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CHAPTER 1 INTRODUCTION
1.1 Study Rationale

Soil erosion has annually been estimated to cavuse$#4 billion in damages to
highway infrastructure and agricultural fields hetUnited States (Pimentel et al. 1995).
In conjunction, the United States Department of i&dture - Natural Resources
Conservation Service, NRCS, has estimated that loges 128.6 million tons of highly
productive top soil per year due to erosion triggely precipitation, runoff, and intense
agriculture activities (2003).

However, implementation of certain land managemenactices (known
interchangeably as conservation practices) cancesderosion in upland hills and
floodplains (referred together hereafter as uplpradsd its harmful effects on water
guality and ecosystem health. For example, grasssdr ways have been found to
effectively reduce runoff/sediment conveyance antlygformation by slowing water
flow, increasing infiltration rates, and maintaigirdense grass roots that hold soll
particles in place (Al-Kaisi and Yin 2003; Bracmett al. 2004; Fiener and Auerswald
2006). Furthermore, Abaci and Papanicolaou (2d@®ye shown that selection of
suitable management practices can reduce soiloerdsy over 400% relative to other
practices.

Developing sound management strategies to redude I&s requires an
understanding of soil particle movement within gexshed and the delivery mechanisms
involved in the transfer of soil from the landscdpehe stream. Evaluating watershed
erosion processes begins in the uplands whereissoilobilized by rainfall-generated

runoff. However, a large proportion of the molelizsediment does not leave the field in



a single runoff event (Ghadiri et al. 2001). Tleeliment deposits along the flow paths
when the runoff transport capacity is exceeded (iguet al. 1999) and is stored on toe
slopes, floodplains, or bars until another runafér remobilizes it. Thus, eroded soil
particles move through the landscape in a compdeles of steps, whose temporal and
spatial characteristics are not well known (Bondiiweal. 1999).

Once upland sediment reaches the stream, it isgoated either in suspension or
carried along the streambed through bed load datgal. Additional sediments are
either entrained in the flow through mining of tk&ream bed (i.e., pick up and
resuspension) or washed from the bank toes palicigarticle (i.e., fluvial erosion).
Fluvial erosion eventually leads to slumping antlapse of stream banks, adding even
more sediment to the mixture moving downstream &Remplaou et al. 2007). However,
just as in the uplands, sediment is depositedoas dlecreases, allowing coarser particles
to settle and transport capacities to decreasen@ieaal. 1999). The transit times and
travel distances of the entrained sediment are artd event-specific, making sediment
flux prediction difficult.

1.2 Critical Literature Review
1.2.1 Sediment Budgetsin a Water shed

Numerous studies have been completed in an attenptedict the fluxes of
sediment from a watershed more accurately. Thehadst used by researchers to
qguantify the contributions from different sourcee@s to a stream segment vary but
generally result in an overarching budget of sedinfieixes. Some studies have simply
determined the net sediment flux from the entiréevened with a “black box” approach,

i.e., without examining the source areas of sedin®ihimendinger et al. 2007; Visser et



al. 2007). Other studies have divided the foces anto subwatersheds and measured the
inputs from each subwatershed through intense wramit (Stubblefield et al. 2009). In
these studies, the following simple expression waed to essentially “close” the
sediment budget averaged over multiple events wahwvatershed:

Qs = ?:1 Qs,; 11
where Q is the total sediment flux through the study reaatiet and Q; is the flux of
sediment into the study reach from the number bhsgatersheds (n) in the study area.

The above expression can be useful in quantifinatb an overall sediment
budget; however, it is limited in differentiatingrributions from multiple source areas
(i.e., uplands, stream banks, channel bed). Spalty, the approach described above
cannot explicitly distinguish the contributionstbe upland to the total sediment load in
the stream. Determining upland contributions fédlilt because they can vary in space
and time, especially in intense agricultural wdteds (Soulsby et al. 2003; Walling et al.
2002). Identifying the areas where significantiseoht production occurs is vital to help
watershed managers maximize their resources teweltheir site-specific goals in terms
of sediment reduction and non-point source poltutipabit et al. 1999; Nyssen et al.
2009; Wasson et al. 2002).

Another limitation to the budget approach idendfie@ Equation 1.1 is that the
budgets are often determined over extended perneldish average both runoff events
and low flow conditions. Most of the existing apaches do not provide event based
estimates of sediment budgets and fall short itaiism the events that contribute the
most to sediment delivery. Available but sparstdfidata reveal that the majority of

sediment delivery in a year occurs during a reddyifew number of high magnitude



events. For example, Markus and Demissie (200%¢ nacently reported that the four
largest events transported 68% of the total loadHhe year; Lenzi et al. (2003) reported
thattwo events transported 38% of the total load fot@year period.

Only a few sediment budgets have been completedsiiog on these intense
events (Alexandrov et al. 2007; Gray and Gartn€92Qenzi and Marchi 2000; Ortega
and Heydt 2009) due to their inherent rarenessnel®less, closing the sediment budget
during these intense events is of paramount impoetdor quantifying the contributions
of different sources within a watershed and fomgmy a better understanding of the
interaction between flow and sediment (Collins let1898; Papanicolaou et al. 2003;
Valero-Garces et al. 1999; Vanden Bygaart and R@®4.; Walling and Amos 1999).
1.2.2 Transport Mode of Sediment

During almost all events the dominant mode of fpamnsfor the finer fraction
(particles with diameters less than @3) of the total available sediment is suspension
(Baca 2008; Lefrancois et al. 2007; Lenzi et ald20Mano et al. 2009; Salant et al.
2008; Smith et al. 2003; Steegen et al. 2000). mbst sediment budget approaches,
suspended sediment transport has traditionally lemsmtified using a sediment rating
curve. A sediment rating curve assumes a powerridationship between suspended
sediment concentration {§Cand water flow (Q) rates. However, the relationship
between @ and Qy is not as straightforward as the power-law refegiop implies.
During an event, the largest suspended sedimemkeotration does not always occur at
the peak of a hydrograph due to the non-lineaticglebetween flow and sediment and
dominant sediment source availability, which cdilesly lead to the phenomenon of

hysteresis (i.e., the lagging of an effect behitsdcause) between sediment and flow



(Klein 1984). Williams (1989), among others, owd three primary classes of the C
versus @ relationship, along with their potential causeal€ 1.1). For example, a
clockwise hysteresis is considered to occur whelingnt is derived from the bed and
banks of the channel or areas adjacent to the ehammhereas a count-clockwise
hysteresis occurs when the upper part of the slapdse sediment source area. These
relationships can be visualized by plotting ¥@rsus @ and then connecting the points
chronologically (an example of such a relationshidisplayed in Figure 1.1). Numerous
previous studies (e.g., Ahanger et al. 2008; Alexaw et al. 2007; Baca 2008; Doomen
et al. 2008; Smith and Dragovich 2009) have idesdtifthe relationships outlined by
Williams (1989). Because of the complex @nd Qy relationship, a power-law
relationship is not an adequate tool with whiclestimate sediment budgets when inter-
and intra-event data of different magnitudes aretéid. Analysis of the flow-sediment
hysteresis may assist in determining event-basédnsat budgets more accurately.
However, the utility of the hysteresis in sedimbotiget approaches has not been fully
explored due to limited inter- and intra-event daftdifferent magnitudes.

To account for the complicatedsGrersus @ relationship and increase the
accuracy of sediment flux predictions, suspendelihsant data must be collected more
frequently with increased spatial density (Gray 300 Currently, capturing suspended
sediment data for high flow events often requirsertinteraction throughout the event,
which is costly and often times dangerous. Thell®f increase in funding and labor
required to meet the aforementioned need is ndilflea thus, a new sensor with the
ability to collect automated suspended sedimera ddile minimizing user interaction is

required. Durable automated sensors (e.g., irdraensors) can provide, with some



limitations, unique insight for the {Cversus @ relationship without endangering
sampling crews. However, even if continuous sudpdnsediment data are collected
successfully, the £versus @ measurements must be accompanied with sediment
tracing techniques to conclusively differentiate Hources of the transported sediment.
1.2.3 Limitations of Sediment Budget Approaches

In summary, the critical review in Sections 1.2l d.2.2 reveals that sediment
budget approaches are plagued by several sigriffpaflems: i) a lack of knowledge
regarding sediment budget partitioning that cartirdigish source contributions and
indicate the correct remedial actions, ii) in megproaches sediment budgets are
averaged over an extended period of time, limitnig ability to determine the critical
events contributing the most to sediment, iii) aklaf data between discharge and
sediment concentrations for high magnitude evemdsthe inability to account for
hysteresis in sediment budget approaches due itedinmter- and intra-event data of
different magnitudes, and v) the limited availagiliof durable “smart” automated
samplers that record data at near continuous igtem digital form before transferring it
remotely to the user.
1.3 FutureDirections

Future research and sediment monitoring programst rthe key limitations
outlined in Section 1.2.3. In this study, we vidtus on identifying sediment sources to
the suspended load of individual runoff events imitla representative agricultural
watershed. We will do that by coupling sedimentidet approaches (discussed in
Section 1.2) with state-of-the-art tracing techesyuwhile collecting high-frequency,

event-based suspended sediment data with the @sgarhated samplers.



Over the last decade, much emphasis has been piacd#te development of a
smart sensor network that can facilitate high-fesgry and spatially dense measurements
[e.g., the WATer Environmental Research Systems T®RS) Network]. While this
emphasis on sensor technology is addressing sorttee dnowledge gaps identified in
Section 1.2, few studies have focused on sedinmts partitioning.

A key component of source partitioning is the aadaility of conservative tracers
to track sediment from its source to the watershegtét. Some of the most notable tracer
methods incorporate the use of elemental ratiog @mal Papanicolaou 2008; Leithold
and Blair 2001; Papanicolaou et al. 2003), rar¢healements (Polyakov et al. 2004),
radionuclides (Martz and Dejong 1991; Walling et2l02; Wasson et al. 2002), heavy
metals (van der Perk and Jetten 2006), and infrspedtroscopy (Poulenard et al. 2009).
These tracers have provided valuable informatiganging sediment provenance over
longer periods (e.g., several hydrologic cycledoring crop rotations) but they have
limited uses for identifying the origin of mobilidesediments solely associated with a
single event.

One particular method has been developed to addipssifically sediment
mobilized during a single event (Blake et al. 20Banniwell et al. 1999; Matisoff et al.
2002; Wallbrink and Murray 1996; Wilson et al. 2p08This powerful tracing method
utilizes two naturally occurring radionuclides: Béum-7 ("Be), which has a half-life of
53 days, and excess Lead-21tRb.), which has a half-life of 22 yearBe is produced
in the atmosphere through the cosmic ray spallaifamitrogen and oxygen nucleéi*®Pb
is produced as a daughter-product of the UraniuBZ3U, t,,=4.46 x 18 years) decay

series. 2% decays through a series of daughters to produeeshort-lived, gaseous



Radon-222¢%Rn, t,,=3.8 days). A portion of th&’Rn diffuses out of the soil into the
atmosphere while the remainder of 8A&n remains in the soil. In both cases, #&n
decays td*Pb. The*'%Pb in the atmosphere is termed as excess and dessftePhs.
Both ‘Be and®%Ph attach to aerosol particles in the atmosphereaamdielivered to the
landscape primarily during precipitation eventsddaet al. 1989), where they quickly
and strongly adsorb to surficial soils (Olsen etLl8B6).

Because’Be has a relatively short half-life of only 53 days has a short
residence time in the soil column before decaymgntistinguishable levels. Thus, a
strong relationship exists between a single erosi@mt and high activities éBe in the
eroded surficial soils (e.g., sediments derivedmfraiplands).  Additionally,’Be
signatures are normalized By’Phs because of their similar delivery patterns, thus
accounting for spatially variable delivery withimetprecipitation.

Concentrations of both radionuclides are higheghatsurface of a soil profile
and decrease exponentially with depth (Wallbrind aturray 1996). ‘Be is limited to
the top few centimeters in the soil profile dugte strong bonding with surface soils and
the short 53-day half-life; conversefy*Ph,s extends deeper in the profile because it does
not readily decay before migrating downward or ixed by bioturbation and tillage
(Blake et al. 1999; Bonniwell et al. 1999; Walllikiet al. 1999).

These vertical distributions dBe and®*'®Ph are integral in differentiation of
upland and channel source sediments when relatetetaliffering modes of erosion
within each source area. The limited erosion depgulting from rainsplash, interrill,
and rill erosion processes in the uplands ensuvaseroded soils will have relatively

high radionuclide activities (Kuhnle et al. 2008il8in et al. 2008). Conversely, channel



bank sediments have relatively low activities (Kighat al. 2008; Wilson et al. 2008)
because during bank collapse, any high activitissati the bank surface will be diluted
by a much larger volume of low-activity subsurfaods. Additionally, steep banks have
limited exposure to precipitation (and the assedatadionuclides), minimizing the
activity of fluvially-eroded bank sediments. Cheahied material contributed to the
suspended load likely will have been in resident¢he bed for an extended period,
allowing for extensive radionuclide decay (Kuhnkeat 2008; Wilson et al. 2008).
Additionally, particles eroded from a channel besprised of sand-sized (or larger)
particles will have minimal radionuclide activityue to the low probability of

radionuclide attachment to these particles (He\wating 1996).

Figure 1.2 provides a generalization of the adésitof suspended sediment
sources. The relative proportions’Be and®*®Ph, contributed from each of the sources
are denoted by the font size (larger font = higretionuclide activity). Suspended
sediment is a mixture of material originating frahe sources. Thus, the suspended
sediment activity will be the weighted average lné source activities, based on the
amount of material contributed from each sourcdafug and channel). This unique
radionuclide tracing method has been proven imétdd number of previous studies to
have the ability to differentiate upland sedimentsn channel (bank and bed) sediments
(e.g., Kuhnle et al. 2008; Wilson et al. 2008).

The description of the partitioning of sources igufe 1.2 can be mathematically
expressed by the following equation:

CS=fUC+fBC+fCBC 12
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where W denotes the sediment contribution from upland sar&s is the sediment
contribution from the channel banks, and CB the sediment contribution from the
channel bed. The subscript c in the terms of Bgndt.2 implies contribution.

The differences between Equation 1.2 and the mudne necommonly used
Equation 1.1 are significanEquation 1.1 uses a simple “black-box” approach in which
the net flux of material through a watershed outlet is the ardysideration. While
knowledge of the net flux is important, a key comgat is missing from Equation 1.1: it
does not identify sediment provenance. Howevdgirggp Equation 1.2 can quantify
sour ce-specific fluxes. Source identification is a key component in dsgiswatershed
managers in the development and employment ofteféeland management practices.
1.4 Summary

The development of land management strategies bgrsveed managers is
complicated to varying degrees by a lack of mudtipdy pieces of information. Previous
sediment budget studies have been completed irtteam@ to address the knowledge
deficiency. However, these studies have been antblddress the knowledge gaps
fully, in part due to the lack of source identiicm at an event-based time scale.
Furthermore, the accurate quantification of sedinfeom these sources during critical
high-magnitude events has been hindered due tantiglity to develop statistically
significant relationships between discharge andnseat concentrations resulting from
the hysteresis phenomenon and the limited avaitiabil “smart” samplers.

To meet these challenges, future sediment budgetest must utilize event-based
sediment tracing techniques (e.g., the couplin@Bef and**°Ph,¢) in parallel with smart

sensor networks.  Successful implementation wilbval watershed managers to
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understand better the erosional processes in their watershed. This, in turn, will facilitate

the maximization of oftentimes limited resources to minimize the costly effects of

erosion.

