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1.0 Executive Summary

1.1 Introduction

In 2008, the University of California, Davis Cenfer Watershed Sciences, and
Watercourse Engineering, Inc. (Watercourse Engingeimplemented a baseline
assessment of Big Springs Creek to quantify thesighl; chemical, and biological
characteristics of the creek prior to restoratigefftes et al. 2009, Nichols et al. 2010).
That assessment identified elevated water tempesass the key impairment limiting
anadromous salmonid habitat in Big Springs Creektha Shasta River downstream of
the confluence between the two waterways. Followlregbaseline assessment, a portion
of the property that contains Big Springs Creek paghased by The Nature
Conservancy (TNC) and named Shasta Big SpringsiR@®BSR). Additionally, TNC
purchased a conservation easement on the adjaasktfanch, through which the
remaining portion of Big Springs Creek flows. Baging in March 2009, TNC
implemented restoration actions throughout Big I8j8iCreek on both the Shasta Big
Springs and Busk Ranches. Primarily, these actionsisted of fencing the riparian
corridor to limit access to the creek and preverdtream grazing by cattle. Other
restoration activities included tailwater and ratflow management.

Concurrent with these restoration activities wagyoimg monitoring of several abiotic
and biotic elements from the baseline assessmbatelelements included aquatic
vegetation, geomorphology, hydrology, hydraulicatev temperature, water quality, and
fish assemblage and habitat usage. This reporepiesata collected between 1 April
2009 and 31 March 2010 for each of these elembmésidition to describing creek
conditions during the project period, this repdsbgresents an evaluation of the
response of each of the aforementioned monitoesdeants to restoration activities by
comparing conditions identified during the projpetiod (2009-2010) to pre-restoration
conditions documented by Jeffres et al. (2009)s Bvialuation shows that post-
restoration changes to the size and spatial erfeaquatic vegetation communities
throughout Big Springs Creek were the primary ageetind changes observed in the
baseline monitoring elements, and had the gresgstct on water temperatures — the
primary limiting condition for salmonids.

1.2 Aquatic Vegetation

Aquatic vegetation was the key agent driving phlsichemical, and biological changes
in Big Springs Creek following the implementatidirestoration activities (i.e. fencing
and cattle exclusion) during the project periodldwaing fencing activities, seasonal
growth of both emergent and submerged aquatic plaas allowed to continue
unabated, with the largest changes in plant biorabassrved in channel reaches most
heavily impacted by cattle grazing during the y@@or to restoration. The seasonal
growth and senescence of the aquatic vegetatiomcity acted as a key agent in
moderating spatial and temporal trends in chanmephology, hydraulics, water quality,
water temperature and salmonid habitat availaliitpughout Big Springs Creek.



1.3 Geomorphology

Channel cross-sectional surveys conducted throudBigusprings Creek in 2008 and
2009 revealed remarkably wide and shallow chanmephologies, as evidenced by
elevated bankfull channel width-to-depth ratio®pto and following passive restoration
actions. However, qualitative observations madéndwross-section surveys, combined
with hydraulic investigations, indicated the spladigtribution of aquatic macrophytes
was the dominant control on channel bed sedimemtagirosion dynamics and local
expressions of channel morphology. Thus, while malichanges were observed in
bankfull width-to-depth ratios (mean = +1.1%) amchkfull cross sectional areas (mean
= +0.3%) during this short post-restoration periodalized sediment deposition and
erosion dynamics fostered by the growth of aguaacrophytes resulted in substantially
more lateral variability in cross-section bed tominy between 2008 and 2009. Over the
short term (several years), with continued cattigdiesion, seasonal patterns of aquatic
macrophyte growth will likely be the dominant cantton hydrogeomorphic processes
and channel cross-section morphology in Big Spribigek.

1.4 Hydrology

Big Springs Creek is hydrologically characterizgdirly stable baseflow derived from
discrete and diffuse groundwater sources. Duriegotioject period, mean irrigation
season discharge in Big Springs Creek at the waeslwas 61 fis © = 9), while
minimum discharge during the irrigation season a@sroximately 44 fis. Discharge
magnitudes in Big Springs Creek rebounded rapmlyrtimpaired baseflow conditions in
early October 2009 following the cessation of ugestn irrigation diversions, with mean
non-irrigation season discharge magnitudes of 86 @ = 4).

With the continued use of groundwater-derived gpflaws for irrigation purposes on
the Shasta Big Springs and Busk Ranches, as wiikeasontinuance of regional
groundwater pumping, the magnitude, timing, andawdity of streamflow in Big

Springs Creek showed minimal response to cattlusion. Observed small reductions
in mean, non-irrigation season streamflows follaywattle exclusion were likely the
surface water response to accumulated depletioggidnal groundwater recharge during
four consecutive years of drought in the Shast@Rralley.

1.5 Hydraulics

While groundwater-derived streamflow characterss{rmagnitude, timing and

variability) in Big Springs Creek remained relatiwanchanged in response to
restoration actions, the hydraulic response (ireas depth, wetted cross-sectional area
and flow velocities) to cattle exclusion and resnttgrowth of aquatic vegetation was
pronounced, albeit somewhat spatially and temppovaliiable. During the project

period, the growth and senescence cycles of aguaticophytes and resultant sediment
deposition and erosion dynamics played a largeinatetermining local hydraulic
conditions, largely illustrated by variable changestream depth, wetted cross-sectional
area, and stream velocity. While post-restoratimenges to stream depths and cross-
sectional area were spatially variable, consisteanhges in lateral velocity profiles were
observed, principally expressed by high flow velpcorridors between patches of
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aquatic vegetation. The majority of streamflow wasted through these unvegetated,
high-velocity corridors.

1.6 Water Temperature

Additional water temperature monitoring of discrepeings led to a refinement in the
preliminary profile developed in Jeffres et al. 300hese observations illustrated that
spring sources emerge at stable temperatures b®Mand contribute a steady source
(~40 ff/s) of cool water to Big Springs Creek. Water terapgres of other significant
inflow sources, such as releases from Big Springs Dwvere also monitored. However,
the water temperatures of those non-spring souvees more variable and seasonally
deviated from spring sources. Though temperaturgglow sources were comparable in
2009 to 2008, the presence of aquatic vegetatidruaderlying effects of aquatic
vegetation growth on stream geomorphology, hydecawdnd shading resulted in
decreased rates of heating from pre-restoratigno$b restoration conditions.

A comparison of 2009 to 2008 water temperature itimm3 at several locations along
the longitudinal profile of Big Springs Creek iltusted that while parts of Big Springs
Creek responded with decreased rates of heatirgstoration actions, other reaches in
which those actions were delayed did not resporgfraagly — in fact, heating rates
increased in these areas. Maximum water tempegatuceeased above the waterwheel
(RKM 2.8) by as much as £@® from 2008 to 2009, where cattle exclusion wasykd
until July 2009, curtailing the period of recovdoy aquatic vegetation in that reach.
Below the waterwheel, where cattle exclusion consadnn March 2009, maximum
water temperatures decreased by as much 28.10¥erall, water temperatures at the
mouth of Big Springs Creek were cooler in 2009 caref to 2008 and resulted in
increased habitat available to salmonids. Furthegtbe benefit likely extended into the
Shasta River downstream of its confluence with $pgings Creek, resulting in many
more kilometers of improved habitat conditions bey®ig Springs Creek and
illustrating the value of targeted restoration @acs..

1.7 Water Quality

A wide range of physical and chemical water quglsyameters were collected in Big
Springs Creek to extend the baseline existing ¢mmdi data set and to assess potential
changes through time. Post-restoration monitorowfioned that the springs provide
geologic forms of inorganic nitrogen and phosphahas are vital to the primary
productivity and anadromous fish production potrdf Big Springs Creek and the
downstream Shasta River. Sources of nutrientswvagyamong different spring sources,
with adjacent land use activities contributing adlwThe system was nitrogen limited
downstream in the Shasta River, but growth limitativas not generally attained in Big
Springs Creek. Thus, aquatic vegetation in thadlgtv, clear stream was not limited by
light or nutrients, leading to the extensive growtat impacts many of the critical factors
(geomorphology, flow, temperature, etc.) in theekreThe extensive growth appeared to
have reduced nitrogen concentrations in the imnie@ittermath of grazing removal;
however, additional data are required to deternfities is a persistent reduction, a relic
of natural inter-annual variability, or a combirettiof the two.



1.8 Fish Assemblage and Habitat Usage

Habitat conditions changed considerably for salmeifter restoration actions were put
in place. The largest change for salmonids irsirstem was the removal of cattle and
growth of aquatic macrophytes. It was not posdibleompare the habitat usage in Big
Springs Creek by juvenile coho from the 2008-2008 2009-2010 sampling periods due
to such small numbers. This was in large parttdube small number of adult returns
(28) to the Shasta River during 2008-2009 samiifgyt compared to 249 the previous
year (CDFG unpublished data). However, the presehadult and juvenile Chinook
salmon and steelhead provided some indication lotdtaconditions in Big Springs
Creek. Adult Chinook redd counts were relativetyitar in 2008 and 2009, yet the
apparent productivity between the two years isi8ggntly different. In the 2008-2009
sampling period 0.0004 juvenile Chinook were obsérper linear meter surveyed, while
during the 2009-2010 sampling period 0.086 juve@itenook were observed per linear
meter surveyed, illustrating a 215-time increasgivenile Chinook despite comparable
adult returns in 2008 and 2009. Abundant habitat aweilable throughout Big Springs
Creek due to the growth of aquatic macrophytesciwvprovided cover, depth, and a
velocity refuge. Juvenile Chinook that reared ig Bprings Creek appeared to grow at a
rapid rate due to abundant food resources andighegiality habitat found in Big
Springs Creek. In the 2009-2010 sampling seasastéethead were greater than two
times more abundant than during 2008-2009. Sinwl&hinook, the exclusion of the
cattle was likely the primary cause for the inceeimsthe 0+ steelhead numbers. The
removal of the cattle allowed for successful spagrand provided rearing habitat for
small juvenile steelhead.

1.9 Conclusions

The implementation of passive restoration actioes fencing and cattle exclusion)
resulted in significant changes throughout Big SgsiCreek, culminating with the
reduction of maximum water temperatures and impkdabitat conditions for
anadromous and resident salmonids. The key fadtangd physical, chemical, and
biological changes in Big Springs Creek was thewnmf aquatic macrophytes. Both
submerged and emergent macrophyte growth improafedosiid habitat by promoting
geomorphic changes such as scouring of fine sed#fienm gravels; hydraulic changes
such as creating diverse lateral velocity profdad increasing mean flow velocities; and
water temperature changes principally illustratgddaluced maximum water
temperatures through the reduction of potentiarsiolading by providing shade and
reducing travel times. The resulting improved saliddabitat was evident by the
increased abundance of salmonid populations.

Observations made for each abiotic and biotic elgmmnitored during this study have
yielded recommended monitoring and assessmennadtiat will provide a foundation
of information from which to understand complextsdaand temporal interactions
between physical stream conditions and biotic comityistructure and behavior.
Understanding such interactions is necessary &zt@fely and adaptively manage on-
going restoration actions in an effort to meet® principal objectives of increasing the



spatial extent of habitat suitable to salmonidsulghout Big Springs Creek and the
Shasta River below.

2.0 Introduction

The Shasta River is the fourth largest tributarthio Lower Klamath River. Once one of
the most productive salmon streams in Califorma,$hasta River historically produced
roughly half of the Chinook salmon in the Lower ilath River watershed while
contributing less than one percent of the meanarflaw measured at the mouth of the
Klamath River at Orleans (Wales 1951, NRC 2004)is prodigious historical
production of salmon was largely related to thequaihydrologic and geologic setting of
the Shasta River, where streamflow is principatiynihated by groundwater discharge
from several large groundwater springs.

The Shasta River flows northwestward from its hestdve on Mount Eddy to its
confluence with the Klamath River. Located alomig flowpath are several groundwater
springs, often collectively referred to as the “Bigrings Complex.”. Several of the
largest springs collectively form or provide tribog streamflow to the Shasta River
tributary Big Springs Creek (Figures 1 and 2). wninous and cold (£C to 12C at the
source) baseflows within Big Springs Creek arerogtifor winter and summer salmonid
rearing, while geologically derived nutrients fpebductivity in the downstream aquatic
food web. Reliable flows, optimal temperatures] aaarly unlimited food explain the
historically high salmon production of the ShasteeR However, more than a century
of intense cattle grazing and poor managementipegchave significantly degraded the
spawning and rearing potential of Big Springs Cre&Kditionally, the creek had
become a source of significant thermal loadindh®o$hasta River, impacting salmonid
habitat conditions for tens of kilometers downatnglichols et al. 2010)

Central to recovery of the salmonid populationha Shasta River is the management and
restoration of Big Springs Creek. Restoring phgidmabitat, flow, and water temperature
regimes in Big Springs Creek was shown to havéitjeest potential for maintaining

and eventually restoring coho salmon in the ShRstar watershed (Jeffres et al. 2009).
In March 2009, The Nature Conservancy, CaliforildC) initiated a multi-year river
restoration effort on Big Springs Creek throughadbgquisition of Shasta Big Springs
Ranch and an easement on the adjacent Busk Raigeing$ 1 and 2). Together, Shasta
Big Springs Ranch and the Busk Ranch easementdadaccess and restoration
opportunities along the entire length of Big Spsirigreek. Unlike many restoration
efforts, the UC Davis Center for Watershed Sciemtessociation with Watercourse
Engineering Inc. (Watercourse Engineering) was #abtebtain baseline data prior to the
beginning of restoration activities (Jeffres et24109), thus allowing for the

guantification of physical, chemical, and biolodic@sponses to restoration actions along
Big Springs Creek.



3.0 Project Description

Only 10% of riverine restoration projects condudtethe United States include some
form of monitoring or assessment of restoratiorgpess or outcomes (Bernhardt et al.
2005). Consequently, many opportunities to adaptisnanage restoration efforts and to
learn from project successes or failures are lose goal of the UC Davis Center for
Watershed Sciences/Watercourse Engineering asseisshrestoration activities
throughout the Shasta Big Springs and Busk Ranshessupport on-going conservation
and restoration planning on these ranches, asase¢liroughout the Shasta River basin.
These efforts are principally directed towardsrtt@nagement of coho and Chinook
salmon, as well as steelhead.

From March 2008 through January 2009, the UC D@eister for Watershed Sciences
and Watercourse Engineering conducted a comprefeehaseline assessment of
physical, chemical, and biological conditions tigbaut Big Springs Creek prior to
initiation of restoration actions by TNC (see Jedfet al. 2009). Following the purchase
of Shasta Big Springs Ranch and the Busk Ranchreageand the initiation of
restoration actions by TNC in March 2009, monitgrand assessment of aquatic habitat
conditions were continued by UC Davis and Waterseutngineering as part of this
study. The objectives of this study were threekfol

1) document change in the physical, chemical, anagichl condition of aquatic
habitats following the initiation of restorationtimns along Big Springs Creek
from April 2009 through March 2010;

2) identify and quantify factors that continue to firsalmonid production in Big
Springs Creek; and

3) identify the restoration and water resource manage&ctions that improved
habitat during the project period and will contirtoalirectly improve salmonid
spawning and rearing conditions throughout Big igsiCreek.

Summarized below are the project scope of worlereerpl description of the project
area, and a summary of restoration actions indiaie TNC during the project period.

3.1 Scope of Work

The scope of work outlined herein includes the paydabitat, water quality, and fish
habitat utilization data collected between ApriD8tand March 2010. These data
document physical, chemical, and biological condi during the first year following
the initiation of restoration activities on the StaaBig Springs and Busk Ranches.



Physical habitat data included continuous stream#lod water temperature monitoring,
geomorphic surveys, and aquatic macrophyte biomasstoring throughout Big Springs
Creek. Furthermore, complex geomorphic and hydraeinditions driven by
interactions between streamflow, sediment depasitod aquatic macrophyte growth
were assessed at selected locations along Bigd3p@reek. To continue monitoring
hydrologic conditions throughout the Shasta Bigir8fm and Busk Ranches, streamflow
monitoring stations were maintained at previousiaklished locations in the Shasta
River, Parks Creek, Big Springs Creek, and selespedg-fed tributaries including Hole
in the Ground Creek and Little Springs Creek taraethe hydrology and quantify spring
flow accretions (see Jeffres et al. 2009). Waerterature data were collected
throughout Big Springs Creek and its tributariegwantify and assess changes to
longitudinal thermal gradients.

Water quality characterization included system#ticampling water quality at source
spring waters to Big Springs Creek, and at multg@e/nstream sites along Big Springs
Creek and the Shasta River below to capture sebganations in water chemistry
(particularly the nutrients nitrogen and phosphparl other water quality
characteristics.

Fish abundance and habitat utilization were quiadtithrough extensive snorkel surveys
of Big Springs Creek. Surveys were tied to physacal chemical habitat
characterizations described previously to deterragesonal distribution of salmonids of
different age, life history, and environmental talece.

In accordance with the project work scope, momigof physical, chemical, and
biological conditions was conducted on waterwaysuphout the Shasta Big Springs
and Busk Ranches. However, as restoration adhians largely focused on Big Springs
Creek, only data collected from Big Springs Creekirty the project period will herein
be presented and compared to pre-restoration data.
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3.2 Project Area

Together, the Shasta Big Springs and Busk Ranaiesygass approximately 4,500
acres and part or all of five rivers or creeks: Bgings Creek, the Shasta River, Parks
Creek, Little Springs Creek, and Hole in the Gro@mndek (Figure 2). Big Springs
Creek, the primary focus of this study, flows weattvfor approximately 3.7 km. The
upper 1.5 kilometers of Big Springs Creek flowsotigh the Busk Ranch, while the
lower 2.2 kilometers flow through the Shasta Bigigs Ranch before entering the
Shasta River at river kilometer 54.2 (Figures 1 2ndBig Springs Creek emanates from
Big Springs Lake and several discrete springs émtdbwnstream of Big Springs Dam.
During summer baseflow, Big Springs Creek accotortapproximately 80% of the
streamflow downstream in the Shasta River. BigrfgisrLake was impounded around
1875 to support irrigation activities on adjacemtds, and inundated the easternmost
portion of the groundwater springs complex (ilee, $source water for the lake). Through
time an extensive network of irrigation canals asdociated features evolved to the
current land use conditions.

The Shasta River flows approximately 97 km nortiwasd from its headwaters to its
confluence with the Klamath River and is the fodattgest tributary in the Lower
Klamath River system (Figure 1 ). Bounded by thetSMountains to the west, Siskiyou
Mountains to the north, and the Cascade VolcanigB#o the south and east, the Shasta
River Basin exhibits considerable spatial variépil geologic and hydrologic
characteristics. Tributaries from the Scott argkigou Mountains flow northeast to the
Shasta River, roughly perpendicular to the northstrlike of a the Eastern Klamath Belt,
a geologic province comprised of a complex assegebtd Paleozoic sedimentary and
metamorphic rocks and Mesozoic intrusives (HotzZ7)}9Northerly and westerly

flowing tributaries to the Shasta River drain btite northern slopes of Mount Shasta and
the western slopes of the Cascade Range, regigeyainderlain by porous volcanic
rocks of the Western and High Cascades geologMinmes. The Shasta River flows for
most of its length along the floor of Shasta Valley area underlain principally by a
complex assemblage of High Cascade Plio-Pleistoardesitic and basalitic lava flows
and volcaniclastic materials derived from a LateifRdbcene debris avalanche from
ancestral Mount Shasta (Wagner 1987, Crandell 198&v-gradient basalt flows (e.qg.,
Plutos Cave Basalts) dominate the eastern portib8sasta Valley, while western
regions exhibit a mosaic of andesitic and daciliotks and depressions formed by the
aforementioned debris avalanche. Holocene bdeaisfare the primary water-bearing
geologic formation within the Shasta River basimg are the principal source of spring-
flow to Big Springs Creek. The local climate isrgerid with mean annual precipitation
varying between 25.4 cm and 45.7 cm (Vignola andd®2005), much of which falls as
snow in higher elevations during the winter months.

11



)
/Wamath River
Klamath River
Basin
Oregon
o California
\O\)g‘//
2t (%)
RZ IS .
O 8 Shasta River
g &
%)
AS
ittle Sha
) \ S[a 9
< e
%}'
®
.
Y/ INTERSTATE § (4“
Shasta Big Springs
Ranch
| )
@'\Qsp”ngs Ck.
;‘ A
Busk Ranch
Dwinnell Dam
N Lake Shastina
) %
koS
01 2 3 4 >
w1 Kilometers -
ws Creek z
oo )

the Shasta River basin.
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3.3 Summary of Restoration Actions

In March 2009, The Nature Conservancy, Califoriid€) purchased Shasta Big
Springs Ranch and a conservation easement ondtexlgadjacent Busk Ranch (Figure
2). Immediately following acquisition of ShastagEBpring Ranch, TNC excluded cattle
from the Shasta River, Big Springs Creek, Littleiggs Creek, Hole in the Ground
Creek, and adjacent riparian areas using a combinat existing fence lines and
temporary electric fencing. Additionally, TNC umtteok numerous ranch management
efforts to improve irrigation efficiencies and reguailwater return while actively
maintaining the cattle ranch. Permanent barbed-feincing is currently being installed
along the aforementioned waterways throughout &tist Springs Ranch.

