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ABSTRACT
EFFECTS OF CONJUNCTIVE USE ON STREAMFLOW AT THE TAMARACK &TE

WILDLIFE AREA, NORTHEASTERN COLORADO

The Tamarack Recharge Project in northeastern Colorado is intended to augment the
streamflow of the South Platte River by 10,000 acre-feet between April arefribeptto
increase aquatic habitat for four federally threatened or endangered birdrasgeties in
Nebraska. The project goal is to retime surface water flows by pumping unagiecptuvial
groundwater into a recharge pond where it infiltrates and returns to the roveticat low flow
periods. Retimed surface water flow will help maintain critical hafbtatative aquatic species
by increasing streamflow without harming water rights holders.

To evaluate the effects of this managed groundwater recharge on streamfevouth
Platte River, the hydrologic environment was characterized and quarttifeedjb streamflow
monitoring, water table elevation mapping, and a groundwater tracer study.

Stream discharge measurements were taken at 4 cross sections on the SewRivetat
Two cross sections were considered upgradient of the recharge pond and two weradiewwt
of the recharge pond. The mean flow of the upstream cross sections was 2.64 cubicemeters p
second (cms) compared to 2.66 cms at the downstream cross sections, which was not a
significant difference.

A fluorescein tracer study was used to estimate groundwater traesladma hydraulic
conductivity. Based on the arrival time of the breakthrough curve at different piezentiee
mean hydraulic conductivity was estimated to be 331 m/d. Using this valuetithated return

time to the South Platte River at 4 cross sections ranged from 92 to 534 days.



Measurements of discharge and water table elevations suggestingniaaadlaProject
did not produce a measureable increase in streamflow in the South Platte Rivetrautarget
period are not indicative of project functionality. The annual volume of water pumpétient
recharge pond was 1% of the annual yield of the South Platte River. While the volunuenof ret
flows did not produce measureable results in the river, data from the traceastuilystream
vertical hydraulic gradient data indicate a gaining stream condition durirfiglithed a losing
stream during the winter and early spring. Potential source(s) of grotandisscharging to the

stream include the recharge pond and irrigation return flows and warrant fauther s
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INTRODUCTION

The State of Colorado faces the difficult problem of increasing competition fer wa
from expanding urban centers, traditional agriculture, and non-consumptive usggyaise
environmental concerns (Fredericks and others 1998). Colorado is considered @dsemi-a
environment, characterized by low precipitation and high potential evapotraiospirAs a
result, rapid human population growth and heavy agricultural activity during thegquaisry
have strained water resources in the region (Blomquist and others 2004). Shorsagixef
water supply often initiate the development and use of groundwater (Safavi arsd®2&h@y.
Conjunctive use is the management of ground and surface water resources irt &m effor
maximize total water supply. The benefits of a conjunctive use systehbegause of the
nature of the resources. Surface water has lower delivery and extreasis, but is subject to
variability in supply. Groundwater, though more reliable, is more expensive to pump gilionta
and others 2010). The challenge with conjunctive use is to understand the response of both
surface and groundwater systems to avoid major water deficits.

The Prior Appropriation Doctrine regulates water use in the majority of Sostinne
states. The doctrine allocates water based on seniority, or “first in tistén fright.” The first
person to use the water acquires a senior right to its future use against lata@gror |
appropriators (Leaf 2005). The Doctrine also applies to tributary groundwatesr that
hydrologically connected to surface water systems (Blomquist and @ted). However,
water law governing groundwater is more difficult to administer due tooitmplexity of
groundwater movement in unconfined, heterogeneous, aquifers (Gehman and others 2009). In

Colorado, the urban and agricultural areas are located in the arid plains bafRo€ky



Mountains. Water demand is met through a combination of native surface flows, staface
projects, and groundwater.

The South Platte River is the major water supply for northeastern Coloraduoy(Sarad
others 1999). The river originates in Park County Colorado, where it flows 725 km eaghthr
Denver and travels northeast into Nebraska into the Platte River. Downstoeaiddnver, the
South Platte River is underlain by an alluvial aquifer that ranges from 20-&0@ taickness.
The unconfined aquifer is estimated to hold approximately 8.3 million acre feetagestor
(Freeman 2010).

The South Platte River system has a snow-melt hydrograph, meaning peakatoucd
in late spring. However, the largest water demand occurs during the suromigiggseason
when the river naturally runs low (Beckman 2007). As a result, the South Platte Riven&zas
become a complex system of canals, diversions and other hydrologic modifidaéibhas been
described as an elaborate plumbing system (Strange and others 1999). Ang@pvbrerately
70% of off-stream water is used for irrigated agriculture on the eastens,piaarly two-thirds
of the population of Colorado lives on the Front Range (Strange and others 1999). As growth
continues along the Front Range, water managers must find ways to meet thd.dema

Flow regulation may adversely affect riparian and aquatic speciezglkand others
2009). Currently in the Platte River Basin, three species are listed aslyeeleidangered
including the pallid sturgeon, whooping crane, and interior least tern while the pipingiplover
listed as threatened (US Bureau of Reclamation Service 2006). Sever#irstatened and
endangered minnow species are also listed on the lower South Platte River ai@oioluding
the brassy, plains, and suckermouth minnow, northern redbelly dace and common shiner

(Colorado Division of Wildlife 2011). To meet the required terms of the Endangered Species



Act, as well as meet agricultural and municipal demands, Colorado enteréoeifithree States
Cooperative Agreement of 1997 with Wyoming, Nebraska, and the Department of tioe Inte
(US Bureau of Reclamation Service 2006). By 2006 the Platte Recovery and Imiplgone
Program was established to address issues related to the EndangeredAspeciésntral
Nebraska through management of certain land and water resources followingahpepof
adaptive management. The three main goals of the group are to 1) increase flowenirdde C
Platte River Basin during times of high demand 2) enhance, restore, and protettdrahita
three listed bird species and 3) accommodate new water-related activiteegoal of this
statute is to increase in-stream flows that are thought to increasd fattitaeatened and
endangered species, as well as accommodate new water-relatega¢@atorado Division of
Water Resources 1999).

The US Fish and Wildlife Service (USFWS) analyzed 50 years of flow dated?ldtte
River (1943-1994) to quantify the shortage of critical habitat and concluded that Hseae w
417,000 acre-feet water deficit per year (Freeman 2010). In addition to volum&RNeéS)
placed a high priority on pulse flows, or flows of large magnitude. Pulse flows dat@ngpring
and early summer maintain the physical and biological integrity of the ywseduring
vegetation and moving sediment to maintain a shallow, wide and braided planform (Johnson
1994). Furthermore, the pulse flows should coincide with the timing of the historic peak flow
between 20 May-20 June (Freeman 2010).

Habitat suitability criteria, also known as habitat suitability indi¢€SI), have been
developed for several fish species over a variety of stream systems.t Eldiieita for a
particular species are usually specified in terms of water depth, cuetenity, and substrate

type (Hubert and Rahel 1989). Habitat data are used to model aquatic habitat &sradéinc



stream discharge, such as the Instream Flow Incremental Methodoldgy (tledel used by the
USFWS (Conklin and others 1996). By increasing stream flow during the Igpiicads, the
Tamarack Project is predicted to increase habitat for aquatic species.

Under the Three States Cooperative Agreement, Colorado agreed to deliver 10,000 acre-
ft of water to the Nebraska border between April and September. This is actwmdph part by
the Tamarack Ranch Project, located on the lower South Platte River in Coloradoojétie pr
aims to augment surface water flows in the river during critical low fieriods. This maintains

critical habitat for aquatic species without harming water rights ho{leeeman 2010).

Managed groundwater recharge

Flow augmentation projects utilizing managed groundwater rechargeaseave
management tool for the conjunctive use of groundwater and surface wate2 (&t
Managed groundwater recharge projects, or the practice of augmematergsupplies, may also
be called managed aquifer recharge (MAR), groundwater banking, aagofenishment, and
artificial recharge. Artificial recharge systems may serveai@ svater, improve water quality
through geopurification, reduce saltwater intrusion or land subsidence, and augrmadigter
resources (Bouwer 2002).

Reclaimed water will likely become a large portion of source watdra future.
Utilizing artificial recharge water raises water quatibncerns, especially when water is used as
a drinking source, so it is important to understand the fate and transport of potentiaicamis
near recharge sites. Results of detailed water quality studies néaopkkations have shown

that the most important hydrologic parameters are travel time andadistes a large number of



potential contaminants (organic compounds and microorganisms) are naturally removed or
become inactive with time and distance in the subsurface (McDermott and others 2008).

Surface artificial recharge of groundwater requires a permeablgltapd a semi-
permeable to permeable soil in the unsaturated zone to provide sufficientflave@umar
and others 2009). There are a number of different designs, including injectioaneells
recharge ponds (McDermott and others 2008). Fundamental issues concerning thenefésctive
of managed groundwater recharge projects include the hydrogeology and emginee
considerations of site evaluation, recharge method and clogging, soueceswadly, water
guality, and the potential impairment of the aquifer and native groundwater supide(ivott
and others 2008).

Field studies investigating alluvial exchange have used tracers ab@t@estimate
residence and travel times within an aquifer. Stable isotopes oxygen 18,wteutetium, and
chloride have been used in various semi-arid and arid regions (Kumar and others 2009). These
tracers are useful in understanding the origin of water, particularly gretedwecharge (Zhang
and others 2010). Other studies have used SF6 (sulfur hexafluoride) where initi@eand m
arrival times of the tracer can be determined by evaluating plots of cataanirs. time,
commonly called the breakthrough curve (Clark and others 2005; McDermott and others 2008).

Several techniques exist for quantifying groundwater recharge. The meffedid®n
the goals of the recharge study, available data, and space/time Sdsedifferent methods are
generally divided into 3 groups including physical estimates (water budgeogngph
separation, etc), tracer studies (isotopes and dyes), and numerical modelhgn(8cd others

2002).



The effectiveness of artificial recharge systems depends largéhg orature of the
groundwater-surface water interaction. This interaction is influenceedlpgy, climate, and
topography. Groundwater moves along flow paths as part of a flow system. Thgdtem s
can be divided into local, intermediate, and regional systems. Local sysfem® water that
discharges into a pond or stream, whereas a regional flow system dischergesjor rivers,
lakes, or oceans. An intermediate flow system is driven by topographic difereetween the
recharge and discharge areas (Sophocleous 2002). Areas with high topographiavelie
dominant local flow systems, while flat areas have dominant intermediategadal flow
systems.

The river-aquifer interface (RAI) can strongly influence dischargkracharge
processes. This stems from the fact that this area often has signifdiffatignt physical
properties than the surrounding aquifer (Tellam and Lerner 2009). Differenezbnrest
deposition in the active channel can lead to layers of low resistivity and hgdrantiuctivity in
a course alluvial system (Heeren 2010).

Gravity is the force that drives groundwater through aquifers. Groundwater pgssess
potential energy, which it converts into thermal and kinetic energy as it flowssttyve
(Kasenow 1997). Groundwater studies measure groundwater in terms of head, viiach is t
elevation of water in a well relative to some datum (usually sea level)l hEatd is the measure
of elevation head, pressure head, and velocity head. This is summarized in the iBernoull
equation, which states that under conditions of steady flow, the total energy obmpiassible
fluid is constant at all positions along a flow path in a closed system (Se@éx

P V?
H=—+-—+z
Y 29

1)



Where H= total head= specific weight of water; V= velocity of flow; g= acceleration of
gravity; z= elevation above a certain datum. Because groundwater gemeredls at a slow
rate, the velocity term is much smaller than the other terms, and is considdigitleeg

Dropping the velocity term gives:

(@)

For a fluid at rest, the pressure term is equal to the weight of the water tpaoagisectional

area:
P =vyhp
3)
Where hp= pressure head. Substituting Equation 3 into Equation 2 gives:
H=2z+hp
(4)

meaning that the total hydraulic head (H) is equal to the elevation head gmdst@re head
(Fetter 2001).

Groundwater studies often utilize piezometers and water table wells. atatewells
measure the static water level. Piezometers are pipes inserted igtouthd with openings at
the top and bottom so that water can only enter the piezometer at that partigtilar de
Piezometers measure the hydraulic head at a specific point in the ageifer 2001). A group
of piezometers at differing depths, or nested piezometers, can be used tongetteemnertical
hydraulic gradient. For an unconfined aquifer, the potentiometric and statidevetieare

equal.



The recharge process involves the growth of a groundwater mound below the spreading
basin (Freeze and Cherry 1979). The magnitude and timing of return flows from managed
groundwater recharge depend on the alluvium properties and the distance betwecmatige
area and the river (Watt 2003). These values are rarely static. @lué adlivial exchange for
areas such as the South Platte vary temporally and spatially (Sjodin arst2@®&y. The time
of year determines discharge rates (with highest flows in the spoimgsinowmelt runoff) and
pumping rates. Exchange will differ from reach to reach due to differencegatian return
flows and differences in alluvium and channel morphology (Sjodin and others 2001; Kndnar a
others 2009).

Groundwater pumping can have significant effects on groundwater and surface wate
movement in unconfined aquifers. Pumping can increase the hydraulic gradientreathe a
surrounding the well, which increases groundwater velocity and may altediflegtion
(Anderson and Woessner 2002). The magnitude of stream/aquifer interaction during pumping
depends on streambed hydraulic conductivity, as streambed conductivity can be up to three
orders of magnitude lower than aquifer conductivity (Fox 2004).

There has been extensive research on the development of groundwater mounds below
waste disposal ponds and sanitary landfills. In studies where model predictionsrdatciot
field data predictions of groundwater movement, the difference was tdttituthe buildup of
silt and clay in the spreading basin, and/or growth of microbial organisms thabelsgil pores
(Freeze and Cherry 1979). Other studies ascribed the difference to the heleiofaturated
zone in groundwater movement, as models generally neglect flow behavior in theaiada

zone (Anderson and Woessner 2002).



Several methods exist for quantifying the impact of pumping and recharge anitige ti
and volume of river depletions. The mathematical flow equation for two dimensiowahfan
unconfined aquifer is defined as:

0%h 0%h
(T (W + a—yz) + Q)

ok
at

S =

(5)
Where T=transmissivity @t); h= potentiometric head (L); Q= net groundwater withdrawal per
unit area (L/t); S= storage coefficient{); and t= time.

The three most common methods for solving the flow equation are the Glover method,
the Stream Depletion Factor (SDF) method, and finite difference numeréthbds (Fredericks
and others 1998). These analytical and numerical methods, respectivelytessamaent
stream depletion in unconfined aquifers due to ground water pumping and measure stream
accretions from managed groundwater recharge projects (Miller and 2@@ats

Water rights decisions are based on analytical solutions that often oveishgsical
conditions (Fox and others 2002). The Colorado “Amended Rules and Regulations for the South
Platte” of 1974 states that all effects of ground water pumping and streaticacshould be
measured with the Glover formula, or other accepted engineering formula. Hakhe@over
method assumes an ideal aquifer, or one that has a fully penetrating spieeaeable
streambed, and a semi-infinite, homogeneous isotropic aquifer (Jenkins 1968).

The Glover method is based on Theis (1941) for confined aquifers:

% \
q= Ef exp (—a sec? u)du/ Q

T
0



(6)
Where g=discharge contributed by a strearfi{)iu= a2S/(4Tt) (dimensionless); a=effective
distance between pumping well and recharging stream (m); S= aquifer stoeffgzent
(dimensionless); T= transmissivity tfs); t= time since the start of pumping (s).

The Glover equation expresses Equation 4 as a complementary error functias. It w
developed for confined aquifers, but can be used for unconfined provided that the ratio of
drawdown to saturated thickness does not exceed 25%, and the storage coefficiast remai
constant. The Glover equation relates the stream depletion rate (q) to fee @guping rate

(Q) (Glover and Balmer 1954):

(7)

Integrating Equation 7 gives:

v=/ a_2+1 erfc ‘ \— ‘ \<i>exp _a_Z \Qt
) ) )

(8)
This relates cumulative stream depletion volume (v) to cumulative pumped volume (Qt)
Since 1985, the predominant method for measuring net stream effects on the South Platte
River has been the SDF method using United States Geological Survey (U§@&Spraccount
for non-ideal conditions, such as non-permeable boundary layers (Miller and2i@&js The
SDF was developed by Jenkins (1968) to quantify stream depletion by wells in non-ideal

aquifers (Bredehoeft and Kendy 2006). SDF has units of days and represergdithe far

10



recharge to return to the river. Mathematically the SDF represents theienethe cumulative
stream depletion volume is 28% of the cumulative pumped volume. The SDF method calculates
return flow to the river based on Glover’s analytical solution for a well nea@anstbut uses a
numerical groundwater model to account for varying aquifer properties and bouoddityonis

(Miller and others 2007).

In a mathematically ideal aquifer, the SDF is determined by:

a2
SDF = T
S
(9)
Where a= distance from the pumped well to the stream; T= transmissi/t)y 8= specific
yield of the aquifer. Plugging Equation 8 into Equation 6 and 7 gives:
_ SDF
q=|erfe| [5-]]|@
(10)
And:
_ (SDF 4 1) SDF SDF ( 2 ) < SDF)
V2 erfel [a 4t | \V) P\ T4t ¢
(11)

Analytical models predict system changes based on mathematical, oicahalyt
equations. In groundwater models, they generally assume a homogeneous porousamedium
one or two-dimensional flow. With the exception of well hydraulics, analygmations are not
adequate in predicting aquifer behavior in heterogeneous conditions (Freeze apd €T&xr

Therefore, numerical models are often used because they can accounefoariaility

11



(Anderson and Woessner 2002). However numerical models of stream/aquifessgsfeire
estimates of leakance or conductance, which is a function of the streambaalibydr
conductivity (Fox and others 2002).

Considerable research has focused on improving analytical models for strefen/aqui
interaction during pumping. More recent advances in groundwater modeling useahnalyt
solutions that can include the effects of the streambed layer and streainpestration (Fox

2004).

Water Development in the South Platte River Basin

The South Platte River Basin is a heavily studied area due to the high demandfor wate
as well as the number of hydrologic modifications that have been made to thaVier.
development began in the 1840’s with irrigation canals and ditches (Strange and others 1999)
Flows were quickly over-appropriated during the summer months due to the discovey of gol
near Golden in 1858 (Johnson 1994). Between 1885 and 1930, several off-channel reservoirs
were built to catch spring runoff to meet the demand during the summer months. Groundwater
pumping and trans-basin diversions began in 1930 (Strange and others 1999).

The flow record for the South Platte River begins in 1901 in Kersey, several daftades
water development began (Johnson 1994). While there are no flow records that pratelate
development in the South Platte, records over the past century show significatibaken
flow regime (Kinzel and others 2009). For example, during the 1920’s irrigation rkstws f
significantly increased summer base flows in the South Platte, shiftinggéinéram a losing to

a gaining stream (Strange and others 1999; Watt 2003).

12



The South Platte River was historically a wide braided channel with spgs@aten
and a highly mobile floodplain (Strange and others 1999; Kinzel and others 2009). Various
anthropogenic influences, most notably reduced peak and annual flows, have afjetativee
and aquatic species composition and hydrologic processes (Johnson 1994; Strange and others
1999). Serial aerial photographs reveal significant changes in channel morpivdodlye past
century (Kinzel and others 1999). The channel transformed from a braided into a mganderin
anastomosed, and narrowed planform. The disappearance of scouring flows allovetibrege
to grow along channel banks and sand bars that has stabilized the floodplain. Tes ahan
channel morphology and bed material size decreased habitat availabilityiferatpatic
species (Warner 1986).

Woodland expansion in the South Platte began in 1900. By 1930, vegetation occupied
most of the former channel area of the North and South Platte Rivers and wasrexpaodhe
Platte River. The rate of woodland encroachment is determined by thies facluding early
summer flows, summer drought, and ice (Johnson 1994).

Current hydrologic characteristics in the South Platte are dependent omdawdtar
use. Upstream of Denver, most of the flow is diverted for municipal use, or storettin wa
supply reservoirs (Johnson 1994). As a result, the water downstream of Denver is prietipmina
wastewater effluent, with the exception of high-flow periods in the sprimgn@: and others
1999). Further east, the stream is comprised of groundwater return flows from agicukas.
There are currently 60 off-channel reservoirs, with a total storageitsapb2, 756,425 acre-ft
(Johnson 1994). Eight major trans-basin diversions provide an additional 377,396 acre-ft to the
South Platte River Basin (CWCB 2006), which is approximately 25% of the total dluwal

(Johnson 1994).

13



The South Platte River Compact of 1923 between Colorado and Nebraska mandates that
if the river drops below 4 cms (120 cfs) at the CO-NE border between Amild October 1%
Colorado must cease all diversions to water rights holders junior to June 14, 1897t(8athnet
Howe 1998). Flows are not regulated by this statute for the remainder of the yea

Groundwater pumping from the South Platte alluvial aquifer was started bgréawith
low priority to surface water rights. By the late 1960’s, sustained groundpatgsing resulted
in a decrease in water table elevations and decreased seepage into thearwer {886). This
prompted the passage of the Groundwater Management Act of 1965, which provided & templat
for governing groundwater in Colorado (Blomquist and others 2004). The passage oféehe Wa
Rights Determination Act followed shortly after in 1969. This Act integrated groatedw
existing surface water adjudication and administration system, aasy@lbvided incentives for
stream augmentation. Augmentation serves as a tool for junior water righesshtol protect
their water from senior holders (Blomquist and others 2004).

Artificial recharge in the Lower South Platte Basin started in the 1970’sgarLo
County. The South Platte Ditch was the first ditch company to develop and utitegutated
flow accretions to the South Platte River resulting from artificial regghanto an off-ditch
recharge basin. Currently, there are numerous ditch and reservoir companiegatiies,
water districts, and private individuals that average over 40,000 acre feet of amatsbds to
recharge in annual river accretions of 14,000 acre-feet (Leaf 2005).

In 1975 the State Engineer instituted additional regulations specificallydondwater
in the South Platte Basin, stating that water users could continue to pump groundteter if
developed a successful augmentation plan (Warner 1986), which prompted the stant aevate

organizations such as the Ground Water Appropriators of the South Platte (GASP).isGASP

14



river augmentation organization that initially used membership feesjimuor well owners to
lease shares of water from ditch companies and reservoirs, and irrigatids ftoediirrigation
districts (Blomquist and others 2004). This allowed junior water rights holders to pumip out
priority without harming senior appropriators (Freeman 2010). However, the drought of 2002
prompted a court case in which the Supreme Court ruled that augmentation plansfitedst be

with a water court (Blomquist and others 2004).

