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Executive Summary

The Scott Vallelg an agricultural groundwater basin in Northern Catifa, within the Scott River
watershed and part of the much larger Klamath Basin watershed straddling the Califmegan
border. The Scott River provides important habitat for salmdisig includingspawningand
rearinghabitat forcoho and falirun Chinooksalmon and steelhead trouBufficient flows at
adequately low temperatures during summéor rearingandfall, for spawningare critical for
healthy fish habitatn the mainstem and tributaries

This report presents the data assembled dhd methods used for data analysis and data
modelingto prepare theScott Valley Integrated Hydrologic Modé&rsion 2 which is currently
under developmentThe reportincludes precipitation data analysis, streamflodata analysisand
modeling geology andyroundwater datareviewand analysis, evapotranspiration and soils data
analysis andpreparation of relevantvatershed, land use, topography, and irrigation dathe
data collection and analysis efforts culminate in tevelopment ofa spatiotemporally
distributed soil water budget model for the Scatalley.The soil water budget model is used to
determine spatially and temporally varying groundwater pumping rates, surface water diversion
rates, and groundwater recharge across the groundwater basin. Jdteakresolutionof the soill
water budget modeis by individual fieldfand use polygons)remporal discretization is in daily
time steps for the period from Octolbd, 1990 to September 30, 2011. Th&iod includes
several dry yearsaverageyears,and wet year periodsMethods and results of the soil water
budget model are presented in this repoiithisreport represents the nexstep toward a better
understanding of the interactions be&een groundwater, surface watdgnduse andagricultural
practiceswith a specifidocuson the seasonal impacts of groundwater pumping on streamflow
during critical low flow peads.

The work presented herelieson an extensive data collection facilitated by the voluntary and
active collaboratiorof communities,andowners, the Scott Riv&Vatershed Council (SRWg
Siskiyou Resource Conservation District (SRaID)theScott Valley Groundwater Advisory
Committee (GWAGyhich has been appointed by the Board of Supervisodanuary 2011,
meeting monthly sincépril 2011 and advising Ufavison itsdata collection ananodeing
efforts.

In thedataanalysis and during theodeldevelopmenthumerous assumptions have been made
as is common in building a conceptual and numerical integrated hydrologic ndeéls cannot
represent the complexity of the real system, laut an effort to capture salient hydrologic
features with sufficient accuracy to develop modelnegultsthat areuseful for a better
understanding of the watershedynamicsandwater balance.

A keyfeature of the integrated hydrologic model includes that individual fields and other
individualland use parcels areharacterized by a set of properties (or attributes) that include:

1 Land useallland usehas been simplifieth that we dividedthe diversity of land usanto four
maincategories: 1) Alfalfa/grain rotation, 2) Pasture, 3) land use with evapotranspiration but
no irrigation (includes natural vegetation, natural high water meadow, misc. deciduous trees,
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trees, riparian vegetatioly and 4) lad use with no evapotranspiration and no irrigation, but
with potential recharge from precipitation via soil moisture storage (barren, commercial, dairy,
extractive industry, municipal, industrial, paved, etc);

1 Soil type: characterized by water holding cejpa For the Scott Valley, we are using a root
zone depth of 4 fandalso evaluate a hypothetical roabne depth oB ft;

1 Irrigation efficiency, which is usually determined by irrigation type. In the Scott Valley, flood,
center pivot sprinkler, and whedine sprinkler irrigation are used almost exclusively; we also
consider historic conversion of some fields from flood or sprinkler irrigation to center pivot
irrigation, based on a review of 199Q011 aerial photos;

1 Water source: groundwater, surfaceater, subirrigated (shallow groundwater table), mixed
groundwatersurface water, and noirrigated (dry land farming).

Otherkeyassumptionsand simplificationsnclude:

- the attributes of each polygon (landuse, irrigation type, irrigation source) do resigeh
throughout the 21 year periodxceptfor conversion from sprinkler to center pivot on
documented alfalfa/grain rotation fields;

- irrigated water isappliedcontinuouslyand uniformlyoverthe entire irrigation period a
simplification of the actual irgation practice, where irrigation is applied during a number
of specific irrigation events, the timing of which varies from field to field; also, the
simulation does not account for irrigation namiformity within fields or between fields;

- applied irrigdion amounts arecomputed based on cropvapotranspirationwhich has
been estimated from climate data; irrigation amounts adjusted for precipitationsoil
moisture availabilityandaccount for commonly assumexigation efficiency of the
irrigation system Thisconcept has been developed for the California Department of Water
Resource$CDWRConsumptive Use Prograi@rang et al., 2008)

- reference ETa key driver for simulating irrigation applicatiomscalculatedrom climate
station datausing he NWSETO program developed at UC Davis and is based on the
Hargreaves and Samani (1982) equation;

- the startof the irrigation season isiggered by soil watedepletionto 45% of soil water
holding capacity (equivalent to a depletifactor of 0.55), re@mmended byFAO
Publication 56Table 22

- direct uptake from shallow groundwater table is not accounted for in the soil water budget
approach but will be simulated in the integrated hydrologic model that is currently under
development

The soil water budgeapproach presented here does not represent a complete water budget for
either the surface watershed or the groundwater basin, since it does not include stream
groundwater interaction or evapotranspiration off shallow watable from nonirrigated cropsor
natural landscapeglowever,a streamflow regression analysis is performed to estimate all
monthly tributary inflows into the Scott Valley based on incomplete sets of measured data. A
complete surface watershed or groundwater basin budget requirestagrated groundwater
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surface water model which is now under development (Scott Valley Integrated Hydrologic Model
Version 2to be completed by early 2014

Output from the soilwater budget simulatiomncludesdaily land use polygofiield) specific soil
water fluxes inwater years 1991 through 2011. Theme aggregated to provide monthly, yearly
and longterm average rates by polygon, by land use, and by subwatershed.eport presents
and discussethe followingoutput results obtainedrom the soil vater budget simulation

irrigation fromsurface water and groundwater sources;
- recharge
- crop evapotranspiration under optimal irrigatiofno shortage);

- actualevapotranspiration after accounting fimited available water in the root zone
(limited surfae water supplies, no irrigation

- water uptake deficiency

Results of the soil water budget modate typical of Northern California, given tha&nd use,

irrigation water source, irrigation type, and precipitation agigenthe limitations listedabove to

build the soil water budgetmodel.For example, average monthly recharge and pumping rates
indicate strong seasonal changddost pumpingoccurs duringgummer maths and most

recharge occurm late winter and early spring. On pasture, significant rechargg also occur

during the irrigation season due to widespread surface water flooding at rates that are
significantly higher than crop water use (relatively lower irrigation efficiennoyugust

September, geamflow available for flood irrigation decrses significantly leading to increased
pumping onsomepasture fields, typically at higher efficiency than with flood irrigathonl,

hence, less rechargeRecharge in alfalfa is highest in July and August, when all fields are fully
irrigated. Fields igrains (12.5% of the alfalfa/grain cropping area) are fallow after their harvest in
Julywithout significant recharge or pumping in August and September. During the winter months,
differences in the amount of recharge between the three land cetegoriegeflect varying levels

of soil moisture depletion and slight differences in average soil characteristics across each land use
type, mainly hydraulic conductivity and water holding capacity.

Simulatedrrigation amounts have been compared witbld-estimaed applied water values
provided byalfalfa and pasture irrigators engaged in tBeott Valley Groundwater Advisory
Committee (GWACWVe find that he water budget model significantly overestimates the amount
of applied water compared with groweeported ratesand compared withrecent field measured
amounts Hence, the currenapproachwill need further developmento reconcile thedifferences
between the Edased soil water budget model and field irrigation rate dathelargest
discrepancy ifoundin the amount of irrigation applied to alfalfavhichthe modeloverestimates
by 25%0r more given the reported valueBrobable explanatioafor the discrepancynclude
uncertainty in the available evapotranspiration and reference evapotranspiration ratedféifa
and the lack of accounting for irrigation namiformity. The latter may effectively lead to higher
than assumedrrigation efficiencyNew dataare collected inan ongoing field campaignThesewill
be critical toupdateirrigation ratesin future versions of theoilwater budget model.
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The currentsoil water budget modéhas two important characteristics that make it rather useful
for understanding the hydrology of Scott Vall&y:it has been developed to alldar rapid
adjustment ofinputsand/or modelassumptionsResults can be refineth the future,and further
sensitivity analysis and tests can be perfornasthew databecomeavailable; and 2) it istaol

that has been developed in close collaboratiothAocal stakeholdersagency pesonnel, and
scientists, whichs critical forconstructivediscussion of different water managemesitenarios
and to mitigate conflicts
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2 Introduc tion

The Scott Vallelg an agricultural groundwater basin in Northern California, within the Scott River
watershed and part of the much larger Klamath Basin watershed straddling the Califmegan
border. The Scott River provides important habitat§aimonid fish, including spawning and
rearing habitat for coho@nchorhynchus kisutgland fallrun Chinook salmonQnchorhynchus
tschawytschaand steelhead troufOnchorhynchus mykissSufficient flows at adequately low
temperatures during summer, foearing, and fall, for spawning, are critical for healthy fish
habitat in the mainstem and tributaries.

During the dry summer, streamflow in the Scott Risygstemis low andreliesalmost entirelyon
groundwater return flow l§aseflow from the alluvial quifer system underlying Scott Valley.
Summerstreamflowsin dry yeardhavebeen markedly lower simcthe late 1970s, when compared
to the 1940s to 19608oth Van Kirk and Naman (2008) and Drake et al. (2000) concludeal that
statisticallysignificant cotribution of this downward trend is due to climate effects represented
by reduced snowpack at lower elevations, while Van Kirk and Naman (260&) statistical
analysisalso asserted that groundwater pumping for irrigatiand increased consumptive wat
usewas a significant caus@A. physicallypbased groundwater model was used $y5. Papadopulos
& Associates (2012p estimatepotential late summer/early fall stream depletion impacts
associated with groundwater pumping for irrigation

As a result ofdw streamflow; but also due to the lack of widespread riparian vegetation,
temperatures in the Scott River mayceedcritically high temperatures during the summer
months(North Coast Regional Water Quality Control Bo&tdffReportfor the Action Plarfor
the Scott River Watershed Sediments and Temperature TMADLS).

A groundwater (GW) study plan was requested of Siskiyou County and it&/Slbeyt

stakeholdersas set forth in the Action Plan for the Scott Riéatershed Sediment and

TemperatureTotal Maximum Daily Loa@MDL adopted Dec. 2005 by the Regional Water Board
[RWB]). TheAction Plan sets forth the elements to be contained in the GW Study iPkro

identifiesthe needs of the RWB for certain information to be developed from themgavater
studiesproposedin the GW Study Plan. It has been agreed by Siskiyou County and Regional Water
Board staff thabetter knowledge othe hydrologyandalluvial aquifelis needed to develop a

possible array of solutions to water isswussd associed problems. Siskiyou County with its
management jurisdiction over groundwater (the RWB has water quality jurisdiction over GW

under the PorterCologne Actls committed to takinga communitybased approach to

implementing the GW Study Plafhe Scott Viiey Community Groundwater Study Plan was

developed by the University of California at Dakdarter and Hines, 200&vith the voluntary

assistance of communities, landowners, the Scott River Watershed Council (SRuV),

Siskiyou Bsource ConservatioDistrict (RCD. The GWStudy Planwas adopted by the Siskiyou

Couwnty Board of Supervisors in Febru@g08.The primary goal of the GW study plandis¢ 2

provide a scientific approach that can be used by Siskiyou County, the Scott Valley community, the
GFEGS 2F /FEAF2NYALIS yR 20KSNJ AYyGSNBadiSR LI NI
NBE&a2dz2NDS&a FyR GKSAN ST {Hadeiian@Hnesi 208K I OS 4 G SNI N
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Subsequently, he Board of Supervisom@ppointed the Scott Valley Grouwater Advisory

Committee (GWAC) in January 2011, a group which has been meeting monthly since April 2011
This committee supersedes thele of theWatershed Council (SRWC) for representing the
communityon groundwater matters

The GW Study Plan provides averallcourse of action to achiewibe following overalstudy
objectives:

1. consider groundwater occurrence throughout Scott Valley,
2. evaluate effects of groundwater on health of riparian vegetation,
3. evaluate effects of water use on ScotteRiffows,

4. identify opportunities and potential solutions for increasing water storage and/or addressing
Scott River temperature issues, and

5. develop a tool capable of investigating groundwater hypotheses, such as those developed by
the Scott Rrer Watershed Council.

The GW Study Plan wantended to be a living blueprint of the hydrologic, ecologic, water

resource management, and agricultural management research needs and of the investigative
approaches that can be taken to develop managemeatfices that meet the mandate for

protection of water, agricultural, and ecological resources in the Scott Valley. The GW Study Plan
summarizes the current status of knowledge about the hyagoo-eco-geography of the Scott

Valley and outlines potentialggproaches to addressing critical current research needs. Individual
future study projects and tasks are described and schedidexdficiently and timely make best

use of funds to collect the information and data needed.

The GW Study Pladentifiesfurther comprehensiveanalysisof existing data and development of
new integratedgroundwatersurface water assessment toals a critical need. These tools are
needed tounderstand the groundwater hydrology of the Scott River system and its relationship to
surface hydrology, especially in areas where groundwater could affect Scott River water
temperatures, potential riparian vegetation, and habitat connectivity for anadromous fish.
Without integrated, interdisciplinarknowledge of thegroundwater hydrology o$cott Valleyand

its dynamic linkagewith streamflow; solutions to specific issues outlined in the Scott River TMDL
and Action Plan will not be possiblBaseline datare needed to determine the best approach in
the design and implementation of watergjects water management alternativeand strategies

to protect anadromous fish while also providing tanrrentusers of water, including agricultural
operations.

With the voluntary assistance of communities, landowners, the SRWGWA, and the Sislou

RCD, thiseport provideskeyelementsproposed bythe GW Study Plaasset forth in the Scott

River TMDL Action Plahhis report provides a review of data collectesihce the publication of the
GW Study Plaand the various analyses performaaprepare theScott Valley Integrated

Hydrologic Modellt includesprecipitation data analysis, streamflow analysis and modeling,
evapotranspiratiordata analysis anthodeling, soils and groundwater data assembly and analysis,
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landuse and topography data ansily, and development and analysis &fcal water budget model
to estimate fieldby-field dailypumping and groundwater recharge in the Scott Valley for Water
Years 1992011 A separate report will be prepared on tigegrated hydrologienodeling efforts

with MODFLOWonce completedby early 2014

In this report weoccasionallyefer to Version 1 and Version 2 of the Scott Valley Integrated
Hydrologic Model: Versn 1 corresponds to the initigiroundwater flow model developed with
MODFLOW2000 (Harbauglet al., 2000) by a graduate student (Ryan Hines) andcafidrated
against measured water level dat/hile unpublished, several presentations have been given on
this toolat the community and agency level, which is the main reason for distinguiskeng th
version currently in development from these earlier effoi®rsion 2 is a revised integrated
hydrologic model, also using MODFLQW@DO and its Strearrlow Routing Package, but with an
improved waterbudget representation including more detailedand realisticrepresentation of
irrigation practices and cropping patterns in the Scott Val®y the development of Version 2,
additional data collectiorand analysisvas conducted to develofhe new soil water budgenodel
and to improve theconceptual basiof the integrated hydrologic modeThis report combines
relevant data first collected during the Version 1 development phase and all of the additional data
and data analysis prepared for the Version 2 modeling effort in a single, comprehensive
document.

The motivation for developing e integrated hydrologienodeing toolsis based on
acknowledgindghe importance of:

1. understanding howast and currenpumping affects groundwater flowts the Scott River
and howalternativefuture water management actities affect groundwater flow
2. helping mediation of conflicts between:

a. Landowners in Scott Vallesnostlyfarmers depending on agricultural pumpifay
crop production,

b. Indian tribesdownstreamand commercial fisheries effoast that depend o
healthyfish populations,

c. California Department of Fish andildlife, the U.S. Fish and Wildlife Service and
the U.S. National Marine Fisheries Servesponsible for the implementation of
the state and federaEndangered Species AESA; 16 U.S.C. 1531 et ¥eq.

d. North Coast Regimal Water Quality Control Boar8tate Water Resources Control
Board,and U.S. Environmental Protection Agenegponsible for the
AYLX SYSydl A2y 2ChloghdWaterfQaialiy Goht@IFAct angl th& S NJ
Federal Clean Water Act.

