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Preface

The Merced Irrigation DistrictMID or Districf) has prepared thisgkicultural Water

Managenent Plan (AWMP or Ran)in compliance with SEX7-7. The development of this

AWMP has provided MID with an opportunity to further gautggperformance in meeiy the
Districtds water resources management goal s,
and affordable water supply that benefits the entire region.

To support its water r e svatermacagemergracticasp@ement go a
centeredn itsrobust and effective conjunctive usetivitesand 1t s6 | ong standirr
to water coservation and system efficienchhe effectiveness dhesemanagement practices

are gaugeth this Planby comparingkey metrics to its 2002 plan, whigfas developed by MID

after it voluntarily etered into an MOU under AB3616.

There are several ongoing activities, both internal and external to MID, that may impact its
management practices and key metric performances in future Phease activities antheir
potential impact, both positivendnegative, are discussed in Section 1, Introduction.
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SECTION 1. INTRODUCTION

The Merced Irrigation District (MIDDistrict, or Merced 1D has prepared this Aigultural Water
Management Plan (AWMP or Plan) in compliance with the Water Conservation Act of 2009 {BB X7
SB X7-7 has mandated certain agricultural water suppliers to meet the following requirements:

e Prepare and adopt an SB-X7Agricultural Water Maagement Plan (AWMP)

¢ Implement efficientWaterManagemenPractices (EWMPs)

e Submit documentation for Agricultural Water Measurement Regulation compliance
e Submit an Aggregated Far@ate Delivery Report

The Plan is organized according to the framework itdtcan SBX7-7 §10826andincludes a discussion
of theimplementatiorstatusfor each of the EWMPs presented in 8B-7 810608.48These EWMPs are
grouped in the following two categories:

o Critical Efficient Management Practices

e Conditional Efficient WateManagement Practices.

As a conjunctive use Distriabne year would not adequately be reflective of MID operatidnerefore,

for water balance purposes, the period between 2000 and 2008 was used to represent a continuous period
experiencing differentydrologic wateryear typsincluding critical dry years and wet yeakéore recent
information was presented for elements not invajvivater balance calculations.

A copy of the current MIORules for the Distribution and Use of Water are includedppendk A.
Appendix Bdescribes the Root Zone model used to estimate effective precipitation, crop ET, and the
fractions of crop water demand met from applieder and from precipitatioppendix Cdescribes the
structure of the water balance and presentsniaiance result®\ppendix Dprovides information on

MI Db6s wat eAppendix §iha cepy af thelMID Groundwater Management PRppendix Fis
Water Measurement and Reportidgpendix Gcontains other documentation such as the public notice
for this plan as well as the Board Resolution adopting this Plan. Note that the Aggregatésbfarm
Delivery report was submitted under separate cover and is not included in the Plan.

In addition to thenandatorycomponents of theléh,t he Di st resourdednsanagesneneé r r
practiceswhicharec ent er ed on its robust and effective conj
commitment to water conservation and system efficieaeydiscussed his discussion is intended to

serve as a backdrop to tA#VMP and includes dackground on the evolution i management goals,

and foreseeable activities that may impact its future management acésitiedl as key components of

future SBX 77 updates
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1.1 MID Water Resources Managemenand Conjunctive Use

Merced ID is a conjunctive use district thets rights tesurface water supplies and lies over a sizeable
groundwater basin that readily receives and yields wislti€&¥ owns and operatez35groundwater wells
The vast majority letnsiedyctodaopdrdiked forirmgatibn dsringayeaes of
surface water shortagedome wells are operated annuatiyserve higkground parcels.

1.2 Background

Shortly ate™Mer ced |1 D6s formation in 1919, lavetbéen sur f ac e
conjunctively used to meet water demairdthe basinQOriginally, these demands were predominately for
agricultural irrigation, although, over time, the magnitude of municipal and industrial pumping increased

as the urban centers withinMerc&ld s t erri tory grew.

Prior to the passage of Proposition 13 in 1978, MID assessed all landowners within the District
uniformly, regardless of their use of surface waléis provided an incentive for irrigators to use District
supplies (from both the MerdeRiver and District wells)Following the passage of Proposition 13, the
District began to charge for water service, first on a flat rate dapisnding omllocation ina given year
and later on a volumetric basiss an economic choice, some MID custers opted to develop and use
groundwater because, in many places within the District, groundwater could be developethé&lost

of District water.

During the course of the 198@P92 drought when surface water supplies were limited and water costs
increasedt4 percent many MID customers constructed private groundwater wells for additional water
supply.As would be expected, once an investment is made to construct a private well, the tendency is to
use the well rather than surface waldtris tendency as compounded by the growing use of{ow

volume, pressurized eiarm application systems, which are better adapted to groundwater sources than to
surface water supplieBy the end of the 1987992 drought, groundwater elevations were generally
declining tlroughout the District, clearly indicating that the basin waaniaverdraft condition.

In 1993, MID entered into a cooperative program with the City of Merced to plan forehg i on6s f ut ur
water supplyCompleted in 1995 and updated in 2001, the Mewater Supply Plan (MWSP)

concldedt hat , through planned conjunctive management
agricultural andMunicipal and IndustrialNI&l ) demands, including selected environmental water

demands, could be satisfid@hsedon these findings, MID embarked on an aggressive program to restore

and expand its conjunctive water management capalgilityphasis was placed on programs and facilities

that would increase surface water use within MID by expanding service to landsuphggerved only

by groundwater and by winning back users who in earlier years had converted to groundwater supplies.
addition MID transferred water to growers outside its boundary but within its Sphere of Influence.

Further, Merced ID initiated an agggsive iAlieu recharge program based on operational criteria for
groundwater wells, and capital improvement projects yielding moresdh@0AF in a normal yeafThe
projects also considered energy reduction and usingeafk power.

In 2011 Merced IDaunched its first intentiongroundwaterecharge project witanestimated yield of
more than 15,008F annuallyat full developmentThe project will be operated most aggressively in
years of abundant surface water.

A reverse in the trend where morestamers are reverting to surface water has been redliredeasons
are mostly related to: (&nproved level of service throughcentralizedflexible water ordering system,
flexible water deliveries and modernized and automated infrastructure. troaddithe explicit steps
taken by MID, other factors influenced the trend includingld@akr groundwater levels; (b) higher



Merced Irrigation District i Agricultural Water Management Plan

energy cost exacerbated tine lower groundwater table which made MID surface water costs more
comparable; (c) lower groundwatguality resulting from a saline water wedge creeping from a saline
water sink underneath the SJR into the western areas of the District as a result of lower groundwater
levels; (d) a buildup of a salt water profile at the root zone of plants relyiggpandwater supplies for

their drip and micro spray systems that in many cases significantly impacted crop yields requiring
flushing from MID surface water which has minimal salts; and (e) using MID neutral PH balanced water
reduced or eliminated the reli@mon chemical additives to fight salt build ups in drip and ndpray

lines and meeting other fertilizers and pesticides product label requirements.

1.3 Current Practices

Merced |1 DO0s nor mal operating obj ecavailabidityinmdert o maXx i
to preserve groundwater for use in years when surface supplies are limited. Thus, the proportions of

surface water use and groundwater use vary from year to year depending primarily on surface water
availability and to some extent aropping patterns and weather conditidbsring an average wet year,
Ypercent of Merced | Débs water suppl 92peracemhgosn fr om s
surface water in an average dry y@his can be as low as 79 percent in certainydgrs, such as 2008).

The remainder of the supply comes from groundwater.

The nature of MIDb6s overall conjunctive water man
series analysis spanning several yeaus during hydrologic water year typ&sr this reason, a key
component of the Pl an i s t he.ltfadvides a unified lamnework foru al wa

linking measured inflows and outflows, such as surface water releases and operational discharges, with
estimated values, such deep percolatio his framework allows insightful analysis of the likely effects
of implementation of the various Efficient Water Management Practices considered undef7SB X7

MID utilizes the reaches of its surface and groundwater facilities andrcesdn optimize the uge the
resources as feasiblks di scussed, growersdé reliance on MID tc
decreased their need to install private wélls the tendency of most growers to use their private wells in

wet or dy years due to convenience and complitjbivith low volume emittersMID has, over the

years, supplied various levels of groundwater depending on the overall hydrology, weather, cropping and
length of seasarhis powerful tool combinediater rates corgitive with groundwater pumping are

aimed to reduce dependence on groundwater for supply to growers within the MID.

A central point to consider in understanding the operation of MID facilities is the complexity of the
systemOn one level, the MID distriltion system operates in a typical fashion with facilities designed
and operated to deliver water effigety to irrigation customerddowever, because MID uses natural
channels for conveyance of both delivered watersamgndrainage, at some points, idered water and
stormdrainage water are commingldd addition, because the natural channels in the MID system
provide relief from flood flows, during the early part of the irrigation season the ¢laatdol function is
superimposed on the irrigatioarfction.

As a result of the mix of functions performed by MID facilities, it is sometimes difficult to distinctly
guantify improvements in irrigation service that have resulted from recent enhanceniédsfacilities

and operationBased on data goingabk to 1970, one clear index of the impact of recent operational
improvements and policy changes on irrigation service is that the average irrigation season length from
2000 to 2008&s 23 days longer than the average sedsagth between 1970 through 19¢fnce by
providingservice for a larger portion of the growing season, growers have a lesser need to resort to
supplementafiroundwater supply.

1-3
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Complimentary to its Conjunctive Use operations i
efficiency. Amajor emphasis afs capital improvement program is to improve the distribution system to

better integrate reuse into operatidesiding to better water conservation. MID glessesses several

smaller reservoirs (i.e., regulating basims)nitored anatontrolled by a Supervisory Contrahd Data

Acquisition (SCADA) network that are used for regulating flows and balancing the supplies and demands

of the systemThese activities lead iacreased conveyance system efficiendiesthermore MID

completed aaumber of projects that reduce operational discharges while at the same time improving the
service for growers that used to receive flows near the decommissioned spills.

Certain canals have been designated by Merced ID for raw water supply for futace suater

treat ment plant(s) at each of the three major cit
certain unincorporated areas. Based on this designation, only surface water from the Merced River or
pumped groundwat e ellsdraatomedesaidadesignatedrénsls, preserving the

sanitary status of the canals, anticipating a shift of urban communities to surfacewegduture This

shift is anticipated to occur once the groundwater basin esaatertain thresholdin regards to quality

and levelsand require the cities to begin using treated surface water for municipal supply (currently all
cities and communities within Merced | D6s place o

1.4 Foreseeable Acbns that may Impact Water Resources
Management

MID is a leader imegional water resources management, includorgunctive use, water conservation
and system efficiencyAs suchijt continually strives to improve its managemttls andoractices and
adapt to changing conditions. To further theses efforts, MIDehalsarked oiseveral majomitiatives
that will also allow it to increase the resolution of various components of future pleese efforts are
briefly described as follows:

e Enterprise Data ldnagement Syste (EDMS): An SQLbased database is the core of this system
which interacts and interchanges data between a Geographic Information System (GIS), water
record database, a water order and billing software, a work order management system, and a
facilities inventory applicationThis is an extensive undertaking that began in 2008 and is
expected to be completed by 2017. However, substantial benefits of this effort are realized as
each phase of the EDMS is implemented.

e Water Resources Managemeftdar? The plan will assess District assets and provide a long range
capital improvement plan focused gystemmodernizatiorto promote conservation and enhance
system efficiencyThe plan is expected to be completed in 2 years and will be driven inypart b
stakeholder based process that includes MID growers, neighboring water districts and growers,
the local farm bureau, as well as the cities and the County.

¢ \Water Resources Model: This is a baside, open stakeholder based proc&se model is
expeced t o provide valuabl e i nf oThemaotel ioanmticipated t he D
to be completed in 2 years.

Plannedconjunctiveuse forthef ut ur e coul d be compromi sed dependi n
vision forwater planningandthe drategic importance of the Merced badihis would be disastrous for

the regionSince conjunctive usenly becomedeneficialwhensurface and groxdwater usage are

balanced, MID could beompelledcto forfeit its engagement inonjunctive use activitiegcluding

groundwater supplgnd rechargef offsetting surface water supplies are not availablaast yearss a

result of any State and regulatory decision or action.

1-4



Merced Irrigation District i Agricultural Water Management Plan

~End of Sectior

Crocker Dam

1-5
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SECTION 2: PUBLIC PARTICIPATION , REGIONAL
COORDINATION (810826 (d) AND PLAN
ADOPTIONAND SUBMITTAL (§10841)

2.1 Public Participation

Public participation in the development of this Plan included:

e Review of the publicly noticed presentation of the draft plan at the Merced Irrigation District
Advisory Committe MIDAC) meeting on July 10, 2013

¢ Notification of MID6s intent to update its AW\
notice in the Merced Sun Star on July 26, 2013and August 9, 2013;

e Posting of the draft BfterlAmgust6p20i3he Di strictds we

e Review of the publicly noticed presentation of the draft Plan at a special hearing of the MID
Board of Directors oseptembeB, 2013 ; and

e Approval of the final Agricultural Water Management Plan at a regularly scheduled Board of
Directorsmeeting on September 3, 2013.

In addition to the specific public outreach activities discussed above, MID maintains a continuous public
outreach program via formal and informal processes. For examelpublic is invited to attend all Board
meetings whie time is reserved on each agenda for public commetBoard members are accessible

to the public by phone;mail, special appointment and at Board meetifihe District maintains a

website where the agendas of all Board meetings are publishedaadbrige recent Board minutes,
newsletters and other important informati®he public can provide comments on District matters via
eZnail using a link on the MID websitewvw.mercedid.orl In addition, the District has a Public and
Government Relations Officer who has ongoing communications with interested parties District wide.
The District also distributes a newsletter periodicadlypublicize important local, state and federal issues
impacting its constituent3 he District maintains an open exchange of information with local newspapers
and, if necessary, issues press releases on matters of importance to thé&paiblistrict aso relies, to a
certain extent, on employees in the field to keep customers informed of the latest water management
information.

2.2 Regional Coordination and Previous Water Management
Activities (810826 (d))

MID is a leader in regional water resources agemenand has beecollaborating with regional
partners since its inceptionihis commitment to collaborative water resources planning is evidenced by
several major past and current activities, as discussed bdkgar. activities include:

e Merced Stream&roup (late 1930s)

Merced River Development Project (1960s)

¢ AB3616 Water Management Plan (WMRP02

e Merced Water Supply Plan (1993)

e Castle Dam Flood Control Project (also a regulating bat898
e Vernalis Adaptive Management PlatBg89 to 201}
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e SurfaceGroundwater Optimization Program (SUGWOP)89 to present

e Merced Area Groundwater Pool Interests (MAGR997

e Merced Integrated Regional Water Management RahJd

¢ Water Resourcedlodel for the Merced BasirS(art around September 2013

Merced Streams&roup

MID works with the City of Merced and the County of Merced in maintaining the capadcityasfion of
creeks identified by the Army Corps of Engineasnecessary for flood protection purpo3deese
portions generallyend to be portions also wst conveyirrigation water.The cooperation has been in
existence since at least 1950s.

Merced River Development Proje(t9609

MID, in cooperation with Pacific Gas and Electric, the Department of VRasourceshe Federal
Energy Regulatory Commissipthe Bureauof LandManagement, the Army Corps of Engineers tred
California Department of Fish and Ganses well asvID growersand local land owneysooperated to
design, construct, and set parameters for the new project during the early 1960s.

AB3616 Water Management Plan (WMP)

MID voluntarily prepared a Water Management Plan (WMP) according to the MOU finalized on
November 13, 1996 by the advisory committee for AB3616, which established the Agricultteal Wa
Management Council (AWMCAs a signatoy of the MOU sincel 999, MD documented its
performance with the Efficient Water Management Practices established by the Agricultural Water
SuppliersasCalifornia outlined in the MOUThe WMP was adopted by the MID Board of Directansl
submittedt to the AWMC. The plan was further reviewed by DWR staff before its adoption by the
AWMC. MID demonstrated meeting aktquiredEWMPs per the plan.

Merced Water Supply Plan

In 1993, MID entered into a cooperative program with the City of Merced to plan forehg i on6s f ut ur
water supplyCompleted in 1995 and updated in 2001, the Merced Water Supply Plan (MWSP) was
founded on the conclusion that, through planned c
regionds futur e agr indudihgtsalectedlenvieonnmentdivater ddneands, cadild be
satisfied Based on these findings, MID embarked on an aggressive program to restore and expand its
conjunctive water management capabilEyphasis was placed on programs and facilities that would

increase surface water use within MID by expanding service to lands previously served only by

groundwater and by winning back users who in earlier years had converted to groundwater supplies.

Castle Dam Flood Control Project (also a regulating basin)

MID, the County of Merced and the Army Corps of Engineers collaborated on gomplise project to
provide flood control and a water regulating basin known as Castle Dam. The Castle Dam irrigation pool
on Canal Creek was completed around 1998 by the ArmysQirEngineers as a mufturpose flood

control reservoir including an irrigation podlhe pool provides approximately 48® (AF) of regulating
storage and has cut nearly 24 hours off the time required to initiate flow changes at the head of the
Livingston Canal

Vernalis Adaptive Management Plan

Under the San Joaquin River Agreement, since 2000 Merced ID and others provided water to help
support a scientific study that included meeting a pulse flow of up to 118P00supplemental water
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for a 3tdayperiod in the San Joaquin River at Vernalis, California, during April and May for ecological
resources as prescribed in the Vernalis Adaptive Management Plan (VAMPYpecific amount of the
April/May supplemental flow provided each year was determamedially by the Hydrology Group of

the San Joaquin River Technical Committee, which included technical representatives from the San
Joaquin River Group Authority (SJRGA)S Department of Interiot{SDOI), Bureau 6 Reclamation
(BOR) andUnited States Fisand Wildlife Service SFWS. The agreement, as amended, expired on
December 31, 2011.

Surface/Groundwater Ogimization Program (SUGWOP)1989 to Present

The program started in 1989 and was mainly fundedsnige from th&/ AMP transfersThe program
conponents were developed independently by MID.,ibtgtrestinglycoincidewith EWMPs for SBX7-7.
The previous WMP attessed SUGWOP in more detdihis program will be replaced by the outcome of
the Water Resources Management Plan and guidance frot7 3B

Merced Area Groundwater Pool Interests (MAGPI)

MAGPI 6s mission is to develop technical data and
Merced Groundwater Basin, which has generally been in overdraftl8geCurrently chaired by MID,
MAGPI members and nemember interest groups include most of the agencies with water supply, water

guality and water mamg@ment authority in the regiollAGPI 6 s vi si on i s t o maxi mi
management for reliable local, regional and stétee watersupply and to:

e Expand then-basinuse of surface water
¢ Expand groundwater production capability
e Continue water conservation efforts
¢ Monitor groundwater conditiowith the goako establish
¢ Alive updatable water budget
e Protocols for hdacking basin fiheal't
e Establish a basin Joint Power Authority

In 2008, MAGPI established a subcommittee to encourage cooperative planning among additional aspects
of water resources management beyond groundwater management and to lay the groundwork for
development othereg on6s f i r sMAGRI EowipleteR theaMerceddgionalAcceptance
Processapplication in April 2009 and subsequently secured a DWR IRWM Planning Grant in February

2012 to develop the first Merced IRWM Plan (MIRWMM)ost relevant to this plan are tedtal data
documenting the status of the Merced Groundwater
use management practices.

Merced Integrated Regional Water Management PIg013)

In 2012, MAGPI transferred responsibility for developmerihefMIRWMP to the interim Regional

Water Management Group (RWMG), which is compdi®f MID, the County of Merceand the City of
Merced The interim RWMG assembled a Work Plan Management Committee (WPMC), which consists
of staff members from each of theerim RWMG agencies he interim RWMG is responsible for
overseeing this first Merced IRWM planning process, and each of its members have committed to
continue to support the MIRWMP as a member of the RWMG following adoption of the plan and
implementatio of the longterm governance structure.

The MIRWM process has been a strongly stakehaldgen processThe RWMG is advised by a
Regional Advisory Committee (RAC) that represents the broad interests of the Merced Region and shapes
the direction of theRWM program The RAC was formed in May 2012 following an open application
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processAll parties that applied for inclusion on the RAC were accepted as either a full member or
alternate and officially appointed by the MID Board of Directors, in consultatitnmember agencies
represented by the RWMGhe RACcurrently consists of 23 members and 16 alternates representing
broad interests and perspectives in the region, including:

e Water Supply Interests

e Wastewater Interests

e Stormwater Interests

e Flood Controlinterests

e Local Government

e Agricultural Interests

e Other Business Interests (ragriculture)

e Environmental Interests

e Other Institutional Interests (e.g. UC Merced)
¢ Disadvantaged Community and Environmental Justice Interests
e Recreational Interests

e CommunityNeighborhood Interests

The RAC has met monthly since May 2012 to discuss regional water management issues and identify
regional water management needs, goals and objectives, plans and projects, and future funding and
governanceRAC meetings are all publy noticed and are frequently attended by members of the general
public as well as the DWR g®nal service representativehis broadbased involvement by regional
stakeholders has led to balanced input that reflects the wide array of water resouaggswean

pergectives throughout the region.

Most relevant to this plan are technical memorandums completed as part of the IRWMP which support
MI D6s management practices regarding water conser
recharge.

Surface Water/Groundwater Model for the Merced Bagiproject start date approximately
September 2013

MAGPI will start on developing a basimide water resources model with the help of a DWR grant
coveringaround 5@ercentf the total costThis stakeholdeprocess will lastapproximatelytwo years.
Results from this exerciseill increase the resolution of information MID and other agenciesdiawat
the Merced Groundwater Basifhe goal is to utilize the modeta tool to address future planning in the
basin ad identifybest managemeptacticesand projects that can be feasiliigplementedo increase
watersupplyreliability.

2.3 Plan Adoption and Submittal (8§10841)

Upon adoption ofhe Ran, a copy of the adopted AWMP will be submitted to entitlestified below
(810843 (a)&(b))

e The Department (A10843 (b)(1)) (Electronic cop



Merced Irrigation District i Agricultural Water Management Plan

Any city, county, or city and county within whiche agricultural water suppliextracts or
provides water supplies (§10843 (b)(2))

Any groundwater managementtignwithin which jurisdiction the agricultat water supplier
extracts or provides water supplies (810843 (b)(3))

Any urban water supplier within which jurisdictioretagricultural water suppli@rovides water
supplies (810843 (b)(4))

Any city or couny library within the jurisdiction the amultural water supplieprovides water
supplies (810843 (b)(5))

The California State Library (810843 (b)(6))

Any local agency formation commission sexyia county within which thagricultural water
supplier proides water supplies (810843 (b)(7))
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~End of Section~

Lake Yosemite
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Secion 3. Agricultural Water Supplier and Service Area
(810826 (a))

The MID Agricultural Water Management Plan has been prepared in accovdémiéater Code
Section810826.The following setions are presented in a sequence stated in the Contents of Plans
(810826)

3.1 Size of Service Areg810826 (a)(1)

The Merced Irrigation District became a d¢gntity on December 8, 191Bhe District covers a service
area of164,317 gross acres]31,950acres of which are irrigable and approximatel®,000 acres of

which arecurrently irrigated2000-2008). Eight urban areas, including three incorporated cikisced,
Atwater and Livingston, are all located tiit the boundaries of the MIrable3.1 provides information
on the age and size of the MID wiigure3.1 showingamapo f t he MI DO0s ser vi

Table 3.1
Water Supplier History and Size

Date of formation 1919
Local Surface Vdter
(Merced RivefLocal Sream$

Source of Water at Time of Formation

Present Gross Acreage 164,317
Present Irrigable Acreage 131,950
Present Irrigated Acreage 100,237

! average irrigated acreage from 2000 through 2008

ce
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Figure 3.1
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3.2 Location of the Service Area and its Water Management
Facilities (810826 (a)(2))

The MID lies on the eastern side of the San Joaquin Valley in eastern Merced County, approximately 120
miles south of Sacramento and 275 miles north of Los Angslekown irFigure3.2.
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The Merced River provides the principal renewable waterlgdippthe Districtand the Merced
Groundwater BasinVater is diverted from the river into the District by the Northside Canal from a pool
created by Merced Falls Dam and by the Main Canal from a pool created by the €toitkean

Diversion Dam, a reinfeed concrete structure completed in 1910. The Merced Falls Dam replaced an
older wooden critlype dam used to divert Merced Riweaters before 1873.he CrockerHuffman
DiversionDamreplaced a crittype dam used to diveritver water completed in 1870.

Lake McClurethe principal storage reservoir, is impounded by New Exchequer Dam, istuamed

and operated by MIDNew Exchequer Dam was completed in 1967, replacing the originalvdaich

was completedin1926.a ke Mc Cl ur e 6 s c drpma2dd,000/ARoMz024,6@0xFwisthn d e d
the completion of New Exchequer D&m1967.

The MID distribution system includé&$2 miles of conveyance facilities. See Table 3.2 for details.
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The system was originally designeds a -t fhfrloauvg h & s y s taesubstantimkfractionafg t h a't
carriage water was diverted and routed through the system aldngat#r for delivery to user$he

extra water all owed users and operators to Aturn
notice, thereby prading a high degree of operational flexibility.

The MID distribution system includes portions of natural streams (or drains) that convey irrigation water
during the irrigation season anddhbflows during the off seasohhese reaches collect and enabklase

of canal operationalischargesnd return flowsluring the irrigation seasoRecent emphasis has been
placed on improving the distribution system to better integrate reuse into operations, leading to reduced
flow-through requirements.

The District also ows1235 groundwater wells

of which 198 wells areurrentlyoperational. Table 32
Table3.2 provides information on District Water Conveyance and Delivery System
wells and conveyance facilities.

System Used Number of
The District possesses several smaller Miles
reservoirs that are used for regulating flows
and balancingvater supplywith demand Unlined canal 422
(Table3.3). Lake McSwain is located on the
Merced River and serves tomegulateflow Natural Channels (creeks and slough 121
releases from Lake McCluend to help to _
ensure steady instream releaseske Lined canal 97
Yosemite completed in 1888s located north Pipelines 177

of Merced, along the Main Cah and
originally served as a forebay for piped rains 45
surface water deliveries to the City of MercedD

utilizing the Main Canalalsocompletedn

e : _ .| Total Mileage of System 862
1888 Those deliveries were discontinued in
1927, but the lake continues to serve as a
Main Canalregulating resenioand a popular| Wells 235
recreational area for residemsMerced Delivery Gates 1.968

Bear Creek Pool is formed by Crocker Dammich was originallyconstructed as a woartib dam in the
late 1800s It waslater replaced by a reinforced concrete dhat captures runoff from thenre Bear
Creek watershedncludingParkinson Creek, Fahrens Creek, Cottonwood Creek, Black Rascal Creek,
Bear Creek, and Burns Credkwas originally constructed asd&rect diversiorfacility, with limited
regulating capacity, but recent improvememdse created approximately 186 of regulating storage
there.

Castle Danirrigation poolon Canal Creelwas completedround1998 by the Army Corps of Engineers

as a multipurpose flood control reservoir incling an irrigation pool. The pogirovides aproximately

400AF of regulating storage and has cut nearly 24 hours off the time required to initiate flow changes at

the head of the Livingston CanMariposa CreelPooland El Nido Reservoir wer@milarly improved

creating up tdo0and 200AF of reguhting capacityrespectivelyT he | at est addiingi on t o
capacity is Livingstorutomatic No 2 operatingstoragewhich was completed in 2006 isM | D énfy

off-stream basin which can be complgteypassed witbutimpactng operationsA summary of alllte

regulating pools in theystemis listedTable 33, below.
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Table 3.3
Regulating Reservoirs
Regulating Basins Completed After Total Volume Active Regulating

2002 (AF) Volume (AF)
LakeMc Swain 9,740 1,600
Lake Yosemite 7,425 1,000
Castle Dam lIrrigation Pool 1,000 400
Bear Creek Pool (Crocker Dam) 1,000 180
El Nido Reservoir a 200 200
Livingston Automatic No. 2 a 100 100
Mariposa Creek Pool (El Nido Dam) 55 55
Puglizevich Dam Pool 35 35
Livingston Canal Pool 20 20

Table 34 describes tailwater amberational dischargecovery mechanisms now in place within the

District.

Tailwater/Operational Discharge Recovery System

Table 3.4

System

Description

District-Operated Tailwater/

Operational Discharge Recover

Most operational discharges are recaptured in creeks or interceptor can
where they are reused either wittMID or downstream

GrowerOperated Tailwater/

Operational Discharge Recover

Since the 1980s the District has had a moratorium on drainage discharg
canals While a number of drains are grandfathered, the District is workin
minimize the number alrains discharging into canaMost of the farmers
in the western portion of MID have no offsite drainageme farms in the
eastern portiodrain to natural sloughs.

35



Merced Irrigation District i Agricultural Water Management Plan

MID charges volumetrically at the farm turnpoteetng SB X7-7 requirementaMID strives to provide
its growers with as much flexibility as possible with regard to frequency, rate and duration of irrigation

events.

MID uses diffeent water ordering and delivery schedules, depending primarily on the operational

capabilities oportions ofthe distribution system (Table
3.5). Most users are provided water under an arranged
demand system, where the user places an order with th

District and water is delivered later, tgpily within two
to three daydn the lastfew years, the majority of orders
have been filled withi24 hoursWhere requested and

determined to be practica
demando ser vi c asercaturnorhaad off

without alvance notice to the Districthis typically is

provided to drip and micrepray users whose systems afe

equipped with cumulative volumetric metengyich draw

directly froma main canabr from large laterals where the

fluctuations i n ca+4almafhldc

Table 35
€ Supplier Delivery System
Type Mark if Used

| ,ontddm@nd DI strixt of[fers
t he—wate

Modified demand X

Rotation X

w r@eryl tjng fXom fdjon

service can be reegulated downstrearMID may

mandate rotation on laterals with limited capacity to ensure sufficient supplies to all users.

An irrigation customecan call the office, send ax durihg the working hourgjse an Automated Voice
RecognitionSystemor the Weba place their delivery order§hewater account may be accessed

throughaWeb connectiomand it can also provide history of deliveries and invoic&ace 2008MID
Distribution Sstem Operator@©SOs) have been equipped withtlaps that receive thevaterorders
from MID headquartersver a wireless network into a water order softwhagkees track of delivey
orders The DSOs also useSupervisory Control and Data Acquisiti®CADA) systento monitor and
manage water in their area with help frdm Senior Distribution Syste®@peratordSDSGs), whoisin
charge of a larger distribution area and the resergeingngtheir distributionarea.

Table3.6 lists agencies with whoMID coordinates in carrying out its operations and the nature of the
restrictions thathis coordination now imposels.should be noted thaome of theseestrictionscould

placea significantchallengeon irrigation operations

3-6
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Table 3.6
Restrictions on Water Sources

Restrictions Name of Agency Imposing Restrictions| Operational Constraints
Flood Control Space U.S. Army Corps of Engineers None
- . Must use groundwater
Minimum Reservoir Pool FERC pumping

Power Generation
Forecasting

PG&E/Stde IndepementSystem
Operator (Cal ISO)

Limits flexibility as
diversion forecasts are set
advance

In-Stream Flow

FERC

In-Stream Flow (Nowar)

DWR (DavisGrunsky)

In-Stream Pulse Flow
(October)

SWRCB (San Joaquin River Agreemer

In-Stream Pulse Flow
(Spring)

SWRCB (VAMP)

Possible loss of diversion

flows into the distribution

system to satisfy hstream
flows

Possible loss of diversion

Commitments

NationalWildlife Refuge

Senior Water Righten SWRCB _ flows into the distribution
River Merced C_our_1ty _Superlor Court _ s_ystem tosatsfy _
Adjudication(s) adjudicateddemands in the|
river
SystemDownstream Stevinson Water District and Merced Increases operational

discharges as a result of
guaranteeing minimum
flows

In-SystemWater Entitlements

By adjudicationsor agreements

Impact canal capacities

Since the early 1930s, MID has provided watdatwls withintheformer El Nido IrrigatiorDistrict
(ENID), when surface water supplies were adequate, utilth@districo pre-1914 water rightdn

2005,theENID6 s 9, 923 acr eistotheawdD seroce aremsnd lahdstit@ndhe former
ENID serviceareawereclassified aMID Class Il usersAs part of the consolidation, it was agrebdt
Class Il wateallocations would be 50 perceot theallocaion (AF/AC) to Class | userd,e., theMID
service area prior to consolidatioks a result of the consolidation, MID storage and direct diversion
licenses wereamended to include a 12,500 AF pulsev for fish atraction and spawning flows féall
run Chinook Salmon during the montii October Since the ENID consolidation, there have been no
other consolidations or anngims to the MID service are@iable3.7 notes factors that may affect the
size of the MID srvice area.

Table 3.7

Changes to the Service Area
Change to Service Area Affect on the Water Supplier
Increased service area size due to 12,500 AF additional release to
consolidation with El Nido Irrigation Merced Rivelin October
District and simultaneous urbanization
within the exsting boundaries of MID

3.3

Terrain and Soils (810826 (a)(3)

The irrigated land in MID is typically mildly sloped with a fall @bout one foot per 1,000 fe&tost
fields are surface irrigated with laser leveling employed to aetaed maintain uniform grades.
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Pressurized systems are used in undulating areas that are not suited to land leveling, and, increasingly, as
replacements for, or in conjunction with, surface irrigation systems on permanent crops.

