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This section describes the HCM of the Colusa SuhbaBiie HCM suppors development
andimplementation of a GSP pursuant teettequirements of the Sustainable Groundwater Management

Act of 2014 (SGMA). This section was prepared through a coordinated effort between the GSAs
responsible for managing the Colusa Subbasin: the Colusa Groundwater Authority and the Glenn
Groundwater Athority.
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Title23 Sectior854.14 of theCCR23 CCRopn ®mn 0 NBljdzA NBa GKIF &G SF OK D{t
hydrogeologic conceptual model of the basin based on technical studies and qualified maps that
characterizes the physibcomponents and interaction of the surface water and groundwater systems in the
oFaAyé yR akKlkftft AyOftdzRS gNAGGISY RSAONARLIIAZ2YEA FT2N
Regional geology and structurgection3.1.7)

Lateral basin bouttaries Section3.1.8.)

Definable bottom of the basirSection3.1.8.2

Principal aquifers and aquitards, including formatimmes, vertical and lateral extent,
aquifer properties, restrictions tddw, water quality, and primary useSéction3.1.10

= =4 =4 =4

1 Any data gaps and uncertainties idii®d in the previously listed topicSéction3.1.12

In accordance with 23 C&R54.14, the HCM shall alsaeclude maps of each of the following physical
componentfthe HCM. All maps shall be informative, labeled, and include the datum (ZB6ZR(d)).
Information regarding key data sourcisslso included on each of the maps.

Topography

Surface geologgnd a minimum of two cross sections
Soil properties

Rechage and discharge areas

Surface water features

=A =4 =4 =4 4 A

Sources and points of delivery of imported water

This report addresses these requirements using currently available data and information in accordance
with the DWR BMPs for the Sustainable Management of Gatet: Hydrogeologic Conceptual Model
BMP (DWR, 2016Additionally, components of this HCM have been compdaoeaihd updated based on
information included in the California Central Valley Groundw&earface Water Simulation ModeFine

Grid (C2VSimFGhe selected integrated hydrologic model (IHM) chosen to support the Colusa Subbasin
GSAs.This section provides a comparison of th#&CM and IHM Data gaps, uncertainties, and
recommended actionarealso presented in thisection (Sectio.1.12.
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The HCM provides the general understanding of the hydrogeologic physical setting, characteristics, and
processes that occur withirhé Colusa Subbasin apdovides the foundation upon which théiM and
components of the water budget are based.

Figure3-1 depicts a generalized HCM (DWR, 2016). The m@nponents of the HCM include surficial

and subsurfacéeatures Surficial featurs includeopography, hydrology, water supply features, land use,

soil types, and geologic outcrops. Subsurface features of the HCM include geologic formations and
structures and the presence and characteristics of aquifers and aquitards. These HCM cotspamept

for land useare discussed ithis report section Land use is discussed in both the Plan Area and Water
Budget sections of the GSP

Evapotranspiration

AR NN

Ph«eatmwé# 3
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Municipal/

Salinity Gradient

Reference: California partment of Water Resources, 2016, Best Management Practices for the Sustaidniliigement of Groundwater:
Hydrogeologic Conceptual Model: California Department of Water Resources, December 2016.

Figure3-1. Hydrogeologic Conceptual Model Representation

The Colusa Subbasin HCM was dguadousing information provided in a variety of existing studies,
dissertations, reports, and datasef&able3-1 and Section3.5document the @ta sourceand references
used to developtie HCM
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The Colusa Subbasin has a Mediterranean climate with cool, wet winters and hot, dry summers.
Regionally, temperature and precipitation vary with elevation, with the lower temperatureshayicer
precipitation typicallyoccurring at higher elevations. Thegion is subject to wide variations in annual
precipitation, and experiences periodic dry periods. Summers can be hot at times with periods of
100-degree Fahrenheit temperatures.

Based orthe historical data obtained from Western Regional Climate Cent&E@National Oceanic

and Atmospheric Administration (NOAA) Cooperative Observer Network (COOP) stations in Colusa
(Station 041948) and Orland (Station 0465G6¢ recorded average monthtemperatureswithin the
subbasirrange from 46 to 80 degrees Fahheit, but the extreme low and high datiymperatures have

been 15 and 120 degrees Fahrenheit, respecti@®RCC, 2020)

The average annual precipitation varies from about 21 inchelseamorthern portion of the subbasin to
about 15 inches in the soutibue to the variable topographic relief of the subbasin, temperature and
precipitation can vary greatly with location

The Colusa station has recorded precipitation for water years #942gh2019 and theOrland station

for 1905through 2019.The water par startsOctdber 1, erds on September 3@nd is denoted by the
calendar year of its end dat€igure3-2 shows the annualvater yearprecipitation measuredt Golusa
andOrland for wateryears 1949 througB020. Water years missing more than 30 days of data during the
rainy season were considered incomplete and were not included in this evaluation. The rainy season is
interpreted to beOctober through AprilKigure3-2). Data was incomplete for water years 1965253,

1974, 1982, 1993998, and 2012013 at Colusa and water years 190807, 1910, 191419161920,

1941, 1981, 1994, 1996, and 262Q12 at Orland. Historical precipitation shown Figure3-2 for these

years is the minimum precipitation measured for thater year.

Multiple-year dry periods experienced in the Colusa Subbasin roughly correspond witiwvgtateultiple
year droughts. Multipleyear dry peiods recorded within the Colusa Subbasin area include:

1 19491950 1 19641966 1 19871991
1 19541955 1 19711972 1 20072009
1 19591962 1 19761977 1 20122016

Figure3-3 shows the exceedance curves for t@elusa and Orlangrecipitation data.The entire pgriod

figure shows the frequency at which a given level of annual precipitation was met or exceeded. The curve

can be used to gauge how fregntly the precipitation recorded in any given year was equaled or
exceeded in the pastoFexample, the minimum historical precipitation®fl 5inches recorded i©rland

occurredin 1924andwas met or exceeded ih0Opercentofé S| NA (i K NP dzaekd dfiiecondNI I Y R Q
{AYAT I NI & dn LISNOSyid 27F oI G St\arexceddedithe 254n6Hed o NI | Y R C
precipitation measured i2014
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Figure3-4 shows the topographyf the Colusa Subbasin. The topography throughout the subbasin
encourages drainage east towards the @awento River and south towards the Skaquin
SacramenteRiver Déa (Delta). The western side of the subbasin is elevated and includes low foothills
that transition to the higher elevation Coast Ran§&eams from the Coast Range drain eastward through
low alluvial plains towardSacramento Rivdtood basins.

Elevatons greater than 1,00feet North American Vertical Datum of 1988 (NAVD 88) occur within the
northwestern and the southwestern portion of the subbasiinese areas of high terrain are assted

with the foothills near Black Butte Lake and the northerntrmgent ofthe CapayHills. Minimum land
surface elevationsf less than 8 feet NAVEB8 occurin the southern portion of the subbasin between
the Colusa Basin Drain atite Sacramento Rér. Land surface elevations along the Sacramento River
range from dout 150feet NAVD 88 at the northeast boundary of the subbasin to abod¢dONAVD 88
near the southeast boundary of the subbasin

3.1.51 e RNR f 238

The hydrologyof the Colusa Subbasin is irdhced bythe underlying geology, geomorphology and
topography of te region andhe{  ONJ YSy (G2 =+ ffSeQa I NHS I INR Odzt { dzN.

The regionalwatersheds and natural waterways asbown onFigure3-5. The Sacranm@o River is the
principalstreamin the subbasin and contributes significantly to the statewide water suppbst of the
streams within the region drain the Sierra Nevada toghst and the Coast Ranges to west and are tributary
to the Sacramento River.

The watersheds of these tributary streams within the study area include:

9 Big Chico Creek Sacramento River watershed (hydrologic unit code 08 [HUCO08] 18020157),
which drains intdhe Sacramento River at the northern boundary of the Colusa Subbasin;

9 UpperStony Creek watershed (HUCO08 18020104), which drains into Stony Creek along the
norther boundary of the Colusa Subbasin;

1 Butte Creek watershed (HUCO08 18020158), which drainstietavestcentral portion of the
Colusa Subbasin, east of the Sacramento River

1 Honcut Headwaterg Lower Feather River watershed (HUCO08 18020159), which drains into
the Sacramento River south of the City of Colusa and flows along the Colusa Subbasin
bounday; and

1 Sacramento Stone Corral watershed (HUCO08 18020104), which drai@sdseRanges west
of the Colusa Subbasin, as well as the majority of the Subbasin, itself.
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The dominant nortinorthwesterly southsoutheasterly structural trends in the Coast Range west of the
Colusa Subbasin result in long narrow valleys and ridges. These topographic features have produced a
drainage network that routes most of the Co&sngeunoff to the Colusa Subbasin &iony Creekwhich

flows north in the Coast Range through Stony Gorge ResenRlai¢& Butte Lakieefore entering the Colusa
Subbasin along its northern boundary and discharging into the Sacramento River. Totkiveesoin the

Coast Range, similar geologic, geomorphic and topographic influences route most of the runoff through the
Upper Cache Creek watershed in a southeasterly direction where it contributes to flows in Cache Creek.
Cache Creek enters the SacrameMalley south of the Colusa Subbasin in the Yolo Subbasin. As
consequence of the dominance of the Upper Stony and Upper Cache Creek watersheds in capturing most of
the runoff from the higher elevations in the Coast Range, the remainder aftttex Coast Rngestreams

influent to the subbasin have relatively small catchment areas in low elevation areas of the Coast Range.
These streamare intermittent and drain the foothills that border the Coast Ranges to the west.

Canals and drains intersect streams anekeksto provide a water supply and drainage netwpnkich is

shown onFigure3-6. Major water features and conveyance infrastructure that serve agenctagwtie

Colusa Subbasin include the Sacramento RivenyStreek, Black Butte Lakike TehamaColusa Canal,
GlennColusa Canal, and the Colusa Basin Drain. The major water features and conveyance infrastructure
are discussedn the following section. Mre detailed information regarding flows and volumes are
discussed in thevater budget section.

3.1.5.1Natural Surface Waterand Conveyance Infrastructure

The major natural waterways flowing into, through,adong the boundary of the Colusa Subbasin include

the Sacramento River and Stony Creek. Many smaller intermiteams drain the foothills that abut

the Coast Ranges west of the Colusa Subbdsiree major water conveyance infrastructures also exist
within the basin. These are the Teha@alusa Canal, th8lenrColusa Canal, and the Colusa Basin Drainage
Canabkystem, otherwise known as the Colusa Basin Drain. Smaller canal and channel systems transport water
between the natural waterways and conveyance infrastructure. The natural anehmada water channs

within the Colusa Subbasin are interconnecteidgure3-5 and Figure3-6 showthe surface hydrology of the

Colusa Subbasin. The major waterways are discussed foltbwing subsections.

3.1.5.1.1Black Butte Lake and Stony Creek

The Upper Stony Creek watershed draamsapproximately 770 square milerea of the Coast Range,
foothills, and uplands, most of which is situated westhe Colusa Subbasistony Creek south dhe
GlennTehama County line defines the boundary between the Colusa and Corning Subbasirtenfhe S
Creek headwaters are in théoast Range terraiof western Colusa County. Stony Creek flows north
toward Stony Gorge Reservoir. Water discharged fromyS&orge Reservodontinues northeast to Black
Butte Lake, where most of the drainage within tBtony Creek watershed is eventually captured.
According to data listedn the CDEQvebsiteand shown orFigure3-7, storage withinBlack Butte Lake
has been between 1,204 and 140,000 af since 196Bhe lowest lak storage was recorded Fall 1977,

an extreme dry yearReleasefrom Black Butte Lake, monitored by the USBR and avagafI®ECrom
1996 to 202Gluctuated between 0 an@4,000cubicfeet per seconddfs) (CDEC, 202pischarges from
Black Butte ake flow intoeither Stony Creek or canals that irrigate agricdtdands of the Colusand
CorningSubbasie. Stony Creek eventually drains into the Sacramento River.
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3.1.5.1.2Sacramento River

The Sacramento River flows north to south along the eastern boundary of the Colusa Subbasin.
Sacramento River provides approximatelyd&@dcent of the inflow to the Delta and the largest and most
important riverine ecosystem in the State of Califori&\(R2009%). In addition to providing flows to the
Delta, the Sacramento River is tipeimary water source for irrigatiorwater supplieés and certain
landownerswithin the sibbasin.Sacramento Riverteeam flowsmeasuredat the Ord FernMain Channel
stream gaugein the northern part of the Subbasivariedbetween200and 160,000 cfduring the 1984
to 2020 time periogdwith extreme lowflows measured in the spring of 199%tream flowsneasuredat
the stream gaugdelow Wilkins Slough (Station WLK), south of Grimesedbetween 2,400 and 33,000
cfsfor the same period of recordrigure3-8 depicts the histodal flows at these two locations. During the
rainy season, flows at Wilkins Sloughe approximately a third those measured at Ord Fédigin
Channel.

3.1.5.1.3TehamaColusa Canal

The Tehame&Colusa Canal originates north of the study area at the Red Biluffping Rnt and Fish
Screenin Tehama County, runs along the west side of the Colusa Subbasin, and terminates south of the
subbasin near Dunnigan Water District, Yolo County. TdélearmaColusa Canal is operated and
maintained by the Teham@olusa Canal Authorifff CCA), located near Willows, Glenn County. The TCCA
service area extends from Tehama to Yolo County and provides irrigation water to farmers growing a
variety of permanenand annual crops within the study area

3.1.5.1.4GlennColusa Canal

The GlenrColusa Canalstem is situated east of the Tehartmlusa Canal and west of the Sacramento
River. The Glen@olusa Canal originates on the Sacramento River north of the Colusa Sublzhsin an
extends south of Williams, Colusa County, whieftows into the local canal sign. The GlenfColusa
Canal is operated by the Glef@olusa Irrigation District (GCID), located in Willows. GCID covers
approximately 175,00@cres; of which, approximatefi40,000acres are farmed, making it the largest
irrigation district in the Sacramém Valley (GCID, 2017). In addition to serving agricultural lands, GCID
services approximately 1,2@@res of private habitat land and 20,0806res of protected federal wilifie.

The main canal is approximately 65 miles long emnveys water into a comptesystem of nearly 1,000
miles of canals, laterals, and drains.

3.1.5.1.5Colusa Basin Drain

The Colusa Basin Drain is a drainage system that trangjdamfall runoff,agricultural runoff and return

flows away from the agricultural lands in the study area to$aeramento River and the Tule Canal near
Knights Landing, Yolo County. Many of thr&aler natural streams of the region, including Willow Creek,
drain into the Colusa Basin Drain. Some of the water within the Colusa Basin Drain is captured and reused
prior to being discharged into the Sacramento River.
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3.1.5.1.60ther Streams

Walker Creek (near Artois) and Willow Creek (near Willows) are sodth trending streams large
contained within thesubbasinFigure3-5). There are many ephemeral and intermittent streams that flow
into or through the subbasin. These include intermittent streams that drain the foothills between the
Colusa Subbasin andethigher elevation eeas of theCoast Ranges. These foothill drainages and their
tributaries are classified as part of the Sacrame8tone Corral Watershed, as defined by the National
Hydrology Dataset (NHD). The following streams comprise the SacraBtent Corral watersd, which
bounds most of the study area on its western side

Walker Creek Lurline Creek

Willow Creek
French Creek

Glenn Valley Slough
Freshwater Creek
Hayes Hollow Creek
South Fork Willow Creek
Logan Creek

Salt Creek (which flows past Williams, Colusa Coul
Spring Creek

Manzanita Creek

Hunters Creek Cortina Creek
Funks Creek

Stone Corral Creek

= =4 4 4 -4 -—Aa -8 -2

Salt Creek (which flows past Arbuckle, Colusa Cou

= =4 =4 4 -4 -4 -8 -2 -2

Runoff in these ephemeral and intermittent streamgsnerallybegins in late fall when theiny season

starts and may continue until late sprintnter-annual runoff patterndrom streams such as thesge

highly variable and many of these streams flow into drainage canals within ¢hbbasin For example,

Walker Creek and Willow Creek flomta the upstrean end of the Colusa Basin Drain, and other creeks,
AyOftdzZRAY3 {02yS [/ 2NNIXf /NBS|T FyR o062GK {Ffd / NBS]
(Figure3-5).

3.1.5.2Imported Water Sources and Point$ Delivery

The primary surface water bodies through, or from, which imported waters are delivered to entities within
the Colusa Subbasin include the Sa@atn Riverand Stony Creekwith the TehamaColusa Canal and

the GlennColusa Candieing the primaryconveyances of Sacramento River wafEnese surface water
features along with the regional and local water conveyance infrastrugtare shown onFigure3-6.
Water delivered via the Teham@olusa Canal, Sacramento River, S©Orgek, and other Central Valley
Project contracts are managed by USBR.

Modeled points of stface water diversions included in the C2VSin@FBusa model and their delivery
areas are shown ohigure3-6 and listed inTable3-2. The sources and delivery points for imported waters
are described in more detail in Secti&5 and the model development and calibratiofechnical
Memorandum prepared by Woodard and Curran (BQ2ppendix3-D).
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Table3-2. Surface Water Diversions Delivered to Land
P O 0
Diversion Iy Description Delivery Subarea Data Source
" . P

souncanalonyy S EESN ouwas
445 Colusa County WD CCWD USBR
446 OrlandArtois WD (OAWD) OAWD USBR
447 GlennColusa ID (Teham@olusa Canal) GCID USBR
448 Westside WD Westside USBR
449 Kanawha WD Kanawha USBR
450 Glide WD Glide USBR
451 La Grande WD LaGrande USBR
452 Davis WD Westside USBR
453 4-M WD 4AMWD USBR
454 Holthouse WD Holthouse USBR
455 Glenn Valley WD GVWD USBR
456 Cortina WD CCWD; ColGWS USBR
457 MyersMarsh MWC GCID; ColGWS USBR

. USBR, GCIDWIS

458 GlennColusa ID Main Canal GCID and eWRIMS

459 Reclaméon District #108 RD108 USBR
460 PrincetorCodoraGlenn ID PCGID USBR
461 Provident ID PID USBR
462 Sycamore MWC Sycamore USBR
463 Maxwell 1D Maxwell USBR
464 Carter Mutual Water Company ColGWE USBR
465 Misc Sac River Riparian Diversions ColGWE USBR
466 Misc Sac River Riparian Diversions ColGWE USBR
467 Misc Sac River Riparian Diversions ColGWE; Roberts USBR
468 Andreotti, Arnold and Arthur, et al ColGWSE USBR

108 gzt‘”sdaeﬁf%” ag\:‘v:ﬁ g'?;e;mi‘ggll‘;”” ID, PID; PCGID | C2VSImFG Beta;

111 Colusa Basin Drain @olusa NWR (08S_PR) cbMwcC C2VSimFG Beta!

113 Eé)(;lgiii)asin Drain to Colusa Drain MWC for Ag CDMWC C2VSIMEG Betal

(a) Diversion ID in the C2Vsimf&@Blusa model. C2Vsimfalusa was adapteddm the C2VSimFG Beta2 model.
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According to DWR (1978), which summarizes work performed by the USGS (Bertoldi, 1974), most soils in the
study area are either: 1) "soils containing hardpan or other consolidated horizons that restrict the vertical

flow of water, including soils over bedid', such as occur in the western upland areas; or 2) "soils containing

clay in sufficient quantities to impede the vertical flow of water", such as occur in the former flood basins of

the Sacramento River. Exceptidoghis generalization are the soitsthe vicinity of Stony Creek and stream
OKIyyStf RSLRaAla FRekFOSyd G2 GUKS {IFONIYSyd2 wAQ@SNE
(DWR, 1978). These general patterns are supported by more recesusalys conducted by the Natural

Resouces Conservation Service (NRCS). Areas containing soils with few barriers to vertical flow have higher
potential to recharge the underlying aquifers.