A cdlaborativeand openapproachhas been establishedvolvingmanystakeholders, including
local landownersValley residents, native tribegsnd fisheriedo developacceptableconcepts
consistent with scientific as well as local knowledge ofsytem Furthermore, there is a general
need to improve communication between sciengistegulatory and planning agencies,
environmental advocacy groupsnd diverselocalregional stakeholdergroups to develop
sustainable water resources management. This stadgsigned as part of an effort to benefit
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these diversestakeholdergroups and communitieby fully integratingcurrently available dta,
modern scientific methods, locaégionaleducation and publicoutreach

In the following chaptersanoverview of tle study area, a detailedescription of the data
collection effortand of the methods used for data analysesjescription of theconcepts of the
soil waterbudgetmodel, and extensive results are present&tiis information provides the
foundation for the forthcomingintegrated hydrologienodel(Version 2pf the Scott Valley.
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3 Study Area

3.1 Physical Setting

The Scott Valley is located in the Klamath Mountains of Northern California, approximately 30
miles south of the Oregon border in Siskiyou CouBtypt Valleyis approximately 25 miles long

and 10 miles wide at the largest point, although much of Scott Valley is less than 3 miles wide. The
Scott River flows through the eastern and northern part of the valley, from south to aodth

across its northertflank to exit the Valley at its northwest corner towatte Klamath River.
Approximately 8,000 people live in Scott Valley and its two towns of Fort Jones and Etna. Land use
and the local econmy aredominated by agriculture, primarily beef catttaisingand forage

production (alfalfaand grainhay and pasture).

3.2 Geologic Setting

The geologic formations in the Scott Valley can be divided into two units, the surficial alluvial
deposits, and the underlying bedrock that also comprises the upland areas suimguhdValley.
The consolidated bedrock history of the Scott Valley area consists of a complex process and
accretion and metamorphosis of several Klamath terranes. The Scott Valley is a tectonic
Quaternary basin situated within the Palezoic/Mesozoiari@iln Mountains Province. The
terranes identified in the Scott Valley area contain similar rock type and all are of marine origin,
with the exception of plutons and intrusions. The formation of the modern alluvial Scott Valley
occurred in recent geologtane, approximately 2 million years ago (MYA), by BasthRange
extensional tectonics.

Consolidated bedrock terranes in the Scott Valley area are, from east to west, progressively
younger, with older terranes situated structurally beneath younger dagposhe Trinity and Rail

Creek terrane plagiogranites, located in the southeastern uplands of the Scott Valley area and
forming a portion of the uplands drained by the East Fork of the Scott River, are the oldest
tectonic rocks identified in North Ameg@nd mark the oldest convergent (n@natonic) margin
identified in North America (Elder, personal communication, 2009). A succession of terranes were
accreted or deposited on the area between 450 and 130 MYA and are, in succession: Yreka
terrane, Cental Metamorphic belt, Stuart Fork terrane, and Western Paleozoic and Triassic belt
(Sawyers Bar, Western Hayfork, Rattlesnake terranes). Several intrusive events occurred over this
time period as well, creating the mafic intrusive complex (MIC) rocksntratded into the Trinity
terrane and consist of pyroxenite and gabbro, and the intrusion of major Klamath plutons (Russian
Peak) consisting of diorite to granodiorite in the period between 174 to 138 MYA (Elder, personal
communication, 2009).

Structuraly, the Scott Valley consolidated bedrock deposits range frorSgreian to Jurassic and
possibly Early Cretaceous age, and consist of the following strata in order of upward succession:
Abrams and Salmon schists, the Chanchelulla formation of Hireengiones which correlate to
either the Copley greenstone or the Applegate group, and ultrabasic and granitic intrusive rocks
(Mack, 1958; State of California, State Water Resources Control Board, 1975).
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Over time, the current Klamath Mountains underwemt aplifting sequence with the last major
episode occurring 4 MYA, which accompanied a tilting of the Western Cascade ranges. Faulting
and subsequent uplift of the Klamath Mountaicausedhe formation of a tectonic graben, of

which Scott Valley is the w&ern-most portion (Elder, personal communication, 2009). The
current hydrographic position of the Scott Valley is controlled by activity that occurred along two
of the principal faults forming the tectonic graben, the northern Greenhorn fault and théanes
Scott Valley fault. Indications are that the early course of the Scott River ran-sorithand
intersected the Klamath River at a point further to the east than currently, with the area
comprising the current lower Scott River canyon belongingdeparate watershed. The activity
along the Greenhorn and Scott Valley faults, however, caused a dip in the alluvial Scott Valley
during the Quaternary period which resulted in the Scott River altering its course in the northern
section of the alluvial \eey and turning almost due west, capturing several tributaries as well.

The activity along the Scott Valley fault also contributed to this stream capturing, and resulted in
the realignment of several existing tributaries, which has left remnant alltasal which are now
stranded (referred to as Pleistocene alluvium in Mack, 1958). The dip associated with activity
along the Scott Valley fault has also resulted in a tilting of the bedrock across the valley floor from
east to west, with a dip also in thertherly direction associated with the Greenhorn fault (Elder,
personal communication, 2009).

The maximum exposed thickness of these remnant a@lfamn deposits is projectetb beless than
50 feet. The deposits are poorly sorted and consist of sandityclay with welrounded
granodiorite, serpentine, chert, and quartzite boulders that average 1 foot in diameter. In the
northern portion of the Scott Valley, the remnant allaMan depositsarefound in isolated

patches along the edges of the Gfmo Creek Valley and Quartz Valley, padsibly neaEtna
Creeknear the town ofEtna Those deposits along Quartz Valley Bmé& Creek represent old
alluvial fans formed by Shackleford and Etna Creeks. The alluvial fans consist of poorly sorted
boulders of westeramountain origin set in a matrix of brown sandy clay to a depth of
approximately 100 feet (Mack, 1958).

The remainder of the alluvium located in the Scott Valley is from a more recent time. It is
composed of alluvial fan deposits, and strealrannel and floodplain deposits related to the

present course of the Scott River and its tributaries. The recent alluvium ranges in thickness from 0
feet to possiblygreater than 400 feet in the western portion of the Scott Valkyits widest point.
However, there is no evidence of alluvrahbterial sufficiently coarse to support groundwater
pumping below depths of 250 feethe thickness of the alluvium decreases to both the north and
the south. The alluvial deposits vary greatly in composition basespatial distribution. Along

the west side of the valley, from Etna northward to Quartz Valley, the principal streams have built
large bouldery and cobbly alluvial fans which are generally most permeable in their mountainward
reaches (fan apex). Thearinel deposits of these streams differ with regard to the percentage of
granitic bouldery material which they contain, ranging from mainly finer clay and sand to larger
gravel and granitic boulder debris. The composition of the alluvium deposited byiltléaty

streams to the Scott River differs widely. While most of the tributaries run dry during the early
part of the summer, due to irrigation diversions and infiltration of streamflow into the coarse
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gravel of the fanhead areas, other tributaries sashCrystal Creek maintain flow throughout the
year owing to the relatively impervious nature of the underlying granitic rocks which prevent
infiltration of streamflow to the groundwater aquifer (Mack, 1958).

At the downstream edge of the alluvial fansetalluvium becomes progressively less coarse
ranging to fine sand, silt, and clay. Groundwater well logs from these areas have shown that
alluvium consists of lenses of wateearing gravel confined between fairly impermeable beds of
clay. The alluvium ithis zone is much less permeable than the floodplain and stream channel
deposits of the Scott River (Mack, 1958).

3.3 Data Availability and Assessment

Tablel presents a summary of available data with informat@mndata sourcs. In the following
sectionsdatasourcesand methods of data analysese described in more detalExtensive

analysis has been performed on all of these datasets to prepare input for the soil water budget
model describedn Sectiondl0 and 11, and for th&cott Valley Integrated Hydrologic Model

Version 2 currently being developedlll data are archived either in Microsoft Excel spreadsheets

or in an ESRArcGIS geospatial database using UTM 10 (NAD83) projection. The soil water budget
model is written in FATRAN code, which reads the necestaxi/files prepared usingrcGIS and
Excel.
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Tablel Summary of available data

Data

Data source

Contact person or
website

Notes

Climate Data

1 Average max daily

National Climatic Data

http://www.ncdc.noaa.go

These inputs are used in the NWSETO

temperature Center (NCDC) v/oa/ncdc.html program to calculatéhe reference
1 Average min daily evapotranspiration (k).
temperature Stations examined included Callahan (CA
1 Max and min humidity Fort Jones Ranger Station (FJIN), and
1 Wind speed Greenview. However, the Greenview datg
1 % cloud cover was incomplete and was not used. For hg
f  Precipitation CAL and FJN, data for precipitation, snow
amounts (in vater equivalents), and
minimum and maximum temperatures wa
downloaded from the NCDC.
StreamflowData
Streamflow USGS, DWRRCD http://cdec.water.ca.gov/ | Gauging data available fdBcdt River Ft.

RCDOdata: seetable 4

Jones (USGS 11519508hackleford Creek
near Mugginsville (F25484); Mill Creek ne
Mugginsville (F25480); French Creek at
Highway 3 near Callahan (F25650); Sugaq
Creek near Callahan (F25890); Scott Riv¢
East Fork, at Callahan (F26050); &cdtt
River, South Fork, near Callahan (F2810(
Mofett Creek, Etna Creek, Patterson Creg
and Kidder Creek.

Data used to create the GIS layers

Elevation data

Gesch2002,2007
LiDAR data,2010 (North
Coast Regional Water

http://ned.usgs.gov
Watershed Sciences, Inc
obtained from the

Used for the thalweg definition

Quality Control Board, | NCRWQB
NCRWQB)
Model extent Mack Report Mack, 1958 Modified for this project.

Land usewater source,
irrigation methods

California Department of
Water Resources,

Division of Planning and
Local Assistance (DPLA

http://www.water.ca.gov
/landwateruse/lusrvymai
n.cfm

Detailed inputs were provided lWAC
and have been used to update the DWR
map.

Soil type, water holding
capacity

Soil Survey Geographic
(SSURGO) database

The Natural Resources
Conservation Service
(NRCS) National
Geospatial Management
Center.
http://soildatamart.nrcs.
usda.gov/

Wells

California Department of
Water Resources

Wells were gedocated using a mukstep
procedure depending on the information
contained within the well recorsiobtained
from DWR(see Sectio). Some well
locations werevisuallyverified in the field.
No measurements were performed.

Scott Valley Tributaries

Mack report

Mack, 1958
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4  Precipitation

Precipitation in Scott Valley is dominated by storms approagtie Valley from the west and

south. Thevalleyis therefore in the rain shadow tfie mountain rangesurrounding it to the

west and southPrecipitation stations in Scott Valley are spamsainly concentrated in the

central andwest part of the valley Two stations have nearly complete record of daily datance

the 1940s To determine the most representative precipitation time series for the soil water mass
balance, several methods of precipitation estimation for the valley were evaluated.

4.1 Precipit ation - CDEC Dataset, Monthly \alues for Callahan and Ft. Jones Only

The California Data Exchange Center provides monthly precipitation records (accumulated
precipitation in each month), in inches/month, for the Callahan (CAL) and Fort Jones (FJN9.station
Both sets of data were retrieved from the CDEC website on 6/28/2@12 /(cdec.water.ca.govy).

The National Weather Service operates the CAL station, the U.S. Forest Service is responsible for
the FJN stationlTo obtain annual precipitation totals, monthly dateere added for each site for

each water year (WY). A water year, commonly used in hydrological statistics, begins on October 1
of the previous calendar year and ends on Septemi@enf2he current calendr year.

Years198mcpy o |G GKS /! [ adrdirz2zy 6SNBE NBO2NRSR | &
from the initial analysis. Both, monthly and annual total precipitation at the CAL and FJN stations
for WY 1944011 show a relatively strong lineaetrd Figurel). The correlation coefficient3ris

0.82 for the monthly data and 0.77 for the annual totals indicating moderate correlation between
the upper and lower valley precipitation. This data set was originally emplayddvelop a
representative monthly precipitation time series (uniform across the Scott Valley groundwater
basin) as part of gersionl (a draft versiondf the Scott Valley Integrated Hydrologic Mod&he
average (mean) of the two annual data values wsead to estimate the Scott Valley rainfall per

WY. The linear regression equation obtained from the monthly totals was used to fill in the years
19811983 at the CAL statiofrigurel). With the CAL data series filled in, the aga annual
precipitation at CAL and FJIN is 21.3 in/yr for 12841, and 21.4 in/yr for 1992011. For WYs
19912011 (21 years), the average annual precipitation is 21.2 in/yr at FIN and only slightly higher,
21.5 in/yr, at CAL.
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Figurel. Linear regressions of the monthly (top) and annual (bottom) precipitation totals at Callahan (CAL) and Fort Jones (FJIN)
precipitation stations from 1944 to 2011, not including 198883, for which CAL data are missing in the CDEC dataset. Nate t

the plot of the monthly precipitation data is on a letpg scale and does not show months in which either of the two stations
recorded zero precipitation. The linear regression function is only shown for the annual precipitation data.

4.2 Precipitation - NOAA Dataset, Daily Values for Callahan and Ft. Jones Only

Daily precipitation data reported in units of tenth of millimeter [1/10 mm] was retrieved from the
NOAA websitehttp://www.ncdc.noaa.gov/cdeweb/) for the Callahan and Fort Jones sites,
GHCND:USC00041316 and GHCND:USC00043182, respectively, on June RZgu2en)?2 Kt.

Jones station data begin in 1936, Callahan station data begin in 1943.
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Summing daily precipitation dataot including missing days, for WYs 12441, the average
annual total precipitation is 17.8 in/yr for the Fort Jones station and 21.0 in/yr for the Callahan
station. The average of monthly totals (unadjusted for missing values, occurring predomatantly
the Fort Jones station), is 19.4 in/yr for WYs 12041 .Figure3 shows the monthly distribution of
the unadjusted monthly totals for the complete period of record. The average annual totals are
significantly lower than thosebtained from the CDE@onthly dataset (which are based on the
same station values, but the CDEC data are aggregated differently). This is due to missing values
being interpreted here as zero precipitation. This introduces a bias toward lower precipjtatio
which is addressed ifwo ways: by replacing missing values at one station with the values
measured at the second station (this section), and by using statistical andlysisibed irSection
44).

L

i ; o
USC00043176

o

AN
st

H9USC00041316%, g th o ol =

12'GeoEye
TerraMetrics

12 DigitalGlobe, %a ¥ ‘ e GO()SI@ earth_,

41°35'12:39" N "123°03'49.48" W elev 7253 {t Eye alt. 27.04 mi

Figure2. Precipitation gaiges in Scott Valley with data available through NOAA. USC00043176 was not used, since it is outside of
GKS 1 ftSe Fit22N® !{/nnnnomyH O2NNBalLlyRa (2 (KS /59/ &CWb¢

Aplot of the precipitationtime seriesat Fort Jones and Callahan shstvat the sites follow similar
precipitation patterns. Additionally, the peaks and troughs in the yearly precipitation are of similar
magnitudes for the comparison time period, 19g&sent.
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The Wilcoxon rankumtest was used to determine if the average precipitation (from the average
of the precipitation at Callahan and Fort Jones) provided a good approximation for each site. Both
time series compare to the average valley precipitation with 95% confidence ftherene

average valley precipitation can be considered a reliable model fordbt Balley.
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Figure3. Minimum, 25% quartile, median, 75% quartile and maximumadjustedmonthly precipitation (average of Fort Jones
and Callalan), 19442011. Missing daily data (mostly at the Fort Jones station) here counted as zero precipitation. See below for
adjusted dataset results.

For purposes oflassifying the water year type and fine soil water budget model presented

below, missinglata at one station (usually Ft. Jones) were replaced with measured data from the
other station, rather than assuming zero precipitation on days with missing values and averaging
GKS (g2 adliA2yaqQ gl tdzSad ¢KAa tikBeeSKENE & A St
Valley groundwater basin precipitation, with daily varying values for WY-2991. This data

series is in addition to the monthly average time seriez{i8n 41). A more refined method for
estimating missing data in this data serigeslescribed irsection 4.

Table2 and Table3 summarize the information collected from the NOAA internet.ditete that
the elevation difference between th€AL and FJ statiorssapproximately60 t. Yearly total
precipitation used in theoilwater budget modeis presentedin Figure4.

Table2. Information about the two precipitation stations used: Fort Jones and Callahan (from NOwtp://www.noaa.gov )

Fort Jones Ranger Station STN Callahan

NOAA Station Id©A043182 NOAA Station IdCA041316
Latitude:41°36'00N Latitude:41°18'40N
Longitude:122°50'52W Longitude:122°48'16W
Elevation2725' Elevation:3185'
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Table3. Longterm historical averaged monthly precipitation and annual total for Fort Jones and Callahan in inches (from NOAA,
http://www.noaa.gov). For this analysis, missing data at one stat are replaced by the value measured atelother station
prior to computing averages and totals.