Restoration actions on the Busk Ranch have prigneohsisted of cattle exclusion using
permanent barbed wire fencing along Big SpringekreHowever, permanent fencing
was not established along Big Springs Springs Ctleelugh the Busk Ranch until July
2009, thus preventing cattle exclusion from theriduring the peak growth period for
aguatic vegetation. Also, cattle on the Busk Raarehpermitted limited access to the
creek at designated watering lanes.
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During the project period, restoration actions ¢cstesl primarily of passive efforts at
cattle exclusion using riparian fencing on both $iasta Big Springs and Busk Ranches.
As such, post-restoration changes in physical, etepand biological conditions
throughout Big Springs Creek principally refleaivaerine ecosystem response to
riparian fencing and resultant cattle exclusiorctive restoration activities throughout
Shasta Big Springs Ranch are currently being uakient Such actions include riparian
and emergent vegetation plantings, as well asaitiog water management.

3.4 Monitoring Data Organization

Physical habitat data collected from Big SpringedRrduring the project period included
surveys of geomorphic conditions, hydrologic/hydicaconditions, water temperature
and water quality. Concurrent biological monitgrincluded aquatic macrophyte
biomass and fish abundance surveys. When postiekse data were compared to
similar baseline data sets collected prior to tiigation of cattle exclusion in March

2009 (see Jeffres et al. 2009), thus allowing dtativte assessment of the initial physical
habitat and ecological community response to rator actions.

Typically, riverine monitoring data is structurexlogically present physical habitat
observations (i.e. hydrology, hydraulics, geomotpbg, water quality, and water
temperature) prior to dependent (typically) biotmdicommunity data. However,
physical and biological monitoring efforts througit@®ig Springs Creek during the
project period revealed the growth of aquatic mpleytes as the primary driver of
physical habitat change, both seasonally and porese to restoration actions.
Observations indicated that with relatively stajyerologic conditions driven by
groundwater-derived baseflows, short-term tempcitahges to physical habitat
conditions (hydraulics, geomorphology, water terapee and water quality) were
principally driven by spatial and temporal variaisan aquatic macrophyte growth
throughout Big Springs Creek. As such, aquaticrojdtyte survey data collected during
the project period is presented in this reportmpiegohysical habitat survey/monitoring
data — data that is largely driven by and dependpoh observed spatial and temporal
changes in the aquatic macrophyte community. &mindance data follows our
presentation of physical habitat data.

4.0 Aquatic Vegetation

The growth of aquatic macrophytes as a result ibiecexclusion was the single largest
driver of habitat change, both physical and ecalalgin Big Springs Creek. The prolific
growth of aquatic macrophytes creates a uniqueogaal environment where aquatic
macrophytes act as a substrate for benthic maadeiwates, while simultaneously
providing complex habitat for fish - conditionsdaty lacking in Big Springs Creek
when aquatic macrophytes are absent. Along witkiiging direct benefits to
invertebrates and fish, the seasonal growth anessence of aquatic macrophytes
largely drive physical processes within the cregkdntrolling spatial trends in
geomorphic conditions, hydraulic conditions andexajuality/temperature. By
removing the disturbance associated with cattleiggafrom Big Springs Creek and
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allowing the natural growth cycle of aquatic madrgies to proceed unabated, habitat
conditions changed throughout the creek. Becaligeomportance of the growth of
aguatic macrophytes in the restoration of Big Smi€@reek, we will first outline changes
in aquatic macrophytes as a result restoratiowides, and then discuss the
corresponding changes to physical and ecologidatdtaconditions.

4.1 Methods

Three (3) 100-meter study reaches were selecteddathly aquatic macrophyte
sampling along Big Springs Creek (Figure 3). Ochesampling date, six sample sites
were randomly selected within each study reactsqéare PVC-frame quadrat was used
to delineate an area of 0.37 and all above-ground biomass within the quadrat wa
removed. Harvested plant material was vigorougltated in the stream to reduce the
presence of clinging macroinvertebrates (epibiate) other detrital material prior to
being placed in individually labeled bags and me¢drrto the laboratory for analysis. In
the laboratory, samples were placed in a dryingiptided to a constant mass at@3or
at least 72 hours (h), and subsequently weighednp&s were then ashed in a muffle
furnace for four hours at 476, cooled to a constant mass and reweighed toedarnash
free dry mass (AFDM) for each sample. Mean stamndinck for macrophytes and
filamentous algae is reported as grams ash-fres drgger square meter (g AFDM3n
Samples were not collected at the "Isotope” andwBstream Crossing” sample
locations in October 2009 due to the presence aidok salmon spawning. It was
determined that sampling could be stressful tasgfavning salmon. In December 2009,
samples were not collected at the two upstreantitowadue to high winds not allowing
for accurate collection of the samples.
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Figure 3: Aquatic macrophyte sampling sites alomg 8prings Creek. Flow velocity transect
locations at the “Corral” and “Downstream Crossingstudy sites are also identified.

4.2 Data Analysis

From March 2008 through March 2009, the lack ofl@sion fencing allowed cattle
intermittent access to Big Springs Creek for grgzin aquatic macrophytes. The
duration and timing of grazing access dependedeipntipon the periodic rotation of
grazed pastures. This intermittent grazing aceeisge forcing periodic removal of
aguatic vegetation biomass from the creek, didwadmatural trend in vegetation growth
to occur throughout the 2008 growing season. Sedgwowth trends were characterized
by increased macrophyte growth through the spnmgsammer of 2008, followed by a
gradual senescence during the late fall, winted, early spring of 2009. This seasonal
trend in aquatic macrophyte growth and senesceanaleserved in many shallow,

lowland rivers, and, particularly those with elednutrients and minimal riparian
shading (Clarke, 2002). Prior to cattle exclusioMarch 2009, aquatic macrophyte
sampling occurred only at the “Isotope” sampling ¢Figure 3). Results of this
sampling effort indicated that despite cattle grgawvithin the stream, vegetation biomass
increased throughout the summer of the 2008 (3eéfral. 2009), with mean standing
crop at the “Isotope” sampling site exhibiting aisg-time low of 35.7 g/MAFDM and

a fall maximum of 182.1 g/fn It should be noted that this standing crop wageg by
cattle during this time.
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Immediately following cattle exclusion in April 200biomass sampling and qualitative
observations revealed that initial aquatic macroplepmmunity size and composition
varied greatly, depending on the location withig Biprings Creek (Figure 3). The
primary cause of this difference was managemeoatile during the winter prior to

cattle exclusion (January though March 2009). I€atere primarily grazed on
pastureland adjacent to the “Downstream Crossiagiing site, with intermittent
access to pastures adjacent to the "Isotope” sampite, and little to no access to
pastures adjacent to the “Corral” sampling sitbe @mount of cattle grazing on adjacent
pastureland, and consequently the stream, duragréavious winter was inversely
proportional to the biomass of aquatic macrophgiteasured at each sampling site at the
beginning of the post-exclusion study period iniRpB09 (Figure 4).

As summer progressed and length of day increadkeaving cattle exclusion, plant
biomass increased at the “Isotope” and “Downstr€aassing” study sites (Figure 4).

At the “Downstream Crossing” site, mean standirgpasf macrophytes increased from a
low of 2.65g/m AFDM in April 2009 to a high of 145 g/MAFDM in September 2009.

At the “Isotope” sampling site, mean standing dropeased from a low of 62.25 ¢fm
AFDM in April 2009 to a high of 211.58 gAWFDM in August 2009. The April 2009
macrophyte samples collected at the “Downstreansging” and “Isotope” sampling
sites were representative of both natural seaslucaliations in biomass as well as
previous disturbance by cattle.

Biomass remained relatively constant throughoupthst-cattle exclusion sampling
effort at the “Corral” sampling site (Figure 4}.id hypothesized that minimal cattle
grazing at this site during the previous winteowakd the maximum potential biomass to
be reached in early spring 2009, allowing the nmstanding crop to remain fairly stable
throughout the summer. Despite the large biomasssared during the first sample
collection, variance was high and samples weresttally similar from April 2009
through January 2010. Furthermore, the macropgsgemblage was different at the
"Corral” sampling site, compared to the “Isotop@tdDownstream Crossing” sampling
sites. The “Corral” sampling site exhibited a nogutryte assemblage dominated by
water smartweed”lygonum amphibiujpwhich is a more robust, woody-stemed plant
than those found at the lower two sampling locaiahich were primarily northern
watermilfoil (Myriophyllum sibericuthand watercresdN@sturtiumsp.). Qualitative
observations suggest the morphology of the smadwegy have facilitated its continued
growth during the winter 2009 at the “Corral” samglsite.

4.3 Response to Restoration Actions

Comparison of the mean standing crop of aquaticopiyte samples collected at the
“Isotope” sampling site in March 2008 (pre-restama}, April 2009 (immediately
following cattle exclusion) and March 2010 (oneryidlowing cattle exclusion) allows
direct analysis of the macrophyte community respdogassive restoration actions.
While the expected seasonal growth and senescétive standing crop was observed
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during both 2008-2009 (see Jeffres et al. 2009)2&0®-2010 (Figure 4), the impacts of
cattle grazing were principally illustrated by gtctally significant differences between
mean standing crop measured from macrophyte sarogllested in March 2008 and
April 2009 (35.7 g/mand 62.25 g/MAFDM, respectively) compared to the mean
standing crop of samples collected in March 20307 (52 g/mfi AFDM) — resulting in an
approximately 394% increase in the standing crdpeatlisotope” sampling site one year
following cattle exclusion.

Similar post-cattle exclusion differences in madrgte biomass were also observed at
the “Downstream Crossing” study site. Comparisbthe mean standing crop of aquatic
macrophyte samples collected in April 2009 (2.65°gAFDM) and March 2010 (158.38
g/m’* AFDM) reveal an increase of approximately 60 tirttesspring-time standing crop
one year following cattle exclusion.

Interestingly, mean standing crop of aquatic maeytgs at the “Corral” sampling site
has seen a gradual decrease in biomass followitlg eaclusion. Reasons for this
reduction are unclear, and may be related to samed dynamics or self-shading as
plant biomass reaches a yet undescribed threskaitlire data collection will be
necessary to ultimately determine the cause dexiadle corral biomass.

It should also be noted that post-restoration caamg mean biomass of standing
macrophyte crops throughout Big Springs Creek neaynfluenced by changing species
composition in response to cattle exclusion. Isesice of cattle grazing, unfettered inter-
species competition for nutrient and light resosrdeely impact standing crop biomass
at any one location. However, this impact curgergimains unquantified.
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Figure 4. Ash Free Dry Mass (AFDM) of aquatic nmagainytes collected in Big Springs Creek
from April 2009 through March 2010. Bars represtt@ mean value of the six subsamples and
error bars are standard error.

4.4 Summary

Aquatic macrophytes are the primary driver of pbgsand ecological change in the
restoration of Big Springs Creek. Historical ramcAnagement resulted in a range of
pre-restoration conditions throughout the creeRd68-2009, with some channel reaches
exhibiting abundant aquatic vegetation, and oteaches exhibiting almost no aquatic
vegetation. Because of the variety of conditiarnthe start of restoration, different
patterns of biomass accumulation and species catigpo®ere observed at the different
sampling locations throughout Big Springs Creekj(Fe¢ 3). The location with the least
amount of cattle disturbance prior to cattle exidn$ad the largest biomass compared to
the other two locations, while the site with thghest amount of cattle disturbance had
the lowest amount of biomass. As time from calelusion (April 2009) increased,
standing macrophytes crops became more similarbgr®8kptember 2009, all three
sampling locations had statistically similar aqouatacrophyte biomass. As daylight
length and temperature decreased in the winte@dd 2sites with less robust macrophyte
species saw a decline in biomass, but still rengamech higher than the initial, pre-
restoration condition. After one year of cattlelesion (March 2010) the "Istotope” and
“Downstream Crossing” study sites had equaled oeeded their maximum biomass
accumulation during the previous summer (2009)is $hggests that the increased
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minimum biomass during the winter following cattbeclusion will lead to increased
spring vegetation biomass and increased benefdemth, cover and velocity refuge for
salmonids earlier in the year during the criticalgnile rearing period.

5.0 Geomorphology

Geomorphic studies provide a critical foundationdnderstanding the abiotic habitat
conditions upon which ecological communities depedad function. Furthermore,
documenting spatial and temporal varitation in ggyhiz conditions prior to and
following riverine restoration actions can facileghe formulation of adaptive
management strategies and help understand thecplgisiotic drivers of observed
ecological responses to restoration actions. Tdirout Big Springs Creek, spatial
patterns of seasonal aquatic macrophyte growthaapgddo be principal drivers of
observed geomorphic conditions. As such, restmratctions consisting of cattle
exclusion had a direct impact on local changeshianoel morphology. Post-restoration
channel moprhology conditions throughout Big Spsiiyeek, and the repsonse to cattle
exlcusion, are presented and discussed herein.

5.1 Methods

Post-restoration changes in channel morphologytirout Big Springs Creek were
assessed through the comparison of repeat topagrsyniveys of channel cross-sections
performed during summer/fall of 2008 and 2009. tysfeur (64) channel cross-sections
were surveyed along Big Springs Creek through trest Big Springs and Busk
Ranches in 2008 (see Jeffres et al. 2009). Fbarget(43) cross-sections locations
surveyed in 2008 were re-occupied in 2009 (FigyreTbpographic surveys were
conducted across the channel bottom using a TOPBipétLite Plus Real-Time
Kinematic (RTK) survey unit. Elevations of chanbahkfull conditions were estimated
for each cross section based on observed topograpdaks in the channel bank.
Channel width-to-depth ratios for each surveyedsigection were calculated by
dividing the bankfull channel width by mean bankfidpth. During survey activities in
2008 and 2009, the lateral distribution of aquatacrophyte patches across each cross
section was noted. Only cross-sectional morphottagg collected in both 2008 and 2009
is presented and compared herein.
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Figure 5: Channel cross-section locations survegiemg Big Springs Creek in 2008 and 2009.

5.2 Data Analysis

Channel cross sectional surveys conducted throudigisprings Creek in 2008 (see
Jeffres et al. 2009) and 2009 revealed remarkalug and shallow channel
morphologies, as evidenced by elevated bankfulhclbwidth-to-depth ratios. Such
geomorphic conditions are common in spring-fedestre and may be attributable to the
reduced range of streamflow magnitudes and theatessnce of large floods cable of
moving large sediment (where present), aquatiagiapasegetation, or other debris
(Whiting and Moog 2001). Under such conditions,itivilg and Moog (2001)
hypothesize that streamflow is routed around imalehobstacles, necessitating larger
cross-sectional areas to convey the availablersftea. Furthermore, without bed shear
stresses necessary to incise into the channelpehandening becomes the mechanism
through which to increase cross sectional area.

Under such conditions, the spatial distribution aeffdcts of flow resistance elements
(e.g. downed timber, vegetation, small islandgllikprovide the primary control on
hydraulic (principally streamflow routing) and depkent geomorphic conditions in
spring-fed creeks. In Big Springs Creek, the latkwoody riparian vegetation allows
flow resistance elements to be dominated by subadesgd emergent aquatic
macrophytes, whose seasonal growth patterns (st@154) appear to be the principal
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drivers of temporal changes in cross-section chlanoephology. Herein, cross-
sectional survey data is presented from pre-resorg2008) and post-restoration (2009)
periods throughout Big Springs Creek, and then @megpin order to quantify observed
changes in channel morphologies in response tle &dtlusion.

5.2.1 Channel Conditions - 2008

As summarized by Jeffres et al. (2009), cross-geatichannel morphologies in Big
Springs Creek were characterized by elevated bdniifith-to-depth ratios (mean = 62;
o = 30), with minimum ratios (9) at laterally-condith road crossings, and maximum
values (134) throughout an approximately 400 meltannel reach immediately above a
flow through impoundment known as the waterwhedictv widens channel conditions
upstream (Figures 5 and 6). Analysis of crossisectata from transects surveyed along
this reach in 2008, but not re-occupied during symfforts in 2009, revealed even
higher width-to-depth ratios (maximum = 237) — atiods which have remained
relatively similar in 2009. This wide and shalletvannel reach along Big Springs Creek
was identified immediately downstream from the fyvoundwater spring complexes

(Big Springs Lake and Alcove Spring complexes) firavide the majority of streamflow
to Big Springs Creek (Figure 8). Prior to restimatctions, average and maximum
bankfull width-to-depth ratios in Big Springs Creekre significantly greater than the
average (34¢ = 24) and maximum (98) values identified by Whgtend Moog (2001)

in selected spring-fed streams throughout Oregadndaho. Reasons for elevated
bankfull width-to-depth ratios in Big Springs Creskmpared to spring-fed creeks in
Oregon and Idaho are uncertain, but may be retatéte presence of numerous spring
seeps along the channel bed, particularly in tlacél reaches upstream the waterwheel
impoundment. Spring seeps within the bed may ihbiannel bank formation, thus
increasing the width of the channel where suchsaep present.

5.2.2 Channel Conditions - 2009

Channel cross-sections re-surveyed in 2009 corditmexhibit elevated bankfull width-
to-depth ratios, ranging from nine (9) at a bridgessing to 171 at a shallow riffle
upstream from the waterwheel impoundment. The rbeaRkfull width-to-depth ratio for
all surveyed cross-sections in 2009 was 63, witaadard deviatioro] of 34.

Minimum width-to-depth ratios continued to be fouatcchannel locations laterally
confined by bedrock or bridge abutments. Maximuidthvto-depth ratios continued to
be identified in channel locations immediately ugain from the flow through
waterwheel impoundment.
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Figure 6: Longitudinal trends in bankfull width-tbepth ratios throughout Big Springs Creek in
2008 and 2009. Width-to-depth ratios were remalkaih and stable during both 2008 and
2009.

Qualitative observations made during cross-sedioueys, combined with detailed
velocity transects performed at two locations i02QFigure 10), indicated the spatial
distribution of aquatic macrophytes was the domtirwantrol on channel bed
sedimentation and erosion dynamics. The patchyraggular spatial distribution of in-
stream vegetation diverted most streamflow thraugttiple channels flowing around
clumps of emergent and submerged aquatic vegetgaioducing a channel planform
often referred to as “pseudo-bradied”. In somations, streamflow was routed through
a single channel surrounded by patches of aguat@raophytes. Reduced streamflow
velocities within the patches of submerged and ger@raguatic macrophytes promoted
fine sediment deposition within and behind the vaen patches. By forcing the
majority of streamflow around vegetation patchégasnflow velocities in unvegetated
“corridors” were increased. Observed consequeott#ss hydraulic phenomenon were
large and abrupt velocity gradients along the edfeggetation patches, as well as local
scouring of fine sediments along the higher velocdrridors. These sedimentation and
erosion dynamics were most pronounced during th& pecrophyte growth periods
through the summer and fall of 2009. Without fldtmdvs in Big Springs Creek,
depositional patches remained relatively stablewhg the winter macrophyte
senescence, thus maintaining the aforementionesifusbraided” channel form
throughout the year.
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Figure 7: Representative cross section topograghiweys occupied in both 2008 and 2009.
Lateral distribution of aquatic macrophyte patclas illustrated for 2008 (blue bars) and 2009
(red bars) Channel widths and depths did not apiptdyg change during the project period.
However, local changes in erosion and depositiogdly coincided with deviations in the lateral
distribution of aquatic macrophytes.
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5.3 Response to Restoration Actions

Individual (or “at-a-station”) channel cross-sentiorms are typically thought to adjust
to changes in river discharge, sediment transpEptsition and the composition of
boundary/bank materials - with discharge preserttieglominant (and only
independent) control on channel dimensions (i.dthwidepth, cross-sectional area).
Consequently, in a baseflow dominated river sucBigsSprings Creek, it might be
expected that cross-sectional channel forms woelldtgely stable given: 1) relatively
consistent/stable groundwater-derived streamflavasabsence of large flood events
which can erode and or deposit large amounts ofreed; and 2) unchanging
composition of boundary/bank materials at eachszsestion location. However, this
model of channel form adjustment to changes (d¢ thereof) in hydrologic and
geomorphic conditions largely neglects the infllenof aquatic vegetation on channel
morphology.

Prior to March 2009, in-stream cattle grazing amolsequent removal of submerged and
emergent aquatic vegetation had pronounced eféecthannel morphology, principally
through bank destabilization, fine-sediment intrctchn, and widening/shallowing of the
river channel. Furthermore, lateral variabilitycimannel bed topography was minimized
as cattle removed patches of aquatic macrophytesthmough both grazing and
trampling, mobilized previously stable fine sedimemhis fine sediment was
subsequently deposited diffusely downstream, negpih relative lateral homogeneity of
channel bed topography (see Jeffres et al. 2008ljowing cattle exclusion in March
2009, recovery of aquatic macrophyte communities allowed to progress largely
unabated (see section 4). While minimal changes wieserved in bankfull width-to-
depth ratios (mean = +1.1%)(Figure 6) and bankiulss sectional areas (mean = +0.3%)
during this short post-restoration period, localisediment deposition and erosion
dynamics fostered by the growth of aquatic macrtgghyesulted in substantially more
lateral variability in cross-section bed topograjpiegween 2008 and 2009 (see Figure 7).
Of particular note were areas of sediment scourdapdsition observed along numerous
cross-section transects, geomorphic processes apéar to be principally controlled
by the presence (deposition) and absence (erosi@guatic macrophytes. In some
locations, fine sediment deposition in macrophyteipes between 2008 and 2009
exceeded 20 cm, while fine sediment scouring (gleds than 5 cm) along high-
velocity corridors between macrophyte patches fledeanderlying gravel-sized bed
materials. These gravel materials were unable timamsported by available bed shear
stresses under spring-fed baseflow conditions.