The soils in the eastern part of MID are typically meditorfine-textured, with the majority of fields

using surface irrigation systems that generate little tailwater. Pastureland in MID tends to be located on
slightly steeper ground, and there has been a gradual substitution of permanent crops (trees) &md vine
crops such agasture over the lagtirty years or soSoils in the western portion of the District are

typically medium to coarseextured, with most havingiedium to rapid intake rates.

The spatial variation in soils from east to west has redilt the majority of the orchard crops being
located in the western portion of the District while the row cstifighrive inthe eastern portioWater
conserving irrigation measures, such as micro sprinkler and drip systems, are concentratedsiarthe we
portion of the Districtthe area MID has traditionally relied on for groundwater extractionsairs e
surface water shortages.

Table3.8 describes the influence of local égpaphy on District operations.

Table 38
Topographic Impacts

Topography Characteristic Impact on Water Operations

Natural streams and sloughs | Mostly located in the eastern paniof the Districtlntegrated into
MI Dés water delivery and dr ai
used as conveyances in their upstream reatlhgsserve as drains
downstreanof the delivery service areBatural channels also
convey stormwater dimg the norirrigation seasorMost creeks
and sloughs are located in the eastern portion of the District

Land slope Does not constrain irrigation epations.

Table 39 describes the effects of ldamils on District operations.
Table 3.9
Soil Characteristic Impacts

Soil Characteristic Impact on Water Operations

Eastern portion: typically clayasedo loamy | Limited groundwater recharge; basiheck
soils irrigation generates little tailwater.

Western portion: typically loamy to sandy | Moderate recharge rates make this area import
soils to MIDb&ds conjunctive

3.4 Climate (810826 (a)(4)

The average annual precipitation foe tDistrict is approximately 12 inches, coming priityanetween
November and Marchn most years, this rainfall is sufficient to meet the water needs of winter annuals,
pasture and wintecover crops in the orchardehere are generally no irrigation dedries during this
periodunless a continuous dry period creates needed demand such as the casenwivitartb&2000.
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The District opted to make a tweeek surface water deliveries during a normally inffgation season
period.

Water is not delivered spifically for frost protectionHowever,during the offseason (November
through midMarch), MID does make its

deep groundwater wells available. Table 3.10

Growers purchase flows at the MID well Climate Characteristics

and incur all losses between thell and

their delivery gates. Climate Characteristic Value

The characteristics of microclimates Average Annual Precipitation 12.29 inches
within theDistrict do not range widely

and, therefore, have little impact on Minimum Mean Monthly Temperature 35.5°F (December)
District operations or cfarm wate .

requirementsTable 310 describes some Maximum Mean Monthly Temperature 96.7°F (July)
characteristics of the local climate.

3.5 Operating Rules and Regulation£810826 (a)(5)

A copy of the Mercedirigation District Rules and Regulations Governing Distribution of Water is
included inAppendix A These rules, updated occasionally at the direction of the Board, describe
procedures for water orderignd operation of the MID water distribution system.

3.6 Water Delivery Measurements or Calculationg810826 (a)(6)

The following describes the frequency with which MID makes measurements, calibrates water
measurement devices and performs schedubidtenance on these devicAkso included below is an
assessment of the estimated accuracies of the various measurement devidppeSdixF, Water
Measurement Documentation and Reporting for a more detailed Agricultural Water Measurement
Regulation.

Meter Gate MeasurementConfigurations

Installations thaallow for a vertical installation of a meter gate and a downstream measuring vent are

considered to be turnouts with a meter gate measurement configukégien.gates, such as a standard
Fresno Valve C101 gate, provide instantaneas feadings baseah a manufagcrer specific rating
tableg the differential head acrofise gateand the gate opening

There are various turnout types that contain meterrgatessurement configurations, as follows:

Upright Structures: Typically measured once during arigation and as needed depending on
changing conditions. The turnout is checked daily dedred of debris as necessary whense.

Annual maintenance consists of checking that zero gate marks have not changed due to wear of

valve stem threads or thectad the gateGates are repaired and calibrated wheamindicates it
is necessarylhe margin of error isstimated tde approximatelyL5 percent

Slant Structures: Typically measured once during arrigation and as needed depending on
changing conditios. The turnout is checked daily arldared of debris as necessary whense.

Annual maintenance consists of checking that zero gate marks have not changed due to wear of

valve stemhreads or the face of the ga@ates are repaired and calibrated wivearindicates it
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is necessan/A variety of methods are used to estimate flows through these turnout types. The
manufacturerdés rating t atwherthely arefullydpenslginggat e s
irrigation, and even then they have a higmargn of errorthan vertially installed gated,

depending on the site specific configuration.

Concrete Boxes Typically measured once during arigation and as needed depending on
changing conditions. The turnout is checked daily dedred of debris as nessary whemiuse.
Annual maintenance consists of checking that zero gate marks have not changed due to wear of
valve stem theads or the face of the gatgates are repaired and calibrated wheamindicates it

is necessaryBoxes with weirs that arexied do not need Ghration. The margin of error is

estimated to b&5 percent

Other: These include headwallgandpipesand othemiscellaneous structure typdg/pically
measured once during arigation and as needed depending on changing condifitvesturnout
is checked daily andeared of debris as necessary whense.Annual maintenance consists of
checking that zero gate marks have not changed due to wear of valvarstas or the face of
the gateGates are repaired and calibrated wheanindicates it is necessaihe margin of
error issite specific and generally unknown

Meter Measuring Configurations

Flows to fields measured with a meter, such as the McCrometer Propeller Meter or other MID approved,
factory calibrated meter, are dered meter measuring configurations. These configurations typically
serve pressurized darm systems, although they can serve open flow systems if certain site specific
conditions are met. MID approved meters come calibrated from the factory. Thettowgh the meters

are periodically verified to conform to expected flows usingltnasonic test meteWhen necessary, the
meter undergoes maintenance and is factepali&rated as requiredhe accuracy of the propeller

meters, the most common meiteiuse, ist2 percents specified by the manufacturer if properly installed
and maintainedMID staff typically read turnouts with meter measurement configurations every one to
two weeks.

Turnout types for meter measurement configurations can be simttawse for meter gate measurement
configurations. In these cases, the frequency with which MID performs scheduled maintenance on the
turnout structure is similar. Other accounts may be served directly from a booster pump or groundwater
well. Each type opump has periodic maintenance schedules, including, aadpthly and annual

schedules.

Table 3.11 provides a summary of MIDb&6s tu+rnout
farm irrigation system classification
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Table 3.11, Turnout Inventory Results

Combined
-cr)(f)fétli\i/% Irrig. Gravity Irrig.
Accounts Systems System Pressurized Irrig. Systems
(2011
Measurement Irrigation | Flood and Impact Micro -
Configuration Turnout Type Season) Drip Flood Furrow Drip Sprinkler Mist Sprinkler | Unspecified
Concrete Box 186 2 153 5 3 16 6 1
Slant Delivery Structure 334 2 229 27 7 51 12 4 2
Upright Delivery
Structure 556 357 108 61 14 2

Other 152 95 13 3 29 8 1 2

Meter Gate Sub-Total 1228 4 739 140 17 128 32 6 10
ConcreteBox 75 9 2 2 5 1 53

Slant Delivery Structure 106 6 1 5 1 12 1 80

Upright Delivery

Structure 173 22 6 10 13 1 117
Other 198 1 28 15 12 12 2 124
Meter Sub-Total 552 1 65 24 16 25 42 5 374

TBD! TBD 188 3 127 30 4 14 6 0 4
Total 1968 5 804 164 33 153 74 11 384

! Measurement Attributes and Turnout Types are currently being inventoried as part of the GIS mapping effort discussed herein.
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3.7 Water Rate Schedules and Billing 810826 (a)(7)

MID adopted a volumetric ratfor its water sales in 199MID sells watetby theacrefoat, in increments
of 0.1AF. By thislong standingadoption MID meets SBX7-7 requirements.

MI D6s pricing policy is integrated with the Distr
water rateper acrefoot for applied wateand a standby charger acre of irrigable lantb encourage

customers to rely on surface water wisenfacesupplies are abundarithe price is designed to compete

with the cost of groundwater pumping to prevent sevesersible groundater overdraftGrowers

who elect to purchase supplementater made available through conjunctive groundwater pumping

from the District will pay close to 30fercentthe cost of surface watex practice that growers only use
duringdroughts Most growes with permanent crops tend to have their own private wells.

M1 D iate structure includes$24 per acre standby charge (3)hssessed against the gross acreage of
all irrigable land regardless of the provision of surface water ( e.g. soaserapeivgroundwater only).

In addition to the standby charge, accounts are charged eabasé$23.25per acrefoot for water usage
(2013). Therefore, the total charge for a typical seasonal irrigation delivery of Alrper acrds $93.75
Municipal and indstrial (M&I) customersre charge®125per acrefoot but arenot assessed a standby
chargeBoth irrigation and M&I customers are billed monthly for serviéarden Headarethe term

used forsmall hobby parcel§heygenerallyreceivevery small flowsthat are usually based on estimated
head preagre and gate size and openi@arden Had userglo not grow crops for commercial benefiit

the past,hieypaid a flat fee and id not need to place a water order for each irrigaf8aginning in 202,
Garden Heads have been required to place water orders and are charged volumetrically where facilities
exist for such measuremerntsd ameeded by the DSOs.

3.8 Water Shortage Allocation Policie810826 (a)(8)

MI Dds dr ought approachs encoenpsaeg byrthe broadpracticesdealing with
conjunctive water managemeifihe District has aggressively pursued expanded conjunctive water
management capability so that it can nteetneeds of MID water users, while also meegjrayving
environmentabemands.

As an example, since the 1920s the District has constructed well fiekstiuie the impact of shallow
water tables at the time andgdopplement surface water supplies during shortagesDistrict owns and
operates more thar82 groundwater wellocations, with 198 on standby at any time, which makes it one
of the most extensive wdlklds owned by a single irrigation Distt in the San Joaquin Vallein 2002

MID conducted a study to expand its well field in the southeast quaafrdng Distrct comprising

25,000 AcresThe study recommended agaiitstue tothe relativelyiow yields andshallow

groundwater aquifewhich wouldnot beable tosupport theequireddemand.

M| D @&amnjunctive water management strategy assures that groundwadéroces will be managed so
that supplies available to MID users in times of droughthwelsufficient to medts needsAs discussed,
the f oundat engagementin dehjubciivese stems frorthe desire to do what it can, in
collaboration with i regional partners, to ensure that the groundwater basin is managed in a sustainable
fashion. One of the cornerstones of Mibnjunctiveuse managementiie fact that groweraho can

rely on MID during droughts are not compelled to install private veslltheir propertiesOwners of new
wells tend to use themostyears due to convenience, thereby impacting the groundwater and MID
revenue which patpressure on MID to raise itgater ratesThe result would be a downward spiral of
higher water ratgandmore groundater extraction in the basimheresultcouldleadto irreversible
negative impacts on the groundwater basin and on the Disttaagat An example of irreversible impact
is theoccurring landsubsidence at the southwest quadrant of thedteGroundwater Basin as a result of
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excessive unyieldingroundwatepumping, by growers that halimited orno access to surface water
supply.

In additionto groundwater extraction in years of surface water shortage, the District establishes its
availeble water supphatthe begiming of the irrigation seasomypically, the water made available is
based on estimated forecasted runoff, Districttream requirements, historical water commitmeais. (
senior water right holders or adjudicatights) in the Merced River alandthrough its distribution
systemsystem lossesnddesiredcartyover storage in Lake McClurBuring droughts,ie set allocation
could beinsufficient for full irrigation formanycrops In 2008 growers were provided 2.5 AF/Adoe
Classl usersand 1.25AF/Acrdor Classll users These values are variable dependingramy factors
and theyareapprovedannuallyby the MID Board of Directors.

The District has a financial reserve policy that addresses finamaetbgesMID has historically
replenishingts financialreserve through water transférsm water storage

As for the resource inears ofsurfacewater shortagehe Districtreduceghe allocatiorto its growers
proportioned to its Class | and Class Il us#ralso relies on its conjunctive use groundwater pumping
activities to supplement the limited surface water supply, which helps to prevent growers from drilling
wells during such years and further stressing the groundwater basin

In 2008, The District brokedewater to its customers from Stevinson Water District by puicgpasound
7,000 AFof its committed 25,000 AHowever , such amount wodidridnoét brir
wide in the case of aevere droug(s).

In the cae of severe droughts with amhinimis surface water supply, the District has to rely on its
available local resource§he District is located in an area that cannot purchase water from other entities
so the Distriad kst resort is groundwater, hence its continuous effgitdted this valuable resource.

Facinga catastrophén the winter of 1993vith Lake McClure having less than 50,000 AF in storage, the
Board announced th#terewould not be an irrigation season for that year and waternd only be
delivered to save the peament crops, which are mainly trees and vifibe lake was below its

minimum pool of 115,000 AF and no surface water could have been diverted from storage.

Water supply options have not changed and the District will resort to a similar action shoxtiehale e
drought impactvater supplyDuring such a case, the District will rely onfitsancialreserves to survive
theeconomiampactof droughts.

3.9 Policies Addressing Wasteful Use of Agricultural Water

MID Rules and Regulation for the Distributioh\WWater addresses issues of wastefater,
seeAppendix A.
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~End of Section~

Lake McClure
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SECTION 4. INVENTORY OF WATER SUPPLIES
(810826 (b))

This section of th&Vater ManagemenPlan describes the quality and quantity of water available to the
MID from surface and groundwater sourc&le section continues by describing water usage within the
MID service areaThe technical foundation of this section, and of the entire Water Management Plan, is
the water balancanalysig20002008) that is summarizeth Section 4and presentedhimore detail in
Appendix C

4.1 Surface Water Supply (810826 (b)(1))

The Merced Riveristhmains our ce of M|l DO s . eDistrict divertswigedt fows asdu p p | y
stored water impounded in Lake McClure by New Exche@aen on the Merced Riverhe District

diverts water according to a series of-fad postl914 flow and storage water rights recognized by the

State of California

4.2 Water Rights

MID enjoyspre-1914 water righten the Merced Rivetocal reservoirs (g. Lake Yosemne which was
completed in 188) and creekge.g. Bear Creek) that aigtertwined withits distribution systemnin

addition,MID holds six appropriative water right licensas the Merced Rivassued by the State Water
Resources Control BadyrDivision of Water Rights for the direct diversion and storage of Merced River
water Licenses 2685, 6047 and 11395 are for consumptive use purposes while Licenses 990, 2684 and
11396 are for power productioA summary of each of these licenses is doetin Appendix D During

the irrigation seasqQiMID operates under its consumptive use licenshe prel1914 water rights and

licenses for power use compliment the consumptive use rights, authorize use outside the irrigation season
and add to MID's dim& diversion rightsUnder the licenses for consumptive UgdD is allowed to store

up to 605,00RF during October through June of any year and withdraw from storage up to 526,110
throughout any given year.

In 2005 the District acquiredwo licenseson MariposaCreek, also contained in Appendix &5 part of
its consolidation with El Niddrrigation District. These licensesmountto a total of 10066 AF with a
maximum diversion flow rate of 100 cfBhe District acquired a smaller water right on Dead Creek
for 3.8 cfs of direct flow.

4.3 Flow and Reservoir Requirements

The District has also been issued a license by the Federal Energy Regulatory ConfRFi@nwhich
provides a minimunm-streanflow requirement and a minimum pool requirement ®5000AF in Lake
McClure.The license further provides that the District cooperate with the California Department of Fish
and Game and the U.S. Fish and Wildlife Service to determine means of providing up toAFsg00
project water and return flow wexs to the Merced National Wildlife Refugehe DavisGrunsky

Agreement is 4967 contract between the State of California and MID in which the $tateded

funding in the amount o$8 million for the construction of the dam recreatioaatl fish enhaneeent
facilities with the provision that MIDnaintainscontiruous flowof 180 to 220 cfsn the river reach
betweerCrockerHuffman Dam and Shaffer Bridgeom October 3%hrough Marct81. This agreement
expires in 2017.
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The Army Corps of Engineers Wateofitrol Manual for Lake McClure requires that the District reserve

350,000AF of reservoir capacity farain flood control purposed.his reserve must be maintainednfro

November 1 through March 1Bn additional 50,00@\F maybevacated, beginning Marchfar

forecasted snowmelt runoff.

4.4 Cowell Agreement

At the time of the construction of the original Exchequer Dam in the 1920s, a court action was brought
against MID by riparian water rights holders along the MercedrRlownstream of the proje®.

Merced County Superior Couftdjudicated Settlementas signed on January 27, 1926, resolving these

issues and setting minimum flow rate¢eased to the Merced River by Mf@r diversion by the Cowell
Agreement partiedownstream o€rockerHuffman DiversionDam. Table 41 presents the schedule of

flows required to satisfthe Cowell Agreement

Table 4.1 Required Merced River Flows forCowell Agreement Diverters

Downstream ofCrocker-Huffman Diversion Dam

cfs for 30 days

Month Flow (cfs) Comment
January 50 Only when avadble from the inflows to New Exchequer
February 50 Only when available from the inflows to New Exchequer
March 100
April 175
May 225
June 250 Sustain 250 cfs until inflows to New Exchequer fall below 1,200

cfs, then sustain 225 cfs for 31 days, t#®for 31 days, and 150

July 225 See June requirement

August 175 See June requirement

September 150 See June requirement

October 50 Only when available from the inflows to New Exchequer
November 50 Only when available from the inflasmMo New Exchequer
December 50 Only when available from the inflows to New Exchequer

4.5 Stevinson Entitlement

J. J. Stevinson Company is located southwest of &4i@h a s

adjudicated

fl

westerly boundary in the amount of 2406AF per normal yeaiT he flow entitlementsaredelivered
through the MID distribution systefrom April through Septembewith flows that could varnpetween
30 and 100 cfdf in any year the reservoir (i.e., McClure Lake) does not fill on or before Juhe 15e
amount of 289,008\F, then the water deliveries to J. J. Stevinson Company shall be curtailed in the same

proportion as MID curtailments.

ow

Water from the Merced River is diverted into the MID delivery system at two loca@oesdiversion is

from a pool created by the Merced Falls Dam into the Northside Canal and the second is from a pool

created by the Crockétuffman Diversion Dam into the Main Canal.

ent i

t
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4.6 Groundwater Supply (810826 (b)(2))

MID utilizes groundwater wells in two modes:

1- Base Line @oundwater Pumpingdthe District service area containg@4 acres of high grounds
that the District sengwith groundwater wellsThese areas are served with groundwater in all
water yeatypes On averageMID extractsapproximately8,000 AF annually tgerve these
areasin 2011 MID reached a record low of 4,112 AF, mainly due to its conjunctive use
SUGWOP program, one component of which includes replacing deep wells with booster pumps
that can supply saidigh grounds with surface watévllD has compleed multiple inlieu
recharge projects whereby surface water boosters reduced the acreage totally dependent
groundwaterThese projects will be further discussed under the EWMPs

2- Conjunctive Use/ Groundwater Supplement: The vast majority of MID wellased
conjunctively where they are on standby during year of adequate surface water Eupphells
utilized are made from two types of groundwater wells, the first are irrigation/drainage wells that
are currently used for supply attte second typesa@Project wells which are further discussed
below.

4.7 Groundwater Conditions

Groundwater conditions in the Merced area are complex because of the significant effectsmd pachp
recharge associated with agricultural irrigatibhe general directionf@egional groundwater movement

is from the northeast to the southwdstis fact, in combination with localized perched water caused by

the clayey lenses, caused excessively high water tables soon after surface water was introduced into the
region in thel920s The high water table, with standing water in many locations, proved detrimental to
farming operations and occurred mostly in the sousteva quarter of the District.

MID constructed approximately 160 drainage and irrigation wells in the 192093604 [hitially most

of these were intended to lower high water tables primarily in the AtaatHrivingston areas and, to a
lesser extent, southwest of the City of Merdéidure4.1 shows the location of these wellBhese wells

were used selectivelyfitar the completion of New Exchequer Dam in 1967, only in areas where shallow
water table affected agricultural practices and for water supply during droughts.
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Figure 4.1 _
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With the advenbf low volume irrigation combined with severe drougmany farmers withithe

District converted to groundwater usage for better compatibility with their irrigation system and/or
because MID could not meet their demantedulesin addition, vast acreage of range land and dry
farming outside the District was transformedrtogatedagriculturaldependingfor the most parton
groundwaterTheincreased number of private wedladgroundwater pumpingn the basirreduced the
groundwater table during the 1977 and the 18892 droughtsincreasng groundvater usage outside the
District has drawn down water table®re tharl0 feet in most of the historically high water table areas.

After completion of New Exchequer DaBil additional supplyells were constructedyringingthe total
number of groundwater wells owned and operateID to 241 wells Since the 197Qsome wells

were abandonededucinghe number of wells available to the Distrithe vast majority of the MID

wells are left on standby to be operated for irrigation during years of surface water shortégds
between 193 and 2001the supplementaroundvater supply wells were not used as a resudt of
continuous string of wet and above average yaadsonly the high ground wells were usktibst wells

range from 350 t&600 feetin depthand are constructed 2 to18-inch casingDrainage well casings are
typically continuously perforated, while irrigation wells are typically perforated at intervals
Approximately 10 percent of the drainage and irrigation wells have been deepened since their original
constrietion.

4-4
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The variability in surface and subsurface geologic conditions and the presence of groundwater
contaminants in some areas complicate groundwater conditions in tha Mtiack local conditions, the
District systematically monitors perched andthwater levels using monitoring wells constructed at
section corners in ten drainage sareas throughout the Distri@ince 1982, water table depths
monitored by these wells have ranged from 1 to 15 feet below the ground surface

Average depth tgrourdwater has increased several feet over the period of rdaoedto this general
increase in water table depth, the District has had no need to operate drainage wells to control shallow
water tabés since thenset of thet9871992 drought.

Natural goundwater flow in the Merced Groundwater Bag@menerally from northeast to southwest
However cones of depression caused by pingand groundwater mounds resulting from irrigation
complicate the general flow pattegausinghe pattern to change over 8nThe response of the aquifers
to changes in puniipg and irrigation is relatively rapid leading to equally rapid shifts in flineation.

Figure 42 shows amap of the unconfined aquifer water levels prepared by the Degrarof Water
ResourcesThis mapindicates several major conesdeipressioffurther pronounced between 1995 and
2010 One cone is centered approximately 13 miles southeast of Merced in the Le GrandMthtene
District. A second major cone is centered about 13 miles sastiof Mercedjust north of the San
Joaquin RiverThe third major cone is 17 miles northwest of the City of Merced and lies north of the
District in the Turlock Groundwater Basin
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Figure 4.2

Merced Groundwater Basin

Spring 19935, Lines of Equal Elevation of
Water in Wells, Unconfined Aquifer

Scale of Miles

Merced Groundwater Basin

Spring 2010, Lines of Equal Elevation of
Water in Wells, Unconfined Aquifer

Theson o

. 6"
Contours are dashed where inferred. Contour interval is 10 feet. Contours are dashed where inferred. Contour interval is 10 feet.
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The groundwater elevations relative to the elevations of the minzgos and the interaction of cones of
depression with the rivers suggest that some reaches of the rivers lose water to groundwater while others
gain from groundwater discharge.

The groundwater elevation datppears tendicate that there is a troughtime water table elevations that
follows the San Joaquin RiveZLonsequently, groundwater inflow to the river and surrounding areas
occurs from both sides of the San Joaquin Valléys river and the surrounding areas are the primary
groundwater dischargareas for the valleylhere is also an extended cone of depression straddling the
Chowchilla River west of the San Joaquin Rividre cone of depression seems to have further developed
subsidenceén the Red Top areand groundwater recharge in that direatare not likely to impact river
flows.

On the north side of the District, west of Highway 99, the lower reaches of the Merced River appear to be
a groundwater discharge ar&ast of theHighway99, the river may be acting as a constant head source
andsupplying water to a large cone of depression centered approximately 17 miles northwest of Merced
East of Oakdale Road, the river is higher than the groundwater and probably provides some recharge to
the groundwater.

The vertical groundwater gradient,danence the direction of vertical groundwater movement, is
downwards, from the shallowest groundwater to the deeper ag@tersequently, degradation of

shallow groundwater can potentially affect deeper water supply wells where this downward movement is
significant and dilution and chemical/biological processes are insufficient to adequately reduce the
concentrations of constituents of concern.

As described aboyéhe direction of the groundwater flow, except in the vicinity of the Merced River, is
from northeast to southwest on a line generally perpendicular to the San Joaquin River where a natural
saline water sink occurBeep percolated water not extracted by groundwater wells tend to end at the
sink However, deep percolatianr o und t h euthvlesterly bolundatisgegjuireddo stem the

saline water wedge from migrating to the eastere the primary agricultural grounds in the District and
urban centers tend to concentrate.

Table4.2 contains information on the groundwater basin underlyir@. Mhis information was taken
from the DWR Bulletin 118003description of the Merced Groundwater BaSihe storage estimate is
based on data collected in 1995 by DWR.

Table 4.2
Groundwater Basin Underlying District

District - Total Capacity | g0 cific vield
Groundwater Basin Name | Footprint B(assm l\el\ir(;a (300 feet depth) P

(acres) g. M (AF)
Merced 149,500 767 15,700,000 9 percent
Turlock 5,500 542 12,800,000 10.1 percent
Chowchilla 9,000 248 5,500,000 8.6 percent
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MID makes no groundwater extractitrom either Turlock or Chowchilla Groundwater Bad#towever
growers within the District may utilize their private wellsamas needed basis.

MID participated in preparation of the local AB 30R8gionalGroundwateiManagemeni®lan

completed in Decembet997 In July 2008, MID along withothermembers oMAGPI, prepared an
update of the Merced Groundwater Management Plan, which included components of the new 2002
legislation of SB 1938 and SB 167fhis new updategblan is included adppendix E

Table4.3 describes the destinations of deep percolation from MID lands.

Table 4.3
Deep Percolation Characteristics

Volume
Destination (AF)
Flows to saline sink Not Quantified
Unrecoverable flows to perched water tab None

Groundwater conditions and rechaege further addressed in the Merced IRWMP.

4.8 Other Water Supplies(810826 (b)(3))

Currently, all of MID6s water supplies come from
However, MID is dedicated to pursuing efforts to hegurethat it continues to have a reliable and
robust water supply well into the future.

One such effort includes negotiations with the City of Merced in regards to using recycled water as the
City Waste Water Treatment Plan currently discharges tertiary treated avaterce that was not
avail able at the time MIDb6s previous WMP was comp

Furthermore, the District is in the process of acquiring US Corigredapproval for FERC to consider
increasing the storage volume of New Exchequer Dam reservoir by 70/000 A

The District continues to have interest in pursuing CALFED identified surface water reseswolras
the Montgomery Reservoir on Dry Creek

4.9 Source Water Quality Monitoring Practices (810826 (b)(4))

The surfacavater supply for the District raiall andsnowmelt from the Sierra Nevada Mountaimore
specifically Yosemite National Par&nd is of very high qualityDiverted water has an Egenerally less
than20e mh o s witle wary low levels of nitrates and no detectable orgafiies high quality water
poses o restrictions for irrigationMID hasperformedperiodic water quality testing that dateghe
1980s including testingvithin the Merced River, creekutilized by the District, and active operational
discharge locationg he District has made this information public through numerous subsmiitéde
Central Valley Regional Water Quality Control Board untterirrigated Land Regulatory Program.
(ILRP). See further discussion below.
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4.10 Surface Water Sampling

Surface water sampling has become more regular and condgstgintning in 1999, MID started a new
water quality samplingrogramto assess the water for agricultural suitahililyown aghe Ag

Suitability Monitoring ProgramDue to the consistent nature of the testing resMi®, recentlyreduce
sampling frequency to twice a ye&amples at diversion points are tested for EC, Ca, Mg, Na, Ck,CO
HCG;, SQ, B, NG;, Fe, Mn, and pHin additian, MID has started testing for Total Dissolved Solids
(TDS), and Total Suspended Solids (TSHjecific collection points are further sampled for Biochemical
Oxygen Demand (BOD) and Dissolved Oxygen (DO).

The sampling is not required under State or Fegeogirams, but was developed internally by MID as an
added public benefit. The objective of the Ag Suitability Monitoring Program is to give growers a source
to analyze the quality of irrigation water provided to them each year and to keep the Distaistemppf

water quality variations, if any, throughout the system.

Growers may use this information to adjust their irrigation and develop crop management progrsms
testing has evolved as a Quality Assurance/Quality Control program to assure thé¢hatitiey are

being provided with madequat@roduct. The sampling activities do not include the use of a water quality
meter as in the MRPnsteadthe samples are deliveredadstate certified laboratofgr analysisThe
sampling results haveillusr at ed t o growers the superiority of
groundwaterparticularlypertaining to PH balance, lower EC (TDS) and primary metals and minerals.

4.11 Groundwater Sampling

Groundwater sampling includes selective groundwaedis thathawe sugpected water quality problems.
Samples are typically tested for EC, Ca, Mg, Na, Cl;, H{C;, SQ,, B, NG;, Fe, Mn, and pH. As
expectedgroundwateDS and other minef@omponents vary by locatio@enerally speaking TDS
tends to inaease heading westerly with a genbetween 250 PPM to 600 PPAMI. groundwater is
suitable for agricultural usajJthoughsome crops are sensitivedertainminerals in the wateAlmond
trees aresensitive to carbonates and other salttich impact yiell and the health of the treéhis is one
reason why some growers opted to return to surface water.

MI
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~End of Section~

The McCoy Lateral
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SECTION 5. WATER BALANCE
5.1 Water Uses Within the MID Service Area(810826 (b)(5))

Becaus of the active conjunctivasemanagement strategy pursued by MID, the analyses of water usage

presented in this section are not based on a single representative year but on the period between January

2000and December 2@0Basing the analyses on a number of yépesiod of analys) enables the

Wat er

Management

Pl an

to

better

ustrate

MID covers a gross ared 164,31 7acreswith an average of 99,73treseceiving District surface

waterduring the period of analysis.

The following paragraphs describe various types of water use within the District.

5.1.1Agricultural (810826 (b)(5) (A))

Table5.1lists themajorcrops grown in the MID service area and the avesageage of saidrops over

t

the period of analysiFable5.1also presents average seasonal ET rates for these crops and typical
planting and harvest dates.

Table5.1
Agricultural Crop Data Between 2000 and 2008
Type of Average| Planting Harvest ETc Effective Leaching Average
Crop Acreage| Month Month (applied | Precipitation | Requirement| Crop Water
water, (inches) Needs
inches) (inches)
Nut trees 29,771| Permanent | Permanent 35.3 4.5 | Not required 39.8
Pasture 10,055| Permanent | Permanent 39.6 8.0 | Not required 47.6
Alfalfa 8,615| Permanent | Permanent 41.5 5.3 | Not requred 46.8
Corn 12,543| May October 24.3 3.3 | Not required 27.6
Cotton 4,819| May October 26.6 2.7 | Not required 29.2
Tomatoes 5,745 April September 23.2 5.2 | Not required 28.4

h e

na
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Table5.2presents the number of acres that received MID sur Table 5.2

water ofandgroundwater during each yeafrthe period of Irrigated Acres

analysis, includingphere of Influence (&) customers _
Year Irrigated Acres

However the numbers do not include acreages that have rec 2000 97197

flows for a number of irrigations in Le Grand Athlone Water

District or Lone Tree Mutual Water Compaay MID sels 2001 94,736

wholesalewater to these entities, and thayturn distribute it to

interestedproperties within their areas. 2002 96,927
2003 96,700
2004 109,469
2005 101,927
2006 95,359
2007 99,831
2008 105,935

Table 5.3compares the average number of doubégped acres reported within MID with theesage
total irrigated acreage for the same period. Table 5.3

Multiple Crop Acreage (2006:2008)

Thedouble croppingrrigated acreage has varied baseq

on cropping, hydrology, and commodity pricB®uble Average Cropped Acres 100,237
cropping is expected to be on the rise due to the
increased value of most ag commodities Double Cropping 4,421

5.12 Environmental (810826 (b)(5) (B))

There are several requirements and voluntary agreements entered into by MID that include environmental
flows. These requirements and agreements are described below.

Measures in Current Federal Energy Regulatory Commision (FERC) License

The existing FERC | i ce nAtelesiretatng to eneirenmdndal fliwsaré i ve o ar
discussed herein.

Article 40. The Licensee shall provide minimum streamflows in the Merced River
downstream from the project resemgoin accordance with the following schedule:
(a) Downstream from Exchequer Dam, a minimum flow of 25 cfs at all times.

(b) At Shaffer Bridge downstream from Exchequer Afterbay Dam, a minimum
streamflow shall be maintained as follows
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Period Normal Year(cfs) Dry Years (cfs)
June 1 through Oct. 15 25 15
Oct. 16 through Oct. 31 75 60
Nov. 1 through Dec. 31 100 75
Jan. 1 through May 31 75 60

Article 41. The licensee shall, insofar as possible during the period Noventhesugh
December 31, regukatthe Merced River streamflow downstream from the Exchequer
Afterbay development between 100 and 200 cfs except during dry years when the
streamflow shall be maintained between 75 and 15®tfsamflow shall be measured at
Shaffer Bridge.