Monthly Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Avg.
Precipt Annu
tation al Total

Fort Jones| 3.72 | 295| 2.43 | 1.34| 0.95 | 0.67| 0.42 | 0.58 | 0.74| 1.22 | 3.26 | 3.52 | 21.8

Callahan | 3.72 | 294 | 244 | 1.34| 115|082 | 046 | 0.35| 0.64 | 1.39| 295 | 3.1 21.3

35 -

30

25

20

15

Precipitation, inchesl/year

Figure4. Precipitation in inches/year. One single value is used daily across the whole v&l@ythis analysis, missing data at one
station are replaced by the value measured at the other station prior to computing averages and totals.
Theadjustedprecipitation dataare used to recalculate year types. Our analysis principally relies
on the analysis presented in Deas and Tanaka (2006). Wagegptheir analysis to also include
years 2005 through 2011. We recalculated the exceedance probability curve for the pericd 1936
2011, then used the percentile thresholds suggested in Tatler (Figure5) of Deas and Tanaka
(2006), which identifies dry years, and then select these years in oggétdmodeling period,

from 1990- 2011. Resultare presented irFigure6.

UC Davis 28 Final Report, April 22, 2013


http://www.noaa.gov/

Table 4. Expert Judgment Sample Classification System with Three and Four Year Types.

Year October Non- Year October Non-
Type through Exceedence Type through Exceedence
March 31 Probability March 31 Probability
Accumulated Accumulated
Precipitation Precipitation
(in) (in)
Dry X<102 X=14% Dry X=102 X< 14%
Nomal 102=X<217 14%=ZX<75% Below 1M02=X=<172 14% =X =50%
Mormal
Wet 217=X T5% = X Above 172X <217 50% <X <75%
Mormal
Wet 217X To% =X

Figure5. Expert judgment classificatiofrom Deas and Tanaka (2006), Table 4.
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Figure6. Analysis of precipitation to evaluate the year type.

Our results are in agreement with previous reports (Deas and Tanaka, 2005, 2006, 2009). The dry
and below normayears identiied in our study period are (listed in order from most dry to less

dry): 2009, 1991, 20011,994,1992 2005 2004, 2007,2010 2008 2002, andl993 The wettest

years inthe WY 199X 2011 period are 2006 and 2003 his order is slightly different frothat
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shown in Figure 4, since the year classificaisobased on Octobdvlarch data andloes not
include precipitation in April through September.

4.3 Precipitation - Watershed Method, Annual Average Total P recipitation

California Rivers Assessment (CARAx@mMputerbased data management system designed to
provide access to information and tools with which to make sound decisions about the
conservation and use of California’'s rivengg://endeavor.des.ucdavis.edu/newcard/ For the

Scott River Basin, CARA reports an average precipitation of 35.87 inches per year. The
precipitation coverage is represented in a precipitation map showing lines of equal rainfall
O0aAaz2KesSida ¢-termanean SnRub@etipithtidrydata compiled from maps and
information sources at the USGS, the California Department of Water Resources, and the
California Division of Mines. Source maps are based primarily on National Weather Service data
for approximately 800 precimation stations throughout California collected over a sixar

period (19001960). The minimum mapping unit is 1000+ acres and the isohyet contour intervals
are variable due to the degree of variation of annual precipitation with horizontal distance. The
CARA database utilizes a weighted average to determine a single value of mean annual
precipitation; the isohyet areas, after intersection, are multiplied by the average rainfall for each
isohyetderived polygon and divided by the total area of the CAR#ershed.

The CARA Model suggests an average precipitation of 35.87 in/yr across the watershed, much
higher than the21.6in/yr measured on the valley floor overlying the groundwater basin (see
Sectiord.2). The CARA watershed area of the Scott Valleydaslthe high precipitation and
snowfall areas of the uplands and mountains. Spatial analysis of the CARA isohyet contour map
against a satellite image of the Scott VallEig@re7) shows that the valley floor overlying the
groundwater basin has average annual precipitation values e22.8 inch isohyets. A spatial
analysis of the contributing isohyet aredsbled) yields an estimated yearly precipitation of 20 in
for the area overlying the Scott Vallgroundwater basin comparable to the NOAérived

estimation [Table3).

1 On 6/29/2012 the UC Davis Information Center for the Environm@t)(lvas contacted to see how they created the
CARA model. The response from ICE suggested that the model was outdated and use of PRISM
(http://www.prism.oregonstate.edu)j or other more recent models woulcebmore appropriate.
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Table4. Scott Valleyprecipitation, CARANnodel approach

Average Precig
per Isohyetalun Area Relative

Basin

Valley Floor
Relative

(in) (acres) Contribution Contribution
18 72130.97 0.14 0.56
22.5 57635.41 0.11 0.44
27.5 88116.19 0.17 N/A
35 127505.25 0.24 N/A
45 88614.9 0.17 N/A
55 55521.7 0.11 N/A
65 20445.65 0.04 N/A
75 10077.12 0.02 N/A
85 933.1 0.00 N/A
| Average Precip (in/yr)= 35.87 20.0(]

e e
3 0 3 6

3 0 3 6 9 Kilometers

9 Miles

California Rivers Assessment
Historic Precipitation Data

(A)

UC Davis

(B)

Figure7. CARA isohyet overlay for th8cott Valley(A) with aerial photo (B)
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4.4 Considering Spatial Trends in the Precipitation Modeling Method

NOAA has precipitation stations not only at Fort Jones (station ID USC00043182) and Callahan
(station ID USD0041316), but at twadditionallocations on the Scott Vallelobr, at Greenview

and at Etna (Figure)2As mentioned above, the Fort Jones data series is the longest, beginning in
1936, while Callahan data are available from 1943 to present. Otheossaliave significantly

shorter observation periods. The long historical datasets at Fort Jones and Callahan provide the
most representative view of the highly variable precipitation record compared to other stations.
But additional stations are valuable tietermine possible spatial trends in precipitation patterns
across Scott Valley. Furthermore, missing values at the Ft. Jones station (and the few missing
values at the Callahan station are here replaced with statistically based estimates of the
precipitaion on missing data days to obtain a more accurate record of daily, monthly, and annual
precipitation totals.

We use the NOAA precipitation data at all four Valley floor stations for further analysis and for
developing regression equations. First, datasvmspected visually and extreme outliers were
removed. Then, with use of StatPlus®, the upper outlier boundary was calculated

6 hdzil f A S NI whete MR 5 thé innerXuartile range). The subsequent data analysis was
completed without those outling Vaes.

The NOAA stations overlying the groundwater basin are located at Fort Jones, Callahan,
Greenview, and Etna. The Fort Jones and Callahan stations are discussed in sections 2.1 and 2.2.
The additional two stations are located in Etna and Greenvieval ltesidents report that

precipitation is generally lower near the eastside of the valley floor than the westside of the valley
floor. We used the additional precipitation records from Etna and Greenview to determine
whetherthe climate station data avaitde within the area overlying the Scott Valley groundwater
basinare sufficientto verify suchsignificantspatial trends

Besides being of significantly less extent in time, the temporal resolution of the reported data
differs across the precipitatiortagions: the Fort Jones and Callahan stations report precipitation
values daily in 1/10th mm. The Greenview station reports precipitation values only as monthly
totals in 1/10th mm. The Etna station reports precipitation values hourly in 1/100th in.

We appied a linear regression analysis to reconstruct complete precipitation records for the Etna
and Greenview stations for 194311, using StatPlus® software. The same regression procedure
was used to also fill in the few missing values in the Fort Jonethasd in the Callahan records

during that time period. Separate regression equations were generated for each of twelve

calendar months. For each month of the year, separate regressions were generated for each of the
four stations against all other threé¢adion records (12 x 4 x {4] regression equations). At each

of the four precipitation stations, the three regression equations were ranked separately for each

of the twelve calendar months by their correlation coefficient. Missing daily precipitatitan da

were then computed using the highest ranked statiorstation specific regression equation for
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which data at any of the other three stations were available. For the Greenview station, regression
equations were used to generate daily data from montlotat reported precipitation.

Daily data from October 1990 to September 2011 were compared for spatial precipitation trends
across the Scott Valley groundwater basin. Over the 20 year study period, the average yearly
precipitation, computed from the annuébtals during 1992011 for Callahan, Fort Jones, and
Greenview differed by less than 0.8 in (less than 4%), with values of 21.34, 22.05, and 21.27 inches
respectively. At the Callahan station, 88% of the yearly precipitation occurs from October to April,
while it is 90% at Fort Jones. Only abotmé&hes of precipitation occur during the irrigation

season, most of which would likely not reach the groundwater basin.

The Etna station recorded an average annual precipitation of 27.98 inches, approximately 30%
higher than the other three stations. FroRigure7, we can see that the location of the Etna
station places it on the edge of the model extent along the western mountains, not unlike the
Greenview station.

To determine the qualy of the estimated Greenview values, monthly precipitation from NOAA
was compared with estimated monthly totals of daily data obtained from the regression analysis
using a two sample homoscedastitest at alpha level 0.05. The test failed to reject thel
hypothesis H_0: p_1=p_2 (p=.05593), so we can conclude that the regrpesogutationvalues

do not significantly differ from the NOAA values.

With all missing values at Greenview, Ft. Jones, and Callahan replaced by regression estimated
values (it not considering the Etna data series), the average annual precipitation across all three
stations, for WYs 1942011 is 21.3 in/yr, for WYs 192011, it is 21.8 in/y(Figure 11)In

comparison, the average annual precipitation at Ft. Jones and Qaltathg with missing values
replaced by estimated values, is 21.5 in/yr for WY 12@21 and 22.0 in/yr for WY 192D11,
consistent with the average annual precipitation obtained from the CDEC dataset of monthly
precipitation totals (see above). The pigtation data from the NOAA and CDEC online
repositories are very similar, but not quite identical due to different handling of missing values in
the aggregation of daily data to monthly data. They also differ in the time steps and measurement
units of the reported values. But for practical purposes, these differences are negligible.

The precipitation measured at the Etna station often differs markedly from the values measured at
the other stations, which prompted additional data analysis. In the 20 yeaog from October

1990 to September 2011, there are 167 days for which the difference between Etna and the
average valley precipitation, computed from the Fort Jones, Callahan, and Greenview data, is
greater than 0.5 inches. As shownHigure8A, Etna precipitation is frequently greater than the
average valley precipitatiorfrigure8B shows the same comparison but only for cases when Etna
KIFEa LINBOALMAGEGAZ2Y SEOSSRAY Jpitatioh [5 twh gidersbfy &2 Y S A
magnitude higher than the average valley precipitation. Of 167 days with differences exceeding
0.5 inches, only 40 days show Etna precipitation to be less than the average valley precipitation.
Thirty-nine days return a differeze between Etna and the average valley value that is larger than

1 inch. Of these, Etna has the lower precipitation on only 10 days. Notably, on each day where
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Etna records a value that is more than 0.5 inches lower than the average, the Etna recodding is
inches. It is therefore unclear, whether there are operating or local positioning biases to the Etna

data series.
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Figure8. Etna pecipitation compared to average Scottalley precipitation. A: all Etna pecipitation; B: only Etna precipitation

exceeding 0.5 in.
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Average annual total precipitation measured at Etna, Greenview, Fort Jones, and Callaban we
interpolated (using ArcGIS®) and mapped across the groundwater bagineQ). We used

cokriging with large NNVBSE anisotropy to map spatially variable precipitation across the valley.
The anisotropy reflects the hypotheststrong precipitation gradient across the Wsdst extent

of the valley. However, even if the Etna precipitation were considered relatively accurate, the high
precipitation at the westerrmost margin of the Scott Valley groundwater basin only affects a
relatively small area of the basamd would exclude the Greenview aregheGreenviewstation,

also on the westside of the Valley, agrees wath those at Callahan and Fort Jones.

While of nearly identical yearly averages, daily values at Greenvielah&@aland Fort Jones

exhibit significant variance among each other, as would be expected across the significant extent
of the groundwater basin (25 miles long and upltbmiles wide at its widest point). But given that
the integrated hydrologic moddbr which this data series is developed operates effectively at
monthly stress periods, a spatially averaged daily precipitation value, obtained from the relatively
complete Callahan and Fort Jones stations, is considered adequately representative of
precipitation dynamics across the Scott Valley groundwater basin.

In conclusionusing the four availablprecipitation stationsjt was not possible teither support

or disprove the observationf a strong weseast gradient in precipitation totals reportda, local
residentsp l RRAGAZ2YIFE adrarazya 2y GKS SFAGSNY Y NJ
side would be needetb support these qualitative observationsurthermore, he numberand
locationof the precipitation stations for which data werevailable, and the temporal extent of the
datacurrentlydo not justify a spatially distributed precipitation map for the groundwater basin.
Future precipitation gauges would be neededenhance our understanding ofographic
precipitation mechanisms irhe valley, which may lead to alternative rainfall estimates. Until such
additional data are available, daily precipitation across the entire Scott Valley groundwatersasin
assumed to be uniform, represented by the arithmetic average of the measurgdFaai Jones

and Callahan or at Fort Jones, Callahan, and Greenview, with missing data replaced by the
regression estimated data. This time series, developed from daily data, was used for the
streamflow regression analysis described in the next section.

The choice of uniform precipitation does not precluflgure alternative approaches in the
integrated hydrologic modelg effort. Spatially variablprecipitation, if additional data become
available could beaccommodatedy the water budget model descridan this report and hence
become part of a groundwatesurface water model.
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5 Streamflow

The Scott Valley groundwater basin and its overlying streams are fed by runoff from the
surrounding mountains. Tributaries to the Scott River, including the twe fofkhe Scott River
itself, emanate from the mountains caing significant runoff.

Understanding groundwatesurface water interactions in the Scott Valley requseme

knowledge of the streamflow amounts that enter the valley floeedying the groundiater basin.

In this section, we describe and investigate aldé data. We alsoonstruct time series of
streamflow in all major tributaries of the Scott River and for the South Fork and East Fork of the
Scott River, which join at the upper entithe Sott Valley floor. The main purpose for developing
these time series is to provide an approximation of surface flows into the Scott dalleart of

the Scott Valley Integrated Hydrologic Model.

The eightributaries of interest here are Sugar, French,&tRatterson, Kidder, M{la tributary to
Shacklefordxeek), Shackleford, and Moffett Creeks. There are other tributaries to the Scott River,

but their flows tend to be ephemeral, relatively smaller, and their exact magnitude is not as critical

to underganding groundwatessurface water iteractions in Scott Valley. Bnintegrated

hydrologic modelthese may be represented as a diffuse source of recharge along the mountain

front around Scott Valley. The Scott Riiteelf is gauged near Callahahboththe East and South

Forks (upstream of the confluence). An additional ldng Yy RAy 3 31 dzZ3S 6aCid W2
downstream of Scott Valley, west of Fort Jones on the Scott River.

Location of the flow gauges has been provithydIRCD and is shown figurel0. The gauges at
Sugar Creek, Moffet Cregknd Kidder Creek are locatedbove irrigation diversions and do not
reflecttributary inflows to the Scott RiveGauges aFrench Creek, South Fork, and East Bork
located at the margin, but within the Scott Valley.

Most of the tributaries have very limited records of streamflow gauging, while the Ft. Jones gauge
has a complete record fohe past seventy year§igurell). To develop an appropriate
groundwatersurface water model for the Scott Valley groundwater basin, it is therefore necessary
to also develop a model of the main stem and tributary streamflows, at the upgradient boundary
of the Scott Valley floor, for thogeme periods for which no streamflow data are available.

Here, we chose to determine missing tributary and main stem streamflow data at the upstream
margins of the groundwater basin through statistical regression analysis. A number of
independent predicto variables are considered for the regression analysis: streamflow of the
Scott River at the downstream Fort Jones gauging station, streamflow at the East Fork and South
Fork gauging stations in Callahatreamflows on the tributaries when measured (T&b),

precipitation data, temperature data, and snowpack data. The program R® was used to create
linear regression models with accompanying diagnostic plots (see App&ndix
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5.1 Snow Water Content for Regression Modeling

Snow water content stations are loeat throughout the Scott Valley. The measurements
considered here are thogaken in the month of April. The stations at Box Camp (BXC) and Marble
Valley (MBV) were not used since the snowmelt from these stations enters the Scott River
downstream (north) othe Scott Valley. For the model, the yearly average of the measured snow
water content at Middle Boulder 1 (MBL), Etna Mountain (ETN), Dynamite Meadow (DYM),
Swampy John (SWJ), and Log Lake (LOG) were usggrémate acrosstra-watershed
variabilitiesand to obtain a representative dataset of the snow water content for the regression
analysis.

An additional snowmeltelated variable investigated here is the number of days in a given
calendar year (not water year), on which the temperature at Callaxaeeded 21 . At this
temperature the entire watershed is under snowmelt conditions.