Table 1.1. Suspended sediment concentration versus flow rate classifications

Class G-Qw Relationship Potential Cause
I Single-valued line Uninterrupted sediment supply from sourge(s)
Il Clockwise loop Source exhaustion, bed paving

Counter-clockwise loop

High source soil erodibility in conjunction
with prolonged erosion, seasonal variability

Suspended Sediment Concentration (g L'1)

-3

h

=

L)

=

*

* <

L B e

15 20 25 30 35

Flow Rate (m*s)

Figure 1.1. Example of $Q relationship
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Figure 1.2. Suspended sediment contribution peasesafter Wilson and Kuhnle (2006)
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CHAPTER 2 OBJECTIVES

The primary objective of this study is to close sleeliment budgets within a small
agriculture watershed, the South Amana Sub-Watdrgl8ASW) in lowa, during
different magnitude events occurring on June 16,ab8 19, 2009. Past research at the
site (Abaci and Papanicolaou 2009) has shown tatMay and June events are the
critical events for sediment mobilization. Contemgry sediment budget closure
requires the quantification of suspended sedinmertédt the outlet and the identification
of suspended sediment provenance. Flow and coreplamy suspended sediment data
collected with traditional and “smart” instrumenbat that had been installed at the
SASW outlet will be combined with laboratory sedimheanalysis to undertake the
following specific sub-objectives: 1) examine thelationship between flow and
suspended sediment concentration to distinguistdsréncluding hysteresis; 2) identify
provenance of the collected suspended sediment avifediment tracing study; this
tracing study will utilize the naturally deriveddianuclides'Be and**Ph, to determine
suspended sediment provenance; 3) close the sedbmeget for the June events by
utilizing the results of the field and tracer sts]i these results will be qualitatively

compared against a simulated sediment budget.
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CHAPTER 3 SITE DESCRIPTION
3.1 South Amana Subwatershed

The 260-km Clear Creek Watershed (CCW) is a Hydrologic Unitd€-10
watershed in southeastern lowa (Figure 3.1). Abgenic activities, including
intensive agriculture and urbanization, have stipngfluenced flow and sediment
processes within the watershed. The current lanweércin the watershed is 60% row
crops (i.e., corn-soybean rotations), 27% grasslaBélo forests, and 5% urban areas.
The intensive agriculture, in conjunction with higlerodible soils and steep slopes, has
produced some of the highest rates of erosion aneppint source pollution in the state
of lowa. According to the Natural Resources Coratezn Service (NRCS) 2003
National Resources Inventory, lowa has the secagitebt average annual erosion rate in
the United States. Stream destabilization as altre$ widespread channelization and
drainage system construction has further increasstiment loadings to the stream
(Rayburn and Schulte 2006). This has exacerbatethde resulting from recent system-
impacting floods, prompting concern among locaidests.

The current study focuses in the headwaters ofG@&V, namely the South
Amana Sub-Watershed (SASW; Figure 3.2). The SASM/dn area of 26 Kmand is
dominated by agricultural practices, with 85% df thnd supporting corn/soybean fields
and the remaining 15% under grassed pasturessldiéds in the SASW have an average
gradient of 4% (range = 1% to 10%) and contaily sithy loams of the Tama-Downs soill
series. Average annual erosion rates are appreafynal Mt ha yr' (Abaci and

Papanicolaou 2009). Most of this erosion occumnduthe early summer months when
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high-intensity rainfalls impact bare soil surfaceshe newly planted agricultural fields
(Figure 3.3).

The SASW stream network consists of twdatder streams with lengths of
approximately 6 river km and slopes of 0.16%. Tlbedplain and channel bank soils
consist of the poorly drained Colo and Ely soilie®r The bed of Clear Creek is
dominated by sand-sized particles having a medsnaf 0.31 mm (Ellis 2009). The
banks of Clear Creek in the SASW range from grdgusdping with a 0.5 m height in
the headwaters to nearly vertical with a 3 m hegtihe outlet.

The outlet of the SASW was defined as a 76-m ditaigach of Clear Creek
downstream of the 180Street bridge (see inset picture on Figure 3The entire reach
was surveyed regularly to determine changes ircki@nel morphology. The average
water discharge and sediment loading is 5.9 % m® yr* and 5.0 x 19 tons y#,
respectively (Abaci and Papanicolaou 2009).

3.2 Climate

The general climate of the CCW is typical of othed-continental locations: hot
summers, cold winters, and wet springs are thegimeg trends (Ruhe 1956). Summer
months are influenced by warm, humid air masses ftloe Gulf of Mexico. Winter
months are influenced by dry Canadian air. Theragye daily temperature is
approximately 10 °C, the average July maximum isghty 29 °C, and the average
January minimum is about -13 °C. An average grgvgeason in southeast lowa lasts
approximately 180 days. Average annual precipitatis 889 + 220 mm ¥r with

convective thunderstorms prominent in the summersaowfall in the winter.
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This study focused on a specific series of raimeyén mid June 2009. Total
precipitation (water equivalent snowfall + rain)rihg the winter months prior to the
study period (November 2008 to February 2009) vigsrhm, which was near the annual
average of 144 mm. Total precipitation during timee months prior to the study period
(March 2009 to May 2009) was 309 mm, which was abthe annual average of 257
mm. This above average precipitation led to reddyi higher soil moisture levels in the

region.

SASW
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] 111 INA
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Figure 3.1. Location of the SASW in the CCW (Aband Papanicolaou 2009)
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CHAPTER 4 METHODOLOGY
4.1 Introduction

The primary objective of this study was to close #ediment budgets for the
events of June 2009 in the South Amana Sub-Wagr&wSW) of Clear Creek, lowa.
Volumetric stream flow (Q), which is partly a function of the delivered ppetation to
the watershed, and the suspended sediment corntaam{i@) were measured during the
events to determine the sediment fluxes. The damphethods for these variables are
presented herein.

The upland (), channel bank (8§, and channel bed (GBcontributions to the
suspended load were differentiated using a two eminber unmixing model that
incorporates the activities éBe and*'%Ph for the upland surface soils, as well as the
channel bank and bed sediments. The methods balsw address each of these
components individually.

4.1.1 Runoff Generation

The primary factors controlling runoff in small amdtural watersheds are
precipitation and antecedent soil moisture. Fo #tudy, precipitation measurements
were obtained from a wireless, dual tipping buckaith)-monitoring station located near
the center of the SASW. The tipping bucket rainggais an effective and reliable tool
for capturing direct “point measurements” of ralhfaThe device consisted of two
tipping buckets. The second tipping bucket prodidecreased reliability for valid
measurements and identified possible failure sa@oat(Ciach 2003). The dual tipping

bucket rain gauge platform remotely sent real-toha¢a to a server maintained by the
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University of lowa. Each tip was equal to 0.254 mofrainfall and the cumulative
rainfall data were available in 5-minute, 15-minu@@-minute, and 24-hour intervals.

Soil moisture measurements were obtained usingGHLE dielectric aquameter
made by Decagon Devices, Inc. The probe measheedi¢lectric permittivity, which is
directly related to the water content, of the sunaing soil. The accuracy of the probe
was listed as + 3% by the manufacturer. Probes wastalled at four locations bordering
the study reach. The soil moisture contents ptesgen this thesis are the average of the
four values. The probes recorded the soil moistuBeminute intervals.

Runoff depths were determined using the Soil Caagiem Method (Soil

Conservation Service 1972). The equation useet@rchine the depth of runoff ¢

_ (P-0.25)?
T (P+0.8S)

Rp 4.1

where P is the depth of precipitation and S isstbeage parameter and is defined by

Equation 4.2:

25400

:S—CN — 254 4.2

where CN is the runoff curve number, which is action of land use, soil type, and
antecedent soil moisture.
4.1.2 Sream Flow (Qw)

The volumetric flow rate was determined using agestdischarge relationship
developed by Abaci and Papanicolaou (2009) forSASW outlet (Figure 4.1). The
rating curve was developed using established UeBldgical Survey methods (Kennedy
1984) at the end of the straight 76-m outlet readhich was well downstream of the

bridge constriction.
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For this study, the stage was measured at 15-mintgevals using a Submersible
Global Water WL16 Water Level Logger. The loggensists of a vented pressure
transducer and an enclosed data logger. The pesssnsducer was installed within a
stilling well (Figure 4.2) to minimize the effectsf waves and water current on the
measurements (Abaci and Papanicolaou 2009). Téssyre transducer has a +0.2%
accuracy over the 1.4 to 21.1 °C temperature ré@ebal Water Instrumentation 2009).
4.1.3 Suspended Sediment Concentrations (Cs)

Suspended sediment concentrationss) (Qvere determined using multiple
methods, which included discrete sampling and oootis monitoring. These methods
were used to monitor the sediment flux during th@sled events in order to quantify the
sediment budgets.

Discrete samples of suspended sediment were adletom grab sampling.
Buckets were lowered into the center of the floanirthe 198 Street Bridge, which is at
the beginning of the outlet reach. The 20-L busketre filled with the water and wash
load, pulled back up to the bridge, and cappedtremmsport back to the University of
lowa. Grab samples were collected only during flueeents.

Discrete suspended sediment samples were alscctedll@t defined intervals
using automated Hach Sigma 900 MAX Portable SamepléFhe Sigma sampler is a
stand-alone unit in a molded plastic outer casgufiei 4.3) that consists of a computer,
pumping unit, and 24 1000-mL collection bottlestthee positioned under a rotating
nozzle. Sampling tubes extend from the Sigmaschvhre positioned atop the channel

banks, to inlet nozzles located in the flow.
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Water and suspended sediment samples were collatteser-defined intervals
by pumping water through the inlet to the bottlegshe Sigma housing. For this study,
the Sigmas were programmed to collect 800-mL sasnmlaily during baseflow
conditions and hourly during runoff events. Theampling intervals were recommended
by Edwards and Glysson (1999).

Four Sigma samplers were installed at the outlathrefor this study. Two
Sigmas were installed immediately downstream of 186" Street bridge atop of the
western bank. Inlet tubes for both of the Sigmaseworiented in the downstream
direction and attached to a metal post driven thiostream bed. The inlet tube for one
of the samplers was installed 10 cm above therstiead to ensure that this inlet was
constantly submerged. The inlet tube for the osla@npler was installed 70 cm above the
stream bed to capture samples during high flow &svefhe two remaining Sigmas were
installed at the pre-defined outlet of the SASWpatwe western bank. The inlet tubes for
these Sigmas were installed in the same mannéreagstream Sigmas. The suspended
sediment concentrations reported in this thesisrera@verage values of the four samplers
for each time interval.

The suspended sediment concentrationy (@&re determined for the grab and
Sigma samples in the University of lowa Sedimenbdratory using the following

equation:

Co =28 4.3

Vm
where M; is the dried sediment mass ang, V6 the sample volume. Initially, the
combined weight of the water/sediment mixture wasorded upon arrival at the

laboratory. One hundred thirty mL of aluminum at#f in a 30.22 mgt solution was
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then added to the mixture to facilitate flocculat@nd settling of the suspended particles.
The mixture was dewatered first by siphoning thertying water and then by oven
drying at 60 °C until only sediment remained. Thass of the dried sample,sMvas

recorded. The sample volume was determined ubmptlowing equation:

Mpy—M M
v, = MuMs  _Ms 4.4
Pw SGs*pw

where My is the mixture massy, is water density, and SG3s the sediment specific
gravity.

Continuous suspended sediment measurements cataamgrwere determined
via optical backscatter measurements at 15-mimigzvals using a Lindorm SediMeter
(Figure 4.4). The SediMeter consists of 36 senspaced at 10-mm intervals, along a
vertical rod (Figure 4.5). The 510-mm long rogistected by a clear acrylic tube. The
bottom of the tube is threaded, which allows fog #ecuring of the SediMeter to an
anchor installed in the stream bed (Figure 4.6).

The optical backscatterance technique works in fdllewing manner. The
SediMeter emits a pulse of near infrared light freach of the 36 sensors into the flow.
Each pulse is emitted milliseconds apart insteaglrotiltaneously to ensure light emitted
from one sensor is not recorded by another sen$be light is reflected back to each
sensor by sediment particles in suspension. Higkferctance indicates higher turbidity,
which can be related to suspended sediment coatients (Pruitt 2003). The accuracy
of this measurement technique, as defined by tidiVBter manufacturer, is + 0.8 g'L
(Lindorm 2009b). Most of the inaccuracy stems fraflections created by the beam of

near-infrared light passing through the protec#iggylic tubing.
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The SediMeter was calibrated using the guidelime$asth in the SediMeter user
manual (Lindorm 2009b) to convert the reflectanceitsu (i.e., turbidity) into
concentration values. Calibration of the SediMé&ex two-step process, which involves
i) determining the appropriate coefficients to cerivthe reflectance (in volts) to a
turbidity value (Formazin Backscatter Units, FBU)daii) converting turbidity to
suspended sediment concentrations. The SediMatdration process is detailed in
Appendix A.

Suspended sediment concentrations were calculatedatch of the 36 sensors;
however, the suspended sediment concentrationsteepim this thesis are the median
values of the 36 measurements for each intervhk miedian value is reported because it
is not influenced by outliers and is recommendethleySediMeter manufacturer.

4.2 Sediment Sources. Upland (Uc), Channel Bank (Bc)
and Channel Bed (CB¢)

The sediment contributions from the uplandsc)(Uchannel banks @, and
channel bed (C8® were determined using the methods establishetViison et al.
(2008). The method uses activities of the natyrmaibduced radionuclide$Ph,s and
"Be, as tracers. Radionuclide activities were aeitezd for samples of upland soils and
channel bank/bed sediment (i.e., source sedimewts)well as precipitation and
suspended sediment collected from the SASW.

Collection of the source samples (upland soils @rahnel sediments) as close to
the runoff event as possible is important for eimgua strong relationship between
source samples and the eroded material captur@sgdumoff events. This is due to the

relatively short half-life ofBe, 53 days. The existifi§e will decay to undistinguishable
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levels as time increases between collection ofsinerce samples and the suspended
sediment sampling during the next sufficient runeffent. Moreover, minor runoff
events and biomixing can redistribute the radioidegprofile.

4.2.1 Source Sediment Sampling

For this study, upland samples were collected ame Jid, 2009 and channel
samples were collected on June 15, 2009 with atiptad runoff occurring within the
following week. Thus, a strong relationship betwemllected suspended sediment
material and the source materials was maintained.

The upland samples were collected from four repitasiee agricultural fields in
the SASW (Figure 4.7). In each field, sampling wasducted at three locations along a
downslope transect: the shoulder, back slopet@ad At each of the 12 locations, high-
resolution soil profiles were used to establishdiséribution of'Be and®*°Ph in the soil
column, per the technique outlined in Wilson e{2003).

A three-sided frame (Figure 4.8) that samples #icsairarea of 232-8 cfrwas
driven into the open face of a 13moil pit. The sampler was then extracted fromptte
and the extraneous soil was carefully removed @anblock of soil was enclosed within
the sample frame (Figure 4.9). A blade was indeim#o a series of equally spaced
notches at 0.5-cm intervals on the sides of thepgaframe to a total depth of 3 cm. A
sampling depth of 3 cm is sufficient because oflitmg¢ed penetration of radionuclides
(Blake et al. 1999; Bonniwell et al. 1999; Wallbikriat al. 1999). A uniform volume of
116.4 cmi was collected for each sampled interval.

Bank samples were collected on June 15, 2009 flwnstudy reach near the

outlet. Deeper cores from stream banks are redjbieeause bank failures remove larger
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volumes of sediment. The large volume of sedinvemtributed to the suspended load
during bank collapse also eliminates the need Herfine resolution and large surface
areas necessitated by the surficial samples (Witgswh Kuhnle 2006). Thus, vertical
cores of approximately 1-m length and a surfaca afé.07 criwere deemed sufficient.
The cores were extracted in 33-cm intervals; howete three intervals were pooled
prior to analysis. Samples were collected frone¢hpcations on the western bank of the
study reach. The cores were collected approximd@im apart (Figure 4.7).

The Clear Creek bed is comprised primarily of saized particles (Ellis 2009).
Samples for radionuclide analysis were not coliétem the Clear Creek bed due to the
low probability of radionuclide attachment to thgseticles (He and Walling 1996).

4.2.2 Precipitation Sampling

Atmospheric influxes of the radionuclides usedrasdrs in this study'Be and
21%p.) were collected in three 20-L buckets with an dpgmf 630 cr at sites near the
soil sampling locations. Prior to installation,cea20-L bucket was rinsed with 10%
hydrochloric acid (HCI) to remove any adsorbed oadclides (Olsen et al. 1986). The
precipitation sampling sites were established imatety following the source sampling.
Buckets were exchanged after each runoff event.