Article 42. The Licensee shall operate the power plants so as to avoid rapid fluctuation
of the Merced RiverAt CrockerHuffman diversion, the Licensee shall, insofar as
possible, restrict the rate of change of release during arhamneperiod to not more

than doublenor less than onbalf the amount of release as the start of the chartye
licensee shall during emergency periods, endeavor to make releases in a manner that will
not be detrimental to fish.

Article 43. The Licensee shall make all releases at ExclreBaen during the period,
October 16 through December 31, from the outlets at or below elevation 485 feet insofar
as physically possible.

Article 44. The Licensee shall make every reasonable effort to maintain the water
surface elevation of Exchequer Resdr [Lake McClure] as high as possible from April
through October consistent with the primary purposes of the reservoir and shall maintain
a minimum pool of not less than 115,086 in Exchequer Reservoir [Lake McClure]
except for a drawdown as necesstrymaintain minimum streamflow as required by
Article 40.

Article 45. The Licensee shall cooperate with the Bureau of Sport Fisheries and Wildlife
of the U.S. Fish and Wildlife Service to determine means of providing up to 1800
of project water andeturn flow waters to the Merced National Wildlife Refuge.

Davis-Grunsky Agreement

Merced ID entered into an agreement, known as the Hmviasky Agreement, with the State of
California Under the agreement, Merced ID provides a continuous flow of beté&8enfs and 220 cfs
in the Merced River between the Crock&rffman Diversion Dam and Shaffer Bridge from November
through March every yedor environmental purposes

The agreement expires on December 31, 2017.
SWRCB Water Rights License (No ExpirationDate)

Pursuant to Merced |1 DO6s consumptive water right
10572, and 11395, respectively), Merced ID is required to supplement flows in the Merced River in
October by providing 12,508F of water in additiot o t he Project 6s mini mum f |
month The license does not state how the flow is distributed (i.e., rate) or where the flow is measured
Historically, these supplemental flows have been made in accordance with related agreementd discusse



Merced Irrigation District i Agricultural Water Management Plan

below, and Merced ID anticipates continuing to schedule the fall supplemental flow in consultation with
the California Department of Fish and Game (Cal Fish and Game).

San Joaquin River Agreement (Expired December 31, 2011)

Under the San Joaquin Rivégreement, since 2000 Merced ID and others provided water to help
support a scientific study that included meeting a pulse flow of up to 118/@d supplemental water

for a 3tday period in the San Joaquin River at Vernalis, California, during ApriMadfor ecological
resources as prescribed in the Vernalis Adaptive Management Plan (VANEP3pecific amount of the
April/May supplemental flow provided each year was determined annually by the Hydrology Group of
the San Joaquin River Technical Coms®it which included technical representatives from the San
Joaquin River Group Authority (SJRGA), USDOI, Bureau of Reclamation (BOR) and USWAé/Sed

| D6s contri but i on sinTalle5t4bllevsng. f | ows ar e shown

Water allocation iracrefeetspecified in the Division Agreement among water district members within

the San Joaquin River Group Authority for use 1in
flow.
Table 5.4
Water Allocation in AF
Priority in Descending Order First 50,000 | Next 23,000 | Next 17,000 | Next 20,000 Total
y 9 (AF) (AF) (AF) (AF) (AF)

Merced ID 25,000 11,500 8,500 10,000 55,000

%akda'e ID/ South San Joaqy 4 5 4,600 3,400 4,000 22,000

Exchange Contractors 5,000 2,300 1,700 2,000 11,000

Modesto/Turlock ID 10,000 4,600 3,400 4,000 22,000

The agreement also included a fall flow of 12,200from Merced ID, with the flow schedule developed
in consultation with the BOR, USFWS and Cal Fish and Gaine fall flow has since been incorporated

i nto Mer ced | DoesiouslyaleseribeihrSection #.Zand ahe requirement will continue
irrespective of the San Joaquin River Agreement expiralible agreement, as amended, expired on
December 31, 2011.

United States Bureau of ReclamationSBR) Spring Flows Agreement

MID entered into a twgear agreement with USBR for the release of flows to meet flow targets at
Vernalis for environmental purposes for 2012, and 2013.

Cal Fish and Game Memorandum of Understanding (Expired August 2011, with Some Caveats)

In August 2002, Mered ID and Cal Fish and Game entered into a memorandum of understanding
(MOU). Pursuant to the MOUwater right licenses 2685, 6047, and 16186 were amended in 2003 and
require Merced ID to supplement flows in the Merced River in October by providing 12506Dwater

in addition to the Project 6s .Tmeésuppleroental Odtobewwatere q ui r ¢
provided for in the MOU overlapped with, and was not in addition to, the fall flow provided for in the San
Joaquin River Agreementhe requirerant to provide the 12,508F of supplemental October water

survives the expiration of the MOWs written, the MOU stipulated that Cal Fish and Game would

provide the requested October schedule to Merced ID by August 15 of each year and the parties would
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attempt to agree on the final schedule by September 15 of eacHfytbar parties could not agree on a
schedule by September 15 of any year, then a default schedule would apply, as follows:

e QOctober 115: 2,500AF
e October 1631: 5,000AF
e October 131: 5,0 AF.

e The default is a level flow of 2,508F between October 10 and 15, inclusive, and 2A860
between October 16 and 20, inclusive.
The default schedule has been interpreted by Mercéa TRble 5.5as follows:

Table 5.5

Default Flow Schedule
: Supplemental Total
Period Flow (cfs) (AF)
October 1- 9 84 1,500
October 1015 294 3,499
October 16 20 410 4,066
October 21 31 158 3,447

The measuring point for the flow was identified as the USGS gage at Shaffer.Bnidgactice, the

default schedle has never been usebhe fall flows have been governed by the San Joaquin River
Agreement (described in Section 6.3.2) for the past 10 years (said agreement expired December 31,
2011), and will be governed by Merced | Db6s water

East Bear Creek Unit

MID has delivered flows to the East Bear Creek Unit refuge, a divisioredf.8 Fish and Wildlife
S e r v Bam kuisWildlife Refuge complexsince 201@hrough water transferglows are made

available from various sources includiBgar Creek, Crocker Dam, but are mostly fromréoperation
of Lake Yosemite.

Tables 5.6a and.6bpresents information on environmental uses of MID water in addition to-the in
stream flow releases.

Table 5.6a
Non-consumptive Environmental Water Uses
Average Annual Volumes

Environmental Resources AF
FERC InStream 33,0251 43,736
DWR (DavisGrunsky) 53,9121 65,892 (NovMar)

SWRCB (VAMPi 10 Year)expired in 2011 and replaced | 07 55,000 (Spriny
by separate transfeas agreed upon between parties
October Pulse Flow 12,500 (October)

A newtwo-year springoulse flow agreement with USBR is being implemerstiting2012
from April 15 to May 15 for a maximum release volumeZ6f000AF into the river.
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Table 5.6b
Consumptive Environmental Water Uses
Average Annual Volumes

Environmental Resources AF
Merced National Wildlife Refuge Up to 15,000 (MaiOct)
East Bear Creek Unit Wildlife Refuge Up to 7,363

A one year transfer to Fish and Wildlife service between November 2012 and
Sepember 2013

5.1.3Recreational (810826 (b)(5) (C))

MID maintains recreational facilities as requirements of its existing FERC license, as well as a public
resource on select locations unrelated to the Merced River Hydroelectric Project (the Project).

Project recreation facilities are located on the main stem of the Merced River at two Project reservoirs
Lake McClure and McSwain Reservolihe Project consists of five developed recreation afFeas of

the recreation areas are located at Lake McCluegjding McClure Point Recreation Area (RA), Barrett
Cove RA, Haseshoe Bend RA, and Bagby RAcSwain RA is the only recreation area laxzhat

McSwain ReservoifTable5.7 provides a brief summary of the developed recreation facilitiescht @f

the Progct reservoirs.

Table 57
Summary of the Merced River Hydroelectric Project Recreation Facilities
Lake McClure Facilities
Recreation Area Facility Numbe_r of N_umber_ of Nu_mber of Number of
Campsites Picnic Sites Parking Spaces | Boat Ramps
Canpground 101 - 14 --
Picnic Area -- 8 8 --
McClure Point Swim Beach -- 22 60 --
Marina -- -- 50 --
Boat Launch - - 140 1(3laney
Campground 275 - 39 -
Barrett Cove Swim Beach - 13 30 -
Boat Launch/Marina - 6 267 2 (5 lane$
Overflow Parking - - 35 -
Campground 109 1 - -
Horseshoe Bend Swim Beach - 12 50 -
Boat Launch -- - 49 1(2lane}
Bagby Campground 30 - 221 --
Bagby Sheperdods Point 15 - -- -
Boat Launch - - 31 1(2 laneg
Total 15 530 62 994 5
Lake McSwain Facilities
Facility Numbe_r of N_urr_lber_ of Nu_mber of Number of
Campsites Picnic Sites Parking Spaces Boat Ramps
Campground 112 1 28 -
Picnic Area -- 12 52 --
Group Picnic Area -- 1 55 --
Swim Beach -- 6 15 --
Informal Day Use Area -- 8 24 --
Marina -- - 20 --
Boat Launch -- - 89 1(2 lane}
Total 112 28 283 1
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~

The Districtds operations of Lake Yosemite as a r
activities on the lake which includes, sailing, boating, fishing and swimming.

5.1.4Municipal and Industrial (810826 (b)(5) (D))

Merced ID makes three small diversions from Lake McClure, each related to water. sTipply
diversions are so minor that they do not affect Project operations, and Merced ID anticipates that the
diversions willcontinue unchangedhese are:

e The Lake Don Pedro Community Service District (LDPCSD) withdraws from a location just north of
Barrett Cove Marina up to about 5,086 or water annually for water supplf he L DPCSDG6s i nt
is at elevation 700 ft.

e Less han 1,000AF of water is withdrawn annually by the Merced ID recreation facilities at three
locations along Lake McClure.

e The McClure Boat Club, a small development adjacent to the Project, diverts alftta2m point
near the developmenthe boat clb withdraws water from a pump on a float that rises and falls with
the reservoir elevation and has an intake 10 feet below the float.

The City of Merced received all its drinking water from Lake Yosemite Lffilf. Sincethenmost
municipal consumers witn theMerced GroundwatdBasin have relied on groundwater as their source of

supply.

As part of its conjunctive use prograthe District supplielandscape and pond watertoat

manufacturers and school districts who have supplemented groendwpfies with surface watei he
Cities of Merceds currentlyworking with MID on providing surface water to landscape areas in public
parks. Both Cities aim at reducing pressure on their municipal groundwater sghslyl he City of

Merced is interested imeeting demand during summer, while the City of Livingston is also interested in
reducing reliance on marginal water quality wells during the sutrivtir intends to continue to seek out
opportunities t@xpandts in-lieu groundwater recharggfortswithin urban areas as feasible

Urban areas occupy approximatély,200acres within the MIDThe Merced Groundwater Basin
Groundwater Management Plan reported a total of approxinz@@$0AF of urban groundwater use in
2007 Thistotal includes both groundwater

pumped byurban utilities and groundwater Table 5.8
produced by small private residential waté Municipal Pumpagei 2007
systems, commercial businesses and Area Volume Pumped\F

industrial plants not served by the major | Black Rascal Water District, Le Gran| 8,325
utilities. Groundwater use is projected to | and Planada CSD, City of Livingston
grow despite effetive water conservation | Meadowbrook, Winton Water and
efforts. Table5.8 presents information on | Sanitation District

M&l usage of groundwater within the City of Merced 27,750
Merced Groundwater Basin. City of Atwater 10,175
Unincorporated areas 4,000

The 1996 municipal total of approximately1 2@ 50,250
40,000AF is compare to a municipal total of approxint@ly 50,000AF in 2007,

Urban water demands in the City of Merced form the largest single component of the municipal and
industrial demand categomyistorical cata showed an overall trend of declining per capit&mwate The
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droughts 0fl97677,198792, and 20072008contributedto this downward trend, partly by creating
publicawareness of water shortageewever, whether residential users will continue these same
consumption patterns in the future during ftlsaught periods is uncertain.

5.1.5 Gooundwater Recharge(810826 (b)6) (E))

The MID water balance shows annual deep percol&tion applied wateronthg r ower Gsd f i el ds
canal seepagghe main componeabf groundwater recharge) which varieetweer72,000and 15,000
AF during thewater balance period betwetmoudh 20® and 2008, varym

The fluctuation is dependeah hydrology, length of season, and irrigatinathodsHistorically, ceep
percolation climbed to approximatel$2,000AF during 1972 a wet yeawhen flood irrigation was the
norm,and dropped to 3800AF during 192, the driest year on recareep percolation rasger acre
are expected to continue to decreasetduke current trend whemermanent cropare replacing row
crops as permanent crops typically apply low volupressurizedrrigation methodswith lower
percolation tendencies.

In dry years, the District relies on stored deep percolatithseepageater distribution system to
supplement surface water deliveri€be District recognized the benefitss providing tourban areas
andin-District private well owners punipg rechaged groundwater in all yearBhe MID does not
currentlyhave a comprehensive recharge progmmanage groundwater rechargiewever,a system

of rechargdacilities such as recharge basimay be employedybMID in the future to achieve targeted
recharge quantities and groundwater leveigch a program would be funded by all beneficidarigdbe
basinandis being considerelly the Merced Area Groundwater Pool Interests, an associatmerned

with managng the Merced Groundwater baslhis also the objective of the Regional Advisory

Committee of théMerced Integrated Regional Water Management Plan that would be addressed by the
governing body of the Merced IRWMP.

Nevertheless, the District has histalg implemented idieu recharge practices yrearsof adequate
surfacewater supplies, as part of its conjunctive astvities and has expanded the recharge as feasible
as shown in Table 5.9.

Table 5.9
In-Lieu Rechargei Applied in Years of AdequateWater Supply Only
Average Annual Volumes (AF)

Environmental Resources Drought Average
Reduced Overall Usage of MID owned and operated Groundwater wel O 11,000
Reduced Base Line Pumpiind-ow Head Boosters Serving High Ground| O 1,700
Merced Highland Pilot Project 0 1350
Merced Groundwater Conservation Incentive Program 0 4,365
Sphere of Influence Sales 0 15,400
Total 32,115

In additionto its inlieu recharge efforts and its passive seepage progtaeBistrict manages two
recharge basinsneis on the northerly area of the District and the other is a historical basin close to the
south end of the District, in El Nid@he northerly basiis MID Cressey Recharge Basin located north of
the town on WintonThe projectwas completed in 201dfter 11 years of study which started in 2000

with seed funding from DWRThe basirreceives waterin years of adequate surface water supply

As for the EI Nido recharge basin, the basin receives flows under an existing license dedicated to recharge
in theEl Nido area in addition to the conditions bounding the Cressey .Bdsiough various water
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management practices and incentive programs, the Districunagativelyrecharged close 283,400
AF usingin-lieu recharge progranisetween 2000 and 20@8 $iown in Figure 5.1

Figure 5.1 ;
In-Lieu Recharge
300,000

250,000 /
200,000

150,000 /

100,000 //

50,000

2000 2001 2002 2003 2004 2005 2006 2007 2008

5.1.6 Transfers and Exchange$810826 (b)(5) (F))

Transfers are a management tool used by MID to maintain competitive wasavitatgroundwater
pumping, fund capital improvemeand replacemergrojects, conduct studies, anafact MID water
rights

SinceOctober 311967the MID has engaged irarious transfersThe first was a long term transfer with

DWR under the Davi§runsky Contrat which expiresn December 312017 The District would

provide betwee’3,912 AR 65,892AF (Nov-Mar) of flows in a year for fishery purposes depending on

the hydrologyThe 80MM compensation was applied to establ i s|
McSwain and Lake McClurédn addition, the District engagea a numbeof shortterm transfers where

the District has made water available, primarily to support environmental enhanesthetidy

programs such as the Vernalis Adaptive Management Program (VAMPE St at eds Envi ronn
Accountand t he Bureau of (sidianlPragreanMID madé anuiibertofetransfé&rs q

to the Environmental Water Account and East Bear Creek Unit, a local federal MfDgalso engages

in transferdrom water storag& parcels within its Sphere of Influence in years of adecguatace weer

supply.

These andthershott er m wat er transfers to agencies (e.g. i
water resources planninig addition to transfers and exchanges, water is delivered through the MID to a
number of entitlement hotuls located downstream of the Distritable 5.0 provides information on

transfers, exchanges and deliveries to downstream entitlerimeatilition, in instances where natural
watercourses have been incorporated into the MID distribution system, Disttér is supplied to

satisfy riparian entitlements that have been established on these watercourses.
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Table 5.10
Transfers, Exchanges and Entitlement Conveyance
Occurred Between 1995 and 2012
From What To What Agency Type of Transfer or Exttange
Agency (Ag to M&l, M&l to Ag, or Ag to AQ)
MID Stevinson Entitlement conveyance
MID Cowell Agreement Diverters| Adjudicated entitlement
MID Various Riparians Entitlement conveyance
MID DWR DavisGrunsky LongTerm Transfer
MID Merced National Wildlife FERC Requirement
Refuge

MID VAMP Termtransfer expired in 2011
MID San Luis Water District Shortterm transfer
MID Sphere of Influence Group | Shortterm transfer
MID Sphere of Influence Shortterm transfer
MID Westlands Water District Shortterm tranger
MID East Bear Creek Unit, Refud Shortterm transfer
MID Kern County Water Agency | Shortterm transfer
MID EWA Shortterm transfer

5.1.70ther Water Uses(810826 (b)(5) (G))

MID occasionallyprovides water for construction work within its service&a t he ammmmally s doné
exceed5 AF on a busy seasofihe water is mostly used from groundwater as it is preféreaty
naturallyclear of debrisn nature.

5.2 Drainage from the MID Service Area(810826 (b)(6).

As previously dwoRpagrsamre lths focseddd setw&kihg canals so as to reduce the
number of operational dischargeesit. Most fAspillso are discharged to
continue to be put to beneficial us e cammitmeritsDé s s er
Drainage flows leaving the District without meeting a water commitment is considered Bhloss

following is a list of the major drainage facilities:

The Livingston Canal Spill and the Garibaldi Lateral Spill: Both of these facilities sahadge to the
Merced RiverMID has completed projects that drastically reduced flows through these spills and they
aretypically only used for storm water discharges or emergen€lews through these spills are
considered a loss

Several other lateralcan physically spill to the river, but due to their low capacity, typically do not
have measurable or significant operational discharges.
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Bear Creek, Owens CredRuck SloughHoward Lateral and McCoy Lateral are all facilitthat can
beutilizedbytle Di st ri ct t o mientof2Z600AF amrsualllD maintaim m
recorders on all these facilities thatatiarge to the East Side Canal.

The Atwater Drain is a mamade facility that terminates at the East Side Gémilis not equipped
with a reliable recordeFlows downstream from Highway 140 are considered a loss.

Mariposa Creek/Duck Slough spills into the East Side Caihal District has not utilized the creek to
meet Stevinson eomitment since the late 19304ID completed improvemeatin the 1990s that
drastically reluced discharges to the creBlischarges to the creek arerrentlyconsidered a loss.

Deadman Creek is used to meet MIDOs atibia,b 000 AF an
Wil dlife Refuge per [HolHase measures wishweiy onfhE dRe€k akt thec e n s e
refugeds eastern boundary.

The Livingston Drain is a mamade facility that terminates Bear CreekFlows through the MID
SCADA recorder on the drain are considered a l@ssept during times where Blis delivering so a
SOl grower

The Lingard AF, 0 EI Ni do Dam, E I Ni do Canal , E |l
are typically active in wet years.

Other minor laterals spill in other locations that are mostly drydissipateover privaé property such
as the Fesler Drain

All natural creeks mentioned above are intercepted by the East SidebGamaturally terminate in the

San Joaquin RiveNatural waterways that serve as conveyances for deliveries within MID may also
carry agriculturbdrainage, storm drainage and operational dischavgaterways of this type are
designated within the MID water balance as being parts of the MID delivery system to the point of their
most downstream deliveridowever, downstream of all MID delivery ptén watercourses that receive
drainage water are designated as drains.

5.2.1 Drainage System Water Quality

M1 D @vater Quality Monitoring Program
A description of each component of the WQMP follows

MID has patrticipated in the Irrigated Lands Regulatrggram (ILRP) administered by the Central

Valley Regional Water Quality Control Board (RWQCB) since the initiation of the program in 2003 with
the issuance of Monitoring and Reporting Program Order Ne2@30827 for individuadischargers

under Resoliion No. R520030105 The ILRP regulates discharge of irrigation return flows and storm
water from those lands to surface watérsnajority of the irrigated acres in the central valley have
regulatory coverage in the ILRP by participating in Water Qu@ldalitions that are locally managed by
agricultural interestsThe Coalitions conduct an extensive amount of monitoring and work with growers
to address identified water quality problems. Others participate as Individual Dischargers and perform
their ownwater quality monitoring and reporting. MID participated as an Individual Discharger for the
years reported herein.

According to the Order, Individual Dischargers were required to develop and implement a Monitoring
and Reporting Program Plan (MRP Planassess the impacts of waste in discharges from irrigated

lands, and where necessary, to track progress of existing or new management practices implemented to
improve the impact of these discharges on water quality and/or to protect waters otthaditsit
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beneficial usesThe reports required by this Order are required to evaluate impacts of waste discharges on
Waters of the State and to determine compliance with the terms and conditions of the MiBiver

prepared and submitted to the RWQCB for revéawd approval by the Executive Officer an MRP Plan

that met the minimum conditions of the MRP

In 2010, the RWQB conducted a review of the ILRP program and concluded that the data gathered over
the last 6 years indicated that MID is a low threat dischhage does not appear to create water quality
problems Based on the review, the District was given the opportunity to determine future coverage under
the ILRP and elected to join the East San Joaquin water quality coalition (ESIJWIQG3 no longer
consdered an Individual Discharger and will no longer be generating reports under the ILRP program.
Rather, MID will be represented under the regional MRP of the ESIWQC

In accordance with the IRLP, the MRP achieved the following objectives:
e Assessed the ipacts of waste discharges from irrigated lands to surface water

o Established the effectiveness of management practices and strategies to reduce discharges of wastes
that impact water quality

e Determined concentration and load of waste in these dischargagdoe waters

e Evaluated compliance with existing narrative and numeric water quality objectives to determine if
additional implementation of management practices is necessary to improve and/or protect water
quality

5.3 Water Accounting (810826 (b)(7)

5.3.1Quantification of MID Water Supplies-(810826 (b)(7)(A))

SurfaceWater Supplies

Table5.16summarizes the monthly distribution of surface wdteersiontoMID6 s i rri gat i on
conveyance systenower the period fror2000through2008 The total annuahaerage is about46,000
AF. As explained abovexcept for incidental runoff from local tributaries,l |  of t he MI DG6s su

supplies are released from Lake McClure

Table 5.16
Surface Water Suppliesn TAF*
2000- 2008
Monthly Averages
Jan Feb | Mar Apr May Jun Jul Aug Sep Oct | Nov | Dec

Pre- and
Post1914 1 1 18 43 70 87 93 74 41 20 15 4
rights

! Periodconsists ofmostlydry years

GroundwaterSupplies

Annualvolumes of groundwater pumped from MID and private wells fop#réd2000through2008

are presented in Tab%el17 The private pumpage by MID customers are based on the results of the water
balancewnhich illustrates the variability of the water extracted in relation to hydroldgsing the study

period, the total volume estimated fomaal punpage by private customers ranged from zero to about
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153,000AF. Private well pumping is only calculated for active surface water fields that are supplemented

with the groweroés groundwater well
Table 5.17
Groundwater Supplies Summary
Month Pumped by MID | Pumped within Service Area Total
(AF) by Active MID Customers (AF)
(AF)
2000 9,042 0 9,042
2001 32,017 0 32,017
2002 17,062 0 17,062
2003 17,484 0 17,485
2004 13,839 29,081 42,920
2005 11,729 42,676 54,405
2006 10,612 26,346 36,958
2007 70,734 33,483 104,217
2008 91,000 153,252 253,085
Average 31,373 31,648 63,021
(2000-2008)
Effective Precipitation
A computer program, the MID Rodtone model , was applied

during

balanceThis model was used to @ntte effective rainfall (the volume of rainfall consumed by crops)
Details of this model are described in AppendixBble5.18compares total annual rainfall with
effective rainfall for the-year study period2000-2008).

Table 5.18 Comparison of Effective Rainfall
with Total Rainfall (inches)

Year Total Effective Percent
Rainfall Rainfall Effective
2000 16.11 6.61 41
2001 13.76 4.27 31
2002 16.7 6.68 40
2003 9.17 4.68 51
2004 14.84 4.60 31
2005 16.15 5.01 31
2006 15.74 6.77 43
2007 6.97 418 60
2008 10.18 3.77 37
Average 2000-2008) 13.29 5.17 40.5
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The RootZone model estimates effective precipitation for each month of the period being simulated for

22 cropsFor this reason, the averages presented in Table 3.14 are compridedtfegbrecipitation

values that range widely in response to crop characteristics such as rooting depth and growing season as
well as in response to climatic factors such as annual total rainfall and distribution of rainfall over the

year. Average effectie rainfall values for individual crops vary from percentages in the2@édfor crops

with short, midsummer growing seasons to values approaching 70 percent for somreateep

permanent crops.

The average annual effective precipitation valuéGyfercent computed using the Ratiine model
compares well with that presented in Table 18 of the California Department of Water Resources Bulletin

Effective Precipitation

1. Estimated groundwater extracted by AdiD parties within MID boundariesThe Merced
Groundwater Basin Groundwater Management P2@08 identifies50,250AF of groundwater
pumped by municipalities and individual domestic, commercial and industrial groundwater users
in 2007versus approximately6,100AF pumped in 196. The projected urmn population within
eastern Merced County, the area covered by the Merced Water Supply Plan, is expected to grow
from approximately 150,000 people in 1995 to just over 500,000 people iné&20d0grage
annual increase of approximatétyee percenBecaise this expanded urban population would
be served largely from groundwater, the anticipated increase in urban population is an index of
anticipated growthn urban demand for groundwat@&he water resources model expected to be
launched by MAGPI will beéer quantify the amountsf private Ag pumping within MID

2. Recycled water Fourwastewater sourcesist in the vicinity of MID. A portion of the
Wastewater from the City of Merceddppliedon land adjacedrto the city treatment plantliD
and the Cy are considering the use @ftycled water by the Districthe City of Livingston
discharges their effluent downstream of MID lands and does not present opportunities for land
application within the DistrictThe City of Atwater has contracted with avatie landowner for
useoft he ci tyds e Aloftheaabovweaischaege ®© tocatBo@dswnstream from
District lands or are committed to agricultural interest outside MID boundatiesUniversity of
California has discussed with MID the pdskiy of utilizing wastewater generated by the new
UC Mercedcampus which lies upslope from MIBeuses among the options being evaluated.

3. Other water usesill surface and groundwater supplies to the MID have been described in the
preceding paragraph

5.3.2Tabulation of Water Uses(810826 (b)(7)(B))

Water uses in MID are tabulated in the water balance database develadpésiPtan.

AppliedWater

Estimated &rm deliveries of Distriesupplied surface water over the per&iDGhrough 208 have
average®71,363AF per yearFigure G3 in Appendix C shows annual deliveries for this period.

Consumptivelse

The MID RootZone model has been used to estimate consumptive use of applied water and of
preciptation for the water balancEvapotranspiratin of applied water over the peri@g@00through
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2008 has averaged38,000AF per yearFigure G5 in Appendix C shows average evapotranspiration of
applied watefor each year in this period.

Seepagek-vaporation andOperational Discharges

Seepage from ND canals is estimated to averdfs000AF per yearfor the period between 20D08.
Because much of the canal system is unlined, seepage tends to vary throughout the irrigation season with
the seepage rate increasing with

a. Fow volume although seepags a proportion of flow is greatest during months wiiite water
is being conveyed.

b. The length of the irrigation season

c. Soil formation

d. Time and amount of percepticmgreater proportion tendis be absorbed from diverted flows
during droughts.

Figure G11 in Appendix C shows the range of annual seepage volumes estimated for th@g@aiod
through 208.

Annual evaporation from MID canals is estimated to bd®/- per yearAlthough this is a relatively
small number, it, too, is sensitive to tleadth of the irrigation season.

Annual operational discharges during the irrigation season in the MID avB§E9AF per year over
the period2000through 208, a figure that includes both measured discharges and estimates of
unmeasured operationakdhargesand tributary inflows tahe Stevinson Water Districthis amount
includes tributary flows from natural creeks that pseugh MID recorders as a resaftstorm events to
StevinsonMinimum canal spillage for the period was in 2008 (secoitidaity dry year) at 6,332AF.
Figure5.3 shows the distribution of average annual discharges over the gé06through2008 As this
figure illustrates, discharge values vary greatly from year ta {eaing droughts, discharges are
significantly reduced During
wet years, MID maximizes its | Figure 5.3 : Canal Spillage

diversions from the Merced Lighter colors represent Belo®ry, and Critical Year Types
River for both increasing 70,000
recharge opportunities, and 60.000
reducing flood releases in the|
river. As a result, discharges | 50,000
tend to increase in these years,
which a component of its 40,000
conjunctiveuse programin
addition, the discharge
estimates for the period from | > oo -
2000through 2002 indicate
the impact commissioning of | 10,000 -
SUGWOP automation and 2R

control projects have on 0 - ' ' _'_L

controlling discharges during 2000 2001 2002 2003 2004 2005 2006 2007 2008
nondrought conditions.

U

30,000 -

WaterUsed forLeaching andCultural Practices

Because of the high quality of the surface water supply and because approxi®atrigedit of applied
water (surface deliveries, MID groundwater pumping and private groundwater pumping) comes from this
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source, leaching igenerallynot a significantfactor in irrigation management at MIW/ater used for
cultural purposes is included in the Districtos

Municipal and I ndustrial Water Use

Municipalities and industries in the MID service area rely on groundwater except fotea limamber of
users who supplement groundwater supplies with MID surface Wagdmsage is not included in the
water use accounting used to develop the MID water balance.

WaterUsed forEnvironmental Purposes

This has been discussed un8ection81086 (b)(5)(B).. -Water Usesvithin the MID Service Area
includesthedelivery ofup to 15,000AF to the Merced National Wildlife Refuge.

WaterUsed forRecreationalPurposes

This has been discussed above urgkation810826 (b)(5)C). - Water Uses Withithe MID Service
Area As noted above, there is no explicit diversion or consumption of MID water for recreational
purposes, and, hence, there is no need to include this teeNHD accounting framework.

GroundwaterRecharge andConjunctive Use

Groundwvater recharge and conjunctive use are discussed eatles ftocumentAs noted inSection
810826 (b)(5). Water Uses Within the MID Service Area, average annual deep percaataanal
seepageontributing to groundwater rechargeeestimated to hae been approximate0,116and
98,526AF, respectivelypver the priod from2000through 2@8 as shown in Figure 5.&imilarly, in-

lieu recharge efforts have yielded approximaB8y115 AF annually. Therefore, the total annual average
recharge is aroud 190,000 AF.

Figure 5.4 .
Total Recharge vs. Groundwater Pumpir
2,000,000
00
1,500,000 Pe(co\ot (0] /
ge* 02
2
1,000,000 —canal 5P
Rechar&®
ey
500,000 /
O —— I T T T T
2000 2001 2002 2003 2004 2005 ZUUOWOS
-500,000
-1,000,000
= Cumulative Total Recharg Total Pumping (MID + Private Pumpin
Cumulative Net Recharg

Water Exchanges ofTransfers

MID reoperated New Exchequer Dam reservoir through nieltifater transfers since 19@etween
2000 and 2008, MID transferred 102,64R on averag@annually as part of negotiated settlements and
studies beefitting fisheriesExcept for 12,50@\F, the remaining amountsave sunsets in 2011 and
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2017.In the same period, MID engaged in voluntary water transfers averaging 26;&bvhually MID
continues to work with various agencies benefitting the envirahimghe Merced River while securing
compensations that will be utilized by the District to support District modernizatidnvater rights
protection

EstimatedDeepPercolation

Deep percolation within the MID has been divided into deep percolatiqgrpbéd water and deep
percolation of precipitatiarAnnual deep percolation of precipitation is estimated to have averaged
approximatehy42,763AF over the perio@000through 20@8. Deep percolation of applied water is
discussed above under groundwagsharge and conjunctive udéigure G6 of Appendix C shows the
annual distribution of this componemier the water balance period

Flows toSaline Sink or PerchedWater Table

Someof MI D6 s warabeleved td rhigrateseither saline sinks or naecoverable perched
water tablesDetermining these values require a higsotetion hydro geologic analysiand are not
included in this accounting. The soon to be launcMBIGP1 Water Resources Model, witldress these
values

Total Recycledwater
This has been discasd above under Secti§h0826 (b)(7)}Water Accounting.