5.2 Precipitation for Regression Modeling

Daily mean precipitation computed fromeasured data athe Fort Jones, Greenview, and
Callahan stationor 1943¢ 2011 (see Sectiofh4) wereused to compute the following additional
independent variables in the regression:

daz2t NBOALX Y adzy 2F GKS | dSNIY IS RIFEAf& LINBOALM
at NBEJaz2t NBOALXEY adzy 2F (GKS | oSN} IS RIAf& LINBO

G2t NSAASEIHYS ddzy 2F GKS | gSNIF IS RIEAf @ LINBOALMGLE
water year (starting on October 1) and the beginning of the current month, t

G2  t NSBOALXEY &adzy 2F GKS | @SNI IS RIAf & LINBOALIRI
Y2YOGKYX X A& LINIO oF Y2RSt GAGK GaLISNFSOO F2NB
events in the future relative to the date of the estimated streamflow).

5.3 Flow Gauges

Daily mean discharge has been recorded at Scott River near FortQAn&sSGS 11519500) since
October 1, 1941Figurell). This data is available http://waterdata.usgs.gov/nwiswith average
daily values reported in cubic feet per second (cfs).tR@regression, daily data were converted

to units of acrefeet per day(1.9835 AF/day equalscfy. This dataset is the most robust of all the
streamflows in the Scott Valley. The published record has no missing daily flows. On some days,
data are estimted by the USG&nd thenapproved for publication. Because of the abundant data
available, the Scott River near Fort Jones flow was a major component of the regression model.
Table5 lists the date of available tributary streafftow data used for the regression analysis,
including the east and south fork of the main stem Scott River.

Tributary flow was downloaded from the Water Data Library
(http://www.water.ca.gov/waterdaglibrary/). The following list includes the code for each
tributary: Shackleford Creek near Mugginsville (F25484); Mill Creek near Mugginsville (F25480);
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French Creek at Highway 3 near Callahan (F25650); Sugar Creek near Callahan (F25890); Scott
River, Est Fork, at Callahan (F26050); and Scott River, South Fork, near Callahan (E284€0).
for which data are available ahsted in Table SData are provided as average daily flows (cfs) and

were converted to units of (AF/day).

Daily data were used fohe regression analysis. Complete sets of daily data with measured
values, when available, and with regression estimated values otherwise, were aggregated to
monthly totals (AF/mo) foeachindividual month in the time series.
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Map 1 - Scott River Water Supply
Stream Discharge Monltorlng Locatlons

Legend

B Current
& USGS Gage
Tributary Stations
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Figurel0. Streamflow measurements in Scott Valley (E. Yokel, Siskiyou RCD, 2011).
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Figurell Logtransformed, normalized monthly average Scott River streamflow at Fort Jones, October 1941 through September

2011, computed from reprted daily dischargéblue line). Water year total precipitation(green hanging bars) are computed as
the average of measured and estimated daily precipitation data at the Fort Jones, Callahan, and Greenview stations (Section

4.4).

Missing data from the (BC database are noted with a quality code of 160 or 255. Code 160
indicates that the flow was higher than the gage capaaitgituation for which it iglifficult to
estimate an exact valu&imilarly the tributaries that are measured manually are measuoaly
under wadeablenonflooding,conditions.Because many of the high value flows are missing from
the raw data, the regression models have difficulty replicating the peak flows. Hovikeeyoal
of the model is to understand thiate summer/fall flows, which may affect fish, particularly
juvenile ®ho and falrun Chinooksalmon Inaccurate prediction of high flow eventsnot
significantlyaffecting our analysisf late summer low flowsHigh flood flow may impact late
summer low flows indirectly if at all- through groundwater recharge. Recharge from flood
events is difficult to predict, even if high flood flows were known precid#lyile it is important
for the model to represent the streamflows accurately each month, more focustveasfore
placed on the accuracy of low flow events.

Tableb. Dates of available tributary streamflow data used for the regression analysis, including the east and south fork of the
main stem Scott River.

UC Davis

Pre-WY1972 Data Range

Post-WY1972 Data Range

Kidder 4/72-9/72 10/02-9/11
Mmill - 12/04-9/05
Shackleford 10/56-9/60 10/04-9/11
Sugar 9/57-9/60, 5/72-9/72 10/09-9/11

Moffett 10/58-9/67, 4/72-9/72 -

East Fork 10/59-9/72 10/72-9/74, 7/02-9/11

South Fork 10/58-9/60, 4/72-9/72 7/02-9/11
French - 10/04-9/11

Etna 4/72-9/72 -

Patterson 4/72-9/72 -
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The degree to which unmeasured apdorly (under)predictedhigh flows may affect groundwater
recharge will need to be determined through sensitivity analysis with the integrated hydrologic
model.

5.4 Statistical Analysis: Streamflow Regression Methods

Monthly averages of reported daily streamil data for the Scott River gauge at Fort Jones
and at the two gauges in Callahan are-fegmally distributed. For the regression analysis, all
existing monthly average streamflow dat@, , at gauging stationand month (time} were
therefore logtransformed and normalized to obtain a normally distributed data series of monthly
flows, Normg ), for each gauging statidn

1Td, -11¢
3481 ¢

O€1 O

where M is the arithmetic mean (of the ldagansformed data series xi) and STD is the standard
deviation.

Four transformed data series computed from known data sets were altelsnased as
independent variables to build regression models of normalizedringsformed tributary flows
using linear regression:

T ab2NXO6{O2G0G0¢Y b2NX6{ O2G0 wAGSNI Ctfz2g6 G C
f Gt NERdzO(G2 SAIKGSRb2N)XYo{ O2G00¢Y

.1 OB AN2EGRA AT ©01 ADI9OOAAERC3T | x7#
T dawl GAFRESRD 2 N0 2 4006V

C

f a{dzY2 SAIKGSRb2NXYO{O20G0¢éY wb2N¥Yo{O200G wAgS
WYPrecip2Date + MoPrecip + PrevMoPrecip + AvgSnowWC]

The folowing dependent variable time series were separately used against each of the above four
independent variables to build a number of regression models for comparison:

1 ab2BMamnamé ¢ Y St OK AYRAGARIZ f y2NXIfAT SR {NX
times

T Ab2NX¥OOIFAUGECNROGAVEY (GUKS O2Y0OAYSR NBO2NR 27
tributaries along the east side of Scott Valley, all times

T ab2NX¥O62SalGetNROGAVEY (UKS O2Y0OAYSR NBO2NR 27
tributaries along thevest side of Scott Valley, all times

T ab2NX¥OECNROAVEY GUKS O2Y0AYSR NBO2NR 2F | ff

To investigate seasonal biases in the regression models, the combined dataset of all normalized,

A 2 4 oA

log-transformed tributary data ¢/ 2 YO AYSRENR O &aE X gl a RAA&ASOGSR
&b 2 NI g SNFa@Ra 0 ©fthe-jiedridadta?(4/datasets) and
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1 ab 2 N)Y@aRNNKD ¢-¥-theygesf daka (12 datasets)

These 4 and 12 datasets were used to compute separate regressions for each season-(fall: Oct
Nov,winter: DecFeb, spring: Madun, summer: Jtfep) and separate regressions for each
calendar month (Oct through Sep), respectively.

Over the period of record, the normalized flow data for the Scott River show a significant shift that
occurs sometimeluring the long droughfree period betweerthe 1955 drought and the 1977

drought. Beginning with the 1977 drought, summer month low flows (but not winter month high
flows) are significantly lower than in the 1955 drought and earlier. We therefore createth@not

aSit 2F NBaINBaarAzya dzaAy3d | aLIXAG dab2NXO6GENROAOD

1 Norm(Tribs)PreWY1972, which includes WY 1943 to WY 1972, and
1 Norm(Tribs)PostWY1972, which includes WY 1973 to WY 2011 data.

b2GS G(GKIFIG Ay GKS | 0620S f AaihéSouthand\Eksh kak bfthe Ff 2 &
Scott River. For all of the above regressions, subsets of eattatmjormed, normalized data

series were usetbr the time period of interest. However, across all analyses, the normalization of

S OK aiNBlY B itdagéh@rd stahbalididéviatibn remains the same and is always
based on the total period of record for each stream gauge. In other words, we did not renormalize
the individual data series from original data for the particular time series used in thes@)a

neither for the independent nor for the dependent data series.

Additional regressions were implemented using the number of days in the calendar year to date at
which the temperature exceeded 21 This temperature was selected by computing the
temperature difference between Fort Jones and the highest point in the watershed, using the dry
adiabatic lapse rate (DALR). At321all of the surrounding snowapped mountains have
temperatures above &ezingand they arecontributing flow to the tributaries.

Goodness of fit was determined in a number of ways. First, the diagnostic plots from R were
gradzZ tte SEIFYAYSR® awS&ARdzZ a4 &8 CAGUSRE aK25
the assumption of linear dependency between dependent and independent variable is justified,

these bounce randomlgroundthe 0 line. If theresultsin the plot are closer together on one part

of the xaxis (e.g., the left side) than on the other part of thesa(where they would be more

spread apart or fanned out), then this would indicate a violation of the homogeneity assumption
GKIFIG GKS NBaARdzr & NS AYRSLISYRSYyG-v2 T} 2K8 ¥K2
show linearity if the dataarehNX | f { @ RAAGNAOdzi SR® GwSaARdz fa ¢
LI GGSNY® O {GAIRIYE LS 204 aK2dzZ R I faz2 akKz2g y2 LI
would be noticeable through falike patterns in the plots.

5.5 Streamflow Regression: Results and Discus sion

The regression slopes of the normalized tributary flows against the Scott River flows are all less
than 1 with a positive regression interse@iaple6). This indicates that the geometric mean flows
of the tributaries have #&endency to occur when the Scott River below Ft. Jones is at less than
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geometric mean flow; and the low flow on the tributaries tend to be less extreme than on the

Scott River, or the high flows are not as extreme as on the Scott River, or both (redatmnee t

standard deviation). The only exception is Moffett Creek, which has regression slope slightly larger
than 1 with a slightly negative regression intersect.

The behavior observed on most tributaries is even more exaggerated when the normalized data
are separated into a pr&VY1972 and posivVY1972 seriesprior to (and including) WY 1972,

tributary geometric mean flow occurs at approximately the Scott River geometric mean flow, with
the slope being slightly larger than 1 (high flows and/or low flowshenttibutaries tend to be

slightly stronger than on the Scott River). After WY1972, tributary geometric mean flows occur
when the Scott River is at less than geometric mean flow and the extreme events (highs or lows or
both) are less exaggerated on thebwiaries than on the main stem of the Scott River below Ft.
Jones: the logransformed flows on the tributaries vagnly at 84% of the relative variation on

the main stem below Scott Valley. Separating the tgrees into two series, however, yields an

only slightly better correlation coefficient’.r

Fitting each tributary separately against the Scott River data, or fitting the combinedsidest
tributaries separately from the combined east side tributary data also doepmoluce amuch
higher correléion coefficients Table6). It therefore appears that a single regression for the
combined dataset of normalized, ldgansformed tributary flows is adequate and also takes
advantage of the information that may be collected omm&otributaries but not at others, given
that tributary flows are highly correlated among each other.

When weighing the regressions by additional information, two models emerge with correlation
coefficients similar to (and not much higher than) the unwégghregressions: the product
weighted regression and the sumeighted regression. The ratiweighted regression, on the
other hand, performed very poorly.

The produciweighted regression provides large weights when high flow events coincide with wet
yearsand large snow pack, and low weights when low flow events coincide with dry years and
small snow packs. The produstighted regression implies that tributary flows are relatively
smaller (compared to Scott River flows) in dry years with low snow packritererage or wet

years or in years with higher snowpacks.

The sumweighted regression provides the best correlation coefficient, if only slightly better than
the unweighted correlations. The suweighted correlation assigns additional weights to several
precipitation and snowpack related data. But that does not significantly improve the predictive
capability, if the Scott River dataset alone was used.

In the QQ plot, most models showed some tailing off the line yfacXow x values. Also, some
trends gpear in residuals. For many regressions against Norm(Scott) and
SumWeightedNorm(Scott), the correlation coefficiefit,is larger than 80% &ble6) indicating an
overall strong, but not perfect, goodness of fitsguared canige an approximate indication of
how well the estimated data fit the measured data overall, but it is important not to base all
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judgment on this value alone. Some models Hadnger than 70%, yet failed to model the high
and low streamflow values well.

A visual comparison of the plotted estimated and actual values was made (see Apfieridis
method of determining goodness of fit was the best way to see how well the regression modeled
the flow, especially the important summer/early fall flow.

Mill, Etha, and Patterson were difficult to analyze since these tributaries were only gauged for one
year. With so few points to compare, it is difficult to tell which regression provides the best fit. To
be conservative, the regression that shows the best fordtier tributaries should also be used

for thesethree flows.

Table6. Key regression slopes, intersects, and regression coefficients. Availability of data from individual strisdisied in
Appendix(also see Table)5

Depende ariaple depende Regre 0 Regre 0 %
allapile ope e e
Norm(Tribs) Norm(Scott) 0.903 0.122 81.2
Norm(Tribs)Pre- Norm(Scott) 1.053 -0.000405 84.7
WY1972
Norm(Tribs)Post Norm(Scott) 0.840 0.218 82.4
WY1972

Norm(WestTribs) Norm(Scott) 0.881 0.205 81.4
Norm(EastTribs) Norm(Scott) 0.964 0.00975 83.7
Norm(Kidder) Norm(Scott) 0.804 0.129 76.7
Norm(Shackleford) Norm(Scott) 0.952 0.243 89.9
Norm(Sugar) Norm(Scott) 0.979 0.0406 83.0
Norm(Moffett) Norm(Scott) 1.044 -0.0567 78.0
Norm(EastFork) Norm(Scott) 0.941 0.0364 87.4
Norm(SouthFork) Norm(Scott) 0.900 0.317 82.1
Norm(French) Norm(Scott) 0.879 0.350 82.2
Norm(TribsSummer) Norm(Scott) 0.758 -0.123 50.1
Norm(Tribs) RatioWeighted 18.66 0.14 37.0

Norm(Scott)
Norm(Tribs) ProductWeighted 0.1118 0.006066 76.3

Norm(Scott)
Norm(Tribs) SumWeighted 0.930 0.370 82.3

Norm(Scott)
Norm(Tribs) SumWeighted 1.111 0.240 85.6

Norm(Scott), Pre-
WY1972
Norm(Tribs) SumWeighted 0.876 0.682 83.7
Norm(Scott); Post
WY1972

For the best fit, @ were particularly interested in matching flows during the low flow season, if
not perfectly, then at least such that flows are oy@edicted in some years and undpredicted
in other years. Ideally, the regression would have zero bias, where biasigéfed as
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Bias = Norm(Trifua- Norm(Trib)redicted

Bias was calculated separately for each calendar month and each tributary for the time period of
record, using two example regressiolmta are not available in all months to compute biBahle
7 - Tablel0).

Comparing prediction results between various regression methods, qualitative differences in the
overall pattern of fit are small compared to the large annual variations in streamflovakiésses
in one prediction are repeated, at slightly better or worse levels, in other predictions.

A large number of negative bias occurs during the summer months at the East Fork, in particular.
Visual inspection of predicted vs. measured time seriecatds that predicted values for the

earlier time period at the East Fork seemed to have a particularly significant bias, not being able to
predict the low flows in most summer months. While the East Fork has significant bias, especially
F2NJ { SLIG SFYic2SoNikza yvi22 d R2dzadYSyda 6SNB YIRS (2 O¢f
bias. Not enough montlpecific data are available to correct for potential bias.

For the pre and post1972 regressions (Norm(Tribs)RAEY1972, Norm(Tribs)Peg{Y1972),
streams hd at most 13 datapoints, and commonly much I€&sh{e7-Tablel0).

From the many individual regressions, we found that those regressions that included all tributaries
in the equation provided a bettertfoverall than the regressions for individual tributaries, or the
regressions for individual months or individual seasons.

The regressions of normalized tributary streamflows vs. RatioWeightedNorm(Scott) provided the
relatively poorest fit (f < 0.4), altbugh some summer flows are better predicted than by other
models. A much better correlation was obtained when computing a regression of tributary flows
vs. ProductWeightedNorm(Scottf &76.3%). Commonly, this regression, however, tends to
significantlyunderestimate peak flows and overestimate low flows.

In summary, of the many regression models developed, two regression models stood out as
having a significant better fit, particularly in the critical law season: Norm(Tribs) vs
Norm(Scott) and Nornifibs) vs SumWeightedNorm(Scott).

