annual runoff for the four target areas may be on
the conservative side since it is likely that not all tributaries from these areas have stream gauges to observe
streamflow.

4.4 Increased Runoff Estimates

For each target area, the storm period seedability estimates (as described in Section 4.2)
can be utilized in the long-term precipitation/streamflow regressions as described above, for the various
tributaries fed by these watersheds. These yield estimates for increases in total annual runoff (expressed in
acre-feet) were derived from estimates of the increase in November - April precipitation due to potential

cloud seeding operations. The estimates for annual streamflow increase are in turn used to calculate
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preliminary benefit/cost ratios for each of the four geographical (target) areas, as well as for each seeding
mode being considered. These costs and benefit/cost ratios are discussed in Section 5. Appendix A contains
information on the precipitation and streamflow regression equations.

For the NW target area, a composite 3.5% November — April precipitation increase was
applied to long-term regressions for Lytle Creek and Cajon Creek. Resulting increases in annual streamflow
calculated by this regression were 10.8% (1,725 AF) for Lytle Creek and 4.5% (318 AF) for Cajon Creek. In
total, a 2,043 AF increase to annual runoff was obtained for this area, which can be applied to an annual
average base runoff value of approximately 25,000 AF, which is roughly an estimated 8.2% increase.

For the NE target area, estimated precipitation increases for both ground-based and aircraft
seeding were produced for several tributaries. Composite seasonal precipitation increases of 4.1% (ground-
based) and 7.3% (aircraft) were applied to runoff from Devil Canyon, East Twin Creek, City Creek, Plunge
Creek, and the main stem Santa Ana River near Mentone. For ground-based seeding, the total increased
runoff obtained for all these tributaries was 4,330 AF, which (applied to a base annual runoff value of 65,000
AF for the target area) is an estimated total increase of 6.7%. With the addition of aircraft seeding, a total of
7,772 AF is projected, which, when applied to the same base value of 65,000 AF is an estimated total increase
of about 12.0%. It should be noted in this analysis of dual seeding modes that aircraft seeding is considered
to be the total increase attainable with ground and aircraft operating in tandem.

For the SW target area, an estimated 3.7% precipitation increase due to ground-based
seeding was applied to the regression for Santiago Creek. This results in an estimated increase of 447 AF of
runoff for a typical season, or around a 9% increase. The natural base value of runoff for this target area was
estimated to be about 5,000 AF in a typical year, roughly represented by that contained in Santiago Creek.
However, it should be emphasized that runoff for this area is somewhat uncertain, and there have been
suggestions that some of it may be contributing mainly to groundwater recharge rather than surface runoff.
Also, runoff in this area is highly variable on an annual/seasonal basis, such that the runoff may be essentially
zero in some dry seasons, and thus a seeding program may not achieve an obvious benefit in certain dry
years for this particular target area. As we will discuss in more detail in later portions of the feasibility study,
for this reason, this target area would not be considered feasible as a stand-alone program.

For the SE target area, an estimated 4.5% precipitation increase due to ground-based
seeding was applied to the regression for the San Jacinto River gauge near San Jacinto. The precipitation
percentage increase was a bit higher for this area, likely due to a greater proportion of precipitation
occurring in the somewhat colder, more westerly wind situations that are typically more conducive to
ground-based seeding. Two regressions (using both Hemet and Idyllwild Fire Department precipitation sites)
were similar in terms of historical period of record. The results using Hemet are somewhat more
conservative and indicate an estimated increase of 1,373 AF of runoff for a typical season. An average annual
base flow estimate used for this target area as a whole is around 10,000 AF. Based on this, an increase of
1,373 AF represents an increase of 13.7% in streamflow. Considering that the more conservative result of
the two regression equations was used, this is believed to be a reasonable increase achievable due to
seeding for this area even when using a somewhat lower base flow value. However, like the SW target area,
runoff in this region is highly variable from year to year, with total natural runoff of less than 1,000 AF
indicated by the San Jacinto River gauge for several dry years. This high variability increases the uncertainty
of runoff increase estimates for this area, especially percentagewise. As with the SW target area, this
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variability, and its impact on economic feasibility will be addressed in greater detail in later stages of the
feasibility study.

Table 4.1 shows estimated precipitation increases and resulting streamflow increases for each of
the target areas under consideration. For the NE target area, estimates for ground-based and aircraft
seeding are shown separately. Figure 4.12 summarizes the results for each target area.

Table 4.1
Estimated Precipitation and Streamflow Increases

Seasonal
el L. Percent Avg. Natural Streamflow Percent
Target Area Precipitation Increase
(inches) Increase Streamflow (AF) Increase (AF) Increase
NW 0.41 3.5% 25,000 2,043 8.2%
NE (ground) 0.49 4.1% 65,000 4,330 6.7%
NE (air) 0.89 7.3% 65,000 3,442 5.3%
Sw 0.59 3.7% 5,000 447 9.0%
SE 0.49 4.5% 10,000 1,373 13.7%
TOTAL w/ Ground Only 105,000 8,193 7.8%
TOTAL w/ Ground and Air 105,000 11,635 11.1%

.4 Northeasi
B 5,00@ AF average 3

Figure 4.12. Map of target areas with precipitation and streamflow increase estimates.

It should be noted that, given the high year to year variability in southern California’s precipitation
patterns, the potential impacts of cloud seeding are likely to be quite variable from one season to another
as well. Appendix C discusses the potential magnitude of this variability in terms of additional runoff
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generated in wet vs. dry years, using various precipitation/streamflow regression techniques. The
comparison of wet to dry years in this context involves complex hydrological issues that are somewhat
beyond the scope of this study, but it highlights some important considerations that may be relevant to the
conduct of a seeding program and to general water management decisions.

4.5 Program Evaluation

The task of determining the effects of cloud seeding has received considerable attention. Evaluating
the results of a cloud seeding program for a single season is typically difficult, and any such single-season
results for an operational seeding program should be viewed with appropriate caution. This difficulty is due
to the large natural variability in the precipitation occurring in a local area from season to season, and
variations in precipitation patterns in the larger region during a given season. If the increases in precipitation
due to cloud seeding are relatively modest, percentage-wise, it normally takes a number of years to
document the effects on a particular program with a high level of confidence (typically 5-10 years is
preferred). Since cloud seeding is feasible only when existing clouds are near to, or already are producing
precipitation, it is not obvious if and how much the precipitation was actually increased by seeding in any
particular storm event. The target/control technique is originally described by Dennis (1980) and is the basic
technique that NAWC uses to evaluate operational programs.

The ability to detect a seeding effect is a function of the magnitude of the seeding increase and the
number of seeded events, compared with the natural variability in the precipitation pattern. Larger seeding
effects can be detected more readily and with a smaller number of seeded cases than are required to detect
smaller increases. Despite the difficulties involved, some techniques are available for evaluation of the
effects of operational seeding programs. The most scientifically rigorous evaluation process relies on a
randomization technique, where about half the “seedable” storm events are randomly left unseeded and
then compared to the seeded areas. This is the preferred method for core research programs (e.g., the Santa
Barbara |l research program referenced earlier), however, most sponsors of operational cloud seeding
programs do not wish to reduce the potential benefits of a cloud seeding program by half in order to better
document the effects of their cloud seeding project.

NAWC developed and employs a less invasive “target/control” analysis to evaluate our operational
cloud seeding programs (e.g., Griffith et al., 2009; Griffith et al., 2011). This technique is based on selection
of a variable that would be affected by seeding, such as precipitation or snow water content. Records of the
variable to be tested are acquired for a historical period of many years. These records are partitioned into
those located within the designated “target” area of the weather modification project and those in
designated “control” areas. Ideally, the control sites should be selected in areas meteorologically and
topographically similar to the target area but unaffected by the seeding or seeding from any other nearby
projects. The historical data (e.g., precipitation and/or snow water content) for both the target and control
areas are compiled for years during which no cloud seeding activities occurred. These data are then used to
develop linear or sometimes multiple-linear regression equations that can be used to predict the amount of
target area precipitation, based on observed precipitation in the control area. When the regression is then
applied to a period when the target area is seeded, it can be used to predict what the precipitation should
have been had seeding not occurred.

This comparison between the predicted seasonal target area precipitation and the actual observed
precipitation that occurred during the seeded period is then reviewed for multiple years of seeding.
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Typically, the observed precipitation amounts are divided by the predicted amounts. If this ratio is greater
than 1.0, there is an indication of more precipitation in the target area than that predicted from the control
area precipitation, possibly indicative of a seeding effect.

The four target areas for the SAWPA program are those described in Section 1.4. Control sites
outside the target areas are similarly selected based on data quality and period of record, as well as by their
degrees of correlation to the target area sites. The control sites are usually upwind or adjacent to the target
areas, in regions that are considered free of any seeding impacts. It is possible to use the same set of control
sites for all the target areas, or to have different selections of control sites that are best suited to each
individual target area. The types of data used as target and control variables in these equations can include
seasonal precipitation totals, snowpack (where applicable), and sometimes streamflow data. The goal in
developing the equations is to obtain an accurate picture of the effects of the seeding program over the
longer term, while minimizing background noise that is due to natural variability in weather patterns, as well
as measurement deficiencies and other factors.

There are two basic types of regression equations that are typically used in these evaluations: linear
regression, which uses two variables — one target and one control, and a multiple linear regression which
considers each control variable separately. For the linear regression, a target site average and control site
average at the two variables used if there are more than one site in each set. For the multiple linear
regression, the target sites are also averaged, although this equation contains a separate coefficient for each
control set. Sometimes groups of control sites may be average for a multiple regression as well. In any case,
the multiple regression provides a similar, yet somewhat different, mathematical basis for evaluation of the
seeding program. Using various types of equations in this way, as well as different types of data can provide
greater confidence in the obtained results than from one equation alone. This assumes, of course, that there
is reasonable agreement among the various results that are obtained.

In the case of the SAWPA program, very long precipitation records are available from some sites in
the target areas. A number of these may be suitable as target sites in a target/control evaluation, and ideally
correlated with precipitation records of similar length at sites outside the target areas. Also, streamflow data
from the target areas could be used as a target variable, correlated against either streamflow or precipitation
records outside the target areas. As cloud seeding is becoming more and more common in Southern
California, it is difficult to designate specific control site(s) at this time, not knowing if that area will be
incorporated into a future seeding program, before the first evaluation would be completed. We can,
however, provide a few examples of possible control sites, some of which have been utilized for evaluation
of other seeding programs in this area. These include the LA Civic center (good precipitation records back to
before 1920), Ojai (records back to the mid-1920s), Palomar Mountain Observatory (records back to the
1980s), and the Los Angeles Airport (records back to the mid-1940s). Should a cloud seeding program be
desired in response to this feasibility report, the selected contractor should, ideally provide an evaluation
method for the program prior to the commencement of seeding operations.
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5.0 TECHNICAL AND ECONOMIC FEASIBILITY

The ASCE 2016 “Guidelines for Cloud Seeding to Augment Precipitation” publication states that for
a proposed precipitation augmentation cloud seeding program to be feasible it needs to be both technically
and economically feasible as determined in a feasibility study prior to the initiation of a program.

5.1 Technical Feasibility

The following is taken from the RFP under the sub-heading Technical Feasibility: “In this criterion,
scientific data is considered as a basis for determining whether the proposed work could yield the desired
additional precipitation.”

The technical feasibility of the proposed SAWPA program has been examined in previous tasks as
specified in the RFP issued by SAWPA. Specifically, the program design summarizes why the program is
considered technically feasible based upon the results obtained from previous relevant winter research and
operational cloud seeding programs (i.e., scientific data). From the work performed for all previous tasks,
NAWC concludes that a program, following the proposed design specified, is technically feasible.

5.2  Economic Feasibility

According to the ASCE 2016 publication, the best method for determining the economic feasibility
of a proposed program is to perform a benefit/cost analysis. This portion of the study considers the financial
interests of the public, benefiting agencies, as well as individual SAWPA member districts.

For the purpose of budgetary considerations, NAWC will use the program design as outlined in this
study (Section 3). It is important to note that this design is preliminary, the actual program design will be
determined through the RFP process and by the ultimate selection of a Cloud Seeding Operator. During the
RFP process, SAWPA will receive program designs from each participant that may differ significantly in
certain design elements. These different designs should be considered carefully.

Program designs for weather modification vary from simple designs, focusing on a relatively small
target area, to significantly more complex programs. A critical step in evaluating a potential target area is
determining the lowest level of complexity with an acceptable benefit/cost ratio necessary to achieve the
desired results. As will be made apparent in the review of projected program expenses, there is a point of
diminishing returns, where program complexity may eventually drive the costs of operations above the value
of the augmented runoff or yield a low benefit/cost ratio. In addition, complex program designs may be
difficult to administer and to operate.

The ASCE 2016 “Guidelines for Cloud Seeding to Augment Precipitation (Chapter 6)” recommend a
minimum benefit to cost ratio of 5:1 to justify economic feasibility. This accounts for the natural
meteorological variability that will alter program success from year to year. This ratio represents the
minimum viable benefit to cost ratio, NAWC believes program operators should strive to deliver closer to a
10:1 benefit to cost ratio in their program design, particularly in areas where seasonal seeding effectiveness
is highly variable. This additional buffer helps ensure that the program will be productive even in years of
relatively low storm occurrence.
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5.3 Pricing Estimates

The following costs are provided only as estimates. Actual costs bid by potential contractors through
an RFP process may be influenced by variable factors such as overhead rates, proposed seeding modes, the
cost of silver and current rates for aviation insurance. Due to these and other factors, NAWC reserves the
right to alter its economic proposal during the RFP phase, if NAWC is selected to participate in the bid
process.

NAWC's cloud seeding program contracts consist of two forms of billings, fixed costs and variable
costs. The fixed costs represent all predictable expenses. This includes, but is not limited to: equipment,
personnel, travel, licensing and insurance. The variable costs are representative of the weather dependent
materials, including ground-based generators (CNGs) burn time, flight time and silver iodide flare
consumption (as discussed previously, flares are used with NAWC’s Automated High Output Ground Seeding
[AHOGS] systems as well as on wing-based flare racks for aerial seeding). Different contractors may utilize
different billing structures, but most contractors involved in conducting operational cloud seeding programs
will follow this general framework.

In order to calculate the benefit to cost ratio for this proposed program, SAWPA provided NAWC
several estimates for untreated and unpressurized imported water resulting in an average calculated
watershed wide value of $255 per acre-foot. This number was derived from conversations with numerous
SAWPA member agencies, including the Orange County Water District and the San Bernardino Valley
Municipal Water District. The Memorandum Report contained estimates of the increases in precipitation
and streamflow. This information is summarized in Table 5-1. Tables 5-2 and 5-3 provide cost estimates and
related information (e.g., benefit/cost ratios) for different cloud seeding modes. For the purpose of this
report we are assuming a five-month operational period. Aerial seeding is only proposed to impact the
Northeast target area.

Table 5-1.
Estimated Increases in Precipitation and Streamflow
Area Precipitation | Streamflow Streamflow
% Increase % Increase | Acre-Feet Increase
NW 3.5 8.2 2043
NE (ground) 4.1 6.7 4330
NE (aerial) 3.2 5.3 3442
sw 3.7 9.0 447
SE 4.5 17.0 1373
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Table 5-2.

Ground only seeding program, seeding all four target areas.

Rate Frequency
Annual Operations
Set Up S 33,500 S 33,500
Take Down S 24,000 S 24,000
Reporting S 10,000 S 10,000
Monthly Operations
Fixed Services S 24,500 5 S 122,500

Variable Items (timed expenses are billed on a per hour basis)

Ground Flares S 110 60 S 6,600
Generator Run Time S 19.50 600 S 11,700
Flight Time S 375 N/A -
Aerial Flares S 110 N/A -

TOTAL $ 208,300
COST PER ACRE-FOOT § 25.42
Benefit to Cost 10.03

Table 5-3.
Ground seeding in all four target areas with aerial seeding in the north east target area.
Rate Frequency

Annual Operations

Set Up S 40,000 1 S 40,000
Take Down S 31,000 1 S 31,000
Reporting S 10,000 1 S 10,000
Monthly Operations

Fixed Services S 55,000 5 S 275,000

Variable Items (timed expenses are billed on a per hour basis)

Ground Flares S 110 60 S 6,600
Generator Run Time S 19.50 600 S 11,700
Flight Time S 375 30 S 11,250
Aerial Flares S 110 150 S 16,500

TOTAL S 402,050
COST PER ACRE-FOOT § 35.61
Benefit to Cost 7.16

57



In preparing these estimates, and calculating the benefit to cost ratios, NAWC applied a multiplier
of 0.9 to the project yield of the aerial component. It was determined that there would be an average of ten
storms that would merit a flight per season. Of those ten storms it is very likely that problems originating
from flight path approvals or aviation mechanics would prevent one flight per season. NAWC felt it necessary
to account for this circumstance in NAWC’s calculations of benefit to cost ratios and average total cost per
acre-foot.

As indicated in the tables, the added complexity of aircraft seeding does reduce the benefit to cost
ratio. This does not, however, mean the aircraft should inherently be excluded, but there should be careful
consideration about the benefit of the additional 3,442 Acre-feet that are projected to result from aerial
seeding. Members of the SAWPA Commission will need to determine what they feel the optimal level of
investment in a cloud seeding program should be. They may want to wait until after contractors have
submitted their proposals with completed operational designs before making this decision.
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6.0 CONCLUSIONS AND NEXT STEPS

6.1 Conclusions

The American Society of Civil Engineers (ASCE) report entitled “Guidelines for Cloud Seeding
to Augment Precipitation, Third Edition” states that when conducting seeding feasibility studies, a proposed
program must demonstrate feasibility both technically and economically for the program to be considered
feasible. NAWC has followed ASCE Guidelines and Standards in the preparation of this Report (ASCE, 2016
and ASCE, 2017). Consequently, comments may be made regarding the technical and economic feasibility of
the proposed SAWPA program. The conclusions on feasibility of the proposed program are as follows.

6.1.1 Technical Feasibility of Cloud Seeding for the Four Potential Target Areas

Four potential target areas were selected within the SAWPA River Basin: Northwest (NW), Northeast
(NE), Southeast (SE) and Southwest (SW). These selections were largely focused on higher elevation areas
which contribute the bulk of the runoff into the Santa Ana River Basin.

Fifty-eight storms over a five-year period were carefully analyzed to determine seedability. Roughly
60% of the storms were deemed seedable by either ground-based seeding systems or aircraft and an
additional 21% were deemed seedable exclusively by aircraft. Estimated increases for each target area are
included in Table 4.1.

CNGs were selected as the primary ground-based seeding system for the NW, NE and SE target areas
as they are more economically favorable and provide continuous plume coverage. For the SW target area,
AHOGS systems were recommended exclusively. Due to the narrow land barrier that forms the SW target
area, only convective bands would provide enough lift and mixing to produce desirable results within the
storm system before it passes over the target area. The higher concentration release of burn-in-place flares
are more favorable for the convective systems. HYSPLIT dispersion modeling indicates that the dispersion
from the 14 proposed ground sites typically provided good coverage over the target areas under varying
storm conditions.

As 21% of the storms were found to be seedable exclusively by aircraft the technical feasibility of an
aircraft program was considered for each of the four target areas. An aerial component was deemed
technically favorable for the NE Target area. This area meets geographical and climatological requirements
to support an aerial component. This is also the furthest target area from major international airports
improving the likelihood of FAA approval and cooperation. It can be difficult to get FAA approval for a seeding
flight during times of high traffic; unlike typical flights that quickly leave crowded airspace, seeding flights
run the same track for an extended period of time. The ideal flight path for the SW target area would be in
direct conflict with airspace used by both Los Angeles International (LAX) and John Wayne Airport (SNA) for
holding patterns and is therefore not feasible. Similarly, the proximity of the NW target area to the Ontario
and other International Airports would render an aerial program challenging. Due to the geography of the
SE target area, we do not believe an aerial component would prove economically favorable.

From the RFP for Task 4 “The Consultant shall determine if a cloud seeding program is feasible at
the recommended target locations within the Santa Ana River Watershed”. The RFP indicates this
determination will be based upon both the technical and economic feasibility of the proposed program as
suggested in the ASCE 2016 publication.
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Though potential limitations for flight path approvals during storm events exist, NAWC concluded
that the program, as proposed and specified in this design study, is technically feasible.

6.1.2 Economic Feasibility of Cloud Seeding for the Four Potential Target Areas

The hydrological data analysis section (Section 4.4) estimated the average annual runoff amounts
from the NW, NE, SW and SE target areas as 25,000 AF, 65,000 AF, 5,000 AF and 10,000 AF, respectively
rendering an estimated total for the four areas of 105,000 AF. A general approximation of the economic
feasibility of seeding the four potential target areas can be made at this point, with data referenced from
Table 4.1.

Table 4.1
Estimated Precipitation and Streamflow Increases

Target Area Precipii::iiznrr:crease Percent Avg. Natural Streamflow Percent
(inches) Increase Streamflow (AF) Increase (AF) Increase

NW 0.41 3.5% 25,000 2,043 8.2%

NE (ground) 0.49 4.1% 65,000 4,330 6.7%

NE (air) 0.89 7.3% 65,000 3,442 5.3%

SwW 0.59 3.7% 5,000 447 9.0%

SE 0.49 4.5% 10,000 1,373 13.7%

TOTAL w/ Ground Only 105,000 8,193 7.8%

TOTAL w/ Ground and Air 105,000 11,635 11.1%

The combined total estimated streamflow increase (due to seeding) from the four areas is 8,393 AF
with only ground seeding in the NE area and 11,835 AF with both ground and aircraft seeding in the NE area.
From an analysis provided in Appendix C there are indications of larger increases in streamflow in wet years
versus those from average or dry years rendering these estimates conservative.

With a typical wholesale value around $250/AF, the additional runoff from cloud seeding would be
valued between $2,000,000 and $3,000,000 (if fully allocated). After careful review of the predicted costs
associated with running the cloud seeding program, and after considering the potential yield, NAWC has
determined the following:

1. An exclusively ground-based program, as described in this feasibility study, would exceed the ASCE’s
recommended 5:1 benefit cost ratio with a 10:1 benefit to cost ratio.