5.4 Summary

Cross-sectional data and qualitative field obsématfrom 2008 and 2009 indicate that
over the short term (several years), with continceitle exclusion, seasonal patterns of
aguatic macrophyte growth will likely be the dommbaontrol on hydrogeomorphic
processes and channel cross-section morphologiygig@ings Creek. While further
investigation is needed to understand long-termdgen the spatial distribution and
persistence of aquatic macrophyte communities gZJgirings Creek, it is anticipated
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that shallow, low-velocity channel margins will @j@nce continued aquatic macrophyte
colonization and associated sediment depositiarth @ condition may eventually lead

to the establishment of more permanent emergentgp$aich as tules and cattails,
creating narrower and deeper channel morphologishigher streamflow velocities in
one or several unvegetated corridors.

6.0 Hydrology

Nearly all of the water in the Shasta River flowsotigh Shasta Big Springs Ranch.
Along the southern ranch boundary, streamflows ftbenPark’s Creek tributary
combine with the predominantly spring-fed streamvdrom the Upper Shasta River
below Dwinnell Dam and Hole in the Ground Creelg(FFe 8). Approximately 2
kilometers downstream from the southern ranch banndhe groundwater-fed Big
Springs Creek joins the Shasta River, nearly quaihgi its mean annual discharge.
Quantifying the magnitude, variability and timinfjstreamflows throughout Shasta Big
Springs Ranch, and particularly Big Springs Cresek critical piece of ongoing
restoration efforts at Shasta Big Springs Ranch.

6.1 Methods

River stage was monitored continuously at severastirgauge locations (Figure 8)
throughout Shasta Big Springs Ranch during theeptgeriod. River stage data were
collected at 10-minute sampling intervals usinglaloNater WL-16 submersible
pressure transducers, and streamflows were pegibdroeasured at each gauge location
using standard methodologies (Rantz 1982). Peilaicities were measured within
vertical bins across river cross-sections at 0. #hefstream depth using a Marsh
McBirney Flo-Mate electromagnetic velocity metaraahed to a top-set wading rod.
Vertical bin widths typically did not exceed 5%tbe channel cross-section wetted
width. Discharge measurements were calculatedyus8GS mid-section velocity-area
methods (Rantz 1982). Streamflow rating curveswsebsequently developed to
estimate continuous streamflow magnitudes at eadtibn.

Prior to March 2009, nine river stage gauges waamtained and rated for streamflow
throughout Shasta Big Springs Ranch to understpatis$ differences in the timing,
magnitude and variability of streamflow and irrigat water management (see Jeffres, et
al, 2009). However, as cattle were excluded frasevwvays throughout Shasta Big
Springs Ranch in March 2009 as part of river regton efforts, the resulting seasonal
growth and senescence dynamics of aquatic macreplytd the associated affects on
river stage, hindered the ability to accuratelg stteam gauges without downstream
control structures (e.g. a permanent weir). Rodvlarch 2009, in-stream cattle grazing
largely minimized aquatic macrophyte growth, fdating the successful development of
rating curves that were accurate across multie@es (see Jeffres et al, 2009).
Consequently, while river stage data were collearad streamflows were periodically
measured at each stream gauge location (FigurerBigthe project period to help
identify and understand gross variations in stré@amfmagnitude and timing, only a
single gauge along Big Springs Creek (herein reteto as the Big Springs Creek
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waterwheel gauge) was able to be rated througheuprioject period, thus allowing for
the construction of an accurate and continuoususiflew record during the project
period. Successful rating of the Big Springs Crerakerwheel gauge was largely due to
the presence of a permanent control structureddaatmediately downstream. Only the
Big Springs Creek waterwheel streamflow data aesgmted and discussed herein.

To facilitate comparison of streamflow charactécgsbetween 2008 and 2009,
streamflow statistics (mean, median, maximum, mummstandard deviation) were
calculated from continuous (10-minute intervalxtisrge records. Small differences
between streamflow statistics reported by Jeffted.€2009) and in this report for the
period of April 1, 2008 through March 31, 2009 #re result of revised discharge-river
stage rating relations for the stream gauge atvtterwheel.

o] 05 1 2 Kilometers
L 1 1 1 L I ) J & Streamflow Monitoring Locations

Figure 8: Major hydrologic features and streamflavonitoring locations on the Shasta Big
Springs and Busk Ranches

6.2 Data Analysis

Big Springs Creek is hydrologically characterizgdirly stable baseflow derived from
discrete and diffuse groundwater sources. Jeéfres (2009) identified two large
springs within the upper 1.5 kilometers of Big 8gs Creek, herein referred to as the
“Big Springs Lake springs” and “Alcove springs” giire 8). The Big Springs Lake and
Alcove springs are comprised of numerous discnetediffuse springs, and further
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refinement of the location and character of thaserete springs is provided in Section 8
of this report. The stream gauge along Big Spridgek at the water wheel is located
immediately downstream from the aforementionedngjsi that together produced a
mean, unimpaired (i.e. non-irrigation season) disgé of 80 ft/s (c = 4) between
October 1, 2009 and March 31, 2010 (Table 1). myutihe 1 April 2009 to 1 October
2009 irrigation season, the Big Springs Lake srivgre periodically impounded behind
Big Springs Dam to facilitate irrigation diversiottsadjacent properties. The Alcove
Springs are located approximately 500 meters dowast from Big Springs Dam and
were not diverted or impounded for irrigation pwses during the project period. The
Big Springs Creek water wheel stream gauge measiieetbmbined contributions of the
Big Springs Lake and Alcove springs, as well agation return flows, during the
project period.

Temporally variable surface water diversions froig Bprings Lake, as well as
unquantified groundwater pumping, imposed substhhtidrologic variability upon Big
Springs Creek, particularly during the 2009 irrigatseason (April 1 to October 1).
Based on data presented by Jeffres, et al. (2@09)jkely that this variability was
principally the result of irrigation diversions froBig Springs Lake, along with
presumed (yet largely unquantified) impacts frogioeal groundwater pumping. Mean
irrigation season discharge in Big Springs Creekatvater wheel was 6L/ © = 9),
while minimum discharge during the irrigation seas@s approximately 44fs (Table

1). Discharge magnitudes in Big Springs Creek uebed rapidly to unimpaired
baseflow conditions in early October 2009 followthg cessation of upstream irrigation
diversions (Figure 9), with mean non-irrigation smadischarge magnitudes of 88t

(o = 4) (Table 1). Large, non-irrigation season d#éwns between mean 86/ © = 4)
and minimum 55 fis discharge magnitudes in 2009 were an artifattisfrapid increase
in baseflow magnitude following the cessation aftogam surface water diversions on 1
October 2009, which resulted in an 18<ftincrease in discharge magnitude over a span
of three hours on that date (Table 1, Figure 29n-Nrigation season streamflows in Big
Springs Creek were remarkably stable between 1b@ct2009 and 31 March 2010,
albeit with a gradual increase (~ 184} in magnitude through the winter months (Figure
9). This seasonal increase in baseflow magnitudig Springs Creek was likely in
response to increased discharge contributions brotim the Big Spring Lake and Alcove
spings following the cessation of regional grountdv@umping during the winter and

spring.
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Table 1: Streamflow statistics for Big Springs Greéthe waterwheel gauge. Statistics were
calculated from continuous data collected duringhbiorigation and non-irrigation seasons
between April 1, 2008 and April 1, 2010.

10/1/2008 to 4/1/2009 to
4/1/2008 to 4/1/2009 (Non- 10/1/2009 10/1/2009 to
10/1/2008 irrigation (Irrigation 4/1/2010 (Non-
(Irrigation season season) season) irrigation season)
Mean 52 85 61 80
Median 50 87 60 81
Max 85 98 98 87
Min 39 58 44 55
Standard Deviation 9 4 9 4
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Figure 9: Hydrograph presenting continuous streawfrecords obtained from the Big Springs
Creek Waterwheel stream gauge for the period 11A2008 through 1 April, 2010. Irrigation
season (red line) and non-irrigation season (bine) periods of record are highlighted.

6.3 Response to Restoration Actions

Restoration actions conducted on Shasta Big SpRageh and the Busk Ranch between
1 April, 2009 and 31 March, 2010 principally conedgsof: 1) cattle exclusion through
riparian fencing; and 2) irrigation water managetreerd tailwater control. The
measured hydrologic response to these restoratimna was minimal.
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The Big Springs Creek waterwheel stream gaugecetéal at the eastern boundary of
Shasta Big Springs Ranch, and thus quantifiesraftea inherited from groundwater
springs emanating on the adjacent Busk Ranch. @osgm of pre-restoration
streamflow data with post-restoration streamflowadadentified minimal changes to the
magnitude and variability of streamflow in respotseestoration actions (Table 1,
Figure 9). However, several notable differencesevebserved, including elevated
minimum streamflows (+5 #s) during the 2009 irrigation season (Table 1)yvel as
lower baseflows (-5 #s) during the 2009-2010 non-irrigation season [@4h. A causal
mechanism for elevated minimum streamflow magngutlering the 2009 irrigation
season (post-restoration) could not be identifieel  competing and unquantified
hydrologic impacts of improved irrigation efficiaas on the Busk Ranch and regional
groundwater pumping. It is hypothesized that tveelr, post-restoration, non-irrigation
season baseflows in Big Springs Creek represeydllogic response to reduced
groundwater aquifer recharge resulting from drowgimditions during the prior three
years throughout the Shasta River basin. Whildlsthanges in pre- and post-
restoration hydrologic conditions in Big Springse€k were identified, large changes in
the magnitude, timing and variability of streamflowere not observed.

6.4 Summary

With the continued use of groundwater-derived gpflaws for irrigation purposes on
the Shasta Big Springs and Busk Ranches, as wiikeasontinuance of regional
groundwater pumping, the magnitude, timing andakality of streamflow in Big

Springs Creek showed minimal response to cattlusion. Observed small reductions
in mean, non-irrigation season streamflows follaywattle exclusion were likely the
surface water response to accumulated depletioggidnal groundwater recharge during
four consecutive years of drought in the Shast@Rralley.

7.0 Hydraulics

While groundwater-derived streamflow characterss{magnitude, timing and

variability) in Big Springs Creek remained relativanchanged following the initiation

of cattle exclusion in March 2009, the hydraulispense (i.e. stream depth, wetted cross-
sectional area and flow velocities) to cattle egidn and resultant growth of aquatic
vegetation was pronounced, albeit somewhat spatalil temporally variable.

As previously discussed (Section 4), aquatic plardsa critical component of the aquatic
ecosystem of Big Springs Creek, creating and/erialy habitat available for fish and
aguatic invertebrates. Of critical importance @temining the characteristics of this
habitat is the continuous interaction between aquia&crophyte growth and streamflow

- an interaction that produces hydraulic conditithveg vary in space and time.
Furthermore, such hydraulic conditions are largeets of numerous physical and
chemical riverine processes including flow velogcrtytrient uptake and habitat
complexity. During the project period, seasonahtis in hydraulic parameters were
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explored at several locations along Big Springse€te help understand the hydraulic
response to cattle exclusion.

7.1 Methods

River stage was monitored continuously at severasirgauge locations (Figure 8)
throughout the Shasta Big Springs and Busk Ramntinesg the project period. Data was
collected at 10-minute sampling intervals usingl@loNater WL-16 submersible
pressure transducers, facilitating analysis of-pestoration changes to seasonal
variations in stream depth. Only river stage datéected at the lowest bridge
streamflow monitoring site (Figure 1) is preserttedein.

Detailed flow velocity transects were conductedrgwther month at two cross-section
locations along Big Springs Creek (Figure 10). lBwansects were located
approximately 50 meters upstream from monthly aquaacrophyte sampling sites
located at the “Corral” and “Downstream Crossingigre 10), thus allowing
guantitative analysis of aquatic macrophyte groarttl hydraulic parameters. At each
transect location point velocity measurements wetiected at approximately 1-meter
lateral intervals at 0%, 20%, 40%, 60%, 80% and®4.@d the stream depth using a
Marsh McBirney Flo-Mate electromagnetic velocitytere Using the geographic
information system (ArcMap 9.3), inverse distanaghited (IDW) interpolation
techniques were used to create 2-dimensional \gloontour plots, from which lateral
and vertical trends in streamflow velocity and othgdraulic parameters could be
identified.
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Figure 10: Aquatic macrophyte sampling sites argbagted velocity transect locations on
Shasta Big Springs Ranch.

7.2 Data Analysis

During the project period, the growth and seneseeycles of aquatic macrophytes and
resultant sediment deposition and erosion dyna(s&s Sections 4 and 5) played a large
role in determining local hydraulic conditions,daly illustrated by changes in stream
depth, wetted cross-sectional area and streamityeldderein, hydraulic data will be
presented for the “Downstream Crossing” and “Coisaldy sites (Figure 10).

7.2.1 Downstream Crossing

Seasonal changes in hydraulic conditions at theviream Crossing” study site during
the project period were principally driven by thewth and senescence of aquatic
macrophytes (Figure 4). Seasonal minima of rit@ges were identified during the late
winter/early spring, largely coinciding with thegdesenescence (and lowest seasonal
biomass) of aquatic macrophytes (Figures 4 and E@jthermore, observed non-
irrigation season stage minima occurred duringgasrof maximum streamflow in

March 2009 (Figure 11). In contrast, continuoustyeasing river stage (i.e. depth)
conditions through the summer and fall period cioied with both the seasonal growth
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of aquatic macrophytes (Figure 4) and minimum atign season streamflows (Figure
11).
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Figure 11: River stage continuously measured at'lineest bridge” streamflow monitoring
station in Big Springs Creek. The grey line représ streamflow magnitudes measured at the
upstream waterwheel stream gauge location. Naefproximately 20% increase in late
winter/early spring-time minimum river stage foliog cattle exclusion.

The inverse relationship between river stage (stréepth) and streamflow magnitude at
the “Downstream Crossing” study site was princip#tle result of the increasing
hydraulic resistance provided by growing aquaticrophytes. Comparison of
Manning’s n values calculated from periodic velpt¢iansects at the study site and
measured discharge magnitudes reveal this seasendl(Figure 12a). Furthermore,
seasonal increases in hydraulic resistance resultediuced mean flow velocities, the
effects of which were increased summertime rivaget(Figure 11) and wetted cross-
sectional area (Figure 12b), observations congistigh previous studies of the effects of
aguatic plant growth on channel hydraulics (Wats887, Bernhardt et al. 2005, De
Doncker et al. 2009).
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Detailed velocity transects conducted at the “Ddvaan Crossing” study site also
revealed lateral and vertical variation of flowa@ties associated with seasonal aquatic
macrophyte growth (Figure 13). In April 2009, eé&ad flow velocities (>0.5 m/s) were
fairly uniformly distributed across the surveyearsect, principally due to the near
absence of aquatic macrophyte growth and assodigtidulic resistance. Through the
summer and late fall of 2009, aquatic macrophytevtin increasingly blocked
streamflow and reduced flow velocities throughowichhof the surveyed transect,
restricting elevated flow velocities to unvegetapedtions of the transect (Figure 13).
These hydraulic conditions persisted through De@8b09. Following macrophyte
senescence in the winter and early spring of 28E¥ated streamflow velocities once
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again became more uniformly distributed throughbatsurveyed transect in response to
reduced streamflow blocking by aquatic vegetation.
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Figure 13: Flow velocity contour plots created fr@mint velocity measurements collected at the
Big Springs Creek Downstream Crossing study sitesict location. Dark green colors can
largely be used as a proxy for cross-section atdasked by aquatic macrophytes.

7.2.2 Corral Study Site

Hydraulic conditions at the “Corral” study site @f®llowed growth patterns of aquatic
macrophytes. However, unlike the “Downstream dngpsstudy site, where hydraulic
conditions were driven by large seasonal fluctuetim aquatic macrophyte biomass, the
“Corral” study site experienced minimal variationaquatic macrophyte biomass (Figure
4). As such, variability in hydraulic conditionpeared to be driven largely by spatial
(lateral) variability of macrophyte growth.

Detailed velocity transects performed between A2009 and December 2009 revealed
only small fluctuations (71-75%) in the percentaféhe cross-sectional channel area
blocked by aquatic macrophytes. Similar consistendiomass sampled at the study
site (Figure 4) was observed during this time gkrsuggesting that the total size of the
macrophyte community varied surprisingly little owdever, during this period, mean
flow velocities increased, while channel resistagManning’s n) (Figure 14a) and
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wetted cross section area (Figure 14b) concurrelettyeased. Such trends in hydraulic
parameters indicated that while total biomass reathrelatively stable during the
aquatic macrophyte growing season in the sprirgnser and fall of 2009, the spatial
distribution of the macrophyte community chang@hbservations made during velocity
transect surveying revealed that large patchemefgent macrophytes began to block
streamflow through portions of the channel trangicis diverting streamflow laterally
through adjacent “corridors” between macrophytelpas, creating pseudo-braided
channel conditions. As a result, flow velocitieslaelative streamflow magnitudes were
increased through unvegetated corridors, while fl@ocities and relative streamflow
magnitudes in vegetated patches were simultaneoedced (Figure 15). Over the
course of the macrophyte growing season, this fedlmop between macrophyte
growth and flow velocity ultimately resulted sevdragh velocity corridors transporting
up to 90% of the total streamflow, while the renmagnstreamflow was exported slowly
through vegetated portions of the stream channgli(€ 15).

Interestingly, following the low-growth/senescemée@quatic macrophytes in March
2010 (Figure 4), mean flow velocities at the “C8rsdudy site remained elevated, while
Manning’s n values and wetted cross-sectional emeeined well below values
measured during April 2009. Qualitative observatisuggest large volumes of sediment
were deposited within the low velocity sedimentcphats during the summer and fall,
creating topographic features in the channel béagwfurther diverted streamflow
though unvegetated corridors during the winter spprthg of 2009.
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Figure 14a. Seasonal changes in discharge and atflaonghness (Manning’s n) at the Big
Springs Creek Corral study site velocity transect.
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7.3 Response to Restoration Actions

7.3.1 Downstream Crossing

Prior to March 2009, in-stream grazing of aquatacrmphytes by cattle resulted in the
near elimination of macrophyte biomass at the “Dsineam Crossing” study site (Figure
4). Following cattle exclusion in March 2009, sudyged aquatic macrophyte species
(principally Myriophyllum sibericupbegan to colonize the channel bed. Concurrent
with macrophyte growth were increases in chanrg$tance and reductions in mean
flow velocity - hydraulic effects which forced irgases in river stage and cross-sectional
area (Figures 11, 12a and 12b). Winter senescdrampuatic macrophytes (Figure 4)
forced reductions channel resistance, increase®an flow velocity, and reductions in
river stage and wetted cross-sectional area beteeamber 2009 and March 2010
(Figures 11, 12a and 12b). However, in the absehtestream cattle grazing, a small
standing crop of submerged aquatic macrophytesaiasto persist through the
winter/early spring of 2010 (Figure 4). The preseof this standing macrophyte crop
increased channel roughness through the winter,201Delevated the annual, non-
irrigation season river stage and wetted crossesedtarea (normalized by discharge)
minimums by approximately 20% from 2009 (Figure.1Cpincidentally, this river stage
and cross-sectional area minimum occurred duriagfhing-time rearing period for
juvenile salmonids, thus providing additional habdrea and cover.

Current trends of channel resistance (dominateahdsrophyte growth), flow velocity

and wetted cross-sectional area at the “Downsti@€erasing” study site suggest seasonal
patterns of macrophyte growth and senescence esutting hydraulic impacts observed
during the project period, will continue throughl®0 However, in the absence of cattle
grazing within the channel, it is hypothesized thacrophyte biomass at the study site
will be greater over the 2010 growth season, reguibh more pronounced hydraulic
impacts, and greater stream depth and wetted sexdnal area. Future trends in
macrophyte growth and resulting channel hydrawdresunknown.

7.3.2 Corral Study Site

In contrast with the “Downstream Crossing” studg scattle grazing rotation timing on
Shasta Big Springs Ranch largely limited in-stregazing at the “Corral” study site
during the summer and fall of 2008. As such, |latgeding crops of aquatic
macrophytes (principalli?olygnum amphibiuin(Figure 4) were present at the study site
upon cattle exclusion in March 2009. Thus at theet of cattle exclusion in
March/April 2009, hydraulic conditions at the “Calrstudy site were dominated by
elevated channel resistance, reduced mean floveiieland elevated channel cross-
sectional area (Figures 14a and 14b). While regadrelevated flow velocities at the
“Corral” study site in April 2009 were observed abaownstream-bending/flexing
patches of aquatic macrophytes, lateral and vésar@ability in flow velocity was
relatively small (Figure 15).