The best fit was obtained by the split time period regressions, Norm(TribgyR1E972 and
Norm(Tribs)PosWWY1972 vs. SumWeightedNorm(Scott), particularly in the critical summer
months. Splitting the regression gave sligtiktter results (fvalues of 84.7% and 82.4%) than the
fully combined regression Norm(Tribs) vs. SumWeightedNorm(Scet1(2%). The split

regression model would also provide the best possible fit for the flows at Mill, Etna, and Patterson
given the &ck of raw streamflow datéor these tributaries. The regression is considered

particularly good, given the large variability in flow volume and geographical range within the
valley. The split Norm(Tribs)PaatY1972 vs. SumWeightedNorm(Scott) and the split
Norm(Tribs)PoswWY1972 vs. Norm(Scott) will be the best candidates for use in the groundwater
surface water model.
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Table7. Regression fas for Norm(Tribs)PreWY1972 vs. SumWeightedNorm(Scofiyhite areas indicate that data aravailable
to compute a bias for those months.

Kidder Mill Shackleford Sugar Moffett East Fork South Fork French Etna Patterson
Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum
January
February -0.28 /4 -0.13 /3 -0.16 /13 -0.13 /2
March 017 /4 -0.14 /3
April -017 /3
May -0.45 /10
June -0.65 /10
July -0.13 /4 -0.11 /10
August -0.46 /4 -0.15 /13
September -0.26 /5 -0.42 /13
October -0.24 /13
November -0.24 /9
December
Indicates one or fewer years of data, so no average bias calculated
Indicates bias was >-0.1

Table8. Regression fas for Norm(Tribs)PostWY1972 vs. SumWeightedNorm(Scoftyhite areas indicate that data are
available to compute a bias for those months.

Kidder Mill Shackleford Sugar Moffett East Fork South Fork French Etna Patterson
Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum
January 034 /6 012 /5
February -0.11/6 -0.29 /2
March -0.27 /8
April
May
June
July
August -0.15 /7 -0.23 /10 -0.28 /7
September -0.40 /7 -0.19 /2 -0.50 /10 -0.16 /7
October -0.58 /8 -0.68 /5 -0.13 /8
November
December -0.32 /5 012 /4
Indicates one or fewer years of data, so no average bias calculated
Indicates bias was >-0.1

Table9. Regressiorbias for Norm(Tribs)PreWY1972 vs. Norm(ScottyVhite areas indicate that data are available to compute a
bias for those months.

Kidder Mill Shackleford Sugar Moffett East Fork South Fork French Etna Patterson
Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum
January -0.14 /4 -0.11 /13
February -0.38 /4 -0.26 /3 -0.15 /13 -0.19 /2
March -0.20 /4 -0.18 /3
April -0.15 /3
May -0.40 /10
June -0.62 /10
July -0.15 /4 -0.12 /10
August -0.50 /4 -0.13 /10 -0.24 /13
September -030/5 -0.53 /13
October -0.18 /13
November -0.22 /9
December
Indicates one or fewer years of data, so no average bias calculated
Indicates bias was > -0.1
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Table10. Regressiorbias for Norm(Tribs)PostWY1972 vs. Norm(ScottyVhite areas indicate that data are available to
compute a bias for those months.

Kidder Mill Shackleford Sugar Moffett East Fork South Fork French Etna Patterson
Avg / #Datum [ Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum | Avg / #Datum
January -0.30 /6
February | -0.15 /6 027 /2 -0.16 /4
March -030 /8
April
May
June
July
August -0.19/7 -0.23 /10 -033/7
September -0.46 /7 -027 /2 -0.52 /10 -0.16 /8 -0.23 /7
October | -0.53 /8 -0.60 /5 -0.22 /8
November
December -0.26 /5
Indicates one or fewer years of data, so no average bias calculated
Indicates bias was >-0.1
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6 Evapotranspiration and Crop Coefficient s

Evapotranspiration was calculated using a program designed at UC Davis, the NWSETO program
(Snyder, 2002). The NWSETO progsaweed tocalculate referencevapotranspirationETlp) for

short grass. The atmospheric inputs for this program include, for each month, average maximum
daily temperature, average minimum temperature, maximum and minimum humidity, wind
speed, and percent da cover. The NWSETO program progitéeo alternativereference Hy

values based onither the PenmanMonteith (1965)or based on thédargreaves and Samani
equations(1982. The calculated EjJobtained from the climate records and NWSETO were
compared ad evaluatedon the basis of observed values available for Scott Va#idiscused

below, prior to using ivithin the water budgetmodel. The two sets of data were generally in
agreement For this studythe Epvalues calculated by NWSET@Bing the Hangaves and Samani
equationhave been used.

Crop coefficientsk) and Efare used to estimate specific crop evapotranspiration rates.Kf e

a dimensionless number (usually betwe@d and 1.2) that is multiplied by the &alue toobtain

an estimateof the actualcrop ET (ET). Tkstimate of actual crop ET is primarily designed to help
an irrigation manager schedule irrigation frequency and amount, blaelie used to estimate

actual crop ET for simulating a daily soil water buddetop coefficiets vary by crop, stage of
growth of the crop, and by some cultural practices. Coefficients for annual crops vary widely
throughout the season, with a small coefficient in the early stages of the crop (when the crop is
just a seedlingr, in the case of adfifa, has beemecentlycut) to a large coefficient when the crop
is at full cove (the soil completely shaded).

Crop coefficients have been assigned as follows:

1 alfalfa: k.= 095 (Steve Orloff and Blaine Hanson, University of California, personal
communication)from February 15 to NovembeBlandk=0for the remainder of the
winter months In alfalfa, a constantckalue is used for two reasons: first, the growing
period of alfalfa broadly coincides with that of the reference crop; secondly, aliatiags
do not occur at the same time across the entire study area. A-tianging k value that
reflects individual cutting events on individual fields would require knowledge (or
simulation) of individual field cutting events over the period of inter@siat level of detail
in the spatietemporal variability of fieleby-field water budgets was deemetbt critical
for the current modeling effort. Also,sing a slightly differengrowingperiod, such as
March F- October 3% would notsignificantlychange the final ET value because tBd in
February and March is almost negligifl@mulationsyielda 19902011average annual ET
in alfalfaof 1,200mm (3.4inches) very closeo the field valuesneasured by Blaine
Hanson(Hanson et al., 20H);

1 grain(wheat, barley, oats and triticalejve use a daily varyirig according to UCCE Leaflet
21427. Leaflet 2142Irsts crop coefficients fawo cropssimilar tothe & 3 NJcakegoty
here: summer barley in Norgérn California Mountain Valleys and small winteaig in the
Sacramento Valley. The following isambination2 ¥ a0l NI S@é¢ F2NJ da2dzy
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OLX I ydAy3d RIFEGSY nkonXX KIFENBS&AG RFEGSY ykomO
(planting date: 12/16, harvest date: 8/0dyipported by the recommeration provided by
Steve Orlofand general information provided by the GWAC
o planting dateA: March 15, k=0
0 early season date B: April 2Q:=R.27
0 mid season start date C: May 157k.15
o0 mid season end date D (after 70% of the 127 day period or 90 days):15,
k=1.15
0 harvest date E, July 2040
Thedailyk; values vary linearly between the above dates and values
1 pasture: k.= 0.9as suggested by thdCCE Leaflet 21427 for grazed pasture statevaeidd,
confirmed bySteve OrloffTo account for wirdr frost, we sek.=0.9 from February 15 to
November 15but zero over the winte(sameas for alfalfa.
1 natural vegetation: k= 0.6
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7 Soils

The Soil Survey Geographic (SSURGO) Database, maintained by the Natural Resources
Conservation Service (NRCS)swsaed to obtain spatial and tabular soils data for our project area.
This database contains soil attributes, which describe variables such as texture, particle size or
water holding capacity. We used information from this database to evaluate watemigoldi
capacity (WHC) for each of the land use polygons delineated by the California Department of
Water Resources (DWRJhe recommendatiorby UC Cooperative Extension personmat to use

a root-zone depth of 4 ft (122 cnd computeWHC Available informabn in theSSURGO
databasewas WHG@o 100 cm ando 150 cm. To simulate WHC at the recommended depth of 4 ft
(122 cm), wamapped WHGQGor both 100 cm and 150 cim each soil map unit, thenbtainedthe
WHCused for thesoil water budgesimulationusingan areaweighted averagef all intersecting

soil type polygons and theiWHCsat 100cmandat 150 cmwithin each DWRanduse polygon
(Figurel?2). For modeling purposes, the same root zone depth was assumed for all crops. In
practice,grain and alffa aredo nothave the same rooting deptlowever, a sensitivity analysis

of the root zonedepth, presented later in the reporshows that doubling the roaonedepth

does not significantlgffectresults.Selecting a uniform root z@ depth for both crops in thsoll
water budget modeistherefore areasonableassumption.
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8 Groundwater

8.1 DWR Well Log Review

The main focaof our well log analysiwas on identifyingyeologic structure within the Scott
Valley alluvium and on identifying the locationiwfgation (agricultural) wellsregardless of
whether these were active or inactivéVell locations areusedin the water budgetmodel to
represent groundwater pumpingequired to meet agricultural water demands in wells nearest to
each field, when not met by surface water supplies

A scanned copy of all well logs availablethar Scott Valleyand immediately surroundingreas

was obtained from the California Department of Water ResourCBS\(R). An extensive review of

these 1,701 well logs was conducted in order to gain a better understanding of the hydrogeology

of the valley. Well logs typically provided information o6th 6 St £ Qa f 20F A2y > 2y
encountered during drilling, albeit at varying degrees of description detail and accuracy, and for

some wells the logs provided information on the hydrologic characteristics of the well, including
specific capacity gpumping data. Well logs also indicated the major use of the ®eit.review

included the following:

1 Domestic Wells1,302

1 [Irrigation Wells: 240

1 Industrial Wells: 3

1 Public/Municipal Wells: 4

1 Other (Montoring, Test, etc.):152

The number ofvells identifiedto be in or near the Scott Valley wa88 wells.The number of wells
located within theVersion 2nodel boundaries and included in our GIS databad@@avells

1 Domestic Wells: 192
1 Irrigation Wells: 182
1 Other: 32

Well logs were first getbcated throughout thentegrated hydrologic modeig area (see below)
using a variety of information. The primary information used was the parcel number of the
property where the well was situated. This information was typically provided on the well log
itself. Parcel numbers and associated locations for the Scott Valley area were obtained from the
{A&d1Aé2dz / 2dzyied ! aaSaaz2Nna h Todsahga el vasSthed ¢ KS
well owner and address listed on the well log. If neitherhafsie two methods obtained a location
match, the well logs were categorized by their township/range/section informatidrich was
obtained by reviewing the well location sketch provided by the dridadfrom a review of aerial
photography to identify tle parcels where the wells are situated. Additionally, a field survey was
conducted throughout the valley to verify well locations where accessible or viewable from public
access places.

UC Davis 52 Final Report, April 22, 2013



In some instances, wells were only placed within the centroid optioperty polygon based on a
computerized geographic information system (GIS)}geation process used to match well

owners and parcel numbers with their location. In many instances, these locations were improved
by canvassing the valley and through tleeiews of aerial photographs as discussed above.

Despite these extensive efforts and the multitude of approaches, the location of wells related to
some well drilling logs could only be approximated in a very rough manner. A lack of confidence
identifier was included in the GIS layer of the well location to convey the approximate nature of
the geolocation. Ultimately, 598 wells were identified to be within tBeott ValleyOf these, 54

wells could not to be matched to a particular property. The remainifad wellsvere used to
characterize the geologic deposits and heterogeneous character of the alluvial deposits comprising
the Scott Valley aquifgiSection 8.2)

In the well databasepdatedfor Version 2 of théntegrated hydrologic modelwe consideratotal
of 406 wells located within theevisedintegrated hydrologic modelomain Figurel3). Out of
these,182are irrigation wells and will besedin the model.Pumping for each field is assigned in
the new conceptual model tthe nearest well. This implies that each fiblas exactlyone
associated well, while one well can semaltiple fields.

After discussion with the GWAC, there was also the suggestion to try a simpler approach that
equally distributes the amount of pumpemdater among all the wells within a subwatershéd.

third option is to associate & A Nlidzk £ ¢ ¢St oA G KnapécansideredksS f R @
part of a sensitivity analysisn pumping representation in version 2 of the Scott Valley Integrated
Hydrologic Model.

The model likely overepresents the actual number of actireigationwells, as the well locations
identified inFigurel3were not adjusted for wells that are no longer in servidewever,
groundwater pumpingalues are obtained from the new soil water budget model explained in
detail in chapter 10. They are not related to the number of we€lts.modeling purposes,
spreading groundwater pumping to more wells than are actually aclbes not cause significant
error, because ne wells are typically drilled nearby wells to be deactivatdt ifitegrated
hydrologic modelumps groundwater pumping within any 50 m (165 ft) model grid cell. The
overall extraction of groundwater is unaffected by the number of wéllstead,groundwater
pumpingis driven by theactual monthlyirrigation demand.
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8.2 Geologic Heterogeneity

The well logs obtained from DWR revealed a tremendous amount of heteedtgevithin the
alluvial deposits of the Scott Valleypfeliminarygeostatistical analysis of the geologic
heterogeneity was performed using the-salled transition probability approach (Caded Fogg,
1996). The transition probability approach imadified indicator variogram analysis that
describes the joint probability distribution of a discrete set of hydrogeologic or geologic facies
groups throughout the aquifer systenihe transition probability is defined by:

a) a finite number of facies, typidglthe three to five most common facies observed
in aset ofgeologic record (vell logy, e.g., coarsgrained stream deposits,
coarseto-fine grained overbank deposits, and figeained floodplain deposits.
One of these facies (usually the facies wiik targest volumetric proportion) is
RSaA3IYyIFGSR a aol Ol aANRdzyR Fl OASa¢

b) The volumetric percentage of each facies within the aquifer system of interest.

C) The mean lengths (average straigiiistance extent) of all but the background
facies in the dip, strikegnd vertical direction.

d) The juxtapositional preference among the facies sequence, in other words, the

likelihood that one patrticular facies is located adjacent to another particular
facies with a probability that is significantly higher or lower than thiatained if
the facies are randomly assembled.

Within the context ofgroundwatermodelng, the transition probability analysis providas
guantitative analysis of the geologic heterogeneity encountered in a groundwater basin. It also
providesthe simulaton frameworkfor generating equallprobable, random realizations of the
highly heterogeneous aquifer architecture, conditioned to the specific well logs at the locations
where these are available. These random realizations can also be conditioned ¢@bkggologic
information available in soils maps (Weissman, 1999). The more concrete information available,
the more specific the random realizations of the aquifer architecture (less variability between
individual realizations).

To illustrate the geologiheterogeneity of the Scott Valley, a single realization of the Scott Valley
aquifer was generated with the geostatistics softwarBEROGS.-FROGS utilizes the transition
probability method, a modified form of indicator kriging, through calculatiorrafsition

probability measurements, modeling spatial variability with Markov Chain models, and conditional
AAYdzE I GA2Yy 2F (GKS ¢Sttt €23 AYyF2NNYIGA2Yy D Ly @
categorical classification of aquifer sediments (ecgarse, intermediate, fine), as opposed to

continuum values (numeric values, for example, hydraulic conductivity varyirglogglly with a

mean of 20 feet per day and a standard deviation of 10 feet per day).

The TPROGS geostatistical analysis wasebl on the information lstained from the 544 wells
that weregeolocated in the valley. Following a review of these well log records, it was
determined that three geologic facies would be modeled: clay ordrmaned sediments, sand,
and gravel. As s, in onefoot vertical increments, the data from the well logs was interpreted
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as one of the three listed facies, and transition probability statistics were calculated including
mean length, proportion, and transition probabilities. Within the combidegitized well logs, a
total of 3,982 geologic facies transitions were recorded in the vertical directidmgetion).

Ly 2NRSNJ (2 O2YLX SGS (GKS lylrfearazr | NBOASg 2
(approximately 0.1 to 0.15m below gnod surface) was undertaken to provide information on the
nature of the lateral variability observed in geologic deposits. Each deposit identified by the
SSURGO mapping (in the subreport entitled Wind Erosion Prediction System Related Attributes)
was intepreted as one of the three facies chosen for analysis using at least one of the following
indicators: percentage of silt/clay versus sand, and grain size analysis provided to determine
between sand and gravel. If the percentage of silt and clay wasegrigetn 50%, the texture was
considered to be clay. This particular limit was chosen as it fit the qualitative description of

deposits described as loam, clayleam, or clay. If the percentage of sand was greater than 50%,

the texture was considered te either sand or gravel with the fragment descriptor being the
parameter deciding between the two. If the fragment percentage was greater than 40, the gravel
AYRAOF(G2N) g+a asSt SOGSR® lfa2% Ay | FSéaclapyadil
f2FYéd LY GKSasS OlFraSaz alyRe t2IY gla OK2aSy
This seemed to match descriptions of gravel material versus sandy loam. If sandy loam was the
description of the material, it was generally labeled atohging to the sand fraction.