2. A dual program, with both aerial and ground support, would increase production but at a lower
efficiency, yielding roughly a 7:1 benefit to cost.

It is concluded that the proposed program would be economically feasible and that the ASCE

requirements that a proposed program would be both technically and economically feasible for the Santa

Ana River Watershed would be met.
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A ranking of the technical and economic feasibility of each of the four target areas based upon the
estimated average increases in annual streamflow would be: NE, NW, SE, and SW. This ranking is based off
the total annual runoff in a given season (to which estimated seeding increases may be applied) and the
hydrology of these areas.

6.2 Recommendations

6.2.1 RFP Considerations

It is NAWC’s recommendation that a program designed to impact rain and snow in all four target
areas cost no more than $450,000 per year. This is based on an estimated value of $255 per acre-foot, for
untreated and unpressurized imported water and the likely resulting favorable benefit/cost ratios.

If during, the RFP process, a contractor suggests only operating in 1 or 2 of the 4 target areas, the
maximum vyield of the program will be diminished, reducing the total program value. Reductions should be
made accordingly to accepted bid limits. Limiting the scope of the program could have a significant impact
on the benefit to cost ratio and overall program efficiency.

In addition to carefully considering the program design, it is NAWC’s recommendation that the
contractor selected by SAWPA present, in their RFP response, a predetermined method for estimating the
increases in precipitation following each seeded season and the combined results from all previously seeded
seasons. The ASCE 2016 publication specifies this approach. NAWC would encourage SAWPA to require all
RFP participants to carefully describe their evaluation strategy, in detail, and include the data sets and
mathematical models that will form the foundation of their evaluations. It is best to request this information
upfront in order to ensure that it is prepared without bias (i.e. an a priori instead of a posteriori analysis
technique).

Recommended minimum requirements for contractors participating in the RFP include:

e Weather Modification Association Certified Manager — At least one managing member of the
Contractors team should be a Certified Manager by the WMA.

o Weather Modification Association Certified Operator — Any meteorologist running or
administering the program must be a Certified Operator by the WMA.

e Bachelor of Science degree in Meteorology — The individual operating the program must hold a
Bachelor of Science degree in Meteorology. Having one team member or managing member
with a Master of Science in Meteorology is recommended.

e Experience with operating a precipitation enhancement program in the State of California. Due
to the unique climatology of the California Coast, as well as the disposition for forest fires and
other significant events, preference should be given to contractors with recent and extensive
experience operating in California.

6.2.2 MND Process

If the SAWPA commission elects to move forward with an RFP and weather modification program,
CEQA will require the development of a Mitigated Negative Declaration (MND). The development of an MND
is generally a lengthy and involved process (generally 6-12 months). If the SAWPA Commission desires to
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implement a Cloud Seeding program, NAWC recommends they begin working on their MND as soon as is
generally determined feasible. NAWC has aided LA Metropolitan Water, Santa Barbara County and San Luis
Obispo County in the development of their MND’s and can be contracted to assist in this work on behalf of
SAWPA.

6.2.3 Microwave Radiometer

A useful tool in assisting with feasibility studies and operational winter cloud seeding programs is an
instrument called a microwave radiometer. A radiometer placed in an area before the inception of an
operational cloud seeding program would provide data critical to the development and amelioration of a
weather modification program. Figure 3.13 shows a photo of a microwave radiometer used in a past NAWC
feasibility study.

4

Figure 6.1 Microwave radiometer

A microwave radiometer measures atmospheric bright body temperature. This bright body
temperature is then used in algorithms within the radiometer to derive several different parameters
including temperature, relative humidity, any atmospheric stability layers and, most importantly to the field
of weather modification, liquid water. With the two variables of temperature and liquid water, one can
determine if the liquid water is in fact, supercooled. This is important as SLW (water that exists as a liquid at
temperatures colder than -5°C) is the target of glaciogenic cloud seeding. Most weather systems contain
some SLW, ranging anywhere from minimal to large amounts. It is this supercooled liquid water interacting
with ice nuclei, either naturally or in cloud seeding operations (silver iodide) that can create snowflakes and
in cases where melting occurs, rain. Systems in the Intermountain West generally contain somewhat less
supercooled water, as colder systems contain less liquid water than the warmer, more robust systems that
often affect California. Convective bands that frequently occur in coastal California winter storms, are
generally recognized to contain large amounts of supercooled liquid water.
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Temperature data observed by the radiometer can be converted into upper level sounding
information in real-time, like that provided by National Weather Service weather balloon observations
(known as rawinsondes). These soundings can be useful in identifying several different parameters
important to cloud seeding operations and post-storm analysis. If a radiometer is utilized on an operational
winter program or prior to the formation of an operational program, the temperature information along
with the SLW information can be provided to the project meteorologist on a continuous, real-time basis.
This means that the project meteorologist can derive an upper air temperature sounding at any time, versus
the National Weather rawinsonde observations which are only taken twice per day at relatively scattered
locations across the United States. Such information is especially useful in the conduct of ground-based
cloud seeding operations.

Figure 6.2 shows an example of a processed radiometer time cross-section plot from the Simi Valley
location, where the top panel shows temperatures in degrees Celsius, the middle panel shows relative
humidity with respect to water and the bottom plot shows liquid water in g/m3. Liquid water values of 0.10
g/m?3or less are usually deemed minimal amounts which are likely not conducive to effective seeding. Liquid
water amounts of 0.10-0.50 g/m3 or greater are more indicative of colder winter systems that have some
glaciogenic seeding potential. Convective type weather systems have been shown to have values much
higher than this, ranging as high as 3.00 g/m? (Linacre & Geerts, 1999) In short, the greater the amount of
liguid water that is supercooled, the better a potential target for glaciogenic cloud seeding.
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Figure 6.2 Radiometer plot from Simi Valley, California on January 15, 2020.

The three parameters discussed were observed during a convective band passage over the
radiometer on January 14-15, 2020. At around 0000 UTC, or 1600 PST on the 14th, liquid water was observed
near the surface. Temperatures during this time period, as observed by the radiometer, were near or above
freezing. This was likely some prefrontal precipitation ahead of the main convective band that moved
through around 2000 UTC, or 1200 PST on the 15, The temperature plot in the upper panel of Figure 6.2
shows that the atmosphere cooled somewhat; however, more notably in the lower panel, liquid water
extends higher in the atmosphere during the latter part of the time period. The liquid water plot shows
measurable amounts starting around 900 mb or 3,200 feet MSL and extending up to around 600 mb where
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the temperature is as cold as -15°C. This result is encouraging in terms of seeding potential in this case since
the SLW must be colder than approximately -5°C for the silver iodide nuclei to become active. The plot shows
a large amount of supercooled liquid water during this convective band passage, with liquid water values
between 0.50-1.3 g/m? observed. This range has been frequently observed in convective bands along frontal
zones in California.

The radiometer can be placed wherever the user desires to observe the atmospheric conditions
related to storm seedabilty. NAWC has deployed many radiometers in the field during operational cloud
seeding projects and one in support of a feasibility study conducted in Utah (Beall et al., 2018). Radiometers
deployed in support of operational programs help with real-time targeting decisions and learning more in
post analysis about a particular area’s seedability (Beall et al., 2017).

A microwave radiometer could be operated for one winter season before the initiation of an
operational cloud seeding program in the SAWPA areas of interest. This would help verify NAWC's
assumptions about the location, frequency, and magnitude of SLW occurrences within these areas. Such an
application would provide observations to validate various computer models that are available that predict
liquid water and temperature fields.

The placement and operation of the radiometer would assist in validating operational
considerations, including:

e The ideal concentration of Silver lodide solution, as well as the Ideal burn rate of Silver lodide
flares.

e How operations should be handled during storm events that were preceded by atmospheric
stability.

e (Critical elevations, including the typical elevation of stable layers and the typical elevation of
liguid water maxima within storm systems.

Neither a Mitigated Negative Declaration (MND) nor any type of seeding permit would be required
since the radiometer is a passive system and no seeding would be conducted.
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APPENDIX A

Examples of Meteorological Analyses and Streamflow Regressions

Note: This is a subset of the types of data analyses conducted as part of this study, which will be

available as separate files in support of the final study results

Table A.1 Meteorological Analysis for the NE Target Area
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Table A.2

Big Bear Lake vs. Santa Ana River Streamflow Regression

Big Santa Ana
Bear River near
Lake Mentone
':c::_' Nov - Oct
precip streamflow
1961 7.94 16295.75146
1962 24.52 | 33557.84998
1963 121 17711.45388
1964 16.95 17649.07372
1965 17.01 | 20244.39594
1966 27.23 | 53696.03104
1967 36.03 | 89066.87269
1968 15.9 33211.83347
1969 51.88 | 212631.4135
1970 11.9 36261.66806
1971 14.55 | 30651.66827
1972 14.52 | 29378.32948
1973 26.43 | 55158.04752
1974 16.29 | 38323.93245
1975 11.9 32162.32937
1976 13.13 | 30893.85008
1977 6.29 22516.26362
1978 34.2 104169.3184
1979 25.99 | 106500.7398
1980 36.29 | 216066.6365
1981 7.55 37815.3209
1982 19.22 | 53933.65087
1983 28.66 | 160578.0436
1984 8.91 47074.31228
1985 8.9 30882.8914
1986 18.89 43874.081
1987 11.75 | 24849.37097
1988 10.39 | 21734.37935
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1989 11.53 | 19225.48688
1990 11.08 | 13187.64248
1991 14.8 25201.13955
1992 16.55 | 37220.37877
1993 40.48 168558.44
1994 15.76 | 37431.32091
1995 29.38 | 123462.2929
1996 14.36 | 44101.48595
1997 10.62 | 39884.37867
1998 15.01 114009.566
1999 4.6 27872.52788
2000 12.22 | 21375.76779
2001 9.76 16077.56965
2002 4.46 9770.528559
2003 18.9 24267.07347
2004 10.44 | 16708.44235
2005 32.62 | 119283.1195
2006 13.99 | 54157.73351
2007 3.45 18921.27202
2008 18.53 | 31757.20542
2009 13.54 22216.0157
2010 29.56 | 45614.18011
2011 27.87 | 87338.34714
2012 7.89 26824.31304
2013 7.27 17606.45884
2014 10.09 | 13089.68877
2015 12.16 | 13706.58792
2016 15.03 | 13293.63917
2017 23.19 | 34576.46151
2018 8.41 14925.67878
2019 32.32 | 56159.00616
Avg 17792767 49571.41117 47915
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APPENDIX B

Location of Stream and Precipitation Gauge Sites in Regressions

Table B.1
Stream Gauge Sites

Name/USGS number Latitude Longitude
Northwest Target
Lytle Creek 11062000 34.212 -117.457
Cajon Creek 11063510 34.263 -117.466
Northeast Target
Devil Canyon 11063680 34.208 -117.331
East Twin Creek 11058500 34.179 -117.265
City Creek 11055800 34.144 -117.188
Plunge Creek 11055500 34.118 -117.141
Santa Ana River 11051499 34.108 -117.100
Southeast Target
San Jacinto River 11069500 33.738 -116.833
Southwest Target
Santiago Creek 11075800 33.709 -117.635
Table B.2
Precipitation Gauge Sites
Site Name Latitude Longitude
Northwest Target
Mt. Baldy FC 34.23 -117.67
Lytle Creek PH 34.20 -117.45
Lytle Creek RS 34.23 -117.48
Northeast Target
San Bernardino FS 226 34.13 -117.27
Lake Arrowhead 34.25 -117.18
Santa Ana River PH 1 34.13 -117.07
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Site Name Latitude Longitude
Big Bear Lake Dam 34.23 -116.97
Big Bear Lake 34.25 -116.88
Mill Creek 2 34.08 -117.03
Southeast Target
Mt. San Jacinto WS 33.80 -116.63
Idyllwild Fire Dept 33.75 -116.72
Hemet 33.75 -116.95
Southwest Target
Elsinore 33.67 -117.33
Corona 33.87 -117.57
Tustin Irvine Ranch 33.73 -117.78
Santa Ana Fire Station 33.75 -117.87
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APPENDIX C

Seasonal Variability in Seeding Effects Suggested by Precipitation and Streamflow Regressions
General Note:

For all these comparisons, the cloud seeding increase (percentagewise) is assumed to be the same
for wet and dry years. This is probably a fair assumption, as the overall mix of storm types and their
seedability is likely to be similar over the long term for drier and wetter seasons. Any inequalities regarding
the underlying seedability of storms between wet/dry seasons would be difficult to deduce without a very
large data set. Of course, based on this assumption, the magnitude (absolute value) of the precipitation
increase due to seeding is proportionally greater for wetter seasons. The relationship between precipitation
and streamflow, however, can vary dramatically and somewhat unexpectedly in certain areas when
comparing wet and dry seasons, and that is the driving factor for the analyses here.

Northwest Target Area

Regression between the Lytle Creek Ranger Station (precipitation site ending in 2001) and the Lytle
Creek stream gauge suggests that there is very little carryover from one year to the next, and the November
— April precipitation is best correlated with the immediate calendar year runoff. Based on this result, this is
likely an unregulated gauge site. The estimated seeding increase in streamflow obtained from this regression
averaged for all years, and with the results of the smaller Cajon Creek included, were 2,043 AF for the NW
target area.

An analysis of wet vs dry years (19 dry, 19 "average" and 19 wet) shows that, similar to many other
areas in this region, the wet years have about an order of magnitude higher natural runoff than the dry and
average years. The average ranges from under 3,000 AF in dry years to between 3,000 to 4,000 AF in average
years and then spikes to around 40,000 AF for the wet years (which is highly influenced by a few very wet
years).

Streamflow increases due to seeding, which are based on an estimated 3.5% Nov-Apr precipitation
increase in all seasons, average between about 400-500 AF both the dry and average set of years for Lytle
Creek, increasing dramatically to an average of over 4,000 AF for the wet years. It should also be noted that
for the dry and average sets, correlation was somewhat poor with R values of 0.37 and 0.59, respectively.
For the 19 wet years, however, the correlation was very high with an R value of 0.93. Regressions of
precipitation with Lytle Creek RS and Cajon Creek (at least a portion of which originates in the NW Target
area) had only 21 years of overlap, which was not a large enough data set to analyzed in this way. However,
if the smaller amount of runoff from Cajon Creek is added to that from Lytle Creek, the total estimated
increases due to seeding were between 500-600 AF for the dry and average sets of years, and over 5,000 AF
for the wet years. The results for this area suggest that somewhat over 80% of additional runoff here would
also be produced during the wettest one-third of the years.

Northeast Target Area

Regressions for this area use November — April precipitation increases of 4.1% (ground seeding only)
and 7.3% (with aircraft).
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Regression with San Bernardino FS precipitation and Devil Canyon streamflow suggests no carryover
of runoff. For 80 years in this regression, the driest and middle third all have about 700-800 AF of natural
flow, with the correlation to precipitation appearing slightly negative (inverted) between these two sets. The
wet third of years have 3700 AF average of natural flow. For the dry and average years, minimal (less than
100 AF for both ground and aircraft) increases are suggested, with 395 AF (ground only) and 710 AF (with
aircraft) average seeding increase suggested for the wet years. Correlation is very poor for the dry and
average years, and only fair (R = 0.70) for the wet years.

Note that for all years combined, the equation suggested a mean annual increase of 156 AF (ground
only) and 280 AF (with aircraft). The runoff in Devil Canyon was better correlated with the Lytle Creek precip
gauge (although with a shorter record of 57 years) which suggested mean annual seeding increases of 170
AF (ground only) and 306 AF (with aircraft).

Regression with San Bernardino FS precipitation and East Twin Creek streamflow suggests fairly
minimal (< 10%) carryover of runoff to the next year, with a suggested carryover volume of 432 AF from
regression involving dry years. This is reasonable as even the very driest years have runoff of over 600 AF.
The correlation is not substantially better with the previous year precipitation included, however.

For 80 years in this regression equation, the 27 dry years have a poor correlation (R = 0.34) and a
positive offset for runoff, which may possibly be due to a certain amount of carryover or base runoff from
previous seasons. In any case, the natural flow averaged 1590 AF for these dry years with low increases
suggested due to seeding (47 and 85 AF for ground and aircraft, respectively). The 26 average years have a
moderate correlation (R = 0.60) and an average natural flow of 2262 AF. The implied increases are
significantly more, 353 and 633 AF for ground and aircraft, respectively. For the 27 wet years, a good
correlation (R = 0.82) is observed with an average runoff of just under 7,000 AF. The suggested increases
due to seeding in the wet years are 598 AF (ground only) and 1072 AF (with aircraft).

For the combination of all years, the average estimated increases due to seeding for East Twin Creek
are 267 AF (ground only) and 480 AF (with aircraft).

Regression with San Bernardino FS precipitation and City Creek streamflow suggests no carryover,
with the equation showing a (slightly) negative coefficient to the previous year precipitation. For the 81 years
in this regression equation, the 27 dry years have an average annual natural flow of 2471 AF, with a
suggested seeding increase of 114 AF (ground only) and 204 AF (with aircraft). The correlation is fair with an
R value of 0.53 for these dry years. The "average" years actually have a poorer correlation, R = 0.32. These
years have an average natural flow of 3264 AF and implied increases of 262 AF (ground only) and 469 AF
(with aircraft). The 27 wet years in the regression have a good correlation (R = 0.75) an average natural flow
of 15,102 AF. The implied increases for these wet years are 1496 AF (ground only) and 2684 AF (with
aircraft).

For the combination of all years, the average estimated increases in City Creek due to seeding are
639 AF (ground only) and 1147 AF (with aircraft).

Regression with San Bernardino FS and Plunge Creek suggests minimal carryover (< 10%), with the
equation improving slightly (R = 0.906 vs 0.896) when adding the previous year (Nov — Apr) precipitation.
There was a total of 51 years in the regression, and an implied carryover of over 400 - 600 AF based on the
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equations using the 17 dry years and 17 average years. Over 500 AF of streamflow was observed even in the
very driest years which is consistent with this. This is similar to the results for East Twin Creek in this regard.

For the 17 dry years the correlation was fair (R = 0.59) but was very low for the 17 average years (R
= 0.09). Average annual streamflow was 2064 AF in the dry years and 3283 AF in the average years. For the
dry years, the equations suggest increases of 68 AF (ground only) and 121 AF (with aircraft). For the average
years, the numbers were slightly higher with 106 and 191 AF, respectively (although this equation has a very
low R value). For the 17 wet years, the correlation was very high (R = 0.92) and average annual runoff was
over 12,700 AF. This equation resulted in increases of 1229 AF (ground only) and 2205 AF (with aircraft).

For the combination of all years, the average estimated increases in Plunge Creek due to seeding
area 502 AF (ground only) and 901 AF (with aircraft).

Regression of San Bernardino FS and the Santa Ana River gauge near Mentone implies carryover
around 19% (following year) and around 26% (following 2 years). This is a very long regression, going back
to 1913 and ending in 2004, although with a few missing years. Similarly, the better correlated (but
somewhat shorter, 1961-2019) regression between precipitation at Big Bear Lake and the Santa Ana River
gauge implies carryover over 15% to the following year and around 25% to the following 2 years combined.
For both precipitation sites, the regression to the Santa Ana River improves somewhat when adding
precipitation from previous November — April seasons. This result is not surprising, given that Big Bear Lake
has a larger storage capacity (73,000 AF), larger than the average annual runoff in the Santa Clara River.

For dry years (depending on which precipitation gauge is used and the resulting period of record),
natural flow at this gauge site is roughly 23,000 to 30,000 AF. Indications are that during these years, seeding
would generate about 1,100-1,600 additional AF (ground-based only) and roughly 2,000 to 3,000 AF with
aircraft. The sets of average years in these two regressions had roughly 34,000 to 38,000 AF of natural flow,
with similar amounts of additional streamflow suggested as in the dry years (about 1,150-1,200 AF for
ground-based only and 2,000 to 2,200 AF with aircraft). It should be noted, however, that both equations
exhibited lower correlation for the set of average years than for dry years, so the results for years in the
"average precipitation" category may be more uncertain.

For wet years, natural flow in the Santa Ana River averaged from 94,000 to 104,000 AF for the
wettest third of seasons in regressions utilizing two gauge sites (San Bernardino FS and Big Bear Lake).
Correlations were better in general for the wet years, although using Big Bear Lake precipitation resulted in
a much better R value (R =0.83 compared to 0.64). Indications of increases due to seeding were much higher
for these years as well, ranging from 7,300 to 8,600 AF for ground-based seeding to between 13,000 to over
15,000 AF with aircraft included.

In sum, for the NE Target area, natural runoff ranges from about 33,000 AF in dry years to an average
of over 136,000 AF in wet years. For ground-based seeding producing a 4.1% seasonal precipitation increase,
indications are that additional streamflow produced would range from about 1,460 AF in dry years to just
over 11,700 AF in wet years. If aircraft seeding in included with a seasonal precipitation increase of 7.3%,
yield estimates range from about 2,570 AF in dry years to over 21,000 AF in wet years. For this target area,
the equations imply that about 77% of streamflow increases due to seeding would be produced in the
wettest third of years.
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Southeast Target Area

The indicated average (for a 4.5% Nov-Apr precipitation increase) is 1,373 AF for a 71-year regression
period. The distribution here is also highly skewed to higher precipitation years, with regression equation
(based on two precipitation sites during Nov-Apr) suggesting around 200 AF or less of additional likely
produced in the drier third of years from cloud seeding. Depending on the period record used, the drier one-
third of years had less than 2,000 AF of base flow (and perhaps as low about 1,000 AF).

For a year in the middle third, base flow of about 2,000 to 4,000 AF with increases from seeding of
anywhere from about 250 to over 700 AF likely, depending on the equation used.

For the wettest third of years, average natural annual flow amounts of 25,000 to 30,000 AF were
observed, with cloud seeding likely to generate about an additional 3,000 AF of runoff on average in these
years. The implications are that over 80% of the additional runoff due to seeding would be produced in the
wettest third of years for this area.