Figure3-9 contains the NRCS Soil Survego@aphic Database (SSURGO) hydrologic soil group
designations. Much of the study area is classified as hydrologic groups C and D, which are defined as soils
with slow or very slow infiltration rates when saturated (NRCS, 1986). Slow infiltration ratiefjreesl

by NRCS, can be due to the presence oftixéured layers, clays with high shrislwvell potential, shallow

water tables, or shallow soil layers undsrl by neasimpervious layers. The Stony Creek alluvial fan, the
Sacramento River historic chagl, and runoff areas of northern Dunnigan Hills contain hydrologic soil
groups A and B, which are defined as areas with high and moderate infiltration rates sah&ated,
respectively, occasionally mixed with soil group D (NRCS, 1986). Soils classifireld D soils (A/D, B/D,

or C/D) typically correspond to soils near shallow water tables. These mixed D soils exhibit very low
infiltration rates when undraiad (characteristic of soil group D), and the alternate level of infiltration
when drained (chaacteristic of soil group A, B, or C).
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The shoreline of the sea migrated westwatittoughout the Paleogene period due tcontinued
subduction of the Pacific plate beneath the North American plate. During this period of regression,
drainage from ancestral mountain ranges located north of the study area eroded a submarine valley into
the marine deposits (DWR, 2014; Redwine84p This valley, called the Princeton Submarine Valley,
extends from the northern end of what is now the Sacramento Valley towards the City of Woodland in
Yolo County, south of the study area. Continued regresdidhecinland sea and ongoing drainagerfr

the surrounding ancestral hills resulted in a mix of marine and continental deposits filling the Princeton
Submarine Valley and surrounding basin. The incised nature of the Princeton Submarine Valley within the
Great Valley Sequence can best be seethéwest to east trending Cross Secti®s QF QF -5 §R2 §
Figure3-11 andFigure3-12. Cross SectioRC Q Fig@eg-13, apgoximately follows the axis of the valley.

The lowest extents of the submarine valley were unconformably filled with Lower Princeton Valley Fill
deposits during the Eocene. The Lower Riioo Valley Fill, deposited via turbidity flows, consists of
interbedded sandstones and shale (DWR, 2014; Springhorn, 2008). The Lower Princeton Valley Fill was
conformably overlain by the lone Formation in the Eocene (~40 Ma) via stream drainage fr&iertiae
Nevada. The western extent of the lone Formation is charae@rby shallow marine deposition in the
remnants of the inland sea, while the eastern extent of the formation is characterized byaime deltaic
deposition (Redwine 1984; Springho®®08). The lone Formation unconformably overlies the Great Valley
Sajuence and crystalline and metasedimentary rocks near the eastern portion of the Sacramento Valley and
is used as a marker bed to distinguish the Upper and Lower Princeton Valley Fitgdepo

Around this time, the tectonic regime of the northern SacraitoeWalley began transitioning from a
subduction zone to a transform zone as the Mendocino Triple Junction (composed of the Pacific, North
America, and Juan de FuGarda plates) approachdtle study area from the south. The transition from
subduction to tansform movement resulted in the creation of faults and folds, many of which are
north-south trending due to the direction of compression applied by the transfystem.

Volcanic activitlduring the Miocene resulted in the deposition of the Lovejoy B4sdl6.4 Ma), which
unconformably overlies the lone Formation and older formations, where they dxigtire3-11 and
Figure3-12). These basaltic flows originated near Hohaite in the eastern Sierras and flowed westward,
following chamels towards and through what is now the northern Sacramento Valley (Helley and
Harwood, 1985). Due to its distribution as flows in preexisting channels, the presence of Lovejoy Basalt is
widegpread but discontinuous.

Unconformably overlying thieovejoy Basalt and older formations is the Upper Princeton Valley Fill. Upper
Princeton Valley Fill was originally thought to have been deposited in Late Miocene to Oligocene, however
age dating of thedvejoy Basalt has constrained the age of the Uppirceton Valley Fill to the Miocene

epoch (~16.4 Ma) (Springhorn, 2008). Upper Princeton Valley Fill consists of sandstone, with occasional
interbeds of mudstone and conglomerate deposited in a fluviabdplain system (Redwine, 1984).
Because of its depd@®nal history, groundwater within the Upper Princeton Valley Fill is fresh to brackish

in quality.

Uplift of the Coast Ranges in the Pliocene epoch eventually gave form to the Sacramento Valleigtas it e
today. Alluvial, fluvial, and floodplain depissierivedfrom the Coast Ranges eventually accumulated as the
Tehama Formation along the western side of the valldjle volcanic activity within the southern Cascade
Ranges produced basalt and antediows that would eventually become reworked intbet Tuscan
Formation. The Tehama and Tuscan Formations were deposited concurrently during the late Pliocene to
Pleistocene, interfingering with one another beneath the valley floor in what is referredstthe
TehamaTuscan Transition ZonEigure3-15). The interlayering of the Tehama and Tuscan Formations can
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be seen in Cross Sectidds Q£ Q&b QF -C FidgveF11 throughFigure3-13). The Tuscan Formation

appears as isolated lenses in negbuth trending Cross SectitfC Q> o6dzi G KS&S f SyasSa | N
main body of the Tuscan Formation, as depicted in the wast trending cross sections. In the late Pliazen

epoch, volcanic activity within the southern Cascade Range caused the widespread deposition of the
Nomlbki Tuff across the northern Sacramento Valley. The Nomlaki Tuff has been radiometrically dated to

3.4 Million Years AgoMa) (Evernden, 1964) and prinles an age constraint on the Tehama and Tuscan
Formations because it is found in the basal depositootii Formations. The age of the upper boundary of

the Tuscan Formation is further constrained to & based on age dating of a rhyolite flow that diesr

the Tuscan Formation near Mineral, Tehama County (Lydon, 1968).

Additional faults and folds wereeated as the Mendocino Triple Junction continued to move northward.
These include the Corning Fault, Glenn Syncline, Greenwood Anticline, and amassoftdomes and
buttes within the study area. The Sutter Buttes are thought to have formed in parttduthe
compressional tectonics associated with the migration of the Mendocino Triple Junction (Hausback and
Nilsen, 1999). The most recent Sutter Bstteolcanism occurred approximately 2 Ma (Hausback and
Nilsen, 1999).

Quaternary geologic deposits are cheterized by alluvial pediments and fans, and basin floodplain deposits

of the Red Bluff Formation (an erosional surface, or pediment), Riverbankat@niriModesto Formation,

YR oFaAy RSLRaAlad ¢KSAS | NB 0O2fds Sdotions@diridéon NB T S N.
Figure3-11 through Figure3-13 because of theidimited thicknesses relative tthe older formations

(Table3-3).

The Red Bluff Formation is thin sand and gravel deposit resting on a pediment or erosional sutfece on
Tehama FormationHjgure3-10). The Red Bluff Formation was faechwhen the Sacramento Vallesas

a closed drainage basin, which resulted in lacustrine depositemaionments. The Red Bluff Formation

is thought to represent the paleoshores of this ancimustrine system (DWR, 2014; Springhorn, 2008).
The age oftie Red Bluff Formation is constrained to 0.6 to 1.09 Ma by radiometrically determined ages of
the Rakland ash bed and the Deer Creek basalt, respectively (Harwoadl, 6981; Harwood and
Helley,1987; Lanphere etl., 1999). This constrains the agetlod Tehama Formation to be no younger
than 0.6 to 1.09 Ma.

Lacustrine environments resulting framk S o6 3 Ay Qa AYUSNYy It RN} AYIl IS RdzN.
resulted in the deposition of diatomaceous clays similar to the Corcoran Clay of thim&arnn Valley.

This indicates that potentially subsidenpene compressible sediments of approxielst 0.6 to 1.0Ma

ageare located near the top of the Tehama Formation.

The limited fresh groundwater found within the Red Bluff Formation tends to bsgmt under perched
conditions (DWR, 2014). The Red Bluff Formation is therefore not further disciusghe following
sections of this report.

Glacial activity during the Pleistocene epoch resulted in the Riverbank and Modesto Formations (Busacca
et. al, 1989). The age of the Riverbank Formation ranges from 0.13 to 0.45 Ma and corresponds toiglaa lllin

and older glacial stages. The age of the Modesto Formation ranges from approximately 0.01 to 0.042 Ma and
correlates to the Wisconsin glacial stage.

The youngest deposits of the study area consist of Holeageed basin deposits and stream chanregabits
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3.1.7.2PrimaryFreshwaterBearing Formations

The geologic formations forming the freshwater aquidemprisea single aquifer systenThegeologic
formations comprising the freshwater aquifer systame discussed below.

3.1.7.2.1TuscarFormation

Tuscan Formation deposits are characterized by their Cascade Range origin and volcanic signature. This
extensive series of basaltic and andesitic volcanic flows, conslitlst breccia, tuffaceous sandstone, and
volcanic ash is primarily located on thertheastern portion of the Sacramenktalley.Figure3-10 and
Figure3-15show he approximate surface and subsurfaceesus of the Tuscan Formation in the vicinity of

the study areaTheTehamaTuscan Transition Zoligalso visible in the 3D hydrogeologic conceptual model
shown onFigure3-14. The Tuscan Formation comprises the oldest freshwataifer in the eastern half of

the northern Sacramento Valley. The Tuscan Formation is exposed on the eastern side of the Sacramento
Valley andoccurs as interfingering layers with the Tehama Formation at depth near the center of the
Sacramento Valley. Thigerfingering of the Tehama Formation with Tuscan Formation units is referred to

as the Tehamduscan Transition Zon&igure3-15). In the study area, these deposits occur at depths
greater than the depths of most existing dortiesvells.

Moderately to highly permeable volcanic sediments are hydraulicalfined by layers of tuff breccias

and clays within the Tuscan Formation. The Tuscan Formation contains four map units, which are
designated A through D, with A being the dtéDWR, 200%. The low permeability lahar, or mudflow,
deposits of Unit C areonfining beds for the underlying older Tuscan Units A and B. Although Unit C
contains permeable volcanic sandstone and conglomerate interbeds, this unit is characterized by an
overall low yield of water to wells within the study area. Units A and B ahrooarsegrained than the
overlying Unit C, and they are the primary wakeraring zones of the eastern Sacramento Valley. The
lower Tuscan Formation (Tuscan Units A and B)dsent at depths below 7@8et in the eastern part of

the study area and caists of volcanic conglomerate, sandstone, siltstone, and interbedded lahars
overlain by tuffaceous breccias, sandstone and conglomerate. Tuscan Unit D is not present within th
study area.

The permeability of the Tuscan Formation varies, and irrigatiohswange in well yield from 7 to
4,000gallons per minute (gpm). The average yield based on 46 wells within West Butte Subbasin was
1,833gpm (DWR2004b).

3.1.7.2.2TehamaFormation

Figure3-10 and Figure3-15 show the approximate surface exposures and subsurface extents of the
Tehama Formation. The Tehama Formation forms the oldespest, and thickest part of the freshwater
aquifer n the western half of the northern Sacramento Valley. The Tehama Formation consists of up to
nearly 2,000eet of moderately compacted silt, clay, and silty fine sand enclosing thin, discontinuous
lenses of sand and gravel deposited in a fluvial (Alveme) environment (DWR006; Olmsted and

Davis, 1961). Based on the mineralogy of surface exposures, the sediments were derived from erosion of
the Coast Ranges and Klamath Mountains to the west anthwest. They were deposited under
floodplain conditiols on the west side of a broad valley of low relief (Brown and Caldwell, 2007,
Russell1931).

The Tehamand Red BluffFormatiors are exposed at the land surface on the western side of the
Sacramento #lley, in the northwest, and the southwesThe outcrg of the Tehama and Red Bluff
Formations and pinchout of the younger valley sediments coincide with an increase in terrain, as seen in
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Figure3-4. There are few wells drilled in these areas and local resideqsrt that existingwells yield

little groundwater. Geologic mapping shows outcropping of older Cretacemesl sedimentary rocks in
the northwestern portion 6 the subbasin neathe Orland Buttes and west of the Tehai@alusa Canal
(Figure3-10). Ba®d on these observationghe Tehama Formation is relatively thin and hasow |
permeabilitywhere it outcrops The Tehama Formation is buried beneath younger sediments to the east
and interfingers with the Tuscan Formation throughout the Tehdmscan Tnasition Zone in the
northeast portion of the Colusa Subbagigure3-15).

The permeability of the Tehama Formatizeries buis generally less than in the overlying unconsolidated
alluvial deposits. Because of the thicknesthefproducing zones, production from the Tehama Formation
can be up to several thousand gallons per minute per well (AOBE), but is typically lesshan that
exhibited by the Tuscan Formation.

3.1.7.2.3Riverbank and Modesto Formations

The hte Pleistocenagead Riverbank and Modesto Formatiommcomfortably overlie theTuscan and
Tehama Formations. The thickness of the formation ranges from less tHaattf nearly 200feet across

the valley floor (DWR, 20@6Helley and Harwood, 1985). These formations amdiloose to moderately
compacted silt, silty clay, sand and gravel deposited in alluvial depositional environments during periods
of worldwide glacidion (DWR,2006a; Lettis,1988; Weissmann eal., 2002). The formations were
deposited in response tohanges in base level and increased precipitation during the glacial periods. The
increased stream gradients and precipitation resulted in greater stré@charge and competency than
observed today. The greater competency of the streams led to scourstgeaim channels in preexisting
geologic deposits, followed by transport, deposition and burial of sands and gravels in the channels as the
glacial cycle progressed.

Figure3-10shows the spatial distribution of the Riverbank aviddesto Formation in the study area. The
formations are exposed at the land surface altimgchannels of creeks and along the western margin of

the study area, where they form a series of coalescing alluvial fans, emanating from the mouths of the
creeks.The Riverbank and Modesto Formations typically form terraces along stream channelgiégte ol
terraces occur furthest from the channel and at the highest elevations. Successively younger terraces are
incised into the next oldest deposit and, therefore coc closer to the stream channel and at lower
elevations. The Riverbank Formation forme thider terrace deposits that occur at a higher topographic
level. In the Stony Creek Fan area, these terraces aredefitied, but they are absent or poorly defined
along other minor streams in the study area.

The Riverbank Formation consists of poony Highly permeable pebble and small cobble gravels
interbedded with reddish clay, sand, and silt. The Modesto Formation consists of moderately to highly
permeable graels, sands, and silts. The Riverbank Formation is distinguished from the Modesto
Formatian by interbedded clay layers. These formations contain fresh water (RU0Rs; Harwood and
Helley, 1987).

Wellspenetrating the sand and gravel units of the Rivetbamd Modesto Formations produce up to
about 1,000gpm; however, the production varies depding on local formation thickness (DVWZR0Ga).
Wellsscreened in the Riverbank and Modesto Formations are generally domestic and shallow irrigation
wells (DWR, 208&).
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3.1.7.2.4StreamChannelnd Basin Deposits

Holocene stream channel and basin deposits areybengest sediments in study area, with ages of
roughly 10,000 years or younger (Helley and Harwood, 1985). The stream channel and basin deposits
consist of up to 8@oot sections of unconsolidated clay, silt, sand, and gravel reworked from older
formations by streams. According to DWR (2006), which also refers to these deposits as younger alluvium,
these deposits form a shallow, unconfined aquifer of moderate to pigmeability, but with limited
capacity due to the relatively restricted lateral and veatiextents of the deposits.

Holocene flood basin deposits are very young surficial deposits formed during flood events when streams
overtopped their natural leveedlooding the surrounding area. As the flood water spread, the current
velocity andstream competency decreased, resulting in deposition of silts, clays, and fine sands. Flood
basin deposits reach thicknesses of up to &€ and may be interbedded withretam channel deposits
(DWR, 2008). Because of their low permeability, limited erteand generally poor water quality, flood
basin deposits are typically not used for groundwater production (DWR a2006

3.1.7.3GeologicStructures

Figure3-16, from Harwood and Helley (1987), shows the structural corgtimumeters delineating the top

of the Cretaceous marine sedimentary rocks in the vicinity of the study area. The shaded colaisnte

on Figure3-16 conform tothe structural contours of the top of the Cretaceous rocks, but are represented
in feet instead of meters to facilitate comparison to tb#er maps included in this report. The structural
contours were based on the Cretaceous rocks because the resultifages produces a single structural
datum throughout the western Sacramento Valley. This datum helps reveal some of the geologic
structures (folds and faults) that affect the groundwater basin.

Figure3-10 shows the significant sictural features near the study area, including, but not limited to the
Willows Fault, Corning Fault, Glenn Syncline, and the Zamora Syncline in addition to other smaller
unnamed geologic structures. These structural features affect geologic units aategsting as the Red

Bluff Formation, which indicates that structural defoation was occurring as recently as 0.45 dthe

oldest potential age of the overlying Riverbank Formatj@nd may be continuing at present (Harwood

and Helley, 1987).

3.1.7.3.1Faults

Faults may affect groundwater flow by bringing geologic materials with diffehydraulic properties into
contact across the fault plane or by fracturing the materials, which could either increase or decrease
permeability, depending on the degree of fradhg and other geologic processes, such as mineralization,
active within thefault zone. The fault might, therefore, act as a boundary or barrier affecting the lateral flow
of groundwater between adjacent areas, and might act as a conduit allowing vertigaéral flow within

the fault zone. The faults that were analyzed ag péthis report include the Willows Fault, Corning Fault,
Black Butte Fault, and the Paskenta Fault. These faults are showigmre3-10 and discussed ithe
following subsections.

3.1.7.3.1.1%Zamora Fault

The Zamora Fauis a northwestirending, eastdipping normal faulmapped along the eastern edge of
Dunnigan Hills, south of the Colusa SubhaBie Dunnigan Hills escarpment is partially attributed to the
displa@mentalong the Zamora Fault (Harwood and Helley, 19&@alltopography and geologydicate
that the fault may extendurther northward towardsArbuckle.
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3.1.7.3.1.2Willows Fault

The Willows Fault is a nos$outh trending reverse fault that dips 74 degreeshe eat and extends from

near Stockton, Sasoaquin County to the north end of the Sacramento Valley (Harwood and Helley, 1987).

The reverse movement of the fault juxtaposes Mescagied marine formations against the Tehama
Formation, as seen in portion Coss Sections-. QX QF 5 gR BYyR (KS y2NIKSNYyY24l
Section~C (Figube3-11 through Figure3-13). Additionally, there is evidence that the Willows Fault
influenced not only the gsition of the Lower Princeton Valley Fill thalweg, but also offset the fill during
deposition (Redwine, 1984). Displacement along thkoWs Fault is approximately 1,68€et at the top of

the Cretaceous rocks and approximately 1,566 at the top of he Eocene formations (Harwood and

Helley, 1987). The most recent activity along the Willows Fault affects the lower Tehama Format&lim Th

rate on the Willows Fault is estimated to be 0.00@¢hes per year (McPherson and Gar/es09).

Groundwater etvations exhibit a localized lowering of the water levels where the northern extent of the
Willows Fault splits into the Black Butte aRdskenta Fault zones. This is discussed more in the Existing
and Historical Groundwater Conditions sections of the (88Etion 3.2).

3.1.7.3.1.3Corning Fault

The Corning Fault is an offshoot of the Willows Fault that extends north of Artois, Glenn County. It is a
north-trending reverse fault of similar structure to the Willows Fault, which has no surface expression,

but offsets thePleistoceneage Red Bluff Formation and the underlying Tehama Formation (Harwood and

Helley, 1987). Additionally, Late Cretaceous dépoi the region exhibit offsets of approximately

1,000feet due to the Corning Fault (Helley and Hardwood, 1985),wtda be seen in Cross Sectidn Q
(Figure3-11). William Lettid Yy R ! 842 O0AF GSa ownnu0 02y Of dZRSR GKI G ¢
a2dNOS¢ gAUK Fy SadAYl (SR incHedpeiyddt. 1S 0SG6SSy nonnn

3.1.7.3.1.4Black Butte Fault

The Black Buttedtlt is a northwest trending fault that separates the Orland Bsifrom BlacButte Lake.
Movement along the fault may have caused the uplift of the Orland Buttes (Russell, 1931). Mapping by
Helley and Harwood (1985) included Bigure3-10 depicts the Black Butte Fault as a northward offshoot

of the Willows Fault, much like the Corning Fault.