WaterLeaving theWaterSu p p | Beeviced\rea

Water leaving the MID service area exits primarily via two pathways 1) operatiigchbrgedrainage

and entitlement flows whiclelve the District as streamflow; and 2) evaporation and evapotranspiration
These pathways have been discussed al@roeindwater flow across MID boundariesonsidererd
negligible for the water balance. This assumption will be further evaluated dugidg¥elopment of the
water resources model discussed in Sectims@urces model discussedSection 1

Other
All water uses that are accounted for by the MID have been presented in the above discussion.

5.3.30verall Water Budget (810826 (b)(7)(C))

Water supply and water use data from the MID, CIMIS and other sources were used to develop a water
balance that presents a quantitative history of District water use as well as a basis for improving water
managemeniThe balance facilitates identificatiofiwater conservation opportunities, provides a basis

for assessing the magnitude of various opportunities and illustrates linkg aarayus balance

components.

The water balance is based on the general equation:

(sum of inflows)i (sum of outflows) (sum of changes in storage) £Egn 1)
However, not all of the inflows and outflows are measured or estimated prekisebe, a closure term
is used in the balance to represent a term for which incomplete data are avitialdi®sure term is

expressd by the equation:

closure = [ (sum of all measured or estimated inflows)
- (sum of all measured or estimated outflows)
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* (sum of all known or &timated changes in storage)] (Eqn 2)

It is important to recognize that the closure term contains theinatian of all errors that may be present
in the measured historical record and the estimated v&taeslom errors would tend to cancel out over
time while systematic errors, such as an inaccurate rating of measurement devices, would tend to be
cumulative

The water balance has been developed using two computer applications tailored specifically for this
purposeOne of the programs is the MID Ratdne modelThis spreadshedtased program operates on
a monthly basis and computes the following componefritse water balance for both precipitation and
applied water:

evaporation
evapotranspiration
deep percolation
surfa@ runoff

Inputs to the RoaZone model include:

crop types

crop coefficients

crop acreage

rooting depth

soil water holding capacity.

Appendix B contains a more detailed description of the MID Rooe model.

Measured data and estimates generated by theZRoetmodel are used as inputs for a water use
database, which the core of the water balandeformation maintained in this dattase represents all
values for inflows and outflows usedl fiormulate the water balana®ppendix C describes the water
balance in greater detail and presents results of the balance.

Tables5.19 through 5.2&re summary tables based upon average vales from the MID water

balance. Tabl&.19presents the average annual volume of water deliepglied waterjo MID farms

for the period of 200@003.This value includes groundwater and surface water deliveries from the MID
distribution system, watdrom MID wells pumped directly to farms and private groundwater pumping.
Again none of the values represent a given year, but an average spanning critically dry years to wet years
with all the variations of length of season, groundwater pumping, croppimgds, and all related

conjunctive use practices.

Table 5.19
Applied Water

Volume
Average Annual AF
Applied Water 279,270

Table5.20describes offiarm use of applied water, pumped groundwater and pre@pitdiat fell on
MID farmland.This table ntes destinations of applied water and precipitation that include crop water
use, evaporation, and deep percolation.
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Table 5.20
Quantification of On-farm Water Use
Water Use Volume(AF)

Crop Water Use

1 Crop evapotranspiration of applied surface armigdwater 237838

2 Crop evapotranpiration of precipitation 40,788

3 Leaching 0

4 Evaporation losses (precipitation) 10,519

5 Uncollected runoff (precipitation) 10,519

6 TailwaterReturn Flows 13,568

7 Cultural practices 0

Conjunctive Use

8 Ground water recharge (applied surface and ground water) 60,116

9 Ground water recharge (precipitation) 42,763

Other

Subtotal (calculated) 416,112
Table 5.21quantifies average annual
volumes of delivereMID surface and o Table 5.21 _
groundwater, groundwatgsumped by Quantification of Water Supplies Available On Farm
growers,and precipitation availablet Water Supplies Volume
MID farms over the period frora000 (AF)
through 208. The average annual 1 Surfae Water 263,456
groundvater thatvaspumped directly to |2 Groundwater 63,021
the growerso fi g 3 f Anw%meﬁmltaﬂon w45 105,193

. Subtotal (calculated) 431,670

amounedto 7,907AF, while an average

annual amount d#2,315AF o f

we l

wat er was pributigneydtent far deNver 6 s

Table 5.22
Quantification of District Water Use
Volume
Water Use AF

District Water Use
1 Farm deliveries (surface and groundwater excluding private wi 271,363
2 Unmeasured operational discharges and Stevinsawinfl 21,884
3 Measured operational discharges 11,232
4 Downstream entitlement flows and water sales 74,712
5 Evaporation from canals 9,846
6 Seepage 98,526
Subtotal (calculated) 487,564

Table5.22presents a systemide perspective diow paths taken by water thhas entered the MID

canaldistributionsysteme x ¢l udi ng MI D well water pumped and

from the period 200@008

Table5.23presents average values for the period fB@®0to 2008 of souces of water supplying the
MID6 s distrbatibnsysteme x cl udi ng MI D well water pumped

fields.

5-19

canc

del

and



Merced Irrigation District i Agricultural Water Management Plan

Table 5.23
Quantification of Water Supplies Available to District

Water Supplies V?AuFr?e
1 Surface water dersions 445,637
2 Ground water 22,315
3 Annual precipitation (to canals) 252
4 Tributary inflow 13,824
5 Water purchases 0
6 Transfers or Exchanges into District 0
7 Tailwater returned to distribution system 5,535
Subtotal (calculated) 482,083

Becausmperational dischargedrainage and flowleaving the District to meet downstream entitlements
are commingled, it is not practical to give a representative value for sdriinage leaving the District.
MID has very little acreage havittide drainage, therefore subsurfatr@inage flows are negligible.

5.4 Water Supply Reliability (810826 (b)(7))

The reliability of MI DG&usfacenmaterand gooungwatisrireftested inithe c | udi n
consistency of supplies during thel 20002008 span of the water balancEhe exception was 2008

which was the second of two critically dry years where MIBss | userseceived 2.5 AF per acre and

Class Il users received25 AF per acre through a shorter irrigation season.

As a resulof technological advances, higher commodity prices and groundwater quality concerns, the
District is experiencingncreasedultivation of grazing landshat isconsidered marginal lands of Soil
Index = less than 58ndgroundwater dependent pastirning to surface water.

Thereare aroun®6,000 acres of land within the District ttsalely utilize private groundwater wells for
irrigation. Theseare expected to convert to surface walsz to deteriorating groundwatgnality andbr
concerngegardihg dropping groundwater levels and the health of the aquifer.

So despite the overall lower per acre delivery, more acres are expected to return to surface water

consumption, thereby tending to keep over all District diversions the same if notdmgiperssibly
impacting the water supply reliability overtime.
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~End of Section

Cressey Recharge Basin
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SECTION 6: CLIMATE CHANGE (810826 (c))

Climate change is a pervasive global phenomenon, but the changes in climatic conditions and their
impacts in the regiohdevel arevaried.Changes in climate can affect water supplies through
modifications in the timing, amount, and form of precipitation, as well as water demands and the quality
of surface runoff. These changes can affect all elements of water suppiyssysten watersheds to
reservoirs, conveyance systems, and groundwater basins.

Planning for and adapting to anticipated changes in climate will be essential to ensuring water supply
reliability for all users and to protesensitive infrastructure againsbre frequent and extreme

precipitation events. This climate change section will address the impacts of those changes with regard to
water resource management, assess the vulnerability of the region to anticipated climate change impacts,
and provide resptses and recommended adaptation strategies to mitigate the negative effects.

6.1 Statewide Historical Climatic Trends and Projections

Indications of climate change have been observed over the last slaeadés throughout California.

Statewide averagemperatures have increased by abolFlffbm 1895 to 2011, with the greatest

warming in the Sierra Nevada (Moser etal. 2082).t hough t he Statebs weather
expected pattern of a largely Mediterranean climate throughout the past ceatoopsistent trend in the

overall amount of precipitation has been detected, except that a larger proportion of total precipitation is
falling as rain instedof snow (Moser et al. 2012).

EventhouglCal i f orni ads aver age °‘iethelastroaethundred ydaes,drendsn cr e a s
are not uniform across the state. The Central Valley has actually experienced a slight cooling trend in the
summer, likely due to an increase in irrigation (CEC 2008). Higher elevations have experienced the
highesttemper at ure i ncreases (DWR 2008) . Many of the si
in the last 50 years (DWR 2008).

While historical trends in precipitation do not show a statistically significant change in average
precipitation over the last otury (DWR 2006), regional precipitation data show a trend of increasing
annual precipitation in Northern California (DWR 2006) and decreasing annual precipitation throughout
Southern California ovehe last 30 years (DWR 2008).key change in precipitiin patterns has been

more winter precipitation falling as rain instead of snow (CNRA 2012), leading to increased streamflow

in the winter and decreased streamflow in the spring and summer, when water demands are the greatest.
This increased streamflow vability could lead to increased risks of flooding, levee failurbnsavater

intrusion and flooebr-droughtinduced habitat destruction.

Multiple models have been developed and run to evaluate global and regional climate change impacts.
Global ClimateModels (GCMSs) project that in the first 30 years of th€ &intury, overall summertime
temperatures in California will increase by 0.9 tB.@CAT 2009) and average temperatures will

increase by 3.6 to 108 by the end of this century (Cayan et al0&0 Increases in temperature are not
likely to be felt uniformly across California. Models generally project that warming will be greater in
California in the summer than in the winter (CAT 2009) and inland areas will experience more extreme
warming tharcoastal areas (CNRA 2009). These {umiform warming trends are among the reasons that
regional approaches to addressing climate change are important.

While temperature projections exhibit high levels of agreement across various models and emissions
scerarios, projected changes in precipitation are more varied. Taken together, downscaled GCM results
show little, if any, change in average precipitation for California before 2050 (DWR 2006), with a drying



Merced Irrigation District i Agricultural Water Management Plan

trend emerging after 2050 (BOR 2011, CCSP 2009)l&Nitile change in precipitation is projected by
the GCMs as a group, individual GCM results are considerably varied. Climate projections therefore
imply an increase in the uncertainty of future precipitation conditions.

6.2 Sealevel Rise, Snowpack Redttion, and Extreme Events

In the last century, the California coast has seen a sea level rise of seven inches (DWR 2008). The
average April 1 snowpack in the Sierra Nevada region has decreased in the last half century (Howat and
Tulaczyk 2005, CCSP 2008nd wildfires are becoming more frequent, longed, more widespread

(CCSP 2008).

As the climate warms, the Sierra Nevadads snowpac
water supply) is aitipated to continue to shrinBased on simulationsonducted to date, Sierra Nevada
snowpack is projected to shrink byga@centetween 2070 and 2099, with drier, higher warming

scenarios putting that number as high gseBfentKahrl and RolaneHolst 2008). Additionally, extreme
events are expected tedbme more frequent, including wildés, floods, droughts, and heaves. In

contrast, freezing spells are expected to decrease in frequency over most of California (CNRA 2009).
While GCM projections may indicate little, if any, change in average ptatgy moving into the future,
extreme precipitation events are expected to become more commonplace (CBO 2009). The combination
of drier and warmer weather compounds expected impacts on water supplies and ecosystems in the
Southwestern United States (CCEM®9) with wildfires expected to continue to increase in both

frequency and severity (CCSP 2009).

Figure 6.1: Projected Snowpack Changes in the Sierra Nevada
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6.3 Regional Climate Change Projections ad Impacts

The MID lies within the San Joaquin River Hydrologic Region and contains the San Joaquin River,
Merced Rive, Bear Creek and Owens Cre&kgeneral, regional climate change modeling simulations
project temperature increases throughout Califgmith consistergpatial patternsAnticipated

temperature increases are expected to be less extreme along the southwest coast, with increasjng warmi
to the north and northea3there is significant uncertainty associated with future precipitatioarpatt

and water gpply projections Statewidé general, changes in precipitation correlate with changes in

water supply, with decreased precipitation correlating to decreased stream flovesimased

groundwater rechargé study conducted by Null et.abf the University of California, Davis Center for
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Watershed Sciences, published in 2010, evaluated the hydrologic response and watershed sensitivity to
climate change for the Sierra Nevada watersheds dimgjuhat of the Merced Rivethis study used a

climateforced rainfaltrunoff model to explicitly simulate intrhasin hydrologic dynamics and

understand localizedeasitivity to climate warmingJsi ng t he St ockhol m Environm
Water Evaluation and Planning System (WEAP21), the resesastielated anticipated@, £C and 6C

temperature increases and evaluated changes from baseline for three key paranmestarannual flow,

centroid timing, and low flow duratiointo highlight relative differential responses across the Sierra

Nevada vatersheds and in relation to water resource development (water supply, hydropower and

mountain meadow habitat, respectively).

Modeled changes to climate warming in the Merced River watershed resulted inomslirctnean

annual flow (MAF).Specifically,there were approximately 30 TAFp@cen}, 60 TAF (erceny and

80 TAF (&ercen} decreases in mean annual flow on the Merced River based on an average annual
natural flow of approximately 1M AF resulting frofi2 4C and 6C increases iair temperatte,
respectivelyRelative to other Sierra watersheds, the Merced River experienced a moderate change in
MAF due to climate change and was therefore considered to be less vulnerable to climate warming based
on total water stored and changes in MAF thanenmmrthern watersheds (such as the American, Yuba,

Bear, Mokelumne and Cosumnes Rivers).

Figure 6.2: Reduction in Mean Annual Flow from Basecase by Watershed
-80000

-70000 Mo LK
60000 e S grnk
-50000 ‘ . ‘
-40000 LS LR %

-30000 X ‘~.X\ |
-20000 e

MAF Reduction (m¥km?)

10000 | * L N -
0

FEA YUB BAR AMR COS MOK CAL STN TUO MER SJN KNG KAW TUL KRN

Notes: MERI Merced River watershed
Source: Null et al. 2010

The modéng also showed that runoff centroid timing (CT) was 2 weeks, 4 weeks, and 6 weeks earlier
given the respective’@, £C and 6C increases in air temperatufghange in seasonal runoff timing may

affect flood protection, water storage and dele®tJsing online hydropower capacity as a measure of
impact, the study identified watersheds vulnerable to CT shifts as they rely on hydropower generation and
may face substantial changes in rdriohing with climate warming.
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Figure 6.3: Average Annual Centroid Timing by Watershed
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Finally, the study evaluated the average low flow duration (LFD) for the Sierra Nevada e@dsersh
relative to climate chang€or the Meced River, average low flow duration lasted 2, 3 and 4 weeks
longer for the 2C, £C and 6C increases iair temperature, respectiveMerced River was considered
vulnerable to LFD. Along with Yosemite and its meadows upstream, the Merced River caeriie reog
habitat loss as a result of climate change.

Figure 6.4: Average Annual Low Flow Duration by Watershed
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Water Resource Vulnerability

MID is the primary agricutiral water user in the Merced Rivegion.Water supplies include both
groundwater and surface water, with groundwater coming from the Merced (predominantly), Turlock and
Chowchilla Subbasins of the San Joaquin Valley Groundvizstsin and surface wateeing diverted

primarily from the Merced, Chowchilla, and San Joaquin Rivers. Declining Sierra Nevada snowpack,
earlier runoff, and reduced spring and summer streamflows will likely affect surface water supplies and
shift reliance to groundwater resourcehjch are already overdrafted in many places. This will, in turn,
affect critical natural resource issues in the region

6-4



Merced Irrigation District i Agricultural Water Management Plan

Other anticipated regional impacts resulting from climate change (increased air temperatures and variable
precipitation) include chameg to water quality; increased fiting, wildfires and heat waveBarlier

springtime runoff will increase the risk of winter flooding as capturing earlier runoff to compensate for
future reductions in snowpack would take up a large fraction of the aedilatd protection space,

forcing a choice between winter flood prevention and maintaining water storagenimes and fall dry

period use.

The identified vulnerabilities for the Merced region which are pertinent to the MID are summarized in
Table 61 and further described in the following sections.

Table 61
Merced Region Vulnerabilities
Vulnerability Description
Agricultural Water Vulnerable to increased agricultural demands tb increased temperaturg
Demand and evapotranspiration rates, and more frequent/severe droughts.

Vulnerable to decreased snowpack in the Sierra Nevada, shifts in timir
seasonal runoff, increased demands exacerbating groundweitdradt,
degraded surface and groundwater quality resulting from lower flows,
exaggerated overdraft conditions, a reduction of meadows which can
provide contaminant reduction, and more frequent/severe droughts an
storm events increasing turbidity in saré supplies.

Water Supply and Quality

More severe/flashier storm events and earlier springtime runoff leading
increased flooding, and a reduction of meadows which help reduce flo
the winter.Less opportunities to capture for recharge.

Flood
Management/Disaster

6.4 Agricultural Water Demand

In general, irrigation water demand varies based on crops and climatic conditions, and may or
may not increase under future climate change conditions. Groundwater pumping is anticipated to
increase as more irrigators and agricultwater users turn to groundwater to meet crop water
requirements and farming needs (depending on surface water availability). Groundwater salinity
increases with decreasing precipitation because less water is available to recharge the
groundwater as a rdswof flashier and more variable precipitatiements (Schoups et al. 2005).

The effects of increased air temperatures on agriculture will include faster plant development,
shorter growing seasons, changes to reference evapotranspiration (ET) and lpeas#iless for soe

crops.In addition, fruit crops are more climasensitive than other crop types and may require additional
water as the climate warms. Therefore, more water may be necessary to maintain yield and quality in
future years of apricot greach crops, for example, in the Merced region.

If more water is required to maintain yield, and combined with potentially reduced supplies, the
agricultural community may respond to these climaticed changes primarily by increasing the

acreage of lad fallowing and retirement, augmenting crop water requirements by groundwater pumping,
improving irrigation efficiency, and shifting to higralue and safltolerant crops (Hopmans et al. 2008).
However, agricultural impacts resulting from climate charagesanticipated to be significant for the

MID as Merced County rank$8n the state in agricultural production with a value of over $2.7 billion
(Kahrl and RolandHolst 2008).
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Groundwater modeling was completed which indicated that groundwater deanaridghest during dry
years, likely due to the fact that groundwater is primarily used for atyniauirrigation (MAGPI 2002).
The seasonal variability of water demands is projected to increase with climate change as droughts
become mar common and seke (DWR 2008)Other seasonal uses such as landscape irrigation
demands are also expected to increase as a result of climate change (DWR 2008 and CNRA 2009).

Water Supply and Quality

The MIDb6s water supplies incl udedRigerandlocd ereekser and
and drainages. Additional water storage will be required to ensure water supply reliability due to the

impact of early spring runoff and reduced mean flow. Without additional storage, it will be difficult to

capture and retain thextra runoff for use after April®lwithout reducing the amount of flood storage

space left in reserve. Both the need for empty storage for flood protection and the need for carryover
storage for drought protection reflect the uncertainty about futuathereconditions and the level of

regional riskaversion (Hayhoe et al. 200.n ot her concern i s MID6s water
which are effectivenly in certain time periods.

Decreased summertime flows will likely result in increased grouteivpamping (and potential overdraft
conditions) due to increased groundwater to offset surface water shortages. Additionally, rising
temperatures are projected to increase the frequency of heat waves, which could also lead to increased
water use and furdr exacerbate low flow cwlitions (Hayhoe et al. 2004).

Finally, climate change impacts may affect water quality in a multitude of ways.

e Water quality can be impacted by both extreme increases and decreases in precipitation. Increases
in storm event searity may result in increased turbidity in surface water supplies while decreases
in summertime precipitation may leave contaminants more concentrated in streamflows (DWR,
2008) as well as increased dissolved concentrations of constituents in groundwdter d
decreased groundwater percolation.

e Higher water temperatures may exacerbate reservoir water quality issues associated with reduced
dissolved oxygen levels and increased algal blooms (DWR, 2008).

Declining Sierra Nevada snowpack, earlier runoff eetticed spring and summer stream flows will
likely affect surface water supplies and shift reliance to groundwater resources, which are already
overdrafted in many places.

Groundwater Quality

The MID service area overlies three groundwater subbasinslig San Joaquin Groundwater Basin
including the Merced Subbasin in entirety, and portions of the Chowchilla and Turlock Subbasins.
According to the 2008 Groundwater Management Plan (GWMP) Update (Amec 2008), groundwater
elevations in the Merced Subbakizmve been monitored by DWR, MID, and other entities since the

1950s. This monitoring data demonstrates that since 1980 average groundwater levels beneath the Merced
Subbasin have declined approximately 14 feet, with most of this decline occurring b#886eand

1996 (Amec 2008). As such, the Merced Subbasin is considered to be in a state of rtddntiong
groundwater level declinén addition to dropping groundwater levels, the Merced Subbasin has high
concentrations of total dissolved solids (TDS),agally at depths between 400 and 800 feet below the
ground surface, that increase in concentration from east to west. The San Joaquin River acts as a natural
saline barrier, so generally, TDS concentrations are greater on the west sideigétlz&les on the

east sideReduced streamflows in the River could reduce the effect of the natural barrier and allow for
further migration of salinity in the groundwater basin. Additionally, climate change impacts may cause
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increased evapotranspiration and long@wing seasons for permanent crops, further exacerbating
groundwater overdraft and high salinity levels.

Portions of the groundwater subbasins are subject to high nitrate concentrations; elevated iron and
manganese concentrations; and contaminatiom méthyl tertbutyl ether (MTBE), 1,alibromo-3-
chloropropane (DBCP) and other contaminants; which can impaletteficial use of groundwater.
Lastly, the variation in precipitation and streamflow in the future will influence how and when the
groundvatersubbasins are recharged.

Surface Water Quality

The Central Valley Regional Water Quality Control Board (RWQCB) compiled the 303(d) list of

impaired water bodies within the Sacramento River and San Joaquin River Basins that suffer significant
water qualiy impairments from a variety of pollutants and must be addressed through the development of
Total Maximum Daily Loads (TMDLSs). The Lower Merced River (from McSwain Reservoir to the San
Joaquin River) is included on this list. Irrigated agriculture has igestified as a significant

anthropogenic source of both nitrate and sediment loading in surface water bodies. Additional sources of
sediment loading include erosion, mining, and grazing, among others. Current climate change scenarios
project lower strearflows and higher agricultural water use that would pose significant challenges in
implementing the defined TMDLSs and meeting water quality goals.

Lake McClure and the Merced River are supplied primarily loyvsnelt from the Sierra Nevada.

Changing voluras of snowfall and snowpack in the Sierra Nevada and the changing seasonal melting
patterns may ragre changes in dam operati@s the timing of snowmelt shifts in the spring,
hydroelectric power generation may also shift to accommodate enhanced fidad gperations.
Additionally, increasing temperatures will also increase energy demands, especiallypdakrigmand
times (DWR 2008)As previously described, the modeling completed as described litythelogic
Response and Watershed Sensitivitgtoi mat e War mi ng i n GCshowedtlat ni ads Si
runoff centroid timing (CT) on the Merced River was 2 weeks, 4 weeks, and 6 weeks earlier given the
respective ZC, £C, and 6C increases iair temperature, respectivel@hange in seasonal rumiiming

may affect electrical generation capabilities, flood protectiaier storage and deliveriddydropower is
often generated during high demand periods, which may be compromised if facilities are forced to spill
due to higher magnitude flows oraecommodate early arrivaf flows (Null, et. al. 2010).

Adaptation Strategies

Global climate modeling carries a significant degree of uncertainty resulting from varying sensitivity to
changes in atmospheric forces (e.g.Cf@rosol compounds), unpretdible human responses, and

incomplete knowledge about the underlying geoptalgirocesses of global changsen though current
scenarios encompass the fAbestodo and fAworsto cases
knowledge, significant unceinty associated with future global GHG emission levels remains, especially

as timescales approach the end of the century. The historical data for calibrating GCMs is not available
worldwide, and is spatially biased towards developed nations.

Thereforeconsidering the great deal of uncertainty associated with climate change projections, a prudent
approach to addressing climate change incorporates a combination d@ésimosihd lagterm adaptation
strategiesClimate adaptation includes strategies igpes, programs or other actions) that prepare the
District to effectively respond to the unavoidable negative climate impacts. These strategies are also
identified in theCalifornia Water PlanlCWP) as resource management strategies (RMSs) for water
managnent approaches in the regidrhe potential issues to consider are as follow:

e Reduce Water Demand
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e Improve Operational Efficiency and Transfers
e Increase Water Supply

e Improve Water Quality

e Improve Flood Management

e Other Strategies

As described in th€limate Change Handbook for Regional Planni@®M 2011), the key to climate
change adaptation or mitigation is to be directed
resilience to the uncertain conditions climate change could.bring

6.5 Reduce Water Demand

Reducing existing and future water demands can reduce pressure on water sources of limited supply and
help adapt to the potential climate change impacts of less precipitation, shifting of springtime snowmelt,
and overall uncertaintyDppotunities for increased water conservation and water use efficiency measures
are discussed inlo¢r sections of this documeerformance metrics that could be used to measure the
effectiveness of reduced water demand adaptation include average wated deto@tion per year and

peak water demand reduction per month (CDM 2011).

MID is already implementing many agriculturater use efficiency effortdt has identified and is

currently implementing efficient water management practices (EWMPs) as plaig Bfan Several

EWMPs that include infrastructure upgrades and operational improvements reduce water demand and
maintain productivity. The following are the two groupings of EWMPs that MID is considering
implementing in the shoterm:

¢ Infrastructure Upgrade: Evaporation loss from irrigation ditches and canals is a function of
temperature and other climate variables. Depending on different emission scenarios, the operation
of these facilities may be impacted by climate change, leading to increasetbast®©ne of the
EWMPs is to convert irrigation canals and ditches to piping. This water conservation method
prevents evaporative losses, which will only increase as temperatures rise. This approach could
help the MID adapt to climate change by expandéiater supplies and making existing water
supplies less vulnerable to climate change impacts. Canal lining is identified as a less capital
intensive method to reduce seepage into the ground, although it does not reduce water
evaporation and does reducegrdwater recharge that oeswas a result of this seepa@anal
automation can increase water supply reliability and flexibility to deliver water at the time,
guantity, and duration required by the grower, and can facilitate conversion to more efficient
irrigation methods such as mieiroigation.

e Water Management: MID andits userswill take advantage of new technologies and hardware
to optimize management of watelated infrastructure for water conservation. Supervisory
control and data acquisitio®CADA) systems enable water managers to collect data to a
centralized location and operate automated canals to achieve desired water levels, pressures or
flow rate, and also increase the efficiency in reservoir operation. In addition, automated control
will free water system operators from manual operation and allow them to plan, coordinate
system operations, and potentially reduce costs. Such systems improve communications and
provide for flexible water delivery, distribution, measurement, and accour@ingarm
practices can also be improved. Furrow, basin, and border irrigation methods have been improved
to ensure that watering meets crop water requirements while limiting runoff and deep percolation.
Using organic or plastic mulch can reduce+essentl evaporation of applied water. Advanced
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irrigation systems include GIS, GPS and satellite crop and soil moisture sensing systems and can
all improveoverall farm water management.

Improve Operational Efficiency and Transfers

Water supply system operat®mneed to be optimized arder to maximize efficiencyVell-maintained
conveyance infrastructure improves water supply reliability and enhances regional adaptability to climate
change impacts. Addressing aging infrastructure, increasing existing cajpasitgtem storagand/or
adding new conveyance facilities can improve existing conveyancensgateoperational efficiency.

As a longterm approach through system reoperation, the New Exchequer Dam may be able to adapt to
less reliable water supplieador increased water demands by maintaining conveyance infrastructure, as
well as adapting to climate change impacts on hydropower production, tiobdibitat, and water

guality. The approach is to model and determine the todfteassociated with lel&of encroachment in

the flood poolor reservoir operation under new, adaptive rules

MID is currently investigating and implementing letegm or shorterm water transfers. Specifically, the
City of Merced and MID argvorkingto formalize the exchang# tertiarytreated wastewater effluent
from the City of Merced for surface water fraviD. This will help the region adapt to climate change by
providing additional climate resilient water supplies. As such, transfers can improve supply reliability
whenother supplies are projected to have reduced reliability due to climate change impacts.

An example of a performance metrics to quantify this strategy includes amount of new supply created
through regional water transfers (CDM 2011).

Increase Water Supply

As water demands increase due to longer growing seasons, higher temperatures, and longer droughts, and
the future of existing water supplies sources becomes less certain, MID will need to enhance existing

water supplies to meet demanbigreasing waterupply can be accomplished through the

implementation of conjunctive management of surface and groundwater supplies as well as through
groundwater storage, recycled water use, and increased surface water storage, as appropriate. Diversifying
t he r e gersoppld Eortfeli@and adding drougigisistant sources is an adaptation measure that will

help address increased water demands adétoeased supply reliabilitiferformance metrics for

measuring the effectiveness of the increased water supply oclideé additional supply created, amount

of potable water offset, and supply reliability (CDM 2011).

Conjunctive Management and Surface and Groundwater Storage

Merced Area Groundwater Pool Interests (MAGPI) has been implementing the Merced Groundwater
Badn Groundwater Management Plan, which promotes conjunctive surface water and groundwater
management to improve the leteym sustainability of the Merced Groundwater BaBitD as the lead
agency for MAGPI will continue to investigate conjunctive managemaeimcrease surface and

groundwater use, improve groundwater quality, and adaglimhate changdncreased storage and
conjunctive use may increase resilience to shifting runoff patterns, providing more storage for early
runoff, reducing or eliminatinthe potential climate change impacts on flooding and hydropower
production, and offsetting decreases in snowpack storage. This strategy is valuable as weather patterns
change in frequency and timing and more extreme events. &8GPI is in the processf@mbarking

on an integrated water resources modeling study with funding from the State that will provide MAGPI the
modeling tools to better manage the basin conjunctively betweftsuvater and groundwater supplies.
The integrated model is capable ohslating the interactions between surface water and groundwater to
determine the impacts of surface water supplies on groundwater supplies due to the effects of climate
change.
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Developing a project to provide additional local surfaegerstorage is possible adaptation strategy for
climate change impacts on water supply and associated reliability. Storage provides a way of adjusting a
water system to altered peak streamflow timing resulting from earlier snowpack melting. Additional
storage capacity cbd also help to adapt to the anticipated increased precipitation variability. Increased
surface storage could allow water managers to makg¢imgaldecisions that are not available otherwise.

It would also facilitate water transfers between basins frpstream reservoirs to receiving regions that

have additional storage for the transferred water. Added storage provides greater flexibility for capturing
surface water runoff, managing supplies to meet seasonal water demands, helping manage floods from
extreme storm events, and adapt to extreme weather conditions such as droughts.

As mentioned earlier sections, to facilitate the additional surface storage, the District is seeking US
Congress approval through the Federal Energy Regulatory Commission (FERE)sing process to
consider increasing the maximum storage capacity of New Exeh&am reservoiup to70,000 AF.

This will be accomplished by raising the current New Exchequer spillway elevation by about TBdeet
extra storage will be an apprgte volume of supplemental source of water teseffthe anticipated
potential reduction in the Merced River annual natural flow that ranges from 30 to 80 TAF agirgporte
the climate change studfgain, the New Exchequer Dam FERGliensing progra is currently re
examining the various environmentaigtream requirements of the Merced River in light of the effects of
climate change so that there would not be unreasonable pressure on the river demands.

In addition b new potential storage, MID magekdevelopng water purchasing agreements to buy water
from other agencies that own existing storage reservoirs with substantial water supplies. Rehabilitation
and possible enlargement of existing dams and infrastructure will potentially improvektoé laservoir
storage capacityrhe Merced Integrated Regional Water Resources Management Plan (IRWMP) has
included various existing reservoir enlargement projects as well as neweain regulating reservoir as
proposed by MID and others as potentiaj@cts to augment ¢hwater supply shortage issue.

Finally, implementing conjunctive management and groundwater storage can provide benefits similar to
additional surface storage, in addition to increased water management flexibility while also reducing
groundwater overdraffChere is the potential to bamkater, flood flows, runoff, recycled water, and/or
desalinated water for dry seasons in groundwater b&simgunctive management is highly dependent on
how well surface water and groundwater are madag a single source to adapt to the climate system.

Recycled Water Use

The California Recycled Water Policy, developed by the State Water Resource Control Board in 2009,
includes a goal of substituting as much recycled water for potable agapassitd by the year 2030.

Recycled water is a sustainable, climate resilient local water resource that could significantly help to meet
water management goals and objectives, and assist in meeting the seasonal water demands of agriculture.
Water recycling alsorpvides a local supply that generally uses less energy than other water supplies,
helping to mitigate climate change impacts through associated GHG emi8seite to what is being
negotiated between the City of Merced and MID as mentioned earlierle@eyater used for agricultural
purposes and urban landscape irrigation, and expanded use will be encouraged and explored as
opportunities arise.

Improve Water Quality

Groundwater remediation, matching water quality to use, pollution prevention, saHlamiy
management, and urban runoff management can help improve water quality for.dlhesesstrategies
may help MID to adapt water quality impacts from climate change on the district level. They may also
contribute to providing additional supplider example, storm water capture and reuse would reduce
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pollution and also provide a seasonal source of irrigation water for urbandaimtsor groundwater
rechargeWater quality performance metrics for this RMS could include stream temperatureyetissol
oxygen content, and pollutant concentrations (CDM 2011).