Another factor noted in the SE target area (using the San Jacinto River gauge near San Jacinto) is
that significant lag time (or carryover of water from one season to the next) is indicated. If regression
equations are developed using precipitation from current and past seasons, there are indications that
perhaps 30% or more of the runoff from precipitation in a given season is instead measured at this gauge in
the subsequent two years. This is likely the result of Lake Hemet (14,000 AF capacity) located about 10 miles
upstream from the gauge site. One of the implications of this finding is that the regular regression equations
(comparing a given Nov-Apr precipitation total at a measurement site to the streamflow during that year)
are likely to underestimate the total that would be generated from a precipitation increase due to seeding.
That is, a streamflow increase of 14% due to seeding in an individual season may be excluding a significant
amount of increase which is contained in later runoff. If the precipitation is increased by 4.5% for three
consecutive Nov-Apr seasons, an approximately 20% increase in runoff is implied by the equations. If this is
true, it would mean that the true average annual increase in runoff may be closer to 2,000 AF from seeding
in this area.

Southwest Target Area

Although indicated long-term average increase (for a 3.7% Nov-Apr precip increase) is around 450
or 500 AF of additional streamflow, the distribution is highly skewed toward high precipitation years. For the
drier third of years (what one would typically call a "dry" year), only very sporadic runoff (based on
streamflow in Santiago Creek) appears to occur. Equations suggest only a 20-50 AF increase in these years,
with total natural runoff in these years averaging around 700 AF. Also, the precipitation vs. runoff
relationship during these years has a low correlation (R < 0.50), suggesting only sporadic runoff during a few
heavier precipitation events.

For an "average" year (middle third of the data set), increases of around 120-140 AF are suggested
with a typical natural or base annual runoff of around 2,000 AF. Runoff during these years also appears quite
sporadic and probably limited to heavier events, with a low to moderate correlation (R values about 0.35 to
0.75).

For a "wet" year (wetter third of the data set), much greater increases of around 1,000 to 1,300 AF
are indicated with average natural runoff amounts of around 12,000 to 15,000 AF in these years. These wet
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years appear to generate sustained runoff, with a much higher correlation (R > 0.75) between the Nov-Apr
seasonal precipitation total and the total annual runoff. These are the main years in the data set that are
driving the overall "good" correlation between precipitation and streamflow for this area.

Obviously, the implication for this area is that wetter years seem to be a necessity in order to obtain
a very effective cloud seeding increase to streamflow, with likely over 85% of the total increases to runoff
generated during the wettest one-third of years. If the water can be stored effectively (and the storage is
not used up in a typical season), then the resulting increases obtained during wetter seasons could be utilized
during dry years. Of course, the possibility of a string of dry seasons and difficulty with seasonal forecasts
may make such planning somewhat difficult.

Summary/Observational Comments

It should be noted that in general, for all of the target areas examined, the wet years provide a much
better precipitation/streamflow correlation than either the set of either dry or average years. Thus, the
estimates of streamflow increases (due to seeding) in the wet years have much higher confidence than
estimates for the other years in the regressions. In most cases, the dry and "average" years share a lot of
similarity in terms of the regression equations, base flow numbers, and estimated increases, while the wet
years are very different in regard to all of these results. The wet years seem to account for the vast majority
of not only natural runoff but also increases due to seeding, with approximately 75-85% of these estimated
increases attributed to the wet years. This percentage was highest for the SW target area (over 85%), and
lowest for the NE target area (around 77%). In a few areas (likely the SE target area and the Santa Ana River
downstream of Big Bear Lake in the NE target area), significant carryover from one year to the next, likely
due to reservoir storage, impacts the results of the equations. For this reason, precipitation increases applied
to multiple subsequent seasons are likely to generate the most accurate seeding increase estimates for these
areas. For most of the target areas in general, the various regressions (particularly those utilizing the wetter
years) suggest that the estimated seasonal precipitation increases (ranging from 3.5% to 4.5%) result in
increases to annual total streamflow in the neighborhood of roughly 7-10%. However, the SE target area
may be an exception to this, with total streamflow increases approaching 20% suggested when a seasonal
precipitation increase of 4.5% is applied to consecutive seasons in that area (correcting for the apparent
carryover issue). A streamflow increase approaching 14% was implied there even when applying the
precipitation increase to only a single season.
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APPENDIX D

HYSPLIT Model Output for Additional Storm Events

These HYSPLIT model runs were conducted using the original 19 sites initially suggested in the first
report submitted to SAWPA, prior to a revamping of the suggested site locations.

Figure D.2 One-hour plume dispersion from flight track at approximately 10,500 feet above sea level, valid at
2100 PST on February 18, 2011.
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Figure D.4

One-hour plume dispersion from all ground sites valid at 1500 PST on December 2, 2014.
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Figure D.5 Three-hour plume dispersion from southwestern sites with cross-section valid at 0500 PST on
March 2, 2015. Note that top of plumes extended to about 1500 m (approx. 4900 ft) above ground
level.
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Figure D.7

.

Two-hour plume dispersion from all ground sites valid at 0500 PST on March 2, 2015.
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One-hour plume dispersion from all ground sites valid at 0000 PST on December 14, 2015.
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Figure D.8 One-hour plume dispersion from flight track at approximately 9800 feet above sea level, north of
target areas valid at 0000 PST on December 14, 2015. Note that plumes are remaining north of the
area.

Figure D.9 One-hour plume dispersion from flight track at approximately 9800 feet above sea level, north of
target areas valid at 0300 PST on December 14, 2015. At this point, precipitation has ended across
the area.
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One-hour plume dispersion from all ground sites valid at 1700 PST on January 6, 2016.
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One-hour plume dispersion from all ground sites valid at 0700 PST on December 24, 2016.
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alid at 0000 PST on February 27, 2018.

Figure D.12 One-hour plume dispersion from all ground sites v
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Figure D.13 One-hour plume dispersion from flight track at approximately 9800 feet above sea level, valid at

0100 PST on February 27, 2018.
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Figure D.14
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One-hour plume dispersion from all ground sites valid at 0400 PDT on March 15, 2018.
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APPENDIX E

Environmental Considerations

No significant environmental impacts are expected from cloud seeding programs that would be
similar to the proposed SAWPA program. Indeed, published scientific literature clearly shows no
environmentally harmful effects arising from cloud seeding with silver iodide aerosols (the proposed seeding
agent for the SAWPA program) have been observed, nor would be expected to occur. Based on this work,
silver iodide is environmentally safe as it is currently being used in the conduct of cloud seeding programs.

A summary of what is known regarding the items of potential interest is provided in the following.
Downwind Effects or Extra Area Effects of Cloud Seeding

Perhaps the most frequently asked question regarding the possible establishment of a cloud seeding
program in an area that has not previously been involved in cloud seeding programs is: won’t areas
downwind of the intended target area experience less precipitation during the seeded periods? The answer
to this question is no, based upon analysis of precipitation in a number of areas downwind of research and
operationally oriented cloud seeding programs. In a review paper on this topic, Long (2001) provides
information from a variety of both winter and summer programs.

An example of an analysis of potential downwind effects from an operational winter program is
found in Solak et al. (2003). That paper examined the precipitation that fell in areas located in eastern and
southeastern Utah and western Colorado, located downwind of a long-term winter program that has been
conducted most winters since 1974 in the central and southern Wasatch Mountains of Utah. The abstract
from this paper is as follows: “Estimations of effects on precipitation downwind of a long-standing
operational snowpack augmentation program in Utah are made, using an adaptation of the historical
target/control regression technique which has been used to estimate the seasonal effects over more than
twenty seasons within the program’s target area. Target area analyses of December-March high elevation
precipitation data for this program indicate an overall seasonal increase of about 14%. Estimations of
downwind effects are made for distance bands downwind as far as 150 miles. The downwind analyses
indicate increases of similar magnitude to those for the target, expressed as percentages or ratio values,
extending to about 100 miles downwind. Beyond 100 miles the ratio values decay, reaching about 1.0 (e.g.,
no effect) at about 125 miles. Expressed as average-depth precipitation amounts, the target area
precipitation difference is about 1.4 inches of additional water, while the values within downwind distance
bands range from 0.4 to 0.25 inches, reaching zero at about 125 miles.”

DeFelice et al. (2014) summarized the available information on this topic. The following is the
abstract from this paper:

“This paper examines the commonly-held hypothesis that cloud seeding reduces
precipitation in regions adjacent to seeding target areas, sometimes referred to as “downwind” but
more correctly referred to as “extra area” effects (“the robbing Peter to pay Paul” hypothesis). The
overall concept in the potential creation of extra area effects from seeding is illustrated with respect
to the hydrologic cycle, which includes both dynamical and microphysical processes. For the first
time, results were synthesized from five operational and research weather modification experiments,
including winter orographic snowpack enhancement and summer experiments to enhance rainfall.
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One of the most surprising aspects of these results is that extra area seeding effects on precipitation
appear to be uniformly positive (5—15% increases, perhaps greater for some convective systems) for
both winter and summer seeding projects examined in this paper. The spatial extent of the positive
extra area seeding effects may extend to a couple hundred kilometers for winter orographic seeding
projects and summer convective seeding projects (such as North Dakota, Texas, Thailand). Both
microphysical and dynamical effects of seeding appear to be contributors to these extra area effects.
Future work needs to incorporate larger data sets from some of the larger more sustained projects
with advanced cloud models and tracer experiments”.

Toxicity of Seeding Agents

By far the most common seeding agent in use today for winter cloud seeding programs is silver
iodide. The potential environmental impacts of silver iodide have been studied extensively. Klein (1978) in
a book entitled “Environmental Impacts of Artificial Ice Nucleating Agents” concludes that

“The major environmental concerns about nucleating agents (effects on plant growth, game
animals, and fish, etc.) appear to represent negligible environmental hazards. The more subtle
potential effects of silver-based nucleating agents, such as their possible ability to potentiate the
movement or effects of other materials of environmental concern, or to influence the activity of
microorganisms in soils and aquatic environments after being bioconcentrated by plants, warrant
continued research and monitoring. Effects, if they occur, are not expected to involve unacceptable
risks. The long-term use of silver iodide and the confidence which the weather modification
profession has in delivery systems and in the efficacy of this material, make it unlikely that other
agents, with the exception of dry ice, will be used on a large scale, unless there are improvements in
delivery systems and major changes in the economics of silver availability.” In the same book a
summary of potential impacts on humans is presented as follows: “The effects on humans of
ingestion or topical contact with silver iodide used in cloud seeding can be considered negligible.
Decade-long observations of cases (unrelated to cloud seeding) of ingestion of large silver doses
revealed no physiological concern. In addition, surveys of seeding generator operators who have
had long-term intensive contact with silver iodide reveal that they have not experienced medical
difficulties.”

A report prepared by the Metropolitan Water District of Southern California (Ryan, 2005) contains
the following summary on the topic of possible toxicity of silver iodide:

“There has been a concern about the toxicity of the most common cloud seeding material,
silver iodide (Agl) on the environment. The typical concentration of silver in rainwater or snow from
a seeded cloud is less than 0.1 micrograms per liter. The Environmental Protection Agency
recommends that the concentration of silver in drinking water not exceed 0.10 milligrams per liter of
water. Many regions have much higher concentrations of silver in the soil than are found in seeded
clouds. Industry emits 100 times as much silver into the atmosphere in many parts of the country,
and silver from seeding is far exceeded by individual exposure from tooth fillings. The concentration
of iodine in iodized salt used on food is far above the concentration found in rainwater from a seeded
storm. No significant environmental effects have been noted around operational programs, many
of which have been in operation for 30 to 40 years (WMA, 1996)”
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The concentration of silver in rainwater or snow from a seeded cloud using the above
information is on the order of 1000 times less than the EPA Standard.

Specific to silver concentrations in snowmelt water, Marler (2007) reported on lake water and
sediment studies conducted for two long-term seeding programs operated by the Pacific Gas and Electric
Company (PG&E) in the Sierra Nevada of California. Samples from a number of surface sites were analyzed
for their silver content. The program areas are subject to moderate seeding material releases over periods
of nearly fifty years, with annual amounts varying from 9-90 pounds for the Mokelumne area and from 45-
180 pounds for the Lake Almanor area.

The report presented the following characteristics regarding silver iodide and silver chloro-iodide
compounds used in cloud seeding:

“Have extremely low solubility in water

Remain solid particles in air, cloud, precipitation

Do not ionize to produce Ag+ under ambient environmental conditions

Are not very bio-available in the environment

Background Ag concentrations in Sierra snow < 2.0 ppt (ppt= g Ag/ml x 10-12)

[Ag] in seeded snow typically range 40—60 ppt in layers sandwiched between unseeded
snow.

Total snowpack profile mean Ag concentrations average 5-20 ppt in highly effective
seeding programs”

Conclusions from the overall study include the following (from Marler, 2007):

“High resolution analysis of water, sediment and biological samples from areas
subjected to long-term, 50 year+, cloud seeding programs, specifically PG&E’s
Mokelumne and Lake Almanor cloud seeding programs, support the following:

The amount of silver iodide released to the atmosphere in cloud seeding is small, and
even after many years of cloud seeding operations the resulting environmental
concentrations very small to non-detectable.

Given the stability of silver iodide compounds, extreme insolubility of silver iodide in
water and the absorptions of ionic silver by colloids found in the sediments and aquatic
vegetation, silver concentrations in the Mokelumne and Lake Almanor Basin from
cloud seeding are expected to be minimal.

Since the monitored levels are low, usually below the detection limit in the target
watershed, it is unlikely that continued cloud seeding operations would result in any
significant increase in silver concentrations in the target watersheds.

Silver concentrations were below regulatory standards. Therefore, continued
operations should not result in any significant chronic effect to sensitive aquatic

organisms.
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o There is little to suggest the silver from cloud seeding gets into the system and bio-
accumulates in organisms.”

Also, worth noting is a statement by the Weather Modification Association in its formal position
statement (WMA 2016):

“The published scientific literature clearly shows no environmentally harmful effects arising
from cloud seeding with silver iodide aerosols have been observed, nor would be expected to occur.
Based on this work, the WMA finds that silver iodide is environmentally safe as it is currently being
used in the conduct of cloud seeding programs”.

A recent Mitigated Negative Declaration (MND), prepared by the Sacramento Municipal Utility
District (SMUD) on their winter cloud seeding program in California (SMUD 2017), contains an appendix on
the potential environmental effects of silver iodide. The following is the Executive Summary from this MND:

SMUD has conducted cloud seeding since 1968 in the South Fork American River watershed
upstream of the Upper American River Project (UARP) over a 190-square mile target area, with a
currently planned expansion to 444-square miles. Silver iodide (Agl) is a compound of silver used in
cloud seeding activities to promote the formation of ice crystals and enhance total snowpack
accumulation. Silver iodide is used for cloud seeding because its crystalline structure makes the
compound ideally suited for ice formation, it exhibits very low solubility in natural waters (i.e., less
than 1 microgram per liter [ug/L]), and it is not bioavailable or toxic to organisms in the environment.

In general, studies of cloud seeding using silver iodide have demonstrated increased total
silver concentrations in associated precipitation, but no corresponding, statistically significant
systematic increase or accumulation of total silver in freshwater, soil, or in stream, lake, or reservoir
sediments in the areas experiencing cloud seeding.

Silver iodide is not typically measured in isolation in the environment, with existing analytical
methods relying upon measurements of total silver. Cloud seeding using silver iodide has been found
to increase total silver concentrations in precipitation between two and three times on average when
compared to unseeded precipitation.

In studies conducted in the California Sierra Nevada, total silver concentrations in snow from
areas seeded with silver iodide were typically less than 0.02 ug/L but reached a maximum of
approximately 0.115 ug/L. Freshwater total silver concentrations in areas cloud seeded with silver
iodide were usually less than analytical detection limits (between 0.0005 and 0.04 ug/L depending
on the method used), but they were occasionally measured between 0.09 - 0.74 ug/L in the Feather
River-Lake Almanor watershed and less than 0.0005 ug/L on average in the Mokelumne River
watershed. In general, total silver concentrations have not been shown to increase above
background levels in terrestrial, stream, and lake sediments in areas seeded with silver iodide.

There are no documented environmental hazards associated with silver iodide and to date
no studies have identified adverse environmental impacts due to cloud seeding with silver iodide.
There are no federal, state, or local regulations establishing acceptable levels of exposure for silver
iodide. In natural waters, silver iodide has such extremely low solubility (0.984 ug/L) that it is
generally considered to be insoluble and is thus not bioavailable or toxic.
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In contrast, there are known environmental hazards and regulations associated with
dissolved silver (free silver ion [Ag+]) because, unlike insoluble silver iodide, dissolved silver is
bioavailable and potentially toxic to sensitive organisms. Dissolved silver is a negligible
environmental hazard for humans, but federal and state regulations set the maximum contaminant
level for dissolved silver in drinking water at 100 ug/L to prevent a cosmetic gray or blue-gray
discoloration of skin that may occur from chronic exposure to high levels. Dissolved silver is a
potential hazard to aquatic and terrestrial organisms at a wide range of concentrations depending
on the species, life-stage, and water hardness with 1.2 to 4.9 ug/L lethal to sensitive aquatic
organisms. Accordingly, the USEPA has set an acute freshwater criterion or criteria maximum
concentration (CMC) for dissolved silver as a function of water hardness with a CMC of 3.2 ug/L at a
hardness of 100 mg/L. Lower water hardness results in a lower CMC for silver. There is no chronic
freshwater criterion for dissolved silver. Dissolved silver also is an environmental hazard to terrestrial
plants and animals, but the concentrations causing adverse effects are much higher than found
under typical natural conditions. However, despite the hazards associated with dissolved silver, there
is no equivalent hazard with silver iodide because it is insoluble and thus not bioavailable.

Historically, SMUD has measured total and dissolved silver in water samples within the
Upper American River watershed at various times. Total silver would include any contributions from
silver iodide, while dissolved silver would not include any silver iodide since silver iodide is insoluble
in water under natural conditions. Measurements of total silver, including both dissolved and
particulate silver, in all years ranged from <0.008 — 0.86 ug/L, which in all cases is below the USEPA
secondary drinking water threshold (100 ug/L dissolved silver). Dissolved silver was analyzed in 2004
and ranged from<0.0045 — 0.02 ug/L with the hardness-adjusted freshwater CMC for aquatic biota
being exceeded in two reservoir samples and one riverine sample. Total and dissolved silver
concentrations in water and fish tissue measured more recently have been consistently at or near
the lowest analytical detection limits.

SMUD currently monitors total and dissolved silver in the Upper American River watershed
every five years as part of a suite of trace metals. Monitoring is conducted seasonally at 22 sites
across seven stream reaches and 20 sites across 11 reservoirs in the watershed, where monitoring
sites range in elevation from approximately 500 — 6,500 feet, covering the full elevational extent of
SMUD cloud seeding activities. Of the 42 total riverine and reservoir monitoring sites, 23 are located
directly within the existing 190-square mile cloud seeding target area, and the remaining sites are
located downstream of both the existing and the expanded target area, allowing for an assessment
of potential downstream transport of silver. The current trace metals monitoring program would
detect long-term seasonal trends in total and dissolved silver concentrations in specific reservoir and
river locations within the existing cloud seeding target area, and it would also detect spatial
variations in concentrations within this area (e.q., particular locations that may exhibit higher
concentrations than others). While the frequency and spatial coverage of the current monitoring
program is not able to attribute variations in concentrations of these forms of silver to individual
cloud seeding events, it would measure long-term changes in the amount of dissolved (i.e.,
bioavailable) silver directly within the existing 190-square mile cloud seeding target area, and
downstream of both the existing and the expanded target area, which could be compared to long-
term trends in SMUD application rates of silver iodide.
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General Statements on the Potential Environmental Impacts of Winter Cloud Seeding

Many of the environmental impact studies on wintertime programs were performed on programs
designed to increase snowpack in mountainous areas of the western United States. Most of these studies
were funded under the Bureau of Reclamation’s “Skywater Program”. Four programs of note concerned
with wintertime programs were:

e Potential Ecological Impacts of Snowpack Augmentation in the Uinta Mountains, Utah. A 1981
report from Brigham Young University authored by Kimball Harper (Harper, 1981) summarizing
the results of a four-year study.

e Ecological Impacts of Snowpack Augmentation in the San Juan Mountains, Colorado. A 1976
report edited by Harold Steinhoff (Colorado State University) and Jack Ives (University of
Colorado) summarizing the results of a five-year study (Steinhoff and Ives, 1976).

e The Medicine Bow Ecology Program. A 1975 report on studies conducted in the Medicine Bow
Mountains of southern Wyoming (Knight, 1975).

e The Sierra Ecology Study. A five-volume report summarizing work on possible impacts on the
American River Drainage in California (Smith et al., 1980).

In general, the findings from these studies were that significant environmental effects due to the
possible conduct of cloud seeding programs in these areas were not expected to occur. A couple of examples
that support this conclusion are as follows:

A statement made in the final report on the San Juan Mountains program (Steinhoff and Ives, 1976):
“The results of the San Juan Ecology Program suggest that there should be no immediate, large-scale impacts
on the terrestrial ecosystems of these mountains following an addition of up to 30 percent of the normal
snowpack, but with no addition to maximum snowpacks. Further, much of the work reported here suggests
that compensating mechanisms within the study’s ecosystems are such that any impacts would be buffered,
at least for short periods of time, and of lesser magnitude than the changes in snow conditions required to
produce them.”

The Bureau of Reclamation published an “Environmental Assessment and Finding of No Significant
Impact (Harris, 1981) for the Sierra Cooperative Pilot Program. Quoting from the introduction of this report:

“This document and the program environmental assessment serve as the basis for
determination that no further action is necessary to comply with the National Environmental Policy
Act of 1969 (Public Law 91-190) for the following reasons:

1) The Sierra Cooperative Pilot Program Environmental Assessment examines a research program
designed to seed, on a randomized basis, some of the cloud types which occur within winter
storms in the Sierra Nevada of California and Nevada. The increase in annual precipitation
expected from seeding all eligible storms during an average or less-than-average year would be
10 to 15 percent. The annual precipitation increase expected from randomized seeding of
selected cloud types would be 5 to 7.5 percent. The report analyzes the potential effect of these
increases upon weather elements, hydrologic and physiographic phenomena, plant and animal
communities, the human environment, and land and water resource use in the program area. It
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also discusses possible impacts of the seeding agents, dry ice and silver iodide. The report
concludes the research program will not result in significant or adverse effects upon the
environment.