As the standing crop of macrophytes continued eéevghroughout the “Corral” study
site velocity transect during the spring/summe2@d9, the vegetation assemblage
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became dominated by the emergent macropRgtggnum amphibiumAs patches of
aguatic macrophytes began to emerge above the staface, streamflow became
blocked through large portions of the surveyed sigjdransect, thus routing streamflow
around vegetation patches and through unvegetatedars. The main hydraulic effects
of this flow-routing phenomenon were elevated migam velocities (driven by
substantially elevated flow velocities through ugetated corridors; see Figure 15) and
reduced channel resistance, both of which forcgadual reduction in wetted channel
cross-sectional area (Figures 14a and 14b). Funtive, qualitative observations
indicated large volumes of sediment were deposiidun these emergent patches of
aguatic macrophytes, further blocking streamflovetigh large portions of the channel
cross-section. In October 2009, this patchy emergegetation growth and sediment
deposition blocked approximately 76% of the totatted cross-sectional area, increasing
mean flow velocities and ultimately forcing up t698 of the streamflow through the few
unvegetated portions of the channel during the senand fall of 2009 (Figure 15).
Similar observations of dramatic velocity increaaed streamflow routing through
small, unvegetated portions of stream channelsmpediby aquatic macrophytes were
observed by Biggs (1996).

Due to the absence of in-stream cattle grazingaasdciated channel bed trampling, as
well as minimally variable streamflows (and abseoicood flows), macrophyte patches
and trapped sediments largely remained stableedaGbrral” study site velocity transect
throughout the winter macrophyte senescence/lowtrperiod between December
2009 and March 2010. This allowed streamflow toam concentrated in unvegetated,
high velocity corridors — further increasing mekwfvelocities and reducing wetted
cross sectional areas (Figures 14a, 14b and 1b3er@ed trends in channel hydraulics at
the “Corral” study site velocity transect indicéit@t hydraulic parameters may be
stabilizing at this location, existing in a seadlyamdependent, quasi-equilibrium
condition only possible because of existing stréamgtability and available nutrients
(see Biggs, 1996). Given observed negative relgkigps between macrophyte biomass
and flow velocities above 0.8 m/s (Riis and Big893), continued routing of streamflow
through existing, unvegetated high-velocity corrglat this transect may continue
unabated. It is likely that future changes in laydic conditions may only be moderated
by unpredictable changes in the aquatic macroptigt® community composition driven
by unforeseen hydraulic or biotic forces.

74 Summary

The interaction between aquatic macrophyte growthstreamflow produced hydraulic
conditions varying in space and time. At the “Da@tvaam Crossing” study site, seasonal
growth of predominantly submerged aquatic macragyicreased channel roughness,
thus forcing reductions in mean flow velocities aothcomitant increases in river stage
and wetted cross-sectional area. In contrasheat@orral” study site, the relative

stability in the size and composition of the prpaily emergent aquatic macrophyte
community allowed lateral variations in growth @ggposed to seasonal variation) to
drive hydraulic conditions. Routing of streamfltiivough unvegetated portions of the
velocity transect, actually reduced channel roughnmcreased mean streamflow
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velocities and reduced wetted cross-sectional aféase data and qualitative
observations indicate that hydraulic condition8ig Springs Creek are principally
driven by interactions between streamflow and sfigtvariable aquatic macrophyte
communities.

8.0 Water Temperature

The 2008 baseline assessment of physical, cheraie@lbiological conditions in Big
Springs Creek concluded that water temperaturetineakey impairment to anadromous
salmonid habitat (Jeffres et al. 2009, Nicholsle2@10). Though the spring sources
emerged at water temperatures ideal for anadrosaiosonids (e.g. 10-22), rapid
heating due to degraded habitat conditions (prailyipllustrated by wide, shallow, and
unshaded channel reaches) resulted in elevated teaiperatures that made the creek
largely unsuitable for over-summering juvenile calatmon.

The water temperature monitoring program that wamlly established to gather data
for the baseline assessment was maintained anddedehrough 2009 to monitor water
temperature response to restoration actions. Mamgdocations were also periodically
added to the baseline monitoring array as resoyreesitted to refine the longitudinal
thermal profiles and boundary conditions of watersvan the Shasta Big Springs Ranch
including individual spring sources in Big Sprin@eeek as well as include several sites
in Little Springs Creek, Hole in the Ground Creakd the Shasta River.

Water temperature data were examined for the périddril, 2009 through 31 March,
2010. This data illustrated that temperature treshls as Big Springs Creek passes the
waterwheel (RKM 2.8), where the stream transitiwos a wide, shallow, and flat
geometry to a more narrow, deep, and steeper gepriiéie period between 1 April and
31 September is concurrent with irrigation seasloming which time surface water can
be diverted from the creek at Big Spring Dam. Tgesod also coincides with the
occurrence of maximum water temperatures that xke@egl the threshold at which
rearing juvenile anadromous salmonids are stre§dexigh the temperature range that is
suitable for these fish can change depending oer ddlctors (e.g. the length of time fish
experience warmer water temperatures or food amaedafor the purposes of this
analysis, the temperature threshold above whialngeaivenile anadromous salmonids
are stressed is 8.

8.1 Methods

Water temperature data loggers were placed atadwveations in waterways throughout
Shasta Big Springs Ranch (Figure 16). Water tentyperanonitoring occurred primarily
through the direct deployment of data loggers (speisurements were also taken
periodically throughout the monitoring period). BO® Pro v2 Water Temperature
Data Loggers from Onset Computer Corporation weezluo collect data at 30-minute
increments throughout the project area. Theseciaggave a resolution of approximately
0.02C (at 25C), an accuracy of +0°2 over the range from°G to 40C, and a 90 %
response time of 5 minutes in water (Onset 2008n&e water temperature monitoring
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stations were also installed in several locationBig Springs Creek, including below the
Big Springs Dam outlet (RKM 3.6), below the wateegh(RKM 2.8), and above a
tailwater return point discharge (RKM 1.6). Detalisscribing the installation and
operation of these remote sensor stations aregedvn Willis and Deas (2010) (see
appendix).

Monitoring locations in each creek were selecteskan project scope and available
resources. Sites in Big Springs Creek and Littlars Creek were selected to monitor
both longitudinal temperature trends as well agowuarspring source water temperatures.
Sites in Hole in the Ground Creek were selecteddaitor boundary condition
temperatures in this Shasta River tributary asosges the southern boundary of Shasta
Big Springs Ranch, as well as its longitudinal thak profile. Sites in the Shasta River
were selected to establish water temperatures ahbbugary inflows. Due to resource
limitations, partial data sets are available fdtleiSprings Creek, Hole in the Ground
Creek, and the Shasta River. Herein, only watep&rature data from Big Springs Creek
is presented. Analyses of the water temperatueefdalittle Springs Creek, Hole in the
Ground Creek, and the Shasta River are includéaeimppendices.
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Figure 16. A map of current water temperature maniig sites in waterways on the Shasta Big
Springs Ranch and the Busk Ranch easement.

8.2 Data Analysis

After completing the 2008 baseline assessmentralegeestions remained about the
water temperature characteristics of Big Springse€r particularly regarding the water
temperature of discrete spring inputs. The momtpprogram was refined to address this
uncertainty. Discrete spring water temperature ftataix sites were examined for sub-
daily and seasonal trends. Water temperature data also examined at 10 sites along
the longitudinal profile of Big Springs Creek toathcterize water temperatures at each
site as well as heating rates between sites. Asrianperatures peak during the summer
months when irrigation operations concurrently effeow volumes, the period between

1 April and 1 October, 2009 is focused on for tegitudinal profile.

8.2.1 Discrete Spring Sources

During the 2008 baseline assessment, discretegspoirces were identified as the
primary source of cool water for Big Springs Cre€kese springs were mainly located
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in the first 0.5 km below Big Springs Dam (thougher springs are also located in Big
Springs Lake, monitoring them was outside the sadpkis project). Emergent water
temperatures (i.e. the water temperature as thegspemerge from the ground but before
they mix with Big Springs Creek) in these springsrevmonitored from 1 April 2009
through 31 March 2010; monitoring is currently avirgy.

The locations of discrete springs were identifisthg field observations and thermal
imaging (Figure 17). These springs are part og@oreal complex called the Big Springs
Complex. Though areas of diffuse spring inputsimciided in this complex, discrete
springs were identified for the purposes of wagenperature monitoring (Figure 18).
These springs included:

1. The north alcove spring

2. The east alcove spring

3. Below Busk bridge, river right (RR)
4. Below Busk bridge, river left (RL)

River right and river left refer to the streambalnection as one looks downstream.
These springs are a sample of those included iBith&prings Complex and represent a
considerable source of inflow to Big Springs Creek.

Water wheel

A

T .
ree Spring alcove
Ty’

Big Springs Dam

A

Willow thicket

Figure 17. Thermal images stitched together to iifiegeneral locations of cool water inflows.
Cool water is represented using blue and purplermex water is illustrated by yellow and red
(Watershed Sciences 2009)
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A preliminary analysis of temperature data deteedithat the springs generally emerge
between 18C and 12C (Willis and Deas 2009). Additional monitoring gapted this
initial finding (Table 1). The north alcove spri(l@KM 3.1) is the warmest, emerging at
temperatures between 13C5and 12.8C. The spring located below the Busk bridge on
river right (RKM 3.2), emerges cooler than the oth@rings, with temperatures ranging
from 10.4C to 10.9C.

Further monitoring also indicated that each spilingtrated seasonal variations in water
temperature, but that compared to Big Springs CGrieksprings’ water temperatures
were relatively constant (Figures 19, 20, 21, a&d Zhe springs’ seasonal changes
ranged between 0’6 and £C, with peak temperatures generally occurring éléte
fall-early winter and minimum temperatures occugrin late spring-early summer.

Table 2. Maximum and minimum temperatures for digcsprings in Big Springs Creek between
1 April 2009 and 31 March 2010.

Site* Spring** Maximum T Minimum T
Q) (C)
1 North alcove spring (RKM 3.1) 125 115
2 East alcove spring (RKM 3.1) 11.3 10.5
3 Below Busk bridge, RR (RKM 3.2) 10.9 10.4
4 Below Busk bridge, RL (RKM 3.3) 12.2 11.3

*Location based on Figure 18; **RR = river right, RL = river left
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Figure 19. Water temperatures in the north alcomeng relative to the water temperatures in
Big Springs Creek at the Busk house bridge (RKM 8&tream of where the spring water
mixes with the main channel.
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Figure 20.Water temperatures in the east alcovingpelative to water temperatures in Big
Springs Creek at the Busk house bridge (RKM 3 &tream of where the spring water mixes
with the main channel.
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Figure 21. Water temperatures in the spring belbe/Busk bridge on river right relative to the
water temperatures in Big Springs Creek at the Buslse bridge (RKM 3.3), upstream of where
the spring water mixes with the main channel.
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Figure 22. Water temperatures in the spring belbe/Busk bridge on river left relative to water
temperatures in Big Springs Creek at the Busk hbtidge (RKM 3.3), upstream of where the
spring water mixes with the main channel.

8.2.2 Longitudinal Profile

Monitoring discrete springs’ water temperaturesraiEf some of the boundary condition
thermal inputs to Big Springs Creek. Next, watenperature data from the longitudinal
profile were collected to explore downstream terapee trends as well as those at other
inflow boundaries (i.e the Big Springs Dam outleR&M 3.6). Big Springs Creek was
monitored at eight locations from Big Springs DaRiKM 3.6) to the mouth (RKM 0.0)
(Figure 23). Many locations were maintained from 2008 monitoring program; other
locations were added to provide detail as resoyeasitted. Plotting temperature data
along the profile of the creek illustrated bothdbwater temperatures at each monitoring
location as well as the rate of thermal loadingveen sites.
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Figure 23. Water temperature monitoring locatiomsra the longitudinal profile of Big Springs
Creek. Thermal trends were categorized in threemea: from the Big Springs Dam outlet to the
alcove (RKM 3.6-3.1), the alcove to the waterwliR&IM 3.1-2.8), and the waterwheel to the
mouth of Big Springs Creek (RKM 2.6-0.0).

As discussed in Section 6 of this report, thereavé@o main sources of inflow to Big
Springs Creek, which result in two areas of stritvegmal inputs. The two types of
inflow were from discrete and diffuse springs (dssed in section 8.2.1) and periodic
releases from the Big Springs Dam outlet (RKM 383y Springs Dam impounds Big
Springs Lake, which is fed from springs at the east of the lake (Figure 24).
(Monitoring Big Springs Lake was outside the scopthis project). Though water stored
in Big Springs Lake emerges as spring water, traned through the lake results in
variable water temperatures as water flows thrabhghdam outlet into Big Springs
Creek. Seasonal trends illustrated that water temtynes were warmer during the
summer and cooler during the winter (Figure 25)xiam and minimum water
temperatures below the Big Springs Dam outlet W&&C (observed on 21 July, 2009)
and 6.8C (observed on 25 January, 2010), respectively.
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Figure 24. Big Springs Lake is located east of 8igings Dam and flows into Big Springs Creek.

The blue dot indicates the principal location ofisgs that provided water impounded within Big
Springs Lake.
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Figure 25. Water temperatures recorded below tieRirings Dam outlet (RKM 3.6) during the
study period.

The second significant flow contribution to Big Bigs Creek was made by the diffuse
and discrete springs located in the 0.5 km dowastref Big Springs Dam. As

previously discussed, the discrete springs dowastref Big Springs Dam emerged at
relatively constant temperatures.
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Longitudinal temperature plots illustrate how watmperatures change in Big Springs
Creek from the Big Springs Dam outlet to the creegkbuth. Heating trends in Big
Springs Creek can be divided into three reacheacliR&, from Big Springs Dam to the
alcove springs (RKM 3.6 to RKM 3.2); Reach 2, frtma alcove springs to the
waterwheel (RKM 3.2 to RKM 2.6); and Reach 3, frthra waterwheel to the mouth
(RKM 2.6 to RKM 0.0) (Figure 23). In Reach 1, thaimsource of water was from Big
Springs Dam (accretions were also detected inrdlaish, though their source was
unclear). Water from the Big Springs Dam outletiathrough a complex channel,
characterized by irregular channel geometry andxeofraquatic, emergent, and riparian
vegetation. At the alcove springs, water tempeegtare strongly influenced by the
spring inputs, which contribute a steady sourcieftdw between 10-1Z. Once the
spring water enters from the alcove and other regphing sources, Big Springs Creek
flows through a remarkably wide and shallow chameath (Figure 6) for approximately
0.4 km until it reaches the waterwheel. Below ttegemwheel, the channel morphology
changes again, becoming slightly narrower and deafieough channel morphologies
remain wide and shallow from the waterwheel tortfwith of Big Springs Creek. Both
channel reaches extending from the alcove sprmgset mouth of Big Springs Creek
were occupied by extensive patches of submerge@medgent aquatic vegetation
(biomass was seasonally variable — see Sectidvicte detail about longitudinal trends
in Big Springs Creek channel geometry is presem&ection 5.

Downstream trends in the maximum, mean, and minivater temperatures throughout
Big Springs Creek are presented in Figures 27-8;willustrate representative seasonal
heating and cooling trends during the study peridthter released from Big Springs
Dam illustrated gradual heating and cooling untieached the alcove springs, at which
point water temperatures from the springs repldlcedhermal signal from the dam. The
minimal temperature change observed in the fidké downstream of the dam outlet is
likely due to the stream cover from the heating&# of solar radiation provided by a
willow thicket. The temperature shift from this pbto the monitoring site below the
alcove springs illustrates whether the discretengpr water temperatures are relatively
warmer or cooler than the dam releases water teatyyes. During the spring and fall,
water temperatures below the alcove were compatahlese below the dam outlet
(Figure 28 and Figure 30). During the summer, wisperatures at the alcove were
generally cooler than those at the dam outlet (€@9). In the winter, water
temperatures at the alcove are generally warmerttigse at the dam outlet (Figure 31).

Once past the alcove springs, Big Springs CreelredtReach 2, the 0.4 km reach
between the alcove springs and the waterwheelSBrings Creek exhibited distinct
thermal loading trends in Reach 2 from Reach loigin all seasons except winter, peak
water temperatures increased along this reachh&munbre, the fastest rates of heating
(spring, summer and fall) or cooling (winter) oa@at within this reach. Water
temperatures increased by as much°@sduring the summer and cooled by as much as
4°C in the winter, representing a heating and coalatg of approximately 3&/km and
20°C/km, respectively. As discussed in Section 5 thach is characterized by the
highest width-to-depth ratio in the creek and lowamnnel slopes. Furthermore, rates of
heating were also influenced by instream graziag) tiecurred from 1 April through 21
July, 2009, which removed much of the aquatic vagat from the creek channel
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(Figure 26). The reduction of vegetation reduceipttal shading effects of emergent
vegetation and increased travel times, two conatibat can lead to increased heating
rates.

— 2

Figure 26. Time series photos showing reductiovegetation downstream of Big Springs Lake
as a result of cattle grazing in the channel.

Big Springs Creek entered Reach 3 with distinctrttag loading trends as it passed the
waterwheel. This reach extended approximately Bv#rlbm the waterwheel to the
mouth. In this reach, the channel geometry wasitlignarrower and deeper (although
still remarkably wide and shallow); submerged améegent aquatic vegetation were
also present throughout this reach as the summegrgssed (Figure 27). The heating
rate decreased from that observed in the reacheathewvaterwheel. Though water
temperatures increased as much®&ahd cooled by as much #C3heating and
cooling rates declined to 2G/km and 1.2C/km, respectively. These reduced heating
rates were likely a result of the smaller widthdiepth ratios in this reach and increased
channel slopes, which resulted in decreased ttamek. Also, unlike in the reach
between the alcove and the waterwheel, cattle siailbelow the waterwheel began in
March 2009, which allowed vegetation to grow unleiredl though the summer.
Extensive macrophyte growth occurred in parts isf tbach, further increasing potential
shade and constricting main flow channels resultingduced travel times. Both of these
factors contributed to the reduced heating ratemasl in the downstream reach.
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Figure 27. Time series photos showing vegetatiowth downstream of the waterwheel (at
RKM 2.3) during the 2009 field season.
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Figure 30. Maximum, mean, and minimum temperatal@sg the longitudinal profile of Big
Springs Creek on 10/1/2009.
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Reducing water temperatures at the mouth of Bign§prCreek potentially benefits the
Shasta River downstream of the confluence, paaitutiuring the summer when Big
Springs Creek contributes substantial streamflothhéoShasta River. Though heating
was observed from the waterwheel to the mouth tfirout the summer, average daily
maximum water temperatures at the mouth declinedglthat period, when peak
temperatures typically increase (Table 2). Averdgiey maximum temperatures declined
from July to August by 2%. Average daily mean and minimum temperatures also
declined from July to August by @ and 0.8C, respectively. This temperature decline
coincided with the extensive growth of emergentatigwegetation, which provided
shade and decreased travel times through the rekichately reducing the potential
solar loading in this reach.

Table 3. Average daily maximum, mean, and minimatentemperatures at the mouth of Big
Springs Creek for April-September 2009.

Average Daily Max | Average Daily Mean Average Daily Min
{®) {®) {®)
April 2009 18.0 12.3 8.6
May 20.7 14.7 8.9
June 20.5 15.5 11.8
July 21.2 16.4 12.3
August 18.6 15.0 11.7
September 16.6 13.7 11.2

8.3 Response to Restoration Actions

Given the availability of baseline assessment dathered prior to restoration activities
and the current data record gathered during théeitngntation of those activities, the
creek’s water temperature response to those agiwitas examined. Water temperature
data from 2008 and 2009 were analyzed at eachidoctt determine what effect, if any,
one year of passive restoration activities hadogalland overall stream temperatures in
Big Springs Creek. As the focus of the restoraéfiart is to reduce elevated water
temperatures in Big Springs Creek during juveralen®nids’ oversummering lifestage,
water temperatures from 1 April through 30 Septemiere compared from 2008 and
2009.

Daily maximum, minimum, and average temperaturegwempared using the paired
test method. This method can be applied to dasitlsat share some common quality. In
this case, the common quality is location. Théed#nce in daily maximums, minimums,
and averages were analyzed to determine whetherwees a statistically significant shift
in mean values for each month. For example, thg deaximum temperatures were
determined for each day in April for each yearh&f study period. The difference was
taken for concurrent days; this satisfied one ppeite for the-test, that the data set be
independent. The differences were then analyzeetermine whether the average
difference included zero within a 95 % confidenaival (which would indicate that we
were 95 % confident that there was no statisticgitipificant difference between the two
data sets). In the event that the range of avgraged differences did not include zero,
we could determine that the seasonal temperaturiégedsin a statistically meaningful
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way and could estimate the magnitude and directfdhat shift. By examining the data
grouped by month, we reduced the effects of sedsoet@orological differences.