Pollution Prevention

I n recent years, as point sources of-ppioht usooncéaa
(NPS) pollution has become a primary concern for water managergdB$on is generated from land

use activities associated with agricultural development, forestry practices, animal grazing, uncontrolled

urban runoff from development activities, discharges from marinas and recreational boating activities, and
other landuses that contribute pollution to adjacenfate and groundwater sourcéfe East San

Joaquin Water Quality Coalition (ESJWQC), which MID is a member of, will continue to assess the level

of surface water quality in the region and to monitor any chsatige could occur due to the negatives

effects of climate change.

More severe flooding patterns and frequencies due to climate changes will invariably contribute to higher
debris flows and sedimentation loadibere are several muiburpose storm wateapture, recharge, and

reuse projects that have been proposed in the Merced IRWMP by other agaddiéi® to address this
issue.These detention storage basin projects allow sediments and potential contaminants to settle out
before entering thdistribuion system for usag@®rotecting water supply sources will help to ensure that
long-term sustainability of those supplies.

Salt and Salinity Management

Accumulation of salts in soil can impair crop productivity, making salinity management a criticalrconcer
for the Di st riveagriGudurahndustny$eyerappotentiabbertefits of establishing or
improving salt and salinity management include protecting water resources and improving water supplies,
securing, maintaining, expanding, and recimgusable water supplies, and avoiding future significant
costs of treating wateupplies and remediating soilSalt and salinity management strategies identified
by theCalifornia Water Plan Update 200fclude:

e developing a regional salinity managarhplan, and interim and lortgrm salt storage, salt

collection, and salt disposal management projects;

e monitoring to identify salinity sources, quantifying the level of threat, prioritizing necessary
mitigation action, and working collaboratively witht#ies and authorities to take appropriate
actions;

e reviewing existing policies to address salt management needs and ensure consistency-with long
term sustainability; and

e collaborating with other interest groups to optimize resources and effectiveness;

e identifying environmentally acceptable and economically feasible methods for closing the loop
on salt.

As part of the Merced IRWM planning process, MID and the region is developing information to support
development of a salt and nutrient management plais.will identify specific salt and salinity

challenges within the region and strategies to help adapt to climate change by mitigating potential salinity
increasesssociated with climate change.

Forest Management

Although MID does not have responsiljilib manage the upland forested areas that drain to the Merced
River watershed, protection of those lands is a vested interest of MID for ensuring high quality and
guantity surface runoff supplies. Proper forest management would improve water qualitaatity,q
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help reduce wildfires, and improve ecosystem and hahkithin the watershedlhe University of

California, Merced staff researchers and MID are currently collaborating in forest management studies
that will hopefully improving water yield origating from tlke high mountain forested area.

MID is also receiving a Floe@oordinated Operation (FO) grant from the Department of Water

Resources to install additional stream gages and precipitation stations upstream and within the boundary
of the Distict to be used to better manage and forecast floods and to establish and confirm climate trends
and evaluate hydroclimatic and geologic conditigxreother objective of the grant program idrgprove

flood forecasting by using forecasting tools such plyaically basedsimulation model to operate the
reservoir inreaktime. With the help of a good forecasting tool, the impacts of climate change on river
runoff and reservoioperations may be minimized/ater quality and sediment monitoring stations wloul
allow quantification of the effects of climate change as well as forest management activities on surface
water quality (CDM 2011).

Other Strategies

Additional conservation and demand reduction measures, such as crop idling, irrigated land retirement,
ard rainfed agriculture could be implemented as adaptive management strategies.
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~End of Section~

New Exchequer Dam

6-13



Merced Irrigation District i Agricultural Water Management Plan

SECTION 7. EFFICIENT WATER MANAGEMENT
PRACTICES (EWMPs) (§10608.48)

The purpose of this section is to identify EWMPs that will accomplish improvetharel efficient water
management.

Under the authority included under the California Water Code 810608.48(i)(1), the Department of Water
Resources is required to adopt regulations that provide for a range of options that agricultural water
suppliers may wsor implement to comply with the measurement requirements in paragraph (1) of
subdivision (b) of 810608.48. For reference, §10608.48(b) of the California Water Code states that:

Agricultural water suppliers shall implement all of the following criticflcient management practices:

a. Measure the volume of water delivered to customers with sufficient accuramypdywith
subdivision (a) of Section 531.10 and to implement paragraph b.

b. Adopt a pricing structure for water customers based at least ingpaguantitydelivered.

7.1 Critical Efficient Water Management Practices (EWMPSs)
(810608.48 (b)

1. Measure thevolume of water delivered to customer with sufficient accuré&0608.48(b)(1))

MID has been measuring the volume of water delivered tomeastosince 1993, when it adopted a
volumetric rate for its watesalesand charges fawvater by the acroot, in increments of 0.AF.

With the exception of a few community laterals, all MID delivery points are measteedppendix

F Water Measurementdzumentation and Repng, for a more detailed discussion of the various
turnout types and their associated water measurement attributes as they relate to the Agricultural
Water Measurement Regulation (Regulafion

a. Collection ofWaterMeasuremenbata:

i.  MID uses a state of the art, SQL based database application to manage its water
measurement data for growers, including all water ordering, delivery and billing
information by field.

ii.  Growers are required to plaaewvater order for planned irrigations. MlBogvers can place
a water ordeby speaking with a Customer Service representative in person or on the
phone, facsimile, an automated phone water ordering system, or through the mercedid.org
web site A grower would identify its Account Number (field), dei flow rate, time of
start of delivery and duration, upon which the grower is provided a confirmation number
for the request. MID Distribution System Operator (DSO) receives the request on a
portable computer

iii. Upon completion of the delivery, the flodyration and subsequent volume, the DSO posts
the information for billing

b. Frequency of Measurements:
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Meter measurement configurations are typically read every one to two weeks. Meter gate
measurement configurations are typically measured once duririgigaton and as needed
depending on changing conditions.

c. Methods for Determining Irrigated Acres

Prior to the first irrigation, all MID customers have to submit an irrigation application which

includes acreage, cropping, and method of irrigatt@e Fgure7.1, Application for Irrigation

Water.MID personnel further verify all data in the field and apply appropriate modifications to

the account.

Figure 7.1: Application for Water Application

™% MERCED

mus dincaton  Application for Irrigation Water e S ecsien
EWiEnR l’m rgdliil:gﬁlc-r Automated: (300) 750-2720

Main Office: 744 W. 20th Street,
Merced, CA 85340

Customer Information

Joe Farmer Customer #: 999999
99 Farmiand Lane Contact Phone: (209) 999-9939
Merced, CA 95340

Water Account Information

Please verify information in each column below. If corrections are needed, line through incorrect information and write-in correct updates. If column is blank,
please write-in information accordingly.

IMPORTANT
If you have a tenant leasing your property and their name is not listed below in column 12, you will need to complete a new Landowner Tenant Agree-
ment (LTA) and submit it to MID Customer Service. LTAs should be mailed to MID Customer Service at the address above or faxed to (209) 722-1457.

1t Crop
{change to "Fallow” IT
sl

Total nfer water  Irrigation 5
Wiater Irrigatad m’:.“,.n curtalliment  (Sprinkisr, drip, Parcel  Requested Private  Private Tenant Informaticn on
‘Account Sectlon/Facllity Acres yaar) .||“,|°°¢_'xc| Parcel &PH Acres AF Well Crop Wall ACTe2  Farming / Leasing Flia
i} 2 12 ) (51 18 m 18) (&) ey i) 12}
FAx#E Falrleld B Side / Hartiey Lateral 11.70 walnuts Sprinkler 5395999534 11.70 Farming Jo= Famer

Notes and Signature

1. This application must be submitted prior to ordering/receiving irrigation water.

2. Applicant shall abide by all Merced Irrigation District (District) Rules and Regulations Governing the Distribution of Water (Rules and
Regulations) as a condition to water service. Applicant's signature below confirms that Applicant has received and read the Rules and
Regulations, or that Applicant has waived reading same. If Applicant has not received a copy of the Rules and Regulations, Applicant is
aware they are available from the Customer Service Department and is responsible for obtaining a copy and abiding by same.

3. Applicant, by the filing of the Application, hereby assumes the responsibility for the proper disposition of drainage water resulting from the use
of water applied for, and agrees to hold the District harmless from any responsibility arising out of any damage or claim of damage from surface
or subsurface drainage resulting from the user of the water applied.

4. Water furnished by the District under this Application is not treated to make it safe for drinking or stock watering purposes.

5. The terms of the Application and all Rules and Regulations shall apply to any subsequent verbal request for water which may be accepted by
the District within this irrigation season.

Signature of Applicant - #999999 - Joe Farmer Date

d. Quality Control and Quality Assurances Procedures:

i.  MID DSOsare responsible for the delivery at every gate in the DisTifiety determine set

flows and measure volumes based on.that

ii. A Senior Distribution System Operator checks the values and approves the final posting.
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iii.  Upon the receipt of the posted valuessGuo mer Service in turn chec
accumul ated deliveries since the start of t|
allocation, then provides the DSO with instructions as a grower approaches its maximum
allotted volume.

e. Measurement with confipnce with 8597.3(b), as outlined in Section 8597.3(b)(2) and Section
8597.4(b)(2) and Frequency

i.  Turnouts with meter gate measurement configurationt/pieally measured once during
and irrigation and as needed depending on changing conditions.

ii.  Turnous with meter measurement configurati@anstypically read every one to two
weeks.

iii.  See Appendix FWater Measurenmt Documentation and Reportingr a more detailed
discussion of the various turnout types and their associated water measurement attributes
as they relate to the Agricultural Water Measurement Regulation

Figure 7.2: Fixed Orifice Plate
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2. Volumetric Pricing (810608.48(b)(2))

a. Since 1993, MID has charged its growers volumetrically, in increments of 0.ifdatrén March 2013, thé/ID Board of Directors
approved a $5/AF rate increase (in accordance with Proposition 218), resulting in the current water volumetric prick28cR&ipter
AF. MID also charges a Standby Fee of $24 per-tawe The Standby Fee is collected from all irrigalaleds within the District
regardless if they received deliveries from MID.

b. MI D 6 sforsuppleeentavater made available through conjunctive groundwater pumping sisppiyrently $73.25 per AF.

c. MIDd water rate for urban landscaping and other siméer water deliveries isurrently$125 per AF.

Table 7.1 MID Efficient Water Management Practices

Critical EWMPS

Water Code

EWMP

Implementation

Implementation

Planned Activities

Reference No. Status
See Appendi¥, Water Measurenms See Append_nF, Water Mea_sure et
. ; Documentation and Reportinfpr planned
Documentation and Reporting o
activities.
Measure the volume of water
10608.48.b (1) | deliveral to customers with Implementing

sufficient accuracy

See the above disaien in Section 2 and
Sectin 6, and in Appendix For MID
practicesand procedures as they reltde
the Agricultural Water Measurement
Regulation.

Continueto establish corrective measure;
and meet required accuracies.

10608.48.b (2)

Adopt a pricing structure based a
least in pa on quantity delivered

Implementing

MID Board adopts rate per AF for variol
uses inDistrict, including surface water
deliveries to ag, urban, cof-District,

and supplementalater made available
through conjunctive groundwater

pumping

Continue longstanding volumetric pricing
Periodically review long term O&M and
capital needs and ensure pricing is
sufficient to properly maintain system,
taking into account other revenue source
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Conditional EWMPS

Water Code Implementation

Reference No. EWMP Status Implementation , Planned Activities
10608.48.c (1) | Facilitate alternative land use for| Not applicable Lands with exceptional h water duties | Not Applicable
lands with exceptionally high or whose irrigation contributes to
water duties or whose irrigation significant problem including drainage
contributes to significant doesnot exist within MID.
problems, including drainage.
10608.48.c (2) | Facilitate use of available recycle Implementing MID is in discussion with the City of Culminate discussions with the City of
water, Merced regeding using portion of th Merced.

Citybds wast eOtherat er
effluent sources are not available, eithe
because water is already committed to
third party or it is not tertiary treated.

10608.48.c (3) | Fadlitate financing of capital Implementing e MID Groundwater Incentive Continue to implement
improvements for offiarm Program
irrigation systems e MID Water Conservation Program
e Technicians available to help
growers

e Educational workshops, newslette
and MID website.

e Make presentions at the Farm
Bureau, UC extension and other
similar local activities
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10608.48.c (4)

Implement an incentive pricing
structure that promotes one or
more of the following goals
identified in the CWC

Implementing

In 2012, MID Boad raised price for
deliveries over 2.5AF/AC.

In 2013 MID Board raised rate by
27percent

MID has raised its rates by
69percentsince 206.

Conjunctive Use/Increase
Groundwater RechargeVater rate
is generally close to cost of
pumping groundwater, The rate
encourages growers to use surfac
water or dry water depending on tk
surface water status.
Rechargereasonable Hbbasin out
of-District water rate in years of
available surface water supply.

The Water Resources Management Plar
will address rates.

10608.48.c (5)

Expand line or pipe distribution
systems, and construct regulating
reservoirs to increase distribution
system flexibility and capacity,
decrease maintenance and reduc
seepage

Implementing

MID regularly adopts projects for
pipelines and/or candéihing under
its CIP or extra ordinary
maintenance budget.

Pipelined approximately 13 miles ¢
open laterals since 2002.
Capital projects over the last 3 yea
have combined to reduce or
eliminateoperationakpills and
seepage totalof 10,000 AF
annualy

District has a combined total of
3,590 AF in regulating reservoir
space.

Has a number of regulating basins
and added two more basins for a
total of 300 AF since 2002.

Ml Dé6s Water Resour
will include a system evaluation and
modernizatn plan, including regulating
reservoirs where applicable. The plan wi
also address funding and prioritization.
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10608.48.c (6)

Increase flexibility in water
ordering by, and delivery to, wate
customers within operational limit

Implemented

Around theclock water order
service with operators, voice
activated system, facsimile, or the
web.

Custom delivery where each
irrigation could differ in flow rate,
duration, and start of irrigation.
Offers limited ondemand, constant
flow, and arranged edemand
irrigation service.

Growers can query their delivered
water online.

Flexible distribution system.

MID will continue to improve flexibility to
its water ordering.

10608.48.c (7)

Construct and operate supplier sy
and tailwater recovery systems

Implemerting

MID completed projects automatin
canals to effectively intercept flows
from up-gradient laterals that
otherwise would have otherwise
ended in a natural streams
Constructed canals and pipelines t
move operational discharges to
areas of water commmitent, such as
the Casebeer Extension to Merceg
National Wildlife Refuge.
Pipelined laterals and backed up
flows away from traditional spill
such as the recently completed
Garibaldi Lateral Spill to Merced
River.

The District will continue to identify
projects that would recover operational
spill and tailwater. The Water Resources
Management Plan will address these
projects.
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10608.48.c (8)

Increase planned conjunctive use
of surface water and groundwatei
within the supplier service area

Implementing

Comgeted studies regarding
expanding groundwater fields
Study recommendation did not
recommend well construction.
MID Groundwater Conservation
Incentive Program, growers revert
to groundwater in years of surface
water shortage.

In-Lieu Recharge: Reduce bdse
pumping by management actions,
Highlands Pilot Project, Low Head
Boosters replacing deep wells,
increased system flexibility to
compete with groundwater in non
dry years.

Construct Recharge basins which
are left idle during droughts.

Ml D6 s ¢ @usg prog@m is v

extensive and leading edge. MID will
continue to expand all the components g
its conjunctive use program.

10608.48.c (9) | Automate canal control structures Implementing Completed 85 projects automating Will continue to expand its control
control structures since 2002. structure automation. Projects will be
MID installed23 SCADA site in identified under the Water Resources
2002, which were expanded by 19 Management Plan
more sites since.
Tabled topped and pipelined canal

10608.48.c (@) | Facilitate or promote customer | Implementing MID senior Distribution System Will continue to perform and promote

pump testing and evaluation

Operators are trained to perform
pump tests.

Performed more than 500 pump
tests since 2002.

Staff provides information and
education rowersDi ¢

pump testing

10608.48.c (11)

Designate a water conservation
coordinator who will develop and
implement the water managemen

plan and prepare progress report,

Implementing

Hicham ElTal appointed as WC
Coordirator effectiveDecember 15,
1998.

Complete
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10608.48.c (12)

Provide for the availability of
water management services to
water users.

Implementing

e MID operates and maintains a
CIMIS station with a link on its
website

e MID has a fulttime Engineering
Techician dedicated to support
growers.

e Educate growers on how to order
varied water orders to better mana
their operation.

e Provides growers with monthly
bills.

e Online web page for growers to
review their existing deliveries ove
all their individual fields and plan to
stay within the water allocation for
the season.

Will continue to pursue

10608.48.c (13)

Evaluate the policies of agencies
that provide the supplier with
water to identify the potential for
institutional changes to allow mor
flexible wate deliveries and
storage.

Implementing

MID owns its own storage at Lake
McClure. Since the creation of the
Independent System Operator (1ISO),
MID had to make diversions forecasts 4
hours in advance V
regulating systems. For the 2013
irrigation season, MID has dropped tha
to 24 hours through coordination with th
Hydro personnel.

MID has its own groundwater wells that
are always on standby. The Water
Operations Superintendent authorizes t
DSOs the wells to be operated in a give
period. DSOs are free to engage the
authorized wells for the highest
efficiency.

MID will continue to increase its
coordination will all parties towards
maximum system flexibility

10608.48.c (14)

Evaluate and improve the
efficiencies

punps.

of

Implementing

The District Engineering Department an
the Pump Department work on
continually upgrading wells and booster
through system evaluations and pump

The District plans to install more than 15
motor savers within the nek years.
Currently install.i
pumps.
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tests, see Table 5.2. The District plans to upgrade Booster
Station #2

The timing and financing of the upgrade
will be addressed through the proposed
Water Resources Management Plan.

The District has plan® install motor

savers on all its wells and boosters in
addition to a major upgrade to its Booste
Station #Zfacilities which has a maximum
combined capacity of 270 cfs.
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7.2 Conditional Applicable Efficient Water Management
Practices@10608.48 (Q)

Table 7.2 identifies current conditional applied EWMPs and their experienced benefits. A discussion of
each follows the table.

Table 7.2
Current Efficient Water Management Efforts

Conditional EWMP (Check if results were experienced)
Water Management Ria Less Inc. Better | Inc. Inc. | Reduce Other

Applied | System Water | Yield | Crop Ops

Water Eff. Qual.. Qual | Costs

(AF)

EWMP 1-Facilitate alternative land use fg Not Applicable

lands with exceptionally high water duties|
or whose irrigation contributes to significa
problemsjncluding drainage.

EWMP 2-Facilitate use of available Pending
recycled water that otherwise would not b
used beneficially, meets all health and

safety criteria, and does not harm crops o

soils.

EWMP 3 Facilitate financing of capit X X X X Less
improvements for offiarm irrigation Weeds
systems

EWMP 4-Implement an incentive pricing X

structure that promotes one or more of th
goals identified in the CWC

EWMP 5 Expand line or pipe distribution X X X X X Saves
systems, and construct rdgting reservoirs Energy
to increase distribution system flexibility
and capacity, decrease maintenance and
reduce seepage

EWMP 6- Increase flexibility in water X X X N/A
ordering by, and delivery to, water
customers within operational limits

EWMP 7- Construct and operate supplier X X
spill and tailwater recovery systems

EWMP 8-Increase planned conjunctive ug Inc.
of surface water and groundwater within t Resource
supplier service area Reliability

EWMP 9-Automate canal control X X X X
structures

EWMP 10 Facilitate or promote customer X
pump testing and evaluation

EWMP 11- Designate a water conservatid X X X X X X
coordinator who will develop and
implement the water management plan af
prepare progress report

EWMP 12- Provide for the availability of X X X X X
water management services to water use|
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EWMP 13- Evaluate the policies of X X X
agencies that provide the supplier with
water to identify the potential for
institutional changes to allomore flexible
water deliveries and storage.

EWMP 14- Evaluate and improve the X X
efficiencies of the

EWMP 1 Facilitate Alternative Land Us&10608.48¢)(1))
ResponseNot Technically Feasible

DiscussionLands with exceptionally high water duties or whose irrigation contributes to

significant problems are not found within the District boundaries, nor within the District Sphere

of InfluenceFur t her more, MIDG6s rules and rrpegentihgat i ons
exceptional water duties or significant problems from occurring.

Irrigated farming aMID is the primary landusd. he Di stri ct 6 s wat er manag
farmers flexibility in selecting crops to maximitee benefits of this landse.Groundwater

recharge from deep percolation contributes to themgatpplies used by urban areas and low

density rural human dwellingmd, thereby, supports existing urban land uses.

EWMP 2 Facilitate Use of Available Recycled Wat&€1.0608.48¢)(2))
Responselmplementing

DiscussionMost existing wastewater sources in the vicinity of MID are currently not acceptable

for MID irrigation applications with the exception of tbities of Atwater and Merced@he City

of Atwater has contractedwithap vat e | andowner for use of the
The City of Merced updated its Waste Water Treatment Plant in 2012 to produce tertiary treated
effluent. The City already utilizes a portion of the effluent for an irrigation operation owned and
managed by the City in addition tareandated wetland applicatiodID is currently in

discussion with the City to utilize uncommitteddf uent f or Di strictds purp

MID use of the potentially received recycled water would be consistent with the Merced
Groundwater Basi Groundwater Management Pl&er the planrecycled water shoulde
applied to areas generally down gradient of the existing discharge for concerns regarding
introducing pharmacewtl components in urban areas.

As for the city of Livirgston it utilizespercolation at its current WWTP with no available
dischargeThe District will continue to identify opportunities for use of recycled water that
conformto regulatory standards.

EWMP 3.Facilitate Financial Assistance (f&rm capital mprovements)§10608.48¢)(3))
Responselmplementing

Discussion: MID currently has an active financing program to suppderonimprovements as

part of MID6s Groundwater Conservation I ncent.i

management obgtives of the District, namely conjunctive u&eowers receive up to $200 per
acre to apply towards on farm improvements needed to take surface water from the MID during
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years of available surface water and utilize their groundwater wells durirgofsarrface water
shortagesThe funds could be applied to filters, pumps, structures, valves and all other means
needed to facilitate using surface. The program proved most beneficial for users utilizing flood
irrigation from groundwater wellsThe program ssistedb40acres since its inceptian 1997.

MI D6s Water Conservation Program provides grow
decided to return to surface water and had no delivery.

Furthermore, the District has an assigned Engineerimgitgan who provides growers with
professional recommendations in regards tdamm improvements to their system as timaty

relate to MID operationsGrowers benefit in the design and construction of their intakes, type of
pump, screening, backflow, bdltkv prevention and filtration systems.

MID holds workshops partially sponsored by various local irrigation integrators for the education
and benefit of MID growers.

EWMP 4 IncentivePricing Structure§10608.48¢)(4))
Responseimplementing

Discussbn: MID is implementing incentives and pricing related to the components identified in
the CWC.

A. More Efficient water use at the farm lev8IL0608.48¢)(4)(A))

MID has progressivglincreased water rate pric&nce 2002, MID water rates increased
69 percentfrom $13.75/AF to $23.25/AF in 2013 he Standby Fee of $24/AF was not
changed

In 2013, the MID Board increased the price of supplemevatdr supplied made available
through conjunctivgroundwater by approximately 3@@rcentfrom $23.25/AFa
$73.25/AF.

MID charges for all water ordereBor example, if a grower requested during his water
order to terminate his irrigation at a certain time but opted to turn off his pump prior to the
agreed time, MID will charge him for all water orderewever, MID will not charge the
grower if he properly notified the DSO of his plan to end the irrigation €Btily same

applies for growers who start later than the requested time for delivery.

B. Conjunctive Use of Groundwate§X0608.48¢)(4)(B))

MI Dédsi pgi policy is i nt ejgnctva nanhgement skratetpdlre Di st r
example, the standby charge assessed across the District encourages growers to use surface
water when it is available and conservesugdwater until it is neededlso, theprice per

acrefoot is generally designed to compete with groundwater pumping, aasich is more

readily suitable for low volume iigation system for most cropBackground on the
Districtés water pricing is presented above

MI Dds Gr o u n d wanineentive®oogrameprovidees growers a monetary incentive

of up to $200/AF to connect a parcel relying on groundwatBidtrict Surface Water
System.The program requires the purchase of a minimumAf/\cre in years of @ailable

7-13



Merced Irrigation District i Agricultural Water Management Plan

surface water supyplfor up to8 years of commitmenGrowers joining the program have to
maintain their exating private well on standbWhentheBoard establisheslatations less
than 3AF/Acre thesgrowers are expected to use their private groatemwells MID

provides all technical services including required agreements for thiggom at no cost to

the growerln addition, MID provides a flow meter with a totalizer to the grower above and
beyond the monitory incentive.

. Increase Groundwater Rechar@&@608.48¢)(4)(C))

MID allows a higher allocation during yeasbavailable surface water supply addition,
MID allows growers to set their flow rate, duration, and time of irrigation for every water
request

MID has a strategy of water transfers within the goweter basin designed at reoperating
Lake McClure and promotingtLieu Recharge in the basifitansfers to properties outside
the District and within the Sphere of influence havenbeglemented since the 19804.D
offers growers a reasonaater ratehat is set annually by MID Board of Directors for its
pre-1914 water deliveriesn 2010 the rate was at $42/AlR contrast, the District does not
offer water in years dbw surface wateavailability such as 2012 and 2013. This program
provides for inlieu recharge, as most growers within the SOI rely soley on groundwater
when MID surfacewater is not available.

MID is also seekingthrough an IRWMP implementatiarant application to perform aahd
Spreading Fogram for storm flows directed from Mpdsa Creek.

. Reduction in problem drainag&1(0608.48¢)(4)(D))
Generally MID has no problem drainage within the MID as almost all growers, including the
District, abide by the Irrigated Lands Regulatory ProgrBinere are ndile drains.In

addition MID does not allow drainage to its manmade system, and direct drainage to natural
streams is intercepted by various District instream faadlitor reregulation and reuse.

Furthermore, MID staff provides consultation to growers in regards to their tailwater
recapture systems.

. Improved Management of Environmental Resourg49608.48¢)(4)(E))
Per MID Rule Book, MID can deny grower service in the adsgusing harm to other land.

. Effective management of all water resources through the year by adgestisgnal pricing
structures based on current conditiol84.0608.48¢)(4)(F))

As discussed in paragraphs A, B and C, the MID Board has charniged per conditions at
hand.An example would be reasonably priced transfer water feoBDistrict in-basn
growers in years advailablewater supply in contrast to raisinges, as occurred in 2013, for
supplementalwater made available through conjunctive groundwater pumping

In 2012, the MID Board raised the price by $5/AFv@ter useabove 2.5 AF/AGor the

duration of the season to encourage grower sbod
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G. EWMP 5.Lining or Pipelining Distribution System and@struct Regulatory Reservoirs
(810608.48¢)(5))

Responseimplementing

DiscussionMID has a robust capital improvement plan corekiinvith rules for encroachment

by landdevelopmenthat maintains a steady increase in the footage of lined canals and pipelines.
In addition, MIDplans to increastne network of regulating reservoirs withinwsiter
distributionsystem.

MID has constrated pipelines to back up or reroute water in the system thereby eliminating or
reducinghistoricaloperational discharges, and to allow for better service respomséai deae

end open lateralsPipelining canalfias also beepracticed forsafety purpses terms of flood

risk to urban residentsr when an agricultural area is urbaniZedring the last decade, MID
managed more than $54 million of projettated to land developmewhere the vast majority
was dedicated to pipelining 13 milelsapenchannelsMID has completed more than 2.5 miles

of pipelines designed to address a combination of the above psijpssin the past three years.
MID has lined and relined more than 4 miles of canals in thehlees tears.

Since the early 1990s, tisstrict hasconstructedthrough automation or actual constructaon
number of regulating basin&s shown on Table 2.3, MID owns and operates nine regulating
basins with a combined effective regulating total capacity of 3,59@B®Rutomating outlets at
localdams and check structures, MID converted stati¢spioto regulatingpuffer reservoirsinto
this category falls Lake Yosemite, Crocker Dam, Puglizavech, Baiido Dam, and Castle
Dam.Also by automation, MID enhanced existing basins such asdstdn Canal Pool, and El
Nido Reservoir.

Since 2002, MID increased its inventory of regulating basins by two with a combined capacity of
300 AF, namelyTheLivingston AutomatidNo. 2, and EI Nido Reservoifhe District is in the
process of designing amonstructing a 100 AF offanal regulating iervoir off the McCoy

Lateral.In addition, the District is studying possible-gfinal regulating reservoirs off the North
Side Canal anche Casebeer Extension lateyond these projects MIbas plango increase

the number of basins in the next few years based on a prioritization proyidee

modernization components included in #ierementioned Water Resources Management Plan.

H. EWMP 6 Increased Flexibility to Water Use10608.48(c)(6))
Responseimplementing

Discussion: MID offers the following water ordering and delivery options to customers as
feasible:

¢ Full ondemand deliveryn specific district system areasere approved farmers can draw
water on demand without notification to the Distyi

e Arranged ordemand delivery where farmers place routine calls to notify the control center
that they are taking delivery;

¢ Constant flow delivery to large farms that distribute the delivered water among farm fields
which applies mostly to rice farminga large fields, and

¢ Normal service where famns place orders for watésnder this option, delivery is
guaranteed within four days and nailiy received within 24 hour&etween 75 and 80
percent of accounts fall under this option.
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The above flexibilites have been curtailed during years of limited surface water supply as needed
to optimize usage of the facility and reduce seepage. In addition to the different form of
deliveries, MID offers growers flexibility in ordering water:

e MID grower may requestiffierent flow rates, duration of irrigation, and start of irrigation
at every water order requebtiD staff has to meet the request within 72 hdus the
start of irrigationMID staff prides itself on meeting most requests within 24 hours of the
requested start of irrigatiorDelivery timing may be impacted in droughts in an effort to
increase overall system efficiency.

e Growers can i nt er a cpgersonneltdhringGvork hoorBnadditiorser vi c e 6
growers can make orde2d-hours per day, sexedays a week during theigation
season via telephone (Interactive Voice RecognitR), fax, and internet tlough a
special web applications. MID has also provided a phone app for water ordering.

¢ Realtime computerized water ordering and deliverfpimation that helps personnel
track status of delivery by DSOs and their supervisors.

¢ Improvements to remove constraints in system capacity, and

¢ Improvements to ktanal storage facilities enabling them to operate as regulating
resevoirs:

I. EWMP 7. Constuct/Operate Tailwater and Spill Recovery Syst¢gi9608.48¢)(7))
Responseimplementing

DiscussionMost MID lands and laterals drain to local streams, which also servelas/iter
conveyance facilitieddence, a significant percentage of irrigatieturn flows and lateral
operational discharges are automatically captaretireregulated for supplylhe Livingston
Canal, Fairfield Canakl Capitan Canal, and the Dean Canal/Casebeer system are totally
automated and are designed to intercept opesdtiischarges from laterals thtatminate at
these facilitiesChanges include automating, improving, and possibly extending interceptor
canals to reduce operational discharges and tailwater.

MID eliminatedits historicaldependence on major spills bytamation and constructing
facilities that move water to other facilities rather than natural streams to direct such flows to
meet a downstream commitmeBkamples include:
e The Hartley Lateral to El Capitan Canal pipeline and SCADA sites that elimisgited
to the Hartley Sough,
e Casebeer Lateral Extension eliminated dependence on the spill to Duck Slough and
moved fl ows to Deadman Creek to meet the Di
National Wildlife Refuge.
e Automationand improvement completed tareinate dependence on the Livingston
Canal Spill.
e Connecting the Garibaldi Later al AAO to t he
the Garibaldi Spill.

MID continues to reduce operational discharges through projects identified in its five year capital
budges, and will be identified througthe Water Resources Management Plan.

J. EWMP 8 Optimize Conjunctive Use (§10608.48(c)(8))
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Responseimplementing

DiscussionMID has no alternative water supply souroéiser than its surface water and
groundwateresourcesDuring droughts, MID commissions it®njunctivegroundwater pumps

to supplenent its surface water supplihe vast majority of these wells remain dormant during

years ofadequate surface water supplge varies between a peaks@percenif irrigation

supply generated by groundwater during 1977, a severe drought year, to wet years when less than
one percent of irrigation demand was met by groundveaigias 2011.

In 2002, the District completed a Prop 204 funded study to explore congiradtiall field in the
25,000 acre southeagtiadrant of its service arekhe study recommended against development
of a well field due to a limited aquifer, based on geographic location and geologic conditions

In addition to limited supplies in cemaparts of the basin, consistent conversion of grazing lands
to irrigated lands outside the District exacerbates groundwater supply conditiensgrban

centers in the basin also expanded in the early 2000s replacing surface wat@rnigatign) by
groundwater usag@Jrban)as all urban areaseadependent of groundwat&roundwater levels
continue to drop despite recharge through its distribution system and farm applications.

In responsgthe Districthascontinuel to expandts exsting conjunctie use effortby expanding
its incentive for conjunctive use-lieu recharge efforts, and direct surface water recharge
through recharge spreading basins.