2) Consultation with Federal and State agencies has resulted in the determination that this program
will not affect endangered or threatened species of plants or wildlife or their habitats in a
significant or adverse manner.

3) Archeological and historic sites and sites of extraordinary aesthetic value will not be significantly
or adversely affected by the program.

4) Program activities and resultant increases in precipitation will not affect the human
environment, lifestyle, or existing land and water resource use in a significant or adverse manner.
The program design includes suspension criteria to prevent operations during periods that would
lead to public safety hazards.”

The American Society of Civil Engineers published a Manual 81 on Engineering Practice, entitled
Guidelines for Cloud Seeding to Augment Precipitation (ASCE 2016). A section of that publication addresses
environmental issues relating to weather modification. A key summary paragraph from Manual 81 is quoted
below.

“The essence of the results is that changes that might be expected in the environmental
factors (1) were most often subtle, nil, or indiscernible in relation to other natural influences (e.qg.,
effects of fire or insects on forest vegetation); (2) would be of the same type and magnitude as would
result from a sustained increase of a corresponding percent(age) in natural precipitation (e.g., as a
gradual change in herb species composition might occur in a wetter climate); (3) might be beneficial
as often as not and depending on point of view (e.g., as when fish habitat increases with lake level);
and (4) would have net outcomes that strongly affect ecosystem management practices (e.g., as
when increased weed growth and grassland productivity occur together). During the 1970’s, seeding
agents, chemical complexes of silver iodide, were examined for ecological effects (Cooper and Jolly,
1970; Klein, 1978). Conclusions from those studies point to little or no effects on terrestrial or aquatic
biological communities, either immediately or after many, many years of silver iodide application in
the small dosages possible from cloud seeding (Reinking et al., 1995).”

A more recent U.S. Bureau of Reclamation Environmental Assessment (EA) was completed in 2010
(BUREC 2010) for an operational winter cloud seeding for the Walker River Basin in Nevada. Based on the
analysis of the environmental impacts as described in the EA for the Walker River Basin Cloud Seeding
Project, Reclamation has determined that the proposed federal action will not significantly affect the quality
of the human environment, thus an environmental impact statement is not required. This Finding of No
Significant Impact (FONSI) is supported by the Environmental Assessment for the Walker River Basin Cloud
Seeding Project.
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APPENDIX F

Questions and answers

NAWC compiled the questions asked via email or during a live zoom meeting

Emailed Questions:

Question 1

Throughout the Task 3 report there were multiple changes to the location, number and type of
ground seeding sites compared to the previous report. Additionally, the airborne program was revised to
remove the NW target area. Given the significant changes to the number and location of the land-based
generation stations and to the aerial flight path from the previous report, we find it critical to see how these
modifications impact the “Estimated Precipitation and Streamflow Increases” table on page 27 of the Task
1 & 2 Report. These program changes, in addition to the newly outlined cloud seeding suspension criteria,
could reduce the estimated precipitation and streamflow resulting from a weather modification program.

Answer

Changes and adaptations were made after careful scrutiny and consideration. The sites that were
removed after one of two manifestations:

e Redundancies were noticed, where plumes overlapped more than necessary. -or-

e Seeding plumes were shown, through additional study, to impact areas outside of the
watershed.

We do not believe any of these changes would significantly alter the overall impact of the program.
We also determined, during this phase of research, that it would be more beneficial to run a smaller network
of generators with a higher concentration of solution than to operate a redundant network, with a lower
concentration of solution. The generators that were removed had the highest propensity of releasing
seeding agents that were diverted by winds outside of the watershed.

These design changes reflect a careful analysis of both the technical (equipment based) feasibility of
the program as well as the economic feasibility.

Question 2

The primary benefit of weather augmentation to OCWD would be an increase in runoff amount that
arrives at Prado Dam. This streamflow is most accurately measured by the USGS gauging station 11074000
commonly referred to as ‘Santa Ana River Below Prado Dam’. It is uncertain how much of the projected
increased precipitation and resultant streamflow from weather augmentation would reach Prado Dam. If
modeling work is available that indicate the projected increase in runoff at the aforementioned USGS
gauging station, OCWD would like to see this information.
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Answer

We would encourage you to perform modeling to demonstrate the impact downstream of
augmented upstream runoff. We do not perform this type of modeling, but could work with an engineering
firm to get them accurate estimates on stream flow increases at metered locations in the reiver network.

Question 3

The manner in which dams are operated on Santiago Creek affects how much water OCWD receives
for groundwater recharge. With weather augmentation, Santiago Creek would likely provide limited
measurable benefit to OCWD from weather augmentation due to dams upstream of OCWD’s recharge
facilities on the Santiago Creek. However, we are interested in learning if targeting the SW area could
increase precipitation in the low-lying areas further inland beyond the Santa Ana Mountains. If there is
insignificant precipitation increases on these low-lying areas, then removal of the SW target area may be
warranted.

Answer

Cloud-seeding to enhance rainfall in the SW target area, will definitely have an impact in the more
inland areas to the east of the target area. Though we were initially concerned about this “down wind”
affect, it became immediately apparent that a number of SAWPA members have a vested interest in water
that falls in this area. We have worked carefully to determine when the down-wind affects may produce
flooding conditions in these areas, and when they would prove beneficial to the watershed. This is discussed
in our conversation on “Suspension Criteria.”

Question 4

In light of the recent wildfires started on started via a “gender reveal” device suggest SAWPA be
ready to defend this phrase in the text: “Airborne seeding operations are coordinated between the project
meteorologist and the seeding pilot using VHF frequency 122.85. Wing-mounted flare racks containing silver
iodide flares will be used, with flares burning over a 4-5-minute period, producing plumes of ice nuclei upwind
of the target area. Each flare contains 16.2 g of silver iodide.”

Answer

This is a great question. The flares that will be used are “burn-in-place” flares, meaning the flare
never leaves the wing of the plane, or the tower of the AHOGS system. At the elevations that seeding aircraft
fly, any possible embers from the flares will extinguish long before they hit the ground. The AHOGS systems
use specialized spark arrestors to catch the embers and prevent them from hitting the ground around the
tower installations. In addition, weed abatement is performed to prevent weeds or grasses that could serve
as fuel, from encroaching on the towers. Our towers are also equipped with high-resolution cameras, that
are used during the illuminating of flares. If a fire ever did occur, we would be able to notify local fire
authorities immediately. These systems have been in use (with or without cameras) for almost 30 years,
without any issues along the California coastline.

Question 5

The enhancements to seasonal rainfall were shown to be about 0.5” on the target areas. The
average seasonal rainfall for most targeted areas (mountainous areas) is probably 25”. What would we
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expect the enhancement over the urban/suburban valleys to look like where seasonal rainfall is much lower
(9-12”)?

Answer

High elevation mountainous areas will experience higher rainfall than lower elevation sites, the
increase estimates that we provided should be taken to represent the increased expected in the target area
as a whole, with increase at higher elevation expected to be (in some cases) significantly higher. The
expected increase over populated areas is projected to be dramatically lower, as they are not a primary
target for any of the generators. The largest increases would be for areas downwind from the AHOGS in the
South West area. If you will give us a little extra time on the deadline for Task 3 (end of this month), | will
work with my meteorologists to see if we can provide a reasonable increase for the areas in the value he
expressed specific concern for, during the presentation yesterday.

Question 6
Will suspension criteria impact the effectiveness of the seeding program?
Answer

NAWC understands that suspension criterium are critical to the safety and positive public perception
of a weather modification program. NAWC also understands that suspending seeding activity reduces the
potential impact of the program. When the issues are weighed carefully it is possible to have a highly
effective and very safe program. In determining when to recommend suspending operations we addressed
each of the four target areas differently, based on their locations, proximity to populations, infrastructure,
propensity of flooding and probable down-wind affects. We determined that the South West target area
required special consideration, after carefully discussing the down-wind areas with the Riverside Flood
Control District. In the end we recommended elevated suspension criteria for this location. These criteria
however, target the most severe of storm events, those most likely to overwhelm infrastructure and result
in localized flooding or flash flooding. They are based on precipitation levels that typically only occur once
every 2-3 years (a one in 2-year event). Probability would indicate that we would only miss 1 event every
two years due to flooding concerns, which would have only a marginal impact on the overall program
effectiveness. In addition, we would likely seed these events for the other 3 target areas during these storm
events.

Zoom Meeting — September 3, 2020
Question 1
Are these estimated increases derived from an assumption of average rainfall over the target areas?
Answer

Short answer, yes. This is why the first part of this feasibility and design study is so critical.
Understanding the climatology of the region plays a critical role in estimating the success of a program.

Long answer. The average was not derived from the most recent 5 seasons. We wanted to ensure
that the program would be cost effective even if there were dry years mixed in with average years. We
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therefore selected 5 non-continuous seasons from the past 10 historic years, to generate a modified
average, more representative of seeding effects in dry, normal and wet years.

Question 2
Why are AHOGS used in Orange County versus the CNGs used elsewhere?
Answer

AHOGS release a very high concentrated amount of Silver lodide, in a short period of time. These
machines are used in costal areas where liquid water concentrations are high and there is a lot of turbulence
(strong updrafts) that loft the and mix the Silver lodide quickly into the storm system.

These systems are more expensive than traditional ground generators, and are therefore used
sparingly where the benefit outweighs the added investment.

Question 3

Will the benefit from the AHOGS extend beyond the SW target area into the lowlands between the
target areas?

Answer

Yes, the benefits of the AHOGS will be extended through the areas downwind, including the
wetlands. Many members have expressed interest in additional water and runoff in these areas. We will
work with the Riverside Flood Control District to set up suspension criteria to help ensure that these
downwind effects do not augment major flooding events.

Question 4

Discussion about Atmospheric Rivers (ARs) bringing significant amounts of annual precip to the area,
discussion about the “AR Scale from 1-5;

Answer

Large precipitation events associated with Atmospheric River Events, are generally self sufficient and
large producers. We generally do not seed these unusually productive storms. When we calculated the
projected increases from a Weather Modification program, we look at each storm individually and do not
apply an increase for storms we wouldn’t seed.

Question 5

Question about debris flows in areas where fires have burned, and the need to be careful conducting
seeding ops in these locations if excess precip is expected.

Answer

When large fires occur, we work closely with flood districts to determine the best approach for the
season or seasons following the fire. Often times fires result in slight adjustments to suspension criteria in
certain areas of the program. Occasionally fires will instigate a long-term suspension of seeding activity in
the regions most impacted by the burn. The Santa Ana River Watershed consists of 4 separate “target areas,”

101

108



are fairly well isolated from each other, and all targeted during different wind regimes. We so not remotely
probably scenario that would require the cessation of all seeding activity in the watershed.

It is CRITICAL that the contractor SAWPA hires to perform this work, should SAWPA move forward,
has significant experience working in areas of California prone to forest fires. This should be a critical qualifier
during the RFP process.

Question 6

Related to above, Kelly Rowe asked if we knew about Debris Flow “Calculator/Model” that may be
available from USGS.

Answer

We do not use these tools ourselves; we rely on flood districts being acutely aware of flooding and
debris flow potentials, then we work with them to tailor program suspension criteria accordingly.

Question 7
Discussion about chosen sites (public vs. private land),
Answer

There are a lot of benefits to using public land. The program is insulated from change as land-owners
move and may lose the appetite for the equipment on their property. Often permits will be required when
operating on public land, but these permits are generally inexpensive and the Cloud Seeding Contractor
should perform the majority of labor involved with obtaining the permits (creating the image files and
documentation). Stability is the biggest gain with operating off public land.

Question 8

Greg Woodside mentioned that $255/ac-ft water valuation may not be very accurate, likely higher,
and would need more extensive modeling of runoff which may be beyond the scope of the feasibility study
to figure out what may actually reach Orange County and could end up being very involved.

Answer

NAWC agrees that $255 is on the lower end, particularly for the LA metro area, and we were,
ourselves surprised when this number was presented. However, using a number lower than the actual value
of untreated, unpressurized water, ensures that we don’t overvalue the program. $250/ac-ft proved
valuable enough to more than justify a program of sufficient design and complexity to optimize results.

Question 9
Kelly Rowe asked if the SNOWIE results could be replicated with a possible Santa Ana program.
Answer

If there is funding to bring in the equipment necessary to track and measure the affects of seeding,
then by all means something could be done.
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Question 10

There would need to be extensive modeling to determine what runoff water actually makes it to
Orange County. Also asked if NAWC (or any wx mod program) had ever had any liability issues when it comes
to seeding operations.

Answer

We found that increases in precipitation in the Santa Ana River Watershed yield a roughly 1.15
multiplicative factor on stream flow. In other words, a 10% increase in precipitation will yield an 11.5%
increase in streamflow. Water ways are generally more efficient when more runoff is present, with a smaller
percentage of the runoff being lost to soil absorption. We predict a positive impact down the entire runoff
network. Arizona, California and Nevada all contribute to weather modification programs more than 600
miles upstream of where they intend to use the water.

Question 11

Mallory mentioned that flight path as presented (the truncated one) still appears as if it could be
problematic as it is still relatively close to Ontario Intl.

Answer

NAWC agrees, even with the limited flight path proposed in our updated program design, there
could be significant pushback from the Ontario and other airports in the region. We reaffirm that getting
flights of the desired nature approved for this program will be a complicated endeavor. We are well
acquainted with the process of receiving the correct flight waivers and working with all the necessary parties
to get the program approved. The permits and approvals, are not our biggest concern. The decision to allow
a seeding aircraft to occupy the same airspace for an extended period of time, during intense storm activity,
lies largely in the hands of air traffic control. With all the proper permits, waivers and licenses, a plane may
still be grounded during critical seeding periods, if the tower is concerned about air traffic, or if the pilot is
concerned about the safety of the flight.

Question 12
Question about how long it would take to complete MND.
Answer

The MND process can easily take 6-12 months depending on whose working on it, and the amount
of resources they are able to dedicate to the project. There are resources available. It is also possible, and
recommended, to begin the RFP process during the later stages of the MND process.
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ll SAN BERNARDINO
MUN]C[PALy

WATER DISTRICT

DATE: November 5, 2020
TO: Board of Directors Workshop - Resources
FROM: Bob Tincher, Chief Water Resources Officer/Deputy General Manager

SUBJECT: Consider Continued Participation in the Delta Conveyance Project

Staff is recommending continued participation in the Delta Conveyance Project (DCP) which
would restore some of the State Water Project (SWP) supplies that have been lost, over the
years, due to environmental regulations associated with conveying SWP water through the
Sacramento-San Joaquin Delta (Delta). The DCP essentially provides a northern SWP intake,
near Sacramento and then conveys the SWP water under the Delta in a 36-foot inside diameter

tunnel.

The public water agencies (PWAS) that have contracts with the Department of Water Resources
(DWR) to receive water through the SWP and that wish to participate in the DCP are being
asked to pay their proportionate share of the $341 million planning and design costs to keep the
DCP advancing through 2024. Valley District’s proportionate share of the DCP is currently 2.8%
which could change depending upon the final participation by other PWAs. At this participation
level, Valley District would receive an average benefit of about 15,000 acre-feet per year which
would change its average Table A from about 60% (61,560 AF) currently to about 75% (76,456
AF) with DCP. Valley District’s proportionate share of the estimated $15.9 billion cost would be
about $445 million or a unit cost of about $540 per acre-ft (AF). Valley District’s proportionate
share of the requested planning and design costs is $9,540,991. The remaining $8,194,337 of
the $10,000,000 Valley District provided toward the DCP in 2018 (then known as the “California
WaterFix”), will be applied resulting in Valley District’s net cost of $1,346,654. The members of
Advisory Commission on Water Policy that attended their last meeting (they did not have a
guorum) expressed their support for Valley District’s continued participation in the project. The

funding agreement has been forwarded to house counsel for review as to form.
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Background
Valley District signed a contract with the State of California on December 30, 1960 for a water

supply from, what would later become known as the SWP. Valley District has used this contract
to supply nearly 1 million acre-feet of imported water since deliveries started in the early 1970s.
However, starting in the mid-1990s and accelerating in the late 2000s, the actual SWP supply
has been steadily reducing due primarily to endangered and threatened species issues
associated with transporting SWP water through the Delta. In response to this continuing water
supply reduction, the California Department of Water Resources (DWR), in cooperation with
participating PWAs, has been developing a conveyance project to restore some of the lost

supply due to environmental regulations.

Valley District participated in the planning and pre-design process for the project when it was
known as the “California WaterFix” (CWF) (formerly “Delta Habitat Conservation and
Conveyance Program”) for a span of more than ten years. In 2008, the Board approved a
participation agreement and funding agreement ($1.85 million) to cover initial environmental,
planning, and preliminary design. Subsequently, in 2012 the Board approved a Supplemental
Funding Agreement ($1.25 million) to finish the environmental documentation and continue the
design process. The combined $3.1 million represented Valley District’'s share of the $240
million CWF initial planning and preliminary design costs. Then in October 2017, the Board
approved a resolution supporting the CWF and agreeing to participate in the project up to our

proportionate share based on Table A.

In 2018, the Board approved an agreement with DWR to provide $10,000,000 for continued
preconstruction planning costs for the California WaterFix Project. About $1.8 million of this
money has been spent to further develop the project and will be reimbursed to Valley District
once bonds have been issued for the project. The remaining $8,194,337 will be applied toward
Valley District’s proportionate share of the requested planning and design costs through the
period ending 2024 resulting in Valley District’s net cost of $1,346,654. Until bonds are issued
for the project, there will continue to be a need for the PWASs to provide funding to keep the

project moving forward.

In January 2019, Governor Newsom announced that he did not support WaterFix, as

configured, but that he did support a single tunnel conveyance project. In May 2019, DWR
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rescinded its approvals for WaterFix and began planning for the single tunnel option. Shortly
thereafter, DWR began public negotiations with the participating PWAs on terms for an eventual
agreement, referred to as an Agreement in Principle (AIP), which generally allocates costs and

benefits for a potential single tunnel facility.

The existing SWP Delta water facilities, which include Clifton Court Forebay and Banks
Pumping Plant in the south Delta, enable DWR to divert water and lift it into the California
Aqueduct for delivery to south-of-Delta PWAs. As described in DWR’s Notice of Preparation, the
proposed DCP would essentially provide a SWP intake north of the Delta along the Sacramento
River between Freeport and the confluence with Sutter Slough and then convey the water under
the Delta in a single tunnel to the south Delta. The new facilities would be operated in
coordination with the existing SWP facilities resulting in two ways to divert and convey water, or
“dual conveyance”. Dual conveyance does not increase the water rights for the SWP but
restores previous losses due to environmental regulations. DCP also helps overcome various
uncertainties associated with conveying water through the Delta including the potential impacts
of climate change and extreme water events and the potential disruption of deliveries due to an
earthquake in the Delta. The overarching objective of Delta Conveyance is to make the SWP

more resilient.

The new north of Delta intake will be sized for up to 6,000 cfs of water from the Sacramento
River to the SWP facilities in the south Delta and would generally include intake facilities,
underground tunnel (two routes are being considered) and other ancillary facilities (Figure 1).
DWR is considering other alternatives as part of the environmental review process with
capacities ranging from 3,000 to 7,500 cfs and participation with and without the Central Valley
Project (CVP).

Based on the preliminary schedule, the final Environmental Impact Report (EIR) will be
completed in about 2023 and other environmental review, permitting and regulatory processes
will be completed by about 2024. Once the DCP receives all necessary approvals and permits
and has complied with all legal requirements, including, but not limited to, obtaining a change in
point of diversion to DWR'’s existing water rights permit, construction would begin (Figure 2). At
present, DWR is engaged in a California Environmental Quality Act (CEQA) scoping process

and has solicited comments on potential impacts and alternatives. DWR is currently working
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toward a reasonable range of project alternatives that avoid or substantially reduce potentially
significant impacts.

Delta Conveyance Project /
Proposed New Facilities

Legend
B Fotential Intakes (Only Two Sites will be Selected) vy
" Intakes and North Tunnels

{1 Pumping Plant, Southern Forebay, and South Delta Conveyance
Potential Optional Tunnel Corridors (Only One Corridor will be Selected)

. Central Tunnel Corridor

~ 7 Eastern Tunnel Corridor

[Banks]

Plant
X\ i
R N, e =
Figure 1. Map showing locations of potential tunnel intakes in relation to current SWP
Pumping Plant.
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Delta Conveyance Project Schedule

CEQA/NEPA 2020 2021 2022 2023 2024

Admin Draft EIR/EIS
Revise and prepare Public Draft EIR/EIS
Public review period

Final EIR/EIS and ROD/NOD

Other Environmental Processes

Biological Assessment and ITP Application

Biological Opinion

ITP
Water Rights

Delta Plan Consistency

Other Environmental Permits

Figure 2. Current Delta Conveyance Project schedule.

[
Figures 3 and 4 provide the average annual SWP deliveries under existing and future scenarios
with and without the DCP. The Current Trends future scenario, which provides a reasonable
expectation of conditions at the start of DCP operations, indicates the restoration of
approximately 500,000 AF in annual, average SWP deliveries. On average, the DCP is
estimated to result in about 100,000 AF to 1,000,000 AF per year of restored SWP deliveries as
compared with no DCP, about 700,000 AF per year assuming a delivery disruption associated

with an earthquake and about 900,000 AF per year under extreme sea level rise.

Preliminary Estimate of Annual SWP Delta Exports
B Without DCP  ® Increment with DCP
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Figure 3: Preliminary modeled average annual SWP exports under existing and plausible future

scenarios and corresponding increment resulting with the DCP
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Without the DCP, SWP deliveries are estimated to be further reduced by an average of about
300,000 AF to 1,000,000 AF under various, plausible future scenarios for regulatory changes,
sea level rise and seismic risk. With DCP these uncertainties have little impact demonstrating
the resilience of the SWP with the DCP.