The comparison began at the upstream monitorieg st determine whether water
temperatures that defined the boundary conditiogre wignificantly different from 2008
to 2009. Data gathered from the stream thalwelgeaBusk house bridge (RKM 3.3) was
used to examine releases from Big Springs Dam €T4)isimilarly, water temperature
gathered from the thalweg in Big Springs Creek Wwelwe alcove springs (RKM 3.0) was
used to examine temperature conditions immedia®ynstream from the major spring
sources (Table 5). While significant differencessted between these two data sets,
overall, these differences were small. Water terupees at the Busk house bridge were
0.1°C cooler in 2009 compared to 2008. Similarly, waéenperatures below the alcove
springs were 0.0 cooler in 2009 compared to 2008. The differeridbeaalcove
springs is barely greater than the data loggersérainty range of 0°Z. Furthermore,
while differences were detected between the dasa these differences were not
uniform. For example, at the Busk house bridgesigoificant difference existed
between water temperatures in April, June, or Atugbtithe study period. Also, where
differences were significant, the difference wasuroform for daily maximums, means,
and minimums. Daily minimum water temperatureseased by 0% on average at the
Busk house bridge during September but daily meaemiemperatures decreased0.8
on average.

Table 4. A summary of the statistical significantéhe average monthly difference between 2008
and 2009 daily maximum, minimum, and mean watepeemtures at Big Springs Creek at the
Busk house bridge (RKM 3.3). Statistically sigaifitchanges are indicated with a Y, followed

by the average temperature change observed duniigmonth.

Statistically significant temperature change?

Month Daily Minimum Daily Maximum Daily Mean
(Average AT, °C) (Average AT, °C) (Average AT, °C)
April 2008/2009 N N N
May 2008/2009 N Y(-1.8) Y(-1.0)
June 2008/2009 N N N
July 2008/2009 Y(-1.2) Y(-1.8) Y(-1.4)
August 2008/2009 N N N
September 2008/2009 Y(+0.5) Y(+1.2) Y(-0.8)
Overall data set Y(-0.1)

While water temperatures were generally’C.tooler at the Busk house bridge, water
temperature differences below the alcove springe ween smaller. As previously
discussed, the water temperature signal in Bign§prCreek shifted from the dam release
thermal signal to the springs’ thermal signal asdtifuse and discrete springs
contributed to the creek’s flow. Generally, no reathat the upstream temperature
conditions, water temperatures in Big Springs Creeget” to the cool water conditions
created by the springs. Similarly to the differenaéthe Busk house bridge, temperature
differences below the alcove springs were not unifdzach temperature category
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illustrated significant differences during two misiof the study period. For daily
minimums, those differences occurred during Apmidl &eptember; for daily maximums,
during April and August; for daily means, duringhéuiand August. However, the overall
difference in data sets was small, near, at onbéhe uncertainty range of the data
loggers. This minimal difference indicates that amgnificant shift in downstream
temperatures may not be related to differencesimfary condition water temperatures
between 2008 and 2009.

Table 5. A summary of the statistical significantéhe average monthly difference between 2008
and 2009 daily maximum, minimum, and mean watepeeatures at Big Springs Creek below

the alcove (RKM 3.0). Statistically significant clgas are indicated with a Y, followed by the
average temperature change observed during thatimon

Statistically significant temperature change?

Month

Daily Minimum
(Average AT, °C)

Daily Maximum
(Average AT, °C)

Daily Mean
(Average AT, °C)

April 2008/2009 Y(-0.1) Y(+0.7) N
May 2008/2009 N N N
June 2008/2009 N N Y(-0.3)
July 2008/2009 N N N
August 2008/2009 N Y(+0.7) Y(+0.2)
September 2008/2009 Y(+0.1) N N
Overall data set Y(-0.03)

The first location where a significant shift in teemature regime is observed is at the
waterwheel (RKM 2.8). Overall, water temperaturesan0.3°C warmer in 2009 versus
2008, though a closer look at individual trendsvehtarger shifts (Table 6). In all

months except May, daily maximum temperatures asxd; July and August illustrated
the largest shift, with daily maximum temperatureseasing an average of 1.8°C and
1.9°C, respectively. Daily minimum and average terajures also illustrated warmer
temperatures. Daily minimum temperatures increéisednost in May by an average of
1.9°C, though this increase coincided with an aVdecrease of daily maximum
temperatures. Daily average temperatures increhgsetiost in September by an average
of 1.0°C.One difference in the stream between lonatupstream of the waterwheel from
the other stream sites is that cattle exclusiooreffvere delayed. Instream grazing was
permitted until late July, at which point vegetatwas absent from much of the channel
(Figure 26). The lack of vegetation combined with wide and shallow geometry in this
reach resulted in increased heating rates in 266%pared to 2008.
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Table 6. A summary of the statistical significantéhe average monthly difference between 2008
and 2009 daily maximum, minimum, and mean watepéeatures at Big Springs Creek above

the waterwheel (RKM 2.8). Statistically significahianges are indicated with a Y, followed by
the average temperature change observed duringntiosith.

Statistically significant temperature change?
Month Daily Minimum Daily Maximum Daily Mean
(Average AT, °C) (Average AT, °C) (Average AT, °C)
April 2008/2009 N Y(+0.6) N
May 2008/2009 Y(+1.9) Y(-1.8) N
June 2008/2009 Y(+0.6) Y(+1.2) Y(+0.8)
July 2008/2009 Y(-0.3) Y(+0.8) Y(+0.2)
August 2008/2009 N Y(+1.8) Y(+0.8)
September 2008/2009 Y(+0.4) Y(+1.9) Y(+1.0)
Overall data set Y(+0.3)

Despite increased water temperature at the watetwiheating rates between the
waterwheel and corral crossing (RKM 2.3) decline@@09, resulting in comparable
water temperatures at the corral crossing in 2@@9pared to 2008 (Table 7). Daily
maximum temperatures neither increased nor deaeas®09; except for September,
daily average temperatures followed the same tieatdy minimum temperatures
increased during May, June, and September by aageef 0.2C, 0.5°C, and 0.2°C,
respectively, though the cause of these increaassat clear. Restoration actions below
the waterwheel were implemented in March 2009 wafig passive restoration to begin

in the spring and continue through the fall. Thougtter temperatures were generally
comparable, the decreased heating rate demons#&dteeficial response to restoration

actions.

Table 7. A summary of the statistical significantéhe average monthly difference between 2008
and 2009 daily maximum, minimum, and mean watepeeatures at Big Springs Creek corral
crossing (RKM 2.3). Statistically significant chasgare indicated with a Y, followed by the
average temperature change observed during thatmon

Statistically significant temperature change?
Month Daily Minimum Daily Maximum Daily Mean
(Average AT, °C) (Average AT, °C) (Average AT, °C)

April 2008/2009 N N N

May 2008/2009 Y(+0.2) N N

June 2008/2009 Y(+0.5) N N

July 2008/2009 N N N
August 2008/2009 N N N

September 2008/2009 Y(+0.2) N Y (+0.2)
Overall data set Y(+0.1)

Below the corral crossing, heating rates in Bigii®m Creek continued to decrease. By
the lowest drivable bridge crossing, daily maximamad mean temperatures decreased
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(Table 8). Daily maximum temperatures showed thengest response to restoration
actions, decreasing by an average of 1.6€uhtil September. Daily mean temperatures
also decreased by an average of 0.7@f8m June through August. Similarly, daily
minimum temperatures also decreased by an avefdyé-6.5C from July through
September. However, daily minimum temperatures stieoved a general increase of
0.4°C in April and June. The cause of increased mininbemmperatures was unclear.
Overall, water temperatures at this location we@er by an average of 0@,

illustrating a positive and significant responsedstoration actions. The cause of
decreased heating rates between the corral crogsththe lowest drivable bridge
appeared to be the extensive vegetation growthottwatrred in this reach.

Table 8. A summary of the statistical significantéhe average monthly difference between 2008
and 2009 daily maximum, minimum, and mean watepeeatures at Big Springs Creek lowest
drivable bridge (RKM 1.5). Statistically signifidathanges are indicated with a Y, followed by
the average temperature change observed duringniosith.

Statistically significant temperature change?
Month Daily Minimum Daily Maximum Daily Mean
(Average AT, °C) (Average AT, °C) (Average AT, °C)
April 2008/2009 Y(+0.4) N N
May 2008/2009 N Y(-1.6) N
June 2008/2009 Y(+0.4) Y(-2.2) Y(-0.7)
July 2008/2009 Y(-0.5) Y(-1.7) Y(-0.8)
August 2008/2009 Y(-0.5) Y(-1.6) Y(-0.7)
September 2008/2009 Y(-0.4) Y(-1.2) N
Overall data set Y(-0.5)

At the mouth of Big Springs Creek, the responsestoration actions was still

illustrated, though not as strongly as at the |dwlesable bridge crossing. In April and
May, there was no statistically significant shiftany category of water temperatures. In
June and July, daily maximum and minimum tempeeatdid shift, though daily average
temperatures did not. This indicated a narrowintgofperature range around a common
mean (i.e. a reduced diurnal range, but no diwhid), though the reason for this change
is unknown. In June and July, daily maximum tempees decreased by an average of
1.6°C and 0.7C, respectively; daily minimum temperatures incegdlsy an average of
0.9°C and 0.4C. However, daily mean temperatures during JuneJahydremained the
same. August saw the most significant temperatufe during which daily maximum,
minimum, and mean temperatures shifted. The avarlageges for daily maximum,
minimum, and mean temperatures were°@,#0.4C, and -0.8C, respectively. This
indicated that not only did the diurnal range daseg but that the mean temperature
decreased as well, and average creek water terapeanditions were cooler. In
September, the average difference between dailymrmems and minimums continued to
be statistically significant, but the differencenean temperatures were not. A summary
of the statistical significance in the averageat#hce on mouth maximum, minimum,
and mean water temperatures is presented in Table 9

57



Table 9. A summary of the statistical significantéhe average monthly difference between 2008
and 2009 daily maximum, minimum, and mean watepéemures at Big Springs Creek mouth
(RKM 0.0). Statistically significant changes ardicated with a Y, followed by the average
temperature change observed during that month.

Statistically significant temperature change?

Month

Daily Minimum
(Average AT, °C)

Daily Maximum
(Average AT, °C)

Daily Mean
(Average AT, °C)

April 2008/2009

N

N

May 2008/2009

N

N

June 2008/2009 Y(+0.9) Y(-1.6) N
July 2008/2009 Y(+0.4) Y(-0.7) N
August 2008/2009 Y(-0.7) Y(-1.7) Y(-0.8)
September 2008/2009 Y(+0.4) Y(-0.8) N
Overall data set Y(-0.1)

The average temperature change was plotted atneacitoring location along the
longitudinal profile of Big Springs Creek for daiyaximum water temperatures. The
average change of daily maximum temperatures iiitest the greatest shift of the three
temperature categories (Figure 32). From 2008 @9 2thaximum water temperatures at
the waterwheel increased 0.8-LC%ach month except for May, illustrating that the

of heating generally increased in the wide andlgialeach above the waterwheel. The
main difference in this upstream reach was the déoice of aquatic and emergent
vegetation in 2008 compared to 2009. Througho0826attle were generally excluded
from the reach above the waterwheel, which alloagalatic and emergent vegetation to
grow. The vegetation provided shade and decreageel time through the reach by
effectively narrowing the main flow channel (théerof vegetation as it affects
hydraulics is discussed in Section 6). In 2009, éxmv, all cattle grazing was
concentrated in this reach, which effectively ehated the presence of aquatic
vegetation during 2009. The increased exposurel&s gadiation combined with the
increased travel time through the reach causedngeates to increase and 2009 daily
maximum temperatures to generally exceed thoseadasen 2008.

However, despite increased daily maximums aboveviiterwheel, daily maximum

water temperatures decreased below the waterwBedthe time Big Springs Creek
flowed past the corral crossing at RKM 2.3, 200Bydaaximum temperatures were
comparable to those in 2008 despite the elevategdetures at the waterwheel. This
trend can again be explained by the differencejuatic vegetation growth between 2008
and 2009. Vegetation growth between the waterwdeglthe corral crossing was
extensive, providing shade for most of the chamrrele decreasing travel times by
concentrating the flow in narrow, high-velocity cdmels (Figure 27). The decreased
travel time combined with the extensive cover fremhar radiation minimized heating
opportunities in this reach.

The reduced heating rate continued to lower dadyximum temperatures until the
lowest drivable bridge (RKM 1.5), at which pointati@g rates began to increase. Water
temperatures at the mouth of Big Springs Creek stltegenerally lower in 2009
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compared to 2008, though the difference decreasetthe lowest drivable bridge to the
mouth. This can be explained by the decreased aggetiomass (and hence flow
concentration and shading benefits) in the lowaches of the creek (data describing
vegetation biomass is presented in Section 4). Mewdy August, shading emergent
vegetation was present throughout the creek bdlewvaterwheel. Daily maximum
water temperatures at the mouth of Big Springs ICdeereased approximately 4C8
between 2008 and 2009.

\N
'/

Shasta River

@
\\\
\
eel
1
P |
rings|Dam
o

-
~——o
-
-
-
-

-
~—a
-~
-

? o
)
]
]
']
[
]
)
)
I
[
I
1]
[}
]
)
[}
i
¢
\
/
U4
4
U4
4
4
/
U4
aterwh
- ‘\\
L7
/
Big S
=
Average AT (°C)

-

Ny

—&— April =--%--May June =8 =July —@&— August September

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Distance from mouth (km)

'
N

'
w

Figure 32. Average change in local daily maximumpgeratures from 2008 to 2009 in Big
Springs Creek.

84 Summary

Restoration actions that began in March 2009 afteBig Springs Creek water
temperatures, though local water temperature regsoseemed sensitive to the timing of
restoration implementation. In the stream reacliraps of the waterwheel, restoration
actions were not fully implemented until July 2008is shortened the recovery period,
resulting in less vegetation than was observetl@rdbwnstream reaches. Below the
waterwheel, cattle were excluded in March 2009. fHsellt was extensive vegetation
growth, though growth was not uniform at all looas (the local vegetation response is
discussed in Section 4). Where growth was extensiater temperatures illustrated the
strongest response. Where growth was less extemsaéng rates still declined, though
not to the extent of other locations with more \tagien. The greatest response was
observed at the lowest bridge crossing (RKM 1dgated at the downstream end of a
reach that contained the most extensive vegetgtionth in the creek in 2009. Above
the waterwheel (RKM 2.8), where restoration actimese delayed, water temperature
conditions actually degraded. Overall, water terapges in Big Springs Creek decreased
by the time water reached the creek’s mouth, negpiih cooler water flowing into the
Shasta River.

9.0 Water Quality

Water quality of Big Springs Creek varied seasgnatid longitudinally. Some of this
variability was due to the influence of springsttbatered the creek at different locations
along the course of the creek en route to the 8hriser. There was also seasonal
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variability along the length of Big Springs Creakedo sources and sinks. Major sources
included return flow from adjacent irrigated landed sinks included uptake by plants.

To develop a more comprehensive understanding t#rwgaiality conditions in the creek,
and to develop a baseline data set to guide arldaeaestoration actions, a water
sampling program was developed to augment othaerezits of the baseline study.
Discussions herein are focused on nutrients (retnpghosphorus, and carbon) because
of their biological importance in aquatic systemd ¢éhe potential role of these
constituents in restoration actions.

9.1 Methods

Water samples were collected at four principal fioce in Big Springs Creek on a
biweekly to monthly basis. Samples were colleateakcid-washed 125 ml high-density
polyethylene bottles. Bottles were rinsed with ltheal water three times prior to
collection of the sample. Samples were placeddader and transported back to
University of California Davis where samples wez&igerated throughout completion of
processing. Samples were analyzed for pH, eletwmnductivity (EC), total N, N&N,
NH."-N, total P, soluble-reactive RO(SRP), dissolved organic carbon (DOC), turbidity,
and major cations (G5 Mg**, K*, Na') and anions (Gl SQ?).

9.2 Data Analysis

The unique water quality attributes of Big Sprit@yeek is largely borne out of largely
stable springs-dominated hydrology, where geoldgygpa dominant role. Examination
of springs throughout the Shasta Valley indicated those spring complexes that
emanate on a roughly north-south line along theamtiioetween the Cascades and the
underlying Paleozoic sedimentary and metamorplukstiad elevated concentration of
both inorganic nitrogen (as NGN) and phosphorus (as soluble reactive phosphorus
(SRP) PG*-P). Specifically, the combination of ancient marsediments overlain by
volcanic rock in the Shasta Valley allowed for matisources of nitrogen (N) and
phosphorus (P) to be incorporated into the groutelvihat eventually emerge as
springs. The project team has investigated sesggraigs, including the headwater of
Big Springs Creek, and found levels of nitrate arttiophosphate (Figure 33). Although
some of the variability in the concentration, pararly nitrate, may be from irrigation
operations, there were clearly elevated levelsoti Inutrients present.

60



1.30

1.20 || —m—NO3 1

1.10 | o4 \

s \ /
0.90 A

b / \ l' /
0.70

\

\
0.60 -
o B NN N /
0.40 L\ﬁ;
0.30
0.20 A/G\QH_WQMA —
0.10 —o——gr o=

0.00 ‘ ‘ ‘ ‘ ‘ ‘
2/22/08 4/12/08 6/1/08 7/21/08 9/9/08 10/29/08 12/18/08 2/6/09

Concentration (mg/l)

Figure 33. Nitrate and orthophosphate concentrailoBig Springs Creek at the waterwheel,
2008 (Nichols et al, 2010).

Nitrogen and phosphorous are key components ofgpyiproductivity and one or the
other are often limiting in natural aquatic ecosyss (when both limit primary
productivity, the condition is termed colimitation)Vhen N and P are available in
sufficient quantities, primary production in ageatystems can be appreciable. System
status in terms of nitrogen, phosphorus, and cad@®mwell as nutrient limitation is
presented below on a site-by-site, seasonal, argitlminal basis. For purposes of this
discussion the following site names and abbrewiatiére used:

» Busk House Bridge refers to Big Springs Creek atitidge to the Busk
Residence (RKM 3.3)

» East Alcove Spring refers to a spring in the lasgengs complex below the Busk
residence (RKM 3.1)

» Waterwheel refers to Big Springs Creek at the wateel crossing (RKM 2.8)

» Downstream Xing refers to Big Springs Creek atltiveest crossing (RKM 0.4)

To assess water quality conditions in the creelg de@re examined from March 2008
through March 2010. For comparing pre- and postisration conditions, March 2008-
2009 and March 2009-10 were employed.

9.2.1 Nitrogen

Nitrogen is an essential nutrient for plant growtkt, is often described as a pollutant
(e.g., from fertilizers and animal wastes) in mén@ghwater systems and is subject to
total daily maximum loads (TMDLSs) due to its rofeautrophication. In rivers with
elevated nutrient levels (N & P), abundant primamyductivity often results in a high
biological oxygen demand (BOD), which can leadnidesirable dissolved oxygen
concentrations. Both total nitrogen (organic amarganic) and inorganic nitrogen are
examined herein. Inorganic nitrogen is availableptake by aquatic plants and consists
of ammonium, nitrite, and nitrate. Because nitisteargely absent under aerobic
conditions, total inorganic nitrogen is calculatestein as ammonium plus nitrate.
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Overall, the creek had elevated levels of inorganicients, of which a large part was
derived from spring contributions. Background leva total inorganic nitrogen were
0.24 mg/l. Longitudinal differences in concenwatiwvere not clear due to the various
springs inputs and uptake by vegetation. Typicallg most upstream site at the Busk
house bridge (RKM 3.3) had low concentrations ofganic nitrogen. This was
probably due to the modest spring inputs (in teofffow) and the extensive aquatic
vegetation in Big Springs Lake, which impoundsab#&ial headwaters of Big Springs
Creek. The east alcove spring enters the crealg asveral other springs, in the reach
between the Busk house bridge and the waterwhegls@veral-fold increases in
inorganic nitrogen occurred due to these springtsp The age of water (travel time
from source to the existing spring) in some of ¢hggrings has been quantified and they
differ considerably, particularly considering thelose proximity. Two springs on Big
Springs Creek have been identified to have a veajerof 24 years, and 44 years
(unpublished data). These differences in age agsdciated exposure to geologic
formations, may have marked impacts on constitasententrations. Total inorganic
nitrogen concentrations decreased between thewlatet and the mouth of Big Springs
Creek by about a third, most likely due to the egiee aquatic vegetation growth.
Between 2008-09 (pre-restoration) and 2009-10 (mestbration), total inorganic
nitrogen concentrations were reduced from 0.26 togdl21 mg/l (17.7 %) over the
annual period (March to March). During winter, centrations increased slightly, from
0.22 mg/l to 0.24 mg/l (6.1 %). Comparison of sgrisummer, and fall, indicate
reductions of 44.9 %, 10.4 % and 24.0 %, respdgtivEhese findings suggest that post-
restoration, the increase in aquatic vegetatioaa@ated with the removal of extensive in-
stream grazing resulted in a decrease in inorgatrisgen. Total nitrogen showed the
same pattern — annual reductions from pre- to pgtration conditions (0.35 mg/l to
0.31 mg/l, respectively), with slightly higher camtrations in winter (0.30 mg/l to 0.39
mg/l, respectively) and lower values in all othesnths (0.34 mg/l to 0.28 mg/l spring-
fall average). Data are limited to only two yeas no firm conclusions can be drawn.
This reduction may be due to natural inter-annaailability or may be due to initial
restoration actions. In the latter case, sucldaaton may be a short-term effect, as
carry-over or stored nutrient concentrations in 8ggings Creek attain equilibrium with
a restored condition (i.e., this may not be a ltgrga reduction).