Incentives for Conjunctive Use:

1. Groundwater Conservation Incentive Program:

This program assists@wvers who use groundwater wells to convert to MID surface water
conditioned on a commitment from the grower to purchafacaiwater for so many years.
The incentive amount expands and contracts based on the years of comimwitioh maxes
at eight yearsHowever, years of surface water shortages do not count as the grower is
expected to return to groundwater pumpihige program started in 1997 and since then:

a) Total acres joined: 5,47&cres
b) Groundwater saved per year 16,146 AF
c) Total GW saved since thedeption of the program: 117,800 AF
2. Pricing incent as discussed in Incentive Pricing Structure, Conjunctive Use of Groundwater
(810608.48(c)(4)(B))
In-Lieu Recharge

1. Reduction in Bastine Pumping:MID reduced its baseline groundwater pumping in years
of adequate surfacgater supply by 11,000 AF annuallys seen ifrigure7.2 MID average
annualbaseline pumping prior to the late 198@sought was around 19,000 ARID
reducedannualgroundwatepumpingby directing the DSOs not to use groundwater svell
years ofadequatesurface water supply, except to service highground areas that cannot be
serviced by the gravity system.
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Water Supply
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Highlands Pilot Project: Similar to the incentive programcept MID did not only replace
surface water with groundwater years of adequate surface supplyt also provides
pressurized filterdwater at thdarm since1996The average usage has been 1,300 AF
annually.

Low Head Boosters Serving High Ground Areas: Theiaegpumping is mainly generated
from wells servindhigh grounds thatannotreceive gravity watefrom surrounding canals.

MID installed a number of low head boosters where water is pumped to these high ground
islands in years adidequate surface water supgurrently, the overall iieu rechage

volumeis around 4,000 ARnnually

Encouraged redimg private groundwater pumping by increasthg flexibility of the
systemBy allowing changing water ordgand delivering flows as close to the time
requested, greerstended to use less groundwater in gezravailablewater supply.

Recharge Basins: MID applies water to the basins in yéangilablesurface water supplyNo
recharge is applieduring yearof surface water shortages, except when intercepting runoff
geneated from local precipitatioID did not deliver wateto recharge basiris 2012 and 2013
due to the hydrology.

1.

Cressey Recharge Basirhe basin yieldan be as high &l AF per day or 00 AF during
the irrigation season .
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2. El Nido Recharge BasiThe basin ould receive water yeaound.On averagethe basin
could receive 800 AF outside the proper irrigation season and 2,950 AF during the irrigation
season for a total of 3,750 Adnnually

Table7.3
MID Expanded Recharge
Average Annual Volume@AF)

Activity Average
Reduced Oveall Usage of MID owned and operated | 11,000
Groundwater wells

Reduced Base Line Pumpiind.ow Head Boosters 1,700
Serving High Grounds

Merced Highlands Pilot Project 1,350
Merced Groundwater Conservation Incentive Progral 4,365
Sphere of Influence Sed 15,400
Cressey Recharge Basin 4,500
El Nido Recharge Basin 3,750
Total 40,365

The District has participated in development of a regional AB)3Broundwater Management
Plan.Local groundwater management objectives include maintenance of averagevgater

levels at elevations similar to those observed in 1999, reduction of groundwater pumping during
years when surface water is abundant and allowing use of groundwater during dry years adequate
to meet local demands. These objectives are becomidgrita meet with the rise in agricultural
development outside the District and urban expansion both totally dependent on groundwater.
Ongoing regulatory proceedings that threaten to take additional surface water for instream

pur poses al s cconjuictive usd aetivitkes M1 D6 s

MID is actively pursuing grants under the IRWM funding fotigu recharge projects by
intercepting excess flood flows in coordination with other entities in the basin.

K. EWMP 9 Automate Canal Control Devices (810608.48(9)(9)

Responseimplemented

Discussion: MID applies automation tih mew improvements-or example, new projects are
automated by table topping facilitidevel top canals) constructing of pipelioethe instdation

of long crested weirdn addition,MID has installed numerous automated gates at head of laterals

and chek structures.

Since 2002 MID has installed automation features as shown on7.dble

Table 7.4
MID Structure Automation
Automation Feature Applied Control No. of Gates Installed
ITRC Flap Gate Level 20
Langmann Gate Level 3
Lopac Gate Level 16
Rubicon Flume Gate Level/Flow 13
Rubicon Slip Gate Level/Flow 2
Downward Opening Weir Gate Level 9
Long Crested Weirs Level 22
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Expansion of SCADA Facilities

The District completed thfirst phase of its SCADA system in the summer of 198@ system
serves to monitor and control facilities to better manage feowdswater levelthat support each

of the system and operation improvements described alvoaddition to the above capéities,
SCADA may be utilized to maintain minimum District compliance flows in the Merced River, to
monitor storm runoff in creeks and canals, and to obtain information useful to MID and growers
via the local CIMIS stationt is expected that eventuallgyery major discharge point in the

District will have a SCADA statiarBy 2002, MID had installed 23 SCADA sites, since then the
District installed 19 additional sites.

MID now has SCADA facilities operating with 2# attendanceDSO and managers havealke
time access to SCADA through portable computers that can be operated from vehicles in the
field.

The District is pursuing local automation on most control structures whenever felsdibleas
plans to complete three more sites in 22034.

L. EWMP 10.Facilitate or promote customer pump testing and evaluation (810608.48 (c)(10))
Responseimplementing
Discussion: The MID has a staff in the Engineering and Water Operations departments o

manages the pump testing in MIDable7.5lists the number gbumps tested in the years
between 2002 and 2013.

Table 7.5Number of Pump Tests
MID Private

Year Wells Boosters Total Wells Boosters Total

2002 11 2 13 2 1 3
2003 58 29 87 0 0 0
2004 1 2 3 0 0 0
2005 36 21 57 0 0 0
2006 19 11 30 0 0 0
2007 68 6 74 4 0 4
2008 1 0 1 1 0 1
2009 0 0 0 8 0 8
2010 0 0 0 4 0 4
2011 0 25 25 0 0 0
2012 12 16 28 0 36 36
2013 119 5 124 0 4 4

MID provides support to MID growers by promoting pump testing and undertaking workshops
attended by local professionals

M. EWMP 11 Designate a water conservation coordinator (§10608.48 (c)(11)).
Responseimplementing

Discussion: Hicham ElTal P\&as appointed as Water Conservation Coordinat@exember
15, 1998 His current position is Deputy General Manager for Watgply/Rights
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N. EWMP 12 Provide for Availability of Water Management Services (§10608.48 (c)(12))
Responselmplementing

DiscussionMID supports CIMIS Station No. 148 and provides links tM{3 data over the
MID website.The District also supports alfdime Engineering Technician who is dedicated to
support growerso6 irrigation needs.

As part of its water management services, the District provides delivery rates and times that are
flexible andresponsive to customer ordeféie District also providesustomers with monthly

bills reporting water usage. A web page allows a grower to trace the more recently posted
consumption for all of its water accounts (fields)

MI D staff attends workshop and coordinates wit
educdion.

O. EWMP 13Evaluate the policies of agencies that provide the supplier with water to identify
the potential for institutional changes to allow more flexible water deliveries and storage.
(810608.48 (c)(13))

MID owns its own storage at Lake McClu&nce the creation of the Independent System

Operator (ISO), MID had to make diversions forecasts 48ur s i n advance whi ch
regulating systems:or the 2013 irrigation season, MID has dropped that to 24 hours through
coordination with the Hydrpersonnel.

As for the groundwater supplyID has its own battery afonjunctivegroundwater wds$ that
are always on standbyhe Water Operations Superintendent authorizes the wells to be operated,
when DSOs are then free to engage them for the higffeséncy.

P. EWMP 114 Evaluate and i mprove the efficienci
(c)(14)).

The District Engineering Department and the Pump Department work on continually upgrading
wells and boosters through system evaluations and purspdestTable 5.2.

The District has plans to install motor savers on all its wells and boosters in addition to a major
upgrade to its Booster No. 1 facilities, including the installation of a VFD, which has a maximum
combined capacity of 270 cfs.

Q. Onfarmirrigation and drainage system evaluations (§10608.48)
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~End of Section~

TheEl CapitanCanal
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APPENDIX A
RULES FOR DISTRIBUTION AND USE OF WATER

The MID Rules and Regulations Governing thetiibsition of Water isavailable on the MID website at
http://www.mercedid.org/default/assets/File/WaterRulesopdivailable on hard copy at the MID Main
office, 744 W. 28 Street, Merced.
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APPENDIX B
MERCED IRRIGATION DISTRICT ROOT ZONE MODEL

Intr oduction

The RootZone model is a root zone water balance developed to provide specific information required
for the Water Management Plarhe balance uses data on reference ET, precipitation, soils, crop type
and acreage, rooting depth and other parametescribed in the following text to tragloisture

through the root zon®utputs relevant to the Water Management Plan include:

effective precipitation,

consumptive use of precipitation

consumptive use of applied water

evaporation of precipitation

evgporation of applied water

deep percolation of precipitation

deep percolation of applied water

uncollected surface runoff of precipitation, and
uncollected surface runoff of applied water.

The following sections of this appendix give a detailed descnigicomputations used in
computing these parameters.

2. Root Zone Water Balance Overview

The root zone water balance calculates the volume of water consumed to meet crop
evapotranspiration requirements and apportions this consumption between preatigitdtapped

water.ln addition, the water balance estimates the demand for applied water, the volumes of
precipitation and applied water that are stored in the root zone and later consumed, and the volumes
of precipitation and applied water that run aiffare lost to deep percolation.

Calculations for the Root Zone Water Balance are performed fomeatin and crop/land use type.
The water balance outputs results for each land use type including unmanaged crop/land uses, canal
evaporation, and all othérrigated and sustained) crop/land use types.

The only initial condition required by the water balance is the amount of precipitation and applied
water stored in the root zorEhese values are specified for the first month of simulation and
computed ér each successive month.

3. Model Description
3.1Input Data

The input data used by the root zone water balance were developed using the best available
sources and necessary assumptigxisof the input data reside on a separate page in the
spreadshegirogram and are organized in a pseddtabase format to facilitatasy

inspection and alteratioithe primary input values include:
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e [rrigation performance fractions by land use
e Historical land uses

e Crop coefficients by land use and month
¢ Precipitationand reference ET by month
e Root zone storage parameters:
e |Initial precipitation stored in root zone
¢ |Initial applied water stored in root zone
e Maximum and minimum root zone storage capacity
e Surface water availability by crop/ land use type (SWcrop) and n{Sktmonth)
e Precipitation losses

Sample data input tables are included at the back of this appendix.

The root zone water balance routine stores 18 variables to track the water balance on a
monthly time step and to partition components of the water balmtaeen pecipitation and

applied waterThe eighteen variablege described below in Tablelt.addition, other

variables are used in computations within the root zone module but are not passed to the main
module.

Table 1. Definitions of Stored Variables
Variable Name Description Units | Current
Value
ETo Reference et inches
pr Precipitation inches
urprlF Precipitation runoff factor - 1
elprF Precipitation evaporation factor - 2
dpprF Precipitation deep percolation factor - 1.0
awgF Applied groundwater -
stoAWmaxF Maximum portion of available root - .75
zone storage filled by applied water
SWmonth Monthly surface water availability flag -
(1: available; O: not available)
etawF Fraction of applied water that is - 9
evapotranspired
dpawF Fraction of applied water that is deep - .05
percolated
urawF Fraction of applied water that results - .05
uncollected runoff
Swcrop Flag for irrigated land use -
etF ET reduction factor (for sensitivity -
analysis)
Kc Monthly crop coefitient -
stoMax Maximum available root zone storagg inches
stoMin Minimum available root zone storage| inches
stoOpr Initial precipitation stored in root zong inches
stoOaw Initial applied water stored in root zon inches
Appendix B
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3.2 Computation of Effective Precipitation

The water balance distributes monthly precipitation to evaporation, runoff, crop consumptive
demand, and deep percolation in a stége processAt each step, the program checks to see

if there is remainig precipitation to distributd-or this reason, the module begins by

estimaing infiltrated precipitationThis is done by first multiplying monthly precipitation by

the precipitation evaporation factor to account for rainfall that is evaporated directly (Eqg. 1)
and by the precipitadin runoff factor to accounof uncollected runoff (Eq. 2Based on this
allocation to evaporation and runoff, infiltrated precipitation is defined as total precipitation
minus direct evaporation and uncollected runoff (Eq. 3).

elpr = pr*elprF (Eq. 1)
urprl = pr * urprlF (Eq. 2)
pr_1 = pri elpriurprl (Eq. 3)

where: elpr = evaporation from precipitation
pr = monthly precipitation
elprF = precipitation evaporation factor
urprl = uncollected runoff from precipitation
pr_1 = infiltrated precipitébn

3.3 Consumptive Demand and Root Zone Storage

Consumptive demand is estimated by multiplying reference ET by the monthly crop
coefficient and by the ET reduction factor (used only in sensitivity analyses) (Eq. 4).

ETc = ETo * Kc *etF (Eq. 4)

where: ETc = consumptive demand
Kc = monthly crop coefficient
ETo =reference ET
etF = ET reduction factor

Total root zone storage capacity is computed as the difference between the maximum and the
minimum available storage depths (Bj)}.These depths ammputed for each crop/ land use

type based upon estimated rooting depths, moisture holding capacities of local soils and
estimates of the maximum depletion of soil moisture allowable before calling for irrigation
water Available root zone storage is ttagal storage capacity minus initial storage of
precipitation and applied water (Eqg. 6).

stoTotal = stoMax stoMin (Eg. 5)
rm = stoTotall stoOpri stoOaw (Eqg. 6)

where: stoTotal = total root zone storage capacity
stoMax = Maximum available roobme storage
stoMin = Minimum available root zone storage
rm = available root zone storage
stoOpr = initial root zone storage of precipitation
stoOaw = initial root zone storage of applied water
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3.4 Water Use Conditions

After the root zone water balamdistributes precipitation, it uses the following steps to
determinethe source of consumed wat€he conditions referred to below are show on
Figure 1 and are described in more detail later in this section.

Step 1 Check if ETc has been complitsatisfied by precipitationlf it has this signals use
of Condition 1.

Step 2:If precipitation for the given month has not completely satisfied ETc, then the water
balance extracts stored water from the root zone limited by the onimewailable
root zone stage.Water stored in the root zone is comprised of precipitation and
applied water from previous months, which are extracted in propdditheir
respective volumeg-his corresponds to Conditions 2a and 2b.

Step 3if the extracted root zone water dagot completely satisfy ETc, then the water
balance computes the ET demand for applied water under Condition 3.

Step 4:Condition 3 also tracks the root zone water balance in situations where the land use is
not irrigated or the availabilityf@applied vater is restrictedn these conditions, the
consumption of applied water is less than the demand and monthly consumptive use
is suppressed.

Step 5:In Condition 3, the volume and destination of applied water are computed using crop
specific weighted avage irrigation performance values.

Detailed descriptions of each of the water use conditions used in the root zone module are
presented below.

3.4.1Condition 1

In Condition 1 consumptive demand is less than gffegrecipitationUnder this condition,
evapotranspiration of precipitation is set equal to consumptive demand and excess
precipitation is calculated as effective precipitation minus consumptive demand.

Because all consumptive demand is met by precipitation falling within the month, the portion
of ET demand met by other potential sourceseigto zero (Egs. 7, 8 and 8).particular,

etaw =0 (Eq. 7)
etrzpr=0 (Eq. 8)
etrzaw = 0. (Eq. 9)

where: etaw = ET of applied water
etrzpr = ET of precipitation stored in the root zone
etrzaw = ET bapplied water stored in the root zone

As applied water is not needed to meet consumptive demand, the contribution of applied
water to root zone storage is zero (Eq. 23)a result, root zone storage of applied water at
the end of the month equals tlaathe beginning of the month (Eg. 11).

rzaw = 0 (Eqg. 10)
stolaw = stoOaw (Eqg. 11)
wheragzaw = applied water stored in the root zone during the month
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stolaw = applied water stored in the root zone at the end of the month
stoOaw = applied waterased in the root zone at the beginning of the month

After satisfying consumptive demand, remaining precipitation (Eq. 12) is distributed to root
zone storage as follows.

In conditions where available storage capacity in the root zone is greater thesm exce
precipitation, all of the excess precipitation goes to root zone stdtader this condition,

the volume of precipitation stored in the root zone at the end of the month equals the amount
stored at the beginning of the month plus the excess in feditipi (Eq. 13)Deep

percolation of precipitation and uncollected runoff of effective precipitation both equal zero.
(Egs. 14 and 15).

pr 2=pr_ 1 ETc (Eq. 12)
stolpr = stoOpr + pr_2 (Eqg. 13)
dppr =0 (Eq. 14)
urpr2=0 (Eqg. 15)

wherepr_2= residual infiltrated precipitation after accounting for ET
stolpr = end of month root zone storage of precipitation

stoOpr = beginning of month root zone storage of precipitation
dppr = deep percolation of effective precipitation

urpr2 = uncollectedunoff of effective precipitation

3.4.2 Condition 2a

Condition 2a is a similar to Condition 1 with the exception that in Condition 2a available
storage in the root zone is less than residual effective precipitation (pr_2).

In this instance, excess preitgion is first allocated to available root zone storage (Eq. 16)
The remaining precipitation (pr_3) is then allocated to deep percolation using the deep
percolation precipétion factor (Eq. 17)Any precipitation still in excess is assigned to
uncolle¢ed runoff (Eq. 18)).

pr_3=pr_2 rm (Eqg. 16)

dppr = pr_3*dpprF (Eq. 17)

urpr2 = pr_3 dppr (Eqg. 18)

whergor_3 = infiltrated precipitation after satisfying ET and available root zone
capacity

dpprF = deep percolation of precipitation factbigtfactor is now 1 so all excess
precipitation is distributed to deep percolation)

Under Condition 2a the root zone is filled so stored precipitation at the end of the month
equals stored precipitation at the beginning of the month plus availablrestorage (Eq.
19).

stolpr = stoOpr + rm (Eqg. 19)

3.4.3 Condition 2b

Condition 2b occurs when consumptive demand is greater than effective precipitation but can
be satisfied by the sum of effective precipitation and total available root zoneesiidrag
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paths followed by various fractions of precipitation and stored water for this condition are
described in the following.

The first step is to reduce consumptive demand by effective rainfall (Eq.t#8Yesidual
demand is apportioned betweenialistored precipitation and initial stored applied waEar

of stored precipitation equals residual demand times stored precipitation divided by total
initial storage (Eq. 21Similarly, ET of stored applied water equals residual demand times
stored apfed water divided by total initial storage (Eq. 22).

ETx = ETci etpr (Eqg. 20)

etrzpr = ETx * stoOpr/(stoOpr+stoO0aw]Eq. 21)

etrzaw = ETx*stoOaw/(stoOpr + ftaw)(E(q. 22)
where: ETx = residual consumptive demand

etrzpr = ET of stored precipitation

etrzaw = ET of stored applied water

In this Condition, because all consumptive demand is met either through precipitation or
though stored soil moisture, end of month storage of precipitation equals initial storage of
precipitation minus evapotranspirstbred precipitation (Eq. 23)ikewise, end of month

storage of applied water equals initial storage of applied water minus evapotranspired applied
water (Eq. 24).

As no water has been applied, evapotranspiration of applied water is set to zero (Eq. 25)

Stolpr = stoOpr etrzpr (Eq. 23)
stolaw = stoOawetrzaw (Eq. 24)
etaw =0 (Eq. 25)

3.4.4 Condition 3

If consumptive demand is greater than the combination of effective precipitation and total
available stored moisture, then the remaining copsvmdemand is met through water
applied during the monttn this Condition all effective precipitation is accounted for as
evapotranspiration as is all initial storage of precipitation and of applied. Whter
consumptive demand required of appliedevds the difference between consumptive
demand after accounting for precipitation (ETx) and the portion of this demand satisfied by
precipitation and storage (Eg. 26).

etawreq = ETX etrzpri etrzaw (Eqg. 26)
whereetawreq = consumptive demand for kgxh water

If the crop/ land use type is one that generates consumptive demand but is not irrigated, then
regardless of the time of year, no water is available to meet the demand for applied water
and the water availability factor is set to zero (Eq. 27).

If SWcrop = 0 then SWmonth=0  (Eq. 27)
whereSWcrop = monthly crop/ land use type irrigation demand factor
SWmonth = monthly surface water availability factor

Values of SWcrop were developed in conjunction with the definitions of crop/landpese ty
to represent whether their respective water consumption is supported by surface water
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Irrigated crops have SWcrop values of 1 while land uses such as fallow and unsustained
riparian have values of 0 as shown below in Table 2.

Values of SWmonth wereedteloped for each month by inspecting the average monthly
diversion as a percentage of average monthly. Bffeen this percentage was close to 0 (less
than 25 percent), the corresponding value of SWmonth was setvioed the percentage

was close to or geger than 100 (greater than 70 percent), the corresponding value of
SWmonth was set to 1.8Il other values of SWmonth (with percentages between 25 and 70
percent) were set to 0.5.

The consumptive demand that can be met by applied water equals the fiemagmpdied
water times the applied water availability factor (Eq. 28)

etaw = SWmonth * etawreq (Eqg. 28)

If, due to constrained water supply or type of land use, the availability of applied water is
restricted, the difference between the demand fpliegpwater and the actual consumption
of applied water becomes the consumptive use suppression (Eq. 29).

etawsprs = etawreigetaw (Eqg. 29)
where: etawsprs = consumptive use suppression

As root zone stored water is exhausted before a demand is plzaedpplied water, some

of the applied water is assigned to root zone replenishifie@tquantity required is the

product of the total root zone storage capacity and a factor representing the maximum

portion of available root zone storage that can bedfily applied water (Eqg. 30)his

equation insures that the demand for applied water to replenish the root zone can be less than
the total root zone deficit.

rzawreq = stoTotal * stoAWmaxF  (Eq. 30)

where rzawreq = root zone applied water storage regqouémt
stoAWmaxF = maximum portion of available root zone storage capacity filled by
applied water (this factor is now 75 percent)

The quantity of applied water actually distributed to root zone replenishment is adjusted
using the applied water availéity factor. This eliminates root zone replenishment for land
uses that are not irrigated and reduces replenishment in instances when availability of
applied water is limited (Eq. 31).

rzaw = SWmonth*rzawreq (Eqg. 31)

Because all effective and stored @p#tation has gone to meet consumptive demands, end of
month storage of precipitation is set to zero (Eg. @R)the other hand, applied water stored
in the root zone at the beginning of the month, has been at least partially replenished (Eq.
33).

stolpr=0 (Eq. 32)
stolaw = rzaw (Eqg. 33)
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Table 2

Surface Water Availability Indices by Crop/Land
Use Type

Crop/Land Use Type SWcrop

[

Canal Evaporation

Canal Riparian

Fallow

Farmsteads

Hay

Sustained Lakes/Marshes
Irrigated Pasture
Unsustained Lakes/Marshes
Unsustained Riparian
Onions

Potatoes

Silage

Spring Grain

Sugar Beets

Urban

\Vegetables

Winter Grain

RPlRr|l R R Pr PR r|lo]o| k||| o

The proportion of applied water assigned to evaporation is computed from the proportions
explicitly assigned to evapotranspiration, unrecovered runoff and deep percolation (Eq. 34).

elawF = 1i etawFi urawFi dpawF (Eq. 34)

where: elawF = applied water evaporation fraction
etawf = applied water ET fraction
urawF = applied water uncollected afhfraction
dpawF = applied water deep percolation fraction

Total applied water equals the consumptive demand met by applied water plus the root
zone replenishment from applied water divided by the applied water ET fraction (Eq. 35).

aw = (etaw + rzajyetawF (Eqg. 35)
Uncollected runoff from precipitation equals uncollected runoff computed in determining

effective precipitation plus uncollected runoff that may be generated by rainfall in excess of
consumptive demand (Eq. 36).

urpr = urprl + urpr2 (Eq. 36)
Applied groundwater equals applied water times the applied groundwater factor (Eq. 37).
awg = aw * awgF (Eq. 37)
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where: awg = applied groundwater
awgF = fraction of applied water met by groundwater

Applied surface water equals total appliedevaninus applied groundwater (Eq. 38).

aws = awi awg (Eqg. 38)
where: aws = applied surface water

Deep percolation of applied water equals applied water time the deep percolation factor
(Eq. 39).

dpaw = aw * dpawF (Eq. 39)
where: dpaw = deep percafion of applied groundwater
dpawF = deep percolation of applied groundwater fraction

Uncollected runoff of applied water equals applied water times the uncollected runoff
factor (Eq. 40).

uraw = aw * urawkF (Eqg. 40)
where: uraw = uncollected runoff applied runoff
urawF = uncollected runoff of applied water fraction

Evaporative loss of applied water equals applied water times the evaporative loss factor
(Eq. 41).

elaw = aw * elawF (Eq. 41)
where: elaw = evaporative loss of applied water

elawF =evaporative loss of applied water fraction

At the end of each monthds computation the

balance = pr + aws + awgetpri etrzpri etawi etrzawi dppridpawi urpri urawi elpr
T elaw’ storlpri stolaw + stoOp¥ stoOaw (Eq. 42)

Figure 1 presents examples that illustrate that the water balance may or may not distribute
precipitation to deep percolation and root zone storage depending on monthly values of
precipitation, ETc, and available root zone storagen@beginning of the month).

4. Output

The primary values computed by the root zone water balance include:

e ET, deep percolation, uncollected runoff, and evaporation losses of precipitation and applied
water

e Consumptive losses various crop/ land use types

e Total applied water demands

These can be computed as unit values (inches) or as volumes (tha&$and
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APPENDIX C
MERCED IRRIGATION DISTRICT
INTERPRETIVE SUMMARY OF THE ANNUAL WATER BALANCE

Overview

Monthly waterdatafor the years 1970 through 1999 syarepared for Merced Irrigation District to

support devel opment of t he Di.Borthis WatebManagemengHlan al Wa
update, the water balance wasnpdeted for 2000 through 2008herefore, througbut this index

i hi st aluds aradorfinkio the water balance peridebr both the original water balance and this

update, the analysis accounts for Merced River diversions, precipitation and tributary inflows affecting

MI Dés di stri but i oduringtheirrigitionasseasoalfiewaterpbaanee faatures three

pools (or accounting centers); namely, MID Distribution System, MID Surface Water Irrigated Lands,

and MID Drainage System. A fourth pool, Groundwater Only Irrigated Lands is also included to account

for wateruse on lands using groundwater only. Exchanges between all four pools and the underlying
Groundwater System are included (Figuré&)C

Figure C-1. Merced Irrigation District Water Balance Schematic
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MI D6s Conj unctProgran Wat er Use

MID and its customers use surface water and groundwatpliessiph a conjunctive mannérhe normal
operating objective is to maximize surface water use subject to availability in order to preserve
groundwater for use in years whsurface suppdis are limitedThus, the proportions of surface water use
and groundwater use vary from year to year depending primarily on surface water availability and to
some extent on croppingtperns and weather conditiorEhis variability was evident in the origal

water balance, but the results were notyaed with respect to year typa.this water balance update,
results have been analyzed with respect to year type accordingQartli®aquin Valley Water Year
Hydrologic ClassificationSpecifically,thetables and graphs in this documpregsent values for two year
types, withwWet and Above Averagg e ar s c¢ | as s i fCiitiealy Dey,SDryjavidBelowv, an d
Averagey ear s c¢cl assified as ADrybo

In 1998, MID initiated an improvement program to reduce sgé therebyreducingMerced River
diversions and increasing suigg available for other usebhrough this program, MID providevater to
the Vernalis Adajpte Management Program (VAMMPecauselte changes in MID water management
from 1970 through 1998re describeth the 2003 water plamhis description focuses on the more recent
time periodfollowing the initiation of his improvement progranpspecifically, 1995 through 2800ver

this recen® year periodthreeyears are classified as wet aidyears as draccording to the

conventions described above.

Average welyear and dryyear values for selected water balance flow paths are summarized in Thble C
for purposes of revealing the natufeo MI D6 s ¢ o nj ulnadditiovte actwehaveses, thes e .

table displays the expected relationship betweerye@tanddryy e ar aver ages, Wwith A+¢
value is expectfed ndi cdaet ihng hteratantdhei val ue is expe
year type

Table C-1. Expected relationship between average flow path values in wet and dry years compared
to actual average values in thousands &fF, 2000 through 2008.

Expected Relationship
Between WetYear and Dry- Actual Averages in
Year Values Thousands ofAF
Flow Path Wet Dry Wet Dry
Merced River Diversions + - 479 437
MID Pumping to Distribution System - + 5 29
Deliveries to MID- Irrigated Lands = = 24 275
MID Pumping to Irrigated Lands - + 9 7
Private Pumping - + 23 35
Total Applied Water = = 286 317
Seepage (Can&8lystem) = = 104 96
Deep Percolation + - 57 61

i+0 denotes a higher expected v a lrelatve tdtherother eartypelid w pat h

denotes a lower expected vahadative to the other year type

Annual Merced River Diersions, thenains our ce of MI D6s surface water su
wet years compared to dregrs.In fact, wet year Merced River Diversions have averaged 5@&B800

more in wet yearg}79,000compared to 429,008F. MID pumps groundwater to tHaistribution

Systemand directly to irrigated langdghese flow paths areferred to as MID Pumping to the

Distribution System and MID pumping to Irrigated Lands, respectitelgry years, increased
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groundwater pumping is expected to replace the sasater that is not availablellD Pumping to

Distribution System averaged 27,088 more in dry years (31,008F compared tal,000AF in wet

years).In contrast, MID Pumping to Irrigated Lands averaged about the same in both wet and dry years,
9,000 and’,000AF, respectivelyThis is because MID Pumping to Irrigated Lands is to irrigated service
areas without access to surface water, so about the same volume must be pumped in wet years as in dry
years, depending mainly on cropping patterns, weather camglgind irrigation practices.

The objective of conjunctive water management is to provide reliable water supplies over time so that
agricultural productioms notaffected by wet and dry cyclebhis requires the Deliveries to MID

Irrigated Lands to babout the same in all yeais dry years, the Deliveries to MIbirrigated Lands are
24,000AF greater, 28,000 compared to63,000AF. The increased delivery volume in dry years is a
reflection of increased demand for applied water due to reducedateil storage from precipitation and
possibly greater demand due to warmer weather.

PrivateConjunctive Groundwatd?umpingis expected to be greater irydrears compared to wet years
as growers strive to meet crop needs when MID surface water suppliest @dequalene water balance
computation resulted in a dry year averafj@2,000AF greater than the wet year average.

Total Applied Wateequalghe total of Deliveries to MIBrrrigated Lands, MID Pumping to Irriged
Lands and Private Pumpingimilar to Deliveries to MIDIrrigated Lands, it is expected beabout the
same in dry ad wet years and differs frorm dry years, Total Applied Water 81,000AF more than in
wet years

Seepagdérom the Canal System is expected to be about the saméhidiycdnd wet years as the

irrigation season lengthistorically has nothangé, unless, in an extremely dry year, it is cut short due to
unavailability of surface wateGeepage averaged nearly the same volume, with the dry year average
found to be jus?,500AF less than the wet year average.

Deep Percolationeeds to be higher in the wet years to recharge the water taken out of groundwater
storage during the dry yeats.wet years, the Deep Percolation average was AB0ffeater than the
dry year aveage.

During an average wetyeaper cent of the Districtébés water suppl
compared to 85 percent from surfaeater in an average dry yedhe remainder of theupply comes

from groundwaterAs previously notedproporions of groundwater and surface water supplies change in
response to different hydrologic conditioRr®r example,

In the following paragraphs, the primary flow paths are discussed for MID Surface Water Irrigated Lands
andMID Distribution System pooldMID Surface Water Irrigated Lands Pool is discussed first because it
reflects changing efarm conditions anevater demands over the periddhese trends must be

understood before looking at MID Distribution System Pool, which reflects Dikdxiet operatins. This

is preceded by a discussion of MID Irrigated Lands, which provides an overview of land use trends in
MID.

MID Irrigated Area

Al t hough this discussion focuses on the 2000 thro
years is descriliehere so that recent changes in irrigated area are betestoudi.

MI Déds irrigated area gr aduldFigurgG2yduegdrimanilgtd fr om 1973
displacement of agriculture by muniaipand industrial developmerih addition, beginmig in 1978,

increases in the cost of MID service resulting from Proposition 13 caused some growers to convert from

MID senvce to private groundwater usehus, while the total irrigated area in the District was declining,
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the area receiving surface teawas declining even fastérhis had the effect of constraining the
Districtdés ability to manage surface and groundwa
aggressive conjunctive management was clearly needed
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Figure C-2. Merced Irrigation District Irrigated Acreage (1970-2008)

038 m

SR

288
<O A

Y

o S

e

9091
z38o

~

_

o o o (@) o o o
o o o (@) (@) o o
O O = o o o =
o o o (@) o o o
<t N o 00 (o) <t N
— — —

(saloe) valy

Year
i MID Irrigated Lands

Appendix C
Page - 5



Merced Irrigation District i Agricultural Water Management Plan

To restore and eventually expand conjunctive water management options, the District initiated efforts to
win back surface water users, through water pricing incentives, senpoavements, and other means.
These effod began to pay off in 1991, when MID irrigated area began to expand.