Estimated Annual SWP Delta Exports

. 3.0 Future Scenarios
£ L 4
g 25 & W # Current Trends
P S B X More Restrictive South Delta
32 -
5 15 % M Increased Delta Outflow
oo Requirements
g 2 10 Extreme Sea Level Rise
¢ E
4 = e
@ 0.5 ¥ Seismic and Delta Levee
o Integrity
)]
E 0.0

Existing Future without DCP  Future with DCP

Figure 4: Preliminary modeled average annual SWP exports under the future scenarios with and

without the DCP compared to the existing scenario

In addition to the water supply benefits, the DCP is expected to provide operational flexibility to
capture some of the peak storm flows that have historically flowed to the ocean, improved water

guality, conveyance capacity for water transfers and potential carriage water savings.

The Delta Conveyance Authority (DCA) developed a preliminary cost estimate for the DCP.
DCA is still very early in the planning process which results in a higher level of uncertainty for
the estimate. As the planning and design of DCP progresses, the level of uncertainty will
decrease resulting in more confidence in the cost estimate. To overcome the current level of
uncertainty, DCA added a contingency of about 38%. An independent review of the DCA cost
estimate by AECOM concluded that the contingency may be as high as 44% taking into
consideration the conservative design. This estimate does not include the final mitigation costs
or cost items such as community benefits, DWR planning costs, inflation or financing costs. The
estimate does include construction costs, soft costs, and environmental mitigation costs in 2020
dollars (no finance costs). In other words, the estimate is as if the DCP was built entirely in
2020. Itis the DCA'’s opinion that there is a 50% probability that the DCP will cost $15.9 billion
in 2020 dollars.
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The draft Agreement In Principle includes the proposed terms for an agreement to allocate
costs and benefits. The AIP generally includes the following:

< An option for PWASs to opt out of the costs and benefits of the DCP.

« A requirement that PWAs may not commit to less than a 100% of their Table A
percentage but they are allowed to increase their participation above their Table A
percentage.

« States that the DCP will be constructed and operated as an integral part of the SWP so
any contract amendment is constrained by the transition date in the Contract Extension
Amendment.

* DWR will determine the amount of water attributable to DCP each year which will be
additive to Table A for participants.

« Each PWA is responsible for the costs associated with their participation percentage

» Describes how costs will be billed to participating PWAs

« Describes the benefits that participants will receive, including a proportionate share of

the water supply and conveyance capacity.

A copy of the AIP is attached. Participating PWAs are being asked to provide their participation
level, as a percentage of the total, in order to confirm that the DCP is 100% subscribed and to
proportion planning costs. Staff is recommending that Valley District participate for its Table A
amount, or 2.8% of the DCP. If the Board approves this percentage, it will be included in the
AIP and proposed agreement. Once the agreement has been developed and undergone

environmental review, it will be brought back to a Board workshop for review.

Participating PWAs must enter into a funding agreement with DWR to provide their
proportionate share of the funds for environmental, planning and design costs through 2024.
Valley District’'s net payment would be $1,364,654. PWAs are given the option to authorize the
entire amount or the amount for the first two years. As a show of support for the DCP, Staff is
recommending that the Board authorize the entire amount. If the project were not to move

forward, Valley District would be reimbursed for any unspent funds.

Fiscal Impact
Valley District’s cost for 2021 is $249,832 which was included in the State Water Project budget

for 2020-21.
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Staff Recommendation

Staff recommends that the following actions be forwarded to the Board of Directors for
consideration:
1. Establish Valley District's participation level at 2.8% of the total
2. Approve the funding agreement for Valley District’s portion of the planning and
engineering costs

3. Approve Notice of Exemption

Attachments

1. Letter of support from members of the Advisory Commission on Water Policy
Cost sharing and payment schedule for Delta Conveyance
Delta Conveyance Funding Agreement

Delta Conveyance Agreement in Principle

a > w DN

Notice of Exemption
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. San Bernardino Valley

Water Conservation District
Helping Nature Store Our Water

October 16, 2020

Board of Directors

San Bernardino Valley Municipal Water District
380 East Vanderbilt Way

San Bernardino

Ca 92408

SUBJECT: Recommendation of Advisory Commission on Water Policy to Support Valley District’s
Continued Participation in the Delta Conveyance Project

Dear Directors:

At the Advisory Commission Meeting on October 15 the Commission reviewed a presentation by Bob Tincher
requesting support of the Commission for Valley District’s continued participation in the Delta Conveyance
Project (DCP). It should be noted that a quorum of Commissioners was not present at this meeting.

Mr. Tincher said that the DCP is a reconfigured project previously known as the California WaterFix. The
WaterFix project proposed twin pipelines to bypass the Delta and completed planning and environmental
work. In September 2017 the Commission reviewed Valley’s participation in this project and recommended to
the Valley Board to continue to partner with other SWP contractors to implement this project.

In January 2019 Governor Newsom announced he did not support the WaterFix, as configured, but he did
support a single tunnel conveyance project. In May 2019 DWR rescinded its approvals of the WaterFix and
began planning for the DCP single tunnel option. The DCP will restore some of the water lost over the years
due to environmental regulations and conveying water through the Delta. Mr. Tincher said Valley’s portion of
the planning and design costs for the DCP over the next four year is $9.2 million. Valley had already in 2018
allocated $10 million for the WaterFix and this money could be used to cover this cost.

It was the unanimous consensus of the eight Commissioners at the meeting to establish Valley District’s
funding level at 2.8% (based on the current SWP contractors participating) of the DCP, and to approve the
funding agreement for only the planning and engineering costs at this time.

Sincerely,

Gl Cornardd,
Richard Corneille
Chairperson

San Bernardino Advisory Commission on Water Policy

1630 W. Redlands Blvd, Suite A BOARD OF Division 3: GENERAL
Redlands, CA 92373 DIRECTORS Robert Stewart MANAGER
Phone: 909.793.2503 Division 1: Division 4: Daniel B. Cozad

Fax: 909.793.0188
www.sbvwed.org  Email: info@sbvwed.org

Richard Corneille

Division 2:
David E. Raley

John Longville

Division 5:
Melody McDonald
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State Water Contractors

Summary of the 4th Supplemental Funding Agreement Commitment by Participating PWAs

asof: Oct. 15,2020
4th Supplemental Total $340.7M

3rd Supplemental Funding Agreement for CWF
(through December 31, 2019)

Closeout of 3rd
Supplemental Funding
Agreement

4th Supplemental Funding Agreement for DCF

(through December 31, 2024)

C i and of Balance of PWDs Funds Group C- CREDITto be applied to C i C less Credit C i C Balance of 4th Supplemental
g Collected Funds May 2, 2019 spent on DCF (3rd Supplemental Balance of Funds the 4th Supplemental (%) S) from 3rd Supplemental Year1 Year2 Year3 Year4 Commitment to be collected
8 (Updated 12/3/2019_Final) [ Funding Agreement) Reauthorized Funding Agreement for Agreement 2021 2022 2023 2024 from each PWA
S 10.12.2020 Call to Contractor i =
-:E' SWP Contractors DCF (DCF Planning Costs = ) $) ©) ©) $) $)
g $331,500,000 +9,253,856)
w
8
$ 340,753,856 | $ 328,963,654 | $ 61,029,456 | $ 59,540,933 | $ 99,234,888 | $ 109,158,377 || $ 328,963,654
[B] Icl [D]=B-C [H]=D [11-8-G 0l [K] [L] M] IN] ()] [P] [a]
1 | Dudley Ridge Water District 1.02% $ 3,473,733 | $ 3,473,733 | $ 644,448 | S 628,730 | § 1,047,883 | $ 1,152,671 || $ 3,473,733
2 |Kern County Water Agency (AG) 20.91% S 71,249,744 | $ 71,249,744 | $ 13,218,278 | $ 12,895,881 | $ 21,493,135 | $ 23,642,449 || S 71,249,744
2 |Kern County Water Agency (M1) 3.32% S 11,307,483 | $ 11,307,483 | $ 2,097,768 | $ 2,046,603 | $ 3,411,005 | $ 3,752,106 || $ 11,307,483
3 |Alameda County FC&WCD, Zone 7 2.20% $ 7,496,931 | $ 7,496,931 | $ 1,390,833 | $ 1,356,911 | $ 2,261,518 | $ 2,487,669 || $ 7,496,931
4 |San Luis Obispo County FCRWCD 0.68% $ 2,324,803 | $ 2,324,803 | $ 431,298 | $ 420,779 | $ 701,298 | $ 771,428 (| $ 2,324,803
5  Desert Water Agency 1.52% S 5,184,310 | $ 5,184,310 | $ 961,795 | $ 938,337 | $ 1,563,895 | $ 1,720,284 || S 5,184,310
6 | Palmdale Water District 1.06% $ 3,601,840 | $ 3,601,840 | 668,215 | $ 651,917 | $ 1,086,528  $ 1,195,181 || $ 3,601,840
7 | San Gabriel Valley Municipal Water District 0.79% $ 2,678,173 | $ 2,678,173 | $ 496,856 | $ 484,737 | $ 807,895 | $ 888,685 || $ 2,678,173
8 | VenturaCounty Watershed Protection District 0.55% S 1,859,842 | $ 1,859,842 | $ 345,039 | S 336,623 | $ 561,038 | $ 617,142 (S 1,859,842
9 |Alameda County Water District REQUESTING REFUND S 459,050 $ 82,889 S 376,161 S - 1.15% $ 3,905,669 | $ 3,905,669 | $ 724,581 | $ 706,908 | $ 1,178,181 | $ 1,295,999 || $ 3,905,669
Requesting Board approval to
apply the$1.2Masa prepayment
10 Antelope Valley-East Kern Water Agency to the 4th Supplemental. Ifnot
approved, $ to berefunded.
1,583,110 $ 285,856 $ 1,297,254 S 1,297,254 3.95% $ 13,469,350 | $ 12,172,096 | $ 2,258,172 | $ 2,203,094 | $ 3,671,824 | $ 4,039,006 || $ 12,172,096
Requesting Board approval to
applythe $1.239Masa
11 |CoachellaValley Water District prepayment to the 4th
Supplemental. If not approved, $
to berefunded. (Board 10/27) | ¢ 1,512,132 $ 273,040 $ 1,239,092 $ 1,239,092 3.78% $ 12,865,459 | $ 11,626,367 | $ 2,156,928 | $ 2,104,320 | $ 3,507,200 | $ 3,857,920 || $ 11,626,367
12 Mojave Water Agency REQUESTING REFUND S 981,492 S 177,224 $ 804,268 S = 2.45% S 8,350,692 | $ 8,350,692 | $ 1,549,223 | $ 1,511,437 | $ 2,519,062 | $ 2,770,969 || $ 8,350,692
13 | SantaClaraValley Water District $ 1,092,975 $ 197,354 $ 895,621 S - 2.73% $ 9,299,211 | $ 9,299,211 | $ 1,725,193 | $ 1,683,115 | $ 2,805,192 | $ 3,085,711 | $ 9,299,211
14 |Metropolitan Water District of So. Calif. $ 41,500,000  $ 7,493,503 S 34,006,497 S - 47.13% $ 160,581,380 | $ 160,581,380 | $ 29,791,116 | $ 29,064,503 | $ 48,440,839 | $ 53,284,922 || $ 160,581,380
. Add Balance to 4th Supplemental
15 |Santa Clarita Valley Water Agenc N
v gency and provide CR $ 1,040,513 ' $ 187,882 ' $ 852,631 $ 852,631 (S 852,631 2.60% S 8,852,849 | $ 8,000,218 | $ 1,484,203 | $ 1,448,003 | $ 2,413,339 | $ 2,654,673 || $ 8,000,218
n Add Balance to 4th Supplemental
16 |Crestline-Lake Arrowhead Water Agenc
s and provide CR 5] 63,392 | S 11,446 S 51,946 $ 51,946 || $ 51,946 0.16% $ 539,354 | $ 487,409 | $ 90,424 | $ 88,219 | $ 147,031 | $ 161,734 || $ 487,409
17 |San Bernardino Valley Municipal Water District SdiBelanceio 4”,1 SupElemental
and provide CR S 10,000,000 | $ 1,805,663 S 8,194,337 $ 8,194,337 || $ 8,194,337 2.80% $ 9,540,991 | $ 1,346,654 | S 249,832 | $ 243,738 | $ 406,230 | $ 446,854 || $ 1,346,654
. Add Balance to 4th Supplemental
- D U Ay and provide CR s 189,085 | $ 34,142 | $ 154,943 $ 154,943 || $ 154,943 1.22%) $ 4,172,043 | $ 4,017,100 | $ 745,254 | $ 727,077 | $ 1,211,795 | $ 1,332,974 || 4,017,100
All SWP Contractors $ 58,421,749 | $ 10,549,001  $ 47,872,748 | $ 9,253,856 || $ 11,790,202 100%| $ 340,753,856 | $ 328,963,654 | $ 61,029,456 | $ 59,540,933 | $ 99,234,888 | $ 109,158,377 || $ 328,963,654
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State of California
California Natural Resources Agency
DEPARTMENT OF WATER RESOURCES

AGREEMENT FOR
THE ADVANCE OR CONTRIBUTION OF MONEY TO
THE DEPARTMENT OF WATER RESOURCES
BY
THE SAN BERNARDINO VALLEY MUNICIPAL WATER DISTRICT

FOR PRELIMINARY PLANNING AND DESIGN COSTS RELATED TO A
POTENTIAL DELTA CONVEYANCE PROJECT

THIS AGREEMENT is made, pursuant to the provisions of all applicable laws of the
State of California, between the State of California, acting by and through its Department of Water
Resources (“Department” or “DWR?”), and the San Bernardino Valley Municipal Water District
(“Contractor”), each herein referred to individually as a “Party” and collectively as the “Parties”.

Recitals

WHEREAS, DWR and the Contractor listed on the signature page hereto have entered into and
subsequently amended a long-term water supply contract, herein referred to as a “Water Supply
Contract,” providing that DWR will supply certain quantities of water to the Contractor, providing
that Contractor shall make certain payments to DWR, and setting forth the terms and conditions
of such supply and such payments; and

WHEREAS, the Bay Delta Conservation Plan (“BDCP”) process was initiated in 2005-2006 and
the Delta Habitat Conservation and Conveyance Program (“DHCCP”) was initiated in 2008; and

WHEREAS, the Bay Delta Conservation Plan (“BDCP”) and (“DHCCP”) resulted in
development of a project known as the California WaterFix (“WaterFix”); and

WHEREAS, on July 21, 2017, DWR approved the California WaterFix project; and

WHEREAS, certain Contractors have entered into that certain Joint Powers Agreement dated May
14, 2018 forming the Delta Conveyance Design and Construction Authority (“DCA”); and

WHEREAS, DWR and DCA have entered into that certain Joint Powers Agreement (“JEPA”),
dated May 22, 2018, as amended and restated, and as the same has or may be further amended,
wherein the DCA will provide preliminary design, planning and other preconstruction activities to
assist the environmental planning process for a potential Delta conveyance project under the
supervision of DWR (the “Work” as defined in the JEPA); and
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WHEREAS, Contractor previously entered into a funding agreement with DWR dated August 24,
2018 to provide a share of preconstruction planning activity costs for California WaterFix (“2018
Gap Funding Agreement”); and

WHEREAS, on May 2, 2019, DWR rescinded its approval of the California WaterFix project and
subsequently notified Contractor by letter on May 24, 2019 that DWR would not expend funds
contributed under the 2018 Gap Funding Agreement to pay invoices for DCA costs incurred after
May 2, 2019, absent further Contractor authorization (see Exhibit A); and

WHEREAS, Contractor in 2019 provided further authorization to DWR to expend the funds
contributed pursuant to the 2018 Gap Funding Agreement for the Work in accordance with the
JEPA, as the same may be amended from time to time; and

WHEREAS, Contract desires to provide additional funding consistent with this Agreement; and

WHEREAS, a copy of the resolution or other Board authorization of the Board of Directors of
Contractor authorizing its General Manager to execute this Agreement is attached hereto as Exhibit
B; and

WHEREAS, a State Agency may advance or contribute funds to DWR for SWP purposes pursuant
to Water Code section 11135 and (ii) DWR may accept such advanced or contributed funds and
thereafter use such funds in accordance with the terms of this Agreement pursuant to Water Code
section 11141; and

WHEREAS, Contractor agreed to advance or contribute to DWR $10 million pursuant to the 2018
Gap Funding Agreement; and

WHEREAS, in 2019 Contractor entered into a funding agreement with DWR wherein Contractor
reauthorized DWR to use remaining 2018 Contributed Funds for purposes consistent with that
agreement; and

WHEREAS, DWR and Contractor desire to enter into this funding Agreement to provide
additional funding to be spent consistent with this Agreement.

AGREEMENT
NOW, THEREFORE, it is mutually agreed by the Parties as follows:
1. When used in this Agreement, terms defined in the Water Supply Contract (as defined
herein) shall be defined by reference to the Water Supply Contractor. In addition, the

following definitions shall apply:

a. “Calendar Year” means the period January 1 through December 31.
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"Contributed Funds” means money contributed or advanced to DWR by
Contractor pursuant to this Agreement. The total initial amount Contractor agrees
to provide is $ 1,346,654 and is comprised of the following annual amounts to be
paid to DWR in the manner described in Section 5 of this Agreement: $249,832
(2021), $243,738 (2022), $406,230 (2023), $446,854 (2024).

“2018 Contributed Funds” means money contributed by Contractor pursuant to
the 2018 Gap Funding Agreement.

“2019 Funding Agreement” means the agreement that authorized DWR to use
remaining 2018 Contributed Funds for planning of a Delta conveyance project.

“Contribution Payment(s)” means the payments of Contributed Funds that
Contractor agrees to provide to DWR pursuant this Agreement

. “Contractor” means a State Agency that is a party to a Water Supply Contract
with DWR.

“Department” or “DWR” means the California Department of Water Resources.
“Effective Date” has the meaning ascribed to it in section 11 hereof.

“JEPA” means the Joint Exercise of Powers Agreement between DWR and the
DCA dated May 22, 2018, as amended and restated and as may be further amended
from time to time.

“Pay-Go Charge” means the charge included on Contractor’s Statements of
Charges for the purpose of collecting Contributed Funds that Contractor agrees to

advance or contribute to DWR pursuant to this Agreement.

“Party” or “Parties” means DWR, the undersigned Contractor, or all signatories to
this Agreement.

. “State Agency” has the meaning ascribed to it by Water Code section 11102.

. "SWP" or “State Water Project” means the State Water Project operated by DWR.
The SWP generally includes the State Water Facilities, as defined in California

Water Code section 12934(d), and certain facilities authorized by the Central Valley

Project Act at section 11100 et. seq.

“Water Supply Contract” means the long-term water supply contract, as amended
and as may be amended in the future, between Contractor and DWR.

“Work” has the meaning ascribed to it in the Recitals to this Agreement.
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Effect of Agreement. Effect of Agreement. DWR and Contractor agree that nothing in this
Agreement supersedes previous funding agreements or the obligations under those funding
agreements unless specifically addressed in this Agreement.

Purposes of Agreement.  This Agreement documents Contractors agreement to provide
Contributed Funds to DWR for the purposes set forth in Section 4, the manner of providing
those funds as set forth in Section 5, and the means by which future contributions may be
made.

. Use of Funds. DWR shall use any remaining 2018 Contributed Funds, Contributed Funds
and any future Contributed Funds collected from Contractor pursuant to section 5 hereof,
for the payment of DCA invoices submitted to DWR on or after October 1, 2020, for the
Work done or costs incurred by DCA, or for Delta conveyance project planning work done
by DWR through the Delta Conveyance Office (“DCQO”) and any other purpose consistent
with the JEPA, as the same has been, and may be, amended from time to time. DWR will
not use funds provided under this Agreement for the activities described in the Mitigated
Negative Declaration for Soil Investigations for Data Collection in the Delta adopted by
DWR on July 9, 2020.

Charge Procedure. Contractor shall pay its Pay-Go Charge on the date(s) and in the
amount(s) set forth on the revised Statement of Charges for 2021, and subsequent
Statements of Charges issued to Contractor by DWR. Contractor may agree, without
amending this Agreement, to advance additional funds after the Effective Date, which shall
be considered Contributed Funds, by delivery to DWR of a letter in substantially the form
attached hereto as Exhibit C, which letter shall specify the amount to be advanced or
contributed, whether the payments will be in the form of one or more lump sums or in 12
equal installments, and together with such other information the Parties deem necessary or
desirable to effectuate the advance or contribution. A copy of the resolution, or other Board
authorization, of Contractor’s Board of Directors approving the subject contribution shall
be enclosed with the letter. Upon receipt of a contribution letter DWR shall indicate its
agreement by returning a counter signed copy of the letter to Contractor. The agreed upon
advance or contribution shall thereafter be included in Contractor’s Statement of Charges
or a revised Statement of Charges, as appropriate. The charge shall be designated by
reference to the year in which the charge is to begin, followed, if there be more than one
such subsequent advance or contribution in a year by a dash and an integer followed by the
words Pay-Go Charge.

. Limitation. With respect to the Work and the DCA, nothing in this Agreement imposes any
duty or obligation either expressly or by implication on DWR other than the duty to use
Contributed Funds to pay the undisputed portion of DCA invoices submitted to DWR
during the term of this Agreement in accordance with the terms of this Agreement and the
JEPA if, as and when Contributed Funds have been received by DWR under this Agreement
and other similar agreements or arrangements with other Contractors for purposes
substantially the same as those described herein and is available for the payment thereof.
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7.

10.

11.

12.

Reporting. DWR, through its DCO and in coordination with its State Water Project
Analysis Office (SWPAOQ), shall annually prepare a report summarizing the advances or
contributions received, and expenditures made pursuant to, this Agreement. The first such
report shall be completed not later than March 31, 2021 and thereafter not later than March
31 of each subsequent year. Contractor may request in writing a summary of the advances,
contributions, and expenditures at any time during the term of this Agreement and DWR
shall provide such within thirty (30) days of such written request.

Status of Project. Contractor recognizes that the funds contributed pursuant to this
Agreement are for the planning activities in support of DWR’s environmental review and
permitting process, including but not limited to the Work, for a potential Delta conveyance
project. The advance or contribution of Contributed Funds is not contingent on, or in
exchange for, DWR’s agreement to exercise its discretion in future to approve a Delta
conveyance project.