4.2.3 Suspended Sediment Sampling

Suspended sediment, which is the downstream mixdtirall source sediment
contributions, was collected for partitioning okteediment load. Suspended sediment
samples collected via grab sampling were used ddionuclide analysis (see Section

4.1.3).
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4.2.4 Source Preparation Procedures

Soil and sediment samples were prepared for radimguanalysis by isolating
the clay fraction of each sample due to the affioit radionuclides to attach to fine soll
particles (He and Walling 1996). Initially, eacmsple was oven-dried for 48 hours at 60
°C then lightly crushed with a rolling pin. Largparticles were removed from the
sample using a 2-mm sieve. A sodium hexametaplatspieflocculating agent was
added to the filtrate in a 1 mL of deflocculatingeat to 1 g of sample ratio in order to
disaggregate the soil particles further. Afteriidd of the deflocculating agent, the
samples were shaken overnight at 225 rpm to complet disaggregation process.
Samples were flushed through a 63-um sieve to rersaxd-sized particles. The filtrate
was added to a 7.5-L bucket and diluted with dewediwater to a volume of 6 L, which
corresponds with a water column height of 15.2 onthe bucket. Mixing of the water
column for two minutes yielded a homogenous satutid’he mixture was allowed to
settle for 7.67 hr so that only clay-sized paricitemained in suspension in the water
column above the 5.1 cm level. The settling v#yosias computed in accordance with

Stokes’ Law:

Up = %gdz 45

where W is particle fall velocityps is soil densityyu is water viscosity, g is gravitational
acceleration, and d is soil grain diameter. Dmgdithe fall distance by the settling
velocity yielded the necessary settling time foe tarticles. Using Stokes’ Law, an
equation developed for spherical particles, pravidalegree of safety in determining the
settling velocity for the non-spherical clay-sizeaftticles. Settling velocity equations for

clay-sized particles developed by Gibbs (1985) ey settling velocities that were
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faster than those velocities calculated using Stokaw. The faster settling velocity
calculated using the equations developed by GihB8Y) decreased the time necessary
for the particles to fall past the 5.1-cm leveltioé water column. This ensured that all
silt-sized particles were removed from the soluabove the 5.1-cm level.

The volume of solution above the 5.1-cm level wpbaned after settling using a
small, 0.3-cm inside diameter tube, which minimizéé siphoning of particles from
below the established point. The mixing, settliagd siphoning process was completed
three times to ensure the capture of a majorityhef clay-sized particles. The three
clay/water mixtures resulting from each processewmoled and aluminum sulfate was
added to the mixture to facilitate flocculation asettling of the clay particles. The
solution was dewatered and dried in an oven at@&arftil all water was removed. The
dried clay-sized particles were transferred from ghass jars to a Petri dish as the final
preparatory step.

4.2.5 Precipitation Preparation Procedures

The radionuclides in the atmospheric influx werepcecipitated on an iron floc
(Olsen et al. 1986) in order to be analyzed fos gtudy. Initially, the pH of the sample
was lowered to ~2 by adding 50 mL of 10% HCI, whicbvents radionuclide sorption to
the container or any particulate matter in the ltick The sample was then passed
through a coarse sieve to remove any large paatest Ten mL of a 10% Fe(olution
were added to the sample. The pH of the samplethes raised to 8.2 with NaOH,
which precipitated Fe(OH)and the attached radionuclides. The resulting fA@as

allowed to settle overnight to ensure maximum sompt Excess water was siphoned
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from the sample and the remaining flocculent wdtectd in a 120 mL polyethylene
specimen cup.
4.2.6 Gamma Spectroscopy

The radionuclide activities of the source sedimestspended sediment, and
precipitation samples were measured using gammarepeopy, which is a simple and
non-destructive method of analyzing sample radiei&gt The radionuclides of interest
in this study, which are measured using gamma spsetipy, include'Be, %%b, and
Bismuth-214 £Bi, t1,=19.7 minutes). The production mechanisms of duéonuclides
present in these samples is as folloiBe is produced in the atmosphere through the
cosmic ray spallation of nitrogen and oxygen nucféfPb is produced as a daughter-
product of the Uranium-238%U, t,,,=4.46 x 10 years) decay series®*®U decays
through a series of daughters to produce the $ved; gaseous Radon-223°Rn,
t,,=3.8 days). A portion of th&?Rn diffuses out of the soil into the atmospherelevhi
the remainder of th&’Rn remains in the soil. In both cases, #f&n decays t6'%Pb.
The?'%Pb in the atmosphere is termed as excess and deasit&Phs; *%b in the soil is
termed as supported and denoted'®h,,, The sum of'%Ph,s and*'®Phy,is identified
as total*Pb. *%Phy,, is in equilibrium with the surrogate parent nuelfd'Bi; thus,
subtracting the activity of**Bi from the activity of**%b yields the activity of*%Ph
(Matisoff et al. 2005).

During gamma decay, the radionuclides emit elecagmetic radiation (i.e.,
gamma rays) at unique energy levels for each radiae. The emission at each of these
discrete energy levels is a statistically consfaattion of the total number of decays

(i.e., the branching ratio). Thus, the activityaaly one of these discrete energies can be
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utilized to determine the total activity of the igpe. For this study, the energy level of
477.6 keV was used for activities @Be. At this energy, 10.5% of the total gamma
emissions forBe are emitted. The activity 6t%Phs was determined as the difference
between totaf*Pb and**Phy,, Total*°Pb was determined using the 46.54 keV energy
level, where 4.25% of the gamma emissions are pemtiu’*“Bi and thus*Phy,, was
determined at the 609 keV energy level where 46%hef'‘Bi emissions are released.
The samples were counted three weeks after bemgdséo allow secular equilibrium
ingrowth of gaseou&Rn (t,,= 3.82 days) from the decay of f€Ra (2= 1600 years)
parent (Matisoff et al. 2005).

For this study, an Ortec High Purity Germanium (Hfp@etector was used to
count gamma ray emissions from each sample. Ttextde consists of a germanium
crystal housed inside a protective casing. Theatalyhas a diameter of 70 mm and a
length of 27.9 mm; it is spaced 4-mm from the ow@sing. The protective casing is
0.761-mm thick and consists of a 0.76-mm thick carfiber layer on top of a 0.001-mm
thick inactive germanium layer.

The detector measures the occurrence of gammastaksg the HPGe crystal,
which has a high-voltage applied across it. Thergyof the gamma rays as it strikes the
crystal is converted into a voltage. The voltagesconverted to a digital signal using a
DSPEC Jr. 2.0 integrated gamma spectrometer. Tdigldsignals are related to the
number of counts (i.e., number of gamma rays sigikhe crystal) per second (cps) using
the GammaVision software program supplied by Ortec.

The efficiency at which the crystal detects gammg emissions is based on

several factors including the sample material agwhaetry, as well as the dimensions and
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properties of the crystal. Therefore, the detechust be calibrated against known
standards with a wide range of photon energiese cHfibration procedure for the Ortec
detector is detailed in Appendix B.

The efficiencies determined through the detectéibicdion were applied to the
output of the detector (cps) to determine the altsohctivities of the samples. In
addition, the branching ratio and mass of the sam@re used in the absolute activity
calculations.

The amount of energy emitted during decay of aoradtilide is a function of the
amount of the radionuclide present in the samplaus, higher radionuclide activities
indicate higher concentrations. The equation useatktermine the activities,ARof 'Be
and?“Bi, decay-corrected back to the day of collectivas calculated as:

__(C-Bpe?t
T mEBg

R, 4.6

where C is emission rate (cpsh B background activity (cps),is the decay rate, t is the
difference between collection date and countingdat is the sample mass, E is the
efficiency, and B is the branching ratio. The error of the acti\i&) determined in
Equation 4.7 was calculated from the propagatioaradr described in Taylor (1997) and

is:

_ g, [Ccorren?
es =Ry (B2 4.7

where g is the error of the emission rate angiethe error of the background. The
activity for total®*®Pb was calculated as:

__ (C-Ba)Fcer
MEBR

R, 4.8
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where k is the self-absorption correction factor, whiclcadculated using the following

equation (Cutshall et al. 1983):

4.9

T

71
where T is the attenuated photon emission andthasunattenuated photon emission
through an empty sample container. The error efdttivity was determined based on

the propagation of error described in Taylor (19974 is:

(eC)2+(eB)2 410

=R
o c-p2+(EE)

where gis the error of the correction factor.

Each sample was analyzed for 82800 s to obtaircegpsable analytical precision
of less than +10% at the 95% confidence level (Mabal. 2008). The accuracy of the
gamma spectrometer used in this study is listed #3% of the reference peak from 0 to
50000 cps (Ametek 2008).

4.3 Sediment Budget Verification

Verification of each component §JBc, CBc) in Equation 1.2 was completed
using a variety of methods unique to each compon@&ie contribution of sediment to
the total load resulting from each source (as sspreed by the suspended sediment
concentration) was determined to allow for comparigo collected field data. dJwas
established using the Water Erosion Prediction €eto(WEPP) model. &8 was
determined using cross-sectional surveys. ¢ GBas computed using the Einstein

approach (Einstein 1950).
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4.3.1 Upland Contribution (Uc)

Upland contributions to the study reachs, Were determined by simulating the
June 19, 2009 event with a previously calibratedPREnodel (Abaci and Papanicolaou
2009). WEPP is a physically based, distributecaimater computer simulation model
designed to predict erosion from agricultural feelthd the resulting delivery of sediment
to the outlet of small watersheds (Ascough et297). The model divides the landscape
into individual hillslopes less than 2.6 kmWEPP can incorporate spatial and temporal
variabilities of topography, land use, and soil relsgeristics into these hillslopes
(Ascough et al. 1997). Inputs into the model afsude crop characteristics, as well as
both management and conservation practices. Getfianate variables are also needed.
Hydrology components in the model are based ord#ily water balance and focus on
Hortonian flow and infiltration, which are calcudat using a kinematic wave model and
the Green-Ampt equation (Flanagan and Nearing 1999iJIslope erosion processes,
namely rill and inter-rill erosion, are calculateeparately using a steady state sediment
continuity equation (Nearing et al. 1989). Rilbsion is a function of the critical shear
stress and inter-rill erosion relates to the rdinfgensity (Aksoy and Kavvas 2005).
WEPP is capable of analyzing continuous simulatiohseveral years or individual
runoff events. However, WEPP does not incorpooatrbank flow into its simulation,
nor does it account for sediment source availgtflibperating in single-storm mode.

The WEPP simulation for this study was completeihgisonly the fields
bordering the stream reach. The calibrated/vadiatalues for the land management
practices (Figure 4.10) and soil characteristicsgufe 4.11) from Abaci and

Papanicolaou (2009), as well as Light Detection ARdnging (LiDAR)-derived
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elevation data were incorporated as the necessaty imputs. The precipitation
characteristics of the June 19, 2009 event werrethias displayed in Figure 4.12.

The upland contribution was determined using théinsent yield and runoff
volume output generated by a single storm simulatb WEPP for the June 19, 2009
event. The amount of sediment contributed by thlands to the suspended load was
computed by dividing the sediment yield by the rffinolume, yielding an average mass
rate at which upland material was contributed todispended sediment load.

4.3.2 Bank Contribution (Bc)

The amount of sediment contributed during the Jufie 2009 event by the
channel banks in the study reachy, Bas determined by comparing pre-event and post-
event cross-sectional surveys. Six cross-sectbtise study reach were surveyed before
and after the event using a Leica Total Station.

Sediment loss was determined at the three upstremss-sections, which
exhibited significant bank retreat. The three dstngam cross-sections exhibited only
minimal changes in cross-section geometry; theegftine changes in cross-sectional
areas were not calculated for these locations. [dmk retreat at each of the three
upstream cross-sections was determined by ovedatjie pre- and post-event cross-
sections, then digitizing the change in area.

Bank retreat was converted to a volume of sedir{Mnt) by averaging the area
lost between each cross-section and multiplyinghleylength between the cross-sections,

as displayed in Equation 4.11.

AR;+AR;+q

Voank = (F5742) i — L) 4.11
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where AR is the cross-sectional loss of area amlthe downstream distance from the
furthest upstream point of the study reach. Tlinsent volume lost was converted to a
mass of sediment by multiplying by the soil densifjhe total sediment mass lost (g)
was divided by the cumulative volume of flow pagsihrough the reach over the course
of the event (L) to obtain an average concentratiprL’) of bank material in the
suspended load.
4.3.3 Channel Bed Contribution (CBc)

Channel bed contributions (€Bwere determined using the approach detailed in
Einstein (1950). The Einstein approach assumédhbasource of the suspended load is
the active layer of the bed, typically definedagé the soil grain diameter for which 50

percent of the material is finers@l (Chang 2002), and is calculated as following:

30.2H
A

_ db
s = 1000 22— |2:303 10g (

)1+ 1] 4.12
where g is the bed load discharge per unit width (see Eoua.13), H is the flow depth,
and4, I;, and } are defined by Equations 4.14, 4.15, and 4.1peds/ely.
The bed load discharge per unit width, i§ defined using the following equation:
qp = 40(t *)3y,F[g(SG; — 1)d3,]"/? 4.13

where 7* is the Shields stresgg is the unit weight of the soil, and F is defineg b

Equation 4.14.

2 36v2 1/2 36v2 1/2
- [E gdgo(sas—n] B [gdgo(sas—l) 4.14
wherevis the kinematic viscosity of water.
A=2s 4.15

X
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where ds is the grain diameter for which 65 percent of thaterial is finer, as
determined by Ellis (2009), and X is the correctfastor in the logarithmic velocity

distribution.

_ AL o1 (1) ZF
h_ozmuﬂwh(7g dn 4.16

where A is defined by 4.18, z* is defined by 4.48d 7 is defined by 4.20.

. AL 11—\ %
Q_ozmuﬂw&(70 In(n) dn 4.17
A=te 4.18
H
where L is the depth of the active layer.
Ur

4.19

7 k=

KUx*

where W} is the particle fall velocity at flow depth z L, « is the von Karman constant,
and U* is the shear velocity.
n=:=L 4.20

Once Equations 4.12 through 4.20 have been solvedmass flux per unit
volume (g ') from the active layer of the bed can be deterthine

In summary, the inputs to Equation 1.2 were deteeochiusing two different sets
of methods. The first set of methods incorpordieldl measurements, data collection,
and subsequent radionuclide analysis. Suspendéthesg concentrations and stream
flow rates were determined through field measurémenUpland, bank, and bed
contributions to the suspended load were determthealigh the radionuclide tracing
technique, which required the collection of susgehskediment, source, and precipitation

samples. All samples were analyzed after premaraising gamma spectroscopy. A
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second set of methods used to verify the first set of methods used a combination of

modeling (WEPP, Einstein approach) and observational (bank retreat) analysis.
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Figure 4.1. Stage-Discharge relationship (Abaci and Papanicolaou 2009)
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Figure 4.2. Installed pressure transducer
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Figure 4.3. Sigma sampler: the computer and hﬁump are displayed in the top of the picture
while the bottles used to store the samples are on the bottom

Figure 4.4. Example of SediMeter installation (Lindorm 2009a)



Figure 4.5. SediMeter sensor geometry (Lindorn8200
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Figure 4.6. Installed SediMeter
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4 Upland Sample Locations N 0 500 1,000 2,000
;  — e —
Bank Sample Locations A Meters

Figure 4.7. Sampling locations
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Operation Typef

Name

Figuf 49 Upland source sample prepared for division 8-cm in

Comments

Tillage
Tillage
Plant - Annual
Harvest - Annu
Tillage
Tillage
Plant - Annual
Harvest - Annu
Tillage
Tillage

FTC-MTE_EWENTO1

CC_Field cultivatar, secondary tillage, sweeps 12-2
CC_Planter, double disk openers
CC_Corn_High Ferilization level
CC_Corn_High Ferilization level
CC_Planter with ripple coulter

CC_Planter, double disk openers
CC_Soybeans - High Fertilization Level
CC_Soybeans - High Fedilization Level
CC_Chigel plow, straight with spike pts
CC_Anhydrous applicator with closing disks

Figure4.10 WEPP land management practices i

Depth: 5.08 crm; Type: Sec
Depth: 5.08 cm; Type: Sec
Row Width: 76.20 cm

Depth: 5.08 cm; Type: Sec
Depth: 5.08 cm; Type: Sec
Row Wyidth: 38.10 cm

Depth: 30.43 cm; Type: Pri
Depth: 7.62 cm; Type: Sec
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Soil Database Editor: SAC_Tama. sol

Soil File Mame:

Soil Texture:

Albhedo:

Initial Sat. Lewel:
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SAC Tama

Interrill Erodibility:
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L] ISIL
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[~ Hawe Model Calculate
[~ Hawe Model Calculate

[~ Hawe Model Caleulate

[T Use Restricting Layer

Anisotrophy Ratio
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Sane As

Layer | Depth(mm) | Sand{%) | Clay(%) | Organic(%) |CEC(meq/100| Rock() |
1 203.2 5.0 26.0 3.500 280 20

2 1572 180 |26.0 |3.000 1280 20

3 312.8 5.0 131.0 [1.500 128.0 2.0

4 1524 50 125.0 10250 280 2.0

E
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9 w

T Keatgemy [

| [ ]

Cancel ‘

Figure 4.11. WEPP soil type input
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Climate: kevin_event.cli @