3.1.7.3.1.5Paskenta Fault

Displacement along the Paskenta Fault impacts the Cretaceous rocks but has not been observed within
the Tehama and youngepimations, constraining its most recent activity to approximately 3.3 Ma
(DWR2014). There are two main interpretations of the geologic nature of the Paskenta Fault zone. One
interpretation is that the fault zone is a northwest trending, left lateralnstnsional strike slip fault
(Moxon, 1990). The other interpretation is that the fault zone originated as anstidsing northdipping

normal fault zone that has been subjected to uplift and tilting to its current northwest trend (DWR, 2014;
Jones et. B, 1969; Moxon, 1990). Additionally, some studies represent the fault zone as truncating near
Black Butte Lake or transitioning into an anticlinal form while others have mapped the fault as a splay fault
from the Willows Fault, as shown éigure3-10 (DWR, 2014).

3.1.7.3.2Folds

Folds may affect groundwater conditions because folding causes the elevation and thickness of geologic
units to vary from place to place. Synclines areédglly characterized by thickening of younger units near

the axis of the fold and potential exposure of older more consolidated units near the margins of the fold.
Anticlines are theopposite andcan expose less permeable rock formations along their axdsnaay
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exhibit thickening of younger less consolidated fotimas near their margins. Additionally, the
permeability and other material properties of sedimentary rocks, such as the Tehama Formation, are
typically naturally anisotropic due to the alignmeat mineral grains along bedding planes during
deposition ofthe sediments. This alignment of the mineral grains results in higher permeability along
rather than across bedding planes, which typically results in a maximum permeability horizontally and a
minimum permeability vertically. Subsequent folding of beddpignes causes a reorientation of the
direction of the mineral grains, and therefore a reorientation of the maximum and minimum permeability
direction, which may affect groundwater flow rates aricedtions.The folds that were analyzed as part of

this repat include the Zamora Syncline, the Glenn Syncline, and the Greenwood Anticline. These folds are
shown onFigure3-10 and discussed in the following subsections.

3.1.7.3.2.17Zamora Syncline

The Zamora Syncline is located in the subsurface afa&tbuckle, Colusa County and extends into Yolo
County Figure3-10). The Zamora Syncline has no topographic expression, which means that the thickness
of postCretaceous sediments, including the Tehama Formasagreater along the axis of the syncline than

on the limbs. This means that the aquifer thickness is greatest along the axis of the syncline. The effects of
the Zamora Syncline on the older Cretaceous formations can be sdeéguwe3-16, where the elevation of

the top of the Cretaceous formations is depressed west and south of College City, Colusa County.

3.1.7.3.2.2Glenn Syncline

The Glenn Syncline is located near Hamilton City, Glenn County and was fdumieg the same
compressional regime as the Corning Fault (DWR, 2014). The Glenn Syncline roughly follows the direction
of the Sacramento RivéFigure 310). The effects of the Glenn Syncline on the Cretaceous formations can

be seen in the elevation contios of the top @ the Cretaceous rocks drigure3-10, where a depression

in the top of the Cretaceous formations corresponds to the axis of the Glenn Syncline. edlthieg
geologic formations along the Glenn Syncline can also be seen inSeci&mB-. (Figuye3-11). Due to

the vertical exaggeration of the cross section, foldmgot as evident as the presence of the Princeton
Submarine Valley, but a slight depression can be seen in the Great Valley Sequenceeamridridpeton

Valley Fill near the Glenn Syncline.

3.1.7.3.2.3Greenwood Anticline

The Greenwood Anticline and amnamed syncline are located near Artois, Glenn County. These
structures are on opposing sides of the Corning Fault and mimic the change in strikoagreisplayed

by the Corning Fault (Helley and Harwood, 1985). It is believed that the GreenwoolinArditd the
unnamed syncline coincided with the formation of the Corning Fault, under the same tectonic stress
regimes (DWR, 2014). Comparifigure3-10 and Figure3-16, highs in the top of the Cretaceous
formations are associated with the locations of @ueaticlines.

3.1.7.3.30rlandButtes

The Orland Buttes are located along the eastern shore of Black ButtérL@&enn County. The buttes

are composed of Cretaceous rocks capped by Lovejoy Basalt, which were thought to have been uplifted
due to movement along the &tk Butte Fault (Russell, 1931). Seismic refraction data and a recent study
by Williams Lettis ands&ociates (2002), however, suggest that the Orland Buttes were exposed via uplift
and subsequent eastward tilting along a blind wegping thrust fault.
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3.1.7.3.4%utter Buttes

The Sutter Buttes rise about 2,08t above the Sacramento Valley floor east of Golrsd are composed

of igneous, metasedimentary and metavolcanic rocks abouta244 Ma in age (Harwood and Helley,
1987). The formation of the Sutter Bes occurred in two phases. The first phase caused Upper Cretaceous
and Lower Paleogene formations be arched into a dome rising above land surface during a period of
magma injection. This was followed by rapid erosion and heavy faulting of the domtustficausing the
relatively older formations to be exposed prior to the second phase. The sebasd ponsisted of explosive
volcanism, producing the rampart tuffs and breccias surrounding the Sutter Buttes. Like many of the other
geologic structures ofhe region, the Sutter Buttes express characteristics representative of the stress
regime producedy the Mendocino Triple Junction (Harwood and Hell®R7).

3.1.7.3.5Colusa Dome

The Colusa Dome is a subsurface structure located approxinsitehjles westsouthwestof the Sutter
Buttes Harwood and Helley, 1987The dome is oblong in shape, approximatelynifs long in the
north-south direction and approximately 3 miles wideormation of theColusa Domeproposed by
Harwood and Helley1987) is due to bothdrag on the Willowsgault or a relatedsouthtrending fault

splay and localized magiti@intrusion, potentially during the same period that the Sutter Buttes were
forming. The Colusa Dome is characterized by uplift of its Eocen€retaceous rockdJplift of the
Cretaceous rocks can be seenkigure3-16. The Cretaceous rockewve been uplifted to approximately
1,500 ket below ground surface (bgs) while the Eocene deposits have been uplifted to approximately
500feet bgs (Springhorn, 2008 amlilliams and Curtis, 1977).

318. FaAy . 2dzy Rl NASa

Per the BMPs (DWR, 2016) and 23 CCR.£3f), the lateral basin boundaries can be defined as geologic,
hydrologic, or structural features that significantly affect groundwater flow. The lower boundary of the
basin can be defined based on physical properties (such as depth to bedrock) oeméadtproperties
(such as base of fresh water).

3.1.8.1Lateral Boundaries

Historically, the lateral boundaries of the Colusa Subbasin were defined hydrologically and corfsisted o
Stony Creek to the north, the Sacramento River to the east, Cache Creek to theaswlithe foothills of

the North Coast Ranges to the west. The hydrologic rationale for these boundaries is that the streams are,
or may be, coincident with groundwaternvides (boundary zones of either converging or diverging
groundwater flow) and the l-permeability Coast Ranges rocks create a barrier to groundwater flow at
their contact with the alluvial sediments of the basin.

Themodified Colusa Subbasin extents hadined the southern boundary to be the Coltgalo County

line, a jurisdictional bendary (DWR2016).The northern basin boundary is Stony Creek, where the Colusa
Subbasin exists within Glenn County, and the Gleelnama County line where Stony Creelstsxin
Tehama County. Stony Creek and the Coast Ranges comprise the western ettientolusa Subbasin.
The Sacramento Rivdemarks the eastern boundary of the Colusa Subbasin with the exception of lands
within Colusa County east of the SacramentceRand west of Reclamation District 1Q0#hichwere
added after the basin boundaryatdifications of 2018 (DWR, 2019)
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3.1.8.2Vertical Boundaries

Figure3-16 provides elevatiorcontours of the top of Cretaceotege rocks in the Corning and Colusa
Subbasins portion of the of the study area (Harwood and Helley, 1987). Thagaurs provide one
approximation of the physical base of the groundwater subbasins in the Colusa Sulbtaswod and
Helley, 1987). Harwood and Helley (1987) contoured the top of the igneous crystalline and
metasedimentary rocks where depth informatiovas available and contoured the top of the Cretaceous
rocks where wells were not deep enough to reach thgstlline and metasedimentary rocks. The
contours onFigure3-16 do not account for the posCretaceous Lower PrincetoraNéy Fill and lone
Formation, which were demited in marine environments, or the Upper Princeton Valley Fill, which can
contain fresh or brackish groundwater, and are therefore not considered part of the fresh groundwater
basin (Redwine, 1984). Theserfations lie above the elevation contours shoamFigure3-16.

The base of the groundwater subbasins can also be defined chemically as the base of fresh water.
Figure3-17 depicts the base fofresh water as defined by USGS (Olmsted and Di64,). According to
Olmsted and Davis (1961), the base of fresh water is where specific conductance of the water exceeds
3,000 micromhos, or approximately 2,000ligrams per liter (mg/L) total dissoldesolids (TDS). DWR is
preparing an updated map of the base of freshwater within the Central Valley, which will be based on a
TDS concentration of 1,000 mg/L, as defined the SWRCB maximum contamination level (MOI§ fo
(DWR, 2016)T'he base of fresh wat defined by C2VSim is defined by a TDS concentration of 3a00

per million ppm) (~3,000 mg/L) and was based on available geophysical logs (DWR2a®aps and
uncertainties associated with thease of feshwaterare discussed in Sectidh1.12

The cross sections shown &igure3-11 through Figure3-13 contain an approximate delineation of the
vertical extent of the subbasiThe physical base of the subbasin wafndel as the base of the Tuscan

or Tehama Formations. This definition exclsid€retaceousge formations, posCretaceous age
sediments of marine origin (Lower Princeton Valley Fill and the lone Formafioaepost-Cretaceous,
non-marine Upper Princeton alley Fillis excludedbecause it can contain brackish groundwater. This
delineation is similar to the delineation based on the chemically defined basin extent, except near the
western margins of the study area where brackish groundwater occurs aboveptier Brinceton Valley

Fill in the Teham&ormation

3-36 Colusa GSA and Glenn G
Groundwater Sustainability Pla
April 2021






Chapter 3
Basin Setting

319{ GNY GAINILKAO YR {(GNHzOGdzNF f CSII

Stratigraphic and structural features that could poti@lly impact groundwater flow were introduced in
Section3.1.7.3 The structures discussed below are not necessarily tasindaries butmay impede or
enable groundwater flow within the aquifeystem.

3.1.9.1Topography

Topographiceliefimpactsflowsat shallower depths in theaquifer systemfor example where permeable
bedspinchout on elevatedopography and the older, less permeable units are exposed on the surface.

3.1.9.2Faults

Geologic investigations have shown displacement ohtygrogeologic formations along the Willows and
Corning Faults. This is evident in the cross sectiofggofe3-11 through Figure3-13. These basin faults
may act as barriers or conduits to fresh groundsvdlows. Displacement along the Paskenta Fault zone
has not been observed ithe fresh groundwater bearing hydrogeologic formatiohewever, measured

and interpolated water levelsearthe Paskenta and Willows Fault zones near Artois, Glenn Countytexhib
a consistent localized lowering of the groundwater elevatiaosgthe trace of the faultAdditional study

of the groundwater conditions would be needed to determine if the fault is acting as a conduit for flow
along the fault trace, is impeag flowstraverse to the fault, or both.

3.1.9.3Folds

Synclines are the folding in of theatigraphic formations, deepening younger formations along the axis

of the syncline and potentially exposing the older formations along the margins. Synclines can indicate
locations of increased permeability or aquifer connectivity. This is seen withibakim near the Zamora
Syncline where the Tehama Formation is characterized by highly pervious, loose, and well bedded layers
(DWR, 2008&). Folds can also cause reorientation afturally anisotropic units causing decreased
permeability within theaquifer; however thiseffect on permeabilitthas not yet been quantifiedithin

the subbasin

3.1.9.4Stratigraphic Pinchouts

Stratigraphic pinchouts can occur at different scales. At a gedadogie, pinchouts can be found at the
lateral extents of the formation, wherthe formation thickness tapers out. Examples of this within the
study include the overlapping fingers of the Tehama and Tuscan Formations throughout the transition
zone Figure3-15) or where the alluvial and basin deposits truncate against the uplands of the Coast
RangesHKigure3-10). Pinchoutcan also be seen in the cross sectiong-mure3-11through Figure3-13.

Pinchouts can also occur at a larger scale. Structured heterogeneity of a geologic formation can result in
higher permeable sediment occurring within lower permeable material. The Telfeonmation is
especially heterogneous given its depositional history of alluvial and fludégdosits ands composed of
predominantly finegrained sediments enclosing discontinuous lenses of sand and greligh by
definition are pinchouts
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Thee is me principal aquifer within the Colusa Subbaswhich consists of théreshwaterbearing
sedimentghat underlie the Colusa Subbaskresh water can be found in th@ldcene basin and stream
channel deposits, Modesto Formam, Riverbank Formation, TehamFormation,and the Tuscan
Formation where iexists in theTehamaTuscan Transition Zone

Shallow groundwater in the study area occurs under unconfined conditions in the Holocene stream channel
deposits, except wher¢hese units are overlain by Holocetasin deposits, creating semiconfined to
confined conditions (DWR, 1978). At greater depths, groundwater occurs under semiconfined to confined
conditions in a single heterogeneous aquifer system, composed of predoryirigrgtgrained sediments
enclosingdiscontinuous lenses of sand and gravel. The aquifer properties, including hydraulic conductivity,
vertical leakance, and degree of confinement are dependent on the properties of thgréimed units
(Bertoldi et.al., 1991; Wiliamson etl., 1989). Té physical, chemical, and hydraulic hydrogeologic
properties of the principal aquifer are discussed in the following subsections.

Most of the fresh groundwater within the study area is contained within the Tehama Faomathe
fraction of fresh groundwatecontained within the Tehama Formation decreases in the northeastern
portion of the study area, where the Tuscan Formation is more prevakiguie3-15). The interface
between the Tehama Formation Aquifer and Tuscan Formatiaifésgreferred to in this report as the
TehamaTuscan Transition Zone, has been documented as mixed Tehama and Tuscan Formation
sediments (DWR, 2002 Thesemixed sediment zones grade into the Tehama and Tuscan Formations
and probably result in continujitof flow between the Tehama Formation and the Tuscan Formation.

There are no defined principal aquitards within the Colusa Subhlfasivever, the formationdeposited under
alluvial conditions or volcanic flows with lahars, such as the Tehama and Tosoatidhs, respectively, tend
to consist of thick lowpermeability sediments interbedded withterconnectedchannels or lenses of higher
permeability sedimen The lowpermeability sediments may impede vertical groundwater flowsgeuierally
do notsepaate the aquifer system into separate, definable principal aquifers

3.1.10.1Physicaland StructuralProperties

The lderal extent of the principal aquifésthe sane as the lateral extent of the subbasind isdiscussed
in Sectior3.1.8.1

The principal aquifeextends to the base dfesh water, which is discussedSection3.1.8.2

The unconfined to semconfined portion of the principal aquifer primarily consistsRifferbankand
Modesto Formations, @ well as the overlying Hicene stream channel and basin deposithiese
sediments are, at most, approximately 20€eff thick and are comprised of unconsolidated to semi
consolidated materials. These sediments are found throughout the subbasin but ginchear the
western marginof the basin where the foothills and uplands of the Coast Ranges commence, and the
Tehama Formation outcrop§&eologic mapping and well records support that the Tehama Formation is
relatively thin where it outcrops and does notggduce much groundwaterThis is discussed more in
Section3.1.7.2.2

The confined portion of the principal aquifer consists of the Tehama Formation, Tuscan Formation, and
to a lesser extentthe Upper Princeton Valley Fill. Thehama Formation is the primary watleearing
formation within the principal aquifer. The Tehama Formation is heterogeneous with discontinuous sand
and gravel lenses. Thicknesses of the Tehama Formation can be asashapproximately 2,00f2et
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(Olmstedand Davis, 1961). The Tehama Formation exists throughout the Colusa Subbasin but pinches out
along the western margin of the basin with the Coast Ranges and also to the east within the
TehamaTuscan Transition ZonEigure3-15). The Tuscan Formation is composed of interbedded lahars,
conglomerate, volcanic sandstone, and volcanic ash lagedscan be found at depshgreater than

700feet bgs. The Tuscan Formation within thebbasinexistsalmost solely within thefehamaTuscan

Transition Zonebut can be found as far east as the foothills of the Sierra Nevada Mountain Remege.

Upper Prineton Valley Fill is located at depths greater than 1,088 bgs where it exists within the

subbasin and is predominantly composed of sandstdrable3-4 contains the ranges of vertical and

horizontal hydraulic conductivity, transmissivity, storativity, and specific yield values fqurihepal

1l dZA FSNRa dzy O2y FAY SR I Yy R stéidnypliblsyies RepoKs2oR abRifar$edtihng 3 A O d
Andytical models such as the Theis or Hantdabhob methods commonly enable the estimation of
transmissivity and storativity from aquifer test data. Transmissivities can then be used to determine
hydraulic coductivity of a watetbearing unit. Hydraulic comzO G A A G A Sa ' NB | YSI &dzN
ability to transmit water horizontally or vertically. Aquifer materials generally have higher horizontal
hydraulic conductivity than vertical hydraulic conductividypnfining units are generally the limiting facto

when evaluating vertical movement of water through the aquifer system.

Horizontal hydraulic conductivity of the unconfined to seranfined zone ranges from 10 to 229 feet per
day (ft/day).

A typical lorizontal hydraulic conductivity of the Tehama Fotima is approximately 27 ft/daywithin

the permeable units of the Tuscan Formation (Units A and B), horizontal hydraulic conductivities range
from 11 to 88 ft/day. One study estimated horizontal hydraudioductivity within the confining unit of

the Tusan Formation (Unit C) to be 321 to 571 ft/day (Brown and Caldwell, 2013), an order of magnitude
larger than those estimated within the more permeable units. Typically, the horizontal hydraulic
conductivity d low-permeability strata is lower than that ofsi more permeable counterparts. This
discrepancy in hydraulic conductivity values may be due to aquifer testing conducted within highly
permeable zones within Unit C. More investigation into the discrepa@commended, as discussed in
Section3.1.12.2

Vertical hydraulic conductivity for the confining unit in the Tehafoacan Transition Zone was estimated to
be 0.0036 ft/day based on data obtained during an aquifer test wsimgltiple canpletion observation well
with separate completions perforated above and below the confining unit (Wiest, 2012).

Water released from storage within confined aquifer systems is characterized by the storativity of the
aquifer units. Storatity is estimaed to range from 0.0003 to 0.001 for the Tehama FormationGa8@004

to 0.003 for the Tuscan Formation. Storativity of Unit A of the Tuscan Formation (the deepest unit) is
generally higher than that of Unit B (Brown and Caldwell, 2013)stiutower than that of the Tehama
Formation.Sorativity values are not reportetbr the unconfined portion of thduscan Formatian

Specific yield represents the water released from drainage from the pore space between the individual grains
that compri® the aquifersediment. Specific yield is only specified for the unconfipation of the principal

aquifer. Specific yield for thenconfined portion of the principal aquifes approximately 0.034 to 0.185
(3.4percentto 18.5percend (Olmsted and Dasji 1961).