Tamarack State Wildlife Area

Per the Three States Agreement, the Tamarack Ranch project aimeasénstreamflow
in the South Platte by 10,000 acre-ft between April and September (Freeman 2010). The
Tamarack Project is managed by the South Platte Lower River Group (SPLR&rolipes a
coalition of water users and governmental agencies formed to preserve exagngses and
enhance streamflow and water-related wildlife habitat. The major fodhe cbalition is to
identify and develop managed groundwater recharge projects, using theadlasite as a pilot
project (Colorado Division of Water Resources 1999). Recharge sites are cheskarbteeir
capacity for wetland habitat preservation or creation, as well as kiéy to enhance in-stream
flows. Sites that are effective in increasing in-stream flow voluméveeceedit in the Platte
Basin Endangered Species Program (USGS 2002).

The Tamarack project utilizes 10 wells to pump unappropriated groundwatehfom t
alluvium adjacent to the South Platte River during winter and early spring motalssrecharge
pond located approximately 1500 m away from the river (Miller and others 2007). Tdre wat
infiltrates the soil and returns to the river at a later date. The streantiatefdetor (SDF) for

Tamarack ranges between 60 to 270 days, though the uncertainty in the SDF can tuass hig

15



30% in narrow aquifers like the South Platte if boundary effects are not cpesitthated
(Miller and others 2007).

There has been a growing demand for an upgrade in current technology to manage
conjunctive use in the South Platte River Basin (Garcia 2001). Decision supponss(B&S)
is a computer based system that allows water managers to use data andarsotiedsproblems
(Fredericks and others 1998). Northern Colorado Water Conservancy DistriGiNuges the
Integrated Decision Support Group - Alluvial Water Accounting System (IDS-8Wa
calculate river depletions using the effective SDF option at the Tamatacktiwever, they
will transition to the Glover alluvial aquifer or Unit Return Flow (URF) optiothviactors
developed from the Colorado Division of Wildlife (CDOW) Modflow model (Personal
communication, 2010, John Altenhofen of NWCD).

The Lower South Platte River Basin has been heavily studied over recent decades
Several studies have examined the effects of managed groundwatereerhauwgface water
guantity and quality on the lower South Platte River at the Tamarack sitérenstate of
Colorado owns both the land and the water rights (Freeman, 2010). The two main components
of the Tamarack study area are the surface water in the South PlattarRitbe groundwater
in the alluvial aquifer (Fox 2004). Field investigations, analytical models, and mahrmaondels
have all been used to estimate residence times in the aquifer and travigrdirec

An artificial recharge experiment was carried out at the TamarackhRad®79, which
found high infiltration rates that in turn increased the rate at which groundstaitege was
recharged (Warner 1986). The USGS developed a calibrated groundwater flow model in 1985
for the Tamarack to predict the effects of increased groundwater pumpifigaarecharge,

and river diversions (Burns 1985).
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Measuring changes in gravity over time was used to estimate @asiati groundwater
mass associated with a rise or fall in the water table at the Tamam@kealitman and others
2009). Negative gravity differences were found between the base sperapdhg sites, while
positive gravity differences were found at the recharge pond. Thesewldgésrcorrelated well
with changes in groundwater mass. Gravity data was used to estimatie ypdi(S)) of the
aquifer and water table changes.

Another study utilized electrical resistivity to delineate thredigtephic layers with
distinct geophysical characteristics (Poceta 2005). The layers iredlida sand, alluvium, and
bedrock. One survey line suggested the presence of a paleo-channel that mageinflue
groundwater flow.

The predictive performance of analytical solutions for unsteady strealetida were
analyzed using field data from a stream/aquifer test at the Tamaa¢kesx 2004). The
estimated drawdown, aquifer transmissivity, and streambed conductivityafpamping test
were compared to four different analytical solutions (Hunt 1999; Butler and othersF2001;
and others 2002; Hunt 2003). Measured drawdown, transmissivity, and conductivity obtained
from the four models matched field estimates of these parameters wittcéptien of early
time drawdown response. Hunt (2003) was the only model to accurately predict thd delaye
yield response. However for long-term water management, the anagiictions predicted by
Fox (2002), Hunt (1999), and Butler (2001) would be appropriate since delayed yield akects
not a concern (Fox 2004).

Water quality analysis has been used to illustrate groundwater movement atiéueack
site. One study found that groundwater chemistry varies over time and spaaheifigry of

the alluvial aquifer of the lower South Platte is predominately calcium andorete while the
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river is predominately sodium/calcium and sulfate (Watt 2003). As the Tanyaaect
continues to pump, the study predicts that alluvial aquifer water quality will teefunfluenced
by surface water quality. Another study used the distinct chemical sigaaif groundwater
and surface water to quantify the amount of mixing between the two source \Batks1&4n
2007).

Despite this research at the Tamarack site, the hydrology of the am@akgphe
dynamic interaction between surface and subsurface flow, remains rglatikelown. To
evaluate the effects of managed groundwater recharge on surface wates,ible

hydrologic/hydrogeologic environment must be better characterized.
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HYPOTHESIS

The Tamarack Project produces a measureable increase in streamflowantth®I3tte

River between April and September.

STUDY OBJECTIVES

To determine if there is a measurable increase in streamflow due to mhanage
groundwater recharge, the following five objectives were accomplishéte(Ta

1. Physically measured streamflow rates at four cross-sections onutie8atte River
within the Tamarack State Wildlife Area during periods of pumping and non-punaping t
determine streamflow augmentation.

2. Surveyed the channel morphology at these four cross-sections durirgdspeitio and
without flow augmentation to measure any changes in stream depth.

3. Used nested piezometers at four cross-sections and water tabtmefram existing
piezometers to measure vertical and horizontal groundwater gradients.

4. Conducted a fluorescein tracer study to characterize groundwater movddyentvas
placed in the recharge pond and monitored in a network of piezometers to estimate
groundwater travel time.

5. Measured the vertical hydraulic gradient at four cross sections withgtrégmbed to

guantify groundwater contribution to streamflow.
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Table1l: Timeline for study objectives

Objective Timeline
1. Streamflow September 2010 — September 2011
2. Channel morphology September 2010 — November 2010
3. Groundwater flow April 2010 — March 2012
4. Groundwater tracer study May 2011 — September 2011
5. Groundwater contribution to September 2011 — March 2012
streamflow
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MATERIALS AND METHODS

Site description

The Tamarack Recharge Project began in 1997 (Watt 2003). The Tamarack Ranch is
state-owned land within the South Platte River Basin located in Logan Countyroeky C
Colorado (CO), approximately 50 km northeast of Sterling, CO (Figure 1). Ehmosisists of
22 piezometers, a minnow stream, and two recharge ponds (Miller and others 2008) ZFig
The physical pond location was chosen based on the stream depletion factor (SD%) agaye
(Figure 3) (Hurr and Schneider 1972). The ponds are full during times of pumping, which
generally operate from December to April (Table 2).

The South Platte River at Tamarack is a braided stream with allupiasitke of clay, silt,
sand, and gravel. Past studies showed that changes in stream stage prashs®Egla st
change in water table height, suggesting the alluvial aquifer is highly ¢edrte¢he streambed
(Sjodin 1998).

The hydrogeology of the Tamarack site is complex. Tamarack is undeylain b
Oligocene-aged Brule Shale that consists of fine sand, silt and clay, and adeposts of
gravel and sand (Poceta 2005). The South Platte alluvium is a highly conductive sandwith s
reporting hydraulic conductivities of 60-200 m/d (Johnson 1994; Fox 2004; Miller and others
2007). The alluvium depth ranges from 1 m at the river valley edge to 100 m underneath the
river (Beckman 2007; Gehman and others 2009). The alluvium covers approximately @ne-thir
of the northern part of the site. The southern two-thirds of the site is composed dfezkgeta

eolian sand dunes (Gehman and others 2009).
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Table2: Pumping volumes by year and month into the Tamarack recharge pond (acredesipél communication, 2010, John
Altenhofen of Northern Colorado Water Conservancy District; Personal comationic2012, Levi Kokes of Colorado Parks and

Wildlife).
Water
Year | Oct Nov Dec Jan Feb March | April | May |June |July | Aug | Sept | Total
1997| N/A N/A N/A 0| 190.6| 210.2] 197.1 62| 232.5| 93.4 0 0 985.8

1998 6.3 0.0 0.0 76.3] 175.3] 211.8] 200.7| 205.8] 199.7] 8.7| 0.0/ 0.0 1084.4
1999 0.0 0.0 0.0 0.0] 133.1] 207.0] 172.1] 209.9] 215.8{179.1] 0.0/ 0.0] 1116.9
2000 0.0 0.0 0.0 191.4| 584.1] 565.9| 518.2| 4134 0.0, 0.0 0.0] 0.0 2272.9
2001 15.2 0.0 0.0 290.6] 533.1] 610.9] 580.5| 501.1] 374.8] 91.5| 0.0/ 0.0 2997.7
2002 0.0 0.0 0.0/ 98.5| 404.7| 4ve.7| 1875 0.0 0.0, 0.0f 00| 0.0 11674
2003 0.0 0.0 0.0 74.0] 347.9| 3426 0.0 0.0 0.0 0.0] 0.0f 0.0 7645
2004| 40.2 0.0] 200.0f 254.2| 392.9| 403.5 0.0 0.0 0.0/ 0.0 0.0] 0.0] 1290.8
2005 59.3] 119.0 0.0 0.0| 108.6] 455.6 0.0 0.0 0.0f 0.0] 00| 0.0 7425
2006 0.0] 269.3] 96.2 0.0 0.0 0.0 0.0 0.0 0.0 00| 0.0f 0.0 3655
2007 0.0 0.0 99.8 0.0 0.0 344.2 0.0 0.0 0.0f 0.0f 00| 0.0 4440
2008 0.0 0.0 0.0 417.7] 572.4| 593.6| 202.7 0.0 0.0f 00| 0.0f 0.0 1786.4
2009 0.0 0.0 189.0f 527.0/ 457.5| 517.6] 530.7 6.7 0.0, 0.0] 0.0] 0.0] 22285
2010 0.0 0.0] 551.1] 547.5| 387.1] 528.3 0.0 0.0 0.0 0.0] 0.0f 0.0, 2014.0
2011 0.0 0.0] 539.8] 696.2| 649.4| 668.0] 241.1| 124.0 0.0/ 0.0] 0.0] 0.0 29185
2012 0.0 0.0/ 803.1] 679.4| 676.9] 716.4| 575.9] N/A 0.0/ 0.0 0.0] 0.0 3451.6

25



Previous studies identified the presence of a paleo-channel running pardiihctive
channel. A depth to bedrock contour map of the Tamarack Area identifies the prestece of t
channel (Hurr and Schneider 1972; Poceta 2005) (Figure 4). The channel, which is 40-45 m
deeper than the adjacent bedrock, may be a former channel of the South Platf8URnge
1985). However, the dimensions of the channel are difficult to define because theyedrerbas
only 15 well logs on two transect lines located eight km apart (Poceta 2005).

Since 1997, water table elevations have been measured from a network of 22 piezometers
and two abandoned irrigation wells, and water quality samples have been ddtieti¢he
recharge pond, four sites along the South Platte River, and two sloughs. The piezaraete
separated into three groups based on their stratigraphy of eolian sand, allidwghale (Table
3). The piezometers are of variable depth and occasionally screening inteels They
were not designed for this study specifically, but were rather placeuditial groundwater

modeling efforts.

Streamflow and stream depth

Streamflow and stage were measured at four stream cross sections$ABdn the
South Platte River between Crook and Red Lion, CO (Figure 2). Data from ectess 1 and
2, which were considered upgradient of return flows, were compared to downgradisnt cros
sections 3 and 4 to determine augmentation. Cross sections 1 and 2 were chosen as the control
based on previous studies that showed flowpaths of the return water did not affectlthe Sout
Platte River upgradient of the recharge pond (Beckman 2007). Cross section sitgsosene

on straight, single channel portions of the river that were free of backwaiese Cross
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Table 3: Monitoring well information (personal communication, Pete Conovitz, Colorado Parks
and Wildlife, 2010). See Figure 2 for piezometer locations.

Sample group Site name Total depth (m)
Shale piezometers
T13d 60.7
T3 10.2
T13s 13.4
T15 95
Eolian sand T16 10.5
piezometers T17s 13.1
T18s 14.2
T19 13.2
T17d 21.2
T18d 19.6
TS5 7.3
Alluvium piezometers T6 4.0
T8 4.4
T9 3.9
T11 4.5
T12 11.4
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Figure 4: Geologic cross section of Tamarack Ranch based on eight boring logs east of
Tamarack Ranch. Approximate location of recharge pond and South Platte Rivervaneos
map. Vertical exaggeration is 40:1. (From Poceta 2005).
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sections were also chosen based on accessibility and homeogeneity (no major @tstafdie
cross sectional profile. Streamflow measurements were conducted usa®)sti®@amflow
gauging techniques to determine instantaneous streamflow rates (Buchdr@&omeers 1969).
Discharge was measured with the FlowTraCksr SonTek. Stream depth was measured at each
cross section with channel surveys using L®to#al station equipment. Horizontal
measurements were taken at 0.35 m intervals, while vertical measurementakea at 0.01 m
intervals.

A Student’s t test was used to identify statistical differencesdagtwhe cross sections

upstream and downstream of the recharge pond. Variance was estimated using:
s = (ﬁ) Ya=1X7=1 Xie1(Yaji — Yaji)
(12)
Where &=variance; n= number of terms; m=number of means; d=date; j= sample group;
i=replicate; Y= discharge value. This equation subtracts the average npatr@aownstream
discharge from the cross section-specific discharge for each measudateent hese values are

summed and multiplied by the number of means subtracted from the number of terms. The

variance was used to calculate the t value for n degrees of freedom:

Vig— VY.
t(ndegrees of freedom) = (1615—2‘1)

(13)
Where t= t-valuey; ;= average upstream discharjg;= average downstream discharge. The
null hypothesis () is that there is no significant difference between the means of theampstre
and downstream variable (Personal communication, 2012, Dr. Mary Meyer of Colorado Stat

University).
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Groundwater flow

Groundwater flow direction was determined through groundwater elevation data
measured from nested piezometers over time. In addition to the network of exstiogeiers
on the Tamarack State Wildlife Area, another 3 piezometers wereedssalthe 4 river cross
sections. In-Situ Troll 500loggers were launched at each cross-section to measure
instantaneous water levels. Water table elevations were compared to intchaiace water
elevations to determine the vertical hydraulic gradient and groundwatediflegtion.

To install the nested piezometers, a borehole was drilled at each @ties-g8eing a
hollow stem auger drill rig to depths of approximately 5, 10, and 15 m. A 0.2 m layer of clean
sand was placed at the base. PVC pipe with a diameter of 6.4 cm (2.5 in) and depibd stree
0.3 m were placed in each piezometer. Steel casing of 7.6 cm (3 in) diameter wdspaad

the PVC and sealed with concrete from the surface to a depth of approximately 0.6 m.

Groundwater tracer study

A fluorescein tracer study was used to estimate groundwater traeditithe river and
guantify groundwater contribution to streamflow. Fluorescein was chosen foutfysbsised on
the substrate, water quality, and desired detection limits at the T&n&dede Wildlife Area.
Fluorescein (color index number 45350), also known as acid yellow 73, is an anionic compound,
which is less subject to adsorption onto substrate material than cationic dye. As/864d“a
mixture” was used, meaning a cornstarch diluent was added by the manufactiake b easier
to dissolve the dye mixture into water (Aley 2002). The detection limit of floereslye in
water using a synchronous scan protocol with a bandwidth separation of 17 nm, aroeslitati

of 5 nm, and an emission slit of 3 nm is 0.0005 ppb (Aley 2002).
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Nine kg of fluorescein were released into the recharge pond on'#@2p81. The
amount was chosen based on the recommended amount for a volume of 2 acre feet and a travel
distance of approximately 1200 m (Personal communication, 2010, Thomas Aley, Ozark
Underground Laboratory). The initial concentration of fluorescein was estimt4 parts per
million (ppm). Tracer sampling was conducted with water samples, actiatsahcsamplers
placed within piezometers, and surface water samples from the South Platte@ixgon
samplers contained 4.25 grams of Barnebey and Sutcliffe Type AC Activated Catmn. T
continuously adsorb and accumulate dye and allow for greater detectitnthemn water
samples. Ozark Underground Laboratory ran all dye analyses.

The tracer was placed on Ma¥,2011 after the recharge pumps had been turned off.
However the pumps ran from April 270 May 4", 2011 to fill the minnow ponds. As a result,
the groundwater flow conditions during the tracer study may not represeravtheofhditions
during normal recharge periods.

A total of 11 piezometers were sampled for fluorescein dye based on well depth and
location. The piezometers were divided into upper eolian, middle alluvium, and lower alluvium
groups based on their respective distances from the recharge pond. The uppear@blian s
piezometers (T13d, T19, T17d, and T18d) were sampled four times betweel!' biay Blay
16", 2011. On May 19, the sampling protocol expanded to the middle alluvium piezometers
(T5, T9, and T12). Sampling of the upper eolian and middle alluvium piezometers continued
through July 158, 2011. Sampling of the lower alluvium piezometers (XS1, XS2, XS3, and XS4)
began on Juné"%and continued through Septembef'28011. The 7 piezometers in the upper
eolian and middle alluvium were pre-existing while the 4 piezometers in the |bweum were

installed as part of this research.
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Data from the fluorescein tracer study were used to estimate theritatiaydraulic
conductivity (K,) of the substrate. Hydraulic conductivity was estimated using Darcws La

(Sterret 2007):

— _Kh <dh)
1= dl

(14)
Where g= the volumetric flow rate perpendicular to the direction of groundwaterélso
referred to as specific discharge or Darcy flux velocity (m/@¥ Korizontal hydraulic
conductivity (m/d); dh= difference in hydraulic head (m); diI= distance alwaflaw path (m).
The Darcy flux (q) and hydraulic gradient were estimated using tratzeadd well locations.

Rearranging Darcy’s Law to solve for K gives:

kne 9

(@)
(15)
The difference in head valuedh] was found by taking the elevation at the center of the recharge
pond and subtracting the measured head values for each welll Vidreable was determined by
inserting GPS-derived northing and easting well location data into thegeytlaam theorem.
The Darcy flux (q) is related to the average linear velocifylly the effective porosity
e, Or the porosity through which flow can occur (Fetter 1999):

Kh dh
X =—%—

ne dl
(16)
The average linear velocity,jy or the rate at which the flux of water across the unit cross-

sectional area of pore space occurs, was estimated using:
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Vx

~ |

(17)
Where d = distance from the recharge pond (m); t= time (days). Peak amwalds estimated
from the fluorescein breakthrough curves. The average linear velogitsa(gulated in equation
4 was multiplied by the effective porosity to find the Darcy flux (q). Equation 2 veaktadind

the range of hydraulic conductivities at each piezometer over the sgrppliod.

Groundwater contribution to streamflow
PVC pipes were inserted 0.5 m into the streambed at the four river cross sections t
determine the vertical hydraulic gradient. Darcy’s Law was used tardetethe vertical flow

per unit length:

hg — hS)
w
m

Q =Kv=x <
(18)
Where K, = the vertical hydraulic conductivityylF groundwater heads bk surface water head,
m = the length below the streambed; w = stream width.
For this analysis it was assumed that the vertical hydraulic conducKyvityvas lower
than the horizontal hydraulic conductivityfkdetermined in Equation 15. Previous modeling of
South Platte River aquifers report an anisotropy ratio of 9.9 (Paschke 2011). Thé vertica

hydraulic conductivity was estimated by dividing the average horizontal hydcaalductivity

by the anisotropy ratio:



(19)
The variation in groundwater contribution to streamflow (Q) was determinbdiveit

following equation:

hg — hs hg — hs\?
)+E(1<,,dw)ZVAR( gm )+E( gm ) VAR(K,dw)

hg — hs
s? = VAR(K,,dW)VAR( gm

(20)
Where VAR= the estimated variance; d= distance; w = width; E=the ®pealue (Dr. Mary
Meyer, 2012, Colorado State University, personal communication). This assumegsahdt K
(hg-hs/m) are independent terms. This equation was based on the assumption that
VAR() = E|(x — E()’| = E(?) — E(®)?

(21)
Where x is the actual value, and E(x) is the expected value, or mean, of x (Personal

communication, 2012, Dr. Mary Meyer of Colorado State University).
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RESULTS

Streamflow

Streamflow over most of the 2011 water year was unusually high comparedtlist
levels (Figure 5). Streamflow greater than 6 cubic meters per second (cats)l cresafe
wading conditions. As a result, discharge was not measured during some of the ofiont
interest. Discharge measurements were taken on six separate datesH)FiJine average
streamflow for the upstream cross sections (cross sections 1 and 2) was 2.6H4ilembkew
average streamflow for the downstream cross sections (3 and 4) was 2.66 cmd)(Twide
the average streamflow for downstream cross sections was larger thgstieam average,
individual measuring dates did not consistently display these results. Upstosansections
had a larger discharge than downstream cross sections on half of the measesing dat

Individual discharge measuring dates were used to estimate the unbiaseckvaria
streamflow data. This was used to find the degree of significance, or p-vahgediff¢érence.
Only streamflow measured on Octobel"2®10 and Septembef 2011 showed a significant
difference (p-value < 0.05) in flow between upstream and downstream craossss€Eable 5).
On September"7 the flow of the upstream cross sections was significantly higher than
downstream cross sections.

The percent difference in discharge between the Colorado Division of Watniees
(CDWR) gage at Crook (located at cross section 1) and the discharge measiegiteid with
the FlowTracket varied by date and cross section. The overall percent difference increttsed wi
increasing distance from cross section 1 (Table 6), suggesting thatfkireancreased with

increasing distance from cross section 1. The percent difference geasitathe downstream
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Table4: Measured discharge rates for the Colorado Division of Water ResourcesR@DY2)
and the four cross sections. The flow volume for cross sections 1 and 2 were asecaged
compared to the average of cross sections 3 and 4 to determine if there wdgargignirease
in flow in the downstream cross sections due to artificial groundwater recharge.