For the geostatistical analysis of the soils information, the deepest soil horizon profile was used.
For example, most of the soils were given a description to a depth of approximatetyml gft)

split between at leastwo soil horizons: the upper soil horizon less than 5qQtmft), and at least
one deeper horizon which was typically close to 100(81t) in depth. Often, the data for this
deeper soil horizon were incomplete and only included the percentage of blahese cases, the
information provided was often descriptiaut sufficientto make a determination of the category
to which the soil belonged (clay/sand/gravel).

To complete the analysis, the soil maps had to be discretized so that mean lengib;tionms,

and transitions could be calculated. In previous applications, ®s$ons of arbitrary

discretization were used to accomplish thealysis. For this study, a 50 m by 50 m gad used

to discretize the soil magnot including the tailingarea in the southern Scott Valley)n GIS, the

grid was overlain on the soil map, and a Spatial Join operation was completed so that each model
grid node was provided with a single soil type. This Spatial Join was completed based on the soll
type with the highest percentage of area within the grid cell (as calculated by the GIS function).
Essentially, the process allowed for 621 horizontal (rows) and 420 vertical (columns3exbeas

to be evaluated as input data. Once discretized, the transitrobgbility data was calculated,
including mean length, proportion, and transition for each of three facies.
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Scott Valley Simulation
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Figurel4. Vertical transition probability curves obtained from an analysis of 544 wellbore logs located within thels@area in
Scott Valley.

The results of the data analysis show the relative proportions of deposits and display the differing
mean lengths of deposits in each of the ordinal directions. The above transition probability curves
represent important aspectsf the geologic facies depositSigurel4). The curves for each type
asymptotically approach the value that represents the proportion of each facies deposit. From the
z-direction analysis, the proporti@of each facies obtaed are 51% for clay, 37% for gravel, and
12% for sand. Similar proportions arose from the analysis of the soils map in the XY lateral plane,
with proportions of 61% for clay, 28% for gravel, and 11% for sand. Furthermore, in the above
transition probabilty diagram, one can draw a tangent along each awasition curve and

extend the tangent to the-axis. The value at which the tangent intersects tkexis represents

the mean length of the particular facies. The mean lengths of each deposit irdireciion

obtained from this analysis were 1509(49 ft)for clay, 12.7n (42 ft)for gravel, and 10.in (33 ft)

for sand. The mean lengths of each deposit in the X direction-¢easttcardinal directions) were
1,379m (4,524 ft)for clay,755m (2,477ft) for gravel, andb40m (2,099 ft)for sand.
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The results of the transition probability analysis above were used as input for a Meltkov

random field generator (included in the RPGs software package) to generate random, equi
probable aquifer struitire conditioned on the geologic facies information available for Scott
Valley, obtained from the well logs (representative of the vertical dimension) and the soils maps
available for Siskiyou County (representativerd tateral dimensions)Figurel5 represents one
such realization created with theHROGs softwangith a discretization of 10 ft vertically, 500 ft

in the x (W>E) direction and 1,000 ft in the y-%8l) direction It should be noted that any number
of realizations can be created, and although each one will be different, they all will have similar
GLI GGSNYyaég sAGK £t NBFEATIGA2Yy A KI@GAy3d GKS
determined from the airection analysis, and the same mean lengths andapositional

preference in each of the three directions. At the surface and along well locations, each
realization will preserve the actually known data.

Z(f)

Figurel5. TPROGS Realization of the Scott atleologicdeposits Length wits are in feet The image shows a hypothetical

aquifer volumethat is approximately 100 ft thick, 6 miles in the x direction and 25 miles in the y directote that thisimage

is stretched in the Xdirection relative tothe y-direction and it does not consider the actual boundaries of the Scott Valley

aquifer. It is shown only taonceptuallyillustrate the heterogeneity encountered in the alluvial deposits of Scott Valley.

While the realization shown iRigurel5is random, it has important features to note that are
shared by all realizations and that are indicative of the overall patterns in the Scott Valley aquifer
architecture:the facies exhibisomewhatpreferential, elongated connectivityithe y (north

south), but less connectivity in the x direction (easst), a pattern that represents observations
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in the well logs and in the soil mapt is also obvious from the above illustration that the gravel
deposits, which are the hydraulicaltlyost conductive facies within the aquifer, are highly
connected throughout the aquifer system and not isolated from-anether by claytayers or clay
walls. In particular considering that gravel and sand make up approximately half of the aquifer
sedimens, the connectivity of these coarsgrained sediments is very high and it appears unlikely
that significant proportions of sand and gravel would be completely isolated from the regional
aquifer system (i.e., encased and surrounded completely by dlag).are likely welconnected

to the mainstem of the Scott River.

On the other hand, a review of the boring logs in certain areas shows that a clay laysiogrist
portions of the valley. fiis realization as well as hamllawn crosssections of the vallegreated

from boring logs, show that these clay layers or lenses may not be broad enough to act as a true
confining features. As such, portions of the aquifer may be ®emfined, where they are located
below a local clay layer or a cleysthat is rehtively broad in extent. However, a spatially

extensive confined aquifer does not appear to be present in the Scott Valleyalsonote that no
sand and gravel has been recordaglow about 76 m (250 ft) deptim the few existing logthat
exceedsuchdepth.

The geostatistical realization of the Scott Valley aquifer indicates that the Scott River, which
intersects with the surficial layer of this aquifer model, is alternately passing along finer and
coarsegrained sediments. It is important to keep innahj however, that this model was created
with a lateral resolution 0150 m(500 ft)and also largely depends on the resolution and surveying
detail of soil mapping units, which is typically on the order of several hundred meters. The above
illustration therefore ignores variability that inevitably occurs at scales smaller dbaot 159 m ¢
300m (500 ftg 1,000 ft)

The analysis here provides an initial survey of spatial variability in the Scott Valley groundwater
system. Spatial variability, such asttshown in Figure 15 may be incorporated into future
groundwater modelsafter further analysis of well logs, additional review of streambed sediment
studies not reviewed here, and perhaps an improved geostatistical assessment of facies variability
in the alluvial systemHowever, Version 2 of the Integrated Hydrologic Model willyatinclude

such detailed hydrogeologic facies representation.
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9 Watersheds, Land Use, Irrigation, and Land Elevation

A variety of data were used to create input for the modéhe model extent was determined

based on the extent of groundwater storage units outlined by Seymour Mack in 1958 (Mack,

1958), while the land use data were derived from the California Department of Water Resources
(DWR) Land Use survey dafehe most ecent land use data for Siskiyou County available from

the DWRis from the 2000 DWR land use survey. Although a more recent land use survey has been
completedby CDWHRn 201Q the processed data were not available for use in our profeicice

the modelirg period is 19962011,the 2000 land use survey was used as the basis upon which we
developed the spatial component of our model.

9.1 Model Boundaries and Subwatersheds

Ourstudy area boundaries were selected to represent the Scott Valleycargainingsurficial
alluvial deposits. Tdelineatethese areasn a digital mapa spatial analysis was performadd
we assumed that the extent of the alluvium was defined largely by the absence of steep
topographic gradients (more than 3% digital elevation mode{(DEM), derived from National
Elevation Data (NED), was created topographic gradients (slope) were computed. DM
with slopeswas then draped over 2005 National Agriculturebery Program (NAIP) color ari
imagery, and used asvasualguide tomanuallydigitize the contiguouareasof the Scott Valley
that havea three percent slope or less.

TheScott Valleynodel aeacovers approximately 50,000 acres. Isubdivided into nine
subwatersheds for purposes of modeling surface water suppliesthedistribution of these
supplies within sulvatershedgqTablell, Figurel6). The subwatersheds ag&cott French, Etna,
Patterson, Kidder, Moffet, Mill, Shackleford, and the Scott River Tailihgse sbwatersheds

were created partly based on the water storage units delineated by Seymour Mack in his 1958
report. Crystal and Patterson Creake combined into a single swatershed. Similarly, Johnson
and Etna Creeltre combined into a single subwatersh&ther smaller sulvatersheds are
included with larger oned~{gurel6).

Mack (1958) and our Scott Valley model Version 1 data work did not include the Scott River
Tailings subwatershed located in the upstream part of the valleyyVErsion 2 of the Scott Valley
Integrated Hydrologic Model, the southern tailings area of the Scott Valley is included in the
analysis and in the groundwater flow domain. From visual field inspection, it appears that the
tailings aquifer consist primdyiof large boulders, with very high hydraulic conductivity and rapid
connectivity to the stream. During the late summer and fall low flow season, the Scott River, at the
surface, is often disconnected across this highly permeable subwatershed.
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Tablel1: Totalareas ofsubwatershedgFigure 16, total area for various irrigation typegFigure 13)total area for various
irrigation water sourcegFigure 19)and total area of land usérigure 18)in acresAll values represent 201tonditions. Note
that not all acreage in the alfalfa/grain and pasture category is irrigated.

Area Irrigation Area Area Area
Subwatershed Name (acres) Type (acres) Water Source  (acres)| Land Use (acres)
Etna Creek 4,223 | Non-irrigated 18,549 DRY 3,356 Water 166
French Creek 501 Hood 10,864 GW 16,526 | Alfalfa/Gain 17,421
Kidder Creek 9,298 Sorinkler 12,564 MIX 3,949 Pasture 16,578
Mill Creek 2,237 | CenterPivot 6,928 SUB 2,106| ET/No Irrig. 14,151
Moffett Creek 2,437 Unknown 1,107 SW 7,596 No ET 1,695
Paterson Creek 4,032 None/unknown 16,478

Scott River 20, 736

Scott River tailings 3,562
Shackleford Creel 2,984
Study Area Total 50,011 Total 50,011 Total 50,011 Total 50,011
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Scott Valley Subwatersheds
/

Greenview,

UNIVERSITY OF CALIFORNIA (\

Model extent derived from Mack report and SSURGO data. - Etna Creek - Mill Creek | Scott River

Land use revised to reflect 2011 land use patterns (GWAC). . »
Projection: North American Datum 1983, UTM Zone 10. I French Creek [l Moftett Creek [l Scott River Tailings

- Kidder Creek |:’ Patterson Creek - Shackleford Creek
7 Mi
1 :l Model Extent

o -0

1
T4Km —— Roads —— Scott River —— Major Tributaries

Figurel6. Map of the Scottvalley with the boundaries of théntegrated hydrologic modestudy and the nine subwatersheds
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9.2 Land Use Categories

The ®WR land use surveylelineatepolygonshapes identifying areas witrarious types of land

use (i.e. residential, commercial, agiicue). We used the existingear2000land use database,

which also includes attributes such as irrigation type, water source, and expanded the database to
include values that describe water holding capacity, soithydraulic conductivity for each land

use polygon. Usingxtensivefeedback from theScott ValleyGroundwater Advisory Committee
(GWACQ)we confirmed orupdated the water source, irrigation type and land @éssociated with
eachpolygon Feedback was providdry the GWAC and local landownénsough marked up

large maps thateflectthe knowledge of local landowners about dominant 2@@®011 conditions

and change irrigation type, water source, and land ubat have occurred since tHeWR

survey in 2000it is assumed that the feedbackfectivelyreflects conditionsin 2011 and the

years immediately preceding 2011.

It is important to note that sme of the feedback provideon land use, water source, and
irrigation typereflects anoutright correction of the CDWR 2000 landuse niag, eflects year
2000 conditions as well as year 2011 conditipee)ne reflects land use changes since the year
2000 surveyFor modeling purposesye did not make a distinction between these two types of
suggestionsHowever, he most important irrigation tye change is that from sprinkler irrigation

to center pivot irrigatiordue to the efficiency increasd hat specific change was explicitly tracked
in the land use databadsy adding a conversion date to those polygons that are in center pivots in
2011. hedynamics of that change are reflected in the salter budget model (see below). With
these dynamics simulated explicitly, and with the overall feedback from the GWAC and local
landowners, the resulting landuse, irrigation type, and water source magmsadered more
representative of 199% 2011 conditions than the CDWR 2000 midp.changes were made to the
shape of individual land use polygons defined in the CDWR 2000 survey.

We aggregated the land use polygons if@ar main categoriegach of whiclreflectsa common
water demand:

1. new calfalfal grain rotatior€ landuse categoryall landuse parcels in this category are
assumed to be on an alfalgrain rotation. Since we do not have exact data on the
rotation, we simulate the rotation by creating argbi-year cycle. Each field this
categoryis randomly assigned one of the eight years in the cycle during which it goes into

GINI AYE

NRGIFOGAZ2Y @

Pt

2 0 KSNJ & SuseNBagh yéar, TA St R

oneout of eightfieldsisA y ¢ @ridthd restared | f & [THe Bdme eightear rotation
is followed throughout the simulation period (192011).Thisnew land usecategory

includes the followingDWR landise classes
grain ( wheat, barleyoat, triticale)

UC Davis

a.

~® a0 o

corn

alfalfa, mixed alfd&/orchardgrass

rice
sudan
miscellaneous truck crops
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2. new opasturet landuse categoryThis includes the followin@ODWR landise classes:
a. pasture
highwater pasture
improved pasture
mixed pasture
grass
cemeteries
lawns
institutions
schools
residential
k. recredion
[. nursery
3. newland usecategoryd 9 ¢ ¢ A (i K 2 dapredeidyPasturdiike BTyp
coefficient,k. = 0.6) butwithout irrigation. This includes:
a. natural vegetation
b. natural highwater meadow
C. misc. deciduous trees
d. trees
4. newland usecategorya y 2 g R vy 2  AddTard luss withgUEET (k= 0) and
without irrigation (butwith recharge from precipitation via soil moisture storag#)is
includes:
a. barren
commercial
dairy
extractive industry
farmsteads
industrial
livestock feedlots
municipal
i. paved
j. storage
k. trailers
I. unpaved
m. vacant

S@ e aoCT

— —

STe@ "o oao0co

Figurel7 presentsthe updatedland usemap using a lumped land use categorization scheme
based on the definition of land use categories also useédartDWR 2000 mapFigurel8 shows
the same land use map after-@ategorization intdhe newy assignedour land use céegories as
listed aboveBoth mapgeflectthe changes suggested by the GWAGe new landise categories
of Figurel8 are used in thavater budgetmodel developmentA separate, fifth landuse category
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is comprised 0166 acres obpen water aeas (streams, lakes, wetlandsithin the study area
(Table 11).

Scott Valley Landuse, 2011

& -/’\ N
UCDAVIS \ £ A

UNIVERSITY OF CALIFORNIA ) o= (\
Model extent derived from Mack report and SSURGO data. i:| Other (including fallow) Native Vegetation
Landuse polygon data source: CA Dept. of Water Resources (2000). .
Revised to reflect 2011 landuse patterns (GWAC). I Avfalfa & alfalfa mixtures [0 Pasture
Projection: North American Datum 1983, UTM Zone 10. Farmsteads - Residential
‘l’ 3i5 Z'V” \ Grain [] Model Extent
V] 1
I T I T 1
0 7 14 Km —— Roads —— Scott River —— Major Tributaries

Figurel?. Land usecategoriesbased onDWR 2000 majand updatedfor 2011using suggestions from GWA«@d local
landowners
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Landuse Simulation Categories

T4

UCDAVIS )is A

UNIVERSITY OF CALIFORNIA (1 'y (\
Model extent derived from Mack report and SSURGO data.
Land use revised to reflect 2011 land use patterns (GWAC). iatt
Projection: North American Datum 1983, UTM Zone 10. - Weder - ha EX/No | mgation
| Alfalfa/Grain [l Pasture
0 35 7Mi [ ET/No Irrigation |:| Model Extent
| ! ] ! 1
I T T T 1
0 7 14 Km —— Roads —— Scott River —— Major Tributaries

Figurel8. Aggregatedive land usecategories developed for the new conceptusbil water budget model from the landuse map

shown inFigurel?.
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9.3 lIrrigation Type and Irrigation W ater Source

Irrigation types were derived based on the DWR categories and summarite@e groups for
modeling purposess follows:

1 GaAdz2NF I OS 7 fcensishs ofihe MlfodEingD\WR cfitégries:
o iB-border flood irrigation the correspondent water source ssirface wateyrmix or
subrirrigation (per Jun€2011GWAC meeting, this is the same as wild flooding)
o iF-furrow irrigation it applies only to a few small fields, often now in centafops
with groundwateras water source fairrigation
o IW-wild flooding the correspondent water source for irrigationsigrface water or
subrirrigation
1 & OSy (i SshdnKIgM MNR Tondisksdifhe followingDWR categories:
o IC- center pivot typically with groundwater as water source for irrigation
o others that were converted to center pivot sometime in the last 20 yeait$,
dates and prior crop specified in tliew land usepolygon table
1 cotherd LINA y { f S NdnsistéRha following)VER categories:
o iH-handmoved sprinkler irrigated
o iR-wheelline sprinkler irrigated

Unknown irrigation type affectd107 acres (Table 1,19f which 27 acres are classified as pasture
and the remainder (1080 acres) as alfalfa/gramaddition,700 acre of alfalfa/grain and 1,861
acres othe pasturecategory mostly residential land uga the original DWR classification (e.g., in
the Ft. Jones and Etraaea)are classified as neinrigated in the year 2000 CDWR land use survey
In total, 18,549 acreare not irrigated within the study area, with or without ET

The irrigation efficiency values used in tlvater budgetmodel have been fixed based on
suggestiosfrom Steve Orloff and the GWARSs a future modeling taskve will usarrigation
efficiency & acalibrationtool to check against the irrigation scheduling suggested by the GWAC
The values used in the model are:

1 surface flood irrigation: 0.0 (Steve Orloff2011, oral communicatign
T center pivotsprinkler 0.9 SteveOrloff, 2011, oral communiden)
T other sprinkler irrigation: 0.753teveOrloff, 2011, oral communicatign

Irrigation water sources are representedhigurel9 andare summarizedn Table 11as:

Groundwater(GW)

Surface wate{SW)

Subirrigation(SUB)

Mixed surface watergroundwater(MIX)
Dry(DRY)

None/unknown/other

=A =4 =4 4 A -4
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There are no known water sources on 177 acres of alfalfa/grain and on 475 acres of pasture, and
on practically all open water and othanirrigated land uses (with or without ET).