Stuctural properties that could impact groundwater flows within the principal aquifer are discussed in
more detail in Sectio.1.9
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3.1.10.2Primary Uses

There arewenty (20) stakeholders withirhe Colusa Subbasin shown Bigure3-6. These stakeholders
include municipalities, water agencies, irrigation districts, wildlife refuges, and reclandisitricts. Not
shown onFigure3-6 are LINA @I 1S | YR R2YSaiAO0 LgYlI®NE &2F0HK
Subbasin.The primary uses ogroundwater within the pmcipal aquifer includerrigation, domestic,
industrial, and municipal supply (DWR, 2806

R /]

3.1.10.3Water Quality

Historical groundwier quality concerns within the study area include locally elevated levels of electrical
conductivity (EC) and TDS, adjusted wodabsorption ratio, boron, nitrate, and manganese (DWR, 2006
Wood Rodgers, 2008). Many of the entities within Glenn ands@dlounties that monitor groundwater for
guality either use wells that have multiple or long perforated intervals that accessdnater fromboth

the unconfined and confined portions of the principglifer, or report water quality results from their We
collectively, without specifyingshat depth(s) the well was screened iFhis data gap is discussed in more
detail inSection3.1.120f this report.

Recent groundwater quality concerns within the Colusa Subbasin includyshbron, nitrate heavy metals,
including arseni@ndhexavalent chromiunHigh concentrations of sodium, chloride, and sulfate, all of which

are related to salinity (TDS aB€C) have been observed south of Maxwell (CH2MHILL, 20168R¥D08) and

could negatively impact agricultural applications. Elevatattentrations of boron within Colusa County have
already impacted agricultural practices (GCID, 1995). In contrast, boron concentrations measured in select
groundwater wells within Glenn Countyave not exceeded the United States Environmental Protection
Agency (USEPA) agricultural water quality goal for boron of 750 micrograms per liter (ug/L) (USEPA, 1986;
USGS, 2018). Elevated salinity levels throughout much of Colusa County, nitrates meha&Villows,

arsenic near Grimes, and iron and mangamessg Williams and Colusa are of concern with respect to drinking
water MCLs (CH2MHILL, 2016). Drinking water supply wells near Willows, Glenn County, have experienced
high concentrations of hexalent chromium (California Water Service, 2016).

There arealso several active groundwater contamination cleanup sites in the study area. These primarily
include leaky storage tanks and unauthorized releases of contaminants such as petroleum hydrocarbons,
nitrate, pesticides and herbicides including dicamba, atdents. Most of these cleanup sites impact the
unconfined portion of the principal aquifebut there is a risk that the contamination could migrate into

the deeper more heavily pumpedportions d the aquifer The largest contamination site is the Orland

Dry Cleaner site, a tetrachloroethylene (P@lE)ne that extends approximately two miles southeast of

the source location in Orland, Glenn County (Department of Toxic Substances Control [DI&C], 20
SWRCB, 20b). In 2007, PCE contamination wasordedat depths of 127%eet bgs (DTSC, 2018.

More detail regarding existing and historical groundwater quality issues and tréndsovidedin
Section3.2 of this GSP.

3.1.11DNRP dzy RgF SN LYy Ft2¢6a YR hdziFf 26

Groundwater underflows between th€olusa &bbasin and neidtoring groundwater subbasins depend on
fixed aquifer hydraulic properties and the prevailing groundwater gradients, which are influenced by
time-dependent natural recharge and discharge patterregjifer interactions with streams, the effects of
pumping, &ad the effects of managed and unmanaged recharge. These inflows and outflows are discussed
further in the following subsections.
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3.1.11.1Groundwater Underflow

Groundwater underflow occurs across the bourydaf the Colusa and Yolo Subbasins under the influence of
the generally southeasterly to southerly groundwater flow gradient. The boundary between the Colusa and
Yolo Subbasins is jurisdictional and has no influence on the flow of groundweere3-4). Groundwater
underflow may occur as either outflow or inflow across the northern and eastern hydrologic borders of the
study area, where the Colusa Subbasin abuts neighboring subbasinsagitieucte of these underflows is not
currently quantified but is anticipated to be a relatively small component of the water budget for the study
area and neighboring groundwater subbasins. Significant influences on these inflows and outflows include
groundvater gradients across subbasin bouriday stream stage in the Sacramento River, Stony Creek and
Butte Creek, and the timing, location, and magnitude of groundwater pumping, managed recharge, and
unmanaged recharge, which includes recharge due to agralipractices and precipitation.

Underflow across the western boundary of the study area is negligible due to the low permeability of the
Coast Range rocks.

3.1.11.2Groundwater Recharge Areas

The primary sources of groundwater recharge in@wusa Subbasare deep percolatiorg the movement
of water from land surface to the aquifer of precipitation and applied water. Other volumetrically less
important sources include deep percolation resulting from domestic and munigeal

3.1.11.2.1AgriculturalRecharge

Much ofthe study area is devoted to agriculeyrmany of the agricultural fields are irrigated with surface
water supplies from the Tehar@olusa Canal, the Glei@olusa Canal, and other irrigation water supply
systems, which provide Sacramento Riwater from autside of the basin boundarieEkigure3-6). Water
applied to agricultural lands has a significant contribution to groundwater recharge.

3.1.11.2.2Soil Suitability foGroundwater Banking

Recharge occurs throughout the study area, but at variable rates depending on topograpbrgserties

and the underlying geology, as introduced in Sect®is4, 3.1.6 and3.1.7, respectively Figure3-18

shows potential recharge aas based on the Soil Agricultural Groundwater Banking Index (SAGBI)

0 h QDS &ly 205%)i GBI was developed to provide a measure of soil suitability for recharge on
agricultural lands while maintaininthe viability of soils and crops, and groundwateslity. The index

gl & RSOSE2LISR 02y aAiARSNRyYyaH20I5x3S YIF 22N FF O02NB 6hQD

Deep percolation;

Root zone residence time;
Topography;

Chemical limitations; and

LA A

Soil surface conditions.

As depited onFigure3-18, the incex also includes the assumption that soils with restrictive layers would
be made more permeable through deep tillage. The index ranges froynpaor to excellenbver the
study area.
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Soils with indices in the moderately good to excellent range correspond to hydrologic soil groups A
throughC, agliscussed in Sectidhl1.6 and are mostly located over younger alluvial fan and stream channel
deposits, includinghose of Stony Creek and other small streams draining the Coast Ranges, and younger
stream channel deposits located along the Sacramenter ffigure3-9 andFigure3-10).

3.1.11.2.3Multi-Benefit OnFarm Managed duifer Recharg®rogram

In 2018, the Colusa Groundwater Authority in cooperation with The Nature Conservancy (TNC) implemented
a pilot managed aquifer recharge program. During this program, farmers worked with TNC to create
temporary wetlands using existinwater conveyace infrastructure and available flows durifgl and

winter migration periods. The program sought to increase groundwater recharge in severely disadvantaged
communities while providing habitat for migratory birds. Various factors includetgr availabity, soil
suitability, and farming practices were evaluated for participating farmers. The pilot project areas are
delineated orFigure3-18.

3.1.11.3GroundwaterDischarge Areas

Groundwater discharges in the study area linig:

9 Discharges to streams, drains, seeps and springs;

9 Losses to the atmosphere through uptake and consumption by wetland or riparian vegetation
(phreatophytes), deeply rooted crops, and baré seaporation under shallow water table
conditions; and

1 Grourdwater pumping.

Figure3-19 and Figure3-20 show depth to groundwater during the spring of 2006 (prior to the multiple year
droughtsof 20072009 and 201:2015) and the spring of 2017 (aftée multiple year droughts), respectively.

Areas with depth to groundwater close to land surface may indicate potential zones of groundwater
discharge that can be expressed as flowing artesiatsywa through discharge to ponds, springs wetlands,
streams and canals. Discharges can also occur through evapotranspiration from riparian or phreatophytic
vegetation, and from bare soil evaporation.

In the spring of 2006, the largest of these potentiectharge zones was in a low elevation area of the
Colusa Gbbasin aligned along a norttorthwesterly trend extending from the Colu¥alo County line

into the southern half of Glenn Countyiure3-19). The axis of the southerly part of this zone was aligned
with the Colisa Basin Drain, which is an indication that the Colusa Basin Drain received groundwater
discharge in spring 2006. Shallaepths to water in spring of 2006 also were evident along the
Sacramento River, indicating that some reaches of the Sacramentonfitiydrave received groundwater
discharges in spring 2006.

The extent of potential groundwater discharge areas in the sir&P17 was similar but more limited

Comparison of the depth to groundwater contours to land use shows that many areas with sthegiths

to groundwater correspond to the areas of rice cultivation and wildlife refuges. Ponded agricultural fields
tend tobe in areas that contain a high percentage of silts and clays, which restrict, yet do not negate the
vertical flow of water into or ot of the groundwater system. A portion of the groundwater would
therefore discharge into the ponded water and a portiooud discharge into unlined irrigation canals,
drains, or ephemeral stream channels.
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The potential for flowing artesian conditions is evident in the historical groundwaterriee@surements

for some monitoring wells in the Colusa Subbakigure3-21isa hydrograph for a multiple completion
well located north of the Sacramento National Wildlife Refuge, west of Princeton. As setre on
hydrograph the groundwater within the deep completion (N®2W18D001) historically has a higher
potentiometric head han the groundwater within the shallower completions. This indicates a potential
for upward flow of groundwater from the deeper confined wateraring unis to the shallower confined
water-bearing units. Starting in 2014 and continuthgoughthe first hdf of 202Q however, the depth to
groundwater within the deepest completion hakecreasedsignificantly, indicating a reversal in the
vertical flow directbn. This period corresponds to the multiple year droughts of 2007 to 2009 and 2012
to 2016.Althoughthe overall depths to groundwater were greater in the latter half of 2020, the vertical
flow direction reverted back to pr2014 conditions.

Groundwater pmping within the basin serves municipal, domestic, irrigation, and environmental needs.
Figure3-19 and Figure3-20 show the irrigation districts, reclamation districts, municipal water aies

and wildlife refuges within the study area and the water supply source identified by DWR (2014). DWR
surveys of groundwater extraction for the Colusa Subbasin reported appatedyn310,000af for
agricultural applications, 14,00@f for municipal ad industrial consumption, and 22,008f for
environmental wetland use (DWR, 2@)6 There are also many unmetered domestic wells located
throughout the study area. Colusa County exsties approximately 1,208f of groundwater extraction

from domestic well§Wood Rodgers, 2008) within County lines. A more detailed discussion of the water
budget is discussed in Section 3.3 of this GSP.

While the municipalities rely on groundwater to sertheir residents, much of the agricultural lands
within the study area rert surface water supplies for irrigation. Some of the farmlands use a mix of
surface water supplies and groundwat€iqure3-19 andFigure3-20. The primary groundwater pumping
areas forirrigation correspond to farmlands that do not receiserface water supplies. An example of
this includes farmlands that are not part of an existing irrigation district.
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Table3-5. Comparison of Modeled Layers with Principal Aquifer and Geologic Units

C2VSIimFG

Model Layer| C2VSIimFG Model Laye Principal
Number Description Aquifer Geologic Formation

Holocene Basin Fill and Stream Channel Depc
Unconfined Modesto Formation

Zone Riverbank Formation
Tehama Formation (minimal)

Unconfined Freshwater
1 AquiferZonewith
Pumping

Confined Freshwater

2 Aquifer Zonewith Confined Zone TehamaFormatlpn
. Tuscan Formation
Pumping
Confined Freshwater Tehama Formation
3 AquiferZonewith Little Confined Zone Tuscan Formation
Pumping Upper Princeton Valley Fill (partial)
Upper Princton Valley Fill (partial)
4 Confined Saline Aquifer -- lone Formation

Lower Princeton Valley Fill

Uncertainty is even greater in the southwestern upland area than the northwest upland area. In addition

to minimal available well logs, there are no mapped isolated outcrops of oldtac@ousaged rocks

within the southern uplands to indicate uplift ofder bedrock formationsCross sectionsb Q -§F®> D
which cut through the southwestern upland aresfiow the reverse discrepancy along the west margin of

the basin Figure3-12). Cross sections-DQ I-JR dDK2¢g GKS Y2RSt SR ol asS 27
shallower than the mapped freshwatdearing geologic units.

The Tehama Formation thickens near the Zamora Syncline, however available data that idbatifese

of the Tehama Formation in this area is scafidee modeled based of fresh water from C2VSimFG and the
mapped base of fresh water from Olmsted and Davis (1961) both indicate that fresh water exists at depths
greater than those shown on cs® sectbn GD (Figure3-12).

Other locationgvhere the modeled or mapped base of fresh water does not coincide with the freshwater
bearing formationgan be seen on the cross sectioRig(ire3-11throughFigure3-13). For examp, near

the Corning Fault on cross section BhearSacramento River on cross sectio [@r between Cortina
Creek and the Teharr@olusa Canal on cross sectie@.R

Additional subsurface dataill be cdlected to help delineate the base of tlygologic formatiosin the
aforementioned areasTheverticalextents ofthese geologic unitwill be updated through evaluation of

52wQa F2NIKO2YAy3 GSEGd2NB Y2RSt Siuath Modi$BVSkng LI NI
inspection of geophysical logs from oil and gas welsomagnetic surveydn-depth evaluation of
availablewell completion reports (most of whiainaynot be deep enough to characterize the base of the

Tehama and Tuscan Formaig)but may be sufficiento better define the Tehamduscan Transition

Zone) information from new boreholes; and/or other methods or data sources that may characterize the
subsurface stratigraphy
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Different agencies have chosen different Td@8centrdion thresholds to definghe base of fresh water.
These different threshold concentrations used to classify fresh water versus saline water may be a
contributing factor in the discrepancy. Olmsted and Davis (1961) used a threshold of approximately
2,000mg/L while C2VSIimFG assuwsreethreshold of 3,000 ppi@pproximately3,000 mg/L of TDS, DWR,
2020), andDWR is preparing an updated map of the base of freshwater within the Central Valley, which will
be based on a TDS concentration of 1,000 mg/LUB&for TDS (DWR, 2016).

Once aditional information is evaluated, either the geologic extents in the HCM can be updatktie
relevant C2VSimFG model inputs can be adjusted to better represent the principal aquifer in these areas.

3.1.12.2HydraulicParameters

Hydrauic parameter estimatesvill be updated and refined by performing additional pumping tests, and
reanalyzing existing test data in cases in which parameter estimates are outside of expected ranges.
Pumping testswill use pumping wells and dediesl monitoring wells discretely seened ineither the

unconfined or confined portion of thgrincipal aquifein order to better quantify hydraulic parameters per

GKS LINAYOALI f I jdAFSNRE dzy O2yFTAYSR 2NJ O2yFAYySR 02y

The hydraulic properties of Tugt&ormation Unit @vill be futher investigated to verify the high hydraulic
conductivities reported for Unit C and their applicability in the Colusa Subbasin.

3.1.12.3Groundwater Quality

23CCRopn®mMnoovonvo50 aidldSa KOALIaEISISddr ¥ S M di SNK Hj 4l
the HCM.Future groundwater quality characterization effoutdll utilize wells with known construction.

Thewells used to characterize growvdter quality discussed in this repoatre all drilled within the

princpal aquifer but have not been identified as representing the unconfined or confined conditions
Identifying well depths and construction information would be beneficial in order ttebeinderstand

groundwater quality and the potential spatial trends amgovement of contaminants within the
principalaquifer.

3.1.12.4Groundwater Level Measurements

Groundwater elevation contours shown @igure3-19 and Figure3-20 imply that the faulting could be
impacting the loalized groundwater flow regime. Additional water level maasoents collected from

the greater Artois area and westward would allow better evaluation of groundwater conditions in the
area. More data could shed light on if the localized groundwater lowslageto the fault zone or some
other factor such as localidgoumping.

329 - L{¢LbDP¢ChwL/![ Dwh! b521¢9w / hbb5L
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This section describes the existing and historical groundwater conditions of the Colusa Subbasin to support
development ad implementation of the GSP pursuant to tleguirements of SGMA. This report section was
prepared through a coordinated effort between the GSAs responsible for managing the Colusa Subbasin: the
Colusa Groundwater Authority and the Glenn Groundwater Aitghor
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Title 23 Sedbn 354.16 of the California Code of Regulations (23%QRn ®mc 0 NBIj dzA NBa G KI
provide a description of current and historical groundwater conditions in the basin, including data from
January 1, @15, to current conditions, based on the lies | @1 Af I 6t S AYF2N¥VIGA2YE
descriptions for conditions related to the six undesirable results listed under SGMA:

1 Groundwater elevations (Sectidé2.2)
Groundwater storage (Sectidh2.3

Seawater intrusion (Sectidh2.4

Groundwater quality issues (Sectidr2.5

Land subsidence (Secti8r2.6)

Interconnected surface water syster{fsection3.2.7)
1 Groundwaterdependent ecosystems (Secti8r2.9

=A =4 =4 4 =

Thissectionaddresses these requirements using currently available datkirgformation in accordance
with the information provided by DWR and listed in the California Code of Regulations.

3.22DNR2 dzy Rg | 1SNJ 9f SO GA2Yy A

Appendix 3A containghe locationmap andhistorical hydrographs for the 50 wells identified as part of
the Colusa @basin groundwater monitoring network. The monitoring network contains a mix of active
water supply wells and dedicated observation wells. Tit@nitoring networkwells are onstructed to
different depths within the principal aquifer and represent condigowithin the unconfined to confined
zones. Appendi®-B contains historical groundwater elevation contour maps for spring fafidof
calendar years 2006vet conditions), B15 griticalconditions), 2017wet conditions) and 2020 Most of

the wells usedn contouring are screened at depths greater than 100 feet and represent groundwater
levels in the semiconfined to confined part of the principal aquifer.

3.2.2.1Temporal and Spaal Trends

Figure 1 of Appendix-8 shows the locatianof the monitoring wells within the subbasinA hydrograph
representative of typical historical and seasonal groundwater level trends within the Colusa Subbasin is
shown onFigure3-22. The Colusa Subbasin has a Mediterraryae climate with wet winters ad dry
summers. Seasonal trends in groundwater elevations reflect these seasoralctihanges. During the dry
season when there is an increase in groundwater pumping, depth to groundwater increases, and during the
rainy season when there is a decrease@émand andjroundwater recharge rates are highgroundwater

levels decrease. Ege seasonal fluctuations in groundwater elevations can be seen in the hydrograph on
Figure3-22. The magnitude of the seasonal drawdown and recpwdapends orhydrologc conditions
(e.g.dry or wet years) and human influence such as demamdlavailable water supply sources.

Well 13N01WO07G001MF{gure3-22) isscreened in the unconfined to sermonfined porton of the principal
aquifer. Groundwater levels declined during the droughts of 1976 to 1977, 1987 to 1991, 2007 to 2009, and
2012 to 2016 and either stabilized or recovered after these dry years. The wtastienrecovery period
occurred around 1983, whiowvas both a wet year and when water users added more surface water to their
supply portfolios. Groundwater recharge increased after the introduction of surface waters due to a
decrease in groundwater pumgnand the addition of applied surface waters &gricultural use. Event
signatures such as these are less notable in shallow wells located near surface waters, where flows in
perennial streams or irrigation canals may smooth out impacts to groundwatgslev
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Regional gpundwater flow within the Colusa Subbasia generallyeastward from the margins of the
Sacramento Valley toward the Sacramento River andhseartd towards theSacramenteSan Joaquin
Delta. he regional groundwater flow trends are typified by groundwater conditions in 2006. Bigjure
and 2of Appendix3-B shows the groundwater elevations in spriagd fallof 2006, before the onset of

the multiple-year droughts of 200% 2009 and 2012 2016 For most of the Subbasin, the groundwater
flows in a southeasterly direction, consistent with typical regional trends. South of Arbuckle, however,
groundwater flows northeast down from the uplands befouerting southeasand down the valleyThis

flow pattern is repeated in springnd fall2015, which represent conditions duriagnultiple-year drought
period (Figure ®f Appendix 3B).

Groundwater pumping has resulted in cones of depression that dighgptegional groundwater flow
trends. Changes iland use and multiplgear droughts have led to increased groundwater pumping.
These changes in groundwater pumping have created new cones of depression and enlarged existing
cones of depression. The regidngroundwater gradient and direction were affedteby cones of
depression in areas of heavy groundwater pumping, which can be seen on the sprfiatj 205 contour

maps (Figure 3 and4 of Appendix 3B).