Discharge at Measured upstream M easured downstream
CDWR Crook discharge (cms) discharge (cms)
gage (cms)

Date XS1 XS2 Average XS3 XS4 Average
10/7/2010 1.99 2.73 2.21 2.47 2.0 2.01 2.01
10/14/2010 3.09 2.98 2.99 2.99 2.97 2.92 2.95
10/28/2010 1.24 0.28 0.76 0.52 1.37 1.51 1.44
11/4/2010 0.89 0.67 1.00 0.84 1.0 1.20 1.13
9/7/2011 5.04 5.70 N/A 5.70 4.90 4.79 4.85
9/28/2011 1.79 3.04 3.61 3.33 3.24 3.95 3.60
Average 2.34 2.64 2.66

Table5: Results of at test for the discharge measurements on 6 measuring datess [esslue
than 0.05 are considered significant.

Degrees
Upstream | Downstrea of t- p-
Date average m average | Variance | freedom | value | value | Significant
10/7/2010 2.47 2.01 0.261 11 1.7] 0.106 No
10/14/2010 2.99 2.95 0.15| 0.881 No
10/28/2010 0.52 1.44 -3.54| 0.005 Yes
11/4/2010 0.84 1.13 -1.12] 0.290 No
9/7/2011 5.7 4.85 3.78| 0.008 Yes
9/28/2011 3.33 3.6 -1.04| 0.323 No
Average 2.64 2.66 -0.08 | 0.949 No

Table6: Percent difference of discharge measurements of the four cross sectionsecoimpa
the reported discharge at the Crook gage.

Date

XS1

XS2

XS3

XHA

Average

2.4

16.6

17.3

27.9
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cross sections compared to the cross sections upgradient of the recharge ponihgtiggres
was some additional input of water.

While the difference between streamflow in the upstream and downstrearsentisss
was not significant, the percent difference in flow between the CDWR gage andréams

Cross sections suggests that stream accretion may have occurred atedmwosdss sections.

Stream depth

The planforms of the four river cross sections showed high bank angles on allingeas
dates, suggesting an incised channel (Figure 7). Because the flows on the Sugngatates
were not large enough to overtop the banks to expand laterally, an increase in floveg@auc
increase in depth.

The profile of cross section 1 from Oct™£2010 showed a deep pool on the river-right
side (Figure 7). The depth of this pool decreased over time to a more uniform cyam
which suggests sediment movement.

The cross sectional profile of cross section 2 did not show significant channgé chan
over time (Figure 7). However, on Novemb# 2010 the lowest flow of the 4 sampling dates,
sediment appeared to accumulate in the middle of the streambed, which maytbparat
channel during lower streamflow conditions.

The cross sectional profile of cross section 3 showed the greatest channel change ove
time (Figure 7). Over the course of the 4 sampling dates, the deep sectianaattalblocation
5008 on October*filled by Nov 4". Braiding started to occur on the river-left side of the

channel, as indicated by the partially exposed sandbed on"Nov 4
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measurements were taken at 0.35 m (1 foot) intervals with Leseal station equipment while

the vertical measurements were taken at 0.01 m intervals.
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Table7: Cross sectional area fymecorded by Sont&kequipment. Cross sectional area
increased with an increase in discharge. Cross sections were not surveyes ovhdes the
flow conditions were unsafe for sampling.

Discharge at
Crook gage | Crosssection | Crosssection | Crosssection | Cross section
Date (cms) 1 2 3 4
1.99 Failed
10/7/2010 4.28 3.79 3.43 QA/QC
10/14/2010 3.09 6.03 5.21 5.05 4.82
10/28/2010 1.24 2.48 2.11 2.89 2.95
11/4/2010 0.89 2.24 Not measured 2.19 2.47
Failed
11/18/2010 6.03 Not measured 10.76 Not measufed QA/QC
9/7/2011 5.04 8.97 Not measured 7.01 7.59
9/28/2011 1.79 5.56 6.68 6.55 6.99
13
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Figure8: Streamflow (cms) versus cross sectional aré fgn cross sections 1-4.
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The cross sectional profile of cross section 4 did not change significantly oer the
sampling dates (Figure 8). Profiles on Ocf 1@ct 28", and Nov & showed braiding (2
separate channels). The large flows of No{ 48omerged the river bed, with no indication of
significant sediment movement.

Cross sectional area increased with an increase in discharge (Table guaadFi
Figure 8 shows a linear relationship between discharge and area. Howevéehefimoss
sectional profiles, an increase in discharge resulted in an increase nm géeid with no lateral

expansion.

Groundwater flow

Pressure transducers (PT) measure the total head. The changes in petiensanface
measured by the PTs at all cross sections reflected changes in tistages meaning that a
change in river stage produced a subsequent change in water table elekgjioes 0-14).
Additionally, the potentiometric surface at all piezometers was usuallyrttiggne the river
stage, suggesting the groundwater flowed toward the river. The exceptidmewaE in the
deep piezometer at cross section 3 (Figure 11), which was placed too deep inrthe neated
water elevation changes until Sept 2011.

Cross section 2 contained data loggers in the shallow and medium depth piezometers
(Figure 9). The two piezometers displayed similar water levels until afilwhere the shallow
piezometer began to record higher levels than the medium depth piezometer. Botthitine me
and shallow piezometers were unvented until Juﬁ‘é(ﬁ@erator error). Water table elevations
in the shallow piezometer increased and decreased at a rapid rate beginning ovieomber

9™ 2011 through Jan $92012.
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Figure 9: Pressure transducer data from shallow and medium depth piezometers for cross
section 2 (3-day moving average). Water table elevations were compareguddce
elevation and the discharge values of the South Platte River. Measuremerttkesmi@ an
hourly basis from May'3 2011 to June's 2012.
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Figure 10: Vertical hydraulic gradient between the shallow and medium piezometessr(s
depths at 4.67 and 8.03 m, respectively) from M3y2®11 to June'§ 2012 at cross section 2.
The daily average discharge in the South Platte River is also shown.
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Figure11: Pressure transducer data from shallow, medium, and deep piezometayssor cr
section 3. Water table elevations were compared to the surface elevatianofaheSouth
Platte River. Measurements from the medium piezometer were taken on an hasrigobas
May 3% to June 2% 2011, and from April ¥, 2011 to June' 2012 for the shallow and deep
piezometers.
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Figure 12: Vertical hydraulic gradient between the deep and shallow piezometesn(siapths
at 5.36 and 18.07 m, respectively) from SeptemBe2@11 to June' 2012 at cross section 3.
The daily average discharge in the South Platte River is also shown.
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Figure 13: Pressure transducer data from shallow, medium, and deep piezometers for cross
section 4. Water table elevations were compared to the surface elevatimm$Sofith Platte
River. Measurements from the medium piezometer were taken on an hourlydrastgofil
27" to June 2%, 2011, and from June #22011 to June' 2012 for the shallow and deep
piezometers. Data were corrected from NoV, 2810 through Juné$2012.
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Figure 14. Vertical hydraulic gradient between the deep and shallow piezometerguranm
22" 2010 to June's 2012 (screen depths at 4.60 and 14.55 m, respectively) at cross section 4.
The daily average discharge in the South Platte River is also shown.
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The vertical hydraulic gradient data for cross section 2 showed a slighitveagadient
on average, suggesting downwelling (Figure 10). The gradient values wenreeptgitng low
flows from June 27— June 38, 2011, and again on Decemb&} 2011. The hydraulic gradient
was inversely proportional to the daily discharge of the South Platte Riveringéaat an
increase in daily average discharge in the South Platte River causedasel@ttbe vertical
hydraulic gradient.

The shallow piezometer in cross section 3 had consistently higher head valubsg than t
medium and deep piezometers (Figure 11). The PT in the deep piezometerialyspalasted
too deep in the water to record water table elevation changes. Data from thisgpezzeene
unusable until Septwhen the transducer was reset. The PT from the medium well was
removed on June 22to replace a stolen transducer in cross section 4.

The vertical hydraulic gradient between the shallow and deep piezometerssior
section 3 was negative from Septtt June 8 (Figure 12). This suggests the downward
movement of groundwater. The vertical hydraulic gradient initially responded tgeshan
discharge in the South Platte River. From S&hiough Oct 28, an increase in discharge
produced a decrease in gradient, or a stronger negative gradient. HowevetZttoe
gradient did not respond to changes in discharge. For example, the streamflow peaks'dn Nov 4
and Dec ¥ did not produce a decrease in vertical hydraulic gradient.

Data logging of cross section 4 began with PTs in the medium and deep piezometers.
However, the PT from the deep piezometer was stolen before the data were daivniaide
from the medium piezometer showed daily fluctuation because the vent cap dvesteraly
left on the PT (Figure 13). After the cap was removed, data showed less noiseirigegn

May 28", the water level in the piezometer was higher than the river stage. Itésuifithis
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was the result of the recharge water or the vent cap error. The shallow priRiTdegere
launched on June #22011.

The vertical hydraulic gradient for cross section 4 data showed congigtesitive
values, suggesting upward movement of water (Figure 14). The gradient increaspdnse
to a decrease in discharge from the South Platte River. However, gradidnbmataoss
section 4 is less responsive to changes in discharge than cross sections 2 and31(Figiid

12).

Water table elevation

Water table elevations were measured in the matrix of piezometers ogeutke of the

tracer study. Pumping ceased on M&yahd the recharge pond was dry by M&2511.

Depth to water measurements were taken from a total of 14 piezometersin§avaplsplit

into three categories based on distance from the recharge pond. The upper eolian sand
piezometers, located adjacent to the recharge pond, were comprised of T13s, T13d, T17d, T18d,
and T19. The middle alluvium piezometers, located between the recharge pond and the South
Platte River, included T5, T7, T8, T9, and T12. The lower alluvium piezometers, located
adjacent to the South Platte River, were comprised of cross sections 1 through 4)(XS 1-

Depth to water measurements of the upper eolian sand piezometers, located &djacent
the recharge pond (Figure 2), began on Ma2B11. Figure 15 shows a pulse of groundwater
moving through the system in early May. Five of the six piezometers (T13s, T16, T17d, T18d,
and T19) showed the highest water table elevations on May 5, two days after thesdye wa
released into the recharge pond (Figure 15). The water table of each of the 5 f@iezome

increased by approximately 0.3 m. Piezometer 13d showed the highest watdetabieneon
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May 39 Piezometers T17d and T18d showed a secondary peak in water table elevation on May
16", After May 19", the water table elevations in all wells remained constant.

Water table elevation measurements of middle alluvium piezometers, T15, T5, T7, T8,
and T12, located between the recharge pond and the South Platte River (Figure 2), began on May
19", The measured potentiometric surfaces were relatively constant atrosasuring dates,
with the exception of T15 (Figure 16). T15 showed a decrease from 1131.39 m on"May 19
1126.66 m on May 28 The initial potentiometric surfaces of T5, T7, T8, and T12 measured on
May 19" did not change significantly over the remaining measuring dates.

Measurements of the lower alluvium piezometers, XS2, XS3, and XS4, located adjacent
to the South Platte River, began on Méﬂ/(@/ith the exception of XS1 which began on Juﬁ)a 9
The water table elevations of cross sections 2 and 4 increased by approxématetyJune 17
(Figure 17). Cross sections 1 and 3 did not change more than 1 m over the course of the
sampling period.

Potentiometric surface maps were developed from water table elevatisaramaants
(Figures 18 and 19). Groundwater flows downgradient and perpendicular to the head contour
lines. The potentiometric surface maps suggest that water followed a nterlyeasurn path,
perpendicular to the river. Additionally, the maps suggest that groundwatgnrékeined to
cross sections 2, 3, and 4 through multiple flowpaths. Figures 18 and 19 compare total head
values between May%and July 15.

Comparing the changes in total head across the Tamarack State Wildéifbeinesen
May 39 and July 18 suggests a pulse of groundwater from the recharge pond moved toward the

river (Figures 18 and 19). Total head at the upper piezometers near the rechargeneasddiec
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1132
1 --m--T5
1131 -‘\\ T7
1130 - \\ --m--T8
_ \ -=m=--T12
% 1129 4 -
o 1128 - \
I ‘\
1127 ------ i i LT rm—ccaa Berrcccacaa el e cc e e ool --—-— - az==2%
I_--—:::i:':' '''''''''' oo ] Bt g it L bviultt 1 4
1126 BE=ss=-fro-ceas S TEEEEES B eeccdhcccnnnnas =
1125 I T T T T T
5/19/2011 5/29/2011 6/8/2011 6/18/2011 6/28/2011 7/8/2011
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Figure17: Total head values of the lower alluvium piezometers from NfaySept 28 2011.
Cross sections 2 and 4 increased by 2 m on JUhe@ibss sections 1 and 3 did not change by
more than 1 m over the course of the sampling period.
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2-4 m over the course of the sampling period. While there was no change in total hessl at cr
section 2, cross section 3 showed an increase of 1 m, and cross section 4 showed an i@crease of
m over the course of the sampling period. However, changes in water table elevtten i
lower piezometers were likely a response to changes in river stage.

Water table elevations in the upper eolian sand piezometers show an immediaté pulse
groundwater moving through the system, as elevations decrease betweent2+4me aLimps
were shut off. The middle and lower alluvium piezometers do not show a significesdskem
water table elevations, suggesting that either these piezometersamgpled at an inappropriate

timeframe, or that the groundwater mound dissipated by the time it reached #asse ar

Groundwater tracer study

Approximately 9 kg (20 Ibs) of fluorescein dye were released into the recharge pond on
May 3¢9 2011 after the pumps to the recharge pond had been turned off. However, the pumps
ran again from April 27 - May 4", 2011 to fill the minnow ponds. As a result, the subsurface
conditions at the time of the tracer study may not represent true pumping conditions.

A total of 13 piezometers were sampled for fluorescein. Sampling was splhne¢o t
categories based on their distance from the recharge pond. The upper eolian sanetgiez
located adjacent to the recharge pond, were comprised of T13s, T13d, T17d, T18d, and T19.
The middle alluvium piezometers, located between the recharge pond and the SautRiVigtt
included T5, T7, T9, and T12. The lower alluvium piezometers, located adjacent to the South
Platte River, were comprised of cross sections 1 through 4 (XS 1-4).

Sampling of the upper eolian piezometers began 2 days after the dye wssdee

May 5". Fluorescein was detected in all five piezometers sampled (Table 8). \éaiges r
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Table8: Fluorescein concentrations from groundwater sampled from 11 piezonpgleys (

Date T19 T13D T13S T17D T18D T5 T12 XS1 XS?2 XS3 XS4

5/5/2011 0.120 0.167 0.644 0.639 0.489

5/9/2011 0.041 0.026 0.129 0.050 0.489

5/12/2011] 0.057 0.049 0.025 0.310 0.009

5/16/2011 0.031 0.046 0.068 0.033

5/19/2011 0.048 0.02 0.044 0.494 0.151

5/26/2011 0.031 0.044 0.024 N/A 0.162

6/2/2011 0.034 N/A N/A N/A 0.29

6/9/2011 0.032 0.017 0.012 N/A N/A 0 0 0 0.031

6/17/2011 0.031 0.012 N/A N/A 0 0.009 0 0.01

6/22/2011 0.036 0.014 N/A 0.008 0 N/A 0 0

7/1/2011 0 0 N/A 0.007 0 0 0.006 0

7/15/2011 0 0 0.031 0 0 0.021 0.006 0.04

7/28/2011 0.035 0 0 N/A 0 0 0 0

8/8/2011 0.035 0 0 0 0
Table9: Fluorescein concentrations from carbon packets sampled from 8 piezompgidrs (

Date T17d T18d T5 T12 XS1 XS?2 XS3 XS4

5/26/2011 0.255 0.208 1.02 2.09

6/2/2011 0.310 0.42 1.26 4.31

6/9/2011 0.376 0 2.94 0.884

6/17/2011 0.271 0.244 1.24 0 0.157 0.325 0.35( 1.04
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Figure 20: Fluorescein tracer results from water samples taken from a total céZdinters.

T19, T13d, T13s, T17d, and T18d are part of the upper eolian sand piezometers; T5 and T12 are
part of the middle alluvium piezometers; cross sections (XS) 1-4 are part oiviredlluvium
piezometers. Arrival time for the breakthrough curves in T13s, T17d, T18d, T5, and T12 were

used to estimate hydraulic conductivity and Darcian flux rates. The remapirzgneters did
not produce adequate breakthrough curves to use in the analysis.
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Figure 21: Fluorescein tracer results from carbon samples placed in a total ob&piers.
Carbon packets were analyzed from Ma$} #6rough June 22 2011.
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from 0.120 ppb to 0.644 ppb (Figure 20). Samples taken four days later ori"dagvded dye
concentrations in T19, T13d, T13d, and T17d decreased to 0.41, 0.026, 0.129, 0.050, and 0.489
ppb, respectively. This suggests that the fluorescein peak in these piezonweteesidmefore

May 9". Fluorescein concentration in T18d did not change between Mag&May 4. May

12" data showed that no major changes in fluorescein concentrations occured in the upper eolia
piezometers with the exception of T17d, which increased from 0.05 to 0.31 ppb. By‘ﬂ/,lay 16
piezometer 19 was dry and T17d decreased to 0.068 ppb. After Magat®entrations in the

upper eolian piezometers did not exceed 0.04 ppb.

On May 19" (16 day after dye release), T5 and T12 were added to the sampling protocol
(Table 8). Both piezometers showed the presence of the dye, with TS5 measuring 0.494 ppb and
T12 measuring 0.151 ppb. Water samples collected from T5 between flapd 9uly 1%
contained too much sediment from the borehole to analyze. The water sample fronf'July 15
was 0.031 ppb. Because there were 6 missing measuring dates for T5, it was difficult t
determine peak time.

T12 showed a slight increase in fluorescein concentration on Mafr@é 0.151 to
0.162 ppb. T12 did not yield a usable sample on JUrme June 1% due to sediment
contamination, so like T5, it was difficult to tell when the peak concentration occurred.

On June 9 (40 days after release) the lower alluvium piezometers at cross sections 1, 2,
3, and 4 were sampled. The piezometers were sampled a total of 7 times over thef @urse
months. No dye was ever detected at cross section 1. The water sample taken from the
piezometers at cross section 2 showed 0.009 ppb on Jinlidwed by no dye on June ¥2
or July £. On July 18 0.021 ppb was detected at cross section 2. No dye was found on July

28" or August 8. Cross section 3 showed 0.006 ppb of dye on Jugntl July 15. Cross
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section 4 began with an initial value of 0.031 ppb, which decreased to 0.01ppb on"Jand 17
finally decreased to 0 on June"22However, a value of 0.04 was measured on Jdlywhich

decreased to O for the remaining 2 sampling dates.

Carbon

Carbon packets were used in conjunction with water samples to determine the time of
peak dye concentration. They continuously adsorb and accumulate dye and all@atiEr g
detection limits than water samples. Carbon packets were placed in T17d and T18¢pEthe
piezometers, T5 and T12 of the middle piezometers, and cross sections 1-4 (Tablef@¥t The
packets were placed in T17d, T18d, T5, and T12 on M&2Q®@1. These samples were
collected and analyzed on May"26The results from the carbon packet analysis for piezometers
T17d and T18d showed that the dye concentrations were relatively low over the sgrepbdg
(Figure 21). Piezometer T17d ranged from 0.255 to 0.376 ppb. Piezometer T18d ranged from O
to 0.42 ppb. These consistently low results showed a similar pattern to the water resmnps.
The exception is Juné'9when the carbon packet did not detect any dye while the water sample
showed a concentration of 0.012 ppb.

Piezometer T5 showed the largest dye accumulation between"Jame June ®when
the measured concentration increased from 1.26 to 2.95 ppb. The concentration decreased to
1.24 ppb by June 17 The water sample results showed the highest concentration on May 19
so it is likely that the carbon packets were placed too late to catch the breaktduowagh
However, the carbon packets seemed to catch a secondary fluorescein pulse moving through
around June'@ The water samples showed a low dye reading on Jyre® 8he secondary

curve most likely occurred prior to Jun& 9
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Piezometer T12, which is 377 m further north from the recharge pond than T5, showed
the largest dye accumulation between Ma¥} 26d June® when the concentration increased
from 2.09 to 4.31 ppb. By Juné ¢he concentration decreased to 0.884 ppb, then finally to 0
ppb by June 17 Water sample results for T12 measured the largest concentration on fay 26
However, the sample collected from Juffévzas damaged and could not be used in the analysis.
It is possible that the breakthrough curve occurred between Magr@bJune .

The use of carbon packets was discontinued after the first round of analysis. \thile pa
studies showed carbon packet dye concentrations to be 400 times greater tharetiteationc
of water samples (Aley 2002), results from this study measured concentedtaniyg 10 times
the concentrations of the water samples, which made the numbers difficult poetater
However, the results from the carbon analysis were used to better detérenimee of the

breakthrough curve of the water samples.

Hydraulic conductivity and Darcy flux

Data from the fluorescein tracer study were used to estimate thgaleear velocity,
Darcy flux (g), and hydraulic conductivity (K) of the substrate under the Takn&tate
Wildlife Area (Table 10). Hydraulic conductivity was estimated ughagcy’s Law. Complete
equations are described in Materials and Methods. Only 5 of the 11 piezometengedispll
breakthrough curves needed to estimate hydraulic conductivity (Figure 20jludiescein
concentrations in the other piezometers appeared to be on the falling limb of &ierbregh

curve, and therefore were not used in the analysis.
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Table 10: Estimates of horizontal hydraulic conductivities at 5 piezometetidmsabased on
fluorescein tracer data and measured water table elevations. Pond elevE&tig ris.

Peak Average Effective | Darcy

arrival | linear porosity | flux Range

Piezometer | Distance | Elevation | time velocity (Fox Q) of Ky,

ID (m) (m) (days) | (m/d) Geology | 2004) (m/d) | (m/d)
Eolian 300.0-
T13s 189.57 | 1141.18 2 94.8 sand 0.2 19.0 322.7
Eolian 348.7-
T17d 206.18 | 1142.07 2 103.1 sand 0.2 20.6 462.5
Eolian 235.0-
T18d 238.17 | 1142.930 4 59.5 sand 0.2 11.9 291.5
362.5-
T5 568.3 1131.6 16 35.5 | Alluvium 0.3 10.7 374.3
311.1-
T12 891.4 1127.83 25 35.7 | Alluvium 0.3 10.7 325.4
Minimum 23.6 7.1 235.0
Maximum 103.1 20.6 462.5
Average 65.7 14.6 330.7

Table 11: Estimated return times for each cross section using the averagefiaiftgm Table

10.
Cross section Distance from recharge pond (m) | Averagereturn time (days)
XS1 2773 190.3
XS2 1343 92.1
XS3 3410 234.1
XS4 7776 533.7
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The average linear velocity was 65.7 m/d, the average Darcy flux was 14.6 m/d, and the
average hydraulic conductivity was 330.7 m/d (Table 10). The estimated range ofibydraul
conductivity was larger in eolian sand than the alluvium (235.0 — 462.5 m/d compared to 311.1 —
374.3 m/d). A larger range indicates a larger difference in total head betwasuring dates.