9.2.2 Phosphorus

Like nitrogen, phosphorus is an essential nutfienplant growth, is often described as a
pollutant (e.g., from fertilizers, pesticides, dgents) in many freshwater systems, and is
subject to total daily maximum loads (TMDLSs) duettorole in eutrophication. As

noted above, in combination with nitrogen, phospblaran lead to abundant primary
productivity, which can lead to undesirable dissdlwxygen concentrations. Both total
phosphorus (organic and inorganic) and inorganasphorus are examined herein.
Inorganic nitrogen is available for uptake by aguptants and consists of
orthophosphate.

Overall, the creek had elevated levels of inorgahiasphorus, of which a large part was

derived from spring contributions. Background leva total inorganic nitrogen were
0.16 mg/l. Longitudinal and seasonal differencemorganic and total phosphorus
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concentration were sufficiently small that no cleanclusions can be drawn at this time.
Similarly, differences on a site-by-site basis kegw 2008-09 and 2009-10 were small.
Given the level of phosphorus in the system (inoigar total forms), the system,
appeared to be systematically (in space and timm@gen limited.

9.2.3 Nitrogen:Phosphorus Ratio

Nitrogen and phosphorus in algal tissues typioadigur in a 16:1 molar ratio (or 7:1 by
mass), known as the Redfield ratio (Redfield el@B4). Carbon can be limited, but due
to the ubiquitous nature of carbon (e.g.,2&;Guch limitation is generally transitory
versus systematic over periods such as a seasemer@ly, a ratio less than 7:1 by mass
is associated with a nitrogen limitation and gre#tian 7:1 translates to phosphorus
limitation (Kalff 2002), although local conditiortsin lead to deviations in these ratios.

Using inorganic forms (denoted with subscripthose available for plant uptake, the
nitrogen to phosphorus ratio (by mass) was caledlathroughout the project area the
N;i:P; ratio was well under 7, averaging 1.56, indicasegere nitrogen limitation. This
condition did not change appreciably by location.

9.2.4 Carbon

Carbon is an essential nutrient for plant growtti dissolved organic carbon (DOC)
lends insight into the fate and transport of organatter in a riverine system. Dissolved
organic carbon (DOC) in Big Springs Creek was lawegraging approximately 0.65 mg/I
in the winter and fall to approximately 1.0 mg/ltire spring and summer. DOC values
are expected to be low in spring systems becauwsesdwater sources are typically low
in organic nutrients (contamination being an exioept The values are not smaller
because there was contribution of organic mattest Gaganic carbon) from Big Springs
Lake and upstream creek reaches. Further, sothésafeasonal increase may be due to
land use practices in the Big Springs Creek waeetsts well as increases in primary
production in summer and fall.

9.3 Downstream Implications

Water quality in terms of nitrogen, phosphorus, eadon, as well as nutrient limitation,
was explored in Nichols et al. (2010) on a siteslig; seasonal, and longitudinal basis
for the Shasta River from above Dwinnell Dam to kiemath River — a distance of over
60 km. Seven locations were included in Nicholale(2010) (Table 10). In addition to
Big Springs Creek near the mouth, two locationsaecated above Big Springs Creek,
and four locations were located below Big SpringseR. This broad spatial
representation of water quality provided the b&misssessment of the impact of Big
Springs Creek contributions, as well as charagtegitongitudinal conditions.
Longitudinal information from this previous studysummarized herein to illustrate that
Big Springs Creek has a considerable influenceéherShasta River downstream of the
confluence. Abbreviations for site locations in graphics are listed in Table 10.
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Table 10. Sampling sites on Big Springs Creek hadghasta River for longitudinal assessment
(Nichols et al. 2010).

Sampling Site Rkm Abbr,
Shasta River at Fontius Ranch (above Dwinnell Dam) 76.8 SR-F
Shasta River above Parks Creek 56.2 SR-abP
Big Springs Creek at the lowest crossing (near mouth) 54.2 (0.4)* BSC
Shasta River at the top of the Nelson Ranch 52.0 SR-TN
Shasta River at the top of the Freeman Ranch 32.7 SR-TF
Shasta River at the top of the Manley Ranch 21.1 SR-TM
Shasta River Canyon site 2.6 SR-Cyn
*Big Springs Creek enters the Shasta River at Rkm 54.2, while the sampling site in Big Springs Creek is located 0.4
miles upstream.

9.3.1 Nitrogen and Phosphorus

Total inorganic nitrogen concentrations during winperiods showed a general increase
from upstream to downstream, while in the sprind suimmer there was considerable
depletion of total inorganic nitrogen due to exteasnacrophyte growth (Figure 34).
Systematic, significant reductions occurred duthese seasons in the Shasta River from
below Big Springs Creek to the Klamath River. Dgrfall, concentrations recovered in
response to decreased demand from plant uptakiakhsdnescence of seasonal algal
standing crop. Winter concentrations suggestetdughstream of Big Springs Creek the
background concentrations were on the order ofr@4, while downstream of Big
Springs Creek background concentrations were oortler of 0.2 to 0.25 mg/l. These
concentrations were assumed to represent the apm@texlevels of available nutrients
when primary production was at an annual minimuihfat senescence had abated.
Unlike total inorganic nitrogen, inorganic phosplm(with the exception of the
uppermost site above Dwinnell Reservoir) showedatmo longitudinal or seasonal
variability (Figure 35). These findings were sianito conditions local to Big Springs
Creek, and NP; ratios throughout the Shasta River from springuigh fall (with the
exception of the upstream-most site above Dwirbath, SR-F) were overall less than
2.0.

Nitrogen limitation appeared to be a dominant eleinmethe Shasta River, with the Big
Springs Complex contributing elevated levels ofggtwrus to the system. This seasonal
limitation is clearly seen as nitrate depletiortia Shasta River from Big Springs Creek
to the Klamath River in Figure 36. This plot shasessonal depletion longitudinally for
March 2008 through March 2010, where from sprirtg fall, higher concentrations
(shown in green and yellow) in the upper-most regieh way to lower concentrations
(blue) in downstream reaches. The “ridge” runrdogvn the middle of the plot (green)
illustrates winter recovery of nitrate levels whmimary production was at a seasonal
minimum. When comparing the pre-restoration (2008and post-restoration period
(2009-2010), careful examination of the data suiggkthat the period of severe nitrate
depletion (when values fall below about 0.01 mg#d)s notably longer in the post-
restoration period. The pre-restoration periogteded from approximately mid-June to
early October, while the post-restoration perioteeded some 5 weeks longer, from
approximately 1 June to the end of October (denbyedhite arrows in Figure 36). This
may be the result of inter-annual variability, bmay be consistent with the findings
noted above — that sequestering of nitrogen inGpigngs Creek associated with
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increased aquatic vegetation growth led to an ebe@meriod of nitrogen limitation in
downstream reaches.
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Figure 34. Total inorganic nitrogen concentration lecation and season in the Shasta River and
Big Springs Creek, 2008. Data are arranged withacleseason from upstream to downstream
(left to right).
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Figure 35. Total inorganic phosphorus concentratipnlocation and season in the Shasta River
and Big Springs Creek, 2008. Data are arranged iwitach season from upstream to
downstream (left to right).
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Figure 36. Seasonal and longitudinal fluctuatiorNitrate (NQ'-N) from the spring source in
Big Springs Creek (0 km) to the confluence withklaenath River (58 km) from March 2008
through December 2009.

9.4 Response to Restoration

Analysis of Big Springs Creek data suggested that pestoration, the increase in aquatic
vegetation associated with the removal of extenisivgtream grazing resulted in a
decrease in inorganic nitrogen and total nitro@@ata were limited to only two years, but
the impact on nitrogen appeared to be a reductibowing initial restoration actions.
Phosphorus contributions from the springs werdiugly high compared to nitrogen
sources, leading to nitrogen limitation in the eyst This condition changed slightly,
with the post-restoration;Np, ratio being lower (1.38) versus the pre-restorabipP,

ratio (1.74). Due to the considerable nitrogeritition, phosphorus concentrations also
changed little from pre- to post-restoration coiodis. DOC concentrations were low
and pre- and post-restoration comparisons did ietd gignificant insight at this early
stage of restoration. As aquatic vegetation comtiesrevolve to include more colonial
stream margin species (e.§cirpus, Typhaand woody vegetation species (eSalix,
Betulg take hold, some changes may become evident. Dozans implications of a
restored Big Springs Creek have not been expldrédsatime.

9.5 Summary

As data from study sites in Big Springs Creek thate, water quality in Big Springs
Creek was defined largely by the spring complexestheir geologically derived
nutrients. Nitrogen and phosphorus in spring watene at sufficient concentrations to
support extensive aquatic vegetation growth. Mséesn was nitrogen limited. Based on
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available field data, it appears that removal edtieam grazing reduced nitrogen
concentrations (i.e., post-restoration concentnatiare lower than pre-restoration
concentrations). Whether this is natural intertatvariability or a more persistent
result of restoration has yet to be determined.idalthl field data from ongoing
monitoring supported by NFWF during the summer@E@will add useful data to
further assess post-restoration response.

Below Big Springs Creek, nitrogen and phosphoruewetably higher than the Shasta
River upstream of Big Springs Creek. Field daentdied that the springs that form a
vital portion of the Shasta River baseflow werauratsources of this nutrients. These
nutrients provided enhanced growth rates at exgrehnitrophic levels in the food web
from primary producers up through salmonids. Imsspring contributions

» formed a vital aspect of baseflow and associatéitdta in Big Springs Creek and
the Shasta River,

» provided relatively warm water in the winter andbcwater thermal refugia in the
summer; and

» provided nutrients that drive a highly productieed web that are critical to
salmonid production.

As such, restoration prescriptions in the ShastaRshould consider each of these
factors, recognizing that actions that do not neamspring baseflows may be
considerably less effective than those that reatese essential, unique, and interrelated
processes.

10.0 Fish Abundance and Salmonid Habitat Surveys

Fish surveys were conducted throughout Big Spriigek as part of both pre-restoration
and post-restoration assessment activities thrattghe Shasta Big Springs and Busk
Ranches. Pre-restoration baseline assessmeigt abiundance were conducted
between April 2008 and March 2009 (Jeffres et @09, while post-restoration
assessments were conducted between April 2009ghrglarch 2009. Survey data
collected prior to and following the initiation oéstoration actions facilitated analysis of
the fisheries response to cattle exclusion (Jeétes. (2009).

The April through March period of observation fatt pre-restoration and post-
restoration snorkel surveys allowed for the cordimiobservation of each freshwater
life-stage of juvenile salmonids in the Big Sprir@®ek (coho and Chinook salmon and
steelhead trout) for the year prior to and the yellowing restoration actions. Observed
juvenile life stages extended from emergence thraug-migration, which is the critical
period of salmonid mortality in the Shasta RivesibgNichols et al. 2010).
Furthermore, snorkel surveys allowed observatidriseojuvenile salmonid population
response to previous adult spawning seasons dwhian cattle were either allowed to
graze within the creek (2008) or were excluded ftbecreek and surrounding riparian
areas (2009). When cattle were allowed in thekcire2008-2009, they trampled redds,
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browsed on aquatic macrophytes, and mobilizeddettment, therefore reducing the
quality of the spawning gravels (Jeffres et al. 200

While snorkel surveys conducted throughout Big iggsiCreek determined relative fish
abundance and habitat usage for all species obhskrved, only data/observations
pertaining to salmonids are discussed herein. viBeddborief discussion of Shasta
River/Big Springs Creek salmonid life history ségies is provide to facilitate
subsequent presentation of snorkel observationatataliscussions pertaining to the
juvenile salmonid population response to cattldiesion.

10.1 Shasta River Salmonid Life History Strategies

A fish’s life history strategy and physiologicalécances ultimately determine which
species will be affected the most by anthropogeheration of the environment. Current
alteration of the Shasta River has resulted incedstream flows and increased water
temperatures during the spring and summer. Chisabkon are able to much better
tolerate these conditions than coho because theyligher thermal tolerances and leave
the Shasta River for the ocean just as in the gppust as conditions begin to degrade.
Steelhead on the other hand have a high therneahtate relative to coho salmon and are
able to make use of the abundant habitat and fesalrces that the Shasta River
provides, even under severely altered conditidhisderstanding how salmonids utilize
the Shasta River watershed both temporally andadyawill help to prioritize

restoration and recover salmonid populations.

Steelhead and/or rainbow tro@r{corhynchus mykisare the most thermally tolerant
year-round salmonid in the Shasta River. Steella@adainbow trout are the same
species and are not obligated to go to the ocearatare. Some fish remain in fresh
water where they mature and can spawn with othéunaéish that return from the ocean
environment. Ocean going adults return to the @Hawer to spawn November through
March. Resident rainbow trout also participatepawning activities with the returning
sea-run adults. The majority of the steelhead spaytakes place in March. Juvenile
steelhead begin to emerge in April where they dtreeleave the Shasta River during
their first year or any year thereafter to go te ticean.

Chinook salmon@ncorhynchus tshawytscharimarily use the Shasta River from
September through June each year. Adult Chinawoikiréo spawn between September
and November, with the peak of spawning takingglia October. Juveniles emerge
from the gravels beginning in late January, witheegence continuing through March.
Emergence timing depends upon both adult spawmmgd and the proximity of
spawning to groundwater spring sources. Thernsadliple groundwater springs in the
vicinity of Big Springs Creek allow nearby watervwgay remain relatively warm during
the winter, facilitating increased development&saresulting in earlier emergence from
the gravels. Juvenile Chinook remain in the ShBstar and its tributaries (e.g. Big
Springs Creek) until April when emigration beginkiveniles will emigrate through June
with only a very small number remaining in the Sadiver to over-summer.
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Coho salmon@ncorhynchus kitsugthave been in decline in the Shasta River and are
the principal driver of restoration activities wittthe basin. Adult coho return to spawn
during late fall and winter when streamflows aréhatseasonal high and water
temperatures have cooled from summer irrigatios@esow-flow periods. Shasta River
coho spawn predominantly in two locations: 1) thasia River canyon, which extends
approximately 13 km upstream from the confluend wie Klamath River; and 2) the
Big Springs complex — portions of the Shasta Raret several tributaries (including Big
Springs Creek) in the immediate vicinity of largegndwater spring sources. During the
late fall and winter coho spawning period, therktilke difference in the apparent quality
of the two aforementioned spawning locations, dng spawning activities likely
coincide with reproductive opportunity and not eaammental cues.

Juvenile coho emerge from the gravels in MarchAmal - again, depending on
spawning timing and proximity to relatively warm t@aspring sources. However,
during the spring and the onset of basin-wide wattrdrawls for irrigated agriculture,
rearing habitat and migration conditions for cohahe primary spawning (and thus
emergence) locations differ considerably. As atign season begins, reductions in
streamflow and seasonal thermal loading lead teeased water temperatures,
particularly downstream of Big Springs Creek. Rart flashboard dams are installed
throughout the Shasta River to support irrigati@tes diversion, and these features can
form upstream migration barriers (Jeffres et ab@Weffres et al. 2009). Summer water
temperatures in the Shasta River canyon spawnaagitm often exceed 22, forcing
outmigration or mortality. However, water tempearas in waterways throughout the
Big Springs Complex spawning location remain reksi cool (10-18C), leading to
beneficial rearing conditions. This longitudinaldesseasonal gradient in water
temperature, along with migration barriers ultinhatéetermines if and where juvenile
coho will survive in the Shasta River.

10.2 Methods

Snorkel surveys were used as a non-invasive methddtermine relative abundance and
habitat usage and should not be used as a surrfoggitepulation estimates. Because of
the presence of coho (a federally threatened speaieorkel surveys were determined to
be the method with the lowest level of impact wkdetermining habitat usage by fishes.
To conduct snorkel surveys, reaches were seletteath of the study sites (Figure 37).
Within Big Springs Creek, snorkel surveys were eaartdd among the various
habitat/cover types available. Each survey wasptetmd moving upstream and fish
were only counted within one meter of each sidhefsurveyor. Repeat snorkel surveys
were conducted twice per month on Shasta Big Spfitanch, and once per month on
the easement property on the Busk Ranch througheidtudy period. Reaches varied
between 22 and 114 meters in length. During allests, the surveyor identified fish
species and age class, and recorded the informati@wrist slate. After a reach survey
was completed, instream cover, substrate type gpolsed substrate were qualitatively
estimated and recorded.
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Figure 37: Snorkel survey locations through BigiSgs Creek

10.3 Data Analysis

10.3.1Coho Salmon

In 2008, few juvenile coho were found in Big Spargreek prior to a warm water event
in May. When water temperatures increased inN&tg, approximately 225 juvenile
coho from Big Springs Creek and the Shasta Rivegrated to the pool at the outlet of
Big Springs Lake, where they remained throughoetstimmer and fall. This was the
only location where juvenile coho were observeBim Springs Creek during the
summer months. During this time, very little habivas available throughout the rest of
the creek due to the aforementioned habitat detjcadiay cattle having access to the
stream channel.

Unfortunately, it was not possible to compare thbitat usage in Big Springs Creek by
juvenile coho from the 2008-2009 and 2009-2010 dizgperiods due to such small
numbers. This was in large part due to the smatilver of adult returns (28) to the
Shasta River during 2008-2009 sampling effort careghd@o 249 the previous year
(CDFG unpublished data). In 2008-2009 greater g@dhjuvenile coho were found in
the outlet of Big Springs Lake throughout the sum(effres et al. 2009). In 2009-2010
only three juvenile coho were observed throughbetentire sampling effort despite
conditions much more conducive to successful ouarrmering.
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10.3.2Chinook Salmon

In October 2008, adult Chinook returned to Big Bgsi Creek and began spawning in the
lower portion of the creek (RKMO to RKM1.6). Catilvere allowed access to the river
following the spawing season and were observeddiiagiredds while walking in the
channel. Trampling of eggs and fry while theyiarthe gravels can be a significant
source of mortality. Additionally, removal of adigaand emergent vegetation increased
the amount of fine sediment mobilized in the crebicreased fine sediment reduced the
guality of spawning gravels, while the removahgliatic macrophytes reduces the
amount of rearing habitat for those fish that ditkege from the gravels (Jeffres et al.
2009). In the 2009-2009 sampling effort, only thjgvenile Chinook were observed in
Big Springs Creek. The timing of cattle havingessto the channel after adults selected
spawning habitat ultimately resulted in adults stihg habitat that would not be suitable
for juveniles, and thus the likely loss of prodoatirom Big Springs Creek.

During the following spawning season (2009), catté¥e excluded from Big Springs
Creek through Shasta Big Springs Ranch in Marci®2@onsequently, juvenile
Chinook were protected from egg deposition to eer@cg and rearing. Furthermore, the
exclusion of the cattle allowed for redds to rematact and mostly free from fine
sediment. Seventy-eight (78) and 101 redds weuated in Big Springs Creek in 2008
and 2009 respectively (CDFG unpublished data).s&medd counts are relatively
similar, yet the apparent productivity betweentthie years is significantly different
(Figure 38). In the 2008-2009 sampling period D¥enile Chinook were observed
per linear meter surveyed, while during the 200228ampling period .086 juvenile
Chinook were observed per linear meter surveyell€Thl). This increase in juvenile
Chinook production can be attributed almost salelthe exclusion of the cattle from the
creek channel. Not only were the redds not trathptesmothered with fine sediment,
but once the juvenile Chinook emerged, abundantdtalas available due to the growth
of aquatic macrophytes, which provided cover, vieyaefuge and adequate depth.
Juvenile Chinook that reared in Big Springs Cregeared to grow at a rapid rate due to
abundant food resources and the high quality higioitend in Big Springs Creek.

Table 11. O+ steelhead, 1+ steelhead, and 0+ Cbknabserved during snorkel surveys in Big
Springs Creek.

0+ Steelhead per

1+ Steelhead per

0+ Chinook per

linear meter linear meter linear meter
surveyed surveyed surveyed
April 2008-March 2009 0.131 0.067 0.000
April 2009-March 2010 0.301 0.172 0.086
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Figure 38. 0+ Chinook observed per linear meterinlg surveys on Big Springs Creek.

10.3.3Steelhead

Steelhead are the most abundant year-round resdbnonid in Big Springs Creek. As
presented in this report, 0+ steelhead are youttigeojear fish and 1+ steelhead are all

fish greater than one year old. Fish size durisgexific time of year is the primary
factor when determining age class.

In 2008-2009, very little habitat was available lbmth 0+ and 1+ steelhead in Big
Springs Creek. Because of the aforementioned rehof\aquatic habitat, little cover
and depth was available for 0+ steelhead whendhegrged from the gravels. For the
same reasons as the 0+ steelhead, 1+ steelheagnwveaegily found in a single location
above the waterwheel, where adequate depth and wave present.