Groundwater elevations throughout the study area declined over the prolonged dry period aft@hb200
recovered in 2017Figure3-23 is a groundwater &vation change map that compares spring 200G
drought)to spring 2014 postdrought) conditions Negative changgin groundwater elevatiogindicate
decreaes in the springgroundwater elevations from 2006 to 2017, whialghlights areas that had not
fully recovered from the multiplgear drought between 2007 and 201@&he primary areas with
groundwater declinesierein the northwestern part of the study asenear and west ofthe Glenn County
communities of Orland and Artois, and in the southern pHrthe study area near the Colusa County
communities of Williams, Arbuckle, and College City.

Current groundwater elevations are shown &ingure3-24 and Figure3-25 for spring andfall 2020,
respectively. Current groundwater levels are similar to those measured in 2017, indicatirrgdfatal
groundwater leved have beerrelatively stablesince the end of th@revious multipleyear drought.

3.2.2.2Lateral and Vertical Flow Gradients

The lateral groundwater gradient has historicaienrelativelystable over timeand typically increases with
increasing terrain slop&.ypical dteral flow gradients within the Colusgubbasin are approximately 0.001

in the valley and approximately 0.01 in the uplands. Impacts due to pumping are the exception to the typical
gradientsand disrupt both local and regional gradients.

The verticalgroundwater gradients within the principahquifer provide insight intgpumping stresses
within the aquifer Vertical groundwater gradieralso helgin the identification and assessmentarieas
where groundwater dischargeand recharge mayoccur, and suppors the understandng of
interconnectiors between thesurface water featureand thegroundwatersystem Figure3-26 through
Figure3-28 contain hydrographs for multipleompletion nested monitoring wells in order from north to
souh. The well locations are shown on FigureflAppendix 3A. Well 22N03W24E06Q03M is located
just south of Stony Creek near the Tehama Colusa Cadalwnwar vertical gradienthhasconsistently
been observed at 22N03W24EQ0Q3M (Figure3-25), indicatingthat there is potentialgroundwater
recharge from surfaceources Thisis consistent with othemultiple-completionwells in the area.
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Well 18N02W18D00D04M, shown onFigure3-27, is located just north of the Glenn and Colusa County
border. Before 2014, the well exhibited an upward flow gradient, watential for upwardgroundwater
from the deeper confined aquifer zone towards a shallosemiconfined aquifer zone. After 201

the midst of the prolonged dry perigathe gradientbegan to transition The vertical gradientsn
18N02W18D00D04Mafter 2014showpotential for downward flonwduring the rainy season and upward
flow during the dryseason.

Variable vertical gradientalso occurredin well 12NO1E06D06Q04M (igure3-28), located on the
Colusa and Yolo County line. Priorth@ prolonged dry period between 2007 and 2016, trestical
gradients and groundwater elevations measured in the well showed potentiasdasonalflowing
artesianconditions The potentiometric head ofhe confined aquifer system rose above land suefac
during the wet season. During the start of the multiylear droughtthe vertical gradient waapward
from the deep zone and downward from the shallow zone towatds middle zone. This mayave
beendue to the majority of groundwater pumping occurriagdepthssimilarto the middle completion
of the monitoring well. During the latter half of the multiplear drought, theverticalgradient reversed
during the wetseason, withvertical gradients showing potential for flofinom the shallow towards the
deeper zones. After 2016he vertical gradients returnedo pre-drought conditionsput at generally
lower groundwater elevations.
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The current groundwater storage volume within th€olusa Subbasimbove the crystalline basent

rocks and base of freshwatds estimated to be between about 26 million adeet (maf)and 140 maf
based on an analysis using contourin@@ming 2020 groundwater levels, an average saturated thickness,
and an assumed average specific yield ranfg®034 to 0.185taken fromOImsted and Davis (196Dhis
rangein groundwater storage volume reported this GSP is low due the lack of groundwater elevation
and groundwater quality data within the upland areas of the subbasin and uncertainty negénéidepth

to the base of freshwater. Recent groundwater modeling conducted to support developmens @ 8
suggess average specific yield values for the full saturated thickness in the subbasin (i.e., from the
regional water table to the base of &k water) fit within the range provided by Olmsted and Davis (1961).

Prior to the groundwater basin modifition process concluded by DWR in 2018, DWR Bulletin 118
estimated the aquifer storage capacity within the upper 200 feet of the Colusa Subbadie to
approximately 13 mafDWR, 2006 The Colusa Subbasin at the time was bounded by Stony Creek to the
north, Sacramento River to the east, Cache Creek to thérsand the uplands of Dunnigan Hills and the
foothills of the Coast Ranges to the west. Cothg the Colusa Subbasin excludes the areas south of the
ColusaYyolo County boundary and includes a partiof the former West Butte Subbasin east of the
Sacramento River within Colusa County. Taking into accourréaof the current Colusa Subbasirdan

a specific yield estimate 00.071 withinthe unconfined zong as reported in Bulletin 118 (2006),
approxmately 10.3maf of storage capacity is estimated within the upper 200 feet ottreent sibbasin
extent Given that the base of freshwater can fmeind at depths of more than 2,000 feet, the storage
estimate of 26 maf to 140 maf is likely to be low.

Theaverage annual change in storagras-28 thousand acrdeet per year faf/yr) over the historical

water budget periodof 1990to 2015. This indicatethat on averagemore groundwaterhas leftthe
ColusaSubbasin than enteredesulting in an average netduction in groundwater stored in th€olusa
SubbasinFigure3-29 summarizes the annual change in storage and the cumulative change in storage in
the Colusa Subbasaquifer system over the historical water budget period. A decrease in groundwater
storage occurred during critically dry (C), dry (D), and below normal (BN) water years. This is most evident
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between2007and 2015, when the regioexperenced a series of consecutjvaultiple-year droughts.

While critically dry, dry, and below normal wateraye almost always correspond with a decrease in
storage, above normal (AN) and wet (W) water years do not always result in an increase in groundwater
storage. On average, ti@olusaé&dzo 6 F A Ay Qa &G 2N) 3S @2f dzyYS Aa AyTFtdsSyo
This is likely due to both a greater reliance on groundwater supply during dry years when surface water is
less readily available and the relativellpw nature of deep percolation to recharge the groundwater
system during wet years. Mosf the groundwate inflows and outflows within th€€olusaSubbasinare
exchanged directly with the land and surface water system overlying the Colusa Subbasin gteandw
system. More information regarding the groundwater storage calculations can be found in the water
budget section of this GSRE5dction 3.3 and the model development and calibratioffechnical
Memorandum prepared bWoodard and Curran (202 (Appendix3-D).
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Figure3-29. Change in Groundwater Storage
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The study area is located approximately 30 miles from the legal SacrafBantdoaquin River Delta
boundary, and even farther from the brackish delta estuaries. Additionally, the 2019 Basin Prionitizatio
study by DWR found that the Colusa Subbasin hagxtabited any impacts afeawaterintrusion within

the past 20 years (DWR, 2@0Seawater intrusion is neither occurring nor anticipated to occur in the
Subbasin. Further discussion of seawater intmss not included in this GSP.
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Groundwaterswithin the Subbasin are mixed calcium, magnesium, and sodium bicarbonates\{l2¥&R,
2004,2006. The northern portion of the Subbasin is dominated by calcium bicarbonate wakdle
increased sodium content has been observed near the Sittetes and west towards Williams, resulting

in localized occurrences of mixed sodium and magnesium bicarbonate waters south of Princeton, near
Williams, Colusa, Grimes, and Arbuckle, and south towaridsGbunty (DWR, 2006).

Groundwater quality concernwithin the Colusa Subbasin include ldgalevated levels of EC and TDS,
adjusted sodium absorption rati@rseni¢ boron, hexavalent chromiumiron, manganesgand nitrate
(DWR, 2006; Wood Rodgers, 030 California Water Service, 2016WRCB, 202D The following
subsections discuss the occurrence of these constituents of concern within the Subbasin.

Monitoring and regulatory programs exist for the major constituents of concern within the Colusa
Subbain. These include programs managed by the U.SoGieal Survey, State of California Department

of Water Resources and the State Water Resources Control Board, Central Valley Salinity Coalition, and
Central Valley Regional Water Quality Control Bodhds section summarizes groundwater quality
information from these existing programs. Chapter 4 provides describes the proposed monitoring
network for monitoring the potential mobilization of saline connate water from below the freshwater
aquifer or along falts in the vicinity of the Sutter Buttes.

3.2.5.1Major Naturally Occurring Constituents

All groundwater contains dissolved constituents that are products of natural processes of the hydrologic
cycle. Rainfall contains only small concentrations of dissolveditmrss. Uponreaching the land surface,
dissolutian of minerals contributes dissolved iottsthe water. @lcium, magnesiuprand sodiumare the

major cations (positively charged iomgdicallyfound in groundwater, and sulfate and chloride, which, along

with bicarbonate, are the major anions (negativelyarged ions). The bicarbonate ion is formed by
dissolution of carbon dioxide from the atmosphere and released by organic processes in the soil. Dissolved
carbon dioxide contributes to the dissolution ofmarals as water is recharged. The quantity of alis=d

salts depends on the specific surface area of the aquifer material, the solubility of the minerals present, the
pH and Eh of the system, and the residence time of the water isubsurfaceaquifer.

3.2.5.1.1Salinity

Salinity of groundwater can be characd by the measured T@8ncentrationand/or the EGralue TDS
concentrations throughout the Subbasin range from less than 100 mg/L to more than 1,500 mg/L, the short
term secondarMCLdefined by Title 2Zalifornia Code of Regulations (SWRCB, )0ERjure3-30 shows

TDS concentrations detected in wells of varying depths. Wells with unknown depth and construction
information are shown on all three parsedfFigure3-30. TDS concentrations of more than 500 mg/L, the
recommended secondamCL, have been detected in wells throughout the Subbasin, but mostly in wells
south of Artois. The highest concentrations of TDS have beasuned in the area surrounding the cities of
Maxwell, Colusa, and Williams.
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Wells screened in the unconfined to seatinfined zone of theaquifer (i.e. in wells less than 200 feet
deep) had the highest number of wells with elevated TDS concentrationscdéntrationsin the
shallow wells southwest of Colubaveconsistently been greater than 2,000 mgier a 20year period

The wells sathwest of Colusa with unknown depth have historically had TDS concentrations between
649 mg/L and 1,820 mg/L between8@and 2011. The wells northeast of Maxwell have consistbatly

TDS concentrations above 1,000 ingver 2Gyear period

Wells with depths greater than 200 feet in these areas have historically had TDS concentrations less
than 1,000 mg/L, with the excéipn of the deep well southeast of Maxwell. This well is a multiple
completion nested monitoring well with completions set at 378 f&at feet, 1,236 feet, and 1,48&et

deep. In 2011, TDS concentrations in the deepest completion had the lowest TDéhtcation
(approximately260 mg/L) while the secondeepest completion well had the highest TDS detection
(approximately930 mg/L). Thawo shallowest completiosin the wellhad TDS concentrations of
approximately 520 mg/L. In 2016, the secestthllowest completion well had the highest TDS
concentration (approximately 1,640 mg/L) while the shallowest completion well had the lowest
concerration (approximately530 mg/L). The eepest completion was not measured in 2016.

The shallow well west of Grimes showneigure3-30 is shownwith anelevaed TDSsymbol because of

a singe TDS measurement of ®&0 mg/L taken in 1975This older measurement may not be
representative of current conditions in the area. Similarly, the wells near College City and other locations
with TDS detections greater than 1,000 mg/L tend to be wetls a single measurement @nmay not
represent current or consistent TDS concentrations for those locations.

Many of the wells located ir near urban areas exhibit TDS concentrations above $96-mg/L
recommended secondarCL This includeswells with urknown depths in the ares of Williams,
Maxwell, Williams, Colusa, Arbuckle, and College City. Public supply wells deeper than 200 feet near
Williams and Willows exhildtl an increasing trend in TDS concentrations (Dupuy, et. al., 2019 and
Jurgens, et. al2020).

3.2.5.1.2Major Cations ad Anions

The primary cations within the Subbasin are calcium, magnesium, and sodium. The highest calcium
concentrations within the Subbasin have been measured in wells between Colusa and Williams, where
concentrations have been remded above 100 mg/L.d&lated sodium concentrations have been detected

in wells throughout the Subbasin, but tend to be higher in the area surrounding Williams and Colusa. In
Colusa, sodium concentration levels are often an order of magnitude greaterofhatagnesium or
calcium Magnesium concentrations are typically between 10 and 30 mg/L. Wells near Willows, Williams,
and Arbuckle have shown an increasing trend in magnesium concentrations over the past decade
(DWR2021;SWRCB, 2020USGS, 2020).

The atio of calcium to sodim is muchhigherin the northern part of the Subbasin compared to the
southern part of the Subbasin. This aligns with the spatial trend in water type, with calcium bicarbonate
waters being characteristic of northern Glerfounty and sodium bicarbonate wase generally
characterizing Colusa County.

As a general rule, the ratio of sodium to calcium and magnesium concentrations in groundwater increases
with residence time. This is due to cation exchange, which can be thotightaonatural water softening
process that occurs when groundwater containing calcium and magnesium comes in contact with clay
containing exchangeable sodium. The longer the water is in contact with the aquifer, the higher the ratio
of sodium to calcium rad magnesium, and the softer theater. This relationship may be obscured by
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other factors, including geologic heterogeneities that may cause variation in the sodium concentrations,
independent of the residence time of the groundwater, asaline water intrusion. These factors,
notwithstanding the relative concentrations of sodium, calcium and magnesium in the wells, may also
help to delineateechargeand dischargeones and potential mobilization of connate water

The Subbasin waters are mixed bicarb@ataters. Other major anions digiuted throughout the
Subbasin include chloride and sulfate. The spatial distribution of the high concentrations of chloride and
sulfate is similar to that of elevated concentrations of TDS and sodium, with the highesint@tions
detected in the genedaVlaxweltColusaWilliams area and south towards Arbuckiégure3-30). Sulfate
concentrations in this area have besmreasured above th250-mg/L recommended secondalCL, with

the southern wells showing a losigrm increasing trend in sulfate concentrations (SWRCB, &020
Groundwater samples in the past decade have generally contained chloride concentitatiomsthe
250-mg/L recommended secondaMCLthroughout the Subbasi(DWR, 2021SWRCB, 202pa

3.2.5.20ther Naurally Occurring Constituents

Naturally occurring constituents that could constrain the use of groundwater within the Subbasin for

LGl ofS adzlX e FyR gKAOK KIFI@S 6SSy RSGSOGSR Ay i
manganese, and hexalent chromiumBoron can alsbe detrimental to plants.

3.2.5.2.1Arsenic

Arsenic is a naturally occurring constituent in groundwater and commonly occurs at concentrations
ranging from 10 to 5Qug/L in the western United States, where it is typically associated wit t dz@A I £ 7
lacustrined A Ay mFAf £ R Srhdesaridiédimentgf\RIchdet. bl O1988R The primary MCL for

arsenic in drinking water is 10 pg/L (SWRCB, 2018

Arsenic has been detected near Grimes at concentrations of approximatelyg2Q0A federal program

was initiated to install filters on water conogons and reduce the arsenic concentration (Glenn County,
2005). Recent concentrations of arsenic in wells near Grimags beerless than 20 ug/L. The elevated
arsenic concentrations nearri@des were determined to be due to natural conditions (Glenn Ciyun
2005), and is potentially impacted by Sacramento River stream channel and its proximity of the Sutter
Buttes andhe Colusa Dome.

3.2.5.2.2Boron

Boron is a naturally occurring element that is@sated with the marine deposits of the Coast Ranges.
Anthropogeric sources of boron include industrial waste discharges, municipal wastewater, and
agricultural practices (SWRCB, 2017). Boron in groundwater is most likely in the form of boric acid. Boron
is a necessary component to plant growth in small amounts, buesgants are sensitive to the presence

of boric acid in waters and may exhibit adverse effects if exposed to boron concentrations higher than the
L I ydQa G2t SN yOSo

Elevated concentrations dforon reported by GCID within Colusa County have impacted #greiu
practices (GCID, 1995). According to GCID (188&)ndwaterunderlyingthe northern portion of the

GCID service ardwms boron concentrations suitable for irrigation. Additionallyrdn measured in select
groundwater wells within Glenn County hast exceeded the USEPA agricultural water quality goal for
boron of 750 pg/L (USEPA, 1986; USGS, 2020). In contrast, elevated levels of boron have been detected
in the southern portion of ta GCID service aré&CID, 1995).
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3.2.5.2.3Iron and Manganese

Iron concentations exceeding th&00-ug/L secondaryMCLhave been reported in water supply wells
near Orland, Willows, Delevan, Williams, Colusa, and Arbuckle within the past déxatde, 021;
SWRCB,®0a). Williams and Colusa have experienced &g increasingrends in iron concentrations,
althoughthe most recent concentrations have been lower than during previous years (USEPA, 2020
CH2MHILL, 2016).

Elevated manganese concentrations above3@qug/L secondariMCLhave been reported near the cities

of Williams and Colusa, and northeast of Artois, near the Sacramento River (USEPA, 2020). According to
the Northern Sacramento Valley (Four Valley) Drinking Water Strategy Document (Glenn County, 2005
there have been customer complaints near Williams and Colakded to iron and manganese in
drinkingwater.

3.2.5.2.4Hexavalent Chromium

Chromium typically occurs in the trivalent state, which is nearly insolubféeochemical anditionsin
recharge zones ahe aquifer can oxidize trivalent chromium l@xavalent chromim, which is soluble,
mobile in groundwater, an@ carcinogen. Naturally occurring chromiumnerals areassociated with
serpentiniteand otherCoast Rangecks Over geologic time, these rkg have been eroded, transported
by streams, and incorporated the basin fill sediments of the Colusa Subbasin.

There is currently no MCL for hexavalent chromidime SWRCHBnplemented a 1Qug/L primary MCLs

for hexavalent chromium on July 1, 2016. Oay\81, 2017, the Sacramento Superior Court ruled that the
SWRCHBnust withdraw the 16ug/L hexavalent chromium MCL and develop a new MCL after assessing
the economic feasibility of compliance, especially #mnaller public water systems. The -f@/L
hexavagnt chromium MCL was withdrawn on September 11, 2017. SWRRCBias not published a
timeline for issuing the new MChut the new MCL is anticipated to be announced in late 2021.

Drinking water supply welisear Willows have experienced high concentratiohfexavalent chromium
(California Water Service, 2016). Hexavalent chromium in a well west of Willows has not been detected
at concentrations below 20 pg/L since 2016 and was detected at 40.1 pg/L R020{SWRCB, 2080
Hexavalent chromium concerdtions greater than20 pg/Lhave also been detected inells midway
between Williams and Arbuckle, and near Colusa, within the past ddEAIR, 2021SWRCB, 202)

3.2.5.3Non-Point Sources of Groundwater Pollah

Non-point sources of groundwater pollution adiffuse discharges that occur over a wide area. The major
non-point source groundwater constituent of concern in the Colusa Subbasin is nitrate.