The eolian sand also larger estimated values of Darcy flux with a range ef 2.8 m/d
compared to 10.7 m/d in the alluvium. The average linear velocity was also largeeatidhe
sand with values ranging from 59.5 to 103.1 compared to 35.7 m/d in the alluvium.

The average Darcy flux (q) of 14.6 m/d was used to estimate the arrivalltaiie (1).

The average return time to cross section 1 was 190 days, 92 days to cross section 2,234 day

cross section 3, and 534 days to cross section 4.

Groundwater contribution to streamflow

The vertical hydraulic gradient is a major determinant of the vertmaldihd ultimately
the groundwater contribution to streamflow. The vertical gradient wasrde&st by placing a
PVC pipe in the streambed and comparing the groundwater head to surface wateheead. T
gradient was measured in the streambed in part to clarify the results freertibal hydraulic
gradient data from the nested piezometers, as well as gain information about the
surface/groundwater interaction in the streambed.

The vertical hydraulic gradient was measured on Septerfn@28', 2011 and March
30", 2012. There was a positive vertical gradient for all cross sections on both dates in
September (Table 12). Cross section 3 increased from 0.06 on"Se[.88 on Sept 78

Cross section 1 had a vertical hydraulic gradient of 0.06 on 8epthch decreased to 0.01 on
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Table12: Groundwater contribution to daily flows in the South Platte River on Septefilerd7September 282011 and March
30" 2012. Groundwater volume was calculated from vertical hydraulic gradient neestsenade in the streambed at 4 cross

sections. This was used in Darcy’s equation using a vertical hydraulic congumiti®8.3 m/d (Paschke 2011), and multiplied by the
reach length to find the total groundwater contribution

September 7" 2011 September 28" 2011 March 30" 2012
XSl XS3 XA XSl XS2 XS3 XA XSl XS2 XS3 XS4
Surface head (m) 0.41 0.40 0.40 0.34 0.27 0.12 0.13 0.36 0.21 0.30 0.27
Groundwater head (m) 0.44 0.42 0.42 0.35 0.30 0.16 0.15 0.36 0.25 0.19 0.26
Vertical gradient 0.06 0.06 0.04 0.01 0.06 0.08 0.04 0.00 0.08 -0.22 -0.02
Width (m) 25.3 22.6 27.7 24.7 33.3 43.3 28.0 17.5 17.7 23.3 17.3
Q (m2/day) vertical flow 47.2 42.1 36.9 8.2 66.5 115.4 37.3 0.0 47.2 -170.7 -11.5
Reach length (m) 2625 3694 | 4599 2625 2707 3694 | 4599 2625 2707 3694 4599
South Platte discharge
(m+/day) 492471| 423706| 413657| 262820| 311662| 280005| 341548| 183168| 183168| 183168 | 183168
GW contribution (m3/day) 123841| 155402| 169859| 21590 | 180126| 426096| 171513 0 127657| -630533| -52985
% of surfacewater 25 37 41 8 58 152 50 0 70 0 0
Table 13: Variance of groundwater contribution to streamflow)(m
XS1 XS2 XS3 XA
Variance of Q 428232 441609 602624 727424
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Sept 28. Cross section 4 remained constant at 0.06 and 0.04, respectively, on both measuring
dates.

Data from March 38 showed a positive vertical gradient of 0.08 for cross section 2 only
(Table 8). Cross sections 3 and 4 had negative vertical gradients at -0.22 and -0.02;elgspect
Cross section 1 measured a vertical gradient of O, or no vertical flow.

The vertical hydraulic gradient was used in Darcy’s equation to determinertical
flow at each cross section. The mean horizontal hydraulic conductivity of 331 m/ctsdcul
from the tracer study was divided by the anisotropy ratio of 9.9 (Paschke 2011)tonethe
vertical hydraulic conductivity of 33 m/d (Equation 19). This value was used in allat@osl.
Therefore, vertical discharge values followed a similar pattern to thiealeyradient results
(Table 12).

The vertical flow values were multiplied by the distance between crassnseo
determine the groundwater volume over the reach length. The volumes off Bape from
123,841 to 169,859 #u. By Sept 28, the groundwater contribution in cross section 1
decreased to from 123,841 to 21,59%dn The volume in cross sections 3 and 4 increased from
155,402 to 426,096 td and 169,859 to 171,513, respectively. On March 8ponly cross
section 2 showed a positive vertical gradient. The total groundwater contributioratmesurf
water flows at cross section 2 was 127,65m

Daily volume of water in the South Platte River decreased by 144 b60m Sept ¥ to
Sept 28. Discharge measurements were not taken on Maf&hs8the daily average of
183,170 n¥d measured from the Division of Water Resources at the Crook bridge was used
(Colorado Division of Water Resources 2012). The groundwater contribution was divided by the

water volume to determine the percent of streamflow that was groundwater.mblistaanged
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from less than 0 to 152% over all measuring dates. The percentage of groundwatsuifatee

water at cross section 1 decreased from 25 to 8% between™eps@pt 28. Cross sections 3

and 4 increased from 37-152% and 41-50%, respectively. Cross sections 1, 3, and 4 decreased to
less than 0% by March 8®012, while cross section 2 increased to 70%.

On both dates in September, the percentage of groundwater that contributed to
streamflow in the lower cross sections was higher than cross section 1. CliossXse@s not
measured on Sept'7 On Sept 28 the groundwater contribution from cross section 2 was 58%.
By March 30" 2012, there was no indication that groundwater contributed to surface water flow
at the lower cross sections.

Groundwater contribution to streamflow values varied by cross section and byltate
variances associated with the estimates of groundwater contributioraimfstre in the South
Platte River for cross sections 1-4 were 428232, 441609, 602624, and 727 4edpectively.
These values are much larger than the estimates of groundwater cmmtrib@wurface water

flows.
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DISCUSSION

Streamflow

The original research plan called for discharge measurements at 4 ctioss skaing
and after the target period (April-September). Discharge values medsiveeen April and
September would be compared to discharge values measured after the texget petermine
stream augmentation. However, the 2011 streamflow was often unusually high dundieprec
in-stream discharge measurements due to safety considerations (Figure 5).

Estimates of groundwater travel time from the fluorescein tracer stighest that
recharge water arrived at the lower cross sections after the pdojecee The return time for
cross section 3 was 8 months. The return time for cross section 4 was greatertyanAlly
discharge measurement dates were assumed to be within the recharge wiradalyts
purposes.

A Student’s t test of the six discharge measuring dates showed that therat was
significant increase in streamflow in the cross sections downstream othizege pond
compared to the upstream cross sections. The exception was ori"Q6t28where discharge
in the downstream cross sections was significantly greater than disah#ngaipstream cross
sections (p-value < 0.05).

Error is inherent in stream discharge measurements. Sources of errorgaddme
(such as uncertainties in cross sectional area, uncertainties in meatyyvetaartainties in
computation procedures), or systematic (such as calibration errors or impsepErequipment)
(Sauer and Meyer 1992). There is also error associated with dischargeemesags in sandbed

streams. Sand bed streams have a high sediment transport capacity that cam tmebil
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streambed and alter the fluid properties of water (Sauer and Meyer 1992).u@nefslluvial
streams in Arizona found that the error associated with individual dischargener@ants for an
alluvial stream was 5% for flows less than 11 cms (400 cfs), and 7% for floatemgtiean 11
cms (Burkham and Dowdy 1970).

The average percent difference between the recorded discharge valuecbthddC
Division of Water Resources (CDWR) and the measured discharge with Fldwifrémr cross
sections 1-4 ranged from 2.4-27.0% for the 6 measuring dates. The CDWR gage isalocated
cross section 1, so if stream augmentation occurred, cross sections 3 and 4 woulgasiovea
percent difference when compared to the data from the CDWR gage. Howgasting the
CDWR gauging station as the “true” discharge is problematic, as théhgaga estimated error
of 5-8% (Personal communication, 2012, CDWR). Additionally, a past study found large
discrepancies in USGS 15-min rating curve discharge in timing and magnitdgelwdrge of
gauges in close proximity to one another in sand bed rivers in New Mexico @lis aanch
Coonrod 2011). This raised concerns about the accuracy of sand-bed channel gauging, mainly
because sand bed channels are subject to scour and fill. With a highly mobile charte the
gauging site characteristics outlined by the USGS are difficuletet,imcluding a straight
stream channel for 100 m upstream and downstream of the gauge, the presence of a pool
upstream of the control at low stages, and no braiding (Rantz 1982).

Regardless of measuring error and sample size, it is unlikely thatseyreturning to
the river from the recharge pond was measureable. The South Platte River Coamaktem
that Colorado deliver 10,000 acre-feet to the Nebraska border between April and SemiEmbe
which 3,000 acre-ft was delivered (Table 2). The South Platte River yielded 548,64t acr

during the 2011 water year (Colorado Division of Water Resource 2012). Theateal w
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volume between April and September was 273,663 acre-ft (Figure 6). This medhs that
volume of 3,000 acre-ft is approximately 1% of the total flow in the South Platte oveitse c
of 5 months. This creates a difficult environment in which to measure the effectshagjed
groundwater recharge on surface water volumes. The error associat@twitdual discharge
measurements for sand bed streams is 5-7%, which means that any ma#sofreme

augmentation can be contributed to error.

Stream depth

An increase in stream discharge generally led to an increase in cramsat@cea.
Channel surveys showed that all four cross sections were relatively irassedjcated by the
high bank angles. For this reason, all cross sections showed an increase inttidpthes
discharge rates, and no lateral expansion. This is significant because pedies sf the area
prefer shallow sandy habitat. One study performed in the Central PlatteBRasia developed
habitat suitability curves for 3 native species also found in the Lower South Riagt. These
include the sand shingrdtropis stramineus), red shinerNotropis lutrensis), and plains killifish
(Fundulus zebrinus). In the study, these species preferred habitats with sandy substrate and
depths between 0.01 and 0.02 m (Conklin and others 1996). Based on the cross sectional data
collected in this study, an increase in streamflow will not lead to an iecireasable habitat in
the channel. An increase in discharge may actually decrease the amounabfeakabitat due
to channel incision. However, an increase in discharge may also increase |tielityaif

backwater habitats, which was not addressed in this study.

64



Groundwater flow

Nested piezometers were used to determine the vertical hydrauliergratithe four
cross sections. The vertical hydraulic gradient is positive under disajpaapditions and
negative under recharging conditions (Baxter and others 2003). If the Tareqpacknent
delivered water to the river at the target place and time, the piezometddsshiow a positive
vertical hydraulic gradient for the cross sections downstream of thegegb@nd (cross sections
3 and 4) during April-September, with a noticeable drop in gradient after tle¢ pergod.
However vertical hydraulic gradient data suggests downwelling occurcedsatsections 2 and
3, and upwelling occurred only at cross section 4 (Baxter and others 2003). None of the cross
sections showed a clear pulse of groundwater moving through the system.

Cross section 2 showed a downward gradient from April 2011 to June 2012. The
gradient was highly responsive to changes in streamflow, meaning thateasaor streamflow
caused a decrease in vertical hydraulic gradient. However, this contradidistd from the
groundwater contribution to streamflow. In-stream measurements ofavéngairaulic gradient
at cross section 2 on Sept @nd 28 2011 showed a positive gradient, suggesting a gaining
stream, but the nested piezometers showed a negative gradient for the sapegidicdneThis
may reflect measurement error in total station equipment while determiningjdtiee
elevations of the nested piezometers.

Vertical hydraulic gradient data for cross section 3 was only calduiaten September
1% 2011 to June'd 2012 due to the theft of a pressure transducer and the unusable data from
another. Cross section 3 had a downward gradient for all measurement dates withvaiblebse

increase in gradient at the end of September. After September, the gsatiieatresponsive to
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changes in streamflow. Like cross section 2, this is also contrary tratatan-stream
measurements of vertical hydraulic conductivity.

Cross section 4 exhibited an upward gradient over the course of the sampling period
(June 2% 2011- Junet%2012). This suggests that stream augmentation occurred during this
time. The augmentation may be the result of water from the recharge pond,esuthefr
nearby irrigation.

The vertical hydraulic gradient of cross section 4 did not respond to changes in
streamflow. This may be because the nested piezometers of cross seatitocdtad at a
farther distance from the South Platte River than the other cross secticrisvelyi be less
representative of the physical processes occurring between the surfgcewamtivater. One
study found that groundwater heads in piezometers located further from the suafac
showed less seasonal variation than river stage (Benner and others 2008).

Discrepancies exist between vertical hydraulic gradient calcuiatedthe nested
piezometers and the in-stream measurements of vertical hydrauliergriticross sections 2
and 3. The nested piezometer data from cross sections 2 and 3 suggest a losinglstectima,
in-stream measurements suggest a gaining stream. Past studies haveritechgressure
transducers to have a measuring error of 0.01 m (Sorensen and Butcher 2011), sodh& sourc
probably human error in the field. The Lower South Platte River is a gainiagnstiering the
growing season due to irrigation return flows (Strange and others 1999), whictsistent with
the in-stream measurements of vertical hydraulic gradient. This sutjgedtse discrepancy
may stem from measurements of the relative elevations of the nested pegsanéhat the flow

field is more complex.
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Several of the pressure transducers showed highly fluctuating values, whiclt made i
difficult to determine the true height of the water column. Cross sections 2, 3, and 4 showed
initial fluctuation. This is because the vent caps were left on the presswsducers, which
interfered with the readings. The exception was the shallow piezometessfsection 2, which
began to fluctuate on Novembé? girough the rest of the sampling period. These fluctuations
followed a 24 hour cycle, with the peak occurring at approximately 8 pm and the lowirggcur
at 2pm. This pattern is typically associated with a plugged or covered ventltbea fixed
amount of trapped air in the vent tube, temperature rises during the day and air exgaads
vent tube. Conversely, temperature drops during the night and the air condersasa(Per
communication, 2012, Stan Capps of In-Situ Inc.).

Groundwater direction may change seasonally with the hydrograph. Foplex#mere
is often a downward gradient with a falling limb of the hydrograph and upwadiegt during a
rising limb (Benner and others 2008). The shift in groundwater direction affestscal and
biological processes in the transitional area between the surface and greurteaystems
known as the hyporheic zone. Groundwater discharge to a gaining reach has been shatvn to lim
the size of this area (Hucks Sawyer and others 2009). So while the Tamarackwasjec
designed to increase habitat for native aquatic species, it may alterantgmaiogical

interchanges that occur in the hyporheic zone.

Water table elevation
Water table elevations were measured in the matrix of piezometers ogeutke of the
tracer study. Pumping ceased on M&ya#d the recharge pond was dry by M8y Z011.

Water table elevations were used to develop potentiometric surface of thea€krsite. While
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these maps agree with the stream depletion factor maps (water detuthe river toward cross
section 2), they also suggest that groundwater returned to the river throughosthaths
(toward cross sections 3 and 4).

Water table elevations taken in the field showed a groundwater mound of 2 m moving
through the upper eolian piezometers shortly after the pumps were shut off. Hdaheve
mound dispersed by the time it reached the middle and lower alluvium wells. Theas was
increase in water table at the lower alluvium wells between I\Wanﬁ July 15. However,
data of groundwater elevation from the nested piezometers in the lower alshawrthat
groundwater levels were very responsive to changes in streamflow (Fguresand 13), so the
increase in water table is most likely the result of an increase in disctnam the South Platte

River.

Groundwater tracer study
Groundwater models of the Tamarack site are based on the assumption of a homogenous
aquifer, which can limit the understanding of stream-aquifer interactioresdrl@010).
A fluorescein tracer study was used to estimate hydraulic conductivityodunzhetric
flow rate of groundwater at the Tamarack site. The average hydraulic teigueas 331 m/d,
which was used to calculate groundwater contribution to streamflow. The avenayeflDx
was 14.6 m/d, which was used to calculate groundwater return times for muttipleaihs
identified from the potentiometric surface maps. Estimates of hydraumductivity and Darcy
flux were based on the breakthrough curves of fluorescein. Breakthrough cerves ar

characterized by tracer first arrival time, peak time, center adrtraass, and tailing
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(McDermott and others 2008). These characteristics all reveal diffanegs about
groundwater behavior.

The first arrival time indicates the quickest flow time from the rechpogel to the well
(Gamlin and Clark 2001). This can determine the degree of heterogeneity hatlaiguifer.

The hydraulic gradient is the major driver of groundwater flow. Solute moyvdddbtype of
movement is referred to as advection (Sterret 2007). However, solute movemaisiodae
influenced by other factors, such as hydrodynamic dispersion. Hydrodynamisiispahich
includes mechanical mixing or dispersivity and molecular diffusion, can leactgex kolute
spread than would occur through advection alone (Fetter 2001).

Mechanical mixing is the result of velocity differences within the poretstreiof the
substrate. This may include size and arrangement of grains, as well as deeadégrtuosity of
pore channels (Sterret 2007). Molecular diffusion, or chemical dispersion, is whennsougs
from an area of high concentration to an area of low concentration. However, the @fffe
molecular diffusion are greatest in areas with low hydraulic conductiatiddow hydraulic
gradients. Tamarack is an area of high hydraulic conductivities as testibnafield
measurements of 331 m/d (Table 10). Therefore molecular diffusion is not considemtya
determinant of solute spread.

If the processes of diffusion or dispersion were absent, the fluorescein dye would move
through the soil column as a sharp front, referred to as piston flow. However, the resultant
breakthrough curves from the tracer study do not reflect piston flow (Figure/l2i@h suggests
a certain degree of heterogeneity in the aquifer. Many of the piezsmatee not sampled in an
appropriate timeline to capture the entire breakthrough curve. For example, thealigper

sand piezometers that were sampled 2 days after the release only capttaibeénideof the
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breakthrough curve. However it is difficult to determine if this is the agnaaindwater travel
time or the result of hydrodynamic dispersion. Furthermore, a small amourg wldyfound in
the carbon packet of cross section 1, even though the flow lines suggest that theseavas
significant amount of water traveling in the northwestern direction.

The quick travel times and atypical distribution of the fluorescein tracealsaye the
result of preferential flow paths. Previous research suggests the presenckotlagoael
running parallel to the South Platte River (Poceta 2005). In gravel albysi@ms, preferential
flow paths (PFPs) can act as divergence zones in high flow events, allowarg stager to
quickly enter the groundwater system, and as convergence zones or sourceaw levefits
(Heeren 2010).

The peak arrival time used to estimate the average linear velocity ssamef the
average velocity of groundwater. The average linear velocity was useahtatedydraulic
conductivity and the Darcian flux at different locations throughout the TamaraekVgidlife
Area. Actual groundwater velocities are greater than the Darciamflicaies because flow
only occurs through the actual pore space and not through the entire cross section ofithe por
medium.

Some of the piezometers exhibit tailing. For example, piezometer 13d measured 0.03
ppb for many of the sampling dates. The water table elevation measurementstbigport
assumption. Piezometers 13s, 13d, 17d, and 18d all showed a gradual decline in water table
elevation after May 18 This could have been the result of groundwater flowing through
slower, deeper flow paths (Clark and others 2005).

It was difficult to determine which concentration values to consider zero. Tia init

background level taken from the South Platte River near cross section 1 medsackgraund
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concentration of 0.005 ppb while the surface water at the end of the study areaseaection
4 did not display any background concentrations. It is possible that some of the tailohg c
actually be background concentrations from other anthropogenic activities. Rgplexmany
brands of car antifreeze utilize fluorescein to detect leaks (McStay addrs2007).

Some of the piezometers had multiple breakthrough curves. Piezometers T5 and T12 both
showed a slight increase in dye on Jul§?, 36hile piezometer T13d showed an increase in dye
on July 28'. Water table elevation data for T12 and T13d also showed a slight increase on these
respective dates. T5 did not show an increase in potentiometric surface orf"Juljulsiple
breakthrough curves may be indicative of multiple groundwater pathways l¢adivey
piezometers (McDermott and others 2008).

While horizontal hydraulic conductivities are generally an order of magnitedéegr
than vertical hydraulic conductivity, vertical hydraulic conductivity may plaole in
groundwater movement at Tamarack. One study found a strong correlationrbetwektimes
and vertical depths and no correlation between travel time and horizontal distapte mag
be the most important factor influencing travel time because the deeper thagtez
perforation is, the more likely it is for the screen to be situated below layariow hydraulic
conductivity (McDermott and others 2008).

Many potential sources of error exist in the estimates of hydraulic cividuclnitially
the distance value used in the Darcy equation was measured between the pEnichegel the
respective piezometers. However this greatly increased the hydyaadient of the piezometers
that were located further away. This is because the estimate of hyd@udiuctivity is a
function of velocity, porosity, head, and distance traveled. With larger distancs,\thkie

resultant hydraulic conductivity value is small. This distance was adjustee analysis so that
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the distance of T5 was measured from 18d to T5, and the distance used for T12 was the
measured distance between T5 and T12.

Estimates of groundwater travel time were better resolved for the uppemgiezs due
to the frequency of sampling dates as well as the density of piezometers eddraqiers were
sampled 2 days after the dye was released, then again 6 days after sige febedl 13d and
T17d, the peak arrival time may have happened on day 1, or between days 3-5. So there was a
potential misestimation of 3 days. For piezometer 18d, the peak arrival time veaydcarred
on day 3 or 5. The potential misestimation is only 1 day.

For the lower piezometers T5 and T12 the potential for error was much greater due to
their distances away from the pond as well as the sampling frequency. T5 and T12 had
shallower screen depths than the eolian sand piezometers, which often producedtdaden
water samples. T5 only produced 2 sediment-free samples, on Mapduly 15. The value
on May 19" was used as the date of the breakthrough curve. Water sample analysis for T12
suggests that the peak arrival time occurred on JiineHdwever, T12 did not produce a
useable water sample on Jufie 9

Results from the carbon packet analysis were difficult to evaluate. While the
manufacturer states that carbon packets should register approximatelynd€ @hie
concentration of the water samples (Aley 2002), the datum from this study showthalugsre
an order of magnitude lower, or 10 times the concentration of the water samplés.thé/hi
values from the carbon packet analysis were difficult to evaluate, the nesuitsevertheless
used to determine peak arrival time. Similar to the water sample anafrkien packet analysis
for T12 suggests the peak arrival time occurred on JiineHbwever, because the carbon

packets are an accumulation of dye, the peak occurred sometime betweeri"Nay 26ne .
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Carbon packet analysis of T5 differs from the water sample analysis. TS #t®w
highest fluorescein concentration on Jufieddter the peak concentration of T12 (located further
away) on June™ and to a lesser value. However, the water sample analysis shows the largest
concentration occurred on May™.9This suggests that the increase in fluorescein indicated by
the carbon packet analysis on Jullex@ay be a secondary peak, and that the true breakthrough

curve of T5 may have occurred near Ma$'.19

Groundwater contribution to streamflow

The groundwater contribution to streamflow in the South Platte River was gretter i
downstream cross sections than the control cross sections for Sept®rahdrZ&' 2010. This
suggests that augmentation may have occurred at cross sections 3 and 4. Meé&stn@mthe
March 30", 2012 sample suggest that the river is losing at the downstream cross sectitms (Ta
12).