Installed Climates (States)

||Dwa

Climate Type

(" Actual Daily Data
(" Breakpoint Data

(& Single Storm

i TR-55 Storm
Adbvanced

CligenYersion

Interpalation Method

Save As

Bl

(" CLIGEM Generated (Caonf)

“Wer B b |5‘}'1

tap (US
MNone - L
[ Random Number Seed
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|WILL|AMSE|UF{G A

Date of Stormimm/dd v Storm Amount (mm):
|E,.-'1 9/1 |4?
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|3.ns |9?.95?5

:Duration to Peak Intensity:

[ Use English Units

Ok

Cancel Help

El

Figure 4.12. WEPP precipitation inputs
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CHAPTER 5 RESULTSAND DISCUSSION

The results of this thesis are organized as followsrst, the hydrograph and
sedigraph data are presented for the high flowtsveinJune 16, 18, and 19, 2009 in the
SASW; the hysteresis phenomenon occurring in tlegseats is then discussed. Second,
the suspended sediment loads are partitioned &dtime 16 and 19, 2009 into relative
contributions from the uplands and the channelpaogided at sampled instants. Third,
the results from the hysteresis analysis and thigipaing study are used in conjunction
to close the sediment budget for the June 16 anevéfits. The results from the latter
event are qualitatively compared against a combprediction using the WEPP upland
erosion model, an observation of bank retreat, amalculation for bed resuspension.
Finally, a discussion on potential sources of ermmothe data collection and analysis
techniques are presented.
5.1 Hydrograph and Sedigraph Analysis

The relationships between 5-minute precipitationtensities, cumulative
precipitations, and the resulting hydrographs fer $ampled runoff events of June 16,
18, and 19, 2009 are presented in Figure 5.1, €iflr, and Figure 5.3, respectively. An
important point to note when comparing these Figusethe change in scale of the
precipitation and flow rates. The maximum 5-minpitecipitation rate for Event 1 (June
16, 2009) was 38 mm Tr Precipitation intensities for this Event werenbially
distributed. Cumulative precipitation for Eventtdtaled 20 mm. Event 2 (June 18,
2009) was of higher intensity and magnitude thaerE\vl with a maximum 5-minute
precipitation rate of 52 mm frand a cumulative precipitation of 25 mm. The

precipitation intensity of Event 2 was approximatehimodally distributed. Several
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comparatively smaller peaks followed the maximutensity; however, these subsequent
peaks did not affect the modality of the distribati Figure 5.3 presents the precipitation
intensities for Event 3 (June 19, 2009); this Everdduced extreme flash flooding of
Clear Creek in the SASW. The cumulative rainfall Event 3 (47 mm) was slightly
above average (83ercentile). However, the precipitation interesitfor the Event were
extreme as the storm produced sheh highest 5-minute intensity (98 mmfrand the
second highest 60-minute intensity (38 mmifion record, dating back to the September
25, 2006 establishment of the tipping bucket sit€liear Creek (a span of approximately
1000 days).

The peak intensities and durations of the thregfathiEvents produced distinctly
different hydrograph shapes and magnitudes. ThentEY hydrograph shows a wider
deviation from the mean and a more gently slopegessional limb compared to the
hydrograph of Event 2. While the peak intensite®l cumulative rainfall totals for
Events 1 and 2 were similar, the total volumeda# ftransported during the Events were
distinctly different. Event 2 produced greater amts of runoff because Event 1
increased the average saturation of the soil (sgerd- 5.4), leading to reduced
infiltration and increased amounts of overland flowthe subsequent event (Elhakeem
and Papanicolaou 2009). Event 3 produced a hydpbgmith a long period of an
extremely high flow rate. This was the result oer® higher antecedent moisture
conditions, higher rainfall amounts, and extremefadl intensities.

The results of the SCS Method (Table 5.1) supp@tprevious statements. The
runoff depth for Events 1, 2, and 3 was determiioeide 0.1 mm, 0.6 mm, and 13.0 mm,

respectively. The percentage of precipitation poadl as runoff also increased over the
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course of the events, from 0.5% in Event 1 to 3ii%vent 2 to 27.8% in Event 3.
These results indicate that antecedent soil m@&dtad a large impact on the amount of
runoff produced in each Event.

The varying rainfall intensities have been showratiect suspended sediment
concentrations significantly (Alexandrov et al. ZO®Bmith et al. 2003). Thus, the
hydrographs resulting from the differing rainfalténsities were plotted in relation to the
sedigraphs in Figure 5.5, Figure 5.6, and Figure These charts display the suspended
sediment concentrations for the samples collect@dguthe three different sampling
technigues, namely grab sampling, the Sigma saymuber the SediMeter. Additionally,
one suspended sediment sample using a DH-48 haadideth-integrating sampler was
collected by Zager (2009) during Event 3.

The suspended sediment concentrations measurduk lifiree techniques agreed
well despite the differences in operating princpleee Chapter 4). Specifically, the grab
sampling technique provided a point measuremem fite top of the water column, the
Sigma sampling technique gave a point measuremeat the bottom of the water
column, and the SediMeter presented an integratedfilgo of concentration
measurements (limited to the instrument height)he Thaximum percent difference
between any of the two techniques for a single samwgas only 19%. This deviation,
which occurred at the first Sigma sampling of EvEntwas attributed to the inherent
differences between point measurements (i.e., Sigmgrab samples) and integrated
concentration measurements from the SediMeter.

The pros and cons of the various sampling techsigue shown in Figure 5.6 and

Figure 5.7. Continuous measurements were notliieagiith either the grab or Sigma
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sampling techniques, prompting the need for fullyjomated measurements to capture
more accurately intra-event variability in sediméokes. As shown in Figure 5.6, the
SediMeter was able to provide unattended measutsmauring the peak of the
hydrograph. However, during Event 3, the excesd®iris (corn tassels, leaves, and
other forms of residue; see Figure 5.8 for exangbldebris delivered during the event)
wrapped around the SediMeter (i.e., biofoulinggréiy causing erroneous suspended
sediment measurements. Gradual, increasing treoflssuspended sediment
measurements resulting from biofouling has beermesl in previous studies (e.g., Ridd
and Larcombe 1994).

A simple experiment was completed to confirm thafduling was the cause of
the artificially high SediMeter measurements. Resiobtained from the study site was
wrapped around the entire SediMeter. The residwered SediMeter was then placed in
a large container full of water to simulate theeain environment. Measurements were
recorded with the SediMeter in this condition. Thacome of this test showed that the
complete covering of the instrument resulted irugal similar to those recorded during
Event 3 (Figure 5.9). Therefore, biofouling wassidered to have triggered artificially
high SediMeter readings once overbank flow commeénder these reasons, the Event 3
SediMeter measurements after the first hydrogragak pvere not considered in the
sediment budget analysis (see Figure 5.10 for meamsnts considered valid).

In addition, the Sigma samples collected duringhigh flows of Event 3 were
excluded from the sediment budget calculationstifies Event because overbank flow
flooded the sample containers and compromisedigih& samples for the event. Due to

the invalidation of a majority of the suspendedimetit measurements for Event 3 (i.e.,
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the SediMeter and the Sigma samples), an accustiteagion of the total sediment load
could not be made. However, the total sedimemt (@) was computed by multiplying
the measured values ofsCand Qy during Events 1 and 2 because sufficient
measurements were collected over the courses @wvbets. The start of each event was
determined to be the time at whichs Ghcreased above the average baseflow
concentration of 0.5 gL The end of each event was likewise delineatetti@sime at
which the concentration decreased back to the geelmseflow € Using these
parameters, Qwas equal to 20,000 kg for Event 1 and 200,40fbkévent 2.

Sediment loads for the three events were also leadcliusing a sediment rating
curve for the SASW Clear Creek outlet (Figure 5.ddyeloped by Zager (2009). Using
this curve, the estimatedsQvas 9,600 kg for Event 1, 45,700 kg for Event 8d a
1,364,500 kg for Event 3. The flux for Event 1 wawderestimated by the sediment
rating curve by 52% while Event 2 was underestichadty 77%. Thus, traditional
sediment rating curves, such as the one developeper (2009), should be used with
caution when attempting to predict total sedimaetdyduring high flow events. This
shortcoming is magnified because a majority ofahaual sediment load is transported
during high flow events (Lenzi et al. 2003; Marlargl Demissie 2006).

One of the primary reasons that the sediment ratimye under-predicts the
suspended sediment loading is that the sedimemgraturve assumes a linear
relationship between £and water flow rate () while the actual relationship between
Qs and Qy during high flow events is non-linear. Figure&.Figure 5.13, and Figure
5.14 illustrate the non-linear relationship betwé&grand Qy during Events 1, 2, and 3,

respectively. In all events, a clockwise hystexrdsi observed at the SASW outlet.
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Clockwise hysteresis is often explained as regylfrom source material exhaustion;
several previous studies have shown such a re$dtipr{e.g., Baca 2008; Doomen et al.
2008; Salant et al. 2008; Seeger et al. 2004; SamthDragovich 2009; Williams 1989).
The triggering mechanism for the clockwise hystsrehown in Events 1 and 2 is
suggested to be the limited availability of loos®fmaterial in the uplands. In this case,
rainsplash and runoff are the two mechanisms afcgosupply from the uplands.

While Event 3 also produced a clockwise hystergékesdiscrepancy between the
rising and falling limb G at the same @ is much less pronounced than for the previous
two events (i.e., the hysteresis effect was dangen&he dampening of the clockwise
hysteresis for Event 3 is suggested to be thetreolverbank flow, which has the ability
to provide an uninterrupted supply of easily-erodediment from inundated upland
areas (i.e., floodplains) bordering the stream Xatelrov et al. 2003). Thus, overbank
flow contributed additional upland sediment throogh Event 3, reducing the
discrepancy between the suspended sediment coaens: While rainsplash and
runoff over bare soils have been discussed extelysim the literature (Abaci and
Papanicolaou 2009; Steegen et al. 2000; Vandadi®aasen 1995), few studies provide
data to support the role of overbank flow on tHatrenship between £and Qy, making
this finding unique.

In summary, analysis of Figure 5.1, Figure 5.2, &mglre 5.3 show that high
precipitation intensities resulted in high ratesrofhoff. Figure 5.5, Figure 5.6, and
Figure 5.7 offer a comparison amongst different snegag techniques, demonstrate the
limitations of each measurement technique, and lmarused to calculate suspended

sediment flux. Figure 5.12, Figure 5.13, and Feg&rl4 show that flow lags behind
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suspended sediment concentrations, forming a clisekiaysteresis pattern; however, the
hysteresis for Event 3 was dampened due to entesihof sediment by overland flow.
The nature of the hysteresis processes for thetevenriewed later in conjunction with
the sediment load partitioning.
5.2 Sediment Load Partitioning

The second objective of this study was to partitioe suspended sediment loads
for Events 1 and 3 into relative contributions frtme uplands and the channel using the
activities of 'Be and**Ph,s (adequate samples for Event 2 were unable to bected
due to the abruptness and timing of the eventke firkt step in the load partitioning was
to identify the activities of the two source ared@sthe eroded upland soil after the influx
of radionuclides in precipitation and ii) the cheheediments in Clear Creek. Next, the
suspended sediment activities during Events 1 andrd plotted in relation to the source
activities to form a two end-member unmixing modElnally, the relative contributions
from the two sources to each suspended sedimemiesavere found using the unmixing
model.
5.2.1 Upland Source (Uc) Activities

The radionuclide activities of the upland source.(ieroded surface soils) were
determined using the pre-existing activity profitgfs’'Be and**Ph, in the soil and the
atmospheric radionuclide influxes during the event¥he pre-existing radionuclide
activities of the uplands (Figure 5.15 and Figush were determined by analyzing soll
samples obtained using a high-resolution sampéogrtique (Wilson et al. 2003), which
produced samples at incremental depths of 0.5 @me sample was analyzed at depth

intervals greater than 1.5 cm simply to confirmtthagligible radionuclide activities
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(specifically’Be) existed at these depths. Figure 5.15 shovtshtb&Be activities can be
considered essentially negligible when the anakysisr is taken into account.

Large spatial variabilities were exhibited betwsampling sites. The maximum
coefficient of variation at each depth interval vi&8s for the'Be activities and 68% for
the #%h activities. Thus, the inventories of each depiterival were pooled to create
average radionuclide profiles (Wilson et al. 2008he averagéBe and®**Ph, pre-event
profiles are displayed in Figure 5.17 and Figuf35.

Moreover, the atmospheric influxes of the radiomed varied considerably
between the three events. The influxes of theoradilides from Event 3 were much
smaller than the influxes from Events 1 and 2, etreugh Event 3 had more total
rainfall than Events 1 and 2 combined. The redsothis is there was insufficient time
to allow for the replenishment of radionuclides tlee atmosphere after substantial
amounts were removed during the previous two evefitsline with the findings from
this study, radionuclide concentrations in preaijsn have been shown to decrease over
the course of an event and over closely spacedtevenpast research (Dibb 1989;
loannidou and Papastefanou 2006; Wallbrink and 8ufr994). Thus, the cause of the
relatively small atmospheric influx of radionuclgleluring Event 3 is the scavenging
(i.e., removal) ofBe and®*%Ph in the atmosphere during Events 1 and 2.

The atmospheric influxes of the radionuclides hiagen shown to develop sharp
exponential profiles in surface soils (Owens etl8P6; Wilson et al. 2003) due to rapid
and strong bonding to finer surface soil partigBsnniwell et al. 1999; Olsen et al.

1986; Wallbrink and Murray 1996). Thus, the atnfasgc radionuclide influx, D, was
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distributed exponentially over the top 1.5 cm oé thre-existing radionuclide profiles
using Equation 5.1:

Ru(z) =D(1 — g4297+depth) 5.1
where R is the radionuclide activity at depth z (mBq®m

The profiles developed for the radionuclide disttibn of ‘Be and*%h for
Event 1 are shown in Figure 5.19 and Figure 5.@€pectively. The profiles for Event 3
are shown in Figure 5.21 and Figure 5.22. Theepest profiles of Event 3 were higher
than the pre-event profiles for Event 1 becausthefatmospheric additions associated
with Events 1 and 2.

The activity of the eroded upland soil was deteedifor each event by fitting an
exponential curve to the post-precipitation prof\ilson et al. 2003). The value of the
exponential when the depth was equal to zero (thesactivity at the surface) was used
as the activity of the eroded upland soil. Figbu23 and Figure 5.24 show the activity of
'Be and®*°Ph, respectively, at the upland surface for EventFigure 5.25 and Figure
5.26 show the same for Event 3. The activitieslbprofiles decreased exponentially
with depth, similar to numerous previous studietakB et al. 1999; Bonniwell et al.
1999; Owens et al. 1996; Wallbrink and Murray 19@&lling et al. 1999).

5.2.2 Channel Source (B¢ + CBc) Activities

The source activities of the channel sediments wearesidered to be the
integrated activities of the 1-m cores collectedngl the study reach. Radionuclide
contributions from the bed were considered nedkgliecause the bed was comprised
mostly of sand particles (He and Walling 1996). Pheasured activities 6fPh,s and

"Be from the three 1-m cores collected along theysteach averaged 35.1 + 6.5 mBY g
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and 2.3 + 18.9 mBqY respectively. The activity ofBe was essentially zero when
considering the error. The bank height in the daigparea was approximately 3 m;
therefore, activities of'Phs may have been closer to zero if the entire depdls w
sampled due to incorporation of more radioactivkdgd sediment.

5.2.3 Unmixing Model Creation

The relative contribution of each source (upland eimannel) was determined for
the suspended sediment collected by grab sampiinggiEvents 1 and 3 using a two
end-member unmixing model. The two source end neesntyere considered to be the
average activities ofBe and®*°Ph for the eroded upland soils and channel sediment
(Table 5.2). Plotting activities dBe versus activities of*°Phs resulted in the two
sources being plotted at different ends of a graphis showed that the two activities
used in relation to one another could provide @umisignature for each source material
(Wilson et al. 2008).

Each event required the use of a separate two emiber unmixing model
because the upland source activities for the ewgate different. The unmixing models
for Events 1 and 3 are shown in Figure 5.27 andrEi®.28, respectively. The activities
of the suspended sediment captured during the Evevere plotted on their
corresponding unmixing model. A line was projectad right angles towards the
unmixing line from each of the suspended sedimenttp. The position where this new
line intersected the unmixing line dictated theatige percentage of each source type
(Wilson et al. 2008).