In the 2009-2010 sampling season 0+ steelhead gveater than two times more
abundant than during 2008-2009 (Table 11; Figude S®milar to Chinook, the
exclusion of the cattle was likely the primary cader the increase in the 0+ steelhead

numbers. The removal of the cattle allowed forcessful spawning and provided
rearing habitat for small juvenile steelhead.
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The 1+ steelhead in Big Springs Creek benefite2Did9-2010 from the increased growth
of aquatic macrophytes which increased depth aodged cover (Figure 11).
Observations of 1+ steelhead more than doubleddstwthe pre and post restoration
activities. Survey locations where 1+ steelheatbvabserved also increased in the
2009-2010 sampling effort. In February 2010, adtdelhead were observed building
redds in the lowest 1.6 km of Big Springs CreekithBarge ocean-run fish and resident
fish were in the redd while spawning activities &vtaking place. During the previous
year, no large ocean-run steelhead were obsenig) iSprings Creek. This may have

been because of the poor condition of the spawgiagels from cattle still present in the
creek.
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Figure 39. 0+ steelhead observed per linear mdteing surveys on Big Springs Creek.
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Figure 40. 1+ steelhead observed per linear mdtaging surveys on Big Springs Creek.

10.4 Summary

Juvenile Chinook salmon (0+) and steelhead (0+lat)chbundance throughout Big
Springs Creek increased considerably followingleaxclusion. Increased juvenile
Chinook and steelhead abundance was principaledipy: 1) increased egg to fry
survival through the elimination of redd tramplibg cattle; and 2) reduced out-migration
or mortality due to increased rearing habitat duand quantity following unhindered
growth of aquatic macrophytes. Due to low numloéreturning adult coho in 2009, the
juvenile coho population response to improved laloionditions was unable to be
assessed. After cattle were excluded, 215 times jugenile Chinook salmon were
observed rearing in Big Springs Creek than theiptsvyear, despite similar numbers of
adult salmon spawning. Young of the year and &elkead utilization of habitats in Big
Springs Creek doubled after restoration actiongwaplemented. With continued cattle
exclusion from Big Springs Creek and initiationripfarian planting efforts, salmonid
populations are expected to increase in responsaltitat improvements.
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11.0 Conclusions and Conceptual Linkages

Initial restoration actions have largely focusedrutiating riparian recovery through
exclusion fencing along Big Springs Creek. Thisamwge alone has led to remarkable,
short-term change in abiotic stream conditions (aytics, geomorphic processes, water
temperature and quality) and biotic community dtrces (aquatic macrophytes) — all to
the benefit of salmonid habitat. Past land managgmpractices in Big Springs Creek
resulted in a disturbance regime associated wittearazing. Cattle grazing within the
channel and along the creek margins removed batat@gand herbaceous riparian
vegetation and degraded banks and channel forns digturbance regime was
inconsistent with typical spring creek aquatic sgs$, which generally have stable flow
regimes and channel forms, low rates of thermedilng, climax vegetation
communities, and, in this case, diverse salmonimitéita By removing the disturbance
(elimination of cattle in the riparian and riverinene), a natural succession of vegetation
has begun, and will ideally lead to a climax comityuassemblage that will re-attain
aguatic system attributes consistent with a spriegk.

The role of aquatic vegetation in this system isoai. Observed feedbacks between
seasonal growth of aquatic vegetation and abitig@am conditions indicate aquatic
macrophytes act not only as geomorphic agentsimiplacts to hydraulic processes, but
also modify the thermal regime (through hydrauffees and shading), impact water
quality (principally through nutrient retentionfcdirectly benefit salmonid habitat by
providing food resources and refuge. Under exgstianagement conditions, a natural
evolution of aquatic plant communities and hydragemphic conditions will likely

occur, a process sometimes referred to as “flini@eomorphic succession” (Corenblit
et al. 2007). It is anticipated that the initiilgse of this succession regime will be
dominated by the continued seasonal growth andssenee of aquatic macrophytes. In
the absence of grazing disturbances, macrophytemwasses and more resilient stem
materials will likely remain in place throughouttigear, allowing the capture of mobile
sediments and organic material sourced from upstreacrophyte senescence. This
feedback between macrophyte growth/senescenceyalinautic conditions favorable to
sediment deposition may ultimately create a peatinhabitat (dominated be emergent
vegetation) along the channel margins and low-wgl@bhannel areas adjacent the main
flow paths. This hypothesized outcome is consisiath the original condition at Big
Springs Creek documented during initial (1856) pulaind surveys, wherein Big Springs
Creek was described as a wide marsh with a semestars wide freshwater creek
flowing through it.

It is anticipated that physical conditions and bgital community structure will continue
to evolve throughout Big Springs Creek as restonadictions mature across annual to
decadal time scales. Expected changes includgaeinsuccession in vegetation
assemblages from principally submerged aquatiesmixture of submerged and
emergent aquatics within the channel and alonglia@nel margins; a reduction in the
functional cross-section area of the stream; rediucger residence times through
increases in streamflow velocities; and decreasgdntemperatures. These
hypothesized abiotic responses to changes in aquegetation assemblages will be the
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principal drivers of continued improvements to sahnad habitat throughout Big Springs
Creek.

12.0 Recommendations

Restoration actions throughout Big Springs Creekoar-going. The establishment of
permanent exclusion fencing initiated rapid charigdsydrogeomorphic processes and
the biologic community structure. With plannedarign and emergent vegetation
plantings in 2010, continued monitoring and analydithe trajectory of abiotic and
biotic changes in response to cattle exclusiomtjlg efforts and water management
throughout Big Springs Creek are critical compos@aitthe evaluation and future
planning of restoration efforts.

Herein, recommendations for continued monitorind assessment efforts are provided.
Execution of these recommendations will providemprehensive set of physical,
chemical and biological data from which to underdtavolving adjustments between
physical processes and biological communities storation actions progress throughout
Big Springs Creek.

Aqguatic Vegetation

The rapid response of aquatic vegetation growtxtdusion fencing was the primary
driver of observed short-term changes to physioatgsses and biological community
structure. Understanding the evolving relationslepveen aquatic vegetation growth
cycles and physical, chemical and biological caadd in Big Springs Creek is necessary
to adaptively manage restoration efforts. Aquegigetation monitoring
recommendations include:

» Continued assessment of spatial and temporal tieretguatic macrophyte
community biomass and species composition;

* Mapping of aquatic vegetation cover to determirsseaal and interannual
variability;

* Quantification of seasonal variability of shaderetateristics of aquatic, seral, and
woody vegetation;

* Given the abundant macrophyte growth and its etiaatutrient concentrations, a
food web analysis should be repeated to determivether any critical energy
pathways to the salmonids’ food sources have biected.

Geomorphology

Observed feedbacks between aquatic vegetation lgrand fluvial geomorphic process
and channel morphology conditions, as well as celamorphology influences on
thermal loading indicate continued geomorphic nmmy in a necessary component of
restoration assessment. Monitoring recommendairmhsde:
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« Annual monitoring of channel cross-section chamnetphologies to assess
deposition and erosion patterns associated withtagomacrophyte growth and
senescence;

* Assess changes in channel geometries in respopssso/e (exclusion fencing)
and active (emergent and riparian planting) resitmraactions.

Hydrology

Understanding temporal trends in hydrologic condsiremains a necessary component
in managing restoration actions throughout Big &ygiCreek. Quantifying streamflow
magnitude, timing and variability in Big Springseék is critically important to
understanding trends in water quality and tempegat&urthermore, streamflow
monitoring allows continued assessment of the Hgdro responses to restoration
actions comprised of on-going irrigation water ngagraent. Recommended actions
include:

« Continued monitoring of streamflow in Big Springse€k;

« Examination of temporal variability of groundwasggring contributions to
streamflow in Big Springs Creek;

« Assessment of the connections between regionahdmater use and streamflow.

Hydraulics

Complex interactions between aquatic macrophyterand hydraulic conditions
suggest on-going monitoring of reciprocal adjusttad@tween plant growth and
hydraulic (and dependent geomorphic) conditiomseisessary to understand the fluvial
geomorphic response to restoration actions. Furthee, hydraulic conditions have
substantial influences on rates of thermal loadamgl must be understood to assess
changing water temperature conditions/trends ioutinout Big Springs Creek.

« Continue the local velocity transects and biomasspéing locations to evaluate
seasonal and inter-annual trends in the hydraedipaonse to aquatic vegetation
growth and potential community assemblage changes;

- Maintain river stage gauges along Big Springs Cteatontinually quantify
temporal changes in stream depth conditions (aypiaxhabitat area) driven by
growth cycles of aquatic macrophytes and corresipgnthanges to geomorphic
conditions.

Water Temperature

Water temperature remains the limiting factor affegavailable salmonid habitat in Big
Springs Creek and the Shasta River below. As wsatbr temperature is the most critical
abiotic metric used to assess the response of @igds Creek to salmonid restoration
efforts. Recommended actions include:
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« Continue existing a water temperature monitoringvoek throughout Big
Springs Creek;

« Assessment of water temperature impacts of wateagement activities (return
flow/tailwater control) initiated as part of on-ggi restoration actions;

+ Provide more detailed descriptions of thermal cttarsstics along principal
heating reaches (i.e. 0.4 km upstream of the wéaieely to inform restoration
activities in high priority locations along Big $pgs Creek.

- Develop the remote monitoring station network tagghout data logger array and
provide real-time data regarding water temperatorelitions in Big Springs
Creek, the Shasta River, and related waterwayshast& Big Springs Ranch.

Water Quality

Water quality at the spring sources is likely rmthange, but downstream parameters
are likely to change as a result of restoratioroast With increased aquatic macrophyte
biomass there will be more potential for increaspthke, but at the same time if
residence time is reduced, then there will be \eter-plant interaction and more
potential for increased nutrient export. Recomneenakctions include:

» Continued longitudinal sampling to determine spatial temporal changes in
water quality not only in Big Springs Creek, butrhstream in the Shasta River.

Fish habitat and assemblage

Quantifying coho, Chinook and steelhead producaioa habitat utilization from Big
Springs Creek and the upper watershed with a catibmof snorkel surveys, mark and
recapture, and general population estimates vidiafor a quantification of restoration
actions in upstream reaches. Recommended actiohsle:

» DFG screw trap be reinstalled on the Nelson Randhlaat sampling of the fyke
net also remain in place;

* Redd counts and adult telemetry of both coho andd@k should continue to be
made on Big Springs Creek as well as in the SHisr and Parks Creek to get
an estimate of adult spawning above the canyorhreac

* Wild coho should be discouraged from spawning endanyon section of the
Shasta River;

* Identify locations with highest long-term potentmbitat to support/inform active
restoration activities.

These recommended monitoring and assessment aatibpsovide a foundation of
information from which to understand complex spaied temporal interactions between
physical stream conditions and biotic communityaiure and behavior. Understanding
such interactions is necessary to effectively ataptively manage on-going restoration
actions in an effort to meet to the principal objex of increasing the spatial extent of
habitat suitable to salmonids throughout Big Smi@geek and the Shasta River below.
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14.0 Appendices
P Technical

W" +Engineering

Memorandum
Date: 12/29/2009
To: Amy Hoss, The Nature Conservancy

George Stroud, The Nature Conservancy
Ada Fowler, The Nature Conservancy

Chris Babcock, The Nature Conservancy
Amy Campbell, The Nature Conservancy

Copies: Carson Jeffres, University of Californiavi
Drew Nichols, University of California, Davis

From: Ann Willis, Watercourse Engineering, Inc.
Mike Deas, Watercourse Engineering, Inc.

Re: Springs temperature monitoring in Big SpringseRk

Abstract

Big Springs Creek is predominantly supplied by mptex of springs that are distributed
throughout the upper 0.5 miles of the creek. Te&ch extends from Big Springs Lake to
the channel constriction at the waterwheel. Withis complex, spring sources emerge at
approximately 18C — 12C, an optimal temperature range for anadromousasatis.

Water temperature devices were deployed at thesairsix springs. Results indicate
that spring temperatures remain relatively statexming slightly through the summer
and cooling slightly in the winter with the exceptiof the north alcove spring, which
illustrates the opposite trend. These stable sswsleuld be protected to maintain quality
thermal baseline conditions in Big Springs Creek.

Introduction

Big Springs Creek is supplied by spring sourcesdhadistributed throughout the upper
0.5 miles of the creek from Big Springs Lake to ¢bastriction at the waterwheel

(Figure 1). As the primary flow source for the deetnese springs define initial
temperature conditions of source waters. The preeofisestoration activities on Big
Springs Creek is that by restoring the riparianidor, channel form, and general
geomorphic structure, water temperatures will deesean downstream reaches to optimal
levels for anadromous salmonids (of principal iestiis the juvenile rearing lifestage
through the spring and summer periods). Howevéeniperatures of the springs are not
stable, then restoration potential may be limifgallearn about the thermal patterns of
the spring sources, HOBO Water Temp Pro v2 loggeere deployed at six spring
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sources. The results indicate that the springsrgip@merge at a constant temperature,
warming slightly in the summer and cooling slightiythe winter. Variations detected
during the irrigation season had three primary esauseduced spring flow volumes,
reduced water surface levels, and return flows mgixvith spring flow sources.

Spring temperature monitoring

Several spring sources were initially identifiedhgsFLIR data gathered during a 2003
thermal imaging flight over Big Springs Creek, latBprings Creek, Parks Creek, and
the Shasta River. A second FLIR study occurredi®82hat took thermal images during
a morning and an evening in July. This flight pald estimates of several spring
temperatures at their sources. However, theseotdgrovided a snapshot of the
spring’s thermal characteristics. They gave limipeaho indication of diurnal or seasonal
temperature trends. To develop a better understigradithese characteristics, HOBO
Water Temp Pro v2 loggers were deployed in or seaspring sources. These locations
were (Figure 1):

1. Below the Busk bridge on river left (RL) (direct®are relative to the
downstream view of the river),

2. In front of the Busk residence on river right (RR)

Above the alcove, RL

W

Above the alcove, RR
5. Inthe alcove, east spring

6. In the alcove, north spring.
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Figure 1. Locations of the spring monitoring sitesin Big Springs Creek.

Four loggers were deployed, to the extent possdilidectly into spring sources (locations
1, 2, 5, and 6). These springs produced the maosttant temperatures (Figure 2, Figure
3, Figure 4, and Figure 5). Though some variatisese observed, temperature changes
ranged within the 0°Z accuracy range of the data logger. Larger vanatisuch as
month-long period of warm temperatures in the spshg, generally coincided with
periods when water levels in the creek droppedigdigrexposing some of the loggers.
Due to restricted access to this easement areplabement of these loggers could only
be adjusted once a month. Once the loggers wareateld into lower spring sources, the
relatively static thermal signal was maintainedn&ally, these springs indicated a
seasonal response, with warmer waters in summerex8eption is the north alcove
spring which showed slightly cooler temperaturethassummer progressed. Further,
variability in the summer of 2009 at this locatimay be from return flow
“contaminating” the temperature signal.

The loggers in locations 3 and 4 were deployediaraa where cool thermal signals
were detected by the FLIR, but discrete springeewet found using field observations.
These thermal signals recorded by loggers placéukiproximity of cool water sources
detected by the FLIR illustrated pronounced diukzalations and do not seem to
indicate appreciable cool water sources (Figurer @iffuse cool water contributions
(Figure 7).

Temperature monitoring in the north alcove spriag heen ongoing for the past year and
observations present an interesting signal — wanmerinter and cooler in summer
(Figure 8). This signal appears to be the invefdhe smaller springs near the Busk
residence (locations 1 and 2). A longer record pvidvide greater insight into these
interesting thermal dynamics.
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Figure 2. Water temperature data for the spring located on river left below the Busk bridge
compared to mainstem water temperaturesin Big Springs Creek.
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Figure 3. Water temperature data for the spring located in front of the Busk residence on river right,
compared to mainstem water temperaturesin Big Springs Creek.
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Figure 4. Water temperature data for the spring located on the east side of the alcove compared to
mainstem water temperaturesin Big Springs Creek.
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Figure5. Water temperature data for the spring located on the north side of the alcove compared to
mainstem water temperaturesin Big Springs Creek.
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Figure 6. Water temperature data for the spring located on river left, below Big SpringsIsland
compared to mainstem water temperaturesin Big Springs Creek.
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Figure 7. Water temperature data for the spring located on river right, upstream of the alcove compared to
mainstem water temperaturesin Big Springs Creek.
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Figure 8. Water temperature data for the spring located on the north side of the alcove compared to
mainstem water temperaturesin Big Springs Creek.
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Conclusion and Recommendations

The spring sources to Big Springs Creek providelatively constant source of cool
water to the creek throughout the year. While sofitbe springs detected by the FLIR
were identified, the diffuse nature of others meuen difficult to locate. Falling water
surface levels exposed some of the loggers dumiiggiion season; relocating the
loggers to spring flow closer to the creek margetwovered the spring’s thermal signal.
The regular cool water supply provided by thesenggrmakes Big Springs Creek a key
area that could support anadromous salmonids piqnsaat all life stages given proper
water temperature management.

Ongoing monitoring of a select number of springseommended to further explore the
variability of spring sources. An intriguing elemef this work is that there is notable
variability in springs that are in a relatively s@spatial proximity.
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Weere Technical
Memorandum

Date: 1/29/2010

To: Amy Hoss, The Nature Conservancy
George Stroud, The Nature Conservancy
Amy Campbell, The Nature Conservancy

Copies: Carson Jeffres, University of Californiavix
Drew Nichols, University of California, Davis

From: Ann Willis, Watercourse Engineering, Inc.
Ada Fowler, The Nature Conservancy
Chris Babcock, The Nature Conservancy
Mike Deas, Watercourse Engineering, Inc.

Re: Little Springs Creek temperature monitoring

Abstract

Little Springs Creek is a 1.25-mile long tributaoyBig Springs Creek that is used to
irrigate several grazing fields south of Big Spar@reek. While evaluating the irrigation
strategy for Shasta Big Springs Ranch, The Natares€rvancy (TNC) has the
opportunity to reorganize its irrigation infrasttuie to reduce or eliminate the need for
Little Springs Creek water during all or part oétinrigation season as part of its water
efficiency strategy. The Nature Conservancy (TN@)rdinated with Watercourse
Engineering, Inc. (Watercourse) and ranch managersnduct a preliminary free flow
experiment over several days during the summexamee longitudinal heating patterns
in Little Springs Creek. Heating rates show thatewéemperatures increase betwe 7
and 16C from the source to the mouth, with the greatatst of heating between the
second headgate and the mouth.

Introduction

Little Springs Creek is a 1.25 mile tributary tayB$prings Creek that flows through the
southern grazing fields of Shasta Big Springs R4B&ER). During irrigation season,
water is diverted from Little Springs Creek intoiamgation system as part of the flood
irrigation that is applied throughout much of ShaBig Springs Ranch. The adjudicated
diversion right from Little Springs Creek is 7 esd is applied to about 400 acres of
irrigated pastures. At times, flow at the mouthLivfle Springs Creek can fall to
insignificant levels. Subsequent to purchasing SBEYRC has been exploring multiple
options for restoring anadromous salmonid habitatuding reassessing irrigation
practices to seek a balance between land use aradi@agystem requirement. Part of
modifying irrigation practices may include reliegiirrigation demands on Little Springs

88



Creek while implementing a more efficient applicatof Hole in the Ground Creek
water or other sources. However, Little SpringseRris currently only valuable as
anadromous salmonids habitat under certain, vemgdd, thermal conditions. Because
limited water temperature data existed in Littlgiggs Creek, TNC coordinated with
ranch managers and collaborated with Watercoursetator water temperatures during
a free flow experiment. Watercourse deployed log@emultiple locations to collect
temperature data along the longitudinal profile.itie Springs Creek during a period
when ranch managers opened all headgates to daréek water to flow unimpeded
from Little Springs source to its mouth. Water vaslewed to flow freely over a period
of several days, once from Juné"2Rrough JulyT, and again from August #3hrough
August 3" A plot of the water temperatures along the lamdjital profile indicate that
rates of heating are largest in the reach betwesembst downstream headgate and the
mouth.

Water temperature monitoring

Water temperature data were recorded using HOB@®&PWater Temperature Data
Loggers from Onset Computer Corporation were usambllect information at 30 minute
increments throughout the project area. These Isdugve a resolution of approximately
0.03C (0.02C at 25C) and an accuracy of +0@ over the range from’G to 40C, and

a 90% response time of 5 minutes in water (httpuiimonsetcomp.com). Eight
temperature loggers were deployed along the lodigi& profile of Little Springs Creek
as shown in Figure 1 and described in Table 1.
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Figure 1. Map of the Little Springs monitoring locations.

Table 1. L ocation description for each monitoring site.

L ocation L ocation description River mile

number

1 Little Springs Lake, east arm near property 0.00
boundary

2 Little Springs Lake, north arm 0.05

3 Below lake culvert 0.10

4 Y4-way between culvert and 1st headgate 0.25

5 1" headgate 0.50

6 2% headgate 0.70

7 Y-way between" headgate and Louie Rd. 0.85

8 Louie Rd. 1.00

9 mouth 1.25
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Water temperatures were highest during the Jueeflives experiment, reaching peaks
above 28C at the mouth (Figure 2). During this period, tive reaches that illustrated
the highest heating rates were between the spomgess of Little Springs Creek and the
culvert that functions as the outlet for Little Bygs Lake as well as the reach between
the second headgate and Louie Rd. In the 0.1-mdlelr between the spring sources and
the lake outlet, maximum daily water temperatunesdgased approximately@. Over

the next 0.4 miles, maximum daily water temperagmdually increased until the
second headgate, at which point maximum daily teatpees increased betwe€elt3and
8°C over 0.3 miles (Figure 3). Daily minimum temgaras in Little Springs Creek
indicated modest heating, but were typically I&ss1t2C warmer than the lake outlet
(i.e., typically less than £6). This indicates that during non-heat loadingqak(e.g.,
night), cool waters dominate the creek from sotwamouth. Therefore, restoration
strategies that notably limit heat loading durihg taytime periods could result in stream
temperatures amenable to anadromous fish.
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Figure 2. Water temperatures at each monitoring point in Little Springs Creek during the Junefree
flow period.
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Figure 3. Maximum daily water temper atures along the longitudinal profile of Little Springs Creek
during the June free flow experiment.