The recharge pond was designed to have the groundwater return to the river in 70-90
days. The results from this research agree with the estimate for aties 8 which is the
cross section perpendicular to the recharge pond. However, while some of the watescaape
move in a direction perpendicular to the river, there were also flowpaths moving in a
northeastern direction. The estimated return rate at cross section Bpr@sraately 234 days,
or 8 months, while the return rate for cross section 4 was 534 days, or 18 months. This suggests
that recharge returned to the river between the months of August and Januarysfeectios 3
and possibly greater than a year later for cross section 4.

Results from the groundwater contribution study support this assumption. The

groundwater volume in cross section 3 increases from 155,402 to 426/@@§ between Sept
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7" and Sept 28 If recharge were occurring during the target time frame, there woudg$e |
groundwater volume at the end of September than the beginning.

Results suggest that groundwater contributed to streamflow at cross deiti
September. However, it was difficult to determine the origin of this groundwakere was not
strong evidence from the water table contour maps that a significant amoechafge is
moving northwest in the direction of cross section 1. However, the carbon packeedadiect
June 1% from cross section 1 picked up trace amounts of fluorescein (Table 9), suggesting
sample contamination, or that some recharge water moved toward cross section 1.

Estimates of groundwater contribution to streamflow from this analysis|arge
sometimes exceeding the daily streamflow in the South Platte River.sdf vh&ies were true,
there should have been a measureable increase in streamflow in the downstseasaations.
The calculations of groundwater contribution to streamflow included severdbleariavhich
created many potential sources of error. The variance in groundwatepwomirto streamflow
was determined for each cross section. For cross sections 1-4 the valu43828 441609,
602624, and 7274243 respectively. These values are larger than the estimates of groundwater
contribution, which calls into question the utility of this method. Based on the equation for
variance, the distance from the recharge pond was the largest determinant of gteundw
contribution due to the sheer size of the numbers. Changes in the vertical hygteliéat
made no difference in variance values.

Despite the high variance values, this analysis proved useful in determiniregtibal
hydraulic gradient of the streambed. The vertical gradient can be usedrtuidetif the South
Platte River is gaining during the target time window (April-Septejnbed if the downstream

Cross sections are gaining more than the upstream cross sections. Howthegrstiudies are
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needed to determine a more accurate vertical hydraulic conductivity in thenlse@. With a
more representative vertical hydraulic conductivity, better estswate be made about the

groundwater contribution to streamflow.

75



CONCLUSIONS

Groundwater movement at the Tamarack State Wildlife Area is complexhdbgecand
water table elevation data from this study suggest that the Tamaracott Erdjeot produce a
measureable increase in streamflow in the South Platte River betweennéipBiéptember of
2011. The groundwater tracer study and in-stream vertical hydraulicrgrddia suggest that
groundwater nevertheless contributed to streamflow, but the water returnedivertioeitside of
the target time window.

Discharge measurements were taken at 4 cross sections on the South\Rlatte Ri
determine if there was an increase in streamflow due to conjunctive use.wHsamnet a
significant increase in streamflow in the cross sections downstream othizege pond
compared to upstream cross sections. The average flow of the upstream crossvgastto64
cms compared to 2.66 cms downstream.

The channel was surveyed over varying discharge rates to determinescimaagjeth
and area. The cross-sectional profiles showed that all cross sections wendnabmcised as
exhibited by high bank angles. Due to the channel shape and heavily vegetated banks, an
increase in river discharge resulted in an increase in stream depth and no chxtagmtwisith.

Water table elevations were measured between Man8 September 28011 with a
matrix of piezometers in the Tamarack State Wildlife Area. Theseandataused to develop
potentiometric surface maps of the area. Water pumping occurred betweerbBe£t2010
and May 42011 into a pond with a volume of 2 acre-ft. Shortly after the pumps were shut off,
water table elevations decreased 2-4 m in the deep eolian sand piezometées neeaiarge

pond (T13s, T13d, T17d and T18d) between M&4wBd July 1% 2011. The shallow
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piezometers (T16, T17s, T18s and T19) were dry by late May. Water table elewrations

middle alluvium piezometers (T5, T7, T11, and T12) increased between 0.5 and 1 m between
May 19" and July 15. Of the lower alluvium piezometers (cross sections 2-4) cross section 2
increased by 2.5 m, cross section 3 increased 1.5 m and cross section 4 increased &m betwe
May 3% and July 1% 2011. These data suggest a groundwater mound of approximately 2 m
moved away from the recharge pond toward the lower alluvium piezometers. However, the
increase in water table elevation in the lower alluvium piezometers idikebgia response to
higher streamflows in the South Platte River.

Because groundwater flows downgradient, the potentiometric surface mapsseet®
identify the potential groundwater return flowpaths. The maps showed that groendwat
returned to the river through multiple flowpaths toward cross sections 2, 3, and 4. Hnss diff
from the SDF model that was used to develop the Tamarack Project, which suggessetha
moves toward the river using the shortest distance path. The potentiometric roaoggést
that cross section 2 is probably not upgradient of the recharge pond, as headsearatgnesis
section 2 than the recharge pond.

The vertical hydraulic gradient was measured between April 2011 and June 2012 wit
nested piezometers at cross sections 2, 3, and 4 to determine groundwater floon di€ross
section 2 had a noisy data set, but the moving average showed negative valuesnanging f
approximately -0.02 to -0.08, suggesting a downward movement of groundwater. Ctioss se
3 also showed a downward gradient with negative values ranging from -0.01 to -0.03. Cross
section 4 had a positive gradient, with values ranging from 0.02 to 0.03 suggesting upward

movement of groundwater.
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Fluorescein dye was used to estimate groundwater travel times and icydraul
conductivity. Five piezometers (T13s, T17d, T18d, T5 and T12) showed breakthrough curves of
fluorescein concentration. Piezometers T13s, T17d, and T18d are located in the eoliaarsand ne
the recharge pond, while T5 and T12 are located in the alluvium. The peak arrivdtdimes
these curves were used to estimate average linear velocity, Datcsuritl hydraulic
conductivity. The average linear velocity was 65.7 m/d, the average Darcy flubdvéagn/d),
and the average hydraulic conductivity was 330.7 m/d.

The average hydraulic conductivity was used to estimate groundwatertimael
Groundwater return time for cross section 2, located 1340 m directly north of thegeepbad,
was 92 days and matches the SDF return time estimate. However, the rettdon tiross
section 3, located 3400 m in a northeast direction, was 234 days, or 8 months. The return time
estimate for cross section 4, located 7776 m in the northeastern direction, was 5341fys, or
months. These results suggest that groundwater returning to the river threuggialt
flowpaths (toward cross sections 3 and 4) arrived at the river outside of theitaegeindow.

Measuring the vertical flow in the stream channel showed that groundwatebui@stia
large amount to streamflow during the fall. On S&b2@11 this amount ranged from 123,841-
169,859 n¥d for cross sections 1-4, which comprised 25-41% of the daily streamflow. On
September 282011, the groundwater contribution ranged from 21,590-426,8@5 which
comprised 8-152% of the daily streamflow. The downstream cross sectionsishbigber
contribution of groundwater during September, which suggests the augmentdimneisult of
recharge water. In-stream measurements on Maf@2@D2 showed that only cross section 2
was gaining, or receiving, groundwater. Cross section 2 had a groundwater contribution of

127,657 n¥d, which was 70% of the daily streamflow. Cross section 1 showed no vertical
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movement, while cross sections 3 and 4 were losing surface water to the aquifeugfjesis
that the South Platte River is a gaining stream during the fall and a losing dirgag the
winter and early spring.

Measurements of discharge and water table elevations suggestingniaaadlaProject
did not produce a measureable increase in streamflow in the South Platte Riveiradeainie
of project functionality. The annual volume of water pumped into the recharge pond was 1% of
the annual streamflow volume of the South Platte River. The error associdteadidual
discharge measurements for sand bed streams is 5-7%, meaning any measefrem
augmentation can be attributed to error. While the volume of return flows did not produce
measureable results in the river, data from the tracer study and im-steetécal hydraulic
gradient data suggest a gaining stream. The source of this return water fnoay thee recharge
pond or from upstream irrigation return flows. This warrants further studyhetsdurce of the

return flows, as well as more rigorous field studies into quantity of watenneg to the river.
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RECOMMENDATIONS

This study showed that groundwater contributed to streamflow in the South Platte Rive
However, the volume of water from the recharge pond was not large enough to produce a
measureable augmentation in streamflow. As a result, the source of thdlpetrsrcannot be
directly attributed to the Tamarack Project. A more rigorous quantdicafigroundwater
return flows from the recharge pond versus irrigation return flows would provide fursinghti
into the effectiveness of the Tamarack Project. This could also provide a tefophagasuring
the effectiveness of small-scale augmentation projects acrosstéhe sta

Measuring the vertical hydraulic gradient in the streambed proved assfuddechnique
in quantifying vertical hydraulic gradient at 4 cross sections at therdakn&tate Wildlife Area.
Increasing the number of these measurements would give more informatilte about the
effect of groundwater on streamflow over the course of the pumping season. These
measurements, which are not limited by streamflow, could be made throughoutrnjeaspiri
summer. Future studies into the vertical hydraulic conductivity of the streambedi prouide
more accurate estimates of groundwater contribution to streamflow.

Improved subsurface imagery would aid in the overall understanding aquifer
heterogeneity at the Tamarack site, and ultimately gain a bettastaribng of groundwater
movement. Expanding on earlier geophysics work, the paleo-channel could be betfexddenti
through additional resistivity studies.

This research also showed that return water travels in a northeasterowliréasialling
additional piezometers in the return flow paths in the alluvium east of the exigagneters

would supply additional information about return flows.
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While this study suggests that the recharge pond did not increase habitat &t desir
native fish species, further studies could be conducted into backwater habitats along the
downstream cross sections. This would determine if pumping increases refugespaditng
habitat for native species between April and September.

This research suggests that the recharge water is not reaching the StetRiRér
during the target time window. If water managers wish to have greateolaairthe recharge
site, perhaps an aquifer storage and recovery model would be more approprialg. theeal
would entail lining a pond and covering with alluvium to minimize evaporation. The stored
water could be released into the river at the appropriate time and in the desited.a

Finally, in the 14 years that the Tamarack Recharge Project has been opémating, t
annual pumping volume has not exceeded 3,500 acre-feet, which is 6,500 below compact
requirements. For the project to have a significant impact on downstreanfiewikitat, the

project should operate at full capacity.
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Table 14: Discharge measurement output table using Sontek® equipment for cross section 1 on
October ¥ 2010.

Depth Velocity | Area | FlowQ | %
Station | Time | Location| (m) | %Dep |[MeasD| (m/s) | (m) | (cms) | Q
10:57 13.78 0 0 0 0 0 0 0

10:57 14.23 0.061 0.6 0.02
11:00 14.84 0.159 0.6 0.06
11:02 15.45 0.213 0.6 0.08
11:04 16.06 0.259 0.6 0.10
11:07 16.67 0.29 0.6 0.11
11:09 17.28 0.457 0.6 0.18 0.7301 0.279 0.2035 7.5
11:10 17.89 0.457 0.6 0.18 0.7799 0.279 0.2174 8
11:11 18.5 0.274 0.6 0.11 0.7495 0.167 0.1253 4.6
11:12 19.11 0.305 0.6 0.12 0.7409 0.186 0.1877 5
10 11:14 19.72 0.198 0.6 0.07 0649 0.121 0.0y84 2.9
11 11:16 20.33 0.168 0.6 0.06 0.6641 0.102 0.0679 2.5
12 11:17 20.94 0.2017 0.6 0.0§ 0.7148 0.123 0.0877 3.2
13 11:19 21.55 0.168 0.6 0.06 0.7002 0.102 0.0y15 2.6
14 11:20 22.16 0.146 0.6 0.05 0.609 0.089 0.0543 2
15 11:24 22.77 0.127 0.6 0.04 0.5269 0.074 0.0892 1.4
16 11:25 23.38 0.1272 0.6 0.04 0.5917 0.074 0.044 1.6
17 11:26 23.99 0.157 0.6 0.06 0.65Y6 0.093 0.0p11 2.2
18 11:28 24.6 0.146 0.6 0.05 0.7242 0.089 0.0p46 2.4
19 11:29 25.21 0.157 0.6 0.06 0.707 0.093 0.0657 2.4
20 11:31 25.82 0.189 0.6 0.07 0.6694 0.115 0.0f71 2.8
21 11:35 26.43 0.274 0.6 0.11 0.6939 0.167 0.116 4.3
22 11:36 27.04 0.305 0.6 0.12 0.6735 0.186 0.1251 4.6
23 11:38 27.65 0.36 0.6 0.14 0.5595 0.219 0.1227 45
24 11:40 28.26 0.396 0.6 0.15 0.5889 0.242 0.1422 5.2
25 11:41 28.86 0.427 0.6 0.17 0.6664 026 0.1y33 6.4
26 11:45 29.47 0.36 0.6 0.14 0.7326 0.219 0.1606 5.9
27 11:47 30.08 0.305 0.6 0.12 0.4622 0.186 0.0859 3.1
28 11:48 30.69 0.366 0.6 0.14 0.0909 0.223 0.0203 0.7
29 11:48 31.3 0 0 0 0 0 0 0

0.3629 0.033 0.0118 0.4
0.5413 0.097 0.0523 1.9
0.6268 0.03 0.0815 3

0.7561 0.158 0.1194 44
0.6902 0.177 0.1218 4.5
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Table 15: Discharge measurement output table using Sontek® equipment for cross section 2 on
October ¥ 2010.

Depth Veocity | Area | FlowQ | %
Station | Time | Location| (m) | %Dep | MeasD | (m/s) (m? (cms) Q

0 13:49 3.81 0 0 0 0 0 0 0

1 13:49 3.87 0.085 0.6 0.034  0.097Y5 0.029 0.0028 0.1
2 13:52 4.48 0.165 0.6 0.066 0.2511 0j1 0.0252 1.1
3 13:54 5.09 0.229 0.6 0.091 0.473 0.139 0.0659 3
4 13:56 5.7 0.229 0.6 0.091 0.5916 0.139 0.0824 3.7
5 13:58 6.31 0.244 0.6 0.098 0.6685 0.149 0.0994 45
6 13:59 6.92 0.238 0.6 0.095 0.623 0.145 0.0903 4.1
7 14:03 7.53 0.335 0.6 0.134 0.5304 0.204 0.1084 4.9
8 14:05 8.14 0.457, 0.6 0.183 0.636 0.279 0.1773 8
9 14:08 8.75 0.488 0.6 0.195 0.648 0.297 0.1927 8.7
10 14:09 9.36 0.29 0.6 0.116 0.6961 0.177 0.1229 5.6
11 14:10 9.97 0.244 0.6 0.098 0.6644 0.149 0.0987 45
12 14:12 10.58 0.335 0.6 0.134  0.7547 0.204 0.1543 7
13 14:25 11.19 0.259 0.6 0.104 0.7213 0.158 0.1139 5.2
14 14:27 11.8 0.259 0.6 0.104 0.7303 0.158 0.1153 5.2
15 14:28 12.41 0.244 0.6 0.098 0.7189 0.149 0.1p68 4.8
16 14:29 13.02 0.274 0.6 0.11 0.6762 0.167 0.1131 5.1
17 14:30 13.62 0.28 0.6 0.112 0.7372 0.171 0.126 5.7
18 14:32 14.23 0.274 0.6 0.11 0.65 0.167 0.1087 4.9
19 14:33 14.84 0.268 0.6 0.107 0.65Y7 0.163 0.1075 4.9
20 14:35 15.45 0.259 0.6 0.104 0.516 0.158 0.0815 3.7
21 14:36 16.06 0.268 0.6 0.107 0.5287 0.163 0.0864 3.9
22 14:38 16.67 0.122 0.6 0.049 0.2827 0.074 0.021 1
23 14:40 17.28 0.046 0.6 0.018 0.1317 0.028 0.0037 0.2
24 14:42 17.89 0.046 0.6 0.018 0.0692 0.055 0.0p38 0.2
25 14:45 19.69 0.091 0.6 0.037 0.0085 0.164 0.0014 0.1
26 14:45 21.49 0 0 0 0 0 0 0
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Table 16: Discharge measurement output table using Sontek® equipment for cross section 3 on
October ¥ 2010.

Depth Velocity | Area | FlowQ | %
Station | Time | Location| (m) | %Dep |[MeasD| (m/s) | (m) | (cms) | Q

0 15:43 2.59 0 0 0 0 0 0 0

1 15:43 3.05 0.274 0.6 0.11 0.1262 0.146 0.0185 0.9
2 15:46 3.66 0.131 0.6 0.052 0.1688 0.08 0.0135 0.7
3 15:47 4.27 0.061 0.6 0.024 0.3787 0.074 0.0282 14
4 15:49 6.1 0.091 0.6 0.037 0.5182 0.111 0.0%77 2.9
5 15:50 6.71 0.107 0.6 0.043 0.5646 0.065 0.0867 1.8
6 15:52 7.32 0.107 0.6 0.0438 0.5958 0.065 0.0388 1.9
7 15:53 7.92 0.122 0.6 0.049 0.57) 0.074 0.0429 2.1
8 15:54 8.53 0.168 0.6 0.067 0.5677 0.102 0.0b8 2.9
9 15:56 9.14 0.198 0.6 0.079 0.6329 0.121 0.0Y64 3.8
10 15.57 9.75 0.183 0.6 0.0738 0.6547 0.111 0.073 3.6
11 15:58 10.36 0.183 0.6 0.078 0.6911 0.111 o0.0y712 3.8
12 15:59 10.97 0.198 0.6 0.079 0.727Y1 0.121 0.0878 4.4
13 16:.01 11.58 0.183 0.6 0.078 0.6756 0.111 0.0y53 3.8
14 16:02 12.19 0.207 0.6 0.083 0.6382 0.126 0.0806 4
15 16:03 12.8 0.183 0.6 0.073 0.6505 0.111 0.0y25 3.6
16 16:04 13.41 0.213 0.6 0.085 0.6825 0/13 0.0888 4.4
17 16:05 14.02 0.223 0.6 0.089 0.6904 0.136 0.0936 4.7
18 16:07 14.63 0.229 0.6 0.091 0.7172 0.139 0.0999 5
19 16:08 15.24 0.244 0.6 0.098 0.6444 0.149 0.0958 4.8
20 16:09 15.85 0.259 0.6 0.10|4 0.732 0.158 0.1156 5.8
21 16:10 16.46 0.244 0.6 0.098 0.6183 0.149 0.0919 4.6
22 16:12 17.07 0.238 0.6 0.0956 0.6386 0.145 0.0925 4.6
23 16:13 17.68 0.213 0.6 0.085 0.6401 0/13 0.0833 4.1
24 16:14 18.29 0.189 0.6 0.076 0.6266 0.115 0.022 3.6
25 16:15 18.9 0.152 0.6 0.061 0.6999 0.093 0.065 3.2
26 16:17 19.51 0.122 0.6 0.049 0.6026 0.074 0.0448 2.2
27 16:18 20.12 0.116 0.6 0.046 0.58Y6 0.071 0.0415 2.1
28 16:19 20.73 0.116 0.6 0.04p6 0.6093 0.071 0.043 2.1
29 16:20 21.34 0.107 0.6 0.043 0.5525 0.065 0.0859 1.8
30 16:22 21.95 0.082 0.6 0.033 0.5066 0,05 0.0254 1.3
31 16:23 22.56 0.076 0.6 0.03 0.499 0.046 0.0232 1.2
32 16:24 23.16 0.076 0.6 0.03 0.4367 0.046 0.0203 1
33 16:25 23.77 0.076 0.6 0.03 0.3243 0.046 0.0151 0.8
34 16:26 24.38 0.061 0.6 0.024 0.28%54 0.037 0.0106 0.5
35 16:28 24.99 0.055 0.6 0.02p 0.2919 0.043 0.0025 0.6
36 16:28 25.94 0 0 0 0 0 0 0
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Table 17: Discharge measurement output table using Sontek® equipment for cross section 1 on
October 14 2010.

Depth Velocity | Area | FlowQ | %
Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q
0 13:40 2.68 0 0 0 0 0 0 0
1 13:40 3.05 0.122 0.6 0.049 0.0264 0.078 0.0021 0.1
2 13:42 3.96 0.22 0.6 0.088 0.1187 0.201 0.0238 0.8
3 13:43 4.88 0.244 0.6 0.098 0.5694 0.223 0.1269 4.3
4 13:44 5.79 0.213 0.6 0.085 0.5873 0.195 0.1146 3.8
5 13:45 6.71 0.213 0.6 0.085 0.5949 0.195 0.1161 3.9
6 13:46 7.62 0.183 0.6 0.073 0.6632 0.167 0.1109 3.7
7 13:48 8.53 0.159 0.6 0.063 0.6071 0.145 0.088 3
8 13:49 9.45 0.137 0.6 0.055 0.6397 0.125 0.0803 2.7
9 13:50 10.36 0.152 0.6 0.061 0.6422 0.139 0.0895 3
10 13:51 11.28 0.152 0.6 0.061 0.6358 0.139 0.0886 3
11 13:53 12.19 0.152 0.6 0.061 0.6319 0.139 0.0881 3
12 13:54 13.11 0.152 0.6 0.061 0.6232 0.139 0.0868 2.9
13 13:56 14.02 0.198 0.6 0.079 0.5581 0.181 0.1011 34
14 13.57 14.94 0.213 0.6 0.085 0.5707 0.195 0.1114 3.7
15 13:58 15.85 0.213 0.6 0.085 0.6426 0.195 0.1254 4.2
16 13:59 16.76 0.198 0.6 0.079 0.6572 0.181 0.119 4
17 14:00 17.68 0.244 0.6 0.098 0.5423 0.223 0.1209 4.1
18 14.02 18.59 0.244 0.6 0.098 0.6237 0.223 0.139 4.7
19 14:04 19.51 0.32 0.6 0.128 0.5777 0.293 0.169 5.7
20 14.05 20.42 0.274 0.6 0.11 0.4972 0.251 0.1247 4.2
21 14:07 21.34 0.396 0.6 0.158 0.5269 0.362 0.1909 6.4
22 14.08 22.25 0.427 0.6 0.171 0.4966 0.39 0.1938 6.5
23 14:10 23.16 0.61 0.6 0.244 0.4572 0.557 0.2549 8.6
24 14:13 24.08 0.762 0.2 0.61 0.39%52 0.465 0.1614 54
24 14:16 24.08 0.762 0.8 0.15p 0.2999
25 14:27 24.38 0.762 0.2 0.61 0.4746 0.348 0.1227 4.1
25 14:23 24.38 0.762 0.8 0.15p 0.2297
26 14:30 24.99 0.402 0.6 0.161 0.1061 0.276 0.0293 1
27 14:30 25.76 0 0 0 0 0 0 0
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Table 18: Discharge measurement output table using Sontek® equipment for cross section 2 on
October 14 2010.