The results from the two end-member unmixing maoatel represented in pie

charts displayed over the event hydrographs (Fi§w2@ for Event 1 and Figure 5.30 for
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Event 3). The proportion of blue in each pie repras the relative amount of eroded
upland soil contributed to the suspended sedinuaat &t the time of collection; likewise,
the proportion of red in each pie chart represémesrelative percentage from channel
sources. The proportion of eroded upland soils higls in the beginning stages of Event
1, similar to the studies by Kuhnle et al. (2008}l &Vilson et al. (2008).

The dominance of upland soils in the early stageth® event is due to rapid
mobilization of fine loose particles by overlandvil in the uplands. These easily
entrained soils either were deposited during thevipus runoff event (Ghadiri et al.
2001) or were loosened by rainsplash. Once thiéyeadrained soils were swept away
by the “first flush” of overland flow, the amounf eaterial available to be readily
mobilized by overland flow was significantly reddc€Stutter et al. 2008). This allowed
the channel to become the dominant contributohéosuspended load in the later stages
of Event 1. Furthermore, sediment contributedhte flow by bank collapse typically
occurs on the falling limb of the hydrograph (Sgenet al. 1985; Thorne 1982), further
increasing the proportion of sediments derived frbra channel during this period.
These results are again similar to the studies bignie et al. (2008) and Wilson et al.
(2008), with the exception of one point. The lsastmple had a higher contribution from
the uplands during this period than from the chanido physical meaning behind this
outlier can be advanced, especially when considgehat overland flow (and thus upland
contributions to the suspended load) had essgntieised at this point.

Samples for radionuclide analysis were not colkbéte the beginning of Event 3;

however, samples captured for the last half of Ewent had higher relative channel
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contributions than the upland source. This trendhportant in the closure of the Event 3
sediment budget.
5.3 Sediment Budget Closure

The sediment budget for Events 1 and 3 are closedirh by combining the
results of the hysteresis phenomenon with the tesifithe load partitioning. The results
for Event 3 are then qualitatively compared witeegliment budget that was developed
by incorporating results from the WEPP upland enosnodel, observational analysis of
bank retreat, and calculated bed resuspension.

5.3.1 Combination of Field-Based Results

The quantitative field measurements of flow andosasled sediment were used
in conjunction with the load partitioning resultsdlose the sediment budget for Event 1
using Equation 1.2. Suspended sediment transpalteishg the rising limb of the
hydrograph was primarily from the upland sourceilevthe falling limb was dominated
by channel sediment (Figure 5.29 and Figure 5.30)e primary reason for this change
in the dominant sediment source was that the ugandce quickly became exhausted, as
shown with the clockwise hysteresis phenomenoniiiKl884; Stutter et al. 2008).

Based on field measurements, the total sedimensgated (@ during Event 1
was 20,000 kg. Combining the quantitative suspérsdeliment measurements with the
guantitative load partitioning analysis revealeal 1% (12,200 kg) of the total sediment
transported during the Event was derived from thands (). The channel banks
contributed 39% (7,900 kg), with the majority oétbhannel sediment being transported

during the falling limb of the hydrograph. Tabl& Slisplays the contribution from each
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source to the suspended loads)(@roughout the event. Equation 5.2 was used to

determine total @

Qs = (Cs,i+Cs,i—1) (Qw,i+QW,i—1) (t — tiy) 52

2 2

The above quantitative analysis cannot be conduocteBvent 3 because i) grab
samples were not collected during the rising limhilthe Event and ii) biofouling of the
SediMeter produced erroneous results during ther labrtion of the hydrograph.
However, a qualitative statement in regards tostmgpended sediment load partitioning
can be made by incorporating the results from Eleand other studies (e.g., Wilson et
al. 2008) into the analysis.

The clockwise hysteresis phenomenon that occumeBvient 1 also occurred
during Event 3. Because of the similarity in hys$ts phenomena, the trends revealed in
Event 1 were assumed to repeat in Event 3. Moresumilar studies have shown that
upland contributions are dominant during the ridinth of the hydrograph (Stutter et al.
2008; Wilson et al. 2008). Thus, it was assumext the upland was the dominant
contributor to the suspended load during the rigimip of Event 3. Further supporting
the conclusion that upland contributions remainigdicant during the later stages of
the event was that the overbank flow provided &olditl upland sediment to the
suspended load (Klein 1984), as exhibited by thep#med hysteresis phenomenon
(Figure 5.14). While a quantitative closure of gezliment budget cannot be completed
for Event 3 due to the limited number of suspensiEtiment samples, the budget can be
qualitatively closed by suggesting that the uplasalrce (U) was the dominant

contributor to the suspended load during Event 3.
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5.3.2 Sediment Budget Verification for Event 3

Verification of each component §JBc, CBc) in Equation 1.2 was completed
using a variety of methods unique to each componeihe suspended sediment
concentration resulting from each source was déteanto allow for a qualitative
comparison to the limited collected field data.c Was established using the Water
Erosion Prediction Project (WEPP) model.c #®as determined using cross-sectional
surveys. CBwas computed using the Einstein approach (Eindt@f).

Uc for Event 3 was determined based on a WEPP siionlédr fields bordering
the study reach. Table 5.4 displays the resultthefsimulation. The uplands were
calculated to contribute an average of 7.87'gtd the suspended load over the course of
Event 3.

The amount of material contributed during Eventy3tliee channel banks in the
study reach, B was determined by comparing pre-event and pasttesross-sectional
surveys. Figure 5.31 displays an example of tlmeegts. Figure 5.32 and Figure 5.33
show a photographic comparison between the pre-pastievent channel. Table 5.5
shows the results of the survey analysis. The $abhtributed an average of 0.5 ¢ to
the suspended load over the course of Event 3.imfortant point to note is that the
contribution from the banks in the study reach Vikedy higher there than in the more
upstream sections due to the steeper bank slopsesrirnear the outlet. Therefore, the
average amount of material contributed from thekbamas likely less than 0.5 gL
however, this claim cannot be fully backed up dwe tlack of bank retreat data in the

upstream sections.
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The channel bed contribution (gBat the average stage and flow rate for Event 3
was determined using the Einstein approach (19%8g equations required to determine
the contribution are outlined in Chapter 4; theueal of the variables used in the
equations are displayed in Table 5.6. Completiath® approach yielded an average bed
contribution to the suspended load for Event 3.8f¢DL™.

Equation 1.2 was used to close the averaged siedukddiment budget. The
average suspended sediment concentration of nlagzdding from the uplands was
predicted to be 7.8 gLby WEPP. The average bank contribution over these of the
Event was determined to be 0.5 @. LFinally, the average bed contribution during the
Event was calculated to be 0.3 §.LThe summation of these values in accordance with
Equation 1.2 yields a total average suspended seiooncentration of 8.6 g'L It is
important to note that these values are simplyages from throughout the event and are
thus difficult to compare against any specificdieheasurement. However, a qualitative
analysis of the relative yield from each sourcegseful. Based on the above results, the
uplands () contributed the vast majority of the sedimenthe suspended load (91%).
The channel sources {&ind CE;) contributed minimally to the total load. Quaiily,
this result agrees well with the result from treddistudy: the uplands were the dominant
contributor to the suspended sediment load in k8\VE.

5.4 Possible Errors
5.4.1 Sediment Load Calculation

One potential error in the sediment loading cakioiais that the grab sampling

technigue is not conducive to accurately profilihg suspended sediment concentrations

during high flow events. All grab samples are tak®m the top of the water column;
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this location has the lowest suspended sedimentecration in the water column
(Winterwerp 2001). The maximum water stage in E&was 3.9 m. Thus, the bucket
(with a diameter of 0.14 m) only sampled about 4%he total flow depth. In contrast,
the stage only rose to a height of 0.55 m durimgstéampling of Events 1 and 2. In these
cases, the bucket sampled about 25% of the total ftlepth. Therefore, the
concentrations sampled during Event 3 using thd grampling technique are not
necessarily representative of the average suspesatiohent concentration (Alexandrov
et al. 2003). Evidence of this is shown by commathe concentrations determined by
the grab sampling technique and the depth-intedyredenpler at the first grab sampling
time during Event 3. The depth-integrated sampémorded a suspended sediment
concentration of 5.5 g't, while the grab sampler recorded a concentratfanty 3.4 g
L™,

The relative lack of integrated profiling necegsiththe exclusion of the grab
sample results from the Event 3 hysteresis chaause the grab sample concentrations
are likely smaller than the average concentratidhshe results from the SediMeter and
the grab sampling techniques had both been us#teihysteresis chart, the SediMeter
(sampling from the more concentrated bottom ofghgpended sediment profile) would
have shown higher suspended sediment concentra@nshe beginning of the
hydrograph (when it was correctly functioning), si@g an artificial clockwise
hysteresis, simply due to its bottom-of-the-profdampling location. Because the
primary purpose of the hysteresis chart is to digghe relative relationship between

concentration and flow rate; plotting only resutstained from one technique accurately
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displayed any trends in the relationship, regasdt#sthe sampling location in the water
column.
5.4.2 Sediment Load Partitioning

Extensive rill and gully erosion in the SASW coghlilise error in the radionuclide
tracer results. Because the activity of the uplands decreases exponentially with
depth, soil eroded from these areas would haverlastvities than as theorized by the
unmixing model (Wallbrink and Murray 1993; Yangadt 2006). This would cause the
upland soils to have radionuclide signatures rediamihe channel sediments after the
formation of rills and gullies. Thus, sedimentsgorating in the uplands may be
misinterpreted as having come from the channel.

Additionally, resuspended bed sediment could not goantified using the
radionuclide tracing technique. The technique ireguthe analysis of only the clay-sized
fraction. Because the bed was comprised predortynan sand-sized particles, the

contributions resulting from this source were migrmtifiable.
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Figure 5.2. Precipitation and resulting hydrograph for June 18, 2009 event
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Figure 5.3. Precipitation and resulting hydrograph for June 19, 2009 event
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Table 5.1. SCS Method variables

Event Date | Hydrologi¢ Antecedent CN S Rp
Soil Group| Moisture (mm) | (mm)
Condition

June 16, 2009 B I 64 143 0.1
June 18, 2009 B I 64 143 0.6
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Figure 5.11. Sediment Rating Curve [in collaboration with Zager (2009)]
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Table 5.2. Average activities e and®*®Ph in source sediments for Events 1 and 3

Upland Sediments Channel Sediments
Date "Be Activity | “Pb Activity | "Be Activity | ***Ph Activity
(mBg g*) (mBq g*) (mBg g*) (mBg g*)
June 16, 2009| 268.1 +26.0 108.5+7.9 2.3+18.9 35.1 £ 65
June 19, 2009| 682.8 +26.0 120.8+7.9 2.3+18.9 35.1 £65
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Figure 5.27. Unmixing model for June 16, 2009 event
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Figure 5.30. Result of the two end-member unmixing model for the June 19, 2009 event

Table 5.3. Proportioning of total load for June 16, 2009 event

Uplands | Channel | Upland| Channel

Time | Cs Qw Qs (Ue) (Bc+CB) | Qs Qs
Time| (s) |(gL™ |(LsY | (kg) | Proportion| Proportion| (kg) (kg)
8:02 5.8 710
8:13 | 720 5.3 730 2793 65% 35% 1816 a7y
8:43 | 1800] 1.9 730 | 4728 60% 40% 2860 1868
9:13 | 1800] 2.1 740 2645 71% 29% 1869 775
9:43 | 1800/ 1.8 740 2596 73% 27% 1886 710
10:13| 1800| 1.2 740 1997 62% 38% 1247 750
11:13| 3600| 0.9 789 2890 59% 41% 1706 1184
12:13| 3600| 0.8 769 2385 33% 67% 790 1594
Total - - - 2003 61% 39% 1217 7858

Table 5.4. WEPP simulation results
Sediment Yield (g] Runoff (L) | Concentration (g 1)
3310100 424000 7.8
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Table 5.5. Bank contribution results
Total Mass Lost (g) Total Flow Through Reach (L))Average B (g L™
3.98E+08 8.63E+08 0.5

5.00
F 4.00
3.00
g
0]
2
o
2.00
—4+=Pre-Event
—#-Post-Event 1.00
; I 0.00
-8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00

Width (m)
Figure 5.31. Comparison between pre-event and post-even surveys
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Table 5.6. Variables used in bed resuspensioledian

Variable| Value | Units @8 Variable| Value Units
H 2.9 m v (15°C) | 1.139E-06] m® s*
SGs 2.65 - Ve 25975.7 | Nt
dsg | 0.00031] m g 9.81 még
X 1.00 - T 9.07 -
Ur 0.0327| m3% 0o 0.0376 | kg3
Iy 62 - des 0.00038 m
I -98 - U* 02134 | m¥
Qw 254 | ms?t kd/d 30.52 -
AR 10.1 nf R 0.93 m
Per 10.9 m A 3.80E-04 m
Pw 999.2 | kg nt La 6.20E-04| m
F 0.56 - A 2.14E-04| -
S 0.0016 - K 0.41 -
To 455 Pa z* 0.374 -
y 9802.2| Nn¥ Cs 0.3 gLt
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CHAPTER 6 CONCLUSIONSAND RECOMMENDATIONS
6.1 Conclusions

For this study, the primary objective was to cltse sediment budgets for three
consecutive high flow events occurring in the SoAthana Sub-Watershed (SASW)
during June of 2009. Quantitative measurementuspended sediment concentrations
(Cs) and flow rate (Q) were collected during the three events to cateutae total
sediment flux (@. The suspended sediment load for two of thesentsvwere
partitioned into sediment contributed from the aplaand sediment contributed from the
channel using activities Be and®*°Ph,s, as well as a two end member mixing model.

Events 1 (June 16, 2009) and 2 (June 18, 2009) wmderate in terms of
intensity and magnitude for the SASW. Despite rifiafall magnitudes and intensities
being similar for the two events, the later everdpced higher runoff volumes due to
higher antecedent moisture levels in the uplants.sdror Event 3 (June 19, 2009), the
cumulative rainfall for the event was not extraoetly; however, precipitation intensities
for the event were extremaXth highest 5-minute intensity and tbecond highest 60-
minute intensity on record). The excessive ralnfaknsities during the event coupled
with high antecedent moisture conditions producdtash flood of Clear Creek in the
SASW with flows increasing approximately 4 m indésanl hour.

Suspended sediment concentrations during the #vests were measured using
the following three techniques: i) grab samplesnfrthe center of the bridge over the
SASW outlet during each event, ii) Sigma autosarspléth sampling inlets at 10 and 70
above the stream bed that collected daily measuresnaeiring baseflow conditions and

hourly during the runoff events, and iii) a Sedibtetthat collected turbidity
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measurements every 15 minutes. Concentration ¥ditaen the three techniques agreed
well despite the differences in operating princspleith a maximum percent difference
between any of the two techniques for a single $araponly 19%. The SediMeter
proved a reliable means of providing continuous sueaments during the study period
with respect to accuracy. However, biofouling daethe excessive corn stalk debris
mobilized during Event 3 produced erroneous susgegsddiment measurements.

The total sediment fluxes for Events 1 and 2 weleutated by multiplying the
measured values ofs@nd flow rate collected during each event. Evemroduced a
total sediment flux of 20,000 kg, while Event 2 ¢woed 200,400 kg. Due to the
invalidation of a majority of the suspended seditmarasurements for Event 3 (i.e., the
SediMeter and the Sigma samples), an accurate agiimof the total sediment load
could not be made.

Sediment loads for the three events were also leadcliusing a sediment rating
curve for the SASW outlet (Zager 2009) . The tsediment fluxes for Events 1, 2, and
3 were estimated to be 9,600 kg, 45,700 kg, 1,3®kKg, respectively. In comparison to
the measured values for Events 1 and 2, the setlragémg curve underestimated Que
primarily to the non-linear relationship betweegddd Qy during high events. Sediment
rating curves assume a linear relationship betwewariables.

The non-linear relationships betwees énd Qy during the three events were
displayed through a clockwise hysteresis observethea SASW outlet. Clockwise
hysteresis is often explained as resulting fronr@@material exhaustion. The clockwise
hysteresis during Event 3 had a less pronouncettegiancy between the rising and

faling limb Cs at the same @ (i.e., the hysteresis effect was dampened). The
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dampening of the clockwise hysteresis for Events3suggested to result from
entrainment of additional upland (specifically fthaain) sediment by overbank flow.
Few studies provide data to support the role oftmek flow on the relationship between
Cs and Qy, making this finding unique.

The suspended sediment loads for Events 1 and 8 fuether partitioned to
determine the relative contributions from the ugkand the channels using the activities
of ‘Be and**%h using a two end-member unmixing model. The avemfivities of
"Be and®'%hy for the eroded upland soils and channel sedimerith were considered
the two source end members, plotted at differedsef a graph with the radionuclide
activities on separate axes.