The current total irrigable area in MID is about 131,950 acres accomMiX standby fees
accounting)ver recent years (2000 through 2008), the area receivingshtiiacewater has weraged

about 99,800 acres while the area withiigable area not receiving surface water from MiBs27,000
acres, The area receiving MID water averaged slightly more in dry years, 101,000 acres compared to
98,000 in wet years.

The spike in irrigatedrea that occurred in 1997 (see Figur2)@eveals an interesting aspect regarding

MI D6s customer base and WaterusersiniMibDlhavé thetoptioneof plaanger de
their accounts i nt o deade iioftousktlD dervieedor exaniple,gfapascel i f t he
is fallowed, or is cropped and relies on precipitation or private groundwater, the owner may elect to

register the parcel as inactive (with respect to use of MID sertieeby reducing MID chargdsis

believed hat the spike in 1997 resulted from unusually dry-Veitger and spring conditions, which

caused growers who ordinarily would not have subscrib&tliPoservice to use MID wateiThe
significance of this with r es eaelandstwithintié Ms@ristthavat er
presently do not typically use surface water, but could become regular users by reactivating these

accounts.

MID Surface Water Irrigated Lands Pool

An annual summary of all the inflows and outflows to the Irrigationdsaf®ol is presented in Table-Z
Years classified as wet s are highlighted in yellovitlow paths are grouped as inflows and outflows
and the consuntiye use fraction is provided footnote briefly describes the soummithe data for each
flow path At the bottom of the table, general statistics are provideddimguvet and dry year averages.
Annual water deliveries from MID Distribution System to District Lands reflect the natural variability in
water supply and demand over the period of anafifsigire G3).

MID water sales averaged aboutlZI00AF for 20002008.Average dry year sales averaged about
25,000AF more than average wet year sales, 280¢@dfpared to 255,008F. The goal of various

incentives and service improvements is to restokmaintain average-istrict water salesf 300,000

AF or more.This target is based on the results of modeling conducted for the Merced Water Supply Plan,
which indicated that average surface water sales of this magnitude etpifdachieve stable

groundwater levelgeducing the neefibr expensie active recharge facilitie¥his goal was achieved

20@ through 2004, but with the exception of 2007, water sales have been less than 860r08&cent

years.

Supplemental fivate groundwatepumpingby growers using MID surface watestimates are based on
the consumptive use fraction derived from analysis of water delivery records from the year 2000 to
parcels identified as using only surfacater from District DeliveriesThis analysis indicatechaaverage
consumptive use fraction of 7&qgent for the sample parcelhie consumptive use fraction is computed
as the Evapotranspiration of Applied Watkvided by applied wateAs expected, historical Private
Pumping (of groundwater) tends to be lgn drought years (e.g., 2008) when MID water supplies were
limited (Figure GA4).
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Table C-2. Merced Irrigation District Irrigation Season Irrigated Lands Water Balance (19952008

Inflows Outflows
MID Deep Deep
Deliveries|Pumping Percolation |Percolati|Evaporatio|Uncollected
to MID - [to Private of on of n of Runoff Of
#of | Year Irrigated |Irrigated |Precipitatio |Pumping|Evapotranspiration[Evapotranspiratio [Precipitatio |[Applied |Precipitati |Precipitatio |Tailwater Consumptive
Days | Type |YearlLands' |Lands® |n® 4 of Applied Water® |n of Precipitation®|n® Water’ |on° n® 8 Us€
219 |Above|200(] 266,163| 13,133 130,487 0 203,533 53,533 47,739| 65,573 13,049 13,049| 13,308 73%
224 |Critical 2001 289,572| 8,929 108,631 0 230,997 34,149 48,105| 57,676 10,863 10,863| 14,479 7%
230 | Dry |2004 302,047| 7,905 88,234 0 230,035 35,060 34,194| 66,147 8,823 8,823| 15,102 74%
238 |Below|2003 286,184| 6,646 73,895 0 223,721 37,499 23,801| 52,616 7,389 7,389| 14,309 76%
227 | Dry |2004 309,639| 7,968 135,377| 29,081 268,370 42,503 68,073| 60,561 13,538 13538 | 15,482 7%
227 | Wet |2005 254,271| 6,646 137,177 42,676 235,010 42,820 64,684| 58,106 13,718 13,718| 12,714 77%
238 | Wet |200€¢ 242,142| 6,646 125,079| 26,346 212,981 53,885 47,819| 48,406 12,508 12,508| 12,107 7%
212 |Critical| 2007 287,282| 6,646 57,985| 33,483 253,448 34,833 11,027| 60,127 5,799 5,799| 14,364 7%
153,25
193 |Critical|200§ 204,969| 6,646 89,869 2 282,442 32,810 39,425| 71,836 8,987 8,987 | 10,248 7%
Average 251,094 7,618 107,851| 44,090 234,680 40,963 44,809| 56,076 10,785 10,785| 12,555 78%
153,25
Maximum 309,639 | 13,133 166,842 2 316,384 53,885 85,983| 71,836 16,684 16,684| 15,482 83%
Minimum 160,672| 5,324 57,985 0 179,734 28,506 11,027| 34,250 5,799 5799| 8,034 73%
Wet and Above
Year Type Average 250,649 7,746 126,230| 37,221 227,428 44,405 56,971| 55,263 12,623 12,623| 12,532 7%
Below, Dry, and
Critical Year Type
Average 251,494| 7,503 91,311| 50,271 241,207 37,865 33,863| 56,807 9,131 9,131| 12,575 78%

© N ORAONE

Deliveries from District Records minus MID Pumping to Irrigated Lands
Summarized from HigBrounds Pumping.xls and Daily Pumping.xls files received from District
Merced NCDC Precipitation Multiplied by MID Irrigated Land Area
Evapotranspiration of Applied Water divided by an assumed efficiency minus Deliveries tériidgf@ted Lands minus MID Pumping to Irrigation Lands (negative results are set to zero)
RZ reduced by 7%
RZ reduced by 7%
Irrigated Land Closure Term

5% of Deliveries to MIBrrigated Lands
Evapotanspiration of Applied Water divided by Deliveries to Miigated Lands plus MID Pumping to Irrigated Lands plus Private Pumping
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Figure C-3. Merced Irrigation District Deliveries to Irrigated Lands, Outside Surplus Water Sales and Entitlements

700
Average Deliveries = 346,100 af
Average Wet years = 330,60af
600 Average Dry years = 353,800 af
500
Lighter colors represent BeloWyy, and Critical Year Type

400
300

3

200 >

a

=

8

100 £

2

3

0 - A

o — o ™ <t e} © N~ oo}

o o o o o o o o o

o o o o o o o o o

AN AN AN AN AN AN AN AN AN

Year

M Deliveries to MIDIrrigated Lands [ Outside Surplus Water Sale<@ Entitlements

Appendix C
Page - 8



Merced Irrigation District i Agricultural Water Management Plan

Figure C-4. Private Pumping within Merced Irrigation District Boundary
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ET of Applied Water is the largest outflow from the Irrigated Lands pogluEi G5). Its variability from
year to year reflects the variability in climatic conditions, effectiveipitation and cropping patterns.
Average dry years have 32,086 more ET of Applied Water; 249,000F compared to 217,008F. As
expected, given that there is no trend in irrigated acreage, this parameter displays no trend from 2000
through 2008

Deep Pecolation of Applied Water is the second largest outflow from the Irrigated Lands pool (Figure C
6). It is calculated as a closure term by subtracting albthitows from all the inflowsAll the

measurement and estimation inaccuracies in all flow @athexpressed in the closure term often legadin

to large annual variabilitypeep Percolation of Applied Water averages about)4B0more in dry
years.This resulf although a bit counter intuitives due to the greater deliveries in dry years and the
same consumptive use @tzon being used in all yeaSeep Percolation of Precipitation averages nearly
16,000AF highe in wet yearsCombining Deep Percolation from Precipitation with Deep Percolation
from Applied Water indicates about 12,088 more aveage Deep Percolation in wet years.

MID Distribution System Pool

An annual summary of the Distribution SystepoPis presented in Table-& Years classified as wet

years are highlighted in yellowll flow paths to the Distribution System Pool are in@ddnd gouped

as inflows and outflowsGeneral statistics for all years and averages for wet and dry years are provided at
the bottom of the table, followed by footnotes describing the basis for each flaw patlargest inflow

to MID Distribution Syste is MercedRiver Diversions (Figure €). Annual diversions have ranged

from nearly 500,00@\F in 2005 and 2006 to a low of about 300,000 in 2008, reflecting the natural
variability in Merced River surface water supplies available to the District, apdliey the importance

of conjunctive water management in meeting District and other water derifiedsverage annual

diversion over the period has been about 445/0With wet years averaging 50,08F more than dry

years (479,000 to 429,0@0). Howeve, duringthe last stretch of above average years, diversions were

hi gher due to high irrigat edeuacharge. and MI DOs attem

MID pumps groundwater into its distribution system (MID Pumping to Distribution System) to

supplement Memd River Diversions, and at timesprovide operational benefigsich asncreasing

system responsivenessaMercoming capacity bottleneckihe variability in annual MID Pumping over

the period reflects t he anagementggramf(Fighté @)OPamping nj unct i
during the wet years averaged approximately 4&0@nnually.

In dry years, MID Pumping to Distribution System, at just over 32,000, is about 2YF0®@re
compared to wet years.

Appendix C
Page - 10



Evapotranspiration and Farm Delivery Volume

500
450
400
350
300
250

200

Thousand Acrefeet

150
100

50

=3Evapotranspiration of Applied Water
—a-Total Deliveries to Irrigated Lands

Merced Irrigation District i Agricultural Water Management Plan

Figure C-5. Evapotranspiration, Deliveries, and Consumptive Use
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Figure C-6. Deep Percolation
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Table C-3. Merced Irrigation District Irrigation Season Distribution System Water Balance (19952008)

Inflows Outflows
MID Deliveries |Outside Seepagl Spillage Unmeasured
Merced |Pumping td to MID-  |Surplus to Spillage&Tril Tributary
# of River DistributionTailwater Tributary |Irrigated  [Water Merced [Spillage t¢ In Avail to | Conveyancg Unmeasured Measured  Inflow Canal
Days |Year Typ| Year |Diversion$|Systeri [Interceptior’|Preci  |inflow’ |Lands®  [SaleS  |Entitlementd Evaporatiofi | Rivef® | Draind! | Stevinsof? | Efficiency® | Spillagé’ | Spllage” |Reregulatedf| Spillagé’
219 | Above | 2000 | 483,391 4,647 7,985 470 14151 | 266,163 | 22,959 66,227 | 96,248 9,665 | 11,221 5,935 32,226 70% 18075 | 17,156 0 35,231
224 | Critical | 2001 | 465,222 | 27,604 0 132 | 16133 | 289,572 | 30,646 69,502 | 85,609 9,886 | 4,917 4,864 14,095 7% 0 9,781 2,038 9,781
230 | Dry | 2002 | 470,156 9,453 9,061 134 7385 | 302,047 | 18,250 69,482 | 86,536 10,150 | 3,369 3,890 2,465 79% 0 7,259 4,920 7,25¢
238 | Below | 2003 | 431,926 | 10,839 8,586 222 7342 | 286,184 | 10,313 68,351 | 72,009 10,503 | 2,620 4,360 4,574 80% 0 6,980 2,768 6,98(
227 | Dry | 2004 | 463,744 5,872 9,289 307 5398 | 309,639 | 14,612 50,517 | 85,093 10,018 | 2,870 4,632 7,228 7% 1830 7,502 0 9,33
227 Wet 2005 | 468,724 5,083 7,628 339 23377 | 254,271 | 16,806 52,594 | 106,674 10,018 | 6,727 7,611 50,450 64% 27073 | 14,338 0 41,411
238 | Wet | 2006 | 484,759 3,967 7,264 552 | 33402 | 242,142 | 14,677 56,063 | 107,676 10,503 | 9,420 | 10,954 78,508 59% 45106 | 20,374 0 65,48
212 | Critical | 2007 | 430,739 48,972 0 105 9606 | 287,282 | 10,325 51,640 | 112,044 9,356 4,158 7,209 7,408 71% 0| 11,367 2,198 11,367
193 | Critical | 2008 | 312,072 | 84,401 0 6 7627 | 204,969 0 49,446 | 134,842 8,517 | 1,782 4,50 0 63% 0 6,332 7,627 6,33
Average 471,989 | 14,050 6,001 234 | 16,381 | 251,094 | 12,309 56,038 | 102,998 9,730 | 8,132 5,367 30,880 65% 16015 | 13,499 1,736 29,51
Maximum 571,438 | 84,401 9,289 594 | 33,402 | 309,639 | 30,646 69,502 | 148,314 10,680 | 18,379 | 10,954 106,369 80% 81113 | 25,760 7,627 | 102,15¢
Minimum 312,072 2,232 0 6 5,398 | 160,672 0 19,423 | 72,009 7,679 | 1,782 1,000 0 47% 0 3,568 0 3,56¢
Wet and Above Year
Type Average 500,429 3,587 7,519 321 | 23,010 | 250,649 | 15,356 59,651 | 125,780 9,979 | 12561 | 6,979 54,151 61% 31489 | 19,540 588 51,03(
Below, Dry, and Critical

Year Type Average | 439,994 | 25,821 4,292 155 8,805 | 251,494 | 9,568 52,786 | 117,000 9,506 | 4,145 3,916 9,935 68% 2089 8,061 2,770 10,15(

1. North Side Canal at HeadMain Canal at Head (dist002)
2. C:\Active Project§1018.07- MID\wb2008MIDPumpingMID_Pumping_Definal.xls
3. If Critical year then 0 else Deliveries to MHrrigated Lands X3%
4. query:dist_001
5. Army Corps of Engineers Flood Control Dams outflows

6. (Deliveries from District RecordsMID Pumping to Irrigated Lands)

7. OWS and Entitlements
8. Canal Water Balance Closure
9. Number of Days X 44 AF/day
10. 3 sites: Garibaldi Lateral, Livingston Lateral Spill, and North Side Canal Spill (dist003)
11. 5sites: 1900 Lateral Spill, McGilvray Lateral Automatic, McGilvray Lateral Spill, Middle Dallas Lateilgl &n Flume Spill (dist007)
12. See stev worksheet
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13. (Deliveries + Outside Water Sales + Entitlements)/ (Sum of Inflows)

14.1f Unmeasured Spilge&Trib In Avail to Stevinson Tributary Inflow

15. Spillage to Merced River + Spillage to Drains

16. If Tributary Inflow-Unmeasured Spillage&Trib In Avail to Stevinson <0 then 0 else Tributary Infldmmeasured Spillage& Trib In Avail to Stevenson
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Figure C-7. Merced Irrigation District Pumping to Distribution System, River Diversions, and Canal Spillage
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As previously discussed in the PJahe MID distribution system incorporates a number of natural

streams that serve primarily as conveyance atlarduring the irrigation season and as drairsigen
eventcontrol channels ding the norirrigation seasorSome of these streams have appreciable drainage
areas that gendmsubstantial runoff volumeblost of this runoff occurs during the ndmigation

season; however, some runoff occurs during the irrigation season, and may contribute to the water supply
available for delivery to user3.o the extent that tributary inflow exceeds user demand, it simply flows
through the system and nominally registas spillage, but should not be attriloute MID operations.

Tributary inflow has ranged from 5,0@0 to 33,000AF with an average of 13,2586 per year during

the rrigation season (Figure-8).

In addition to water demands by MID users, MID deliveeger to satisfy other entitlements, and for sale
to irrigators located outsedof the District (Figure @). The entitlements include deliveries to Stevinson
Water District (formerly Stevinson Corporation), riparian users along the Merced River andrteziM
National Wildlife Refuge. Historically, these obligations have totaled to approximately 38000

subject to reductions in dry yearBeginning in 1996vhen the first deliveries were made to the Refuge,
total entitlements have been between 55,0@0681000AF annually.Average entitlements are 2,086
less in the dry years.

Outside water sales are subject to water availability from year to year, and therefore vary more radically
as ompared to water entittlemen@utside sales have been as lowea® in the drought year of 2008,

and as high as 30,0@(F in the wet year of 200Dutside sales have been made to El Nido Irrigation
District for many years, and, more recentlyLsoGrandAthlone Water District (beginning in 1994) and
tootherwatersser s i n MI iffléesce Eegimreng i@ 19G33Putside water sales only average
about 4,00AF less in dry years compared to wet years.

Surface water outflows from the District, above the flows needed to satisfy entitlements and outside water
sales, vary radically from year to year depending on hydrologic conditions and related systetiompera
procedures (Figure<€0).These outfl ows are nominally referred t
most years, they should not be construed as an todichoperations effectiveness, since tributary inflow

from upslope watersheds is passed through the District and cosgriubstantially to spillagelowever,

the District does measure spills to certain drains attaetdierced River (Figure-C0).
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Figure C-8. Tributary Inflow
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Figure C-9. Entitlements and Outside Water Sales
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Figure C-10. Operational Spillage
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In normal and better water supply years, these measured flows average just oveAEB00@&re
typically in the range of 15,000 20,000AF, and in dry years drop to between 6,00 to 12,0@0zaing
about 8,00AF. Unmeasured Spillage and Tributary Inflow Available to Stevinson averages about
54,000AF in wet years compared to alid@JOO0AF in dry years.

Seepage from MID canalss historically ranged between rougi,000and135,000AF, depending
primarily on the length of therigation season (Figure-Cl). The length of season, in turn, reflects
annual water supply conditions, with the season generally lengtheneteasupaly conditions improve.
In dry years seepage averages less than 7 AB(nore than invet seasons.

An annual net recharge volume (Figure 12) attribu
of Deep Percolation of Applied Water, Deepd@dation of Precipitation (agriculture land use is

conducive to recharge of groundwater from rainfall) and seepage minus the total District and private
groundwater pumpingith the District boundarieS.he average net recharge was found to be 169,000

AF.
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Figure C-11. Distribution System Seepage
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Figure C-12. Annual Net Recharge Volume
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APPENDIX D
MERCED IRRIGATION DISTRICT
DEPARTMENT OF WATER RESOURCES
LICENSES FOR DIVERSION AND USE OF WATER

1- Application No. 1221 Permit No. 912 License No. 990

Date d Priority: March 26, 1919 (Pursuant to Order Amending License dated Jut@41,

Source:Merced River in Mariposa County tributary to San Joaquin River.

Point of DiversionSouth Thirty Eight Degrees West, Three Thousand Eight Hu(@i&@D)feet fromthe
northeast corner of Section 13, T4S, R1GBEB&M, beingwithin the NW1/4 of SE1/4 of said Section 13.

Point of Rediversior\NW1/4 of SE1/4 of Section 13, T4S, R15E, MDB&M.

Season of Diversiodanuary 1 to December 31.

Maximum Annual UseOne Thousandiwo Hundred (1200) cubic feet per second.

Purpose of Usd?ower.

Place of UsePower use at Exchequer Power House within the NW1/4 of SES&ctibnl3, T4S,
R15EMDB&M.

2- Application No. 1222 Permit No. 913 License No.2684

Date of Priority: March 26,1919.
SourceMerced River in Mariposa County tributary to San Joaquin River.
Point of DiversionSouth thirty eight degrees,ndm ut es We st (-S8ghtBdréiB&8O0)W) t hi r

feet from the NE arner of Section 13, T4S, R15MPB&M., being within the NW1/4 of SE1/4 of
said Section 13.

Point of RediversionNW1/4 of SE1/4 of Section 13.

Season of DiversionJanuary 1 to December 31.

Storage Collection Seasd@dctober 1 to Julyl.
Storage Capacity72,800AF in Lake McClure.

Maximum Annual UseThree hundred sixty two (362) cubic feet per second by direct diveastbtwo
hundred seventy two thousand eight hundred (272 /8BQ)y storage.

Purpose of Usd?ower.
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Place of UsePower use at Exchequer Power House within the NW1/4 of SESEctbrli3, T4S, R15E.,
MDB&M.

3- Application No. 1224 Permit No. 914 License No. 2685

Date of Priority:March 26, 1919.
SourceMerced River in Mariposa and Merced Counties tributary of San JoRgquen
Point of Diversion #1South thirtyeight degrees,nomit es We st ( S-eighghwundrédd W) t hi |

(3800) feet from the NE corner of Sec. 13, T4S, RMBB&M., being within the NW1/4 of SE1/4f
said Section 13 iMariposa County.

Point of Diversion #2(Northside Canal). North sixty eight degs, no minueWest N 6 8 006 W)
twenty seven hundred fifty (2750) feet from the SE corner of Sec. 4,T5S, R15E, MDB&M yvinénng
the SW1/4 of SE1/4 of salBection 4 in Merced County.

Point of Diversion #3(Main Canal)North forty seven degrees, thirty minutesttas( N 4 7&wety 6 E)
eight hundred thirty (2830) feet from the SW corner of Sec. 7, T5S, R15E., MDB&M, lveithin the
NE1/4 of SW1/4 of said Section7 in Merced County.

Points of RediversiarSame as points of diversions nos. 1, 2 and 3 above.

Season obiversion March 1 to October 31 and throughout the remainder of the yeaquaised by
domestic purposes. In case of rotation, the equivalent abthténuous flow allowance for any thirtgay
period may be diverted inshorter time if there is notierference with other vested rights.

Storage Collection Seasdfctober 1 to July 1.

Storage Capacity: 266,400AF in Lake McClure.

Maximum Annual UseFifteen hundred (1500) cubic feet per second and two hundred sixhossand
four hundred (266,4Q0AF by storage in Lake McClure.The maximum combinedstorage under
Application 1222, License 2684nd Application 1224, License 2685 shall not exceetvo hundred
seventy two thousand eight hundred (272,80®per annum.

Purpose of Usdrrigation anddomestic.

Place of Usei64,395 gross acreage within the boundaries of Merced Irrigatsbrict as shown ormap
of the District filed with the Division of WatdResources December 11, 1942.

4- Application No. 10572 Permit No. 6808 License No. 6047*

Date of Priority:December 11, 1942.

SourceMerced River in Merced County tributary to San Joaquin River.
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Point of Diversion #1: At Mer ced Fall s Dam: North sixty eight

two thousand eight hundred thirty (2830) feet frovd €orner ofSection 7, T5S, R15E, MDB&M, being
within the NE1/4 of SW 1/4 dfaid Section 7.

Point of Diversion #2: At Cr ocker Dam: North forty seven
thousand eight hundred thirty (2830) feet from SW corn&eation 7, T5S, R15E, MDB&M, being
within NE1/4 of SW1/4 of sai®ection 7.

Season of Diversiorivlarch 30 to August 1. The equivalent of such continuous éltlewance for any
thirty day period may be diverted in a shorter timéadre is no interferenceith other vested rights.

Maximum Annual UseTwo hundred fifty seven (257) cubic feet per second. Simultardieeisions
under this license and License 2685 issued under Applick®ds and appropriative rights purchased
from CrockerHuffman LandCompaly shall not exceed 1757 cubic feet per second.

Purpose of Usdrrigation.
Place of UseWithin Merced Irrigation District and comprising 143,075 net aai¢isin 164,395 gross
acres as shown on map filed with the State Wigints Board.

5- Application No.16186 Permit No. 12825 License No. 11395*

Date of Priority:December 23, 1954.
SourcelMerced River in Mariposa County tributary to San Joaquin River.

Point of Diversion #1New Exchequer Dam (Lake McClureNorth 421 16 030 West 3,

SE corner of Section 13, T4S, R15E, MDB&M, being within NW1/4 of SE1/4 of said Section 13.

Point of Diversion #2: McSwainDami Nor t h 80 366380 West 2 Sextioh .
3, T5S, R15E, MDB&M, being within SW1/4 of SE1/4 of s&dction 3.

Point of Rediversion #IMcSwainDami Nor t h 80 366380 West 2 Sextiom .

3, T5S, R15E, MDB&M, being within SW1/4 of SE1/4 of s&ection 3.

Point of Rediversion #2erced Falls Diversion Dam for Northside Candl o r t h 0680V8esD20760

feet from SE corner of Section 4, T5S, R15E, MDB&Mjng within SW1/4 of SE1/4 of said Section 4.

Point of Rediversion #3rockerHuffman diversion dam for Main Canal, Trout Farm &almon
Spawning ChannélSout h 24 006 e0ffond NWearrset of Section@,0rss, R15E,
MDB&M, being within SW1/4 o NW1/4 of said Section 7.

Storage Collection Seasdictober 1 to July 1.

Maximum Annual UseSix hundred five thousand (605,008 per annum storage. Theaximum

withdrawal from the @servoirs under this license, Licen2684 and 2685 (Applications 1222 and 1224)

and any license issugairsuant to Application 16187 shall not exceed 516AR0

Purpose of Usdrrigation, domestic, recreation, fish and wildlife protection andancemat and fish
culture.
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Place of Uselrrigation of 131,953 acres within a gross area of 154,394 acres withivoundaries of the
Merced Irrigation District and 55 acre golf courgi¢hin the service area of Sierra Highlands Water
Company.

Domestic use dfiomesites within the service area of Sierra Highlaidser Company and at homesites
and recreation facilities adjacentltake McSwain and Lake McClure including McClure point, McClure
Boat Club and Barrett Cove.

Fish culture at Merced Irrigation Distticd s s p awn i n g privdtely operatéd treunfarm.at a

Recreational use and wildlife protection and enhancement in and draked/cClure and Lake
McSwain.

Future AppropriationsThe license is subject to depletion of stream flow in quantitie®gétihthe
subparagraphs (A), (B) and (C) below, by future appropriatiomsatdr for reasonable beneficial use
within Mariposa County, provideslich future appropriations shall be initiated and consummated
pursuanto law.

(A) From South Fork Merced Rév a maximum of 500 cubic feet marcond of water not to exceed a
total of 112,000AF annuallyby direct diversion to beneficial use and/or by diversion to stdmabe
later applied to beneficial use; provided that such fudppropriation shall not bmade prior to July 1,
2014, which is thelate of maturity of bonds by which the licensee has financeaarthect under this
license and license issued on Application 1618ifess the person or agency making such future
appropriation shatompensate thilerced Irrigation District for the loss of poweavenue resulting
during said period from said appropriation.

(B) From Maxwell Creek a maximum of 34,08@ of water inany consecutive ten year period and a
maximum of 4,00AF of water in any one year tie directly diverted to beneficial uaad/or diverted to
storage to be later applied to beneficial use.

(C) From Bean Creek a maximum of 10,0801 of water in anyconsecutive ten year period and a
maximum of 1,20AF of water in any one year to be dirgalliverted to beneficial use and/diverted to
storage to be later applied to beneficial use.

Special ConditionsThis license is subject to the terms of provisions 1, 2, 3, and 4 sfipioéation and
agreement between Merced Irrigation District &adifornia Department of Fish and Game dated
October 8, 1959.

6- Application No. 16187 Permit No. 12826 License No. 11396*

Date of Priority:December 23, 1954.
SourceMerced River in Mariposa County tributary to San Joaquin River.

Point of Diversion #1New Exchequer DammNor t h 42 116030 We cdrnerdf 089 . 69 f
Section 13, T4S, R15E, MDB&M, being within NW1/4 8E1/4 of said Section 13.

Point of Diversion #2McSwainDami Nor t h 80 36086380 Wet 2,2@b6N301 feet
T5S,R15E, MDB&M, being within SW1/4 of SE1/4 of safkction 3.
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Point of RediversionMcSwain Dami Nor t h 80 366380 West 2 Sexfioh3, 0 1
T5S, R15E, MDB&M, being within SW1/4 of SE1/4 of s&dction 3.

Season of Diversion: January Xo December 31.

Storage Collection Seasadctober 1 to July 1.

Storage Capacity: 1,024,600AF in Lake McClure 9,73@\F in Lake McSwain

Maximum Annual UseOne thousand seven hundred thirty six (1,736) c/f/s by direct divession;
hundred five thousah(605,000)AF by storageThe total amount of water taken from the source
(combined directiversion plus collection to storage, both power plants andrbs#rvoirs) under this
license, licenses 990, 2684 and 2685 (Applicatidtisl, 1222 and 1224) anady license issued pursuant
to Permit 1282%Application 16186) shall not exceed 1,778,80per yearThe total amount of water

to be placed to beneficial use (combined diddeersion plus withdrawal from storage, both power plants
and bottreservoirsunder this license, licenses 990, 2684, and 2685 (Applicatik, 1222, and 1224)
and any license issued pursuant to Permit 128pplication 16186) shall not exceed 1,609, KI®per
year.

Purpose of UseéPower.

Place of UseAt Exchequer Power Plamtithin NW1/4 of SE1/4 of Section 113, T4815E, MDB&M,
and at McSwain Power Plant within SW1/4 and SEf/8ection 3, T5S, R15E, MDB&M as shown on
map filed with Stat&Vater Resources Control Board.

Future AppropriationsThe license is subject to deptet of stream flow in quantities set forth ithe
subparagraphs (A), (B) and (C) below, by future appropriatiomsatdr for reasonable beneficial use
within Mariposa County, provideslich future appropriations shall be initiated and consummated
pursuanto law.

(A) From South Fork Merced River a maximum of 500 cubic feespeond of water not to exceed a
total of 112,000AF annuallyby direct diversion to beneficial use and/or by diversion to stdmbe

later applied to beneficial use; provided thath future appropriation shall not be made prior to July 1,
2014, which is thelate of maturity of bonds by which the licensee has financeaarthect under this
license and license issued on Application 1618fess the person or agency making sutiréu
appropriation shatompensate the Merced Irrigation District for the loss of paesgnue resulting
during said period from said appropriation.

(B) From Maxwell Creek a maximum of 34,08@ of water inany consecutive ten year period and a
maximum & 4,000AF of water in any one year to be directly diverted to beneficiabndéor diverted to
storage to be later applied to beneficial use.

(C) From Bean Creek a maximum of 10,080 of water in anyconsecutive ten year period and a
maximum of 1,20AF of water in any one year to be directly diverted to beneficial use adigiéated to
storage to be later applied to beneficial use.

Special Conditions: This license is subject to the terms of provisions 1, 2, 3, and 4 sfipléation
and agreementetween Merced Irrigation District ar@@hlifornia Department of Fish and Game dated
October 8, 1959.
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7- Application No.6807 Permit No. 5732 License No. 5227
Date of Priority:September 27, 1930.
SourceCreek in Merced County Tributary to San Joaquin River.

Point of DiversionWithin the SE1/4 of SW1/4 of Section 26, T8S, R14E, MDB&M.

Season of DiversiorNlovember 1 to April 15.

Maximum Annual UseThree and eightenths (3.8) cubic feet per second.

Purpose of Uselrrigation and Domestic.

Place of Use94986 acres within T9S, R13E, and R14E, MDB&M as shown on map filed State Water
Rights Board, being within th@oundaries of former EI Nido Irrigation District.

8- Application N0.8238 Permit No. 4893 License No. 6032

Date of Priority:February 11, 1935.

Source:Duck Slough in Merced County tributary to Bear Creek th&aeJoaquin River.

Point of DiversionSW1/4 of NW1/4 of Section 11, T8S, R14E, MDB&M.

Season of DiversionNovember 1 to April 15.

Maximum Annual UseFive Thousand Sixtpix (5066)AF per annm byunderground storage.

Purpose of Uselrrigation and Domestic.

Place of Use9418.6 acres within T9S, R13E, and R14E, MDB&M as shown on map filed State Water
Rights Board, being within the boundaries of formeNElo Irrigation District.

9- ApplicationNo. 18744 Pemit No. 13088 License No. 9429
Date of Priority:June 8, 1959

Source:Duck Slough in Merced County tributary to Deadman Cteekice Deep Slough thence Bravel
Slough.

Point of Diversion: SW1/4 of NW1/4 of Section 11, T8S, R14E, MDB&M.

Seasorof Diversion:November 1 to April 15.
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Maximum Annual UseFive Thousand (5,003F per annum by undergroustbrage at a maximum rate
of 100 cubic feet per second asubsequently extracteshd placed to beneficial usehe maximum
withdrawal in any onegar shall not exceed 5,000 .

Purpose of Uselrrigation and Domestic.

Place of Use8,600 acres net within a gross area of 9,418.6 acres within the Boundaries of the El Nido
Irrigation District, including portions of9S, R13E, and R14E, MDB&M, as shown map filed with

State Water Resources Control Board.

*Denotes current license
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APPENDIX E
MERCED GROUNDWATER BASIN GROUNDWATER
MANAGEMENT PLAN UPDATE, 2008

TheMerced Groundwater BasirGroundwater Management Plan Updatavailable on the MGPI
website at http://magpigw.org/GWMP_Update.htndr availableon hard copy at the MID Library
located at the MID Main office, 744 W. ®Gtreet, Merced.

Appendix E
Page -1



Merced Irrigation District i Agricultural Water Management Plan

APPENDIX F
WATER MEASUREMENT DOCUMENTATION AND REPORTING

CCR 8597.4(eReporting in Agricultural Wat er Management Plans

The California Water Code, CWC 810608.48 (b) (1) stipulates that Agricultural water suppliers shall:
ifMeasure the volume of water delivered to cust ome
(a) of Section 531.10 and toprl e ment paragraph (2).0 The intent o
progress that the Merced Irrigation District has made towards compliance with the Agricultural Water
Measurement Regulation (Regulation), contained in CCR 8597.4(a)(1).