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD| (m/s) | (m) | (cms) | Q

0 11:49 2.74 0 0 0 0 0 0 0
1 11:49 3.35 0.335 0.6 0.134 0.1605 0.255 0.041 1.4
2 11:51 4.27 0.152 0.6 0.061 0.2894 0.139 0.0403 1.3
3 11:52 5.18 0.061 0.6 0.024 0.3602 0.056 0.0201 0.7
4 11:54 6.1 0.137 0.6 0.055 0.5146 0.125 0.0646 2.2
5 11:55 7.01 0.168 0.6 0.067 0.5688 0.153 0.0872 2.9
6 11:56 7.92 0.229 0.6 0.091 0.5446 0.209 0.1138 3.8
7 11.57 8.84 0.229 0.6 0.091 0.6319 0.209 0.1321 44
8 11:59 9.75 0.274 0.6 0.11 0.6053 0.251 0.1%518 5.1
9 12:.01 10.67 0.274 0.6 0.11 0.5985 0.251 0.1501 5
10 12:02 11.58 0.29 0.6 0.116 0.6202 0.265 0.1642 55
11 12:03 12.5 0.29 0.6 0.116 0.6676 0.265 0.1768 5.9
12 12:04 13.41 0.305 0.6 0.12p 0.6739 0.279 0.1878 6.3
13 12:05 14.33 0.457 0.6 0.183 0.6788 0.418 0.2838 9.5
14 12:06 15.24 0.305 0.6 0.12p 0.6972 0.279 0.1943 6.5
15 12:08 16.15 0.335 0.6 0.134 0.6942 0.307 0.2128 7.1
16 12:10 17.07 0.32 0.6 0.128 0.6085 0.293 0.1v81 5.9
17 12:11 17.98 0.244 0.6 0.098 0.6479 0.223 0.1444 4.8
18 12:12 18.9 0.213 0.6 0.085 0.6867 0.195 0.134 4.5
19 12:14 19.81 0.198 0.6 0.079 0.6224 0.181 0.1127 3.8
20 12:15 20.73 0.183 0.6 0.073 0.5957 0.167 0.0996 3.3
21 12:16 21.64 0.152 0.6 0.061 0.6108 0.139 0.0851 2.8
22 12:17 22.56 0.137 0.6 0.055 0.5388 0.125 0.0676 2.3
23 12:19 23.47 0.122 0.6 0.049 0.5489 0.111 0.0612 2
24 12:20 24.38 0.137 0.6 0.055 0.4082 0.125 0.0512 1.7
25 12:21 25.3 0.122 0.6 0.049 0.3162 0.111 0.0852 1.2
26 12:23 26.21 0.091 0.6 0.037 0.0478 0.077 0.0037 0.1

27 12:23 26.97 0 0 0 0 0 0 0
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Table 19: Discharge measurement output table using Sontek® equipment for cross section 3 on
October 14 2010.

Depth Velocity | Area | Flow Q

Station | Time | Location | (m) %Dep | MeasD | (m/9) (m? (cms) | % Q
0 10:00 4.24 0 0 0 0 0 0 0
1 10:00 4.36 0.031] 0.6 0.012 0.1907 0.005 0.001 0
2 10:02 4.57 0.137 0.6 0.055 0.0089 0.077 0.0007 0
3 10:04 5.49 0.259 0.6 0.104 0.3766 0.237 0.0892 3
4 10:05 6.4 0.274 0.6 0.11 0.6667 0.251 0.1672 5.6
5 10:06 7.32 0.274 0.6 0.11 0.657 0.251 0.1648 5.6
6 10:09 8.23 0.381 0.6 0.152 0.814 0.348 0.2836 9.6
7 10:11 9.14 0.457 0.6 0.183 0.6734 0418 0.2815 95
8 10:13 10.06 0.533 0.6 0.213 0.5845 0.488 0.2851 9.6
9 10:14 10.97 0.503 0.6 0.200 0.6512 046 0.2995 10.1
10 10:15 11.89 0.442 0.6 0.177 0.796 0.404 0.3217 10.9
11 10:16 12.8 0.442 0.6 0.177 0.8345 0.404 0.3373 114
12 10:17 13.72 0.402 0.6 0.164 0.6931 0.368 0.255 8.6
13 10:19 14.63 0.366 0.6 0.146 0.653 0.334 0.2184 74
14 10:20 15.54 0.274 0.6 0.11 0.5871 0.251 0.1473 5
15 10:21 16.46 0.198 0.6 0.079 0.3835 0.181 0.0695 2.3
16 10:25 17.37 0.168 0.6 0.067 0.2254 0.153 0.0845 1.2
17 10:27 18.29 0.213 0.6 0.085 0.0393 0.195 0.0077 0.3
18 10:28 19.2 0.213 0.6 0.085 0.0074 0.195 0.0014 0
19 10:30 20.12 0.037 0.6 0.015 -0.0094 0.032 -0.0003 0
20 10:30 20.97 0 0 0 0 0 0 0
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Table 20: Discharge measurement output table using Sontek® equipment for cross section 4 on
October 14 2010.

Depth Veocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep | MeasD | (m/s) (m%) | (cms) Q

0 8:10 14.33 0 0 0 0 0 0 0
1 8:10 14.63 0.091 0.6 0.03r 0.2538 0.056 0.0141 0.5
2 8:17 15.54 0.213 0.6 0.085 0.4469 0.195 0.0872 3
3 8:18 16.46 0.305 0.6 0.122 0.6145 0.279 0.1713 5.9
4 8:19 17.37 0.335 0.6 0.134 0.6173 0.307 0.1893 6.6
5 8:21 18.29 0.366 0.6 0.146 0.6692 0.334 0.2238 7.8
6 8:22 19.2 0.335 0.6 0.134 0.809 0.307 0.248 8.6
7 8:24 20.12 0.28 0.6 0.112 0.6871 0.256 0.1762 6.1
8 8:25 21.03 0.244 0.6 0.098 05897 0.223 0.1315 4.6
9 8:26 21.95 0.213 0.6 0.085 0.5858 0.195 0.1143 4
10 8:27 22.86 0.183 0.6 0.073 05769 0.167 0.0965 3.3
11 8:29 23.77 0.168 0.6 0.067 0.5051 0.153 0.0v74 2.7
12 8:31 24.69 0.183 0.6 0.073 0.6259 0.167 0.1047 3.6
13 8:32 25.6 0.207 0.6 0.083 0.6285 0.19 0.1191 4.1
14 8:34 26.52 0.274 0.6 0.11 0.6803 0.251 0.1706 5.9
15 8:35 27.43 0.457 0.6 0.183 0.6458 0.418 0.27 9.4
16 8:37 28.35 0.402 0.6 0.161 05761 0.368 0.2119 7.4
17 8:38 29.26 0.427 0.6 0.171 0.697 0.39 0.272 94
18 8:40 30.18 0.335 0.6 0.134 0.6349 0.307 0.1947 6.8
19 8:45 31.09 0.335 0.6 0.134 0.0334 0.255 0.0085 0.3

20 8:45 31.7 0 0 0 0 0 0 0

94



Table21: Discharge measurement output table using Sontek® equipment for cross section 1 on

October 28 2010.
Depth Velocity | Area | FlowQ | %
Station | Time | Location | (m) % Dep (m/s) (m? (cms) Q

0 12:43 12.19 0 0 0 0 0 0 0

1 12:43 12.5 0 0.6 0 -0.0009 0 0 0

2 12:44 13.41 0.031 0.6 0.012 -0.0109 0.028 -0.0003 O
3 12:45 14.33 0.152 0.6 0.061 0.058 0.139 0.0081 1.2
4 12:50 15.24 0.122 0.6 0.049 0.0662 0.111 0.0074 1.1
5 12:51 16.15 0.122 0.6 0.049 0.2167 0.111 0.0242 34
6 12:52 17.07 0.146 0.6 0.059 0.1063 0.134 0.0142 2
7 12:53 17.98 0.146 0.6 0.059 0.31 0.134 0.0415 5.9
8 12:54 18.9 0.213 0.6 0.085 0.3589 0.195 0.07 10
9 12:55 19.81 0.198 0.6 0.079 0.4383 0.181 0.0y94 11.3
10 12:56 20.73 0.244 0.6 0.098 0.4227 0.223 0.0942 135
11 12:57 21.64 0.259 0.6 0.104 0.4591 0.197 0.0906 12.9
12 12:59 22.25 0.274 0.6 0.11 0.4012 0.167 0.0671 9.6
13 12:59 22.86 0.244 0.6 0.098 0.4405 0.149 0.0655 9.3
14 13:00 23.47 0.259 0.6 0.104 0.385 0.197 0.076 10.9
15 13:02 24.38 0.229 0.6 0.0917 0.3114 0.209 0.0651 9.3
16 13:03 25.3 0.268 0.6 0.10y -0.0127 0.204 -0.003 -0.4
17 13:05 25.91 0.268 0.6 0.107 0.0001 0.094 C 0
18 13:05 26 0 0 0 0 0 0 0
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Table22: Discharge measurement output table using Sontek® equipment for cross section 2 on

October 28 2010.
Depth Velocity | Area | FlowQ | %
Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 11:20 2.53 0 0 0 0 0 0 0

1 11:21 2.83 0.183 0.6 0.073 0.0998 0.139 0.0139 1.8
2 11:23 4.05 0.076 0.6 0.03 0.3812 0.093 0.0354 4.7
3 11:24 5.27 0.091 0.6 0.03V 0.3982 0.111 0.0444 5.8
4 11:25 6.49 0.122 0.6 0.049 0.464 0.149 0.069 9.1
5 11:26 7.71 0.116 0.6 0.046 0.4732 0.141 0.0668 8.8
6 11:27 8.93 0.137 0.6 0.055 0.3124 0.167 0.0523 6.9
7 11:29 10.15 0.091 0.6 0.03y 0.3394 0.111 0.0378 5
8 11:31 11.37 0.091 0.6 0.037 0.2476 0.111 0.0276 3.6
9 11:32 12.59 0.095 0.6 0.038 0.4062 0.115 0.0468 6.2
10 11:34 13.81 0.091 0.6 0.037 0.3369 0.111 0.0875 4.9
11 11:37 15.03 0.183 0.6 0.0738 0.5133 0.223 0.1145 15.1
12 11:38 16.25 0.152 0.6 0.061 0.4521 0.186 0.084 11.1
13 11:39 17.47 0.152 0.6 0.061 0.508 0.186 0.0944 124
14 11:41 18.68 0.122 0.6 0.049 0.2333 0.149 0.0847 4.6
15 11:44 19.9 0.061 0.6 0.024 0.0018 0.074 0.0001 0
16 11:45 21.12 0.031 0.6 0.012 -0.0011 0.037 0 0
17 11:45 22.34 0 0 0 0 0 0 0
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Table 23: Discharge measurement output table using Sontek® equipment for cross section 3 on
October 28 2010 .

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 10:00 3.96 0 0 0 0 0 0 0
1 10:00 4.15 0.085 0.6 0.034 0.0693 0.047 0.0032 0.2
2 10:01 5.06 0.061 0.6 0.024 0.168 0.056 0.0094 0.7
3 10:04 5.97 0.076 0.6 0.03 -0.0179 0.081 -0.0015 -0.1
4 10:05 7.19 0.076 0.6 0.03 0.3559 0.081 0.0289 2.1
5 10:.07 8.11 0.229 0.6 0.091 0.4098 0.209 0.0857 6.2
6 10:08 9.02 0.274 0.6 0.11 0.493 0.251 0.1237 9
7 10:10 9.94 0.335 0.6 0.134 0.607 0.307 0.1861 13.6
8 10:11 10.85 0.305 0.6 0.122 0.6144 0.279 0.1v12 125
9 10:12 11.77 0.29 0.6 0.116 0.6389 0.265 0.1692 12.3
10 10:13 12.68 0.305 0.6 0.122 0.5892 0.279 0.1642 12
11 10:15 13.59 0.32 0.6 0.128 0.5271 0.293 0.1542 11.2
12 10:17 14.51 0.213 0.6 0.085 0.4926 0.195 0.0961 7
13 10:18 15.42 0.122 0.6 0.049 0.5652 0.111 0.063 4.6
14 10:19 16.34 0.122 0.6 0.049 0.4551 0.111 0.0607 3.7
15 10:20 17.25 0.091 0.6 0.037 0.1669 0.084 0.0139 1
16 10:22 18.17 0.085 0.6 0.034 0.3741 0.078 0.0292 2.1
17 10:23 19.08 0.091 0.6 0.037 0.2931 0.084 0.0245 1.8
18 10:25 19.99 0.091 0.6 0.03y7 0.0015 0.084 0.0001 0

19 10:25 20.91 0 0 0 0 0 0 0
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Table 24: Discharge measurement output table using Sontek® equipment for cross section 4 on

October 28 2010.
Depth Velocity | Area | FlowQ | %
Station | Time | Location| (m) | %Dep MeasD| (m/s) | (m%) | (cms) | Q
0 8:36 13.62 0 0 0 0 0 0 0
1 8:37 13.9 0.006 0.6 0.002 0.3028 0.005 0.0014 0.1
2 8:40 15.12 0.183 0.6 0.073 0.5538 0.223 0.1235 8.2
3 8:41 16.34 0.213 0.6 0.08b 0.6363 0.26 0.1656 10.9
4 8:42 17.56 0.213 0.6 0.085 0.6329 0.26 0.1647 10.9
5 8:43 18.78 0.168 0.6 0.06V 0.56%2 0.204 0.1155 7.6
6 8:45 19.99 0.122 0.6 0.049 0.4849 0.149 0.0721 4.8
7 8:46 21.21 0.107 0.6 0.043 0.4737 0.13 0.0616 4.1
8 8:47 22.43 0.091 0.6 0.037 0.4562 0.111 0.0508 3.4
9 8:50 23.65 0.116 0.6 0.046 0.431 0.141 0.0609 4
10 8:51 24.87 0.134 0.6 0.054 0.4992 0.163 0.0816 54
11 8:52 26.09 0.152 0.6 0.061 0.6013 0.186 0.1117 7.4
12 8:54 27.31 0.207 0.6 0.083 0.5626 0.253 0.1422 94
13 8:56 28.53 0.305 0.6 0.12p 0.6457 0.325 0.21 13.9
14 8:57 29.44 0.274 0.6 0.11 0.54%54 0.251 0.1368 9
15 8:58 30.36 0.274 0.6 0.11 0.0897 0.184 0.0165 1.1
16 9:00 30.78 0.122 0.6 0.049 0 0.052 0 0
17 9:01 31.21 0.122 0.6 0.049 0.0002 0.052 Q 0
18 9:01 31.64 0 0 0 0 0 0 0
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Table 25: Discharge measurement output table using Sontek® equipment for cross section 1 on
November # 2010.

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 13:43 12.5 0 0 0 0 0 0 0
1 13:43 13.41 0.031 0.6 0.012 0.0384 0.028 0.0011 0.2
2 13:45 14.33 0.122 0.6 0.049 0.018 0.111 0.002 0.3
3 13:46 15.24 0.122 0.6 0.049 0.2224 0.111 0.0248 3.7
4 13:47 16.15 0.122 0.6 0.049 0.2713 0.111 0.0802 45
5 13:48 17.07 0.137 0.6 0.055 0.342 0.125 0.0429 6.4
6 13:49 17.98 0.152 0.6 0.061 0.4309 0.139 0.06 9
7 13:50 18.9 0.168 0.6 0.067 0.4584 0.153 0.0703 10.5
8 13:51 19.81 0.152 0.6 0.061 0.4912 0.139 0.0685 10.3
9 13.52 20.73 0.213 0.6 0.085 0.4625 0.195 0.0902 135
10 13:53 21.64 0.198 0.6 0.079 0.4332 0.181 0.0y85 11.8
11 13:55 22.56 0.213 0.6 0.085 0.4469 0.195 0.0872 13.1
12 13:56 23.47 0.244 0.6 0.098 0.0397 0.223 0.0089 1.3
13 13:57 24.38 0.274 0.6 0.11 0.4067 0.251 0.102 15.3
14 13:58 25.3 0.274 0.6 0.11 0.0263 0.209 0.0055 0.8
15 14:00 25.91 0.152 0.6 0.061 -0.0679 0.07 -0.005 -0.7

16 14.00 26.21 0 0 0 0 0 0 0
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Table 26: Discharge measurement output table using Sontek® equipment for cross section 3 on
November # 2010.

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) @ (cms) | Q

0 11:16 9.75 0 0 0 0 0 0 0
1 11:16 10.06 0.091 0.6 0.037 0.2973 0.056 0.0166 1.6
2 11:17 10.97 0.244 0.6 0.098 0.4134 0.223 0.0922 8.8
3 11:18 11.89 0.274 0.6 0.11 0.5435 0.251 0.1363 13
4 11:19 12.8 0.274 0.6 0.11 0.5508 0.251 0.1382 13.1
5 11:20 13.72 0.274 0.6 0.11 0.5929 0.251 0.1487 14.1
6 11:22 14.63 0.229 0.6 0.091 0.5977 0.209 0.1249 11.9
7 11:23 15.54 0.244 0.6 0.098 0.5382 0.223 0.12 11.4
8 11:24 16.46 0.244 0.6 0.098 0.53%4 0.223 0.1194 11.3
9 11:25 17.37 0.152 0.6 0.061 0.4281 0.139 0.0597 5.7
10 11:26 18.29 0.107 0.6 0.043 0.4122 0.098 0.0402 3.8
11 11:27 19.2 0.122 0.6 0.049 0.1371 0.111 0.0153 15
12 11:29 20.12 0.076 0.6 0.03 0.3618 0.07 0.0252 24
13 11:30 21.03 0.031 0.6 0.012 0.3051 0.028 0.0085 0.8
14 11:31 21.95 0.031 0.6 0.01p 0.2374 0.028 0.0066 0.6
15 11:32 22.86 0.031 0.6 0.012 -0.0007 0.028 0 0

16 11:32 23.77 0 0 0 0 0 0 0
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Table 27: Discharge measurement output table using Sontek® equipment for cross section 4 on
November # 2010.

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 9:59 14.33 0 0 0 0 0 0 0
1 9:59 14.63 0.031 0.6 0.012 0.3147 0.023 0.0073 0.6
2 10:01 15.85 0.183 0.6 0.073 0.3673 0.223 0.0819 6.8
3 10:02 17.07 0.189 0.6 0.076 0.5719 0.23 0.1318 11
4 10:03 18.29 0.183 0.6 0.073 0.5279 0.223 0.1177 9.8
5 10:04 19.51 0.122 0.6 0.049 0.4992 0.149 0.0y42 6.2
6 10:08 20.73 0.085 0.6 0.034 0.3274 0.104 0.034 2.8
7 10:09 21.95 0.061 0.6 0.024 0.351 0.074 0.0261 2.2
8 10:10 23.16 0.061 0.6 0.024 0.3509 0.074 0.0261 2.2
9 10:11 24.38 0.046 0.6 0.018 0.3583 0.056 0.02 1.7
10 10:12 25.6 0.061 0.6 0.024 0.4222 0.074 0.0314 2.6
11 10:16 26.82 0.116 0.6 0.046 0.4587 0.141 0.0648 5.4
12 10:18 28.04 0.198 0.6 0.079 0.4858 0.242 0.1173 9.8
13 10:20 29.26 0.366 0.6 0.146 0.6811 0.334 0.2278 19
14 10:21 29.87 0.305 0.6 0.12p 0.6797 0.186 0.1263 10.5
15 10:22 30.48 0.335 0.6 0.134 0.5538 0.204 0.1132 95
16 10:23 31.09 0.213 0.6 0.085 -0.0217 0.13 -0.003 -0.2

17 10:23 31.7 0 0 0 0 0 0 0
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Table 28: Discharge measurement output table using Sontek® equipment for cross section 2 on
November 18 2010 .

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD| (m/s) | (m) @ (cms) | Q

0 15:36 2.44 0 0 0 0 0 0 0
1 15:38 3.05 0.274 0.6 0.11 0.0571 0.209 0.0119 0.2
2 15:41 3.96 0.518 0.6 0.20V 0.0688 0474 0.08326 0.5
3 15:43 4.88 0.549 0.6 0.219 0.4692 0502 0.2354 3.6
4 15:44 5.79 0.488 0.6 0.195 0.6823 0446 0.3043 4.6
5 15:47 6.71 0.564 0.6 0.226 0.7375 0.516 0.3803 5.8
6 15:50 7.62 0.549 0.6 0.219 0.6713 0.585 0.3929 6
7 15:52 8.84 0.32 0.6 0.128 0.2888 0.39 0.1115 1.7
8 15:55 10.06 0.518 0.6 0.207 0.7392 0.632 0.467 7.1
9 15:56 11.28 0.472 0.6 0.189 0.7113 0.576 0.4097 6.2
10 16:01 12.5 0.518 0.6 0.207 0.67%52 0.632 0.4266 6.5
11 16:03 13.72 0.549 0.6 0.219 0.7302 0.669 0.4884 7.4
12 16:04 14.94 0.472 0.6 0.189 0.6346 0576 0.3655 5.6
13 16:05 16.15 0.503 0.6 0.201 0.7816 0.613 0.4792 7.3
14 16:08 17.37 0.412 0.6 0.165 0.836 0.502 04194 6.4
15 16:09 18.59 0.457 0.6 0.183 0.6727 0.557 375 5.7
16 16:11 19.81 0.396 0.6 0.158 0.762 0.483 0.3681 5.6
17 16:12 21.03 0.351 0.6 0.14 0.7782 0.427 0.3325 5.1
18 16:13 22.25 0.351 0.6 0.14 0.58%7 0.427 0.2503 3.8
19 16:14 23.47 0.305 0.6 0.122 0.6306 0.372 0.28343 3.6
20 16:16 24.69 0.29 0.6 0.116 0.6036 0.353 0.2131 3.2
21 16:17 25.91 0.366 0.6 0.146 0.3638 0.446 0.1622 25
22 16:19 27.13 0.305 0.6 0.12p 0.3197 0.372 0.1188 1.8

23 16:19 28.35 0 0 0 0 0 0 0
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Table29: Discharge measurement output table using Sontek® equipment for cross section 1 on
September72011.