Unspent Funds. Upon termination of this Agreement, it is the intent of the Parties that any
unspent Contributed Funds remaining after payment of all costs for which the funds were
contributed will be returned to Contractor as a credit on Contractor’s Statement of Charges
in proportion to its percentage share of advances or contributions made by all Contractors
that entered into Agreements similar to this Agreement.

Reimbursement of Contributed Funds. If a Delta conveyance project is approved by DWR
and is implemented it is the intent of the Parties hereto that the Contributed Funds spent in
accordance with this Agreement, the 2018 Gap Funding Agreement, and the 2019 Funding
Agreement be reimbursed or credited to Contractor according to the relative amount each
such Contractor paid pursuant to this Agreement, the 2019 Funding Agreement and the
2018 Gap Funding Agreement, upon the issuance and sale of revenue bonds by either the
Department or a Joint Powers Authority established, whichever occurs earlier, for the
purpose of, among other things, funding a future Delta conveyance facility. The
Department shall be under no obligation to issue and sell bonds for the purpose(s) described
in the foregoing sentence or to undertake any reimbursement or credit as so described,
unless a determination is first made by DWR in its sole discretion that such issuance and
sale of revenue bonds, such reimbursement, or such credit as applicable is consistent with
applicable law, applicable judicial rulings, and applicable contractual obligations of DWR,
and the Parties have negotiated and executed such further agreements as may be necessary
to accomplish such credit or reimbursement on terms acceptable to DWR.

Effective Date and Term. This Agreement shall become effective on the date the last Party
hereto signs the Agreement as set forth on the signature page(s) hereto (“Effective Date”)
and shall continue in effect until terminated in writing by the Parties. The Parties obligations
under Section 10 shall survive termination of this Agreement.

Invoices, Notices or Other Communications.  All invoices, notices, or other
communications required under this Agreement will be in writing, and will be deemed to
have been duly given upon the date of service, if: (i) served personally on the Party to
whom notice is to be given; (ii) sent by electronic mail, and the Party to whom notice is to
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be given confirms receipt; or (iii) on the third day after mailing, if mailed to the Party to
whom invoice, notice or other communication is directed, by first-class mail, postage
prepaid, and properly addressed to the designated representative(s) of the Party set forth
below.

DWR: Pedro Villalobos
Chief, State Water Project Analysis Office
Department of Water Resources
1416 Ninth Street, Room 1620
Post Office Box 94236
Sacramento, California 94236-0001

Copy to

Anthony Meyers

Executive Director, Delta Conveyance Office
Department of Water Resources

901 P Street, Room 413

Sacramento, California 94236-0001

Copy to

Christopher Martin

Office of the Chief Counsel
Department of Water Resources
1416 Ninth Street, Room 1620
Post Office Box 94236
Sacramento, California 94236-0001

Contractor:

Copy to:

Heather Dyer

CEO/General Manager

San Bernardino Valley Municipal Water District
380 E. Vanderbilt Way

San Bernardino, CA 92373

13. No Delegation of Authority. Nothing in this Agreement constitutes a delegation by any
Party of its existing authority to make any decision it is mandated to make. Nothing in this
Agreement shall limit DWR’s final decision-making authority at the time of consideration
of future Delta conveyance facility related approvals. All provisions of this Agreement are
intended to be, and shall to the extent reasonable be interpreted to be, consistent with all
applicable provisions of State and federal law. The undersigned recognize that the Parties
are public agencies and have specific statutory responsibilities, and that actions of these
public agencies must be consistent with applicable procedural and substantive requirements
of State and federal law. Nothing in this Agreement is intended to, nor will have the effect
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of, constraining or limiting any public agency in carrying out its statutory responsibilities
or requiring an agency to take any action inconsistent with applicable law. Nothing in this
Agreement constitutes an admission by any Party as to the proper interpretation of any
provision of law, nor will it have the effect of, waiving or limiting any public entity’s rights
and remedies under applicable law except as expressly provided elsewhere in this
Agreement. Execution of this Agreement does not constitute pre-approval of any project
or preferred project alternative, or waive or otherwise abridge responsible trustee duties
required, or discretion authorized or granted by, State and federal law.

14. Amendment. Except as otherwise set forth above, this Agreement may only be amended or
modified by a subsequent written agreement approved and executed by both Parties.

15. Applicable Law. This Agreement will be construed under and will be deemed to be
governed by the laws of the United States and the State of California.

16. Integration. This Agreement constitutes the sole, final, complete, exclusive and integrated
expression and statement of the terms of this Agreement among the Parties concerning the
subject matter, and supersedes all prior negotiations, representations or agreement, either
oral or written, that may be related to the subject matter of this Agreement.

17. Counterparts. This Agreement may be executed in counterparts, each of which shall
constitute an original, but all of which shall constitute one and the same agreement. Each
signing Party shall have received a copy of the signature page signed by every other Party.

Exhibits attached and incorporated herein:
Exhibit A Letter from DWR dated May 21, 2019
Exhibit B Board Resolution or other Board Authorization
Exhibit C Form of Letter Regarding Future Contributions
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IN WITNESS WHEREOF, the Parties hereto, by their authorized representatives, have
executed this Agreement on the date(s) set forth below.

Approved as to Legal Form
and Sufficiency

Spencer Kenner, Chief Counsel

Date

Approved as to Legal Form
and Sufficiency

Brendan Brandt, House Counsel

State of California
Department of Water Resources

Karla A. Nemeth,
Director

Date

San Bernardino Valley Municipal
Water District

Date

Heather Dyer, CEO/General Manager

Date
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Exhibit A

Letter from DWR to Contractor
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Exhibit B

Resolution of the Board of Directors of Contractor
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Exhibit C
Form of Contribution Letter

[date]
[address]

Re: Contribution or Advance of Money for Delta Conveyance Planning Activities
Dear Mr. Villalobos:

This letter is sent pursuant to section 5 of the Agreement for the Advance of Contribution of Money
to the Department of Water Resources for Preliminary Planning and Design Costs Related to a
Potential Delta Conveyance Project dated , 2019 between Department of Water
Resources and the [agency] (“Funding Agreement”).

On [date] the Board of Directors of [agency] approved the contribution or advance of $[amount]
to the Department for use in accordance with the terms of the Funding Agreement. A copy of the
Board’s resolution is enclosed with this letter. The contribution or advance will be collected from
[agency] in [a lump sum][equal monthly installments] by inclusion of a charge [on its Statement
of Charges for [year]][on a revised Statement of Charges for [year] that Department will issue to
[agency]]. The charge shall be referred to as the [year] Pay-go Charge. As provided by section 5
of the Agreement the contribution or advance described herein will be subject to the terms and
conditions of the Agreement.

Please confirm your agreement to the foregoing by countersigning in the space provided below
and returning an original copy of this letter agreement to [agency] at [address].

[signature blocks for agency and Department]
Enclosure(s)

cc: Gary Lippner, Deputy Director of Delta Conveyance
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DCP Negotiation # 141
Final AIP

April 30, 2020

Page 1 0of 9

AGREEMENT IN PRINCIPLE
April 30, 2020

This Agreement in Principle has been developed from the State Water Contractor Public Water
Agencies’ offers presented from July 24, 2019 to present, Department of Water Resources’ offers
presented from July 31, 2019 to present, and information discussed and presented by the technical and
legal work groups.

Agreement in Principle for the State Water Project Water Supply Contract Amendment
ona
Delta Conveyance Project

This Agreement in Principle (AIP) is by and between certain State Water Project Public Water Agencies
(PWAs) and the State of California through the Department of Water Resources (DWR) for the purpose
of amending the State Water Project Water Supply Contracts.

AIP Objective:

1. Develop an agreement between the State Water Project Contractor Public Water Agencies and
Department of Water Resources to equitably allocate costs and benefits of a potential Delta
Conveyance Facility that preserves operational flexibility such that the Department of Water
Resources can manage the State Water Project to meet regulatory requirements, contractual
responsibilities, and State Water Project purposes.
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AIP Outline:

l. Definitions

. Objective 1 - Availability of an option to opt out of costs and benefits of Delta Conveyance
Facilities of the State Water Project

1. Objective 2 - Availability of an option to assume, or partially assume, costs and benefits of
Delta Conveyance Facilities of the State Water Project

V. Objective 3 - Pursuit of State Water Project Delta Conveyance Facilities under the State
Water Project Water Supply Contracts

V. Objective 4 - Delta Conveyance Facility billing

VI. Objective 5 - Delta Conveyance Facility benefits allocation

VII. Objective 6 - Affect upon other Water Supply Contract provisions
VIIL. Other Provisions

IX. Environmental Review Process

X. Authorized Representative Signatures
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Definitions

Clifton Court Forebay shall mean the existing State Water Project diversion at Clifton Court
Forebay facility through its intake located on Old River in the southern Delta and the associated
Skinner Fish Facility.

Delta shall mean the Sacramento-San Joaquin Delta as defined in Section 12220 of the California
Water Code on the date of approval of the Bond Act by the votes of the State of California.

Delta Conveyance Facility (DCF) shall mean those facilities of the State Water Project consisting
of a water diversion intake structure, or structures, located on the Sacramento River and
connected by facilities to Banks Pumping Plant in the southern Delta with a single tunnel that
will serve the water supply purposes of the State Water Project.

DCF Benefits shall mean those water supply and capacity benefits attributable to the DCF
including but not limited to: (1) Table A water supplies; (2) Article 21 water supplies; (3) carriage
water savings; (4) reliable water supply and use of DCF available capacity in the event of a
temporary or permanent physical, regulatory, or contractual disruption of southern Delta
diversions; and (5) use of DCF available capacity to move non-project water through the
proposed DCF.

Fair Compensation shall include but is not limited to capital recovery, operations and
maintenance, replacement, and variable charges associated with the use of the DCF capacity.

State Water Project (SWP) shall mean the State Water Resources Development System as
described in California Water Code section 12931.

State Water Project Contractor Public Water Agencies (PWAs) shall include the 29 entities
holding State Water Project Water Supply Contracts with the Department of Water Resources.

Obijective 1 - Availability of an option to opt out of costs and DCF Benefits

This AIP makes available to each PWA an option to opt out of the costs and benefits of the DCF
through a contract amendment that establishes a Statement of Charges (SOC) percentage of
DCF Benefits based on the percentages in the Delta Conveyance Allocation Factors table to
water attributable to the DCF, as described in Section VI of this AIP.

PWAs indicating an intent to opt out of costs and benefits of the DCF shall be described in
Section VI(a) of this AIP.

An option to opt out of DCF costs and benefits are limited such that a PWA must opt out of at
least a minimum 100% of its Municipal and Industrial Table A or 100% of its Agricultural Table A.
This provision doesn’t prohibit a PWA from taking more than their Table A share, if available, in
the Delta Facilities Allocation Factor table.
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Obijective 2 - Availability of an option to assume additional costs and benefits of the DCF

This AIP makes available to each PWA an option to assume additional costs and benefits of the
DCF through a contract amendment that establishes additional costs on the SOC in exchange for
DCF Benefits based on the percentages in the Delta Conveyance Allocation Factors table to
water attributable to the DCF, as described in Section VI of this AIP.

PWAs indicating an intent to assume DCF costs and benefits shall be described in Section VI(b) of
this AIP.

Obijective 3 - Pursuit of State Water Project Delta Conveyance Facilities under the State Water
Project Water Supply Contracts

The DCF shall be constructed and operated as an integrated component of the State Water
Project, and DWR will continue to operate the State Water Project at its sole discretion.

The DCF is an authorized component of the State Water Project pursuant to California Water
Code sections 11100 et seq. and 12930 et seq.

Effective Date: A contract amendment pursuant to this AIP shall have an effective date no
sooner than the billing transition date set forth in State Water Project Water Supply Contract
Amendment known as The Contract Extension Amendment.

Administration of DCF: DWR will forecast and account for Project Water attributable to the DCF
and DWR will determine whether or not that Project Water would not have been available at
Clifton Court Forebay. A whitepaper describing the DWR’s and the PWAs’ current understanding
of the approach on forecasting, administration, and accounting is contained in Attachment 1.
Attachment 1 will not be incorporated into contract language.

Obijective 4 - Delta Conveyance Facility billing

a. These costs would be billed to and collected from SWP PWAs consistent with the Delta
Facilities Allocation Factor table below through their annual SOC.

b. Delta Conveyance Facilities Charge Components: All capital and minimum operations,
maintenance, power and replacement (OMP&R) costs associated with the DCF are 100%
reimbursable and shall be recovered by DWR from PWAs through their annual SOCs
consistent with the Delta Facilities Allocation Factor table. These costs shall be allocated to
and billed under two new charges as follows:

(1) Delta Conveyance Facilities Capital Charge Component.
(2) Delta Conveyance Facilities Minimum OMP&R Component.
c. Delta Conveyance Facilities Capital Charge Component Method of Computation

1. This computation will recover actual annual debt service created by financing activities
(Financing Method) for DCF.
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2. Each Financing Method shall provide an annual repayment schedule, which includes all
Financing Costs.

3. Financing Costs shall mean the following: Principal of and interest on Revenue Bonds,
debt service coverage required by the applicable bond resolution or indenture in
relation to such principal and interest, deposits to reserves required by the bond
resolution or indenture in relation to such Revenue Bonds, and premiums for insurance
or other security obtained in relation to such Revenue Bonds.

Financing Method shall be divided into four categories: DCF Capital Costs paid with the
proceeds of Revenue Bonds; DCF Capital Costs paid with amounts in the State Water
Resources Development System Reinvestment Account; DCF Capital Costs paid annually for
assets that will have a short Economic Useful Life or the costs of which are not substantial,
and DCF Capital Costs prepaid by the PWAs consistent with the Delta Facilities Allocation
table.

DCF Capital Charge Component should be allocated to the PWAs in proportion to the Delta
Conveyance Facilities Allocation Factors for each calendar year and consistent with the
Delta Facilities Allocation Factor table.

Delta Conveyance Facilities Minimum OMP&R Charge Component Method of
Computation

1. Recovery will be estimated and/or actual annual OMP&R costs determined for the DCF
each year.

2. DCF Minimum OMP&R Charge Component shall be allocated to the PWAs in proportion
to the Delta Conveyance Facilities Allocation Factors for each calendar year.

Delta Conveyance Facilities Energy Charges: The DCF energy costs are 100% reimbursable
by the PWAs and the methodology will be determined by DWR, reviewed in the SWRDS
Finance Committee, and approved by the Director.

Redetermination: These charges shall be subject to redetermination.

Step-up: PWAs that execute a contract amendment to opt out will not be allocated any
portion of a step-up required in the event of a default on a DCF Capital Charge.

Delta Conveyance Facilities Allocation Factors: The following table is a preliminary
allocation of DCF participation percentages. Only PWAs with a greater than 0 percentage
would be billed for DCF Charge Components through their annual SOC, using the Delta
Conveyance Facility Allocation Factors described in the table. PWAs with a zero allocation
factor would not be billed for repayment of costs for construction, operation and
maintenance of facilities associated with DCF, except to the extent there is a permanent
transfer of Table A which would increase a PWA from a greater than zero allocation factor
through a subsequent contract amendment.
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Public Water Agency

Delta Conveyance
Facilities
Allocation Factors

City of Yuba City

County of Butte

Plumas County FC&WCD

Napa County FC&WCD

Solano County Water Agency

O 0|00 |O

Alameda County FC&WCD, Zone 7

Alameda County Water District

Santa Clara Valley Water District

Dudley Ridge Water District

Empire-West Side Irrigation District

Kern County Water Agency-Total

County of Kings

Oak Flat Water District

oo

Tulare Lake Basin Water Storage District

o

San Luis Obispo County FC&WCD

Santa Barbara County FC&WCD

Antelope Valley-East Kern Water Agency

Santa Clarita Valley Water Agency

Coachella Valley Water District

Crestline-Lake Arrowhead Water Agency

Desert Water Agency

Littlerock Creek Irrigation District

Mojave Water Agency

Palmdale Water District

San Bernardino Valley Municipal Water District

San Gabriel Valley Municipal Water District

San Gorgonio Pass Water Agency

The Metropolitan Water District of Southern California

Ventura County Watershed Protection District

Total

100.000%
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Objective 5 - Delta Conveyance Facility Benefits Allocation

PWAs that execute a contract amendment to opt out of DCF costs and benefits will agree, within
that amendment, to the following:

i. Charges as set forth in Section V of this AIP will not appear on its SOC.

ii. Forego and waive any contractual rights to the following:

a.

Right to or delivery of Project Water attributable to the DCF, provided that DWR
determines that such water would not have been available for diversion at Clifton
Court Forebay. This AIP will not modify the amounts within Table A but will
memorialize this limited reduction for DCF Benefits by adding a footnote to the
PWA'’s Table A to reflect their zero allocation for DCF Benefits.

Any contractual rights to or delivery of Article 21 Interruptible Water prior to the
point(s) in time each year DWR determines that a volume of water equal to the
volume of current year Project Water for Table A in San Luis Reservoir attributable
to DCF in the SWP share of San Luis Reservoir storage will be displaced or evacuated
by a quantity of exports equal to the quantity of exports from Clifton Court Forebay
that would have been stored in San Luis Reservoir absent the DCF. Provided that,
when Article 21 Interruptible Water supply is greater than demand from PWAs with
a greater than zero Delta Conveyance Facility Allocation factor, Article 21
Interruptible Water will be made available to all PWAs based on Table A percentage.

Any contractual rights to or delivery of Article 21 Interruptible Water attributable to
the DCF after a volume of water equal to the volume of current year Project Water
for Table A in San Luis Reservoir attributable to DCF has been evacuated or
displaced by the exports from Clifton Court Forebay that would have been stored in
San Luis Reservoir absent DCF. Provided that, when Article 21 Interruptible Water
supply is greater than demand from PWAs with a greater than zero Delta
Conveyance Facility Allocation Factor, Article 21 Interruptible Water will be made
available to all PWAs based on Table A percentage.

Right to use DCF conveyance capacity unused by DWR for SWP purposes to convey
non-project water, except as provided in subsection h.

Right to use available DCF conveyance capacity to convey Project Water in the event
that pumping directly from the south Delta is prevented or impaired by a physical,
regulatory or contractual disruption, including but not limited to sea level rise,
seismic events, flooding, or other uncontrollable event.

Right to carriage water savings that DWR determines are realized during its
operation of any DCF for purposes of conveying Project Water.

Right to any credit from Fair Compensation collected by DWR for use of available
DCF conveyance capacity.
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h. Rights to use of the DCF, unless a subsequent contract with DWR is entered that
provides for payment of Fair Compensation associated with such use.

For the North of Delta PWAs, DWR will not change the current administrative process for
determining the availability of Article 21 due to the DCF. This process will be documented in
the Article 21 administration that is distributed via a Notice to Contractors.

PWAs that execute a contract amendment to assume costs and benefits of the DCF will agree,
within that amendment, to the following:

i. Charges will appear on the SOC as set forth in the table in the percentages shown in Section
V of this AIP.

ii. DCF Benefits in proportion to the percentage table in Section V of this AIP, including but not
limited to:

a) Delivery of Table A amounts diverted at and conveyed through the DCF. This AIP
will not modify the amounts within Table A but will memorialize this DCF
Benefits by amending the PWA'’s Table A with a footnote. The footnote will
recognize each PWA’s DCF Benefits consistent with the Delta Conveyance
Facilities Allocation Factors.

b) Article 21 Interruptible Water attributable to DCF.

¢) Available DCF conveyance capacity unused by DWR for SWP purposes, to convey
non-project water for ultimate use within that PWA's service area.

d) Carriage water savings that DWR determines are realized during its operation of
any DCF for purposes of conveying Project Water.

e) Available DCF conveyance capacity to convey Project Water in the event that
pumping in the south Delta is prevented or impaired by a physical, regulatory or
contractual disruption, including but not limited to sea level rise, seismic events,
flooding, or other uncontrollable event.

f) A credit from Fair Compensation collected by DWR for use of available DCF
conveyance capacity.

Nothing in this AIP changes Article 18(a) in the existing State Water Project Water Supply
Contracts.

Obijective 6 - Affect Upon Other Water Supply Contract Provisions

Unless specifically stated in this AIP and incorporated into a subsequent contract amendment,
there are no changes to the PWAs’ rights and obligations under the existing State Water Project
Water Supply Contracts.

Transfers and exchanges are not intended to be modified under this AIP and shall be subject to
the provisions of the then existing State Water Project Water Supply Contracts.
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VIII. Other Provisions

a. Clifton Court Forebay Diversion Priority: In the event that DWR uses its discretion to move
Project Water through the DCF that could have been moved through Clifton Court Forebay
Intake, PWAs with a greater than zero Delta Conveyance Facilities Allocation Factor will be given
a first priority of available capacity, as determined by DWR, based on their percentage in section
V to move up to that same amount of non-project water at Clifton Court Forebay Intake.

IX. Environmental Review Process

DWR and the PWAs agree that this AIP is intended to be used during the environmental review process
for the California Environmental Quality Act (CEQA), to define the proposed project description for the
purposes of CEQA, and to permit the next steps of the SWP water supply contract amendment process,
including scoping and the preparation of the EIR. The AIP principles are not final contract language and
do not represent a contractual commitment by either DWR or the PWAs to approve any proposed
project or to sign contract amendments. By concurring with the AIP, DWR and the PWAs express their
intent to move forward with the CEQA process with DWR as lead agency and the PWAs as responsible
agencies, and ultimately develop a proposed project consisting of contractual amendments consistent
with the AIP principles and prepare the EIR for consideration by DWR and the PWA:s.

At the end of the CEQA process and in compliance with CEQA, DWR and the PWAs will each individually
evaluate the EIR and Contract Amendment, exercise their independent judgment, and determine
whether or not to certify the EIR, approve the proposed project and sign the contract amendment or to
approve an alternative project. Consequently, even though DWR and the PWAs have agreed to the AIP
for the purposes described in the preceding paragraphs, DWR and each PWA retain their full discretion
under CEQA to consider and adopt mitigation measures and alternatives, including the alternative of not
going forward with the proposed project.
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NOTICE OF EXEMPTION

TO:

Office of Planning and Research
1400 Tenth Street

Sacramento, CA 95814
state.clearinghouse @opr.ca.gov

County Clerk

County of San Bernardino

385 N. Arrowhead Ave., 2" Floor
San Bernardino, CA 92415

FROM: San Bernardino Valley Municipal Water
District
380 E. Vanderbilt Way
San Bernardino, CA 92408

Activity Title: Delta Conveyance Project

Approval of the Board of Directors for the San Bernardino
Valley Municipal Water District to (1) participate in the
proposed Delta Conveyance Project; (2) the Agency’s
general manager to enter into a funding agreement for
environmental planning costs relating to the Delta
Conveyance Project; and (3) the Agency to enter into the
Delta Conveyance Design and Construction Authority joint
powers agreement.