The upland source activity was determined from higisolution (0.5-cm
intervals) solil profiles collected in four fields the SASW. The primary mechanisms of
erosion in the uplands are sheet and rill erosigmch removes a fine layer of high
activity soil. Large spatial variability was exhdxrl between upland sampling sites;
therefore, inventories of each depth interval waveled to create average radionuclide
profiles (Wilson et al. 2003). This variability & potential source of error. The source
activities of the channel sediments were consideydxd the integrated activities of the 1-
m cores collected along the study reach. Radioheicontributions from the bed were
considered negligible because the bed was comprisedtly of sand particles.
Moreover, the atmospheric influxes of the radioided varied considerably between the
three events, prompting the use of a separate tndareember unmixing model for each

event.
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The relative contribution of each source (upland elmannel) was determined for
the suspended sediment of the grab samples calldaténg Events 1 and 3 using a two
end-member unmixing model. The proportion of etbdpland soils was high during the
beginning stages of Event 1, while the channel fmecthe dominant contributor to the
suspended load near the peak of the hydrograpEviemt 1 and on the falling limb of the
hydrograph, similar to previous studies (e.g., Wilet al. 2008). The primary reason for
this change in the dominant sediment source wdshbaupland source quickly became
exhausted, as shown with the clockwise hysterdsa@menon.

Based on field measurements, the total sedimemépgated during the event §Q
was 20,000 kg. Combining the quantitative suspersdeliment measurements with the
guantitative load partitioning analysis revealeak #11% (12,200 kg) of the total sediment
transported during the event was derived from tiplands. The channel source
contributed 39% (7,900 kg) with the majority of ttlgannel sediment transported during
the falling limb of the hydrograph.

The above quantitative analysis cannot be conduoteBvent 3 because no grab
samples were collected during the rising limb e #vent and the Sigma samples were
compromised by overbank flow. However, a qualiatstatement in regards to the
suspended sediment load partitioning can be madiecbyporating the results from event
1 and other studies (Wilson et al. 2008) into thalysis.

The clockwise hysteresis phenomenon that occumedvent 1 also occurred
during Event 3. Moreover, similar studies througththe country have shown that
upland contributions are dominant during the ridinth of the hydrograph (Wilson et al.

2008). Thus, it was assumed that the upland wasdtiminant contributor to the
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suspended load during the rising limb of event8rther supporting the conclusion that

upland contributions remained significant during thter stages of the event was that the
overbank flow provided additional upland sedimenttte suspended load, as exhibited
by the dampened hysteresis phenomenon.

Verification of this conclusion was completed wsavariety of methods unique
to each component. The upland component was &stadl using the Water Erosion
Prediction Project (WEPP) model; the channel bamkponent was determined using
cross-sectional surveys; the channel bed compomastcomputed using the Einstein
approach (Einstein 1950). The average suspend#itheset concentration of material
eroding from the uplands was predicted to be 7.8 §y WEPP, which was greater than
the average bank and bed contributions over theseaf the event, which were 0.5 g L
and 0.3 g [}, respectively.

The knowledge gained from this study provides thpemcipal benefits to
watershed managers. Firstly, an important conaioter for watershed managers is the
prediction of annual sediment loadings. This stuelyealed that rating curves can vastly
under-predict sediment loadings during high-flonems, in which a majority of the
annual sediment load is transported. Secondlg, shidy also showed that the uplands
were the dominant contributor of sediment to thaltevent suspended sediment load in
the headwaters of an agricultural watershed. Toergwatershed managers maintaining
watersheds similar to the SASW should focus on temaconservation practices aimed
at reducing erosion from the uplands. Thirdly, thethods used in this study can be
utilized by watershed managers to close sedimedgdds in their watershed. The

sampling techniques used in this study are relgtivexpensive and easy to operate. In



88

addition, the radionuclide tracing method has bskown to effectively differentiate
sediment from multiple source areas.

Ultimately, this study has demonstrated the comgtitary use of tracing methods
with intra-event @ and Qy measurements to close the sediment budget. Ppioach
advances existing sediment budget studies by ipaitig the source of transported
sediment and accounting for the role of hysteresisediment flux variability.

6.2 Recommendations

This study showed that the uplands were the dorhimamtributor to the
suspended load in the early stages of the sampledffrevents. However, more
guantitative conclusions were not made due to gapise data resulting primarily from
sampling deficiencies. Two specific recommendatjatated below, are made to correct
for these deficiencies.

Firstly, an improved version of the SediMeter samps$ needed. This improved
version should incorporate a self-cleaning attactinte limit the effects of biofouling.
Had biofouling of the sampler not occurred durihg flune 19, 2009 flash flood event,
additional rare data could have been collected.

Secondly, future studies should sample from moes tbne depth in order to
guantify suspended sediment transport more acdwratdhis is important in the
determination of both suspended sediment flux antthé tracer study. Sampling only a
small fraction of the water column, especially dgrextreme events, may misrepresent
depth-averaged suspended sediment concentratiRwiat sampling may also selectively
sample suspended material originating from one cguesulting in erroneous source

identifications.
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APPENDIX A SEDIMETER

The SediMeter by Lindorm (Figure 4.4) is designed provide anin situ
suspended sediment concentration profile for aquativironments. The SediMeter
consists of 36 laser emitting diodes (LED), spaaetD-mm intervals along a vertical rod
(Figure 4.5). Each LED emits a pulse of near mgfda(NIR) light into the flow; light is
reflected back to the LEDs by sediment particlesuspension. The amount of light
reflected back to the LED relates to the turbidifythe water, which in turn relates to
suspended sediment concentrations (Pruitt 200B)s Measurement technique is known
as optical backscatterance.

The optical backscatterance technique used by #uéMVeter requires that the
instrument undergo a calibration process in orderrécord suspended sediment
measurements accurately. Calibration of the Sew@iMis a two-step process, which
involves: i) determining the appropriate coeffit®to convert the reflectance (in volts)
to a turbidity value (Formazin Backscatter Unit&Uj and ii) converting the turbidity
value to a suspended sediment concentration. ®akd this Appendix is to detail the
calibration process for the instrument. In additiaghis Appendix will outline the
installation process of the instrument into riverenvironments.

A.1 SediMeter Calibration

Understanding the underlying calculations usedhey3ediMeter software is the
first step in the SediMeter calibration. The s@ftevsolves six formulas that utilize five
different calibration-determined coefficients toneert the reflectance (in volts) to
turbidity (in FBU). The following generic equatios used to determine the turbidity of

the water column in any situation (dark or light}id or clear water):
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FBU = Ksm(Uon — Asm— Uag) Al
where K, is the factor used to convert a corrected vol{&®gW) to FBU and is found
using Equation A.2, b} is the voltage recorded by the SediMeter sens@nwthe NIR
light is emitted, Anis the voltage recorded by the SediMeter wherL&i@ is on and the
instrument is deployed in clear water, with no anbinfrared (IR) light and no reflector

within several decimeters, anddJs the adjusted voltage and found using Equatith A

Th

= A2
RAW

Ksm

where T, is the turbidity of calibration solution used tetermine K, and RAW is the
signal after correction for internal reflectiongdamckground light (see Section A.1.2 for
further information).
Uadj = Bsi(Uamt) — Con(Uam)” A3

where Bn = 1 and G, = 0 as recommended by the SediMeter Software Maand
Uambis the voltage added by the ambient light andjisaéto:

Wmb = Uot — Udark A4
where Ug is the voltage recorded when the SediMeter seissnot emitting light and
Dsm is the voltage recorded by the SediMeter whenUEB is off and no ambient IR
light present (e.g., the background voltage in desk).

Therefore, Equation A.3 simplifies to:

Waj = Uott — Dsm A5
Substitution of Equation A.5 into Equation A.1 yielEquation A.6, which is used by the
SediMeter software to convert thgldnd Ui measurements to FBU:

FBU = Igrr[uon — Asm— (Uoff - Dsm)] A.6
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The calibration coefficients in Equation A.6 ardeitmined through a systematic
calibration process. The following subsectiondin@tthe steps necessary to determine
coefficients A, Dsm, and K, and validate the & and G, assumptions.

A1l Systematic Determination of Coefficients Agy & Dgn

Coefficients Ay, and Q, are used to determine the voltage returned to each
sensor while the LED light is and is not on, respety. Thus, subtraction of {3 from
Asm removes the effect of ambient light on the reaslingach of the 36 sensors must be
manually calibrated due to minor variations sensensitivity. The graphical user
interfaces for SediMeter control (Figure A.1) aradadanalysis (Figure A.2) were used to
complete this process. The following list outlinks methods used to determing,And
Dsmfor each sensor.

1) Fill a container with deionized water. The @nér should be large enough that
when the LED light on the SediMeter flashes, reiftets will be minimal. A 30-
gallon trashcan, filled with about 100 liters oftesais sufficient.

2) Connect the SediMeter to a computer using thB tisd.

3) Select the correct Serial Port to which the Betér was connected in the
Connection tab.

4)  Click the button under the title ‘Open Connegtio

5) Specify the time at which to begin logging datad the interval at which data
should be collected in the Setup tab. Note thattitne is in GMT when setting
the logging time and that the minimum interval iseominute. Any interval
entered into the program that is less than one teimull still record data only
once per minute. Click the ‘Set’ button once fir@d to transfer the settings to the
SediMeter.

6) Change the mode in which thed8Meter is set to LOG mode in the Special t
Click the ‘Set’ button once finished.

7) Close the connection by clicking on the buttetol the ‘Open Connection’ title
in the Connection tab.

8) Unplug the USB cord from the SediMeter and ihgbe cap back into the



9)

10)
11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)
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SediMeter.

Insert the SediMeter sensor into the protediive. Tighten the yellow screw to
fix the protective tube on the SediMeter.

Insert the SediMeter into the water in the trashcan
Shut all lights in the room off and minimize ambiéght.

Let the SediMeter record a few measurements (3 toefore turning the lights
back on and removing the SediMeter from the trashca

Connect the SediMeter to the computer.

Change the mode in which the SediMeter is set #6EF.in the Special tab. This
will stop the SediMeter from recording any more sweaments. Click the ‘Set’
button once finished.

Specify the file path to which the data will be ddeaded in the Download tal
Click ‘Get New’ to download all new records, or ‘G&l' to download both new
and old records. Close the window that pops upCtdrW); for this procedure,
the window only confirms that the data was downézhd

Select ‘Analyze Logged’ from the Data dropdown mémuCtrl+A).

Select the SediMeter network identifier number fribrm SediMeter NetAddr drop
down box on the right side of the SediMeter Datadeiw. This must be done to
refresh the graphs to display the downloaded data.

Select U, from the SediMeter Variable drop down list.

Right click on the green cursor on the upper yellmax on the right side of the
SediMeter Data Window. Click ‘Bring to Center’.hi§ will bring the cursor into
the center of the SediMeter Backscatter Intendity. pThe upper yellow box is
used for the SediMeter Backscatter Intensity gragtile the lower yellow box is
used for the Data Plot graph.

Move the mouse pointer over the cursor on the Set#MBackscatter Intensity
graph. Click on the cursor and while hialgl the button down, drag the mout
This will allow for adjustment of the (x,y) positicof the cursor. Note that when
moving the SediMeter Backscatter Intensity graphs@ay the numbers in the
upper yellow box change.

Line the cursor up with the time that will be usesl the calibration time. The
author randomly used data from the second measuteasehe calibration time.
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23)

24)

25)

26)

27)

28)
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In the upper yellow box, edit the detector numlsent which you wish to obtain
the Uy, value by changing the number from 0 to 35. Detettoorresponds to 0 in
the yellow box, detector 2 corresponds to 1 inyééow box, etc. Please note that
time cannot be edited. If attempting to edit timeet an error will occur and the
program will close.

Record the ), values from each sensor in a spreadsheet. Thxtgifferent
numbers should be recorded. When the turbiditthefsolution is zero (the case
in this situation), the value of the;Acoefficient is equal to thedJvalue.

Ensure the correct values for the/&Aoefficient have been obtained by repeating
Steps 2 - 23 two or three additional times andngkhe average of the J(i.e.,
Asm) values for each detector.

Select Wi from the SediMeter Variable drop down list.

Record the bk values from each detector in a spreadsheet. @hey should be
small (approximately 0.001). When the turbiditytbé solution is zero (the case
in this situation), the value of the,Pcoefficient is equal to thedd value.

Table A.1 displays the & and O, coefficient values obtained by the author when
completing this portion of the calibration.

Create a .txt document in which thesAvalues are incorporated into the
document. This document, called a KABC table, Wwél used in Section A.1.2
The document should have 36 rows (one for eacltejeand be formatted in the
following format: Column 1 = K, value (for this step, and only this step, set all
Ksmvalues equal to the default value of 6820), Colulnr Asm (insert values
obtained from Step 24), Column 3 s,Bset equal to 1, see discussion in Section
A.1.3 for details), and Column 4 =£(set equal to O, see discussion in Section
A.1.3 for details). Table A.2 displays the tabhaitied file used by the author.

A.1.2 Systematic Determination of Coefficient Kgy,

Coefficient K is the factor used to convert RAW to FBU;Kis inversely

proportional to the RAW value (see Equation A.2RAW is affected by the 4

coefficient; therefore, A, must be determined as stated in Section A.1.1rédfnding

RAW. The graphical user interfaces for SediMetartml (Figure A.1) and data analysis

(Figure A.2) were used to find RAW. The followistgps are used to determing,K

1)

Obtain a 2-foot long, 3-inch inside diameter PWBing (with an end cap sealed
on one end). The interior of the tubing must biatea black.
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3)

4)

5)

6)

7)

8)

9)

10)

11)

12)
13)

14)

15)

16)
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Place the tubing in a bucket and fill around thke with sand or some other
material to keep the tube vertical.

Fill the tubing with 2.5 L of formazin solutionlf using the protective outer tube
on the SediMeter, ensure that the concentratidgheformazin solution is at least
1000 NTU. The author created this solution by addli5 L of deionized water to
1 L of 4000 NTU formazin solution. This dilutedrfisazin solution had a turbidity
of 1600 NTU.

Connect the SediMeter to a computer using thB tisd.

Select the correct Serial Port to which the Betér was connected in the
Connection tab.

Click the button under the title ‘Open Connegtio

Specify the time at which to begin logging datad the interval at which data
should be collected in the setup tab. Note thatithe is in GMT when setting the
logging time and that the minimum interval is ongute. Any interval entered
into the program that is less than one minute still record data only once per

minute. Click the ‘Set’ button once finished tarisfer the settings to the
SediMeter.

Change the mode in which the SediMeter is set t&GLi@ode in the Special tal
Click the ‘Set’ button once finished.

Close the connection by clicking on the buttetoly the ‘Open Connection’ title
in the Connection tab.

Unplug the USB cord from the SediMeter and inség tap back into the
SediMeter.

Insert the SediMeter sensor into the protective tulbighten the yellow screw to
fix the protective tube on the SediMeter.

Insert the SediMeter into the water in the PVC tube
Shut all lights in the room off and minimize ambiéght.

Let the SediMeter record a few measurements (3) toefore turning the lights
back on and removing the SediMeter from the PV@ tub

Connect the SediMeter to the computer.

Change the mode in which the SediMeter is set t6EF.in the Special tab. This
will stop the SediMeter from recording any more smwaments. Click the ‘Set’
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19)

20)

21)

22)

23)

24)

25)

26)

27)

28)
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button once finished.

Specify the file path to which the data will be ddeaded in the Download tal
Click ‘Get New’ to download all new records, or G&lI' to download both new
and old records. Close the window that pops upCtdrW); for this procedure,
the window only confirms that the data was downézhd

Select ‘Calibration Coefficients’ from the Edit gralown menu of the SediMeter
Control window.

Select ‘Import KABC table’ from the File drop downenu of the newly opened
SediMeter Calibration Coefficients window (Figure3A

Navigate to the KABC table saved in Section A.Bfep 28. Select the KABC
file and click OK.

Click the arrow symbol >> to load the calibratiooefficients into the software
program.

Ensure that the coefficients were loaded by cligkthe << symbol. If the
numbers in the KABC table stay the same, the aoeffts were successfully
loaded.

Edit the i, Calibration Coefficient on the right side of thediMeter Calibration
Coefficients window. For the author, allfcoefficient values equaled 0.00
Therefore, 0.001 was entered into all (O througlofSihe six options. Navigate
through the six options by clicking the up and dammows.