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 13:16 2.74 0 0 0 0 0 0 0
1 13:16 4.57 0.183 0.6 0.073 0.3254 0.307 0.0998 1.8
2 13:17 6.1 0.259 0.6 0.104 0.6774 0.395 0.2675 4.7
3 13:19 7.62 0.335 0.6 0.134 0.7759 0511 0.3965 7
4 13:21 9.14 0.372 0.6 0.149 0.7122 0.567 0.4037 7.1
5 13:22 10.67 0.366 0.6 0.146 0.7674 0557 04278 7.5
6 13:24 12.19 0.412 0.6 0.165 0.634 0.627 0.3976 7
7 13:25 13.72 0.427 0.6 0.171 0.625%6 0.65 04068 7.1
8 13:26 15.24 0.427 0.6 0.171 0.6884 0.65 04477 7.9
9 13:28 16.76 0.579 0.6 0.232 0.71%2 0.883 0.6312 11.1
10 13:29 18.29 0.579 0.6 0.232 0.7281 0.883 0.6426 11.3
11 13:30 19.81 0.366 0.6 0.146 0.5955 0.557 0.332 5.8
12 13:31 21.34 0.274 0.6 0.11 0.6611 0.418 0.2V¥64 4.8
13 13:32 22.86 0.351 0.6 0.14 0.5712 0534 0.3051 54
14 13:34 24.38 0.427 0.6 0.171 0.5226 0,65 0.3398 6
15 13:36 25.91 0.396 0.6 0.158 0.545 0.604 0.3291 5.8
16 13:37 27.43 0.168 0.6 0.067 -0.0199 0.179 -0.0036 -0.1

17 13:37 28.04 0 0 0 0 0 0 0
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Table 30: Discharge measurement output table using Sontek® equipment for cross section 3 on

September 7 2011.
Depth Velocity | Area | FlowQ | %
Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 11:00 22.86 0 0 0 0 0 0 0

1 11:00 21.95 0.046 0.6 0.018 0.255 0.056 0.0142 0.3
2 11:02 20.42 0.152 0.6 0.061 0.547 0.232 0.127 2.6
3 11:04 18.9 0.29 0.6 0.116 0.7725 0.441 0.3409 7
4 11:05 17.37 0.32 0.6 0.128 0.8435 0488 0.4114 84
5 11.06 15.85 0.396 0.6 0.158 0.8021 0.604 0.4843 9.9
6 11:08 14.33 0.351 0.6 0.14 0.9105 0.534 0.4864 9.9
7 11:10 12.8 0.381 0.6 0.152 0.6651 0581 0.3862 7.9
8 11:12 11.28 0.442 0.6 0.177 0.7787 0.674 0.5245 10.7
9 11:13 9.75 0.518 0.6 0.207 0.769 0.¥y9 0.6073 124
10 11:15 8.23 0.442 0.6 0.177 0.8107 0.674 0.5461 11.1
11 11:16 6.71 0.427 0.6 0.171 0.7708 0.65 0.5012 10.2
12 11:17 5.18 0.305 0.6 0.122 0.5829 0.465 0.2Y08 5.5
13 11:20 3.66 0.259 0.6 0.104 0.234 0.395 0.0924 1.9
14 11:22 2.13 0.229 0.6 0.091 0.3137 0.348 0.1093 2.2
15 11:25 0.61 0.183 0.6 0.073 0.0117 0.167 0.002 0
16 11:25 0.3 0 0 0 0 0 0 0
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Table 31: Discharge measurement output table using Sontek® equipment for cross section 4 on
September72011.

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 9:48 2.13 0 0 0 0 0 0 0
1 9:49 2.44 0.168 0.6 0.067 0.147 0.153 0.0225 0.5
2 9:51 3.96 0.305 0.6 0.122 0.4441 0465 0.2063 4.3
3 9:53 5.49 0.213 0.6 0.085 0.41 0.325 0.1333 2.8
4 9:54 7.01 0.177 0.6 0.071 0.478 0.269 0.1288 2.7
5 9:56 8.53 0.183 0.6 0.073 0.5262 0.279 0.1467 3.1
6 9:57 10.06 0.137 0.6 0.055 0.5142 0.209 0.1075 2.2
7 9:58 11.58 0.122 0.6 0.049 0.5445 0.186 0.1012 2.1
8 10:00 13.11 0.137 0.6 0.055 0.5645 0.209 0.118 2.5
9 10:.01 14.63 0.213 0.6 0.085 0.6619 0.325 0.2153 45
10 10:02 16.15 0.213 0.6 0.085 0.7174 0.325 0.28333 4.9
11 10:04 17.68 0.284 0.6 0.113 0.6186 0.432 0.2673 5.6
12 10:05 19.2 0.32 0.6 0.128 0.6302 0488 0.3073 6.4
13 10:07 20.73 0.381 0.6 0.152 0.8474 0581 0.492 10.3
14 10:08 22.25 0.427 0.6 0.171 0.7236 065 04706 9.8
15 10:09 23.77 0.366 0.6 0.146 0.8012 0.557 0.4467 9.3
16 10:11 25.3 0.366 0.6 0.146 0.7334 0.557 0.4089 8.5
17 10:12 26.82 0.457 0.6 0.183 0.8131 0.697 0.5665 11.8
18 10:14 28.35 0.488 0.6 0.195 05787 0.669 0.3871 8.1
19 10:17 29.57 0.284 0.6 0.118 0.1315 0.216 0.0284 0.6

20 10:17 29.87 0 0 0 0 0 0 0
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Table 32: Discharge measurement output table using Sontek® equipment for cross section 1 on
September 282011.

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 13:37 3.66 0 0 0 0 0 0 0
1 13:37 5.49 0.122 0.6 0.049 0.0557 0.223 0.0124 04
2 13:39 7.32 0.177 0.6 0.071 0.4179 0.323 0.1351 44
3 13:40 9.14 0.344 0.6 0.138 0.566 0.63 0.3565 11.7
4 13:41 10.97 0.442 0.6 0.17y7 0.6051 0.808 0.4891 16.1
5 13:43 12.8 0.533 0.6 0.213 0.6523 0.975 0.6363 20.9
6 13:45 14.63 0.32 0.6 0.128 0.5996 0.536 0.3217 10.6
7 13:47 16.15 0.274 0.6 0.11 0.6566 0.418 0.2745 9
8 13:48 17.68 0.201 0.6 0.08 0.6229 0.307 0.191 6.3
9 13:49 19.2 0.152 0.6 0.061 0.5827 0.232 0.18353 44
10 13:51 20.73 0.152 0.6 0.061 0.5454 0.232 0.1267 4.2
11 13:59 22.25 0.137 0.6 0.055 0.11v6 0.209 0.0246 0.8
12 14:02 23.77 0.04 0.6 0.016 0.3444 0.06 0.0208 0.7
13 14:03 25.3 0.122 0.6 0.049 0.4372 0.186 0.0812 2.7
14 14:04 26.82 0.274 0.6 0.11 0.5663 0.418 0.2367 7.8

15 14:04 28.35 0 0 0 0 0 0 0
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Table 33: Discharge measurement output table using Sontek® equipment for cross section 2 on
September 282011.

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 9:09 1.83 0 0 0 0 0 0 0
1 9:10 2.13 0.284 0.6 0.113 0.0338 0.173 0.0062 0.2
2 9:12 3.05 0.274 0.6 0.11 0.2232 0.251 0.056 1.6
3 9:16 3.96 0.366 0.6 0.146 0.5868 0.334 0.1963 54
4 9:18 4.88 0.488 0.6 0.195 0.6687 052 0.3479 9.6
5 9:21 6.1 0.472 0.6 0.189 0.5409 0.576 0.3115 8.6
6 9:23 7.32 0.274 0.6 0.11 0.5781 0.334 0.1933 54
7 9:25 8.53 0.229 0.6 0.091 0.6349 0.279 0.177 4.9
8 9:27 9.75 0.168 0.6 0.067 0.5189 0.204 0.106 2.9
9 9:30 10.97 0.244 0.6 0.098 0.6756 0.297 0.2008 5.6
10 9:31 12.19 0.198 0.6 0.079 0.6283 0.242 0.1517 4.2
11 9:34 13.41 0.168 0.6 0.06y7 0.5323 0.204 0.1088 3
12 9:36 14.63 0.122 0.6 0.049 0.5455 0.149 0.0811 2.2
13 9:39 15.85 0.335 0.6 0.134 0.5778 0.409 0.2362 6.5
14 9:40 17.07 0.457 0.6 0.183 0.7216 0.557 0.4022 11.2
15 9:42 18.29 0.351 0.6 0.14 0.7162 0.427 0.3061 8.5
16 9:44 19.51 0.213 0.6 0.085 0.5975 0.26 0.1555 4.3
17 9:45 20.73 0.213 0.6 0.085 0.6374 0.26 0.1658 4.6
18 9:47 21.95 0.168 0.6 0.067 0.52%57 0.204 0.1074 3
19 9:48 23.16 0.122 0.6 0.049 0.4265 0.149 0.0634 1.8
20 9:50 24.38 0.091 0.6 0.037 0.1167 0.111 0.013 0.4
21 9:51 25.6 0.061 0.6 0.024 0.27%4 0.074 0.0205 0.6
22 9:53 26.82 0.031 0.6 0.012 0.22)7 0.037 0.0084 0.2
23 9:56 28.04 0.031 0.6 0.012 0.0851 0.065 0.0055 0.2
24 9:59 31.09 0.031 0.6 0.012 0.2562 0.065 0.0167 0.5
25 10:.01 32.31 0.152 0.6 0.061 0.4103 0.186 0.0y62 2.1
26 10:02 33.53 0.152 0.6 0.061 0.4074 0.186 0.0r/57 2.1
27 10:03 34.75 0.152 0.6 0.061 0.1456 0.123 0.0179 05

28 10:03 35.14 0 0 0 0 0 0 0
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Table 34: Discharge measurement output table using Sontek® equipment for cross section 3 on
September 282011.

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 10:44 0.3 0 0 0 0 0 0 0
1 10:46 2.74 0.098 0.6 0.039 0.0247 0.208 0.0051 0.2
2 10:48 4.57 0.125 0.6 0.05 0.0018 0.229 0.0004 0
3 10:51 6.4 0.061 0.6 0.024 0.0003 0.112 0 0
4 10:54 8.23 0.031 0.6 0.012 0.0046 0.056 0.0003 0
5 10:55 10.06 0.061 0.6 0.024 0.1204 0.112 0.0134 04
6 10:58 11.89 0.134 0.6 0.054 0.2721 0.245 0.0e67 2.1
7 10:59 13.72 0.152 0.6 0.061 0.3624 0.279 0.101 3.1
8 11:01 15.54 0.152 0.6 0.061 0.4449 0.279 0.124 3.8
9 11.02 17.37 0.116 0.6 0.046 0.5572 0.212 0.118 3.6
10 11:06 19.2 0.152 0.6 0.061 0.6569 0.279 0.1831 5.6
11 11:.07 21.03 0.152 0.6 0.061 0.6025 0.279 0.1679 5.2
12 11:08 22.86 0.168 0.6 0.067 0.6096 0.307 0.1868 5.8
13 11:10 24.69 0.134 0.6 0.054 0.3271 0.245 0.0802 25
14 11:11 26.52 0.101 0.6 0.04 0.4493 0.184 0.0827 2.6
15 11:12 28.35 0.067 0.6 0.027 0.5123 0.123 0.0629 1.9
16 11:14 30.18 0.122 0.6 0.049 0.284 0.223 0.0633 2
17 11:15 32 0.198 0.6 0.079 0.4213 0.362 0.1526 4.7
18 11:18 33.83 0.427 0.6 0.171 0.8191 0,52 0.4261 131
19 11:19 34.44 0.457 0.6 0.183 0.8602 0.279 0.2897 7.4
20 11:21 35.05 0.305 0.6 0.12p 0.8107 0.186 0.1506 4.6
21 11:23 35.66 0.518 0.6 0.207 0.6603 0.316 0.2086 6.4
22 11:24 36.27 0.366 0.6 0.146 0.6949 0.223 0.155 4.8
23 11:26 36.88 0.442 0.6 0.177 0.6633 0.269 0.1787 5.5
24 11:27 37.49 0.381 0.6 0.15p 0.6193 0.232 0.1438 4.4
25 11:28 38.1 0.274 0.6 0.11 0.5565 0.293 0.1628 5
26 11:30 39.62 0.122 0.6 0.049 0.5434 0.186 0.101 3.1
27 11:31 41.15 0.122 0.6 0.049 0.1141 0.186 0.0212 0.7
28 11:33 42.67 0.107 0.6 0.043 0.343 0.13 0.0446 14

29 11:33 43.59 0 0 0 0 0 0 0
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Table 35: Discharge measurement output table using Sontek® equipment for cross section 4 on
September 282011.

Depth Velocity | Area | FlowQ | %

Station | Time | Location| (m) | %Dep |[MeasD | (m/s) | (m) | (cms) | Q

0 12:18 1.83 0 0 0 0 0 0 0
1 12:18 2.74 0.259 0.6 0.104 0.1806 0.316 0.0571 14
2 12:19 4.27 0.259 0.6 0.104 0.4294 0.395 0.1696 4.3
3 12:21 5.79 0.168 0.6 0.067 0.4608 0.255 0.1177 3
4 12:23 7.32 0.131 0.6 0.052 0.3968 012 0.0793 2
5 12:24 8.84 0.101 0.6 0.04 0.4007 0.153 0.0614 1.6
6 12:26 10.36 0.116 0.6 0.046 0.4627 0.176 0.0817 2.1
7 12:27 11.89 0.116 0.6 0.046 0.5069 0.176 0.0895 2.3
8 12:28 13.41 0.116 0.6 0.046 0.4745 0.176 0.0837 2.1
9 12:29 14.94 0.137 0.6 0.055 0.5716 0.209 0.1195 3
10 12:31 16.46 0.213 0.6 0.085 0.6608 0.325 0.2149 54
11 12:32 17.98 0.192 0.6 0.077 0.6393 0.293 0.1871 4.7
12 12:34 19.51 0.22 0.6 0.088 0.6312 0.335 0.2111 5.3
13 12:35 21.03 0.238 0.6 0.095 0.6583 0.362 0.2385 6
14 12:37 22.56 0.305 0.6 0.12p 0.6149 0.372 0.2285 5.8
15 12:39 23.47 0.396 0.6 0.158 0.6033 0.362 0.2186 5.5
16 12:41 24.38 0.494 0.6 0.198 0.7431 0.452 0.3355 85
17 12:42 25.3 0.518 0.6 0.207 0.6748 0.474 0.3197 8.1
18 12:44 26.21 0.463 0.6 0.185 0.6832 0.424 0.2894 7.3
19 12:48 27.13 0.64 0.6 0.256 0.7281 0.585 0.4262 10.8
20 12:49 28.04 0.61 0.6 0.244 0.6671 0.557 0.3Y19 94
21 12:51 28.96 0.427 0.6 0.171 0.1342 0.39 0.05624 1.3

22 12:51 29.87 0 0 0 0 0 0 0
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Table36: Total station output for cross section 1 for OctoBriz", and November

Oct 7 2010

Oct 14 2010

Nov 4 2010

L ocation

Elevation

Location

Elevation

Location

Elevation

5000

100.026

5000

100.1057

5000

100.8377

5006.678

100.1148

5010.166

100.7921

5000.897

100.4741

5015.887

99.69154

5011.25

100.4337

5001.983

100.0521

5016.538

99.67914

5012.114

100.0146

5010.881

99.98805

5017.36

99.63574

5021.285

99.94369

5011.489

99.90212

5017.656

99.61817

5021.641

99.89761

5012.186

99.84635

5018.072

99.63475

5022.003

99.86059

5012.992

99.80445

5018.381

99.6457

5022.312

99.85357

5013.453

99.79422

5018.704

99.61835

5022.623

99.82286

5014.019

99.81874

5019.003

99.62049

5023.009

99.79298

5014.657

99.80366

5019.254

99.62206

5023.509

99.77037

5015.178

99.79923

5019.628

99.65845

5023.882

99.72422

5015.658

99.79923

5019.871

99.6573

5024.257

99.73112

5016.163

99.78123

5020.191

99.6507

5024.575

99.73617

5016.814

99.7747

5020.489

99.67052

5025.012

99.77116

5017.311

99.76717

5020.805

99.68648

5025.388

99.76521

5017.736

99.74774

5021.102

99.67754

5025.726

99.75412

5018.235

99.75548

5021.446

99.68612

5026.242

99.74878

5018.766

99.76398

5021.798

99.69528

5026.642

99.74445

5019.264

99.74885

5022.114

99.70384

5027.066

99.74218

5019.652

99.7109

5022.357

99.6942

5027.385

99.73971

5020.105

99.71306

5022.783

99.71005

5027.79

99.74714

5020.447

99.70245

5023.029

99.70666

5028.193

99.67869

5020.987

99.69998

5023.332

99.7188

5028.625

99.68467

5021.438

99.66089

5023.623

99.72856

5029.164

99.66496

5022.009

99.67811

5023.965

99.72453

5029.579

99.66166

5022.501

99.6616

5024.261

99.71761

5030.038

99.63331

5022.991

99.65149

5024.585

99.72677

5030.414

99.64363

5023.445

99.63437

5024.884

99.73096

5030.779

99.62821

5023.94

99.64041

5025.258

99.71073

5031.258

99.6251

5024.36

99.66048

5025.476

99.69971

5031.635

99.61647

5024.815

99.84612

5025.824

99.69381

5031.962

99.61407

5025.158

99.97111

5026.178

99.69741

5032.361

99.65818

5025.567

100.2921

5026.491

99.68296

5032.63

99.57573

5026.752

99.69959

5032.871

99.63864

5027.012

99.69779

5033.225

99.6283

5027.296

99.68896

5033.655

99.63593

5027.636

99.66266

5033.859

99.63525
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Oct 7 2010

Oct 14 2010

L ocation

Elevation

L ocation

Elevation

5027.975

99.70427

5034.114

99.54531

5028.255

99.67337

5034.382

99.57682

5028.608

99.68161

5034.864

99.68344

5028.929

99.65624

5035.106

99.7661

5029.176

99.65993

5035.672

100.0387

5029.575

99.66887

5035.977

100.3516

5029.92

99.65779

5061.082

100.119

5030.173

99.63757

5030.407

99.64107

5030.71

99.65368

5031.02

99.6541

5031.346

99.64832

5031.693

99.65457

5031.939

99.64482

5032.293

99.57875

5032.564

99.62243

5032.899

99.61335

5033.245

99.60651

5033.609

99.60083

5033.887

99.63032

5034.17

99.5761

5034.513

99.57165

5034.69

99.5738

5035.215

99.56258

5035.573

99.48729

5036.165

99.41952

5036.504

99.4405

5036.87

99.40871

5037.242

99.32877

5037.565

99.21281

5038.001

99.16143

5038.341

99.23381

5038.676

99.51613

5039.053

99.67673

5039.438

99.76769

5039.824

100.2659

5040.273

100.0241
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Table37: Total station output for cross section 2 for Octobaid 14' and November®@and

18" 2010.