3.2.5.3.1Nitrate

Nitrate is a naturally occurring compound that famwhen nitrogen and oxygen combine in the soil.
Nitrate occurs naturally in groundwater or can be introduced through a variety of land uses, including row
crop agriculture, irrigated agriculture, and various waste disposal practices. Typical waste material
resulting in nitrate pollution include animal mares from commercial poultry, dairy, hog and beef
operations; wastewater treatment plant effluent applied to land; household wastes disposed of in septic
systems; and landfill leachate.
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Small amounts atitrate in groundwater are normal, but larger a@entrations can result in serious health
problems. The45-mg/L MCL for nitrate (quantified as nitrate) is considered by the State and Federal
governments to be the maximum concentration that can be saf@hgoemed from a public water system.
Excessive niate consumption can lead to health problems, including irritation of gastrointestinal tract
and bladder, and methemoglobinemia, or blue baby syndrome, so named because affected infants take
on a bluish ting. Blue baby syndrome is caused when nitrate isveated to nitrite by bacterial activity

in the stomach. Typically, in adults, this bacteria is destroyed by stomach acid. The stomachs of infants
(especially less than 3 months of age in humans) are igtdaveloped and do not produce strong acids.
This allows the bacteria to survive, leading to the buildup of nitrite in the blood. The nitrite oxidizes the
ferrous iron in the blood to ferric iron, thereby limiting its ability to carry oxygen to the. ddis syndrome

is readily treated if diagnosed.

Nitrate detections are widespread in the Colusa Subbasin but are mostly low concentrations, typically
meeting drinking water standards, with the exception of the northern portion of Glenn County and the
areanear Willows (CH2MHILL, 20Mood Rodgers, 2008)ccording to the Sacramento Valley Water
Quiality Coalition Groundwater Quality Report (CH2MHILL, 2016), only 2 percent of the 359 total wells
analyzed within Glenn and Colusa Counties had nitrate condenisaabove the45-mg/L MCL and the
average nitra¢ concentration was 8.3 mg/L.

3.2.5.4Point Sources of Groundwater Pollution

Point sources of groundwater pollution are discrete discharges that atausingle identified location.
Discharges from point sourcean be either a single discharge event or havaioed continuously over
a period of time. Point sources of groundwater pollution often require monitoring and cleanup programs.

There are several active groundwater contaminant cleanup sites ilCtiiesaSubbasin These mostly

include leaky storage tanksd unauthorized releases of contaminants such as petroleum hydrocarbons,
nitrate, pesticides and herbicides. The largest contamination site is the Orland Dry Cleaner site, a
perchloroethylene (PCE plume within the Colusa Subbasin that extends approxitgatavo miles
southeast of the source location in Orland (DTSC, 2020 and URS Corporation Americas, 2020). PCE is a
dense noragueous phase liquid, meaning it is denser than water, with a moderdtigkomobility rating

(SWRCB, 2017). Lotegm temporal trends of PCE concentrations in most of the monitoring wells
showconcentrations stabilizing or decreasing since the start of sampling in 2003 (URS Corporation
Americas, 2020).
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Land subidence can cause structural damage weells, foundations, roads, bridges, and other
infrastructure. The change in topography can also impact surface water flows by reducing conveyance
capacity and potentially changing flow gradients within canals, nasti@dms, and floodplaingnelastic

land subsidence maylso negatively impact groundwater storage capacity; however, it is yet to be
determined if the subsidence measured within t8ebbasirhas measurably impacted storage capacity.
Figure3-31 shows the measuredland suface displacementfrom resurvey of Sacramento Valley
benchmarks between 2008 and 2017 (DWR, 2DIE¥gure3-32 includes the annual rate of subsidence
from 2018 to 2019, as calculated fromterferometric synthetic aperture radar (INSAR) imagery surveys

(TRE ALTAMIRA, 2028jppendix 3Ccontainsthe location map and ground surface displacemeimarts
measured in five extensometers located withiive counties ofColusa and Glenn.
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Damage to infrastructure as a result of land subsidence has been observed and reported in the Arbuckle
area d Colusa County. A 2015 NASA refdmted on INSAR sy evaluation showedsolated land
subsidence ofip to approximately 0.5 feet west of Arbuckle (Farr et. al., 20Data from a repeat survey

of the Sacramento Valley Heightodernization Project beranarksalsoindicates a decreasein land

surface elevion by as much as two feet between 2008 and 2@EarArbuckle (Ehorn, 2016 resurvey

of those benchmarks conducted2017 showed #otal displacement of 2.14 feet since 2008. This equates

to appraximately 0.2 feet, or approximately3 inches of subsdence per yeabetween 2008 and 2017,

on average Subsidence calculated by TRE ALTAMIRA from INSAR imagery showed up to more than 2
inches of subsidence occurring between 2018 and 2019 within theagréabuckle areaRigure3-32).

Land subsidence is not exclusive to the Colusa County portion o$uhbasin repeat surveyg of
benchmarks in Glenn Counghowedsmall amounts of land subsidence southwest of Orlanduring
between 2008 and 2017Ehorn, 2016 and DWR, 2G)80ne benchmark located near Artois had a
measured displacement of 0.59 feer approximately 7 inchesnSAR imagery from 2018 to 2019 slealw
approximately 1.5 inches of subsidence occurring betw@dand am Artois.

Extensometer measurements have also recorded ground displacement in the Colusa Subbasin.
Appendix3-C contains a map of the extensometer locations (Figu Appendix 30 and ground
displacement measured within extensometersoinnear the subbasin Seasonal displacements of +0.3
inches have been recorded in these extensometers. Most of the subsidence measured in the
extensometers has been elastic. Potential inelastic displacemeayt have occurred in extensomesger
21N02W33M001Mnortheast ofArtois, and16N02WO05B001M, east of Maxwell, during the multipéar
droughts (Figure 5 and Figure 2 of Appendik IespectivelyPotential inelasticubsidenceccurredin
21N02W33M001Mbetween 2007 and 2010and between 2008 and 2016 ib6NO2V05B001M
Measured seasonal fluctuations in displacement withath of these boreholebave since stabilized.

327LY 0 SN2y Yy SOGSR { dzNFI OS 2| 0SN&a

Surface water is typically managed separately from groundwduewever, surface watetisteract with
the underlying groundwater systerStreamaquiferinteractionsaretypically clasfied intwo categories:
gaining and losindzigure3-33shows a conceptual examplegdining and losing streasnGaining streams
GNBEOSABSe 6 GSN) FNRBY (KS dzy RSNI eflow @ stdgdjwithin®He NJ a &
steam® ¢KAA& Aad | fa2 NBFTSNNBR (G2 Fa &ai0NBFY F OONBGA
sysem. This is also referred to as stream seep&ge=am stage and groundwatkvelsprovide evidence

on whether a stream is gaining or losing.

gy
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Figure3-33. Conceptual Example of Gaining and Losing Streams

Shallow squifer

The Colusa Subbasin integrated hydrologic model, C2Vstok(Sa, was used to analyhéstorical

stream gains and losses. The modeled streams include the SacaRieet, ®ny Creek, and the Colusa
Basin Drain. On average, the subbasin experienced 336 taf/yr of stream gains from groundwater and 345
taf/yr of stream losses to groundwater between 1990 and 2015 (Woodard and Curran, 2020).

While Stony Creek, SacramerRiver,and the Colusa Basin Draiall experience gaining and losing
conditions throughout the yearthe modeled surface waters within Colusa Subbasin arerall net
gaining.Table3-6 includes the breakdown of the modeled streagains and losses for stream reach by
water year typeTable3-7 includes stream gain and loss statistics for thedeled streams.

Simulated Sacramento River conditions were also mostly net gaining, with the exception of 1968, whe
the Sacramento River experienced net loss of approximately 13 taf. The median net gainthalong
Sacramento River was approximately 72ytafThe net gains in th8acramentdRiver were lower during

wet years, when there would be more surface flow, dngher in the dry years, when surface waters
would be in short supplyThe Golusa Basin Drain was simulated with net gains of more ttatayr
between 1990 and 201%nd never experienced net losing conditions, even during critically dry years.
Contraryto what was simulated for the Sacramento River, net gains in the Colusa Basin Drain were higher
during wet years than during dry conditierStony Creelkalways experiencednnualnet losses between

1990 and 2015Stream losses were greatest during criligalry and dry years.

Table3-6. Modeled Net Stream Gain 199015 by Water Year Type

Net Stream Gairtaf

Number of Years Colusa Basin
Water Year Type Evaluated Drain Stony Creek Sacramento River

Critical Dry 7 109 -38 91

Dry 5 109 -30 86

Below Normal 3 104 -31 57

Above Normal 4 121 -33 47

Wet 7 127 -28 26

Note: Total gainslosses and net gains will not exactly match values reported elsewhere in this GSP due to different |
of extracting datérom C2VSimFGolusa.
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Review of available spring groundwater level data from 2014 to 2018 indicates that shallow groundwater
levels (i.e., withirBO feet of ground surface) exist throughout much of the subbasin. A DTW of 30 feet was
used as one of the primary criteria in thetial screening of potential GDEs. The use of @080 DTW
criterion to screen potential GDEs is based on reported maximaating depths of California
phreatophytes and is consistent with guidance provided by TNC (Rohde et al., 2018) for identifying GDEs
The use of shallow groundwater data over thgear 2014 to 2018 time period was deemed appropriate
because it provided more conservative (i.e., more inclusive) indicator of potential GDEs than the use of

a data from a single year. The -8t DTW conbur is shown onFigure3-35. Depths to shallow
groundwater east of the contour are less thanfaét.

Areas within 15@eet of surface waters, including canals, ditchasd perennial streams, were considered

to have access to surface watefgiditionally, areas within 150 feet of irrigated rice paddies and 50 feet
of other irrigated croplands were csitlered to have access to surface waters. The leftmost and middle
pands of Figure 385 include the areas within 150 feet of surface waters, 150 feet of rice croplands, and
50 feet of other irrigated cropland$hese areas were scored lower than areashi@raway (i.e. less likely

to be a GDE). GDEs are areas that are dageinon groundwater. Closer proximity to available surface
waters decreaseghe likelihood that a vegetated wetland or potential GDE habitat area is a GDE. The
exception to this could bdocations where surface waters gain a significant amount of water from
groundwater. The Sacramento River and the Colusa Basin Drain are b@hneatdaining conditions,
where surface waters annually gain water from the aquifer system (Section 3.2€8e Tietgaining
conditions along surface water corridors could increase thgditikod of GDES.

The rightmost panel oFigure3-35 shows the scores for the potential GDE areas within the Colusa
SubbasinTable3-8 includes theacreages per GDE score. Most of the NCCAG lands withgubbasin

were designated a score of 2, which is on the lower end of likelihood of being classified as a GDE due to
proximity to both surface waters akirrigated croplands. Thmajority of the hidpn scores (i.e. score of 3

or 4,or ahigh likelihood of being a GDE) occur along the Sacramento River corridor, within the wildlife
refuges, and in nowagricultural lands surrounding some of the streams, such as along Willows Creek and
south of Delevan Wilife Refuge.

Table3-8. GDE Likelihood Scores
Score Score Description Approximate Acreage
1 Less Likely 2,540
2 -- 8,710
3 -- 5,580
4 More Likely 920
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This section describes historical, current, and projected water budgets in accordance with §354.18 of the
GSP Emergen®egulations, including auntitative estimates of inflows to and outflows from the Colusa
subbasin over time and changes in water storage within the b&simponents of the water budgets are
depictedin Figure3-36.

Evapotranspiration
by water use sector

. t

Precipitation

Surface Surface water
water inflows ) Surface Water System outflows by
by source (change in surface water storage) ), SOUIcE
Infiltration  Infiltration of  Infiltration of
of surface water applied water é é
Precipitation by source type by source type s : Surface Water/
___i____i_____i___:____.:___ Groundwater
. . * Groundwater Groundwater| |Interface
v v W extraction by discharge to
teruse surface water
Sub-surface iy
groundwater sector sources gsrg?j:élxgisr
inflows ety Groundwater System outflows
(change in groundwater storage) -—>

™ Basin Boundary

Notes:Boundary fluxesire shown as solid blue arrows, with inflows and outflows indicated by blue and red
captions, respectively. Internal fluxes are indicated by dashed blue arrows. Therimary storage
mechanisms are the surface water storage and groundwater storagensyste

Figure3-36. Water Budget Components (DWR 2016)

Water budgets were developed considering hydrology, wdéenand, water supply, land use, population,
climate change, surface watey groundwater interacton, and subsurface groundwater inflows and
outflows to and from neighboring basingvater budget results are reported on a water year basis
spanning from Octoér 1 of the prior year to September 30 of the current year. All water budget values
are expresseth average annual volumesijth annual volumes presented in tabular form in Apper&#x
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The GSP Emergency Regulatioeguire evaluation of water budgets over a minimum of 10 years for the
historical water budget, usinthe most recent hydrology for the current water budget, and 50 years of
hydrology for the projected water budgeHydrologic periods were selected for each aabudget
categorylisted belowbased on consideration of the best available information andneeigo support
water budget development and consideration of the ability of the selected periods to provide a
representative range of wet and dry conditions

1 Historical¢ The B-year period from water yeat4990 to 2015 was selected based on the
level ofconfidence in historical input data and information to support water budget
development considering land use, surface water availability, hydrology, andfattters.

9 Current Conditiong; Historical water budget information for 2015 represents the most
recent hydrology developed for GSP analysisg{recipitation, evapotranspiration, stream
inflows).To provide a broader basis for understanding current whtelget conditions, a
water budget scenario combining most recently available land use3@0d2015,
representingnon-curtailment [Shasta Nogritical] and curtailment [Shasta Critical] years
respectively) and urban deman¢sverage 020062015 over50 years of historical
hydrologywas developedThe period selected was 1966 to 205 advantag®f
evaluating the current conditions water budget over a representativgédr period is that
the results provide a baseline for evaluation of the projeateder budgets.

1 Future Conditions; Consistent with the current conditions water budget, the hydgic
period selectedas the basi$or the projected water budgets was 1966 to 2015.

Selection of the 5§ear hydrologic period for the current aptojected water budget scenarios was based
primarily on three considerations:

1 C2VSImFG, the primary tool uk® develop the water budgets, has hydrologic information
from water years 1922 to 2015.

1 TheaverageSacramento Valley Water Year Intlealues fo the 50yearperiod from 1966
to 2015andthe 104year period from 1906 to 2019 (1906 is the first yeanbich the
index is availablegre both 8.1 This indicates that the selectéf)-year period is similar on
average to the entire period of recordrfthe Sacramento Valley watershe&iqure3-37).
This is importanbecause the major source of surface water in the Colusa subbasin is the
Sacramento Rer.

1 The selected period includes a combination of wet and dry cycles, including relatively wet
LISNA2R& Ay GKS SENI& mpTnQas YARSmbyiQamophyR
SINI & mMmphpnQaz YR FNRBY | LIINRPEAYIGStE@ wnnt G2

1 A water year is defined as the period from October 1 of the prior year to September 30 of the current year. For example,
water year 2000 refers to the period from October 1, 1999 tot&aper 3Q 2000.

2The Sacramento Valley Water Year Index classifies water years as wet, above normal, below normal, dry, or critical based on
Sacramento River unimpaired flowi&dditional details describing the Sacramento Valley Water Year Index ar@bdeydibm
the California Data Exchange Center
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Additionally,annual precipitation for the 1966 to 2015 period averaggmproximately 19.4nches per
year, as compared to 18.0 inches for the 1906 to 2018 period indicating slightlgrwettditions than
the entire period of record for the Sacramento Valley Index.

mEmm\Wet [Above Normal ———1Below Normal T—Dry mmmmCritical Average
18
16
14
12
10

Sacramento Valley Water Year Index

SO N B~ OO

Notes: The average index is 8.1, which is the same as the average for the entire period of record from 1906 through 2019.

Figure3-37. Sacramento Valley Water Year Index awtter Year Types for a
50-year Period from 1966 to 2015

332/ aS 2F GKS /H+x{AYCD LYyGS3INI (SR

Development of théntegrated Water Flow Model (IWFM) began under the direction and funding of the
Calfornia Department of Water Resources (DWiR)2001. The finegyrid application of IWFM, the
California Central Valley Groundwaisurface Water Simulation Model (C2VSIimFG), became publicly
available in 2012.1e model has been updated over time to simulatstorical conditions through water
year 205. The model performs calculations onnaonthly time step with monthly input data (i.e.,
precipitation, stream inflow surface water diversions) and some annual input data (i.e., land use).
Refinements to the moel overtime include additional crop types to better represent ponded crops (i.e.,
rice and wetlands), recalibrated soil parameters, and elemental landDeselopmentand calibratiorof

the C2VSimRGolusdmodel used fowater budgetanalyses in the Caga sibasin are described in more
detail inAppendix3D.

To prepare water budgets for this GSP, histoil@2VSimF&olusaresults for water year$d990to 2015
have been relied upon, and four additional baseline scenarios have been developed to representt
and projected (future) conditions utilizing 50 years of hydrology (described previousbpecific
assumptions associated with these scenarios are described in the following section.

3Version BETA2 of C2VSIimFG was used for C2\¢/Siohi<a.
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Assumptionautilizedto develop thehistorical, current, and projected water budgets are described below
and summarized ifable3-9.

Table3-9. Summaryof Water Budget Assumptions Used for Historical, Current Conditidasture
Conditions, and Future Conditions With Climate Change at Two Times in the Future
(i.e., 2030 and 2070)
Analysis
Water Budget Period1 Hydrology Land Use Water Supplies
Historical Simulation 19902015 | Historical Historical Historical
Current Condions 20162065 | Historical (1966 Current (2013 and Current (2013 and
Baseline 2015) 2015) used for Shast| 2015) used for
non-critical and Shasta noreritical
Shasta Critical, and Shasta Critical,
respectively respectively, for
water diversions;
20062015 average
for urban demands
Future Conditions, No | 20162065 | Historical (1966 Current (2013 and | Current (2013 and
Climate Change 2015) 2015) used for Shast| 2015) used for
Baseline Non-critical and Shasta Nofritical
Shasta Critical, and Shast&ritical,
respectively respectively, for
water diversions;
20062015 average
for urban demands
Future Conditions, 2030 20162065 | Historical (1966 Current (2013 and Same as Current
Climate Change 2015), adjusted 2015) used foShasta| (see above),
Baseline based on 2030 non-critical and adjusted for 2030
climate change with | Shasta Critical, climate change
central tendency respectively
Future Condions, 2070 | 20162065 | Historical (1966 Current (2013 and Same as Current
Climate Change 2015), adjusted 2015) used for Shast| (see above),
Baseline based on 2070 non-critical and adjusted br 2070
climate change with | Shasta Critical, climate change
central tendency respectively

3.3.3.1Historical

A historical water budget was developed to support understanding of past aquifer corgjitionsidering

surface water and groundwater supplies utilized to meet demaridee historical water budget was
developed using C2VSimEBlusa and incorporates the best available science and informétistorical

water supplies and aquifer response®& 0SSy OKIF NI} OGSNART SR o6& o G4SN
Sacramento Valley Water Year Index.

As described previolys water years 1990 to 2015 were selected to provide a minimum of ten years across
a range of hydrologic conditionghis period includes rafively wet years in 1995, 1998, 2006, and 2011
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as well as dry conditions between 1990 and 1992, in 1994, anddeen2007 and 2009 and between
2013 and 2015.

Development of the historical water budget is described in greater detail in App8+itlix

Information utilized to develop the historical water budget includes:

T
T

Analysis Period; Water years 1990 to 2L

StreamFlowsc¢ Data from C2VSimFGolusa were used as besstimates formflows and
outflows from rivers, streams, and other waterways traversirg basin or along the
boundary.TheSacramento River is the major surface water inflow togtkbasin Stony
Creekalso provides inflow to the region along the northern boundary. Flows were estimated
using C2MBIFGColusavhich simulates the Sacramento &iyStony Creek, and Colusa

Basin Drain in the basin.

Land Use; Land use characteristics for agricultural, natignd urban (including rural

residential) lands were estimated annually based on a combination of DWR land use surveys
and county agriculturacommissioner cropping reportBWR land use data were available

for 1993, 1998, 2003, 200and2014.

Agricultural Water Demand; Agricultural irrigation demands were estimated using
C2VSimF&olusa, which simulates crop growth and water use on a mobtsis,
considering crop type, evapotranspiration, root depth, soil characteristics, and irrigation
practicesForponded land uses (rice and managed wetlands), pond depths and pond
drainage are also considered to simulate demands.