Lead agency approving the activity:

Department of Water Resources
1416 Ninth Street
Sacramento, CA

Activity Location;

The activity has no specific location as it does not entail
construction, development, or any other activity that could
potentially result in a significant environmental impact.

The activity does not in any way approve or commit the
Agency to a Delta Conveyance Project, which the
Department of Water Resources (“DWR?) is still analyzing
and considering. DWR anticipates that, if approved, a
future Delta Conveyance facility might span portions of
Sacramento, Yolo, San Joaquin, Contra Costa, and/or
Solano counties.

Description of nature, purpose, and beneficiaries
of Activity:

On November 10, 2020, the Agency authorized the
Agency’s General Manager to (1) inform DWR that the
Agency desires to participate in the Delta Conveyance
Project at a 2.8- percent (2.8%) participation level (the
Agency already has a long-term water contract with DWR
for the delivery of State Water Project water, and the
activity does nothing to amend that contract); (2) execute a
funding agreement with DWR for environmental planning
costs associated with the Delta Conveyance Project; and (3)
execute a Joint Powers Agreement to become a member of
the Delta Conveyance Design and Construction Authority
(“DCA”). The resolution does not commit the Agency to
any current or future project, and it does not entail any
construction or other activity that could result in a potential
physical change to the environment.

Exempt status:

= Not an approval of a project.

State CEQA Guidelines sections 15060(c)(3), 15378(a),
(b)(2)(4)(5)

X Statutory exemption.

State CEQA Guidelines section 15262

X Common sense exemption.

State CEQA Guidelines section 15061, subd. (b)(3)

Notice of Exemption
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6. Reason why activity was exempt:

The activity does not qualify as a “project” subject to
CEQA because it constitutes (1) continuing administrative
or maintenance activities, such as general policy and
procedure making; (2) government fiscal activities that do
not involve any commitment to any specific project that
may result in a potentially significant physical impact on
the environment; and (3) organizational or administrative
activities of a public agency that will not result in direct or
indirect physical changes in the environment. (State CEQA
Guidelines, 88 15060(c)(3).) Moreover, the approval of
the activity does not qualify as a “project” because it does
not have a potential to result in either a direct, or reasonably
foreseeable indirect, physical change in the environment.
(State CEQA Guidelines, § 15378(a).)

Alternatively, the Agency’s approval of the activity is
statutorily exempt from CEQA under State CEQA
Guidelines section 15262, as the activity concerned
“feasibility or planning studies for possible future actions
[that] the agency ... has not approved, adopted, or funded.”
(State CEQA Guidelines, § 15262.) Notably, although the
activity provides for some funding for the environmental
planning costs associated with the Delta Conveyance
Project, it provides for no funding for the construction of
the Delta Conveyance Project, nor does it otherwise commit
the Agency to the Delta Conveyance Project.

Furthermore, the Agency’s approval of the activity is
exempt from CEQA under the common sense exemption set
forth in State CEQA Guidelines section 15061 (b)(3), as it
can be seen with certainty that there is no possibility that
the activity in question may have a significant effect on the
environment. None of the exceptions to this exemption
identified in CEQA Guidelines § 15300.2 exist here.

Bob Tincher

7. Public Agency Contact Person:
Telephone: 909-387-9215
Signature: Date:

Name:  Heather Dyer, CEO/General Manager

Date Received for Filing:

(Clerk Stamp Here)

Notice of Exemption
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a llSé[\iRNARDINO

MUNICIPAL
WATER DISTRICT

DATE: November 5, 2020
TO: Board of Directors Workshop - Resources
FROM: Bob Tincher, Chief Water Resources Officer/Deputy General Manager

SUBJECT: Consider Amended and Restated Delta Conveyance Design and Construction
Joint Powers Authority Agreement

To assist the Department of Water Resources (DWR) in the management of the design,
construction and financing of California WaterFix, Valley District and the other participating public
water agencies (PWAs) with a contract with DWR for water through the State Water Project (SWP)
entered into a Joint Powers Agreement in 2018 that formed the Delta Conveyance Design and
Construction Joint Powers Authority (DCA) and the Delta Conveyance Finance Authority. At the
time, the project had approvals under California Environmental Quality Act (CEQA), Endangered
Species Act (ESA), and California Endangered Act (CESA). Given the change from a two-tunnel
WaterFix project to a potential single-tunnel Delta Conveyance option and the changes in PWA
participation, the participating PWAs have developed proposed amendments to the Joint Powers
Agreement that mostly modify the governance structure to align with the current participation

levels. These changes have been forwarded to House Counsel for review, as to form.

Background
The DCA essentially functions as the owner’s representative, or project manager, giving the

PWAs, that are investing in the DCP, direct control over the design and construction. The DCA
was formed by the Joint Powers Agreement Forming The Delta Conveyance Design and

Construction Joint Powers Authority (JPA).

There are currently 18 PWAs that are investing in the DCP. Given the large number of

agencies, the JPA establishes a governance structure consisting of a five member “Board of
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Directors” with Alternates to oversee the DCA and includes procedures for electing the Board
members and their Alternates. Metropolitan Water District of Southern California (MWDSC),
due to its majority investment in the project was originally given two Board seats. Santa Clara
Valley Water District and Kern County Water Agency were each provided one Board seat. The
fifth Board seat was offered to a SWP Contractor at large to be chosen by those SWP
Contractors not already included on the Board. Alameda County Zone 7 was chosen as the At
Large DCA Boardmember and Valley District was offered the At Large Alternate Board position.
For efficiency, the meetings of the DCA Board were scheduled on the same day as the monthly
State Water Contractors Association Board meeting in Sacramento, which is the third Thursday

of the month.

Given the change from a two-tunnel WaterFix project to DCP and the changes in PWA
participation, the participating PWAs have developed the following proposed amendments to the
JPA:

1. Change the size of the Board of Directors to seven (7) members and seven (7)
alternates with one Director and one alternate coming from MWDSC, Kern County Water
Agency, Santa Clara Valley Water District, Class 2 Members (South Bay Agueduct
except Santa Clara Valley Water District), Class 3, 5 and 7 Members (San Joaquin
Valley except Kern County Water Agency, Coastal Aqueduct downstream of Devil's Den
Pumping Plant and West Branch except MWDSC) and two (2) members and two (2)
alternates coming from Class 8 Members (East Branch which includes Valley District).

2. Add a provision that enables 70% of the contracted proportionate share of DCP to
essentially overrule budget and expense decisions for construction contracts over $10

million and service contracts over $1 million.

Staff of the Class 8 members have developed the attached draft Memorandum of
Understanding that generally describes a process that could be used to select the two (2)

directors and two (2) alternates.

Fiscal Impact
There is no fiscal impact associated with approval of these amendments.
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Staff Recommendation

Direct staff to place the Amended and Restated Joint Powers Agreement Forming The Delta
Conveyance Design and Construction Joint Powers Authority on an upcoming Board of
Directors agenda for consideration.

Attachments
1. Amended and Restated Joint Powers Agreement Forming The Delta Conveyance
Design and Construction Joint Powers Authority
2. Final draft of a Memorandum of Understanding that provides a process for Class 8 State
Water Project Contractors to select directors and alternates for the Delta Conveyance
Design and Construction Joint Powers Authority
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AMENDED AND RESTATED JOINT
POWERS AGREEMENT

FORMING

THE DELTA CONVEYANCE DESIGN AND
CONSTRUCTION JOINT POWERS
AUTHORITY

Effective ., 2020
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Joint Powers Agreement —
The Delta Conveyance Design and Construction Joint Powers Authority

This AGREEMENT is made and entered into by and among the parties on the attached
Exhibit A, which are referred to herein individually as a “Party” and collectively as “Parties”.

RECITALS

WHEREAS, each of the Parties is a public agency organized and operating under the
laws of the State of California; and

WHEREAS, California Government Code Sections 6500, et seq., (“Act”) provide that
two or more public agencies may by agreement jointly exercise any power common to the
contracting parties; and

WHEREAS, Government Code section 6584 also confers powers on a joint powers
agency that are independent of, complete and supplementary to any common powers delegated in
a joint powers agreement; and

WHEREAS, the Parties desire to allow for the protection of both the Sacramento-San
Joaquin Delta (“Delta”) ecosystem and the more than 25 million people and 2,000,000 acres of
highly productive farm land that currently depend upon water conveyed through the Delta; and

WHEREAS, the Parties desire to provide such protections, in part, through improvements
in water infrastructure; and

WHEREAS, the California Department of Water Resources (“DWR?”) is a department
within the State of California Natural Resources Agency and is responsible for constructing,
operating, and maintaining the State Water Resource Development System, more commonly
known as the State Water Project (“SWP”), and

WHEREAS, DWR desires to design and construct new Delta water conveyance facilities
(“Conveyance Project”) to be owned and operated by DWR, that would convey water from the
Sacramento River north of the Delta directly to the existing SWP and, potentially, Central Valley
Project (“CVP”) facilities located in the south Delta, and

WHEREAS, the purposes of the Conveyance Project are to make physical and
operational improvements to the SWP and, potentially, the CVP necessary to: protect and
maintain ecosystem health; maintain water quality; and restore and protect water supplies so that
the SWP and CVP are capable of readily delivering water within a stable regulatory framework
at costs that are not so high as to preclude, and in amounts that are sufficient to support, the
financing of the investments necessary to fund construction and operation of facilities and/or
improvements, and

WHEREAS, the Parties constitute certain public water agencies that will each bear at
least some of the financial obligation the Conveyance Project, and
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WHEREAS, the Parties desire that the Conveyance Project be completed in a safe,
timely, cost-effective and efficient manner, and

WHEREAS, DWR has determined that the timely and efficient design and construction
of the Conveyance Project will require additional resources not available to DWR and that,
therefore, it is in the best interest of the State of California and its citizens to partner with the
Parties in the design and construction of the Conveyance Project; and

WHEREAS, the Delta Conveyance Design and Construction Joint Powers Authority
(“Construction Authority”) proposes to enter into an agreement with DWR establishing that the
Construction Authority will undertake those activities required to complete the design and
construction of the Conveyance Project; and

WHEREAS, the agreement with DWR is intended to obtain cost savings by allowing
more flexible means of designing, contracting, constructing, and financing the Conveyance
Project; and

WHEREAS, the Parties each have and possess the powers to design, construct, and
implement water infrastructure projects; and

WHEREAS, the Parties each desire to exercise those powers regarding the design and
construction of the Conveyance Project as provided in the Joint Exercise of Powers Agreement
between the Department of Water Resources and the Construction Authority, and

WHEREAS, the aforementioned activities may best be achieved through the cooperative
action of the Parties operating through a joint powers authority; and

WHEREAS, the Parties intend that upon acceptance of the Conveyance Project by DWR,
the Construction Authority will be dissolved.

AGREEMENT

NOW, THEREFORE, in consideration of the mutual promises and covenants herein
contained, the Parties agree as follows:

ARTICLE I: DEFINITIONS

For the purpose of this Agreement, the meaning of the terms hereinafter set forth shall be
the following:

1.1  *“Addenda” means any addenda, amendments, modifications, supplements or
exhibits to the Agreement that are executed, approved or added in accordance with the terms of
this Agreement after the Effective Date.

1.2 “Agreement” means this Joint Powers Agreement, including Exhibit A attached,
which creates the Delta Conveyance Design and Construction Joint Powers Authority.
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1.3 “Alternate Director” means an Alternate Director of the Board appointed in
accordance with Article VI (DIRECTORS AND OFFICERS).

1.4 “Applicable” means applicable as determined by the Board or an Officer,
whichever is appropriate, in their sole discretion.

1.5  *Article” means an article of this Agreement and, unless otherwise specified,
refers to all Sections within that article.

1.6  “Board” or “Board of Directors” means the governing body of the Delta
Conveyance Design and Construction Joint Powers Authority.

1.7  *“Central Valley Project” or “CVP” means the federal reclamation project operated
by Reclamation pursuant to federal reclamation law (Act of June 17, 1902 (32 Stat. 388)) and
acts amendatory or supplementary thereto.

1.8  “Class or Classes of Members” means the following for purposes of this
Agreement:

. Class 2: Those Members who are entitled to the delivery of State Water
Project water along the South Bay Aqueduct, except Santa Clara Valley
Water District..

. Class 3: Those Members who are entitled to the delivery of State Water
Project water within the San Joaquin Valley, except Kern County Water
Agency.

. Class 5: Those Members who are entitled to the delivery of State Water

Project water along the Coastal Aqueduct downstream of the Devil’s Den
Pumping Plant.

. Class 7: Those Members who are entitled to the delivery of State Water
Project water along the West Branch of the California Aqueduct, except
the Metropolitan Water District of Southern California.

. Class 8: Those Members who are entitled to the delivery of State Water
Project water along the East Branch of the California Aqueduct, except the
Metropolitan Water District of Southern California.

1.9  *“Construction Authority Stand Up Costs” mean the stand up costs for the
Construction Authority as described in Article XII (BUDGET AND EXPENSES) of this
Agreement.

1.10 “Contracted Proportionate Share” means the percentage of Conveyance Project
costs and benefits that a Member has contracted for under a Long Term Water Supply Contract
with DWR, or the percentage of Conveyance Project planning funding that a Member has
contracted with DWR to fund.
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1.11  “Conveyance Project” means the project described in the Department of Water
Resources Notice of Preparation dated January 15, 2020.

1.12  “Delta” has the meaning set forth in the Recitals.

1.13 “Delta Conveyance Design and Construction Joint Powers Authority” or
“Construction Authority” means the public agency created by this Agreement.

1.14 “Director” means a Director of the Board appointed in accordance with Article 6
(Directors and Officers).

1.15 “DWR” has the meaning set forth in the Recitals.
1.16 “Effective Date” means the date set forth in Section 3.1.

1.17 “Member” means a public entity that satisfies the requirements of Article V
(MEMBERSHIP) of this Agreement.

1.18 “Members” mean all of the public entities that satisfy the requirements of Article
V (MEMBERSHIP) of this Agreement.

1.19 “Officer” means an Officer of the Delta Conveyance Design and Construction
Joint Powers Authority appointed in accordance with Section 6.2.

1.20 “President” means the President of the Delta Conveyance Design and
Construction Joint Powers Authority appointed in accordance with Section 6.3.

1.21 “Reclamation” means the United States Bureau of Reclamation.

1.22 “Secretary” means the Secretary of the Delta Conveyance Design and
Construction Joint Powers Authority appointed in accordance with Section 6.3.

1.23  “Section” means a section, subsection or sub-subsection within an Article of this
Agreement and, unless otherwise specified, refers to all numbered and lettered divisions within
that section, subsection or sub-subsection.

1.24 “State” means the State of California.

1.25 *“State Water Project” or “SWP” means the State Water Facilities, as defined in
California Water Code section 12934(d).

1.26  “Treasurer” means the Treasurer of the Conveyance Project Coordination Agency
appointed in accordance with Section 6.3.

1.27  “Vice-President” means the Vice-President of the Delta Conveyance Design and
Construction Joint Powers Authority appointed in accordance with Section 6.7.

ARTICLE II: CREATION OF THE DELTA CONVEYANCE DESIGN AND
CONSTRUCTION JOINT POWERS AUTHORITY

27881.00100\33370029.1 4
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There is hereby created pursuant to the Joint Exercise of Powers Act, California
Government Code section 6500 et seq., a public entity to be known as the “Delta Conveyance
Design and Construction Authority.” Delta Conveyance Design and Construction Joint Powers
Authority shall be a public entity separate from its Members.

ARTICLE Ill: TERM

This Agreement shall become effective when at least two Members (1) execute this
Agreement and (2) agree there is sufficient representation to fund the Construction Authority’s
Stand Up Costs.

This Agreement shall remain in effect until terminated pursuant to the provisions of
Article XIV (WITHDRAWAL OF MEMBERYS) of this Agreement.

ARTICLE IV: PURPOSES AND POWERS

4.1  Purpose. The purpose of this Agreement is to establish a public entity separate
and apart from its Members to undertake those activities required to complete the design and
construction of the Conveyance Project.

4.2 Powers. The Construction Authority shall have the power in the name of the
Construction Authority to exercise those common powers, and all independent, complete and/or
supplementary powers authorized by Government Code section 6584 et. seq. or as otherwise
authorized by law, necessary or appropriate to design and construct the Conveyance Project
including, but not limited to, the following:

4.2.1 To make and enter into contracts necessary for the full exercise of the
Construction Authority powers;

4.2.2 Toincur debts, liabilities, or obligations subject to the limitation herein set
forth;

4.2.3 To acquire real or personal property, including, without limitation, by
purchase, lease, gift, bequest, or devise, to hold, manage, lease and dispose
of any such property;

424 To hold, manage, operate and maintain all Construction Authority
property, facilities, buildings, structures, vehicles, apparatus and
equipment;

4.2.5 To contract for the services of engineers, attorneys, technical specialists,
financial consultants, and to employ such other persons as it deems
necessary;

4.2.6 To apply for, accept, and receive state, federal or local licenses, permits,
grants, loans, or other aid from any agency of the United States, the State
or other public or private entities as the Construction Authority deems
necessary for the full exercise of its powers;
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4.2.7 To undertake any investigations, studies, and matters of general
administration;

4.2.8 To develop, collect, provide, and disseminate to the Members and others
information that furthers the purposes of the Construction Authority;

4.2.9 To sue and be sued in its own name;

4.2.10 To receive gifts, contributions and donations of property, funds, services
and other forms of assistance from persons, firms, corporations and any
governmental entity;

4.2.11 To procure bonds, insurance and self-insurance as it deems advisable to
protect the Parties and Construction Authority and its property, officers,
employees, contractors and agents;

4.2.12 To perform all acts necessary or proper to carry out fully the purposes of
this Agreement; and

4.2.13 To also exercise the independent, complete and/or supplementary powers
of a joint powers agency, as provided by law.

4.3  To the extent required under Government Code section 6509, the Construction
Authority shall exercise its powers in the manner and according to the methods provided under
the laws applicable to the Metropolitan Water District of Southern California. This designation
may be changed by approval of the Board.

4.4  Except as expressly provided herein, nothing in this Agreement shall be construed
as affecting the rights or obligations of the Parties, including but not limited to any rights or
obligations pursuant to contracts for delivery of water from the CVP or SWP.

ARTICLE V: MEMBERSHIP

5.1  Members. Membership in the Construction Authority shall be limited to those
public entities (1) that possess the common powers described in Article IV (PURPOSES AND
POWERS) of this Agreement, (2) that will bear at least some of the financial obligation for the
Conveyance Project, and (3) that execute this Agreement within five (5) months of it becoming
effective and any addenda thereto. The Members will be listed in Exhibit A and, upon direction
from the Board, Exhibit A may be modified without constituting an amendment to this
Agreement.

5.2 New Members. It is recognized that entities, other than the original Members
may wish to participate in the Construction Authority. Additional entities may become Members
of the Authority upon such terms and conditions as provided by the Board upon affirmative vote
of a majority of Directors.

ARTICLE VI: DIRECTORS AND OFFICERS
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6.1 Board of Directors. The Construction Authority shall be governed by a Board of

Directors.

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

Directors Representing SWP Contractor Members. The Construction
Authority shall have up to seven (7) Directors and seven (7) Alternative
Directors, with each pair appointed by and representing the following
Members:

I. Metropolitan Water District of Southern California (State Water
Project)

ii. Kern County Water Agency

iii. Santa Clara Valley Water District

Iv. Class 8 Members

V. Class 8 Members

Vi, Class 2 Members

vii.  Class 3, 5and 7 Members.

On or before July 1 of each year, Members and the Classes of Members
for each Board of Director seat shall provide to the Construction Authority
in writing the names of the Directors and Alternative Directors for each
group identified in 6.1.1 for the year.

Directors and Alternative Directors shall receive such compensation from
the Authority for services as may from time to time be established by the
Board. In addition, Directors and Alternative Directors shall be
reimbursed for expenses incurred by such Director or Alternative
Directors in the conduct of the Construction Authority’s business.

The names of all Directors and Alternative Directors shall be on file with
the Board.

(a) For those Board of Director positions representing one Member, the
Directors and Alternative Directors shall be directors, officers or
employees of the Member or class of Members he or she represents.

(b) For those Board of Director and Alternate Director positions representing

6.1.6
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more than one Member, one shall be an elected director, officer or
employee of the represented Members, and one shall be an employee of
the represented Members. Notwithstanding the previous sentence, both
Directors may be an elected director, officer, or employee of the
represented Members if at least 80% of the Total Contracted Proportionate
Share of all the Members represented by a respective Board position agree
to such.

The vote, assent, or approval of the Member for the appointment of the
Director and Alternate Director shall be evidenced by a copy of the
resolution of the governing board, the board minutes of the relevant
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6.1.7

6.1.8

6.1.9

6.1.10

6.1.11

meeting, or a letter of the governing board or executive officer of the
Member or an association of a class of Members filed with the
Construction Authority.

Process to Fill Vacancies. In the event of a vacancy on the Board, the
Member, Class of Members, or Classes of Members for which the Board
vacancy exists shall fill such vacancy according to reasonable procedures
determined by the Construction Authority consistent with this Article VI
(DIRECTORS AND OFFICERS).

Each Director and Alternate Director shall hold office from the first
meeting of the Board after his or her appointment by the Member, Class of
Members, or Classes of Members he or she represents until a successor is
selected and the Construction Authority is notified.

Directors and Alternate Directors serve at the pleasure of the Member,
Class of Members, or Classes of Members. A Director and Alternate
Director office shall be declared vacant if the person serving dies, resigns,
the Member the Director or Alternate Director serves withdraws from this
Agreement, the membership of the Member the Director or Alternate
Director serves is terminated, or whenever, at the discretion of the
particular Member, Class of Members, or Classes of Members, the
Director or Alternative Director is incapable of serving. Upon the
Director office becoming vacant, the Alternate Director, if the office is not
vacant, shall serve as Director, until the Member, Class of Members, or
Classes of Members appoint a Director.