October 7 2010

October 14 2010

November 4 2010

November 18 2010

L ocation

Elevation

Location

Elevation

L ocation

Elevation

L ocation

Elevation

5000

99.15013

5000

100.0739

5000

100.019

5000

99.95017

5000.624

98.86261

5004.022

100.035

5000.582

99.94634

5004.538

99.81895

5000.975

98.64272

5004.973

99.19363

5000.966

99.17985

5005.083

98.95847

5001.246

98.52445

5005.946

98.70724

5001.619

98.86586

5005.228

98.90682

5001.576

98.6126

5006.323

98.56969

5001.893

98.61762

5005.601

98.72908

5001.914

98.66564

5006.707

98.65638

5002.477

98.59458

5005.872

98.63727

5002.207

98.72155

5007

98.65872

5002.761

98.6032

5005.918

98.62378

5002.543

98.75158

5007.307

98.68922

5002.969

98.58077

5006.298

98.49283

5002.853

98.76485

5007.614

98.696

5003.263

98.55352

5006.576

98.48375

5003.098

98.78093

5008

98.68451

5003.604

98.60296

5006.896

98.48758

5003.449

98.76975

5008.27

98.69682

5003.932

98.629

5007.207

98.46936

50083.753

98.77854

5008.596

98.67388

5004.239

98.63609

5007.486

98.42288

5003.938

98.70828

5008.82

98.65122

5004.565

98.60436

5007.81

98.49641

5004.371

98.69637

5009.201

98.67692

5004.836

98.61685

5008.138

98.52037

5004.706

98.69841

5009.537

98.65075

5005.149

98.60784

5008.435

98.51505

5005.063

98.68034

5009.789

98.66571

5005.575

98.60302

5008.743

98.48896

5005.321

98.67354

5010.169

98.64559

5006.049

98.60293

5009.086

98.51568

5005.603

98.65876

5010.486

98.65518

5006.369

98.59845

5009.401

98.51502

5005.975

98.64662

5010.87

98.63324

5006.712

98.58574

5009.692

98.44322

5006.176

98.63278

5011.073

98.64521

5007.074

98.5884

5009.967

98.39728

5006.614

98.63274

5011.412

98.64921

5007.52

98.55997

5010.242

98.43685

5006.951

98.60176

5011.657

98.64218

5007.981

98.55096

5010.605

98.50089

5007.254

98.60164

5011.945

98.62339

5008.222

98.51747

5010.877

98.49938

5007.534

98.57713

5012.185

98.61659

5008.567

98.54995

5011.224

98.46649

5007.836

98.5835

5012.498

98.6128

5008.907

98.56652

5011.496

98.47422

5008.142

98.58521

5012.803

98.64534

5009.202

98.58394

5011.801

98.50639

5008.554

98.57764

5013.173

98.64261

5009.504

98.66709

5012.163

98.46227

5008.811

98.56407

5013.401

98.66425

5009.804

98.68168

5012.426

98.48903

5009.144

98.57425

5013.798

98.67083

5010.171

98.69859

5012.803

98.50772

5009.394

98.57121

5014.155

98.67032

5010.452

98.695

5013.026

98.52644

5009.702

98.55619

5014.417

98.68089

5010.789

98.72208

5013.33

98.51144

5009.904

98.56367

5014.775

98.66688

5011.056

98.70718

5013.628

98.52007

5010.328

98.54899

5015.045

98.67735

5011.413

98.70453

5013.967

98.53532

5010.627

98.57694

5015.44

98.68634

5011.657

98.7042

5014.272

98.55087

5010.956

98.55829

5015.725

98.68826

5011.996

98.71285

5014.565

98.5334

5011.211

98.55198

5016.161

98.66562

5012.212

98.7083

5014.877

98.50252

5011.516

98.5593

5016.5

98.63575

5012.637

98.69001

5015.231

98.53499
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October 7 2010

October 14 2010

November 4 2010

November 18 2010

L ocation

Elevation

L ocation

Elevation

L ocation

Elevation

L ocation

Elevation

5011.889

98.54267

5016.78

98.64305

5012.861

98.68471

5015.565

98.55684

5012.186

98.5401

5017.176

98.63654

5013.16

98.67659

5015.785

98.57996

5012.708

98.54595

5017.539

98.65019

5013.531

98.64365

5016.062

98.56699

5013.009

98.56255

5018.015

98.60304

5013.799

98.6147

5016.384

98.5664

5013.345

98.57885

5018.31

98.60507

5014.157

98.60165

5016.686

98.58664

5013.663

98.56793

5018.793

98.5715

5014.42

98.57175

5017.006

98.59962

5014.015

98.56637

5019.042

98.5739

5014.663

98.57906

5017.313

98.5894

5014.358

98.55003

5019.417

98.56857

5015.044

98.5577

5017.614

98.60488

5014.635

98.53318

5019.725

98.55968

5015.332

98.56083

5017.937

98.60793

5014.953

98.53755

5019.99

98.57296

5015.642

98.5646

5018.271

98.62807

5015.271

98.56182

5020.339

98.58097

5015.97

98.55858

5018.523

98.58124

5015.545

98.58321

5020.661

98.55804

5016.314

98.5664

5018.852

98.55344

5015.893

98.5713

5020.914

98.5448

5016.645

98.5693

5019.164

98.54692

5016.217

98.55998

5021.241

98.5482

5017.001

98.56961

5019.474

98.54748

5016.512

98.58616

5021.605

98.54945

5017.354

98.56695

5019.806

98.56073

5016.725

98.6065

5021.846

98.56015

5017.678

98.57789

5020.065

98.55766

5017.011

98.62134

5022.123

98.56305

5018.038

98.61761

5020.396

98.54672

5017.291

98.66212

5022.419

98.58316

5018.552

98.62625

5020.731

98.54807

5017.689

98.6582

5022.767

98.58498

5019.022

98.64403

5020.978

98.56915

5017.993

98.66394

5023.137

98.60952

5019.391

98.65637

5021.349

98.566

5018.342

98.66354

5023.402

98.64179

5019.94

98.69387

5021.641

98.57651

5018.681

98.69425

5023.734

98.67217

5020.331

98.72465

5021.94

98.58721

5019.045

98.68237

5024.028

98.6978

5020.68

98.74601

5022.249

98.63571

5019.384

98.71372

5024.349

98.71868

5021.459

98.75146

5022.548

98.6237

5019.671

98.71543

5024.636

98.71527

5021.971

98.75055

5022.864

98.65346

5019.951

98.71011

5024.922

98.7048

5022.439

98.73973

5023.172

98.63584

5020.291

98.71568

5025.539

98.71255

5022.974

98.73448

5023.457

98.674

5020.628

98.74126

5026.141

98.72998

5023.421

98.76565

5023.781

98.65656

5020.915

98.72189

5026.975

98.71763

5023.769

98.73786

5024.091

98.63966

5021.22

98.73663

5027.374

98.70481

5024.32

98.73475

5024.368

98.64276

5021.58

98.73851

5027.751

98.75549

5024.809

98.73146

5024.726

98.62371

5021.874

98.75431

5028.205

98.77595

5025.414

98.70988

5025.015

98.64389

5022.168

98.74808

5028.587

98.75216

5025.96

98.84374

5025.279

98.70336

5022.516

98.75605

5029.575

98.6999

5026.548

98.83166

5025.616

98.72954

5022.714

98.75616

5029.646

98.66792

5027.267

99.22574

5025.975

98.72533

5023.17

98.73248

5030.242

98.83029

5056.869

100.0656

5026.252

98.696

5023.322

98.73306

5031.457

99.22587

5026.561]

98.65767

5023.673

98.7493

5060.944

100.0817

5026.865

98.69543

5023.915

98.7618

5027.174

98.70523
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October 7 2010

October 14 2010

November 4 2010

November 18 2010

L ocation | Elevation | Location | Elevation | Location | Elevation | Location | Elevation
5024.253| 98.79655 5027.498 98.74822
5024.585 98.78 5027.786 98.73604
5024.876| 98.83743 5028.115 98.70856
5025.317| 98.83677 5028.428 98.66694
5025.812| 98.82278 5028.734 98.66894
5026.373| 99.11065 5029.038 98.70759
5055.475| 99.99235 5029.312 98.6962
5056.156 100 5029.638 98.72439
5058.435 5029.933 98.68899
5030.248 98.78295
5030.536| 98.78828
5030.882 98.92456
5031.105 99.03027
5031.532] 99.36252
5031.797| 99.52919
5032.014] 99.63515
5032.39| 99.77375
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Table 38: Total station output for cross section 3 for Octobriz", 28" and November

2010.

October 7 2010

October 14 2010

October 28 2010

November 4 2010

Location

Elevation

L ocation

Elevation

Location

Elevation

L ocation

Elevation

5000

99.92484

5000

99.91278

5000

100.0926

5000

99.88324

5002.19697

99.78519

5002.192

99.7735

5005.722

99.97833

5000.558

99.7149

5003.10502

99.49885

5002.967

99.53624

5007.867

99.84046

5001.27

99.51275

5003.461

99.39772

5003.38

99.4303

5008.948

99.46841

5001.968

99.42479

5003.73604

99.33906

5003.704

99.37816

5009.35

99.42584

5002.824

99.46741

5003.75323

99.33653

5004.024

99.33639

5009.6

99.44212

5003.679

99.55157

5004.07831

99.3143

5004.324

99.32016

5009.955

99.45007

5004.334

99.48851

5004.4035]

99.28553

5004.637

99.30271

5010.587

99.42359

5004.858

99.33976

5004.70021

99.27908

5004.996

99.28549

5010.894

99.43521

5005.317

99.27185

5004.98612

99.27148

5005.232

99.29042

5011.193

99.43526

5005.826

99.25896

5005.28964

99.28335

5005.575

99.27947

5011.458

99.45065

5006.193

99.22737

5005.59524

99.27905

5005.925

99.31211

5011.831

99.4986

5006.573

99.21834

5005.89925

99.28501

5006.177

99.30826

5012.088

99.47457

5007.004

99.21625

5006.22444

99.27515

5006.476

99.2525

5012.431

99.42079

5007.453

99.22559

5006.48445

99.25902

5006.874

99.23027

5012.689

99.30732

5007.838

99.21894

5006.79065

99.2042

5007.133

99.20488

5013.001

99.26459

5008.23

99.22652

5007.13982

99.10819

5007.429

99.18621

5013.318

99.26149

5008.581

99.24438

5007.43714

99.06953

5007.728

99.17846

5013.627

99.26323

5009.013

99.24184

5007.75642

99.03503

5008.009

99.12759

5013.882

99.2788

5009.438

99.23276

5008.05818

99.00844

5008.339

99.05627

5014.284

99.2246

5009.876

99.2315

5008.33044

99.00988

5008.647

99.01707

5014.573

99.20998

5010.23

99.22944

5008.67423

99.00225

5009.013

99.06489

5014.905

99.21139

5010.61

99.23806

5008.9386

99.02853

5009.288

99.0887

5015.168

99.18174

5010.999

99.24335

5009.2552

99.05913

5009.617

99.10086

5015.456

99.20426

5011.463

99.28559

5009.6022

99.10581

5009.921

99.06874

5015.819

99.20806

5011.85

99.31043

5009.6347

99.10767

5010.263

99.10249

5016.101

99.22808

5012.34

99.37738

5009.91713

99.12497

5010.514

99.1093

5016.332

99.24263

5012.844

99.41015

5010.23011

99.14789

5010.851

99.1212

5016.698

99.2534

5013.317

99.41084

5010.55668

99.17676

5011.129

99.14243

5017.043

99.23703

5013.72

99.3916

5011.14098

99.18584

5011.463

99.13522

5017.339

99.23935

5014.135

99.39793

5011.5089

99.19948

5011.804

99.12215

5017.691

99.23143

5014.603

99.41582

5011.77693

99.20665

5011.994

99.14462

5018.267

99.20019

5015.224

99.41876

5012.07244

99.19332

5012.391

990.15472

5018.56

99.18828

5015.651

99.45075

5012.39175

99.18565

5012.68

99.1498

5018.868

99.21017

5016.127

99.43867

5012.70383

99.18267

5012.986

99.13882

5019.192

99.28003

5016.435

99.45269

5013.02386

99.1932

5013.334

99.17558

5019.512

99.28876

5016.83

99.44553

5013.30088

99.18953

5013.599

99.21227

5019.908

99.32462

5017.167

99.40571
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October 7 2010

October 14 2010

October 28 2010

November 4 2010

Location

Elevation

L ocation

Elevation

Location

Elevation

L ocation

Elevation

5013.60565

99.18055

5013.943

99.23024

5020.065

99.39026

5017.632

99.48179

5013.93231

99.18527

5014.263

99.26537

5020.446

99.41129

5018.089

99.65943

5014.22372

99.18306

5014.538

99.30752

5020.674

99.42903

5043.741

100.1117

5014.53008

99.19731

5014.837

99.34273

5021.088

99.40946

5014.86121

99.18013

5015.09

99.33459

5021.258

99.38915

5015.14961

99.17452

5015.435

99.37594

5021.646

99.31592

5015.46573

99.17972

5015.758

99.3964

5022

99.39196

5015.75972

99.16572

5016.033

99.39333

5022.282

99.40963

5016.04014

99.2559

5016.363

99.41816

5022.546

99.42431

5016.37982

99.32766

5016.681

99.39723

5022.833

99.42723

5016.68645

99.35738

5016.976

99.35111

5023.233

99.43868

5016.97479

99.39507

5017.252

99.32386

5023.562

99.44806

5017.28022

99.38092

5017.628

99.42695

5023.855

99.44347

5017.59967

99.36662

5017.937

99.4749

5024.108

99.43993

5017.87593

99.35829

5018.263

99.51736

5024.397

99.37383

5018.21868

99.38331

5018.479

99.53426

5024.816

99.39983

5018.53209

99.4033

5018.783

99.54637

5024.95

99.4712

5018.86646

99.41413

5019.099

99.49776

5025.717

99.72539

5019.15795

99.34887

5019.474

99.43355

5051.269

100.1069

5019.60461

99.29375

5019.717

99.5273

5044.6714

100.0849

5020.097

99.65919

5044.72427

100.2483

5045.66

100.0144
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Table39: Total station output for cross section 4 for OctoBriz", 28" and Novemberand 1§ 2010.

October 7 2010

October 14 2010

October 28 2010

November 4 2010

November 18 2010

Location

Elevation

L ocation

Elevation

Location

Elevation

L ocation

Elevation

L ocation

Elevation

5000

99.74809

5000

99.95871

5000

100.0967

5000

99.68198

5000

99.97133

5000.5022

99.48384

5002.61911

99.80804

5004.93064

99.69344

5000.6441

99.40092

5003.75905

100.0295

5001.2327

99.41789

5003.06387

99.63174

5005.27768

99.48918

5002.0452

99.52549

5005.17003

99.48822

5001.6753

99.45035

5003.41709

99.51549

5008.83133

99.49957

5003.912

99.50214

5005.64843

99.29721

5002.1478

99.51986

5003.75652

99.48666

5015.59151

99.55983

5006.0814

99.61466

5005.91821

99.24708

5002.697

99.54361

5004.05488

99.49374

5016.36634

99.3924

5009.4595

99.58247

5006.31484

99.25858

5003.2208

99.52265

5004.34414

99.53585

5016.72327

99.33586

5011.0239

99.48511

5006.56642

99.2229

5003.7244

99.51062

5004.6292

99.56777

5016.96736

99.29597

5011.512

99.34742

5006.9048

99.24928

5004.2043

99.53796

5004.98121

99.56904

5017.2947

99.26896

5012.0905

99.27544

5007.2134

99.2509

5004.6895

99.58505

5005.24694

99.58477

5017.66515

99.21992

5012.3822

99.24463

5007.50999

99.31841

5005.3124

99.62149

5005.58006

99.59294

5017.88459

99.19734

5012.6879

99.22098

5007.80291

99.35563

5005.7867

99.64101

5005.90771

99.58267

5018.24079

99.20013

5013.005

99.20795

5008.13202

99.37726

5006.2514

99.64378

5006.21626

99.57366

5018.60281

99.21812

5013.2508

99.17201

5008.39983

99.36065

5006.7855

99.65073

5006.47457

99.58544

5018.87886

99.20633

5013.6218

99.18814

5008.72717

99.37228

5007.2646

99.64634

5006.80244

99.5957

5019.41105

99.21255

5013.8397]

99.18905

5009.05397

99.36403

5007.7911

99.66876

5007.15271

99.61283

5019.79758

99.22133

5014.2038

99.18925

5009.33756

99.35704

5008.2867

99.64356

5007.38949

99.66005

5020.11223

99.22593

5014.5476

99.18026

5009.63016

99.35455

5008.7509

99.62689

5007.74272

99.68681

5020.39665

99.21158

5014.8432

99.20743

5009.95751

99.36841

5009.2854

99.60165

5007.98747

99.68745

5020.78452

99.23338

5015.1837

99.19912

5010.25769

99.39583

5009.8001]

99.58586

5008.35617

99.69436

5021.12223

99.24186

5015.433]]

99.21019

5010.61676

99.39425

5010.3313

99.55985

5008.65124

99.69788

5021.43125

99.24882

5015.7666

99.22235

5010.92045

99.406

5010.8237

99.58688

5008.99176

99.70551

5021.76364

99.26938

5016.119]]

99.21515

5011.23202

99.39791

5011.4598

99.5708

5009.28371

99.70677

5022.04141

99.2803

5016.6172

99.24744

5011.51921

99.42094

5011.9744

99.46299

5009.62743

99.70444

5022.29234

99.28021

5017.0024

99.27907

5011.82528

99.36502

5012.5263

99.39003

5009.96736

99.71454

5022.5819

99.29897

5017.2947

99.27907

5012.14405

99.39336

5012.9892

99.34347

5010.31296

99.70833

5022.90823

99.31538

5017.551

99.28256

5012.46156

99.3979
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October 7 2010

October 14 2010

October 28 2010

November 4 2010

November 18 2010

L ocation

Elevation

L ocation

Elevation

L ocation

Elevation

L ocation

Elevation

L ocation

Elevation

5013.5446

99.287

5010.58859

99.70535

5023.18411

99.31195

5017.8937

99.30477

5012.75877

99.40058

5014.1041

99.24621

5010.96844

99.69538

5023.50064

99.32744

5018.1808

99.31206

5013.09668

99.38787

5014.6133

99.21826

5011.18798

99.69332

5023.77628

99.32886

5018.4943

99.32503

5013.37459

99.39326

5015.1283

99.19181

5011.52107

99.68439

5024.14489

99.33264

5018.8371

99.33447

5013.69295

99.40981

5015.6479

99.18794

5011.85624

99.67601

5024.41603

99.34102

5019.1323

99.33964

5013.96553

99.40582

5016.1262

99.21005

5012.17691

99.66159

5024.76958

99.35788

5019.3843

99.33762

5014.28382

99.34541

5016.6126

99.23428

5012.47043

99.62754

5025.0063

99.34989

5019.715

99.33894

5014.62217

99.3053

5017.1907

99.24125

5012.73829

99.59401

5025.34878

99.34499

5020.0419

99.32688

5014.96301

99.32533

5017.6967

99.26984

5013.04554

99.63237

5025.74818

99.34185

5020.3636

99.31734

5015.27401

99.28652

5018.2588

99.29408

5013.38913

99.65174

5026.03809

99.34039

5020.9156

99.32111

5015.59497

99.28737

5018.7204

99.30505

5013.69297

99.65279

5026.28258

99.32136

5021.2583

99.32532

5015.86012

99.21776

5019.1808

99.32743

5013.95009

99.59922

5026.63495

99.31073

5021.5982

99.31678

5016.18442

99.19794

5019.6931]

99.33621

5014.26108

99.56306

5026.85645

99.31744

5021.8709

99.31783

5016.55159

99.17004

5020.1954

99.3607

5014.58058

99.50631

5027.24862

99.3057

5022.2245

99.30971

5016.82966

99.16082

5020.7397

99.37599

5014.87584

99.4773

5027.53755

99.30267

5022.5215

99.26953

5017.13068

99.13657

5021.2649

99.37829

5015.20289

99.4318

5027.97592

99.27931

5022.832

99.2587

5017.41426

99.12565

5021.7381]]

99.37786

5015.51781

99.4

5028.21757

99.28221

5023.1634

99.27203

5017.7824

99.10359

5022.2403

99.38425

5015.79475

99.38148

5028.50789

99.25721

5023.5331

99.24427

5018.12928

99.06891

5022.7041

99.37141

5016.13086

99.32573

5028.80785

99.25117

5023.9122

99.246

5018.40095

99.09552

5023.2129

99.34664

5016.41922

99.31786

5029.11066

99.27891

5024.3282

99.23132

5018.74897

99.12007

5023.7806

99.31992

5016.74044

99.31004

5029.42241

99.24901

5024.7389

99.22427

5019.13107

99.13941

5024.1949

99.27813

5017.03864

99.29218

5029.76433

99.22069

5025.2099

99.13704

5019.39035

99.13333

5024.7177

99.24807

5017.35002

99.28041

5030.02985

99.20528

5025.5559

99.08617

5019.6771

99.09448

5025.2184

99.20304

5017.68814

99.26624

5030.29708

99.20222

5025.8587

99.05535

5020.01453

99.10022

5025.7111]

99.14531

5017.98849

99.27146

5030.69271

99.17178

5026.2507

99.00029

5020.28769

99.11336

5026.2265

99.12883

5018.25743

99.2755

5030.97292

99.14509

5026.8206

98.97294

5020.63987

99.12003

5026.7489

99.14383

5018.61282

99.28081

5031.31703

99.13608

5027.1189

98.97138

5020.96202

99.13273

5027.2421]

99.15376

5018.89688

99.29626

5031.66732

99.10606

5027.4181

98.92566

5021.21621

99.13663
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October 7 2010

October 14 2010

October 28 2010

November 4 2010

November 18 2010

Location | Elevation | Location Elevation | L ocation Location | Elevation | Location | Elevation | Location
5027.7262 99.14365| 5019.21593 99.29883 5031.944| 99.12508| 5027.7283 98.94632 5021.59911 99.10575
5028.213| 99.08006| 5019.51365 99.33045| 5032.24771 99.11622 5028.0706 99.03225| 5021.88787 99.14383
5028.746| 99.12909 5019.84872 99.33021| 5032.54419 99.09926| 5028.4369 99.31113| 5022.21965 99.13061
5029.3179 99.47235| 5020.17963 99.34039 5032.8769 99.1102( 5028.9434 99.72326| 5022.6023 99.14752
5029.7861 99.85596| 5020.48362 99.34975| 5033.14503 99.12052| 5062.3237 100.1278 5022.84305 99.14995
5030.1791] 100.2398 5020.74848 99.35536| 5033.42003 99.15743 5023.18858 99.14743
5030.6638 100.5098 5021.03884 99.3647| 5033.81574 99.32363 5023.4408 99.14453
5065.2066 100.0309 5021.39417 99.39339 5034.22504 99.63298 5023.74836 99.14569
5065.273| 100.0168| 5021.67966 99.40241) 5067.42721 100.1104 5024.02686 99.13472
5021.96368 99.40066 5024.36193 99.14456

5022.26264 99.40986 5024.61132 99.12649

5022.59278 99.40994 5024.98716 99.1301

5022.96445 99.42227 5025.32575% 99.13692

5023.25821 99.41697 5025.53844 99.1311

5023.57665 99.43228 5025.94239 99.09489

5023.85| 99.41384 5026.26415% 99.11157

5024.20607 99.43971 5026.49605% 99.10842

5024.54484 99.43051 5026.8266% 99.10339

5024.83507 99.43005 5027.12451 99.08946

5025.13893 99.41728 5027.45011 99.07244

5025.47423 99.40036 5027.77688 99.09576

5025.70337 99.37933 5028.08314 99.06377

5026.02112 99.34864 5028.38235 99.02268

5026.32865 99.34552 5028.68351 98.98411

5026.7413 99.31494 5028.97732 99.02044

5027.03745 99.31731 5029.26053 98.98172

5027.33378 99.27491 5029.61047 98.99344

5027.59327 99.24275 5030.01623 98.91675
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October 7 2010

October 14 2010

October 28 2010

November 4 2010

November 18 2010

Location | Elevation | Location Elevation | L ocation Location | Elevation | Location | Elevation | Location
5027.98154 99.20631 5030.30101 98.87926
5028.24181 99.18534 5030.55346 98.87045
5028.54196 99.167 5030.78996 98.83731
5028.87499 99.15254 5031.30515% 98.78956
5029.11943 99.15796 5031.5677% 98.77034
5029.4894 99.13717 5031.90021 98.73067
5029.83372 99.13748 5032.1949 98.74632
5030.10384 99.13144 5032.5201 98.71572
5030.42625 99.16153 5032.87724 98.61168
5030.74512 99.19517 5033.13886 98.63998
5031.1055 99.18794 5033.46291 98.67746
5031.39944 99.28277 5033.82454 98.73896
5031.81798 99.54486 5034.1194 98.83449
5032.17861 99.77451 5034.38857 99.06862
5065.59733 100.2303 5034.61896 99.43916

5034.92492 99.55582
5035.33497 99.75202
5035.82053 100.2619
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