For each day during the June flow experiment, maxindaily temperatures at the mouth
of Little Springs Creek exceeded simultaneous teaipees in Big Springs Creek (Figure
4). As a result, Little Springs Creek was a heat@®to Big Springs Creek during this
period.
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Figure 4. Water temperaturesin Little Springs Creek compared to thosein Big Springs Creek

during the June flow experiment.

Similar trends were observed during the August fi@e experiment, though peak
temperatures did not reach the same maximumsasgm Maximum daily water
temperatures at the mouth of Little Springs Creekevapproximately 2€ (Figure 5).
The two reaches with the highest rate of heatingeweLittle Springs Lake between the
spring source and the lake outlet as well as thelrbetween the second headgate and
Louie Rd. In Little Springs Lake, maximum daily watemperatures increased
approximately 2C in the 0.1-mile reach; between the second headugat Louie Rd,
maximum daily water temperatures increased bet@&@rmand 4C in the 0.3 miles

(Figure 6).
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Figure 5. Water temperatures at each monitoring point in Little Springs Creek during the August

free flow experiment.
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Figure 6. Peak water temper atures along the longitudinal profile of Little Springs Creek during the
August free flow experiment.

Similarly to the June flow experiment, water tengperes in Little Springs Creek were
generally warmer than those in Big Springs Creletigh there were some periods when
the temperature difference was negligible. Duriegqals when a temperature difference
was observed, it was not as large as it was dain@gune experiment.
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Figure 7. Water temperaturesin Little Springs Creek compared to thosein Big Springs Creek
during the August flow experiment.

Conclusion

Though Little Springs Creek emerges from its speagrce near £&8, maximum daily
water temperatures during the summer can sometiweesed 2%C after water has
traveled approximately 1.25 miles to the creek’sithoThe two reaches that illustrate
the highest rates of heating are in Little Sprihgke between the spring source and the
lake outlet as well as the creek channel betweesdlbond headgate and Louie Rd.
Generally, by the time Little Springs Creek wat=sahes Big Springs Creek, its
temperatures are higher than those in Big Sprirgeljust upstream of the confluence.

Recommendations

Additional experiments should be performed to depel more complete understanding
of the creek’s thermal characteristics for a wigleay of meteorological conditions and
flow quantities. Better communication between thiersce and ranch management staff
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as to periods of releases would facilitate maxinparticipation of science staff. Among
the additional recommended studies included quangfchannel morphology (slope,
current cross section form) and flowrates. Otheestigations of the current soil and
vegetation conditions, land use activities, irigatdemands, and alternative source
waters would provide the necessary informatiordemtify and test potential restoration
strategies for Little Springs Creek. The existingek form is the byproduct of over a
century of grazing and presents an adverse thdoading condition. Initial results
suggest that cattle exclusion, strategic plantiagtier considerations (at Louie Road)
and flow management may provide additional oppatiesifor further expanding over-
summering habitat for anadromous fish on SBSR.
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Memorandum
Date: 1/29/2010
To: Amy Hoss, The Nature Conservancy

George Stroud, The Nature Conservancy
Ada Fowler, The Nature Conservancy

Chris Babcock, The Nature Conservancy
Amy Campbell, The Nature Conservancy

Copies: Carson Jeffres, University of Californiavi
Drew Nichols, University of California, Davis

From: Ann Willis, Watercourse Engineering, Inc.
Mike Deas, Watercourse Engineering, Inc.

Re: Remote sensor temperature monitoring at SBagt&prings Ranch

Abstract

Remote temperature sensors were introduced intShhasta Big Springs Ranch
temperature monitoring plan to aid with water agidim flow management decisions.
Part of the remote sensor array includes three tovamg locations in Big Springs Creek:
at the outlet of Big Springs Dam, below the wat@ewl, and upstream of the lowest
drivable bridge. These remote sensors allow fotioaous temperature monitoring and
enable on-site and off-site managers to make nea&-decisions. Further, remote sensor
stations provide water temperature with considersdss field staff time, leading to more
efficient use of funds and restoration resourd@ecommendations are provided that
identify potential additional locations on Big Spys Creek and the Shasta River.

Introduction

One of the priorities during the first year of @sttion on the Shasta Big Springs Ranch
was to improve management of tailwater and retiwug that enter Big Springs Creek.
To support this effort, Watercourse Engineering {&@ourse) partnered with Eyasco
Inc. (which specializes in data collection and nggmaent) to install remote sensors at
five locations. Data from these sensors can beadgesnline, allowing off-site managers
to monitor on-the-ground conditions in real timel anake ranch management decisions
with on-site personnel. Remote sensors are empliwyetbnitor water temperatures at
three locations in Big Springs Creek and two |laoadiin the North Ditch. One sensor
was also programmed to monitor air temperaturd@Springs Dam. After an initial test
period during which remote sensor data was compar®BO logger data, the remote
sensors appear to work well. The success of thialieffort indicates that additional
remote sensor installations would provide invaleatdta and be an efficient use of
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resources, while establishing an infrastructursuggport future long-term monitoring
efforts.

Remote Sensor Performance

Five remote sensors were installed on the Shagt&giings Ranch and Busk Ranch
easement to monitor water temperature. Three semsoe installed in Big Springs
Creek at the following locations:

1. Big Springs Dam outlet,

2. Below the water wheel, and

3. Upstream of the tailwater return channel abovddhest drivable bridge.
Two sensors were installed on the North Ditch:

1. At the Busk-TNC property boundary before the retilow diversion below the
waterwheel, and

2. At the outlet of the tailwater collection pond.
A sixth sensor was installed at Big Springs Damebwid monitor air temperature.

Data collected by the remote sensors were validaged) HOBO Watertemp v2 loggers
and spot measurements. These loggers have a resafiapproximately 0.0 (0.02C

at 25C) and an accuracy of 0@ over the range from°G to 40C, and a 90% response
time of 5 minutes in water (http://www.onsetcompnoSpot measurements confirmed
that the remote sensors were gathering accurats vesthperature data. Comparison with
a HOBO logger shows that the sensor and the HOB@elofollowed similar

temperature trends, but did not record the samemuams and minimums. Due to access
restrictions, the site could not be examined @ttiAugust 2009, one month after the
sensors were initialized. Upon inspection, the HOBgyer had been buried under a mat
of vegetation. The vegetation was cleared andatygdr was redeployed. Subsequent
results show that the logger and remote sensordeddemperatures within 0@ of

each other (Figure 1).
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Figure 1. Comparison of remote sensor water temperature datato HOBO logger water temperature
data.

Remote sensor application

Initially, remote sensors were deployed to allorgation managers to determine optimal
times to release tailwater or return flows back iBtg Springs Creek. A user interface is
available on the internet that indicates the laratf each sensor, wherein the location
symbols provide a link to each data set (Figure 2).
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Figure 2. Theonline user interface for the remote sensor array.

Monitoring at the “paired” sites, listed as “Comédi in Figure 2, includes
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“Canal” and “Waterwheel” representing the main d¢aroath of Big
Springs Creek and Big Springs Creek below the wadtteel, respectively.

“Stillwater” and “Creek” representing the returow sources

These paired sites have been specifically designadsist resource managers on water
use decisions regarding water temperature of digesdrom the main canal back to Big
Springs Creek (near the waterwheel) and from tiheater pond (Stillwater) to Big
Springs Creek. For example, both the main canal aad waterwheel data are displayed
when the user clicks on the “combined” link thahects them (Figure 3). Ranch
managers can easily confer with off-site managedetermine whether flows should be
released back into the creek or whether to wait watter temperatures in the canal and
creek are more amenable at another time, e.gret@pt increasing creek temperatures.
Previous data are displayed so the user can thackistory of temperatures as well.
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Figure 3. Theinterface that displayslinked data for the creek and the canal.

Conclusion and Recommendation

The remote sensor array allows on-site and offrad@agers to make decisions in real-
time with on-the ground ranch managers regardingp&ature management of
discharges and tailwater releases to Big Spring@elCIThis tool also supports
temperature monitoring while conserving restorafiords and resources that can be
redistributed to support other restoration actgtby reducing travel and associated.

Given the success of the preliminary remote seinstallation, Watercourse
recommends extending the array to include additimeations. Recommended
locations include three downstream locations in $pgings Creek, three locations in the
Shasta River, and one location on Parks Creekhé&yra complete meteorological
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station could be added to the network to trackllooaditions at SBSR, which may aid
ranch managers in water requirements for pastugaiion.
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; Memorandum
Date: 03/31/2010
To: Amy Hoss, The Nature Conservancy

Chris Babcock, The Nature Conservancy
Amy Campbell, The Nature Conservancy
Ada Fowler, The Nature Conservancy

George Stroud, The Nature Conservancy

Copies: Carson Jeffres, U.C. Davis
Andrew Nichols, U.C. Davis

From: Ann Willis, Watercourse Engineering, Inc.
Mike Deas, Watercourse Engineering, Inc.

Re: Hole in the Ground water temperature monitoring

Abstract

Hole in the Ground Creek water temperatures aStiesta Big Spring Ranch (SBSR)
boundary are higher during the summer months thetenviemperatures in both the
Shasta River at the SBSR boundary and the diffpgegs system. Because these
unfavorable temperatures occur during critical gsiof the year, efforts could be
considered to manage these waters to minimize uafésthermal conditions. A more
comprehensive data set that identifies specifietbge when Hole in the Ground Creek
water is used to irrigate should be acquired taensffective prescriptive measures are
developed.

Introduction

Hole in the Ground Creek begins at its spring sewrt Hole in the Ground Ranch and
flows approximately 2.5 km (1.5 mi) to the boundafyTNC’s Shasta Big Springs Ranch
(SBSR) (Figure 1). Historically, after Hole in t@ound Creek crossed the south
property boundary, it flowed north-west for 0.8 kin5 mi) until it reached the Shasta
River. Beginning in 2009, from April 1 to Octobe(ifrigation season), the majority of
this flow was diverted into an irrigation pipe tmahs approximately 0.5 km (0.3 mi)
along the SBSR southern property boundary to tlestarRiver. A portion of this water
is used to irrigate the southern areas of pastut8ésand LS7. The remaining water was
historically passed over the Shasta River and Rar&sk via a flume to irrigate a portion
of land on the west side of Parks Creek and that8Hiver (known as the “island”).
This flume is currently non-functional and the pipe leading to the siphon is in
disrepair. Presently, water from Hole in the Gr@reek that is diverted into the pipe
leaks out at numerous locations before flowingadw break and into the Shasta River
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through a down-cut channel approximately 0.02 kr@3(@ni) from the southern property
boundary. Hole in the Ground Creek water also resithe Shasta River during irrigation
season in the form of tailwater from pastures L&® aS7. This tailwater flows into a
well-defined channel that also contains considerdiffuse spring inflow. Subsequently,
the combined tailwater and spring inflows are cgmdketo the Shasta River
approximately 0.4 km (0.25 mi) downstream of theparty boundary. Outside of
irrigation season, Hole in the Ground Creek flowstimand then west from the property
boundary, and eventually commingles with the dégfgpring system before flowing into
the Shasta River.

One aspect of the recent recently funded NOAA Fishestimulus project is to improve
irrigation efficiencies. To that end, a water temgbere monitoring program was
implemented to quantify the thermal conditions @lédin the Ground Creek and inform
potential prescriptions for improving managementhelse waters. To quantify thermal
conditions in this area, temperature measuremests gollected at:

(a) the point where Hole in the Ground Creek erte#sSBSR property,

(b) the down-cut channel where flow from the brokgre enters the Shasta River,
(c) the mouth of the diffuse spring system, and

(d) the Shasta River upstream of all these infl(atshe SBSR property boundary).

These locations are illustrated in Figure 1. Datanfthese locations lend insight to the
potential thermal habitat conditions in Hole in tAeound Creek and inform management
decisions on potential irrigation practices. Monitg occurred from April 2009 until
February 2010, and preliminary data analyses ingliteat Hole in the Ground Creek at
the SBSR property boundary is consistently wartean the Shasta River at the SBSR
property boundary until the irrigation season emg®©ctober 1.
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Figure 1. A map of the southern areas of L S6 and L S7, thetwo fields currently irrigated using Holein the
Ground Creek. Each monitoring point islabeled accor ding to the locations described above.
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Water temperature

Temperature loggers were placed at several loctioand around Hole in the Ground
Creek (Figure 1). Water temperature field monitgraccurred primarily through the
direct deployment of data loggers (spot measuresngeate also taken periodically
throughout the monitoring period). HOBO® Pro v2téfaremperature Data Loggers
from Onset Computer Corporation were used to cbtlata at 30-minute increments
throughout the project area. These loggers haesalution of approximately 0.02 (at
25°C), an accuracy of +0°2 over the range from°G to 40C, and a 90 percent response
time of 5 minutes in water (Onset 2009). Instrutaevere deployed consistent with
protocols developed on the Nelson Ranch (Jeffrak €008). Data was collected at all
Hole in the Ground Creek sites from 15 April 20098 February 2010; after October 1
(the end of irrigation season), water was no lomipegrted into the pipe, but rather
released into its natural channel where it evelyfwalmmingles with the diffuse spring
system. Therefore no data was collected in the datwaiter October 1. In the Shasta
River, data was collected from 6 May 2009 to 18rkaty 2010.
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14.1 Hole in the Ground Creek and the Shasta River

Hole in the Ground Creek undergoes little tempeeatthange from the point where it
enters the Shasta Big Springs Ranch to the pipgkhwlere it flows into the Shasta
River (Figure 2). The period when differences astahle (i.e. July through September)
coincide with when Hole in the Ground Creek wataswsed to irrigate pastures LS6
and LS7, and was not diverted down the pipe ttesta River. Thus, water
temperature data from the pipe outlet during tleaiool does not represent Hole in the
Ground Creek water, but rather the temperaturaibwater, small seeps, and other
subsurface flow in the down-cut channel. As thepgerature change through the pipe is
negligible, comparing water temperatures from Holthe Ground Creek at the south
property boundary to the Shasta River providegpeesentative comparison of the two
systems.
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Figure 2. Holein the Ground (HITG) water temperatures at the point of entry to Shasta Big Springs Ranch and
pipe outflow.

Maximum temperatures in Hole in the Ground Creekeatproperty boundary exceed
25°C several times from mid-May through July, whileximaum water temperatures in
the Shasta River were approximatel€ 20 5C cooler (Figure 3). When maximum daily
temperatures in Hole in the Ground Creek are coetpir maximum daily temperatures
in the Shasta River, those in the creek are gdpavarmer than those in the Shasta
River. At times, particularly during summer monthgnimum temperatures in Hole in
the Ground Creek at the property boundary alsoezktieose in the Shasta River.
Therefore, water diverted through the pipe thaiately reaches the Shasta River can
contribute to increased temperatures. From Audustigh September, seasonal
temperatures decline in both the Shasta River aid id the Ground Creek; the water
temperature difference between the two streamsnBimes steadily until October
1(Figure 4).
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Figure 4. The temperature difference between Hole in the Ground at the south property boundary and the
Shasta River at the south property boundary. The zero lineindicatesthat water temperaturesin thetwo
waterways are equal at that time.

14.2 Irrigation Tailwater and Diffuse Springs Inflow

Periodically during irrigation season (April 1 ta®ber 1), a portion of the water
diverted down the pipe is used to irrigate the lseut areas of two pastures: LS6 and
LS7. Some of this water runs off as tailwater iatchannel system that eventually flows
into the Shasta River. As well as conveying taievatinoff, this channel also contains a
diffuse spring system that augments the flow waldavater inputs. Though the source
and variability of the volume of water suppliedthgse springs is unknown, on 20 May
2009, approximately 3¥s was supplied by these diffuse springs.

Between May and September, the thermal signal frediffuse spring system and Hole
in the Ground Creek at the property line are dist{frigure 5). Periodic field
observations indicate that little tailwater reactiel diffuse spring system during this
time; temperature data illustrates that tailwatdrrbt generally alter the springs thermal
signal. Two periods when the springs’ thermal sigmaltered occur during April 2009
and September 2009. Water temperatures in thesdipring system during these
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periods shift from the relatively constant averdgenal signal observed through the
summer and more closely track the trends illustrateHole in the Ground Creek. These
alterations may indicate that some tailwater wamromngling with the diffuse spring
system. Beginning in October, irrigation ended alhdHole in the Ground Creek water
flowed into its natural channel, which eventualbwed into the diffuse spring system.
The diffuse spring system thermal signal tracksHbge in the Ground Creek thermal
signal; however, at this point, maximum daily temgperes were below those considered
stressful for salmonids. During winter, the sprisgemed to buffer minimum daily
temperatures recorded at the Hole in the Groungesty line inflow, as is illustrated by
higher minimum temperatures detected in the difsméng system than in Hole in the
Ground Creek at the property line.
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Figure 5. Holein the Ground water temperatures at the point of entry to SBSR and water temper atur es below
the diffuse spring inputs below tailwater runoff.

The difference in temperatures between the diffysang system and Hole in the Ground
Creek illustrate that during the summer, Hole & @round Creek is generally warmer
than the diffuse spring system (Figure 6). Wateigeratures in the diffuse spring system
were as much as 2 cooler than water temperatures measured in Hdleei Ground
Creek at the property line. Until mid-May, minimuwmater temperatures at the property
line often cooled to water temperatures lower ttase of the diffuse spring flow;
however, after that time, minimum temperatureatgroperty line rarely cooled to the
maximum temperatures reached by the diffuse smystem. From June to September,
water temperatures from Hole in the Ground Crealeeded those in the diffuse springs.
During this time, vegetation growth in the diffuggring system increased to cover the
entire channel (Figure 7a-c). This cover lasted tadt, when Hole in the Ground Creek
was no longer diverted into the irrigation pipe amstead flowed into the diffuse springs
system. The combination of the increased flow vauoombined with seasonal
vegetation senescence, likely reduced cover agrifited in Figure 7c. After October 1,
when Hole in the Ground Creek flowed into the diffispring system, water
temperatures in the diffuse springs were consistardrmer than those measured at the
property line. This indicates that in the wintére diffuse spring system was relatively
warm compared to Hole in the Ground Creek.
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Figure 6. The temper ature difference between Hole in the Ground Creek at the property line and in the diffuse
springs. The zero lineindicates that water temperaturesin the two waterways are equal at that time.

Figure 7(a—). Progression of vegetatin grown and eﬁoenoein the diffuse springsfrom (a) 19 May 2009, (b)
25 June 2009, and (c) 19 February 2010.
Conclusions and Recommendations

Hole in the Ground Creek surface water seasonaltyributes warm waters to the Shasta
River. Management of this water for irrigation posps and minimizing thermal impacts
associated with return flow and tailwater may lpFuwdent action. Tailwater from
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pastures LS6 and LS7 mixes with water flowing frdiffuse springs prior to reaching

the Shasta River. The diffuse springs have a distirermal signal from the Hole in the
Ground Creek at SBSR’s property line. These spriligsot exhibit the same heating and
cooling trends as the surface water and maintagtadively constant diurnal signal and
daily mean temperature through the summer. Whenstgnal is disrupted, likely the
disruption is due to commingling tailwater that rifigs the springs’ natural signal. The
source of these springs is unknown, but may beosehgrecipitation recharge of
shallow groundwater that surfaces on the channgjjimg subsurface return flow from
Hole in the Ground Creek from local irrigation piiees, or other sources. Flows and
temperatures appear to persist in the springs ghrthie summer season; however, more
data are needed to determine if this is a potetitemal refuge for anadromous fish (e.qg.
coho salmon).

Field monitoring suggests that tailwater returmflas well-managed during summer
2009. An additional monitoring element that woaksist in assessing the impacts of
Hole in the Ground Creek water use and thermal gemant would be to track the
irrigation schedule and rotation to identify wheater is diverted. An example of a
record sheet is provided at the end of this docurfiable 1). Furthermore, investigation
of the water source for the diffuse spring systbougd also be made to determine the
inter- and intra-annual persistence of the diffsigengs and their potential as thermal
refugia.
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Table 1. Example format for irrigation datalog.

IRRIGATION SCHEDULE DATA SHEET

Irrigator Rotation Date
Begin End
Method _ flood/fixed line/wheel line/center piv___ ot
Pastures
Waterway Pasture Irrigation start Irrigation end
date date

BS1
BS2
BS3

Big Springs Creek
BS4
BS5
BS6
LS1
LS2
LS3

Little Springs
Creek LS4

LS5
LS6
LS7

Hole in the Ground LS6

Creek [S7
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