Scott Valley Wells and Water Source

(|
¢ &G
'oé % DA
® Z AN
& = R N
UCDAVIS 6 B, A
R (3)

UNIVERSITY OF CALIFORNIA =5 (\
Water source data from CA DWR Land Use, 2000 and GWAC. O  Otherwells* © Domestic @ Irrigation
Wells data compiled by Harter Lab (Ryan Hines). Roads Scott River Major Tributaries

Land use revised to reflect 2011 land use patterns (GWAC). .
Projection: North American Datum 1983, UTM Zone 10. \ Other water source* - Groundwater Surface water

35 7 Mi - Dry |:[ Mix - Subsurface

1 | 1 | . .
v 1 * Other water sources include natural vegetation data and unknown

7 14 . 5
R sources. Other wells include abandoned and estimated wells.

(=R =}

Figurel9. Water sourceassigned tceach polygonbased ondata from the CDWR Land Use, 2000, and based on revisions
suggested by the Scott VallegWAC (2011)
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9.4 LiDAR Land Surface Elevation Data Analysis

LiDAR datgyublishedby Watershed Scies, Inc(2010 and obtained from the NCRWQB in
2012, were used to create a bare earth digital elevation model of the Scott River area.

Because Light Detection and Ranging (LIDAR) data are typically of higher resolution than National
Elevation Data (LIDARsubmeter accuracy while NED is available in three to 30 meter
resolution), they provide a more accurate digital elevation model.

This high resolution bare earth DEM was then used to create a digitized model of the Scott River
thalweg. Draped ovethe 2005 NAIP color aerial imagery, the bare earth DEM was categorized
into 10 centimeter classifications, which showed the river channel morphology in great

detail. Using the aerial imagery as a guide, the Scott River thalweg was digitized in ArdG#S, wit
vertex placed every 1/3 of a meteElevation values from the bare earth DEM were then assigned
to each of these vertices in ArcGI®verage slope between vertices were also calculated in ArcGIS.
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10 Soil Water Budget Model - Methods

10.1 Introduction and O verview

We have developed soilwater budget model that serves to define the spatgmporal

distribution of groundwater pumpingsurface water diversiongroundwater rechargeand
evapotranspiratiorthroughout theScott \alley. The soil water budganhodel computes spatially

and temporally varying water fluxegross theapproximately 50,000 acre study area. The spatial
resolution is variable and equal to the individual fields and land use units (polygons) identified by
the 2000 CDWR land use map, whiets been updated (Figure 17), and converted into five major
land use categories (Figure 18). In time, the model operates on daily information values, primarily
driven by available climate and streamflow data resolutma the need to properly represent iso
water storage dynamic$or surface water accounting purposedse tmodel domain is subdivided

into nine major subwatershed&igurel6).

Thefield soil water budgetethod is a simple root zone bucket mo@gleach land use polygon as
described belowThis modelhowever,doesnot represent a complete surface water budget of

the Scott Valley, since it does raxdtcount forriver-groundwater interaction or evapotranspiration

off shallow watertable from nonirrigated crops or natural landscapesx from open water

AdzNF I O0Sa o0GKS tFGGSNI 6SAyYy3 ( Krhe campleté SidEe wiatery R
budget will be considered when this model is coupled to the MODFLOW groundsvatace

water model whichis under development.

The output from the soil water budgetodel is a 21 year timeeries(19902011)of dailysurface
water diversionspumping irrigation, evapotranspiratiorgnd recharge valuest eachland use
polygonSEOSLII (K2 &S RISEIehydeldSRompuies the thedraical irrigation
deficiencydefined as the difference between optimal crop evapotranspiration and actual
evapotranspiration.Using a daily timetep for the soil water budget model allows us to account
for the oftenrapid dynamics in soil moisture and for caoyer storage of soil moisture for later
plant evapotranspiration.

In contrast, the integrated hydrologic model will be drivennbgnthly stress periods, which means
that pumping and rechargare constant withina month.For the integrated hydrologic model,

daily water fluxegrom the soil water budget modetill be aggregated for each month to provide
monthly, land use polygon specific recharge, pumping, evapotranspiration, and surface water
delivery values. Thmonthly stress periods in the integrated hydrologic model reflect the
generally slower dynamics of groundwater flow. However, if warranted, the budget model
described here can also be applied to an integrated hydrologic modeling scenario with weekly or
bi-weekly varying stress periods to stress periods of varying period length

The conceptual approach is largely derived from the approach taken for Verdom Hasbeen
revisedin close collaboration with UC Cooperative Extension personnel, the \Gatgty GWAC,
and technical experts familiar with the Scott Vall&ome of the key differences betwedmet

UC Davis 70 Final Report, April 22, 2013

dz



revisedVersion oilwater budgetmodeland the earlie(unpublished)Version 1 soil water
budget model include:

1 daily rather than monthly timestep

soil moisturestoragechangesn the soil root zonare tracked

the southern part of Scott Valleyith the tailingsis included in the model domain
revised and updated land use map and land use categories are used
irrigation schedules and irrigation demds have been revised

= =4 4 A

Whereas the previousoilwater budget mode(Scott Valley Integrated Hydrologic Modé&rsion

1) was compiled in a spreadsheet, the new soil water budget model has been developed and
compiled as a Fortran program, which allows farmefficient control on various conceptual

model scenarios and inclusion of soil wabeidgetmodel variables imodelsensitivity and
calibration proceduresThe development of this code and lilskage to aG1S database provides us
with the capability 6 includedetailed spatial information, readily adjust for newly available
information from local parties, and provides flexibility to generate a multitude of future simulation
scenarios.

10.2 Description of the Soil Water Budget Model

10.2.1 Model Input Preparation

The following data have been compiledthe previous section® provide input for the soil water
budget model:

climate (digital climate station records)
o precipitation
o potential evapotranspiration
streamflow
o daily streamflow data on all tributaries incling main stem forks
o subwatershed delineation
land use:
o cropswith crop coefficient
o irrigation method
o irrigation water sources
soil properties (digital USDA soil maps with properties)
o water holding capacity
hydrogeology
o location of pumping wells

Eachlandusepolygon in the Scott Vallag characterized by set of poperties(or attributes)
mainly derivedrom the GIS analysis

1 Land usedivided intothe five main categoriesis describe@bove(Figure 18)1)
alfalfa/grain rotation with seven years of alfa followed by one year ofgin, 2) @sture
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(including some urban landscapes, see abp8pvapotranspirationwithout irrigation
(includes natural vegetation, natural highwater meadow, misc. deciduous trees, ta@ek),
4) noevapotranspiratiorand noirrigation with recharge from precipitation via soil
moisture storage (barren, commercial, dairy, extractive industry, municipal, industrial,
paved, etc) 5) water surfaces (mostly streamwichare not included in the soil water
budget model, but wilbe part of the integrated hydrologic model

1 Soil typederivedwater holding capacityFigure 12)The model imssuminga rootzone
depth of 4 ft(8 ft in the sensitivity analysis described below)

1 Irrigation type(Figure 13)flood, center pivotpr sprinkler; some fields switch from flood or
sprinkler to center pivot at some fielsbecific datebetween 1991 and 201based on
review of historic aerial photos

1 Water sourceFigure 19)groundwaterd D 2, surface watent { 2 dybirrigatedd { |,. €
mixed groundwvater-surface watei a Lk ¥ R FI NXYAy 3 gAGK2dzi A NNA3

However, he alfalfa/grain land use and the pasture land use include areas for which either the
irrigation type is not known or the water source is not known or b@table 11) For the soil

water budget model, the following assumptioase madeto account for all potential
combinations of land use, irrigation type, and water source

If the land useis either alfalfa/grainor pasture,and:

a) water source is GWMIX,or SW but the irrigation type is unknowr(480, 2, and335acres
respectively: assumeghattheA NNRA I GA 2y G@8LIS A& a2 KSNI &LINK

b) watersourced 5war& { £ > o0dzi G KS A NN RO0&nH 34ycres) @ LIS A a d
respectively: treat the land use asr 9 ¢ ¢ A (IKRAAY A NNA 3

c) irrigation type is unknown and theater source is unknow(b6 acre9: assume that the
ANNR I GA2Yy G@8LIS A& G20KSNJ ALINAY 1t SNI ANNRII

) ANNRIFGA2Yy GeLIS A& aOSYUSNI LIAG20¢ ceaidNJ a2 KS
unknown (177 acres of alfalfa/grain and 475 acres of pasture): assume that the water
source is GW,;

) ANNR I (A2 NNE DS I BREAY AH I NRE Saa 2F gl GSNI &

acres of pasture land use, mostly in residential areas): fre 0 KS f I yR dzaS I &
A NN 3This ikoRdgse4&8 acres of alfalfa/graamd 1275 acres of pasture classified as
KFE@Ay3a + a5w, ¢ ¢l GSNI a2dz2NOST YR mn I ONBa

source. No or unknown water source is sfiiedi for 120 acres of noirrigated alfalfa/grain
and for 469 acres of pasture land use.

These assumptions mawpt accuratdy reflect the irrigation type or water sourda all cases, but
due to the relatively minor acreage of these special cases, theeshimwulation process a
representative simplification that does not significantly affect the outcome of the soil water
budget model.
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10.2.2 Tipping Bucket Approach for Soil Water Budget Modeling

Thesoil water budget calculavns are performed using a tippingibket approach. The main
concepts associated with the tipping bucket approaeine are the following:

1 Thesimulation starts with the beginning of water year 1991, on October 1, 1990 and is
performed daily.

T We assume that the initial soil water conteoit October 1, 199@s zerq since the starting
point is after the completion of the irrigation seasfthe soil water profile fills during the
first winter months)

1 We assume that adjustediily precipitation(Padj)is the portion ofdaily precipitation(P)
that infiltrates into the soil and is available faily evapotranspiration (ETdr recharge:

o Iif P>0.2*H, Padj() =P
o If P<=0.2*k, Padj) =0 (FAO Bulletin 56)
o Elyis thedailyreferenceevapotranspiratio(FAO Bulletin 56)

This effectivelyassumes that precitation events ofless than 20%T, on any givenday will
sit on leaves or bare ground and evaporate before the end of the day, without affestiing
water storageplant evapotranspirationetc. For all soil water budget computationgie

use adjusted precipitation and not precipitatioAdjusted precipitation is the same across
the valley, since we only use on§Hkalue.

With dailytime-steps, the tipping bucket approach ustxdcalculate daily soil moisturgtorage
changesand deep pecolation in each polygooan be expressed as follows

Theta (i) = max(0, thetafi) + Padj(i) + Irrig(@actualET(i;Recharge(i)) 1 Eq.
Rechargdi) = max(0, thetafll) + Padj) + Irrig(i) cactudETi) ¢ WC4i)) Eq.2
Where

Theta(i) = water content at the end of day i

Padj(i) = precipitation on day i

Irrig(i) = irrigation on day i

ET(i) = evapotranspiration on dayET*crop_coefficient

Recharge(i) = deep percolation to groundwater

Actual H(i) = min (ETi), theta(+1) + Padj) + Irrig(i)) Eq.3

Groundwater echarge is defined here as the amount of sater that cannd be held against
gravity, i.e., the amount of soil waténat is above the water holding capacity, WC4, of thet
zonein the land use polygon at the end of each day. The model does not account for the time
delay between water leavindné root zone andvater reaching the water table at the top tife
groundwater systemGiven that water table depth is generally less than 20 ft and that recharge
values are aggregated monthly for the integrated hydrologic model, the assumption of
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integrated hydrologic model.

The above algorithm intrinsically exerts complete mass balance control orla@athisepolygon:
Padj(i) + Irrig(i, actualET (i}, Recharge(i) = thetaftheta(i-1) Eq.4

Furthermore, we can computeeficit irrigation for each polygon as follows:

Deficiencyi)=ETi) ¢ actualETi) Eq.5

10.2.3 Irrigation Water Source Simulation

Where does the irrigation water, Irrig(i), come from? The source of the irrigation water depends
on the water source ahland usespecified for an individudand usepolygon.

1 For pasture, irrigation water typically is suppliegsurface water. Groundwater pumping
in pasture occurs only for polygons where the faml usecoverage indicates that
irrigation water is beingi 2 dzZNOSR Fdzf £ & 2NJ LI NIAFff& FNRY
below).

1 Alfalfa/grainland usepolygons can be irrigated with surface water, groundwater, or a mix
of surface watefgroundwater.Based on information from th&WACthe distinction
betweend { ! wC! /9 21 ¢9wé¢ I|yYR dalL-95¢ g GSNI &2 dzNg
FASEtRa 6AGK a{!wC! /9 21 ¢9wé¢ az2dz2NOS aBNBE G N
either case, Halfa/grain is always fully irrigatedrirst with surface water angthen surace
water allocations dry upgroundwater is usedbr irrigation.

Thesimulated decision proceskat leads to dand usepolygon switching fronsurface water
irrigation togroundwaterirrigation can be summarized as follaws

1 Total monthly égschargeratesin the ScottRiver andn its tributaries at the entry into the
Scott Valleyare obtainedfor each of the nine subwatersheds calculatedby the
regression analysighapter 5).

1 Within each subwatershednd foreachmonth, the surface water usefir irrigation by
each polygon is subtractdidom the total monthly discharge of theespective
subwatershed streann a given month.

1 Once thetotal irrigation demand within a subwatershed, in a given month, exceeds
(estimated)stream dischargeand if the field isalfalfa/grain, thengroundwater is used to
make up the difference between surface water available and the irrigation deniaed
available amount of surface water is distributiedall polygongesignated for use of
surface watelat equal water depth (wadr volume proportional to polygon size). For each
polygon, thedifferencebetween surface water supply and irrigation demand for a given
month with surface water shortage is obtained by groundwater pumping.
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1 Canal losses to groundwater are currently notsidered separately. Effectively, these are
included in the irrigation efficiency concept and therefore contribute to diffuse landscape
recharge.

Thesurface water delivery and groundwateumping rates are driven by irrigation schedudesl

by precipitation and evapotranspirationdrban and domestic pumpirfgr irrigation of lawns, golf
courses, cemeteries, etc. is included in the soil water budget model, but allocated to nearby
agricultural wells. Domestic and urban water use other than for domestic/uresidential
irrigation iscurrentlyneglectedin the soil water budget modgebut canbe accounedfor in the
MODFLOW groundwateurface watemodel. Domestic/urban water use other than that used for
lawn/garden irrigation in Scott Valley is only a venyall fraction of total water use in the Scott
Valley.

In the current water budget calculations, \@@plyan irrigationmanagement schemmm which
irrigation is driven by crop ET and available precipitation (see below for details).

Recharge occurs acrosksd entireintegrated hydrologic modelg domain, either from irrigation
and rainfall, or from rainfall only (neinrigatedland uses).

10.2.4 Irrigation Management and Scheduling Simulation

Theirrigation simulationis based on irrigation efficiency and evapaisgiration as the drivexr for
computng applied water demanditt is based on theoncepts developed for the CDWR

Consumptive Use Program (Orang et al., 2008igation amount is calculatedsingthe same

approach for alfalfagrain, and pasture, buthe irrigation scheduling andrrigation demands differ
depending on three variablesrop type, irigation type, and water sourcd®etailsof the irrigation
management modedre describdhered b 2GS GKIFG fFyR dzaS RSaA3dayl i
associated withrecharge, irrigation, evaporation, groundwater pumping, or surface water

deliveries.