Click the ‘Close’ button located on the bottom tigli the SediMeter Calibration
Coefficients window. The coefficients are now inmarated into the data that will
be viewed in the SediMeter Data window.

Select ‘Analyze Logged’ from the Data dropdown mémuCtrl+A).

Select the SediMeter network identifier number fritia SediMeter NetAddr drop
down box on the right side of the SediMeter Datadew. This number is
typically 1. This must be done to refresh the s display the downloaded
data.

Select RAW from the SediMeter variable drop dovst i

Right click on the green cursor on the upper yellmx on the right side of the
SediMeter Data Window. Click ‘Bring to Center’.hi§ will bring the cursor into
the center of the SediMeter Backscatter Intendiby. pThe upper yellow box is
used for the SediMeter Backscatter Intensity gragihile the lower yellow box is
used for the Data Plot graph.
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29) Move the mouse pointer over the cursor on the SetiiMBackscatter Intensity
graph. Click on the cursor and while holding thatén down, drag the mous
This will allow for adjustment of the (x,y) positicof the cursor. Note that when
moving the SediMeter Backscatter Intensity graphsay the numbers in the
upper yellow box change.

30) Line the cursor up with the time that will be useslthe calibration time. The
author randomly used data from the second measunteaaeghe calibration time.

31) In the upper yellow box, edit the detector numlemf which you wish to obtain
the RAW value by changing the number from O to B®tector 1 corresponds to O
in the yellow box, detector 2 corresponds to 1ha yellow box, and so fortt
Please note that time cannot be edited. If attexgpod edit the time, an error will
occur and the program will close.

32) Record the RAW values from each detector in a sisfezet. Thirty-six different
numbers should be recorded. Table A.3 displayRihe/ values obtained by the
author when completing this portion of the calilmat

33) Ensure the correct RAW values have been obtaine@yating the Steps 2 — 32

two or three additional times and taking the averafjthe RAW values for each
detector.

34) Coefficient Ksn can be calculated for each sensor using Equatidh AThe
average RAW values determined in Step 33 and ttiedity of the solution used
in Step 3 should be the values used for RAW afdeBpectively. Insert the new
Ksm values into the KABC table. This new KABC tableosld be used for
analyzing all subsequent data.

A.1.3 Noteon Coefficients Bqy & Cam

The SediMeter manufacturer was contacted to obtegthodologies that can be
used to validate the assumption made by the Sedi\&zftware Manual of 8 = 1 and
Csm = 0. Lindorm recommended the completion of numertests to analyze the,})
values (which record the ambient light intensity)etermine if the B, coefficient could
be set to 1. The {4 value was measured for four different SediMetauEe in
deionized water in darkness, in deionized wateh Wwght, in the open air in darkness,
and in the open air with ambient light. The averély; value when the SediMeter was

placed in these situations was 0.001, 0.003, 0.80@,0.037 V, respectively. This last
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Uoir Value is an order-of-magnitude larger than theeothalues. This indicates that as
ambient light enters the water, it is dissipateth®point that it is negligible. Therefore,
the B;y, coefficient can be set to 1. Secondly, Lindoreoramended that & = 0, but to
flag any values with k) > 2.1 V as minimum FBU values (e.g., the FBU valaee
potentially higher). b} values were not larger than 2.1 V during the sttldgrefore, the
assumption of ¢, = 0 is valid.

A.1.4 Conversion to Suspended Sediment Concentration

A relationship needs to be developed between tilybéohd suspended sediment
using sediment obtained from the study site in orde convert turbidity values to
suspended sediment concentrations. To do this, diNferent solutions with known
suspended sediment concentrations were preparede tdrbidity (in FBU) of the
solutions was measured using a laboratory turbitimeThe known concentrations,, C
were plotted against the FBU values. A relatiopshithe form of Equation A.7 was
determined:

Cs = a(FBU)1 AT
where a and q are coefficients determined by pigta power trend line on the data.
Table A.4 and Figure A.4 display the results of thebidity and suspended sediment
relationship developed for the Tama soil type, Whi€ the dominant soil type in this

study.
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A.2 SediMeter Installation

The installation procedure for the SediMeter islioatl in the following
paragraphs. An anchor was installed in the beddsgwing it in a clockwise motion
until only the tip of the anchor was visible. Ti®tective acrylic tube was screwed onto
the anchor tip so that it was positioned verticaleionized water was poured into the
acrylic tube in an effort to mimic the calibratisetup and minimize the entrance of
polluted stream water into the tube. The SediMetas then inserted into the acrylic
tube with the sensors pointed downstream. Theweficrew was tightened to fix the
protective tube on the SediMeter.

A small U-post was hammered into the stream bedctlyr upstream of the
SediMeter. This post served to protect and furtieeure the SediMeter. The SediMeter
was connected to the U-post using zip ties andnfgstvire. Three T-posts also serving
as protection for the SediMeter were hammeredtimcstream bed in a triangular pattern
(Figure 4.6). The T-posts were attached to theMsstdr using fishing wire. These steps
were completed in an effort to ensure the SediMetaild not be lost during high flow

events.
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Table A.1: Coefficients &, and D, results

Sensor Uonl Uon2 Uon3 UonAvg A D
1 0.314 0.314 0.316 0.315 0.315 0.001
2 0.290 0.292 0.290 0.291 0.291 0.001
3 0.259 0.261 0.257 0.259 0.259 0.001
4 0.255 0.255 0.251 0.254 0.254 0.001
5 0.285 0.288 0.290 0.288 0.288 0.001
6 0.344 0.345 0.346 0.345 0.345 0.001
7 0.337 0.339 0.340 0.339 0.339 0.001
8 0.255 0.252 0.251 0.253 0.253 0.001
9 0.260 0.260 0.259 0.260 0.260 0.001
10 0.273 0.271 0.268 0.271 0.271 0.001
11 0.265 0.261 0.260 0.262 0.262 0.001
12 0.293 0.290 0.288 0.290 0.290 0.001
13 0.281 0.277 0.276 0.278 0.278 0.001
14 0.325 0.324 0.321 0.323 0.323 0.001
15 0.343 0.342 0.341 0.342 0.342 0.001
16 0.238 0.237 0.236 0.237 0.237 0.001
17 0.335 0.332 0.330 0.332 0.332 0.001
18 0.207 0.206 0.205 0.206 0.206 0.001
19 0.209 0.210 0.209 0.209 0.209 0.001
20 0.283 0.284 0.283 0.283 0.283 0.001
21 0.294 0.295 0.289 0.293 0.293 0.001
22 0.304 0.305 0.300 0.303 0.303 0.001
23 0.323 0.325 0.324 0.324 0.324 0.001
24 0.247 0.249 0.249 0.248 0.248 0.001
25 0.183 0.182 0.182 0.182 0.182 0.001
26 0.305 0.304 0.298 0.302 0.302 0.001
27 0.253 0.255 0.253 0.254 0.254 0.001
28 0.305 0.309 0.305 0.306 0.306 0.001
29 0.335 0.337 0.329 0.334 0.334 0.001
30 0.317 0.318 0.312 0.316 0.316 0.001
31 0.327 0.331 0.329 0.329 0.329 0.001
32 0.340 0.342 0.337 0.340 0.340 0.001
33 0.293 0.294 0.294 0.294 0.294 0.001
34 0.336 0.330 0.335 0.334 0.334 0.001
35 0.218 0.217 0.220 0.218 0.218 0.001
36 0.292 0.295 0.292 0.293 0.293 0.001
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Table A.2: Coefficient KABC results

K A B C
6820 | 0.315 1 0
6820 | 0.291 1 0
6820 | 0.259 1 0
6820 | 0.254 1 0
6820 | 0.288 1 0
6820 | 0.345 1 0
6820 | 0.339 1 0
6820 | 0.253 1 0
6820 0.26 1 0
6820 | 0.271 1 0
6820 | 0.262 1 0
6820 0.29 1 0
6820 | 0.278 1 0
6820 | 0.323 1 0
6820 | 0.342 1 0
6820 | 0.237 1 0
6820 | 0.332 1 0
6820 | 0.206 1 0
6820 | 0.209 1 0
6820 | 0.283 1 0
6820 | 0.293 1 0
6820 | 0.303 1 0
6820 | 0.324 1 0
6820 | 0.248 1 0
6820 | 0.182 1 0
6820 | 0.302 1 0
6820 | 0.254 1 0
6820 | 0.306 1 0
6820 | 0.334 1 0
6820 | 0.316 1 0
6820 | 0.329 1 0
6820 0.34 1 0
6820 | 0.294 1 0
6820 | 0.334 1 0
6820 | 0.218 1 0
6820 | 0.293 1 0
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Table A.3: Calibration coefficientds results
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RAWL (V) | RAW2 (V) | RAW3 (V) | RAWAvg (V) | Conc. (FTU)| K,
0.361 0.354 0.366 0.360 1600.0 4440
0.392 0.370 0.382 0.381 1600.0 4196
0.383 0.355 0.408 0.382 1600.0 4188
0.420 0.392 0.402 0.405 1600.0 3954
0.384 0.393 0.382 0.386 1600.0 4142
0.355 0.404 0.362 0.374 1600.0 4282
0.369 0.399 0.370 0.379 1600.0 4218
0.238 0.241 0.239 0.239 1600.0 6685
0.254 0.271 0.262 0.262 1600.0 6099
0.288 0.292 0.288 0.289 1600.0 5530
0.254 0.270 0.264 0.263 1600.0 6091
0.235 0.259 0.255 0.250 1600.0 6409
0.254 0.279 0.262 0.265 1600.0 6038
0.214 0.252 0.267 0.244 1600.0 6548
0.223 0.242 0.261 0.242 1600.0 6612
0.210 0.233 0.225 0.223 1600.0 7186
0.246 0.269 0.269 0.261 1600.0 6122
0.142 0.159 0.164 0.155 1600.0 103P3
0.176 0.180 0.196 0.184 1600.0 8696
0.210 0.232 0.240 0.227 1600.0 7038
0.270 0.278 0.278 0.275 1600.0 5811
0.285 0.284 0.284 0.284 1600.0 5627
0.202 0.204 0.260 0.222 1600.0 7207
0.072 0.089 0.090 0.084 1600.0 191p4
0.163 0.170 0.152 0.162 1600.0 9897
0.247 0.258 0.274 0.260 1600.0 6162
0.170 0.183 0.196 0.183 1600.0 8743
0.264 0.274 0.310 0.283 1600.0 5660
0.236 0.261 0.263 0.253 1600.0 6316
0.218 0.245 0.205 0.223 1600.0 7186
0.228 0.252 0.274 0.251 1600.0 6366
0.226 0.256 0.248 0.243 1600.0 6575
0.272 0.243 0.283 0.266 1600.0 6015
0.294 0.293 0.312 0.300 1600.0 5339
0.202 0.207 0.215 0.208 1600.0 7692
0.271 0.292 0.294 0.286 1600.0 5601




Table A.4: ppm data

Concentration (g/L) | Concentration (ppm) | Turbidity (NTU)
0 0 0.7
2.5 2500 510
5 5000 1194
7.5 7500 2247
10 10000 3328
12.5 12500 4193
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Figure A.4: Association between turbidity and smeted sediment concentration
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APPENDIX B RADIONUCLIDE ANALYSIS

The radionuclide activities of source, suspendedingent, and precipitation
samples were analyzed using gamma analysis. Ganalgsis is the capture of gamma
particles emitted from a sample. Gamma particteseanitted from samples during the
decay of radionuclides. The number of gamma pesticaptured is dependent on the
concentration of radionuclides in the sample. Eaample must be collected and
prepared using uniform methodologies. Additionalllge efficiency of the gamma
analysis technique must be determined to allowstandardization of reported values.
The collection and preparation procedures andieffacy determinations are outlined in
the following sections.
B.1 Systematic Sample Collection and Preparation
Procedures

Source samples from the uplands, channel banksctzarthel bed were gathered
to determine the pre-existing radionuclide actdgtiof these sediments. Precipitation
samples were collected to measure the radionudfigats into the SASW. These
samples were collected using a systematic methoghsore sample uniformity. The
source and suspended sediment samples were thearguidor analysis by isolating the
clay-sized fraction. This was necessary due topifeelivity of the radionuclides to
attach to this fraction. The precipitation samplesre also prepared for analysis by
forcing radionuclide adsorption to a flocculent.

B.1.1 High-Resolution Upland Sample Collection

Upland samples were collected using a method tlwated for the differentiation
of radionuclide activities at 5-mm depth intervalSampling the upland source in 5-mm

intervals was necessary because radionuclide tesivdiminish as depths increase.
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Using this methodology, a high-resolution radiomelprofile could be developed. The
following steps outline the high-resolution uplasample collection procedure.
1) Record the geographic coordinates of the sagbdication in the field book.

2) Take a picture of the sampling location and rédbe picture number in the field
book. Be sure to capture any residue cover present

3) Drive the three-sided sampling frame into theugd with the open end of the
sampler facing downslope.

4) Dig a pit downslope of the sampler being sure toodisturb any portion of the
sample contained within the sampler. The pit sthdxd deeper than the frame so
that a shovel can be leveraged beneath the frarasstst in the removal of the soll
block from the ground.

5) Remove the sample in the ground by leveragimgititof the ground with a shovel,
being sure to not to disturb the sample duringpttoeess.

6) Cut the excess soil outside of the sampler velamay with a knife.

7) Insert a blade into the first groove (locatedhat portion of the sampler containing
the topmost layer of soil) in the sampler. Thid s&ction the sample into a sample
containing the soil within the 0-5 mm depth.

8) Put the soil cut by the blade into a baggie.

9) Label the baggie appropriately.

10) Continue sectioning the sample in 5 mm intervalsl gime top 30 mm have been
sampled and bagged.

B.1.2 Bank Sample Collection

Bank samples were collected using a method th&atetl samples deep into the
soil profile. This was necessary because banlkagsdl contributes large amounts of
sediment, oftentimes from deep in the soil profilehe following steps outline the bank
sample collection procedure.

1) Record the geographic coordinates of the sambdication in the field book.

2) Insert the 33-cm long plastic tube into the rmgriubing.



3)

4)

5)

6)

7
8)
9)

10)
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Attach the coring device to the slide hammer.

Pound the hammer on the sampling tube unts idiven into the ground to the
point that the entire plastic sleeve is below treugd surface.

Pull the sampling tube carefully out of the grdu

Remove the plastic sleeve from the sampling tugieg pliers to grab and pull the
plastic sleeve.

Mark a baggie with the sample coordinates amqdhde

Remove the soil from the plastic sleeve by pugliti out with an erosion pin.

Place the soil into the plastic baggie.

Continue with the bank sample collection in the sdocation until three repetitions

of the bank coring have been completed (totaling®9in depth). Each different
sampling depth (0-33, 33-66, and 66-99 cm) shoaldlhced into separate baggies.

B.1.3 Clay Separation

Radionuclides preferentially attach to the claydizfraction of sediments.

Therefore, the source and suspended sediment sample prepared for analysis by

isolating the clay-sized fraction. The followindegs outline the clay separation

procedure.

1) Clean all supplies to be used with HCI beformoeencing clay separation.

2) Remove the sample from the baggie and placgata pre-tared aluminum tin.

3) Record the tin number, tin tare weight, and dampme on a data sheet.

4)  Allow the sample to air dry for at least 24 heur

5) Place the aluminum tin containing the sampleo imn oven that is set at
approximately 60°C. As many aluminum tins as gaesimay be placed into the
oven.

6) Allow the sample to oven dry for at least 48 tsoiw remove all water.

7) Weigh the oven-dried sample (after allowing #aenple and tin to cool to room

temperature) and record the weight on data sheet.
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Pour the sample from the tin back into the badgm which it was removed.

Crush the sample lightly using a rolling pinolRhe rolling pin across the baggie
containing the sample as many times as necessdme#&i up the soil clumps. If
any holes are punched into the baggie during tlusgss, seal the holes using duct
tape or masking tape.

Sieve the sample using a 2-mm sieve to remove atgrial that is larger than a
sand particle.

Tare three 125-mL Nalgene bottles after approgyidédeling each bottle with the
sample name and subsample number (e.g., A6-1, ABLAB-3).

Add approximately 30 g of the sample to each Nadgeottle. Record the exact
weight of soil added to each bottle on a data sheet

Add Na(PQ)s (created by adding 40 g of sodium metaphosphate0@® mL of
water) to the subsample in a 1 mL of NagRCto 1 g of subsample ratio to
disaggregate the particles.

Add 20-mL of deionized (DI) water to each subsamfae enough DI water to
ensure that the Nalgene bottle is over half fuRecord the amount of water added
to the subsample.