Urban and Industrial Weer Demand¢ Urban and industrial demands and per capita water
use over time were estimated based on a combinatibpumping data provided bhe

State Water Resource Control Bo&8imall Supplier Conservation Repoasyl Urban Water
Management Plans (UMPs). Estimates of population were based on data from the
Department of Finance arfdom UWMPs. Urban land use was estimated from Colusa
County General Plans.

Surface Water Diversions Surface water diversions were estimated based on a

combination of reprted diversions by water suppliers and Bureau of Reclamation records.

In some cases, agricultural water demand was estimated for areas known to receive surface
water but for which reported diversion data were not available.

Groundwater Pumping; For urbanwater suppliers, historical pumping was estimated from
reported pumping volumes over timBumping for large irrigation districts was developed
from reported data and private pumping for landowners was calculated automatically within
the modelby first esimating the total demand and then subtracting surface water deliveries
to calculate estimated groundwater pumping required to meet the remaining demand.

3.3.3.2Current Conditions

The current conditions water budget was developed as a baseline loaegrojeted water budgets
considering future conditions and is based onyBars of hydrology along with the most recent
information describing land use, urban demands, and surface water supphes50year hydrologic
period was selected rather thatie most reent year for which historical water budget information is
available to allow for direct comparison of potential future conditions to current conditibhe.use of a
representative hydrologic period containing wet and dry cycles supports tderatandingof variability
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and uncertainty in groundwater conditions over time, establishment of sustainable management criteria,
and development of projects and management actions to avoid undesirable results.

The current water budget estimates currenflows, outfows, and change in storage for the basin using
50 years of representative hydrology and the most recent water supply, water demand, and land
useinformation.

Information utilized to develop the current conditions baseline water budget include:

1 Analysis Pegod ¢ 50-years of hydrology were utilized representing the period from
1966to 2015

1 Stream Inflowsg Inflows of surface water into the basin were estimated utilizing the same
information as for the historical water budget.

1 Land Use Land usdor agricutural, native, and urban (including rural residential) lands was
estimated annually using the most recent land use informatg&pecifically, 2013 and 2015
land use were mapped to the B@ar analysis period, with 2015 land use applied tocetity
dry years corresponding to Shasta Critical years and 2013 land use applied to all other years.
Shasta Critical years were identified based on annual inflow to Shasta Lake. Annual inflow to
Shasta Lake is a reasonable indicator of surface water sa@pid asseated changes in
diversion curtailments within the basin, which are primarily associated with Sacramento River.

9 Agricultural Water Demand; Agricultural irrigation demands were estimated using
C2VSimF&olusa, in the same manner as the histalrivater budjet.

9 Urban and Industrial Water Demang Urban and industrial demands were estimated based
on recentper capita water use and projected 2050 populatiBpecifically, average per
capita water use forecent years (2002015) was reduced based projected2050 values
in the Willows UWMP.

1 Surface Water Diversions For the current conditions scenarioistorical diversions were
applied to the future, with 2015 diversions used in Shasta Critical years and 2013 diversion
used in norcritical yearsCritical caditionsoccurred innine years within the 5¢/ear
simulation period: 2016, 2027, 2028, 2041, 202244, 20452064, 2065. Diversiors
those yearavere on average 26 less thatn non-critical years.

1 Groundwater Pumping; Pumping to meet urban demandsaw estimated based aan
averageof recent yearsas described abov®umping to meet agricultural and managed
wetlands demands was estimated using C2VSiaBl@sa as described previously for the
historical water budget.

3.3.3.3Future Conditions Scenarios

Three pojected (future conditions) baseline water budgets were developed considering a range of future
conditions that may occuThe scenarios consider future planned land use changes (i.e., development),
along with changes in gtiate, including precipitationsurface water inflows, and evapotranspiration.
These baselines provide information regarding changes in basin conditions (e.g. groundwater storage)
that may occur in the future over a series of wet and dry cycles.

The projeced water budget estimates potdial future inflows, outflows, and change in storage for the
basin using 5§ears of representative hydrology (including modifications based on climate change
projections), the most recent water supply and water demand, daded future land use informan.
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Information utilized to develop the future conditions baseline water budgets include:

1 Analysis Period; 50-years of hydrology were utilized representing the period from
1966t0-2015.

M Stream Inflows

2

Future Conditions, NGlimate Change Inflows of suface water into the basin were
estimated utilizing the same information as for the historical water budget.

Future Conditions, 2030 Climate Chagderecipitation, evapotranspiration, and surface
water supplies were adjustet reflect climate change badeon the 2030 Central
Tendency climate change dataset®vided by DWR to support GSP development.

" For precipitation and evapotranspiratiomonthly change factors were applied to
historical values to estimate potential fut conditions.

" For stream flos, DWR estimates of stream inflows were utilized where available;
for streams without direct estimates of inflows, inflows were estimated using
streamflow change factors applied at the watershed scale.

Future Conditions, 2@rClimate Change Precipitation, evapotranspiration, and surface
water supplies were adjusted to reflect climate change based on the 2070 Central
Tendency climate change datasets provided by DWR to support GSP development.

' For precipitation an@évapotranspiration, monthly change facsowere applied to
historical values to estimate potential future conditions.

" For stream flows, DWR estimates of stream inflows were utilized where available;
for streams without direct estimates of inflows, inflow®re estimated using
streamflow changéactors applied at the watershed scale.

9 Land Use Land use for agricultural, native, and urban (including rural residential) lands was
estimated annually using the most recent land use informationrandified basé on
planned development according toalColusa County 2030 General Plan

2

Future Conditions, No Climate Chargeand use was assumed to be similar to the
current conditions water budget scenario.

Future Conditions, 2030 Climate Chaqg#013 and 2015ahd use data were mapped to
the 50year analysis period considering 2030 central tendency climate change
projections 2015 land usevasapplied to extreme dry years and 2013 land use applied
to all other years2013 and 2015 land use data were modifiedeflect planned
development, generally milting in an increase in urban land through development of
previously undeveloped (i.e., native) lands.

1 Future Conditions, 2070 Climate Chang2013 and 2015aind use data were mapped to
the 50year analysis pertbconsidering 200 central tendency cliate change projections
2015 land ussvasapplied toShasta Criticalears and 2013 land use applied to all other
(Shasta Noreritical)years.2013 and 2015 land use data were modified to reflect planned
development, generally resulting in an increasetibam land through development of
previously undeveloped (i.e., native) lands.

9 Agricultural Water Demand Agricultural irrigation demands were estimated using
C2VSimF@€olusa and modified from the currecvnditions scenario as described below.

2

Future Coditions, No Climate ChangeAgricultural water demand was assumed to be
similar to the current conditions water budget scenario.
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2 Future Conditions, 2030 Climate Chawugkgricultural water demand was ireased
from current conditions based d?030 centratendency climate change projections.

2 Future Conditions, 2070 Climate Chamg&gricultural water demand was increased
from current conditions based d2070 central tendency climate change projections.

1 Urban and Industrial Water Demang Urban and industal demands were estimated based
on projected urban demandSpecifically, future urban demands were estimated based on
preliminary draft demands for 2050 provided as part of the 2020 Urban Water Marexgem
Plan (UWMP) for Willows. Estimates for otheramldemand areas were based on
population growth rates and per capita water use similar to Willows.

1 Surface Water Diversions Climate change estimates are based on current diversions with
reduced diversios in some years to simulate drought periods. Fahlibe 2030 and 2070
central tendency scenarios, reductions occurred in eight years within the&0simulation
period: 2016, 2026, 2027, 2028, 2041, 2042, 2064, 2065. Diversions were on average about
25 percentless than full supply years.

1 Groundwater Rimping¢ Pumping to meet urban demand was estimated based on draft
projections from UWMPs currently under development, as described alfavaping to
meet agricultural and managesletlands demand was estiated using C2VSimHGblusa as
described previouslfor the historical water budget.

3342 1SNJ . dzZR3IS{ 9adAYIl (Sa

As described previously, water budget estimates were developed using C2VSohisa.Primary
components of the land and surface water system wégdget include the following:

T Inflows

2 Surface Watemflowsc Inflows at the land surface througfvers,streams, canals, or
other waterwaysThese inflows may also include overland flow from upslope areas
outside of the basinNote that although interaébns with streams along the boundary
of the basin (ie., diversions and strea@quifer interaction) are accounted for, the flow
in the stream is not considered an inflow to the basmflows from streams that
traverse the basinprimarily the Sacramentoiver near the eastern edge of the
subbasin where thever is within the subbasigre accounted for explicitly.

2 Precipitation¢ Rainfallon the land surface within the basin boundary.

2 Groundwater pumping, Extraction of groundwater to meet agriculturakban,
managed wetlands, or other beneficial uses.

2 Stream Accretiong Gains in streamflow from shallow groundwater occurring when the
water level in the aquifer adjacent to the stream is greater than the water level in
the stream.

M Outflows

2 Surface Water Qiflows ¢ Outflows at the land surface througivers streams, canals,
or other waterwaysThese outflows may also include overland flow to downslope areas
outside of the basin.

2 Evapotranspiratiorr Consumptive use of water including both evaporation and
transpiration components.
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2 Deep Percolatio Recharg of the groundwater system through the vertical movement
of precipitation and applied irrigation water below the root zone.

2 Seepage (also referred to as losses or leakagcharge of the groundwater system
from streams, canals, or other water bodies.

1 Change in Storage Changes in soil moisture storage within the upper several feet of soil in
the root zone, as well as chagin storage in surface water bodies within the bashese
changes are genetiginegligible on an annual basis but vary over ¢tbarse of a year based
on precipitation patterns and other factors.

Primary components of the groundwater system water betdgclude the following:

T Inflows
2 Deep Percolatioq Described above.

2 Subsurface Inflows Groundwater inflows from adjacent basiosfrom the foothils on
the west side of the subbasin

2 Seepage Described above.
9 Outflows
2 Groundwater Pumping Described above.
2 Subsurface Outflows Groundwater outflows to adjacent basins.
2 Accretionsg Described above.

1 Change in Storage Changes imvater storage in the aquifer systefhese changes tend to
be large compared to changes in root zone soil moisstimeage and can vary substantially
from year to year.

Many components of the water budget can be estimated based on measured data (e.igitptien,
diversions, evapotranspiration, etc.) and are used to develop inputs to C2V-E&iol&éa to support water
budget developmentOther components are more difficult to measure or do not have measured values
readily available (e.g. deep percolatiosubsurface flows, groundwater pumping, surface water
groundwater interaction, etc.) and are estimated us@@yVSimF&olusaAdditional detail describing the
C2VSIimFG is available in DWR Technical Memorandum entitled Integrated Water Flow Model: IWFM
2015Theoretical Documentatidin

Average annual water budget estimates for the historical water budgets and for thentamd projected
water budget scenarios are summarizedTiable3-10 for the land and surface water system and in
Table3-11 for the groundwater system. Addaal information and discussion regarding the water
budgets is provided in the following subsectiotiss anticipated that the water budgets will be refined
and updated ovetime as par of GSP implementation in the basin.

4 https://data.cnra.ca.gov/dataset/5c4b82e8219-4d71-a6cc7eabecbaasb4bksource/a94dda6A4d90-418d-8c10
f403626b0f8d/download/iwfm2015.0.1129theoreticaldocumentation.pdf
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Table3-10. AverageAnnual Land and Surface Water System Inflows, Outflows, and Changes in Storas
taf/yr for the Water Budget Analysi Periods Listed ifiable3-9

Future Future Future
Current Conditions, No| Conditions, 2030 Conditions, 2070

Historical | Conditions | Climate Changg Climate Change| dimate Change

Component Simulation Baseline Baseline Baseliné&® Baselin&
Inflows
Surface Water Inflows 11746.5 12556.2 12556.3 12596.6 12714.6
Sacramento River Diversion 1076.1 1196 1196 1196.3 1195.9
Stony Creek Diversions 92.3 90.7 90.7 90.7 90.7
Sacramento River Inflows 10499.7 11188.1 11188.2 11228.4 11335.5
g;zengg';‘g’tsr;r:n:"s 78.4 81.4 81.4 81.1 92.5
Precipitation 1210.4 1182.5 1182.5 1198.3 1257.5
Groundwater Pumping 502 499.4 498.8 525.4 558.6
Agricultural 463.1 458.3 458.3 484.4 516
Urban and Industrial 11.2 107 10.1 10.1 10.1
Managed Wetlands 27.7 30.4 30.4 31 325
Sream ains from 365.5 348.8 348.8 337.4 322.7
Total Inflow 13824.4 14587 14586.4 14657.7 14853.3
Outflows
Evapotranspiration 1739.8 1790.3 1790.1 1840.6 1900.9
Agricultural 1430 1494.3 1494.3 1541.6 1596.2
Urban and Industrial 21.7 28 27.9 28.1 28.4
Managed Wetlands 68.7 68.7 68.7 70.4 73.3
Native Vegetation 179.7 163.3 163.3 164.6 167.1
Canal Evaporation 39.6 35.9 35.9 35.9 35.9
Deep Percolation 441.2 415.7 4154 415.3 411
Precipitation 173.7 162.3 162.2 160 156.1
Applied Surface Water 195.8 161.7 161.7 161 158.1
Applied Groundwater 71.6 91.6 91.4 94.2 96.9
Seepage 345 378.6 378.5 387.1 400.7
Streams 205.8 230.8 230.6 239.2 252.9
Canals and Drains 139.2 147.9 147.9 147.9 147.8
Surface Water Outflows 11301.8 12002.5 12002.5 12014.9 12140.8
Precipitation Runoff 54.7 50.6 50.6 52.3 59.8
g“e’flﬂ'ﬁ]dflgxsce Water 9 93.4 93.3 92.1 90
ggfd'ﬁ]dlg\?v‘;”dwater 21.6 185 18.5 19.3 20.4
Sacramento Rive 9371.1 11049.4 11049.5 11085.7 11186.7
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Table3-10. AverageAnnual Land and Surface Water System Inflows, Outflows, and Changes in Storas
taf/yr for the Water Budget Analysi Periods Listed ifiable3-9

Future Future Future
Current Conditions, No| Conditions, 2030 Conditions, 2070
Historical | Conditions | Climate Changg Climate Change| dimate Change
Component Simulation Baseline Baseline Baseliné&® Baselin&

Colusa Basin Drain 709.2 758.7 758.6 742.4 773.8

Colusa Weir to Sutter Bypas 993.8 0 0 0 0

Other Outflows to Boundary 55.7 31.9 32 231 101
Streams

Total Outflow 13827.8 14587.1 14586.5 14657.8 14853.5

Changen Storage (Inflow Outflow) -34 -0.1 -0.1 -0.1 -0.1

(@) Central Tendency Climate Change Projections
(b) Sacramento River Diversions and Stony Creek Diversions are diversions from boundary streams outside the subbasipefAtamibthe
total diversiors come from streams within the subbasin and are included in the Sacramento River Inflow.

Table3-11. Average Annual Groundwater System Inflows, Outflows, and Changes in Storagéyn for
the Water Budjet Analysis Periods Listed irable3-9

Future Future Future
Current Conditions, No| Conditions, 2030 Conditons, 2070
Historical | Conditions | Climate Changg Climate Change| Climate Change
Compment Simulation Baseline Baseline Baseliné&® Baselin®
Inflows
Subsurface Water Inflows 200.2 203 202.9 205.5 208.9
Deep Percolation 441.2 415.7 415.4 415.3 411
Precipitation 173.7 162.3 162.2 160 156.1
Applied Surface Water 195.8 161.7 161.7 161 158.1
Applied Goundwater 71.6 91.6 91.4 94.2 96.9
Seepage 345 378.6 378.5 387.1 400.7
Streams 205.8 230.8 230.6 239.2 252.9
Canals and Drains 139.2 147.9 147.9 147.9 147.8
Total Inflow 986.4 997.4 996.8 1007.9 1020.6
Outflows
Subsurface Water Outflows 146.4 148.5 148.6 147.7 146.6
Groundwater Pumping 502 499.4 498.8 525.4 558.6
Agricultural 463.1 458.3 458.3 484.4 547.8
Urban and Industrial 11.2 10.7 10.1 10.1 10.1
Managed Wetlands 27.7 30.4 30.4 31 34.7
Stream Gains from Groundwater| 365.5 348.8 348.8 3374 322.7
Total Outflow 1013.9 996.7 996.2 1010.6 1027.9
Change in Storage (InflowOutflow) -27.5 0.6 0.6 2.7 -7.3

(@) Central Tendency Climate Change Projections
(b) Sacramento River Diversions and Stony Creek Diversions are diversions from boundaryaitsigeshe subbasin. About 2rcentof the
total diversions come from streams within the subbasin and are included in the Sacramento River Inflow.
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3.3.4.1Historical Simulation

The historical water budget provides a foundationdaderstandinghow the basirhas behaved, including
insight intohistorical groundwater conditions (e.g. observed water levéigo, in accordance with the
GSP Emergency Regulatiptise historical water budget covers a period of at least ten years/€2b
period from 1990 td2015. The historical water budget is ubé evaluate the availability and reliability

of historical surface water supplies and provides insight into the ability to operate the basin within the
sustainable yieldNote that the historical analysis period exjmrcedslightly more precipitation thn the
longterm average and included historic drought conditions from approximately 2007 to 2015.

Average annual inflows to and outflows from the basin for the historical land and surface water system
water budget wereestimated to be 138 million acrefeet per year(maf/yr). Average annual values were
presented previously ifable3-10 and are shown graphically Figure3-38.

Primary inflows to the land and surfaavater system includeurface water inflowg11,747 taflyr),
precipitation (1,210taf/yr), groundwater pumping (502af/yr), and stream gains frongroundwatep
(366taf/yr). Surface water inflows include the Sacramento River, other inflows froundary streams
including Stony Creelas well as overland runoff of precipitation and applied water from upslope lands.
Additionally,diversions from tke Sacramento River and from Stony Creekraggor sources of surface
water inflows.

Primary outflowdrom the land and surface water system include surface water outfldwS802taf/yr),
evapotranspiration (140 taf/yr), deep percolation (441af/yr), and stream lossé$345taf/yr). Surface
water outflows include outflows througtine Sacranento River, Colusa Basin Drain, Colusa Weir to Sutter
Slough, and outflows to boundary streaniscluding Stony Creek, as well as overland runoff of
precipitation and applied water to downslope lands. Evapotranspiraoprimarily from agricultural
landsbut also from managed wetlands, canal evaporation, native vegetation, and urban and industrial
lands.Deep percolation is primarily from precipitation, but also from applieden&tream losses include

a combination of stream seepage and seepagefoarals and drains.

Si.e. stream accretions
6i.e. seepage
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Figure3-38. AverageAnnual Historical Land and Surface Water System Water Budget Summary

The average annual change in storage in the land and surface water Sgdi&ffyr) is nedigible dueto
similar soil moisture content in the root zone, on average, across water years.

Annual historical land and surface wassistem water budgets for 1990 to 2015 are provided in TaBlk
of Appendix3E

Average annuahistoricalinflows to and ouiows from the groundwater system were estimated to be
986taf and 1,014taf, respectively Average annual values were presented previouslyahle3-11 are
shown graphically ifigure3-39Inflowsto the groundwater system include deep percolation (44flyr),
subsurface inflows from th&orning, Butte, Sutter, and Yo&ubbasins Z00 taf/yr), stream losses
(345taflyr), and changes in groundwater storage (@8/yr). Outflows from thegroundwater system
include groundwater pumpingbQ2 taf/yr), subsurface outflows to theCorning, Butte, Sutter, and Yolo
subbasing146taf/yr), and stream gains from groundwater (3&6/yr).