MID is currentlyperforming the SB X7 required evaluation of the delivery structures, or turnouts,
throughout its system. In support of this evaluation, MID has embarked on an aggressive GIS based
inventory, survey and classification of its turnouts and is concurngitalytesting various flow
measurement devices at representative sites within the District. These efforts will allow it to establish a
comprehensive, planned and economical corrective action plan to brirapmgmtiant turnouts into
compliance.

MID has corurrently begun a mastemter managemepianning effort consisting of a long range

capital improvement plan, centered on system modernization, conservation, efficiency and other drivers.
Once finalized, the above discussed corrective action plan wilcheporated into this mastesater
managemenplan, providing for a prioritized financing and phasing plan to assist the district in meeting
compliance with the Regulation.

A more detailed discussion of the Regulation compliant delivery structure evalfmtows.

Analysis and Evaluation of Existing Flow Measuring Devices (CCR
8597.4(a)(1))

General

This evaluation of existing flow measuring devices includes an inventory and attribute classification of
delivery structures (or turnouts), protocols fotdieesting of flow meter measurement certification, status
of SB X7-7 flow measurement compliance, and water measurement corrective action plan.

Prior to performing an evaluation, it is important to understand and categorize the various infrastructure
andoperational components that impact measurement at the tukajot components include on farm
irrigation systems, turnout types and measurement configurations, each discussed in more detail below.

On Farm Irrigation Systems
On farm irrigation systems née generally classified into three categories:
1. Open Fow systems

2. Pressurized Systems
3. Combined systems
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Open flow systems are typically associated with flood or furrow irrigation methods, while pressurized
systems are typically associated with sprinkletems, mircomist systems, impact sprinklers, etc.

Combined systems utilize both open and pressurized irrigation methods for various reasons. For example,
some fields use an open system for the first irrigation and use pressurized systems for the refmainder
irrigations.

Delivery Structure (Turnout) Types

Generally speaking, there are three primary types of turnouts in MID: 1) open or closed (pressurized)
concrete boxes; 2) slant delivery structures; and 3) upright strucBane® turnouts consist of adsier

pump system or a groundwater well system. There are also a number of as yet unclassified turnouts.
These are typically associated with garden head accounts (small hobby farms less thanFioacres)
through each primary type of turnout is typicaigntrolled with a meter gate (such as a standard Fresno
Valve C101 gate), while delivery flows through booster pump and groundwater well turnouts are
typically controlled with meter gates, gate valves, butterfly valves and other methods, depending on the
gpecific installation configuratiarPhotos of the three typical primary types of turnouts are shown below
in Figures F11 F-3, while a typical booster pump turnout system is shown in Figdre F

Figure F-1 Typical Upright Structure with Meter Gate
q.ﬂ"N F Stmmee P
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Figure F-3Typical Open Concrete Box Structure with Meter Gate

ol

S
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Figure F-4  Typical Booster Pump Installation
AR , R, ,

QA f!

Flow Rate Measurement Configurations within MID

One turnout can deliver wattr one or more farms, or accounts (MID water accounting terminology for
an individual field). Similarly, one account can have multiple turnouts.

The flow rate for turnouts serving pressurized irrigation systems are typically measured with a meter
There ae a small amount of turnouts to open flow systems that are measured with an instantaneous and
volumetric meter (metersJhese locations are rare and require certain uncommon downstream
configurationsMID staff regularly reads meter installations to deti@e the flow volumes i&F for

billing purposes (CCR 8597.3(a)h practice, the DSO enters the current meter read into the database,
which subtracts the previous meter read and calcudidsr billing purposesFor the purposes of the
Regulation angkes, all turnouts that have meters were included with the epggednetering devices,
whether associated with an open or pressurizefdrn irrigation system.

The flow rate for turnouts serving fields irrigated via open flow methods are typically redagith the

use of a meter gate and measuring well or similar control and measurement device installed within a box
or upright structure. Other turnout types include headwalls, standpipes and other miscellaneous structures
that allow for a vertical instidtion and measuring well. These are measured by MID staff as

instantaneous flowg he volumetric totals for the deliveries and billing charges are then calculated based
on the flow rate multiplied by timén practice, the DSO enters the flow rate, diere and end time, as

well as the time and value of any flow changes, into the database, which performs-tbetacre

calculation for billing purposes.
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Open flow measurements for a slant structure without a meter are estimated from a combination of
availabe tools. Slant gates are not rated to measure flow accurately, although MID has established flow
rates for gates when fully opeXevertheless, flows at turnouts with a slant structure are reasonably
estimated based on various available data, such asinmggaffow in grower ditches (not always

applicable), crogsoil science relationships and estimated ETc values, measuring the flow upstream and
downstream of the turnout (where possible), estimating flows based on the specifications and quantity of
sprinkler heads or other distribution devices, using the meter gate table to provide an estimated flow when
fully open, etc.

The typical field conveyance setup in MID downstream of open flow turnouts is underground piping

rather than offiarm open ditchesT his type of pipe system setup makes it difficult to verify the accuracy

of the flow rates measured by the various delivery gate structures at the canal or calibrate them since there
is no cost effective way to perform another independent flow measuremensystie for comparison

For flows conveyed on farm via an open service ditch, independent flow measurement may be possible.
Even with these systems though, fluctuating downstream water levels (which is common) could impact

the consistency of instantaneousasurements.

Booster pumps and groundwater wells providing deliveries are typically installed with a meter.

Turnout Inventory
Approach and Methodology

2011 was used as representative oAnintertoeyofal stri ct 6s
delivery gates active during the 2011 irrigation season (i.e., operated and served water in 2011) was

performed. The analysis was based on the District
database contains a list of all active delivaryctures (or turnouts) and documents whether the turnout
includes a meter. The database also contains a o0t

identifier describing various attributes of a structiiéD had previously inventoried and idemgifl all
delivery structures and documented the structures attributes on a physical stamp affixed to the structure.
This information has since been incorporated into its database.

The nomenclature on each structure 1.D. tag specifies the brand, typeenfirsieter gate, as well as the
approximate location of the structure (stationing along the caraBctual photo of a typical structure
I.D. tag and the various parameters contained in the structure 1.D. tag are described in Figuaerd F
5b, respctively.

Note that the Atag | DO inventory occurred sever al
inventory do not have Atag I Ds,o0 i.e., do not hav
addressed via the aforementiond® Gventory effort. In order to bring its databases up to date, even

those structures whose attributes were previously
effort.
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FigureF-5a Typi cal it

Do |

Figure F-5b Tag ID Nomenclature Description

SIRUCTUR D

A = AUTOMATIC GATE P = PRESSURE B80OX
B = CONCRETE BOX Q = SPILL CHECKGATE

CODE FOR BRAND OF DELIVERY GATE

; = ::;co 7 = FRESNOIW, C = CHECKGATE R = RECORDER STATION
= €O 8 = SNOW D = UNDERSHOT CHECKGATE S = STAND PIPE
3 = WATERMAN 9 = FRESNO 20-10C  p _ ml UMe b et PO
4 = FRESNO, 101 0 < KAM-LOK G = SLANT DELIVERY GATE U = UPRIGHT DEL. STRUCT.
P meaniies, =eTIESe H = CONCRETE HEADWALL  V = ALFALFA VALVE
= FRESNO YW/PW L =FRESNO LC ! = INLINE GATE-PIPELINE W = WOOD HEADWALL
J = CEMENT WALKWAY X = CONCRETE BRIDGE
: K = SLIDE GATE Y = WOOD BRIDGE
DELIVERY GATE SIZE (INCHES) M = SIPHON (NO HD. WALLS) Z = PIPELINE CROSSING
: 0O = ORCHARD VALVE (PIPELINES CROSSING CANALS)
A

NOTE: ALL BRIDGE OPENING MEASUREMENTS IN FEET

EXTENTION HEIGHT (FT.)

B Eie 00= NO EXTENTION
DELIVERY GATE I. D. TAG R = RIGHT FRAME HEIGHT (FT.)
C = CENTER

1 1/2" X 9" X 1/8" ALUMINUM
1/2" CHARACTERS

SET IN PLACE WITH EPOXY GLUE SHOWN ACTUAL. SIZE
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Inventory Results and Summary

The results of the turnout inventory are presented in TalleTkrnout Inventory Results, below.

Table F-1 Turnout Inventory Results

Combined
Measure Total No. of Activell'rig. Systems| Gravity Irrig. System Pressurized Irrig. Systems
ment Accounts (2011 | Flood and Impact Micro -
Config | Turnout Type [lrrigation Season) Drip Flood Furrow Drip Sprinkler Mist Sprinkler | Unspecified
Concrete Box 186 2 153 5 3 16 6 1
Slart Delivery
Structure 334 2 229 27 7 51 12 4 2
Meter Upright
Gate Delivery
Structure 556 357 108 7 61 14 2
Other 152 95 13 29 8 1
Sub-Total 1228 4 739 140 17 128 32 6 10
Concrete Box| 75 9 2 3 2 5 1 53
Slant Delivery
Structure 106 6 1 5 1 12 1 80
Upright
Meter | Delivery
Structure 173 22 6 10 13 1 117
Other 198 1 28 15 12 12 2 124
Sub-Total 552 1 65 24 16 25 42 5 374
TBD! TBD 188 127 30 4 14 6 0 4
Total 1968 5 804 164 | 33 153 74 11 384

These accounts consists of a turnout withdltag ID" and do not have a meter. Measurement Attributes and Turnout T

are currently being inventoried as part of the GIS mapping effort discussed herein.
As shown, out of a total of 1,968 accounts served in 2011, 1,228 accounts (62 percent of total
accounts) have meter gate measurement configurations, while 552 accounts (28 percent of total
accounts) are served by turnouts with a meter measurement configuration. There are 188
accounts with an unclassified turnout type and measurement configurataud 10 percent
of the total number of accounts.

Inventory Results

Meter Gate Measurement Configuration

Of the 1,228 accounts with a meter gate measurement configurations, 894 accounts (73 percent) have
been tentatively classified as measurable, althahig number is expected to decrease once the ongoing
evaluation and corrective action plan is complétes tentative classification is based on the fact that the
delivery structure consists of either a concrete box, upright structure, or othaantitelivery structure

and contains a meter gate and a measuring well or similar ratable control gate.

The remaining 334 accounts (27 percent) with a meter gate measurement configuration and turnout
consisting of a slant structure are deemedcmnpliant wih the Regulation.
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Based on the inventory data, it appears that there are 225 accounts that could potentially be converted to a
meter measurement configuration, based onthE@r m Del i very cl assi fication
These accounts are currgritleing evaluated in the GIS inventory and classification effort.

Meter Measurement Configuration
There are 552 accounts (28 percent) that have a meter measurement configuration and are tentatively
classified as measurable.

TBD Measurement Configuration

There are 188 accounts with an unclassified measurement configuration and turnd\g preeiously
discussed, these turnouts are being addressed via the aforementioned GIS inventory and classification
effort. Once complete, compliance with the Regulatigihbe determined.

Inventory Summary

There are 1,446 accounts (73 percent of the total accounts) that can be tested to verify if they comply with
the SB X7#7 measurement regulatior@f these, 894 accounts (62 percent) have a meter gate

measurement coigiurations while the remaining 552 accounts (38 percent) are meter measurement
configurations.

There are 334 accounts (27 percent) that are deemetbngaliant with the Regulation.

There are 188 accounts (10 percent) where additional attribute dataenaksthined prior to determining
if they can be tested or if they can be deemedammnpliant This is currently being conducted within the
GIS inventory and classification effort.
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Protocols for Field-Testing of Flow Meter Measurement
Certification (CCR 8597.4(a)(1)(A))

Field Testing Study Plan

Protocols

CCR 8597.3(a) states that existing measurement devices shall be certified to an accuracy within
+12percentby volume New or replacement measurement devices shall be certified to an accuracy within
+5percentby volume in the laboratory if using a laboratory certification ompetéenty volume in the

field if using a noAaboratory certification

For field-testing flow measuring devices, CCR 8597.4(12) tequire that the sampling size should not
be less than 1percentof each existing device type and more thape2bentof the samples shall meet the
accuracy criteria of +Jfrcent.

As stated above, there are 1,446 accounts (73 percent of the total accounts) that can be tested to verify if
they complywith the SB X7#7 measurement regulatior®f these, 894 accounts (62 percent) have a

meter gate measurement configurations while the remaining 552 accounts (38 percent) are meter
measurement configurations. M| D 6 svalymfioasrionadld appr oac
accounts is discussed below.

Sampling Procedure

There are a wide range of field sizes within MID, thus, a random sample set based on a percentage of
each device type may only represent a small portion of total water delivered to the. Distcorrect this
delivery volume bias, a sampling procedure based on device type and acreage rather, rather than just the
device type was adopted.

The total acreage served by meter measurement configurations and the total acreage served by meter gate
measurement configurations will be determined. Based on this determination, a minimum number of

meter and meter gate configurations will be evaluated that provide service to at least 10 percent of the
acreage served by each measurement configurationr(onetester gate).

Accounts served by meter configurations total approximately 33,800 acres of irrigatedasmason
the required sampling protocols, the amount of meters needing testing should cover aipeasrikof
the total acreage served, B30 acres

Accounts served by meter gate configurations total approximately 66,755 acres of irrigateBasegs
on the required sampling protocols, the amount of meters needing testing should cover aplrasiniO
of the total acreage served,®675 acres
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Field-Testing Procedures

Field testing procedures for meter configurations will differ from those for meter gate configurations. The
field testing procedure for each configuration is discussed below.

Meter Measurement Configurations

The field-testing protocols that MID used to certify the volumetric flow accuracies of the installed field

meters are partially based on the sampling technigue described on fi&hes&/ publication entitled

fiSB X7-7 Compliance for Agricultural Irrigation Digtts,iDr af t 6 prepared by I rriga
Research Center (Charles Burt and Evan Geer, July ZMi8)draft report is included in Attachment I.

Reference Device

The GE (General Electric) Panametrics TransPort PT878 Ultrasonic Flowmeter (retbreiceg was

utilized as a reference measurement instrument to certify the volumetric accuracies of meter measurement
configurations. This is a clargn unit that has a flow accuracy of +1 tfwePcentor a pipe inside

diameter (1.D.) greater thanriBchesand +2 to percentfor a pipe I.D. less thani®ches The GE PT878

has been used by MID staff for several years to p

Installation and Procedure
The measurement configuration being verified, as welaseference device installation, will be
photographed for future reference.

In order to meet the specified accuracy, the reference device must be placed with a minimum straight run

of pipe upstream and downstream of the reference device installation,peh e manuf act ur er 6s
recommendation. This is typically 10 pipe diameters upstream of the reference device and 5 pipe

diameters downstream. However, such distances are sometimes difficult to achieve in the field, due to the
varied configuration of downstreapressure systems.

The reference device should be located upstream of the meter being subject to verification

Reference measurements should range from 5 to 10 minutes, depending on the ratéf ofif dhow
rate is small, a longer time is neededliow the totalizer of the meter being verified to have sufficient
revolutions/cycles in the totalizer readout.

Begin and end totalizer reads from the meter being verified and accumulated flow volume measurements
from the reference device will be docuneshfor comparison.

QA/QC Procedures

A field training session was held for MID staff performing field testing. The training was held on August
23, 2012 and conducted by David Palmer, GE Technical Sales Manager. In addition to the training, all
field testingis performed under the direction and supervision of a licensed professional engineer. Other
similar reference devices may be used in the future. If so, similar manufacturer training will occur.

Diagnostic data from the reference device will be revieweddmecumented to ensure that it is working
properly during the field testing. Sound speed is a diagnostic criteria that indicates how well the meter is
functioning Errors in sound speeds ranged frdhi percento 2.93percent If the sound speed value
measured with the reference devise is withinpescentof expected theoretical value at a specific
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measured water temperatur e, then the instrument s
primary principle the ultrasonic meter is based on

Typical Setup
Two representative examples of a field testing setup are simdwgure F61 Figure F9.

Figure F-6 Testing a
McCrometer propeller
meter near a filtration
station using PT878.

saddle propeller meter
Figure F-8 Testing of a Water
Specialties saddle propeller
meter using PT878 with a
stand pipe configuration.
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Figure F-9 Close-up of a Water
Specialties propeller meter.

Meter Gate Measurement Configurations

As previously discussed,dhe are a wide variety of meter gate configurations within MID. Hence, a

standardized evaluation methodology cannot be develgaeth site must be individually inspected and
an evalution plan prepared for that specific. #® other similar sites are duated, the same plan will be
used for eaclOnce complete, the field testing procedures for all tested turnouts will be documented.

Results

Meter Measurement Configurations

Field testing was performed between August 2012 and OctoberK@1&rs evaluatd were located
downstream of the MID turnouts and were .Thepically
meters selected for testing are owned by the growers and are either manufactured by Water Specialties or
McCrometer.

MID staff tested dotal of 27 metersThese meters service approximately 5,000 acres, which exceeds the
minimum requirement of 3,380 acres, hence complies with the sampling protocols discussed above.

A summary of the meter measurement configuration evaluation is pregeiiegule x, belowThe table

includes the turnout, acreage served by the turnout, the sound speed of the reference device during each
field test, the volume, iAF, measured by both the meter being evaluated and the reference device, the
calculated flow ate and the determined accuracy of each turn out measurement configuration.
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Table F-2 Summary data for flow meter testing and accuracy verification.

Field PT878
Meter Meter
Turnout Field Sl Tegt AI(::I%?/:/“. CETSrr:e I(:,IO(\)IX; Flow %
No. Size(ac) Date SIEES Dura_1t|on Volume Rate Accuracy
Error (min) (cfs)
(AF)

1 234.00 8/23/2012 0.04% 10.00 0.02 0.0256 1.859 -21.88%

2 156.80 8/24/2012  -0.10% 10.72 0.03 0.0268 1.816 11.94%

3 315.70 8/27/2012  -0.06% 5.00 0.044 0.0419 6.084 5.01%

4 203.20 8/27/2012  -0.10% 5.00 0.023 0.0246 3.572  -6.50%

5 296.60 8/27/2012  -0.10% 5.00 0.015 0.0169 2454  -11.24%

6 336.00 8/30/2012 0.06% 5.80 0.04 0.0287 3.592 39.37%

7 150.00  9/5/2012 1.92% 7.30 0.03 0.0332 3.302  -9.64%

8 160.00  9/5/2012 0.88% 6.50 0.03 0.0261 2.915 14.94%

9 188.30  9/5/2012 0.90% 5.13 0.03 0.0307 4342  -2.28%
10 176.00  9/5/2012 0.77% 5.00 0.018 0.0171 2.483 5.26%
11 321.00 9/6/2012 0.37% 6.20 0.04 0.0408 4777  -1.96%
12 317.60  9/7/2012 0.59% 6.03 0.03 0.0271 3.261 10.70%
13 160.20 9/7/2012 0.59% 10.42 0.03 0.0251 1.749  19.52%
14 147.70  9/7/2012 1.59% 4,98 0.02 0.0179 2.609 11.73%
15 115.70 9/12/2012  -0.88% 8.70 0.03 0.023 1.919 30.43%
16 315.71 9/12/2012  -0.43% 5.00 0.03 0.0297 4.312 1.01%
17 24480 9/13/2012 0.86% 5.00 0.017 0.0157 2.280 8.28%
18 175.94  9/17/2012 1.54% 5.00 0.031 0.0298 4.327 4.03%
19 78.20  9/19/2012 0.31% 7.64 0.03 0.0235 2.233  27.66%
20 65.60  9/19/2012 0.25% 5.00 0.013 0.0128 1.859 1.56%
21 133.01 9/27/2012 1.00% 5.00 0.008 0.0075 1.089 6.67%
22 105.0  9/28/2012 0.45% 5.00 0.02 0.0229 3.325 -12.66%
23 111.80 9/28/2012 2.93% 5.00 0.021 0.0211 3.064 -0.47%
24 117.00 10/2/2012 1.08% 10.42 0.01 0.0124 0.864 -19.35%
25 103.80 10/2/2012 1.46% 5.00 0.036 0.0383 5561 -6.01%
26 103.80 10/2/2012 1.75% 5.00 0.04 0.0385 5.590 3.90%
27 161.18 10/3/2012 0.65% 5.00 0.025 0.0248 3.6009 0.81%

Note: The green shaded rows are meters that do not comply to the +12% accuracy criteria.

As shown, the results of the sound speed of each field test verify that the aofuhecreference device
was within £5percenbof the sound speed criteria, indicating the reference devices were performing
adequately

The volumetric flow accuracies of the evaluated turnouts range-B@percento 39percentSeven

evaluated turnats, which serve about 1,200 acres, do not meet theert2nivolumetric flow accuracy

criteria of the SB X77. This equates to about pércentof the total sample set acreage. Pursuant to CCR
8597.3(b)(2), the threshold percentage criteria for notingete +12percenflow accuracy requirement
must be equal or below ercentof the sampleseT her ef or e, MI Dbs test result
accuracy criteria of the Regulation for turnouts with meter measurement configurations.
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Status of SB X-7 Flow Measurement Compliance (CCR
8§597.4(e)(4))

MID has completed compliance investigations for turnouts with a meter measurement configuration and
has concluded that the flow accuracy criteria of the Regulation for turnouts with meter measurement
configurations have been met.

For accounts with a meter gate configuration, MID has begun exploratory evaluations of select accounts
in conjunction with its pilot testing of various flows measurement devices. Accounts have been selected
based on known measunent configuration issue®nce the pilot testing is complete, MID will begin a
systematic evaluation of all accounts with meter gate configurations. It is expected that this effort will
prove more difficult due to the wide variety of upstream and dovarstmnditions associated with

meter gate configurations.

The 334 accounts (27 percent of the total number of accounts) that are deernethpliaint with the
Regulation will be addressed in the corrective action plan.

The 188 accounts (10 percent of tiotal accounts) where additional attribute data must be obtained are
currently being addressed i n MIOD this €fbrtSs complete nt or vy
these accounts will be evaluated for compliance with the Regulation sintifer above.

Water Measurement Corrective Action Plan (CCR 8597.4(e)(4))

MID has two primary measurement configurations: meter configurations and meter gate configurations.
Meter configurations have been deemed compliant with the Regulation and no weettins are
required.

Once the necessary data is collected on the 188 accounts that require additional attribute data (see above
discussion), these accounts will be categorized as including turnouts with meter measurement
configurations or with meter gaconfigurations.

Following this data effort, field testing of meter gate configurations will be performed. Once complete,
compliance with the flow accuracy criteria of the Regulation will be determined. Due to the number of
slant structures and the fabat MID has determined that these structures do not meet the required
measurement criteria, MID is anticipating that corrective action measures may be required to bring meter
gate configurations into compliance.

Draft Corrective Action Plan

In preparatio for developing a final corrective action plan, MID has been pilot testing various
measurement devices and evaluating necessary infrastructure changes (turnout types) that will allow MID
to ensure its meter gate configurations are compliant with the &egulA discussion of this effort

follows.

Meter measurement configurations have been shown to be accurate and cost effective, contingent on the
proper upstream and downstream conditi@isilar configurations will be evaluated for current non
compliantmeter gate configurations when conditions are favorable (i.e., pressurized on farm systems,
open systems where upstream and downstream hydraulic conditions allow for such installations).
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Another approach is to evaluate the existing meter gate structges ifat will be coseffective to

calibrate these standard gates to improve flow measurement accuracies by updating the discharge curves
Strategies will be developed to fielest these gate structures since their flows are a challenge to verify as
mertioned earlierAdditional water level sensor devices may need to be installed at these gates to record

and monitor upstream and downstream water level fluctuations.

New measuring structures may need to be designed and constructed to replace or mnifyneris
compliant turnoutsThese structures will have standardized specifications and calibrations to provide
accurate discharge rates for various flow conditidndescription of devices currently being pilot tested
by MID follows.

Constant-Head Orifice (CHO)

Figure F-10 Typical Installation of a Constant-

The C?onstanH.ead erflce (CHO) turnoutis Head Orifice (CHO) Measurement Configuration
one viable optionThis measurement I R ——— -

configuration isheing evaluated for Miy o S ﬁ"' '
Dr. Charles Burt ofhe Irrigation Training & P -
Reasearch CentdTRC) and includes an
adjustable orifice installed upstraaof existing
meter gatedt includes instrumentation and
sensors that can continuously measure waterp
depths in the upstream and downstream of the
orifice plate, resulting in a continuous flow .
reading and volumetric measuremdninay
require structuramodifications to some
turnout to be effective. Depending on the
installation configuration, it is assumed that

Figure F10.

A conce z | drawing of a
Rubicon hllation

Rubicon SonarayFlume Meter

The Rubicon Sonaray FlumeMeter with ultrasonic
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measure flow over time in either partial or full pipe flow conditidhmay also be retrofitted to
an existing standard delivery gate structomeethe existing gate is removed

The Sonary transit time measurement technology has been proven in the field for several years
now. It is designed to measure flow to within pércentA prototype of thisurrent
configurationis being fieldtested in Turlockand Oakdale Irrigation Distristfor turnouts

MID has installed one on the head of a smaltistieral for testing and other purpos8se
Figure F11 for a descriptive figure of said meter.

Mc Cr omet eiShie dda 5 ly eFadte Rrapeller &eter

The McCr omeheddiinh gfaciaghpepeker seters for pipe and open flow are
designed to shed debris while in operatibmey come with a standard instantaneous flow rate
indicator and flow volume totalizeFhey are specified to measure flatv+2percentunder

standard conditiong he saddldype McCrometer can easily be installed in a pressurized
pipeline downstream of a delivery gatéowever, for the open flow meter, an open concrete box
structure will need to be provided to install theteneDebris in the canals often get caught or
stuck in the conventional propeller meters if the water is not screened nelleversdacing
propeller meters are designed to improve on the trash Ssad-igures2 and F13 for more
information regading these meters.

Figure F-12 McCrometer bolt-on saddle reverse-helix propeller meter.
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C

5 Propeller

CONFIGURATION SHEET

VIODELV[0300SW

DESCRIPTION

The MO300SW is a bolt-on reverse-helix* propeller meter
designed to shed debris often associated with surface water
applications. The M0300SW is designed with the meter

REVERSE BOLT-ON SADDLE
SURFACE WATER FLOWMETER
at the factory to accommodate the use of any standard

McCrometer register, and since no change gears are used,
the MO300SW can be field-serviced without the need for

body tumed 180 degrees from normal, a propeller i lled
nose-first on the bearing shaft, and a reverse flow style
bearing assembly. This configuration allows the ell to curve
with the flow, allowing grass or other debris to shed off with
ease. The assembly design also reduces the ability of sand
and silt to accumulate in the bearing.

The M0300SW features a fabricated stainless steel saddle
with McCrometer's unique drive and register design.
The stainless steel saddle eliminates the fatigue-related
breakage common to cast iron and aluminum saddles and
provides unsurpassed corrosion protection. Fabricated
stainless steel construction offers the additional advantage
of being flexible enough to conform to out-of-true pipe.
The Model MO300SW is manufactured to comply with
applicable provisions of American Water Works Association
Standard No. C704-02 for propeller-type flowmeters. As
with all McC propeller fi S, dard feat
include a magnetically coupled drive, instantaneous flowrate
indicator and straight reading, six-digit totalizer.

The imp S are mant of high-impact plastic,
capable of retaining their shape and accuracy over the
life of the meter. Each impeller is individually c: d

factory recali 1. Factory lubricated, stainless steel
bearings are used to support the impeller shaft. The
shielded bearing design limits the entry of materials and
fluids into the bearing chamber providing maximum bearing
protection.

The instantaneous flowrate indicator is standard and
available in gallons per minute, cubic feet per second, liters
per second and other units. The register is driven by a
flexible steel cable encased within a protective vinyl liner.
The register housing protects both the register and cable
drive system from moisture while allowing clear reading of
the flowrate indicator and totalizer.

INSTALLATION

Standard installation is horizontal mount. If the meter is
to be mounted in the vertical position, please advise the
factory. A straight run of full pipe the length of eight pipe
d p: and five di dc of
meter is recommended for meters without straightening
vanes. Meters with optional straightening vanes require
at least three pipe di S up and two di
downstream of the meter.

* 4" meters use a forward helix propeller with a reverse register.

Iinstantaneous flowrate indicator
and straight-reading totalizer.
An optional FlowCom register is
also available

& S o,
'!‘lo-,n,‘,‘/

Typical face piate

APPLICATIONS

Surface Water

Water Containing Trash
Sand Producing Wells
Irrigation District Turnouts
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Figure F-13 Standard McCrometer open flow propeller meter, which can also be fitted

with a reverse-helix propeller.

M(; Propeller

CONFIGURATION SHEET

MODEL M 1700

DESCRIPTION

Model M1700 Open Flowmeters are designed to measure the
flow in canal outlets, discharge and inlet pipes, irmgation
tumouts and other similar installations. The M1700 series
meets or exceeds the American Water Works Association
Standard C704-02. Constructed of stainless steel, the meter
incorporates bronze mounting brackets that permit simple
installation and removal. As with all McCrometer propeller
flowmeters, standard features include a magnetically coupled
drive, instantaneous flowrate indicator and straight reading,
six-digit totalizer.

Impellers are manufactured of high-impact plastic, designed to
retain both shape and accuracy over the life of the meter.
Each impeller is individually calbrated at the factory to
accommodate the use of standard McCrometer registers, and
since no change gears are necessary, the M1700 can be field-
serviced without the need for factory recalibration. Factory
lubricated, stainless steel bearings are used to support the
impeller shaft. The sealed bearing design limits the enfry of

OPEN FLOWMETER

materials and fluids into the bearing chamber providing
maximum bearing protection.

An instantaneous flowrate indicator is standard and available
in gallons per minute, cubic feet per second, liters per second
and other units. The register is driven by a fiexible steel cable
encased within a protective, self-lubricating vinyl liner. The
die-cast aluminum register housing protects both the register
and cable drive system from moisture while allowing clear
reading of the flowrate indicator and totalizer.

INSTALLATION

The M1700 must be mounted on a headwall, standpipe or
other suitable structure so that the propeller is located in the
center of the discharge or inlet pipe. A sfraight run of full pipe
the length of ten pipe diameters upstream and two diameters
downstream of the meter is recommended for meters without
straightening vanes. Meters with optional straightening vanes
require at least five pipe diameters upsiream of the meter.
Please specify the inside diameter of the pipe when ordering.

The McCrometer Propeller
flowmeter comes with a
standard instantaneous

flowrate indicator and
straight-reading totalizer.
An optional FlowCom
register is also available.
Typical face plates.

Fecromit®

APPLICATIONS

The McCrometer propeller meter is the most widely used

flowmeter for municipal water and wastewater applications as

well as agricultural and furf irrigation measurements.
Typical applications include:

+ \Water and wastewater management

e Canal laterals

+  Gravity turnouts from underground pipelines
+  Sprinkler imigation systems

*  Golf course and park water management

Y - R
02346587

96

FlowCaom Rugistor

e M Croeraar. cam
-

3

SonTek IQ-Pipe
Figure F-14

SonTek IQ-Pipe instrument sensor
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The SonTek IGPipe
may be bottom or top
mounted to measure
flow volume accurately
in either full or

partially full pipe It
uses acoustic Doppler

flow velocity to within
t+1percentaccuracy.
SeeFigureF-14 for a
descriptive figue of
this meter.

There are various other
manufacturers that are
promoting or currently
field testing various
high precision insertion
type magnetic meters
that are battery
operated and may be
mounted on a saddle
for ease of installation
and operationMID has
joined up with

McCrometer to test its newly developed battery operated insertion magnetic meter this winter
(2013/2014)McCormeter is also working on expanding this series beyofidct?pipe

diameter to 18nch pipe diameter.

Appendix F
Page -19



Merced Irrigation District i Agricultural Water Management Plan

Schedule, Budget, andFinance
Schedule

2013 Continue pilot testing of measurement devices and configurations
Begin field testing of turnouts with meter gate measurement configurations.
2014 Complete pilot testing of measurement devices and configurations
Complete field testig of turnouts with meter gate measurement configurations
Perform compliance evaluation for meter gate measurement configurations
2015 Finalize Corrective Action Plan
Begin Implementation of Final Corrective Action Plan
2016 and beyond
Continue Implementain of Final Corrective Action Plan

Budget and Finance

MID has not yet determined the method of financing necessary improvements to comply with SB
X7-7.The Districtds pol i cyedindghg aforamentianedtmhsteswateri | | o
managemenlanning effort Options being considered include:

1. MID to purchase, install and construct necessary improvements
a. Build into long term capital plan (including plan funding mechanisms)
b. Provide a surcharge on growero6s bill s t

2. Growers must perform such improvements at no cost to the District as a condition of
service

3. MID provide financing for growers to perform necessary improvements

The final corrective action plan will also be incorporated into said MID master planning effort,
providing for a prioritized financing and phasing plan to make the necessary turnout

i mprovements (infrastructure and device purch
compliance with SB X77.

Appendix F
Page -20



Merced Irrigation District i Agricultural Water Management Plan

ATTACHMENT 1
Excerpts fr om SBIKé7 Row RatenMeastirement @ompliance for Agricultural
Il rrigation Districtso prepared by Ilrrigation Tr ai
Geer, July 2012)
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