1) Alfalfa/grain and pasture

Following the literature (FAO publication 5@y falfalfa, irrigation in each polygohk starts on the
first dayi on or after March 2% whenthe soil water content has dried to letisan 45% of field
capacity:

Theta(i) < (40.55)*WC4(k) Eg. 6
Thedepletion factor0.55 is from FAO Pubdition 56,Table 22.

The lastlfalfairrigation application occurs on Septembét Ftypically it endsprior to the 3rd

cutting which is anytime between the last week of August and the 3rd week of September

According to GWAC, few fields are irrigatétbalLabor Day It is important to note that these
GANNRIAFGA2yaé FNBE y20 aArAyYdZ SR 4 AYRAQGARdzZ f
seasoni.e., the irrigation demand is computed daily based on the crop water demand (see

below).
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For grain the first irrigation on a field is determined exactly as for alfalfaut the earliest
potential starting date is March 15 Howeverthe lastday ofcontinuous irrigatioron grainis
simulated to be much earli¢han in alfalfapon July 18, after which the grain is harvested.

For pasture, the irrigation season is always from Apl‘ﬂ though October 18 (184 days)
However, on pasture that is surface water irrigatedhich representsnost pasture), no irrigation
occurs once surface water suppliescome unavailablé&he explanation of when surface water is
considered unavailable is presentadove. When applied,rrigation is applied continuously
based on daily ET demafagain,we do not distinguish individual irrigation events).

The approachlmsen here for simulating irrigation assumes that fields are all irrigated with the
same, irrigation typespecific irrigation efficiency. This represents a simplification of reality, where
some fields are relatively overrigated (mainly pasture fieldsand others are relatively under
irrigated. However, the irrigation efficiencies are chosen to represent average irrigation
management practices, given the irrigation tyjée approach here also neglects irrigation non
uniformity within individual fieldslLarge nonuniformity with significant undeirrigation in some
parts of the field may effectively increase fieddale irrigation efficiency.

For each polygon j and for each day i, the daily irrigagimountis calculatedas shown in eg?
based on the evaotranspiration of the crop, adjusted for precipitation and considering the
irrigation efficiency of the crop

Irrig_j(i)=(1/irrigation_efficiency_j)*(Max (0, (ET_foadj(i)) Eq.7
Where:

1 ET_j@) = € j* ET(i) where K. is the crop coefficientlifferent for each crop
1 Padj(i) is the adjusted precipitation on diafeq.4)

For the soil water budget model,enassume that there is no contribution &vapotranspiration
from groundwater.Groundwater conttution will be thoroughlyevaluatedonce theintegrated
hydrologicmodelis developed calibrated and coupled to #soilwater budget modelThis may
require an iterativecouplingprocess betweeithe integrated hydrologic modelevelopment and
the soil waer budget model development.

2) ET/no irrigation category
The main assumptiom this land use categorg that, at all times:
Irrig) =0

ET in thidand usecategory is computed separately by two models: shi water budgetmodel
and the groundwater 8w model (MODFLOW)

In the first step, we use the soil water budget model to compute daily ET (oi):day

ET{) = k* ET() = 0.6 *ET(i)
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With the additionalconstraint that ET{ <= Thetafl) + Padjj

This latter constraint is the key difference to arigated crop:here, ET is constrained to the
naturally available water.

In a second stefE Tthat isdue to directuptake from the water table will be computed withe
groundwater flow model (MODFLOWith the evapotranspirationET packagé. The MOBLOW
ET packagases root zone depth and maximum possible crog&ihput parameters

The rechargés computed as indicated in trseil water budgetmode (Eq. 2, section 5.1Note
that recharge is computed without consideration of ET directly from tagewtable. This means
that recharge may occur even if the water table is in the root zone. This conceptual dilemma
results from the fact that:

1 recharge computation is dongrior to MODFLOW and is an input to MODFLOW
1 direct ET from the water table is comjed as partof the MODFLOW simulation

Hfectively, the explicit coupling of these two components will not have much influence on the
result, as water mass is still conserved by not allowing the sum of the two ET \sliliesier
budgetmodeland MODFLOWD be larger than the optimal ET from thé&nd usecategory (0.6 *
ET). Note that this simulation process only applies to Aoigated ETand uss.

3) No ET / noirrigation category

Land use categories of this type have neither irrigation nor evaporatioavapotranspiration
from plants:

Irrig() = O at all times
ET( = O at all times

Inthe polygonswithin this category, we assume that runoff is negligible and that therefore
recharge is equal to the adjusted precipitation:

Recharge i) = Padji

10.3 Calibration of Reference Evapotranspiration (ET o)

Due to the sparse amount of observed data, calibration of the soil water budget model alone (i.e.,
not yet coupled to the groundwater MODFLOW model) is very difficult. Some values of reference
ET and ET were @vided by Hanson et al. (20d)1and have been used forhend-calibration of

the ET component used in the model.

Rderence ET (E)for the soil water budget moddias been calculated with the NWSETO program
developed at UC Davighich is based on thdamgreaves and Sama¢ii982)equation. The
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reference ET valueme summarized iffablel2 for the years 2002010andare compared against
reference ET valuesalculated withthe Hargreaves equation (Hargreaves et al., 1985)

Tablel12 Reference ETSeasonal Reference EFglculated with the Hargreaves equation (Hargreaves et al., 198%)dified from
Hanson et al., 2014) and obtained with the NWSETO program used here (Hargreaves and Samani, 1982).

ET (March 15-October 1)
NWSETO calculate ET values (March 15-October 1)

Year values (in) with Hargreaves eq. (in)
2007 40.12 44

2008 39.48 42.6

2009 40.4 40.4

2010 38.12 37.4

The reference HET) values calculatedvith the NWSET@rogramoverallwere in agreement
with the reference EValues based on the Hargreaves equatidalel2).

With the abovereference EValues aop evapdranspiration (which we call E&s mentioned
above is calculated as:

ETk*ET
where ETis the reference ET described above &pib the crop coefficient.

Observed values d@ifalfaET in Scott Valley were also available (Hanson et al. a2@bdl have
been compared with the calculated values.

As shown imTablel3, observedand calculatedlfalfaET values for the period March-Citober
1 are in agreement for three of the years considered: 2007, 2009 and Z@#&0values for 2008
arein disagreemenbecause oh significant number admoke days that occurred in Judaly
2008and are not accounted for in the NWSEB&ed ET estimate

Tablel3Measured and calculated ET values for aldalfsing a crop coefficieri, =0.95 . Measured values were obtained from
Hanson et al., 2014, Table 2)

Crop coefficient for Alfalfa= 0.95 ET(March 15-October 1)
Calculated values Measured values
Year with k=0.95 (March 15-October 1
2007 38.11 38.3
2008 37.34 29.4
2009 38.48 38.8
2010 36.13 36.03

*values for 2008 are expected to be lower than other years because of the numerous smoke ¢
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11 Soil Water Budget Model: Results

This section presents the results of thail water budget analysis. Resuétse compared against
irrigation, evaotranspiration and rechargeataavailablefrom relevantliterature andagainst
dataprovided by the local GWAC.

The water budget simulation provides daily, filgfield land use polygon specific outputs for all
of the following variables, which are aggated to provide yearly and lortgrm average rates by
polygon, by land use, and by subwatershed:

1. Pumpingeach polygon is assigned to the nearest wethmirrigation welldatabase If
there are multiple wells in one polygon, the total pumping neeevisnly split between the
wells, while the pumping rate in a well that is serving multipdelygonsis the sum of all
daily water needs ithe associated fields

2. Recharge, deep percolation, as calculated with Eq. 2;

Crop EvapotranspiratiofET)under optimal irrigation (=crop coefficient multiplied &T);

4. ActualETFthe ET actually occurring, limited by the available water in the root zone
including the amount of irrigation and precipitation on a given o@q. 3);

5. Deficiency the difference betweeroptimal crop ET and actual Ewhich may be limited by
the amount of water available (e.g., where surface water is the only source of irrigation
water or where no irrigation water is supplie(gq. 5)

w

Dailypumping and recharge ratese aggregated tanonthly totals for the MODFLOW
groundwatersurface wateisimulation

As part of the extensive GIS analysis described above, the watershed has been subdivided into a
total of 2,119 polygons[100f which are alfalfa/grain (withra8 year rotation, i.e.1 year gain

followed by 7 years alfalfay)41are pasture451polygonsare in the category with

evapotranspiration but no irrigatio17do not have evapotranspiration nor irrigati¢Rigure 18)

Each polygon is also associated with a subwatershedrrigation type, and a water sourcé&able

14 presents a summary of polygon area, ahd fractionof the area irrigatedy different water
sources used in the soil water budget model.

Tablel4. Summary of number opolygons, area, and % of the area irrigated with each of the water sources used in the soil

water budget model. The area of alfalfa/grain changes slightly every year because of the rotabiainthe overall ratio is of
alfalfa area to grain area is 7:177 acre (1%) of alfalfa/grain and 475 acres (3%) of pasture have no or unknown water sources.

T_otal % area with %area with Yarea with mixed| % %area
fimigated SN irrigation | GW irrigation (GW/SW) area subirrigated
Area @c) irrigation dry
Alfalfa 15,200/ 7 77 7 6 1
13,900
Grain | 2,200/ 2,000 7 77 7 6 1
Pasture 16,600 / 39 18 16 13 11
11,900
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Results are presented for the entifd yearperiod starting on October 1, 199@\s noted earlier,
resultsreported hereare based on th@recipitation timeseries described in section 4.2 and based
on a complete, mostly synthetgtreamflowdataset obtained by regression pgesented in

Chapter 5.

11.1 Water Budget Analysis

Average annual valugetaled over the project area are computed forigation, crop
evapotransporation (ET), actual evapotranspiratioeficiency recharge and pumping Theseare
valuesestimated using the daily values calculated in the soil water budget nfddelel5).
Simulation results must not be confused witteasuredvalues and theyave not been calibrated
against field data. For recharge and pumping, no field records exist. Irrigation and
evapotranspiration totals are compared against reported field data later in this section.

Maps showing the polygon specific yearly average vatuesthe 21 year period in inches/year
for irrigation, recharge, pumping, recharge minus pumping and deficiencgisopresentedto
provide information on the spatial distribution of the resu{fisgue 20to Figure25).

Tablel5. Averagesimulated annual water budget terms averagexer the 21 year period. The numbers represent raias
inches/yearfor eachland use(top) and in acrefeet/year over the ertire study area (bottom) Note that these aresoil water
budgetmodel simulation results and do not reflect actualljmeasured valueslrrigation includes irrigation with surface water
and irrigation with groundwater. Recharge also includes all landuse golys irrespective of whether irrigation water is from
surface water or from groundwater. All calculations assume that the water table is below the root zone.

. X o SW GW .
Inches/Year Crop ET Actual ET® Irrigation o ] Recharge Deficiency Area
Irrigation  Pumping

Alfalfa 42.0 40.1 33.1 4.1 29.0 14.6 1.9 13,893 ac
Grain 16.2 16.1 14.1 2.1 11.5 18.4 0.1 1,985 ac
Pasture 40.0 339 29.7 20.8 9.0 17.2 6.1 11,909 ac
ET nolRR 11.2 10.8 0.0 0.0 0.0 10.8 0.4 20,363 ac
noET nolRR 0.0 0.0 0.0 0.0 0.0 21.5 0.0 1,695 ac
Acre-Feet/ . ) o SW GW o

Crop ET Actual ET® Irrigation o ] Recharge Deficiency Area
Year Irrigation  Pumping
Alfalfa 48,700 46,400 38,300 4,730 33,600 16,900 2,230 13,893 ac
Grain 2,670 2,660 2,330 355 1,970 3,040 11 1,985 ac
Pasture 39,700 33,700 29,500 20,600 8,890 17,100 6,060 11,909 ac
ET nolRR 18,900 18,300 - - - 18,300 636 20,363 ac
noET nolRR - - - - - 3,040 - 1,695 ac

! Crop ET = BT crop_coefficient
% Actual ET = estimated actual ET occurriimited by ava#ble water in the root zonéwith or without irrigation)

I G2t 2F wmpXdnn FONBa 2F GKS arfFLETFIkANIAY
irrigated. Total crop ET fromdfalfais nearly 49,000 acfieet per year (afly) and 2,700 af/y from

grains. Crop ET is met pyecipitation, soil moisture, andn estimated38,000 af/y ofirrigation

onto alfalfa and 2,300 af/y of irrigation onto grains. Total pumping for those two crops is

estimated to be abou85,600 af/y, while only about 5,000 af/y wfigation water are estimated to

be from surface water.
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estimated total crop ET of nearly 40,000 aflwvo-thirds of the nearly 30,000 affy of irrigation
water isfrom surface water (20,600 af/y) with the remainder from groundwg&®00 afly).

Total sirface water deliveries to irrigated @as are estimated to be about Z®O0 afly,
groundwater pumping is estimated to be on the order {300 af/ynot includinggroundwater
uptake inabout 2,100 acres &fubirrigated areas.

'Y FTRRAGAZ2YIE wmdpInnn FFke 2T OFFAUNNEIAPEA AE S
areas (including dry farmed or sivigated crops)This estimated ET is supplied by precipitatio
and soil moisture storage and does not account for any groundwater uptake.

Analysis of the spatial and temporal distribution of irrigation and recharge flesxggests the
following mainfindings

1 Highest irrigation and pumping rates occur in polygorth wasture as land use and
groundwater as water sourcé&igue 20 and Figure23): thiscan be explainetly the fact
that pasture has the longest irrigation season. In polygons with groundwater as water
source, irigation rate and pumping rate are the same

1 Highestrecharge ratesKigure21) occur in polygons with pasture as land asel with
groundwater as water sour¢énvacant land us@olygondocated in the tailings
subwatershedand in polygonswith very small water holding capaciticharge is
expected to be higher where there Bgherirrigation or less plant transpiration

1 The bwestrecharge rates (almost zero rechargegur, for example, in some polygons
south of Greenviewraund Highway 3: as shown iRigurel9, they correspond to dryland
They rely orprecipitation as weer source for plantswhich efficiently scour available
moisture and therefore showttle naturalrecharge typical of a seraarid climate

1 Low recharge rates (between 4 and 8 in/year) occur in some fields north of Etna: these
have pasture as land use, but they are subirriggtegh water table)

1 Deficiency Figure25) occussin the months immediately folloimg the end of the irrigation
season (September, October, November).

A yearspecific analysis of the water budget for the 21 year period has also been performed
(Figure26to Figure28).This analysis allowssto highlight differencedn the water budget
between dry and wet yearighlighted with red and blue arroweespectively. Dry and wet year
classification is identical to that shovimFigure6.

As expecteddry yearsare marked bymaller amouns of recharge to groundwater and a smaller
amount of applied surface watet.ower surface water use reflects the modeled constsdaim
irrigation ofpasture which is limited by the estimated or measured (when aldé) monthly flow
in the stream associated with the subwatersheds to which a field belongs.

UC Davis 81 Final Report, April 22, 2013



Typicalcharacteristics contrastinglfalfa/grainsoil water budgets witlpasturewater budget
dynamicsanclude

1) Alfalfa/grain land useHigure27) is higherin actual evapotranspiration, highém applied
groundwater anchas an overall low fraction @fpplied surface waterThis isexpected
considering that alfalfa/grain imostlygroundwater irrigated Tablel14);

2) Pasture land uskashigher applied surface water and almost no applied groundwatke
amount of applied groundwatestoes not change dramaticallsom yearto yearbecause
there areno largedifferencesin the length of thepastureirrigation season bsveen
different yearsLarge dferencesoccurin the use of surface watdretween wet and dry
years Wherethe water source is groundwateyearto-yeardifferencesin groundwater
use are small andue to annual differences in the irrigation start dakeit thenirrigation
continues for theentire seasoreach year, regardless of year type (wet, normal, ;dry)

3) Rechargen alfalfa/grainis similarto pasture. A few pastures have high recharge rates
to beingirrigated with groundwateat high irrigation ates(low irrigation efficiency
assigned by the model)

Effects of dry and wet years on the amount of applied surface water and applied groundwater are
shown inmore detail for alfalfa and fopasture(Figure29). In dry years,ite amount of applied
surface water generally decreases while the amount of groundwatemcreases.

The results of the soil water budget model are generally in agreement with what would be
expected considering the background information on land usigaition water sourcgirrigation
type, and precipitation

Thesoil water budget modetan be adjusted to acoamodatechanges in inputs and/or
operationalassumptionsFurther sensitivity analysis and tests da@ performedto evaluate
assumptions
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Figue 20. Map of land use polygon specific average annual irrigation rates (inches/year) between October 1990 and September
2011.
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