Annual historical groundwater system water budgetar 1990 to 2015 are provided in Tabd&2 of
Appendix3E
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Figure3-39. Average Annual Historical Groundwater System Water Budget Summary

Historical water supplies and change in groundwater storage are suizedaby water year type in
Table3-12 based on the Sacramento Valley Water Year InBeiveen 1990 and 2015, there weseven
wet years,four above normal years, 3 below normal years, 5 dry years, and 7 critical ystarial
surface water deliveries were greatestdry years and least in critical yeaSroundwater pumping was
greatest indry years and least in wet yeakdistorically, groundwater storage in the basin has tended to
increase in wet and above normal yearsdao decrease in below normal, dry, and critical years, with
reductions in storage in below normal years less than reductionsyiradd critical yearsThe average
annual change in storage over the 192015 historical period wa28 TAF.

Table3-12. Historical Water Supplieand Changen Groundwater Storagdoy
HydrologicWater Year Type, taf/yr

Change in
Surface Water Groundwater Groundwater
Water Year Type Deliverie$& Pumping Total Supply Storage

Wet 1,380.9 434.5 1,814.4 99.3
Above Normal 1,473.5 435.1 1,908.5 101.1
Below Normal 1,592.1 545.6 2,137.7 -24.2
Dry 1,597.6 570.3 2,167.8 -116.4
Critical 1,228.2 540.1 1,768.3 -165.8

Average 1,419.8 502.0 1,921.7 -27.5
(@) Surface Water Deliveries represents the volume of water delivered to agricultural and urban lands. It is an internal flamdpatt

different than Surface Water Inflow in the subbasin boundary balance summariZedbie3-10.
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3.3.4.1.1Availability or Reliability of Historical Surface Water Supplies

As indicated imable3-12, historical surface water supplies for delivery to agricultural land vary based on
water year type The primary sourceof surface water in the basiare the Sacramento Riveand Stony
Creek.Surface water supplies are relatively reliable in the basin and represent approximatedycéht

of the total water suppliesUnder 2030 and 2070 climate change conditidreye may be a increase in

the availability of surface water for irrigation indtbasin due tancreased precipitation from climate
change effects. Potential effects of these changes are evaluated as part of the projected water budgets in
the following sections.

Undea diversion agreements between Sacramento River Settlement Contsadod the Sate,
Sacramento River diversions can be reduced under the following conditions:

1 DWR forecasted annual inflow into Lake Shasta is less tBaa taf’, or

1 There is a cumulatésdeficit of inflows below 4,000 TAF of greater than 800 TA&npear
or consecutive series of years.

3.3.4.1.2Suitability of Tools and Methods for Planning

The water budgets presented herein have been developed using the best available information and best
avalable science and structured in a manner consistent with thedyeblogic conceptual model of the
basin. The IWFM application C2VSimEGIusa, which is used to organize information for the water
budgets, develop water budget scenarios, and perform watatget calculations, is cuantly the best
available tool and isuitable for GSP development for the subbasine IWFM has been developed over

the past several decades and updated over time to use updated model code, updated datasets, and
updated input @rameters through a series of efforts by DViRRfinements to C2WU8FG specific to the
Colusa basin are describé&ghpendix3D.

The water budgets developed using C2VSii@BlEsa support the development of sustainable
management criteria, evaluation of the amitoring network, and development of projects and
management aébns as part of GSP developmédhis anticipated that the C2VSimf&slusa will continue

to be updated and refined in the future as part of GSP implementa#idditional information descring
C2VSImFG is availablsi? wQa ¢ KS2NBUGA Ot 520d&SydldArazy |yR

3.3.4.1.3Ability to Operate the Basin within the Sustainable Yield

Sustainable yieldefers to the maximum quatity of water, calculated over a base period representative

of long-term conditions in the basin, and including any temporary surplus that can be withdrawn annually

from a groundwater supply without causing an undesirable resiift. a result, determinatiorof

adzadlr AylrofS @ASt R NBI dzi NBEirabili§ holcatdrR-fshadicél watey budgdt { Da ! G
estimates indicate an average annual decrease in storagetaf/28for the period from water year 1990

to 2015.0Opeation of the basin within the sustainable yield will likely require implementation of projects

and management actions over the -28ar SGMA planning and implementation horizenojects and
management actions are discussed in Chaptdih. estimated susinabk yield of the basin is described

in greater detail in Sectio8.3.7.

7 The final, official forecast must be made by April 10 of each year.
8 https://data.cnra.ca.gov/dataset/c2vsimfg_beta2
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3.3.4.2Current Conditions Baseline

The current conditions baseline water budget pra@sda foundation to understand the behavior of the
basin onsidering current land use and urban demands over a broad range of hydrologic conditions as
well as a basis for evaluating how groundwater conditions may change in the future based on comparison
of water budget results to projected water budgets presentiedthe following sectionA 50year
hydrologic period was selected, rather than a single, recent year to improve the basis for estimation of
sustainable yield under current conditions.

Average annuanflows to and outflows from the basin for the currestnditions land and surface water
system baseline water budget were estimated to be 14 @@§r. Average annual values were presented
previously inTable3-10 and are shown graphically Figure3-40.

Primary inflows to the land and surface water system include surface water infl@ys56ltaf/yr),
precipitation (1,183taf/yr), groundwater pumping (498af/yr), and stream gains rbm groundwater
(349taf/yr). Surface water inflowsclude the Sacramento River, other inflows from boundary streams
including Stony Creelas well as overland runoff of precipitation and applied water from upslope lands.
Additionally,diversions fronthe Sacramento River and from Stony Creekpain@ary sources of surface
water inflows.

Primary outflows from the land and surface water system include surface water outfl@y3o@taf/yr),
evapotranspiration (1,90 taf/yr), deep percolation (41@af/yr), and stream losses (37%8&f/yr). Surface

water outflows include outflows through Sacramento River, Colusa Basin Drain, Colusa Weir to Sutter
Slough, and outflows to boundary streaniscluding Stony Creek, as well as oland runoff of
precipitation and applied water to downslope lands. Evapotréasipn is primarily from agricultural

lands but also from managed wetlands, canal evaporation, native vegetation, and urban and industrial
lands.Deep percolation is primarifyom precipitation, but also from applied wet Stream losses include

a combiration of stream seepage and seepage from canals and drains.
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Figure3-40. AverageAnnual Current Conditions Baselinkand and

urface Water System Water Budget Summary

The average annual change in storagé¢hie land and surface water system (@af/yr) is negligible due
to similar soil moisture content in the root zone, on average, across water years.

Average annual inflows to and outflows from the groundwater system wstienated to be 997af/yr
during the current conditions baseline simulation perioflverage annual values were presented
previously inTable3-11 and are shown graphically Figure3-41.

Inflows to the groundwater system include gepercolation (41@af/yr), stream losses (37&f/yr), and
subsurface inflows from th€orning, Butte, Sutter, and Yadobbasing203 taf/yr). Outflows from the
groundwater system include groundwater pumping (488/yr), stream gains from g@undwater
(349taflyr), subsurface outflows t@€orning, Butte, Sutter, and Yaabbasins (14€af/yr), and change in
groundwater storage (faf/yr).
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Figure3-41. AverageAnnual Current ConditiondBaselineGroundwater System
Water Budget Summary

3.3.4.3Future Conditions Scenarios

Three projected water budgets were developed for the basin to provide baseline scenarios representing
potential future conditions considering planned development uritierColug County P30 General Plan
andclimate change centered around 2030 and 2070 based on central tendency climate change datasets
provided by DWRI he projected water budget scenarios provide a foundation to understand the behavior
of the basin considering pential future land use and urban demands over a broad range of hydrologic
conditions, modified based on climate change projectiddgse of a 5§/ear hydrologic period provides a

basis for estimation of sustainable yield under potential future conditions.

3.3.4.3.1Ruture Condtions, No Climate Change Baseline

Average annual inflows to and outflows from the basin for the future conditions without climate change
projected land and surface water system baseline water budget vesteEnated to bel4.6 mafiyr.
Average anual values were presented previouslyTiable3-10 and are shown graphically Figure3-42.

Primary inflows to the land and surface water system include surface water inflows (12/5&0,
precipitation (1,183taf/yr), groundwater pumping (49&f/yr), and stream gainsrdm groundwater
(349taflyr). Surface water inflows include the Sacramento River, other inflows from boundary streams
including Stony Creek, as well as overlamabff of precipitation and applied water from upslope lands.
Additionally, diversionsém the Sacramento River and from Stony Creek are a primary source of surface
water inflows. Surface water inflows include the Sacramento River, other inflows frondagustreams
including Stony Creek, as well as overland runoff of precipitation andedpphter from upslope lands.
Additionally, diversions from the Sacramento River and from Stony Creek are a key source of surface water
inflows.
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Primary outflows fronthe land and surface water system include surface water outfla@9Q3taf/yr),
evapotranspiration (1,90 taf/yr), deep percolation (418af/yr), and stream losses (3#af/yr). Surface
water outflows include outflows through Sacramento Rjv@olusa Basin Drain, Colusa Weir to Sutter
Slough, and outflows to boundary streanmscluding Stony Creek, as well as overland runoff of
precipitation and applied water to downslope lands. Evapotranspirasoprimarily from agricultural
lands but alsdrom managed wetlands, canal evaporation, native vegetation, and urban and industrial
lands.Deep percolation is primarily from precipitation, but also from applieden@tream losses include

a combination of stream seepage and seepage from canals ausdr

The average annual change in storage in the land and surface water systaaf/{@)lis negligible due
to similar soil moisture content in the root zone, on average, across water years.

16,000
349 379

14,000 B Change in SWS Storage
o
<
£ 12,000 B Seepage
& m Deep Percolation
g 10,000 o
S O Evapotranspiration
g 8,000 = Surface Water Outflows
c
fé 6,000 B Stream Accretions
g @ Groundwater Pumping
Z 4,000 o
< ™ @ Precipitation

2,000 E Surface Water Inflows

Inflows Outflows

Figure3-42. AverageAnnual Future Conditions,
No Climate Change Baselihand and Surface Water System Water Budget Summary

Average annual inflows to and outflows from the groundwater system were estimated to b=al@
for the future conditions wthout climate changesimulation. Average annual values were presented
previously inTable3-11 are shown graphically iRigure3-43.

Inflows to the groundwater system include deep percolation (&f5yr), stream losses (37&f/yr), and

subsurface inflows from th€orning, Butte, Sutter, andolo subbasins (20&f/yr). Outflows from the

groundwater system include groundwatgumping (499taf/yr), stream gains from groundwater
(349taflyr), andsubsurface outflows to the Corning, Butte, Sutter, and Yolo subbasifsafiyr).

There is negligible change in groundwater storage under the future condition, no climatgechaseline
water budget.
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Figure3-43. AverageAnnual Future Conditions,
No Climate Change Baselit&oundwater System \&ter Budget Summary

3.3.4.3.2Future Conditions, 2030 Climate Change Baseline

Average annual inflows to and outflows from the basin for the future conditions wig 20mate change
projected land and surface water system baseline water budget were estimated to beribd/yr.
Average annual values were presented pregiy inTable3-10and are shown graphically Figure3-44.

Primaryinflows to the land and surface water system include surface water inflows 94 2s6/yr),
precipitation (1198 taf/yr), groundwater pumping (3taf/yr), and stream gains from groundwater
(337 taflyr). Surfacewater inflows include the Sacranto River, other inflows from boundary streams
including Stony Creek, as well as overland runoff of precipitation and applied water from upslope lands.
Additionally, diversions from the Sacramento River and from Stony Greel key source of surface
water inflows.

Primary outflows from the land and surface water system include surface water outflowd §1a{@r),
evapotranspiration (1,81 taf/yr), deep percolation (483 taf/yr), and stream losses (38@f/yr). Surface

water outflows inclué outflows through Sacramento River, Colusa Basin Drain, Colusa Weir to Sutter
Slough, and outflows to boundary streams including Stony Creek, as well as overland runoff of
precipitation and applied water to downslope landsvapotranspiration is primarilfrom agricultural

lands but also from managed wetlands, canal evaporation, native vegetation, and urban and industrial
lands.Deep percolation is primarily from precipitation, but also from applied w&&eam losses inatle

a combination of stream seege and seepage from canals and drains.

The average annual change in storage in the land and surface water systdaaf/{@)lis negligible due
to similar soil moisture content in the root zone, on average, across wagas.
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Figure3-44.AverageAnnual Future Conditions, 2030 Climate Change Baselimed and
Surface Water System Water Budget Summary.

Average annual inflows to and outflows from the groundwater systemevestimated to bel.0 maflyr
during the 50year simulation periodAverage annual values were presented previousiyable3-11 are
shown graphically ifigure3-45.

Inflows to the groundwateisystem include deep percolation (41&f/yr), stream losses (38¥f/yr),
subsurface inflows from th€orning, Butte, Sutr, andYolo subbasins (2Q&f/yr), and change in storage
(3 taf/yr). Outflows from the groundwater system include growater pumping (525af/yr), stream
gains from groundwater (33taf/yr), and subsurface outflows to the Corning, Butte, ®ut and Yolo
subbasing148 taf/yr).

There is a very small(7taf/yr) change in groundwater storage under the Fut@endition, 2030 Climate
Change water budget.
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Figure3-45. AverageAnnual Future Conditions,
2030 Climate Change BaseliG@goundwater System \&ter Budget Summary

3.3.4.3.3Future Conditions, 2070 Climate Change Base

Average annual inflows to and outflows from the basin for the futaeditions with 2070 climate change
projected land and surface water system baseline water budget were estimated fiat 8&3taf/yr.
Average annual values were presenta@viously inTable3-10and are shown graphicalig Figure3-46.

Primary inflows to the land and surface water system includéasa water inflows (2,715 taf/yr),
precipitation (1,258taf/yr), groundwater pumping (55®af/yr), and stream gains from groundwater
(323taflyr). Surface water inflows include the Sacramento River, other inflows from boundary streams
including Stony Creekas well as overland runoff of precipitation and applied evatrom upslope
lands.Additionally, diversions from the Sacramento River and from Stony Creek are a key source of
surface water inflows.

Primary outflows from the land amslrface water system include surface water outflod®,{41taf/yr),
evapotrangiration (1,901taf/yr), deep percolation4l1taf/yr), and stream losse@01 taf/yr). Surface
water outflows include outflows through Sacramento River, Colusin Easin, Colusa Weir to Sutter
Slough, and outflows to boundary streaniscluding Stony Creek, as well as overland runoff of
precipitation and applied water to downslope lands. Evapotranspiragoprimarily from agricultural
lands but also from manageadetlands, canal evaporation, native vegetation, and urban and industrial
lands.Deep percolation is primarily from precipitation, but also from appliedevabtream losses include

a combination of stream seepage and seepage from canals and drains.

The aveage annual change in storage in the land and surface water systerafyr) is negligible due
to similar soil moisture content in the root zone, on average, across water years.
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Figure3-46. AverageAnnual Future Conditions, 2070 Climate Change Baseliaed and
urface Water System Water Budget Summary

Average annual inflows to and outflows from the groundwater system were estimated 1c0lmeaf/yr
during the 50year simulatiorperiod. Average annual values were presented previouslyable3-11 are
shown graphically ifigure3-47.

Inflows to the groundwater system include deep percolatidd(taf/yr), stream losses (40fafl/yr),
subsurface inflows from th&orning, Butte, Sutter, aniolo subbains (209taf/yr), and change in
groundwater storage (Taf/yr). Outflows from the groundwater system include groundwater pumping
(559taflyr), stream gaingrom groundwater 823taf/yr), andsubsurface outflows to the Corning, Butte,
Sutter, and Yolosubbasins (1Ataf/yr).

There is a very smallf(3taf/yr) change in groundwater storage under the Future Condition, 2070 Climate
Change water budget.
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Figure3-47. AverageAnnual Future Condtions,
2070 Climate Change BaseliG@goundwater SystenWater Budget Summary

3.3.4.3.4Comparison of Water Budget Scenarios

A figure depicting cumulative change in storage for the current conditions and three future conditions
baseline scenarios is provided on leowing page Figure3-48). In the figure, the cumulative change in
groundwater storage is shown for the §@ar hydrologic period. Theaxis (horizontal axis) is labeled

with the historical reference year along witfe correspnding water year type based on the Sacramento
Valley Water Year Index. Years are identified as wet (W), above normal (AN), below normal (BN), dry (D),
or critical (C).

Estimated changes in storage are practically zero for the current congliiod futue conditions without
climate change scenarios. Current conditions and future conditions with no climate change are identical,
except for minor urban growthepresentedin the future scenariavithout climate changeFor the two

future with climate change senarios, there are small decreases in groundwater storage over tye&0
period, dueprimarily to increasedgroundwaterpumpingneededto meetincreasingagriculturalwater
demandsresulting from climate change-or all scenarios, thehangesin groundwder storageare
substantialacrosswet and dry cycles, with the total range in storage change for all scenarios exceeding
800 TAF over the 5¢ear period.
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Qurrent and Future GConditions BaselineScenarios
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ability to develop sustainable managemamniteria and appropriatgrojects and management actions in

a GSP, or to evaluate the efficacy of plan implementation, and therefore may limit the ability to assess
whether a basin is being sustainably managedbstantial uncertainty exists in all compaoite of each

water budgetcomponent Substantial uncertaintglsoexitsin the assumptions used to project potential

future conditions related to planned development and associated urban demasdsgell asprojections

of climate changeConsequently, th@stimated negligible overy small changes in groundwater storage

for current and future water budgets, calculated as total subbasin inflows minus outflows, are highly
uncertain. It is anticipated that confidence in model results will be increased overthirough additional

monitoring and data collectionrefinements to C2MBIFGColusa input, and coordination with
neighboring subbasins.

However, the uncertainties that currently exist do not substantially limit the ability to develop and
implement a GSP fahe basin including #h ability to develop sustainable management criteria and
appropriate projects and management actiong;luding improved monitoringjor the ability to assess
whether the basin is being sustainably managed over ti@8Ps are by nate iterative, and each
opportunity will allow for improvements that will (1) lower uncertainty and (2) facilitate more refined

analyses of sustainable management criteria and projects and management actions, and (3) refine the
GSP implementation.
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Overdraftrefers to a negative average annual change in storage for the groundwater system over time.
Based on the current conditions and future conditions with no climate change scenarios repriesent
long-term averageconditions in the subbasioverdraft corditions are not expected to occur in the Colusa
Subbasin. An average annual change in storage of approximateigfQyi6is expected, as presented in
Table3-10 previously andrable3-13in the followirg section. However, based on the future conditions
scenarios with climate change, modesterdraft is expected to occur. Average annual overdraft is
approximately 2. %af/yr in the 2030 scenario to 71af/yr in the 2070 scenario.

337{ dzalG I Ayl & BYlL RSt R 9

As described previously, sustainable yigfirs to the maximum quantity of watecalculated over a base
period representative of longerm conditions in the basin, and including any temporary surplus that can
be withdrawn annually from a grounder supply without causing an undesirable res@&tovisional
estimates of sustainableigld have been calculated from water budget parameters for each scenario as
the longterm annual average groundwater pumping, minus the average annual decrease linlgatar
storage,as summarized ifable3-13. Sustainable basin operation is expected to be achievable in current
and future conditions scenarios, but modest overdratft is ekpen future conditions with 2030 climate
change anduture conditions witi2070 climate changdJltimately, it is anticipated that other factors will

be considered in refining these sustainable yield estimates as part of development of sustainable
management criteria for the basin, and as monitoring is imiptband operational gerience is gained
during GSP implementation.

Table3-13. Estimated Groundwater Pumping, Change in Groundwater Storage, and Sustaina
Yield byBaselineScenariotaf/yr

Change in
Baseline Sawrio Groundwater Pumimg Groundwater Storage Sustainable Yield

Current 499.4 500.1
Future, No Climate Change 498.8 0.6 499.4
Future, 2030 Climate Chang 525.4 2.7 522.7
Future, 2070 Climate Chang 558.6 -7.3 551.2
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Note to Readers: At the time of this writing, formation of Management Areas within the Colusa subbasin is
being discussed among the CGA and GGA member agencies. If the decision is made to form Management
Areas, this sectio will be completed according to the requirements of the GSP Emergency Regulations.
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