All the power and authority of the Construction Authority will be
exercised by the Board, subject however to the rights reserved by the
Members as herein set forth; provided, however, that the Board may
delegate such powers and authority to the President or Executive Director
as the Board may determine by motion, resolution or ordinance. The
Board may also appoint and delegate such powers and authority to
advisory committees or subcommittees composed of Directors and
Officers as the Board may determine by motion, resolution or ordinance.

The Board may adopt from time to time such bylaws, rules and regulations
for the conduct of its affairs as may be required.

6.2  Officers. Officers of the Construction Authority shall be a President, Vice
President, Secretary, and Treasurer. Any number of offices may be held by the same person
provided that the President shall not also serve as the Vice President, Secretary, or Treasurer.
The Vice President, or in the Vice President’s absence, the Secretary shall exercise all powers of
the President in the President’s absence or inability to act. The President, the Vice President, and
the Secretary must be members of the Board of Directors. The President shall chair meetings of
the Board. In the absence of the President, the Vice President shall be the chair such meetings.
In the absence of the President and Vice President, the Secretary shall chair the meeting.
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6.3  Appointment of Officers. Officers shall serve two (2) year terms and, except for
the offices of President and Vice President, serve at the pleasure of the Board. As provided for
in Article VII (BOARD MEETINGS) of this Agreement, the Secretary and Treasurer shall be
chosen at the initial Board meeting or as soon as practical thereafter. The Secretary and
Treasurer may serve for multiple consecutive terms. Any Officer may resign at any time upon
written notice to the Board.

6.3.1 The offices of President and Vice President shall be selected and serve at
the pleasure of the Board.

ARTICLE VII: BOARD MEETINGS

7.1 Initial Meeting. The initial meeting of the Board of Directors shall be held within
15 days of completion of the appointments of initial Directors and Alternative Directors, and
held in Sacramento, California. The Board shall, at its first meeting or as soon thereafter as
practicable, appoint the Secretary and Treasurer, and select an Auditor. Unless changed by the
Board, the principle office of the Construction Authority shall be located in Sacramento County.

7.2  Time and Place. The Board shall meet at least twice per year at a time and place
set by the Board, and at such other times as may be determined by the Board.

7.3  Special Meetings. Special meetings of the Directors may be called by the
President or a majority of all the Directors.

7.4  Conduct. All meetings of the Board, including special and emergency meetings,
shall be noticed, held, adjourned, and conducted in accordance with the Ralph M. Brown Act, to
the extent applicable. The Board and Alternate Directors may use tele-conferencing or video-
conferencing in connection with any meeting in conformance with and to the extent authorized
by the applicable laws.

ARTICLE VIII: MEMBER VOTING

8.1  Quorum. A quorum of any meeting of the Board shall consist of a majority of the
Directors. In the absence of a quorum, any meeting of the Board may be adjourned from time to
time by a vote of a majority present, but no other business may be transacted.

8.2  Director Votes. Each Director shall have one (1) vote. All decisions by the
Board shall be made by a majority vote of all the Directors.

8.2.1 Requests to Reconsider. Any Director may move to reconsider any action
that pertains to items contained in Article XII (BUDGET AND
EXPENSES) including, but not limited to, the issuance of notes or other
forms of indebtedness, including entering into leases for real property or
equipment, the approval or modification of the annual budget, and for
construction contracts 10 million dollars or more or service contracts that
exceed 1 million dollars over the life of the contract. A request for
reconsideration must be made at the meeting the item is being considered.
If a request for reconsideration is made, it must be agendized for the
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following meeting, which may not be less than 14 days and not more than
30 days from the date of the original action. In the event of such a request,
that action shall be deemed suspended. If at least 70 percent of the
Contracted Proportionate Share votes against the action at the meeting it is
reconsidered, the original action shall be deemed disapproved.

8.2.2 Determination of Contracted Proportionate Share. For purposes of
determining Contracted Proportionate Share for section 8.2.1, the
Contracted Proportionate Share for those Board of Director positions
representing more than one Member shall be the combined Contracted
Proportionate Share of all the Members who are represented by that
position, except that the Contracted Proportionate Share represented by
each of the Class 8 Directors shall equal one half of the total combined
Contracted Proportionate Share of all Class 8 Members.

8.3 Alternative Director. Alternate Directors shall have no vote if the Director is present.
If the Director is not present, the Alternate Director may cast a vote.

ARTICLE IX: EXECUTIVE DIRECTOR

9.1  Appointment. The Board shall hire an Executive Director. The Executive
Director shall be compensated for his/her services, as determined by the Board.

9.2 Duties. The Executive Director shall be the chief administrative officer of the
Construction Authority, shall serve at the pleasure of the Board of Directors, and shall be
responsible to the Board for the proper and efficient administration of the Construction
Authority. The Executive Director shall have the powers that the Board delegate by motion,
resolution or ordinance. The Executive Director will be delegated requisite authority to carry out
such responsibilities as permitted by law.

9.3  Staff. The Executive Director shall employ such additional full-time and/or part-
time employees, assistants and independent contractors that may be necessary from time to time
to accomplish the purposes of the Construction Authority.

9.4  Term and Termination. The Executive Director will serve until he/she resigns or
the Board decides to terminate his/her employment.

ARTICLE X: COMMITTEES

The Board may also appoint one or more advisory committees or establish standing
committees. The Board shall within 60 days of an approved Conveyance Project establishan
Environmental Compliance and Mitigation Committee.. The Board shall determine the purpose
and need for such committees and the necessary qualifications for individuals appointed to them.
Each advisory or standing committee shall include at least one Director and the Director shall act
as the chair thereof. The Board President shall appoint Directors and chairs of committees. The
Board may delegate such powers and authority to advisory committees or standing committees
as the Board may determine by motion, resolution or ordinance.

ARTICLE XI: ACCOUNTING PRACTICES
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11.1 General. The Board shall establish and maintain such funds and accounts as may
be required by generally accepted utility accounting practice.

11.2 Fiscal Year. Unless the Directors decide otherwise, the fiscal year for the
Authority shall be July 1 through June 30.

11.3 Auditor.

11.3.1 An Auditor shall be chosen annually by, and serve at the pleasure of the
Board. As provided for in Article VII (BOARD MEETINGS) of this
Agreement, the Auditor shall be chosen at the first Board meeting. An
Auditor may serve for multiple consecutive terms. The Auditor may
resign at any time upon written notice to the Board.

11.3.2 The Auditor shall make an annual audit of the accounts and records of the
Authority. A report shall be filed as a public record with the Auditor of
the county where the Authority is domiciled consistent with Government
Code section 6505, and with each agency that is a Member. Such report
also shall be filed with the Secretary of State within twelve (12) months of
the end of the fiscal year under examination.

11.4 Treasurer. The Board, or its designated representative, shall contract with an
independent certified public accountant or the Treasurer or Chief Financial Officer of any
Member, to serve as Treasurer of the Authority. The Treasurer shall be the depository of and
have custody of funds, subject to the requirements of Government Code sections 6505-6505.6.
The Treasurer shall have custody of all money of the Construction Authority from whatever
source and shall perform the duties specified in Government Code section 6505.5. The Treasurer
shall be bound in accordance with Government Code section 6505.1 and shall pay demands
against the Construction Authority that have been approved by the Board. All funds of the
Construction Authority shall be strictly and separately accounted for, and regular reports shall be
rendered to the Board of all receipts and disbursements at least quarterly during the fiscal year.
The books and records of the Construction Authority shall be open to inspection by a Director at
all reasonable times upon reasonable notice.

ARTICLE XII: BUDGET AND EXPENSES

12.1 Budget. The Board shall adopt an annual budget before the beginning of a fiscal
year. The budget shall include, at a minimum, individual contract estimates with a contingency
amount and all administrative costs to be incurred by the Construction Authority to perform the
purposes of this Agreement.

12.2  Construction Authority Stand Up Costs. Members who were Members prior to
the first amendment to this Agreement who contributed Stand Up Costs should be reimbursed
any remaining Stand Up Costs within thirty days of the effective date of the first amendment.

12.3  Contribution; Payments: Advances. In accordance Section 6504 of the
Government Code of the State of California, as amended, the Members may make such
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contributions, payments and advances, including in-kind services, to the Construction Authority
as are approved from time to time by the Board of Directors.

12.4 Return of Contributions. In accordance with Government Code Section 6512.1,
repayment or return to the Members of all or any part of any contributions made by Members
may be directed by the Board at such time and upon such terms as the Board may decide.

12,5 Funding for the Construction Authority. Except for the Construction Authority
Stand Up Costs actually expended, funding for the Authority which shall include but not be
limited to all costs incurred and associated with the design and construction of the Conveyance
Project pursuant to this Agreement shall be derived exclusively from DWR. However, in the
event that DWR does not have the authority to fund, construct or own the Conveyance Project as
part of the State Water Project, funding for the Construction Authority may be derived from
other sources.

The Members of the Construction Authority shall not be responsible for any costs
incurred by the Construction Authority in fulfillment of its purposes pursuant to this Agreement
and any relevant Bylaws. The Construction Authority shall hold title to all funds and property
acquired by the Construction Authority during the term of this Agreement.

12.6 Indebtedness. The issuance of bonds, notes or other forms of indebtedness,
including entering into leases for real property or equipment, shall be approved at a meeting of
the Directors.

ARTICLE XIII: LIABILITIES

13.1 No Member Liability. The debt, liabilities and obligations of the Construction
Authority shall be the debts, liabilities and obligations of the Authority alone, and not the
individual Members.

13.2 Indemnity. Funds of the Construction Authority may be used to defend,
indemnify and hold harmless the Construction Authority, each Member, each Director, and any
officers, agents and employees of the Construction Authority for their actions taken within the
course and scope of their duties while acting on behalf of the Construction Authority, including
pursuant to a future project agreement. Other than for gross negligence or intentional acts, the
Construction Authority shall indemnify and hold harmless each Member, its officers, agents and
employees from and against all claims, demands, or liability, including legal costs, arising out of
or are encountered in connection with this Agreement and the activities conducted hereunder and
shall defend each of them against any claim, cause of action, liability, or damage resulting
therefrom. The directors, officers, employees, agents and volunteers of the Agency shall be
entitled to defense and indemnification by the Construction Authority as provided under
Government Code title 1, division 3.6, part 2, chapter 1, article 4 (commencing with Section 825)
and title 1, division 3.6, part 7 (commencing with section 995). The indemnification and hold
harmless provisions of this section 13.2 shall apply in lieu of the right of contribution provisions
at Government Code Sections 895-895.8.

ARTICLE XIV: WITHDRAWAL OF MEMBERS

27881.00100\33370029.1 12
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14.1 Termination of Membership. The Board of Directors may terminate the
membership of any Member upon a finding that the Member (1) does not possess powers
common to the other Members, or (2) does not agree to bear its share of the Conveyance
Project’s costs.

14.2  Unilateral Withdrawal. Upon sixty (60) days’ prior written notice, a Member may
unilaterally withdraw from this Agreement for any reason, without causing or requiring
termination of this Agreement. A member that withdraws shall be held to its financial
obligations to the Construction Authority incurred while a member. Unless the notice is
retracted, the withdrawal shall be effective as of the date the Member provided written notice or
after written confirmation from the Construction Authority that the Member’s outstanding
obligations have been resolved.

14.3 Termination and Distribution.

14.3.1 This Agreement shall continue until terminated. However, it may not be
terminated until such time as (1) DWR has accepted the Conveyance
Project in accordance with Joint Exercise of Powers Agreement between
the Department of Water Resources, State of California and the
Construction Authority and (2) DWR has taken over all activities related
to the design and construction of the Conveyance Project, and all principal
of and interest on any liabilities or other forms of indebtedness of the
Construction Authority are paid in full. Thereafter, this Agreement may
be terminated by the written consent of 80% of the then current Members;
provided, however, that this Agreement and the Construction Authority
continue to exist after termination for the purpose of disposing of all
claims, distribution of assets and all other functions necessary to conclude
the obligations and affairs of the Construction Authority.

14.3.2 After completion of the Construction Authority’s purposes, all assets and
any surplus money on deposit in any fund or account of the Construction
Authority will be distributed in accordance with the Board’s direction.
The Board is vested with all powers of the Delta Conveyance Design and
Construction Joint Powers Authority.

ARTICLE XV: BYLAWS

At, or as soon as practicable after, the first meeting of the Board of Directors, the Board
shall draft and approve Bylaws of the Construction Authority to govern the day-to-day
operations of the Construction Authority.

ARTICLE XVI: MISCELLANEOUS PROVISIONS

16.1 Non-Waiver of Sovereign Authority. Nothing herein shall constitute a waiver or
relinquishment of sovereign authority of any Member with respect to any decision related hereto,
including, but not limited to, the decision to participate in any action hereunder or to participate
in an action separate and apart herefrom.
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16.2  No Predetermination or Irretrievable Commitment of Resources. Nothing
herein shall constitute a determination that any action, including the Conveyance Project, shall
be undertaken or that any irretrievable commitment of resources shall be made, until such time as
the required compliance with the California Environmental Quality Act, National Environmental
Policy Act, or permit requirements, as applicable, has been completed.

16.3  Notices. Notices to a Director or Member hereunder shall be sufficient if
delivered to the principal office of the respective Director or Member and addressed to the
Director or Member. Delivery may be accomplished by U.S. Postal Service, private mail
service, or electronic mail.

16.4 Amendments To Agreement. This Agreement may be amended or modified at
any time only by subsequent written agreement approved and executed by a two-thirds vote of
the Members.

16.5 Aagreement Complete. The foregoing constitutes the full and complete Agreement
of the Members. There are no oral understandings or agreements not set forth in writing herein.

16.6  Severability. Should any part, term or provision of this Agreement be decided
by a court of competent jurisdiction to be illegal or in conflict with any applicable Federal law or
any law of the State of California, or otherwise be rendered unenforceable or ineffectual, the
validity of the remaining parts, terms, or provisions hereof shall not be affected thereby,
provided however, that if the remaining parts, terms, or provisions do not comply with
Government Code sections 6500 et seq., this Agreement shall terminate.

16.7 Withdrawal by Operation of Law.  Should the participation of any Member to
this Agreement be decided by the courts to be illegal or in excess of that Member’s authority or
in conflict with any law, the validity of the Agreement as to the remaining Members shall not be
affected thereby.

16.8 Assignment. Except as otherwise provided in this Agreement, the rights and
duties of the Members may not be assigned or delegated without the written consent of all other
Members. Any attempt to assign or delegate such rights or duties in contravention of this
Agreement shall be null and void.

16.9 Binding on Successors. This Agreement shall inure to the benefit of, and be
binding upon, the successors and assigns of the Members hereto. No creditor, assignee, or third-
party beneficiary of any Member shall have any right, claim or title to any part, share interest,
fund, or asset of the Construction Authority.

16.10 Counterparts. This Agreement may be executed in counterparts, each of which
shall be deemed an original.

16.11 Singular Includes Plural. Whenever used in this Agreement, the singular form
of any term includes the plural form and the plural form includes the singular form.

16.12 Limitations on Liability. Section 13.2 of this Agreement defines the scope of
the Construction Authority’s duty to defend, indemnify and hold harmless any Director, officer,
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agent or employee. The Construction Authority may purchase such insurance as the Board may
deem appropriate for this purpose. A Member may separately contract for or assume
responsibility for specific debts, liabilities, or obligations of the Construction Authority.
Notwithstanding any other provision of this Agreement, no fee, assessment or charge may be
levied against a current Member without express consent of the Member.

16.13 Official Bonds. The Executive Director and the Auditor are designated as
officers required having and filing official bonds pursuant to Government Code section 6505.1 in
amounts to be fixed by the Board.

16.14 Closed Session. Closed sessions of the Board shall be confidential.
However, confidential information from closed sessions may be disclosed to Members as
permitted by Government Code section 54956.96. The Board may include provisions in its
bylaws to implement this section.

16.15 Amended and Restated Agreement. Upon the effective date of this Agreement,
the previous Joint Powers Agreement Forming the Delta Conveyance Design and Construction
Joint Powers Authority is hereby superseded and replaced in full by this Agreement and the new
Board shall be seated. The Board shall amend the Bylaws as necessary to reflect this Agreement.

IN WITNESS WHEREOF, the Members hereto have executed this Agreement by
authorized officials thereof on the dates indicated below, which Agreement may be executed in
counterparts.

METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA

By:
Title:
Date:

KERN COUNTY WATER AGENCY

By:
Title:
Date:
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SANTA CLARA VALLEY WATER DISTRICT

By:
Title:
Date:

ALAMEDA COUNTY FLOOD CONTROL ZONE 7 WATER DISTRICT

By:
Title:
Date:

AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:
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AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:
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AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:
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AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:
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AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:

AGENCY:

By:
Title:
Date:
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MEMORANDUM OF UNDERSTANDING
(Class 8 Member Agencies)

This Memorandum of Understanding (hereinafter referred to as “MOU”) is entered
into by and among Class 8 Member Agencies of the Delta Conveyance Design and
Construction Joint Powers Authority (“DCA”) who are signatory to this MOU and
referenced herein individually as a “Party” or collectively as “Parties”, to establish agreed
upon criteria to be adhered to by the signatories to this MOU when evaluating and
nominating candidates to serve on the Board of Directors of DCA and the procedures for the
Class 8 Member Agencies to nominate and elect Directors and Alternate Directors

NOW THEREFORE, the Parties to this MOU agree as follows:

Section 1 Guidelines Regarding Qualifications of Nominees

a. DCA Board member nominees should have knowledge of the State Water
Project and possess the knowledge and expertise relevant to the financial
and technical decisions to be made by the DCA Board regarding the
design and financing of the Delta Conveyance Project.

b. DCA Board member nominees should be able to understand and
effectively communicate both the consensus and potential dissenting
opinions of the participating Class 8 Member Agencies to the DCA Board
as well as to relate the technical and financial decisions being considered
at the DCA Board to the Class 8 member representatives.

C. DCA Board member nominees should be able to serve the full duration of
their DCA term, if elected, as a representative of the organization.

Section 2 Nominations
a. Each participating Class 8 Member Agency (“Agency”) may follow its
own procedures in making a nomination.
b. An Agency may have as many as two persons serving on the DCA Board,
one as a Director and one as an Alternate. To that end, an Agency may
nominate up to two nominees, subject to 83(g).

C. All nominees must be willing to serve as either the Director or the
Alternate.

d. Making a nomination is optional.

e. Nominations will be delivered to the Class 8 Group by each Agency’s
representative.

f. The Agency’s representative shall be the General Manager or his/her
designee.

g. Nominations must be presented to the Class 8 Group no later than

December 15 in 2020 and no later than September 30 in all subsequent
election years.
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Section 3

Section 4

Section 5

Elections

a. All nominee names will be placed on the ballot for the Director seat.

b. Each Agency may have its representative cast one vote for each available
Director seat. For example, the Agency may cast two votes if there are
two Director seats available.

C. The nominee receiving the most number of votes for each Director seat
shall fill the Director position for that vacancy.

d. The nominees for the Alternate seat(s) will be provided from the available
names remaining after the election of the Director(s).

e. Following the election of the Director seats each Agency may have their
representative cast one vote for each Alternate seat. For example, the
Agency may cast two votes if there are two Alternate seats available.

f. The nominee receiving the most number of votes for each Alternate seat
shall fill the Alternate position for that vacancy.

g. No Agency shall hold both Director seats simultaneously.

h. At least two of the four elected seats must be held by staff members of the
Agencies.

I. In the event of ties for either the Director or the Alternate seats, votes will
be re-tallied based on the weighted contracted proportionate share in the
Delta Conveyance Project of the voting Agencies.

J. The election shall occur no earlier than two weeks and no later than two
months after the presentation of nominees to the Class 8 Group.

Terms

For 2020, the Class 8 members hereby elect one Director and Alternate to hold
seats that have a term of two years while the other Director and Alternate hold
seats that have a one-year term. All subsequent terms for each seat and alternate
seat will be for two years.

Removal Procedures

a.

b.

The DCA JPA states that “6.1.9 Directors and Alternate Directors serve at
the pleasure of the Member, Class of Members, or Classes of Members”.
There may be some special instances where a Director or Alternate from
the Class 8 Group may not be fulfilling their duties in their positions in a
manner expected by the Class 8 members. Therefore, a removal
procedure for these positions is necessary to ensure that the interests of the
members are met. Examples of where a Director or Alternate may not be
serving the interests of the members include, but are not limited to, the
inability of a Director or Alternate to attend meetings or where the
Director or Alternate is not representing the general interest of the Class 8
members.

If needed, this matter will be discussed at a Class 8 meeting (regular or
special) and the Director or Alternate in question shall be provided the
opportunity to address the Class 8 members’ concerns.

If a majority of the Agency representatives determine that the responses
are not satisfactory, the Director or Alternate will be notified no less than
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Section 6

Section 7

30 and no more than 60 days before an action is taken at a subsequent

Class 8 meeting to determine whether to remove the Director or Alternate.

e. The removal shall be effective based on a vote of at least seven (7) of the
nine (9) Agency representatives.
f. After the removal, the vacancy may be filled by an Alternate (for Director

seat) or a special election may be necessary to fill the seat.

This MOU will be effective after execution by seven (7) of the nine (9) Parties
hereto.

This MOU may be executed in one or more counterparts, each of which shall be
deemed an original, but all of which together shall constitute one and the same
instrument.
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Memorandum of Understanding for Class 8 Agencies regarding voting procedures for Class 8
Delta Conveyance Authority’s Directors and Alternates

Executed and effective by and between the undersigned Parties on the last date noted below.

Antelope Valley-East Kern Water Agency

Date

Coachella Valley Water District

Date

Crestline-Lake Arrowhead Water Agency

Date

Desert Water Agency

Date

Mojave Water Agency

Date

Palmdale Water District

Date

San Bernardino Valley Municipal Water District

Date

San Gabriel Municipal Water District

Date

San Gorgonio Pass Water Agency

Date
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