Place each Nalgene bottle onto the shaker appar8heke overnight at 225 rpm.

Write the sample name on a piece of masking tées, place the tape onto a clean,
dry 7.5 L bucket that is specially marked for they(silt separation process. This
bucket can be identified by looking at the insidehe bucket for a dashed line that
is 15.24 cm from the bottom of the bucket.

Complete the wet sieve process by flushing eackasuple through a 63-um sieve
with DI water into the pre-labeled bucket. Eachtitd three subsamples may be
flushed into the same pre-labeled bucket so tleastibsamples are recombined into
one sample.

Place the portion of the sample that has beennettadbn the 63-um sieve into a
125-mL Nalgene bottle.

Move the bucket containing the silt/clay suspensioto a table.

Add DI water to the silt/clay suspension bucketiluiiiee water level reaches the
markings on the inside of the bucket.

Mix the silt/clay suspension for two minutes usandrill that has been fitted with a
mixing attachment.
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Allow the suspension to settle for 7 hours, 40 rresywith the time beginning at
the end of the mixing.

Place a 20 L bucket on the floor below the siliydaspension bucket and label the
bucket with the sample name.

Begin the siphoning process by briefly sucking be tubing until the suspension
begins to flow through the tubing and into the ketck

Allow the clayey solution to flow through the tulgiand into the 20 L bucket until
it stops flowing because of the water level reaghihe bottom of the tubing
apparatus.

Repeat Steps 20 - 25 two more times so that tlute¢ giphoning processes have
been completed.

Discard the suspension that remains in the 7.5dkétu

Add 140 mL of an aluminum sulfate solution (createy adding 30.22 g of
aluminum sulfate to 1000 mL of deionized water)the suspension in the 20 L
bucket.

Siphon water from the 20 L bucket after allowing ttlayey suspension to settle
overnight. The amount of water siphoned dependshenheight of the settled
clayey material. Do not siphon clay particles i€ bottom of the bucket when
siphoning the water.

Discard the siphoned water.

Label the glass jars with the appropriate sampteena

Pour the clayey suspension from the 20 L bucket the prefabeled glass jars
Use as many glass jars as necessary to accomntbdatatire suspension. Ensure
that all of the clayey material has been removedhfthe bucket by washing the
bucket down with a DI water squirt bottle.

Allow the suspension in the glass jars to settieroight.

Siphon water out of the glass jars while ensurhmg tlay particles are not sucked
out of the jar.

Place the glass jars into the oven and heat abajppately 60°C.

Remove the glass jars from the oven whenever thiervias been evaporated from
the jars. This will typically take anywhere froni®4 days.
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Tare and label one Petri dish (48 mm diameter, 8 menght) per sample in the
oven. Record the tare weight and the sample nuotbardata sheet.

Scrape the clay patrticles from the glass jars. €agh of the glass jars that contain
the same sample, combine the contents of therjayone jar.

Fill the pre-labeled Petri dish with the appropiataysized fraction of the sampls
Only fill one Petri dish. If excess material remgiplace the excess material into a
plastic cup that has been appropriately labelednamxk the cup to storage.

Weigh the soil and Petri dish and record the coetbineight on the data sheet.

B.1.4 Precipitation Collection

Precipitation samples were collected to measureaatd®nuclide inputs into the

SASW. The following steps outline the precipitatimollection procedure.

1)
2)
3)
4)

5)

Clean each 20 L bucket to be used with HCI befostailation.

Record the geographic coordinates of the samptiagtion in the field book.
Place a 20 L bucket upright at the sampling locatio

Secure the 20 L bucket by taping the bucket tpast-

Cap the bucket after the storm has finished.

B.1.5 Precipitation Flocculent Preparation

The precipitation samples were prepared for amalpsi forcing radionuclide

adsorption to a flocculent. The following stepdlioe the precipitation flocculation

procedure.

1)

2)
3)

4)

Lower the pH of the sample to ~2 by adding 50 mL168 HCI (to prevent
radionuclide sorption to the container or any gattite matter).

Pour the sample through a sieve to remove anycpéates.
Add 10 mL of a 10% Fegkolution to the sample.

Raise the pH of the sample to ~8.2 to precipita€OH), which will have
radionuclides sorbed to it.
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5) Allow the resulting flocculent to settle overnight.

6) Siphon the water, ensuring that no flocculent iswoeed during the siphoning
process.

7) Once the volume of the flocculent has been redaced sufficiently small volume,
collect the flocculent in a 120 mL polyethylene cpgen cup.

B.2 Gamma Spectroscopy

Samples were analyzed using the gamma spectross@lysis technique. The
efficiency of the gamma detector and the samplengt#xy were determined by creating
and analyzing samples with known radionuclide @tis; these were termed standards.
The activities were interpreted using the gammatspscopy software GammaVision.

B.2.1 Gamma Spectroscopy Setup

An Ortec High-Purity Germanium (HPGe) Coaxial DéteSystem was used to
complete the gamma analysis of samples. FiguredBglays the detector setup. The
primary points of interest are the detector (moG&M-FX7025-S, Figure B.2), the
cooling rod (model LB-GEM-SV-C-S), and the dewaroftel DWR-30, Figure B.3).
The portion of the system that receives the emjptemton energy from the soil sample is
the detector, which is housed inside of a verti@bon fiber cryostat. A metal cooling
rod extending from the detector is immersed ingaitl nitrogen bath contained within
the dewar. The dewar has a capacity of 30 L angl fillad every week with liquid
nitrogen to ensure temperature regulation. Theore&ehind the immersion of the rod is
to regulate the temperature of the detector. I inamersed in liquid nitrogen, the
detector would overheat due to the high voltagesl @bsequent heat generation) that
pass through the detector. External interferenes wuted by a lead shield that

encompassed the detector assembly (Figure B.3).
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B.2.2 Efficiency Determinations

The efficiency of the detector, sample geometryd asample mass was
determined using two Standard Reference MaterBi&Ms), two geometries, and five
masses. The first SRM (Nuclitec RBZB44) contairmetly **°Pb. The second SRM
(Nuclitec QCY44) contained several radionuclideshwenergies spanning a range of
nearly 1800 keV. The radionuclides contained g &RMs are listed in Table B.1. The
first sample geometry was a Petri dish having endtar of 48 mm and a height of 8 mm.
The second sample geometry was a polyethylenerapactup having a volume of 120
mL. Five different inactive soil masses were usethe Petri dishes: 1, 3, 5, 10, and 15
g. The standards were then added to the soil &gimg 0.1 mL drops into the standard
solution in concentric circles. The soil masses standard solution volumes are listed in
Table B.2. The soil was allowed to air dry, andntithe Petri dish was sealed with
electrical tape. All standards were analyzed 90/seconds.

Using the energy range of the QCY44, a relationstds developed between
energy and detector efficiency for each radion&clidrhe detector efficiency for other
radionuclides not in the second SRM (e’8e) was interpolated from the data points.
The efficiencies of the radionuclides used in 8tisdy are displayed in Table B.3. For
further information on this topic, please see #ort by Wilson and Kuhnle (2006).

The efficiency of various masses was also testeohglealibration. Figure B.4,
Figure B.5, and Figure B.6 show the efficiency loé tdetector for capturing gamma
emissions of*°Pb,?!Bi, and'Be, respectively, at various masses. The effigi@fche
detector is approximately the same for all masgésis, the sample mass efficiency was

determined to be constant.
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B.2.3 Systematic Standard Solution Preparation

The efficiency of the gamma analysis technique determined by testing the
activity recorded by the setup and comparing thesiacto the known activity of the
analyzed standard. A standard solution with a kmautivity was created as the first step
towards determining the efficiency of the gammalysia setup. The solution was
created using the following calculations and steps.

Calculations were performed to determine the amotiN441 inactive dilutent to
add to the QCY44 SRM to create the standard solutithe mass of the SRM was listed
as 5.3479 g. The density of the SRM was listetl.@88 g mL*. Thus, dividing the mass
by the density gave the volume of the SRM, 5.0073®7 The carriers in the standard
solution must be in a 2&g mL* ratio. Typically, 100 mL of stock solution is réted.
Thus, 2500ug of carriers (25*100) are required in the 100 nthngard solution. The
SRM has carriers in the 2% mL™ ratio. Thus, the SRM has 125.184§ of carriers.
Therefore, 2500 — 125.1849, or 2374.81@lof carriers are needed from the dilutent.
The N441 inactive dilutent has carriers in a 225mL™ ratio. Thus, 2374.8151/225, or
10.55473 mL of dilutent are needed.

Calculations were also performed to determine theumt of NQB2392 inactive
dilutent to add to the RBZB44 SRM to create thedéad solution. The volume of the
SRM was listed as 0.005 L. The carriers in thimgard solution must be in a 20 mg L
ratio. Typically, 0.1 L of stock solution is reged. Thus, 2 mg of carriers (20*0.1) are
required in the 100 mL standard solution. The SR carriers in the 20 mg'Lratio.
Thus, the SRM has 0.1 mg of carriers. Therefor@,—20.1, or 1.9 mg of carriers are
needed from the dilutent. The NQB2392 inactiveitdit has carriers in a 4 mg L

ratio. Thus, 1.9/4, or 0.475 mL of dilutent areded.
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Clean all applicable supplies with the acid thdktouch these supplies (i.e., 1.2 M
HCl or 4 M HNG;).

Set up the ring stand and clamp to securely th@d/olumetric flask.
Place the funnel in the top of the flask.

Carefully saw open the vial of the SRM. The saauith have come with the SRN
Be sure to not spill ANY of the solution.

Pour the vial into the funnel. If surface temsprevents flow from the vial, tap the
vial gently until liquid begins pouring out.

Fill the vial with acid 5 times, each time empty the acid from the vial into the
funnel. The acid needs to be the same as thatlistthe packaging used to mix
with the original SRM (e.g., 1.2 M HCIl or 4 M HND

Add the appropriate amount of inactive dilut€oalculated in the paragraphs
above).

Fill the vial with acid 5 more times, each timeptying the acid from the vial into
the funnel. Again, the acid needs to be the saiba listed in the packaging used
to mix with the SRM (e.g., 1.2 M HCl or 4 M HND

Fill the volumetric flask with the appropriateiédto the 100 mL line. Do not over
or under fill the flask.

Pour the solution from the volumetric to a Qorpadttle. Do not rinse the
volumetric flask into the Qorpak bottle. It is &k have a small amount of liquid
left in the volumetric flask.

Seal the Qorpak bottle.

B.24 Systematic Standard Geometry Preparation

The standard solution created in the previous @ed added to an inactive soil

medium to create the final standard that will beduto determine the gamma analysis

efficiency. The solution is added according toftiiewing steps.

1)

2)

Add the amount of the inactive medium (‘old’ soiu are using to the Petri dis
For the 10 g and 15 g standard, only add approeimdualf (i.e., 5 g or 7.5 g) of
the total soil amount initially.

Program the precisiropper to remove 0.1 mL by setting the droppeeta 100|0.
This value is 100.QL, which is equal to 0.1 mL.
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Put the tip onto the dropper by pushing the deopnto the tip.

Prime the precise dropper to withdraw 0.1 mLsogking the QCY44 standard
solution into the dropper then pushing the solubeank into the Qorpak bottle three
times.

Using the precise dropper, add the QCY44 stahdalution in 0.1 mL increments
to the soil in concentric circles until the tottdrsdard solution volume required has
been added. For the 10 g and 15 g standard, dadhhalf (i.e., 1 mL) of the total
solution amount initially.

Discard the previously used tip and put a neev@mthe dropper.

Add the RBZ44 standard in 0.1 mL increments gisinprecise dropper until the
appropriate volume has been added. For the 1@ d%arg standard, only add half
(i.e., 1 mL) of the total solution amount initially

Add the rest of the soil to the 10 g and 15mga.

Add the rest of the standard solutions to thegldhd 15 g sample following the
same procedures until the final 1 mL has been atllledch sample.

The soil matrix should be completely saturatedratte entire volume has been
added.

Allow the soil to air dry.
Seal the dish with electrical tape.

Analyze the standard using the gamma setup.

B.2.5 Useof GammaVision Software

The software package GammaVision is used to begmnga particle emission

counting and to analyze the spectrum resulting ftbencounting. The following steps

outline the GammaVision procedure used to beginngarparticle emission counting.

Additionally, the properties of GammaVision usedtle analysis of the spectrum are

listed.

1)

2)

Place the sample to be analyzed on the detector.

Insert the USB connection from the DSPEC |jr it® computer.



3)

4)

5)

6)

7)
8)
9)
10)
11)
12)
13)

14)

15)

16)
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Open GammaVision.

Choose the detector to be used by selectingDisplay dropdown menu then
clicking Detector.

Double click on the detector to be used.

Enter the analysis time by selecting the Acqurepdown menu then clicking
MCB Properties.

Select the Presets tab in the new dialogue box.

Enter the desired live time in seconds to beluse

Click Close.

Begin the analysis process by first pressing Alt+1.

Enter in the sample description and continue.

Enter in the sample weight and press OK. Samméysis has begun.
If stopping the analysis is necessary, press Alt+2.

Once the sample has been counted for the presetiihe, save the sample by
selecting the File dropdown menu then Save.

Save the spectrum to the desired location withdd#sred sample name.

Once the spectrum has been saved, clear the seftwal DSPEC jr by pressing
Alt+3. A new sample can now be analyzed usingstrae process.

B.2.6 GammaVision Properties

The MCB properties of the GammaVision program usedetermine the gamma

emission rates for each sample were set to thewoli:

Amplifier Tab

Gain: 1.76

Fine: 0.8816

Coarse: X2

Baseline Restore: Auto

Preamplifier Type: Resistor Feedback
Pole Zero: 2778

Input Polarity: +
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Amplifier 2 Tab

Rise Time: 12.00
Flattop Width: 1.00
Flattop Tilt: -0.05469
ADC Tab

Gate: Off

ZDT Mode: Off
Conversion Gain: 8192
Lower Level Disc: 25
Upper Level Disc: 8191

Stabilizer Tab
Neither gain stabilization nor zero stabilizatioasrenabled.

High Voltage Tab
Target: 2500 V

Presets Tab

Live Time: 82800
Uncertainty (Start Chan): 0
Uncertainty (Width): 1

B.2.7 Activity Determination

After the sample was counted, the collected spectmas analyzed. The location
of the range of influence of tffé"Ph, peak was determined to be consistently between
marker 223 and 241 when using the University ofd®&tup. The location of the range
of influence of thédBe peak was determined to be consistently betwesken2372 and
2387. The location of th&“Bi peak was determined to be located at approxigyate
marker 3038. The range of influence was variadeyas the peak. Visual interpretation
of the*!“Bi peak was conducted to ensure that the most aioramge of influence was
used in obtaining the fin&l“Bi activity.

The activities of the peaks were determined ushey doftware presets. The

software provided the net area of each peak rahg#glwence, along with the associated
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standard deviation. The net area divided by thentdime was used as the relative

activity of the sample.
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Cooling Rod

Dewar

Figure B.1. Detector setup (Ortec 2008)
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Lead Shield

:M-—-—n«

Figure B.2. Detector
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Figure B.3. Gamma spectroscopy setup
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Table B.1. SRM radionuclide contents

Parent Gamma-ray energ| Branching Ratio
Radionuclide | (keV) (%)
Lead-210 46.52 4.00
Cadmium-109 88.03 3.61
Cobalt-57 122.1 85.60
Cerium-139 165.9 79.95
Mercury-203 | 279.2 81.50
Tin-113 391.7 64.16
Strontium-85 | 514.0 99.28
Caesium-137| 661.6 85.21
Yttrium-88 898.0 95.00
Cobalt-60 1173 99.86
Cobalt-60 1333 99.98
Yttrium-88 1836 99.35
Table B.2. Petri dish standards
Standard Matrix Weight (g)| Volume QCY44 (mL)| Volume RBZB44 (mL)
1g 0.992 0.25 0.25
39 2.989 0.50 0.50
59 4.983 1.00 1.00
10g 9.984 2.00 2.00
159 14.979 2.00 2.00
Table B.3. Calculated efficiencies
Parent Gamma-ray energ| Petri Dish Efficiency] Specimen Cup Efficiency
Radionuclide (keV) (%) (%)
Lead-210 46.52 28.6 22.6
Beryllium-7 | 477.6 5.7 1.9
Bismuth-210| 609.3 4.4 1.4
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Figure B.4. Mass efficiency for tH&"Pb radionuclide
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Figure B.5. Mass efficiency for tH&'Bi radionuclide
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Figure B.6. Mass efficiency for tHBe radionuclide
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