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The United States Environmental Protection Age®dyA) has been working to
establish stricter guidelines and limitations pertey to stormwater and the various
pollutants transported by runoff. This transpsmpiimarily prevalent in runoff exiting
exposed and disturbed land common to constructies. sTherefore, understanding the
effectiveness of many different erosion and sedtrmentrol technologies is becoming a
high priority to the construction industry. Indhiesearch, the effectiveness of a chemical
stabilizer known as anionic polyacrylamide (PAM)saxamined using intermediate-
scale testing procedures that mimic conditionslaimo a highway embankment with a
compacted 3:1 fill slope. The first phase of tieisearch focused on intermediate-scale

testing procedures that were developed from previesearch efforts and further
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modified to enable researchers to rapidly gendaate quantities of valuable data. The
rain regime selected for this research consisted®fear, 24-hour storm event for
Montgomery, AL which was divided into four 15 miesgtrain events with 15 minute
breaks in between that produced 1.10 in. of rdipd event and a total cumulative
amount of 4.4 in.

The second phase of research focused on conductergediate-scale
experiments to examine the effectiveness of PAM different application rates and
application methods. These different applicati@thnods included: (1) dry granular
PAM applied directly to test plots and (2) dry PAMxed with water to form a liquid
spray application. Application rates were deteedithrough manufacturer
recommendations (i.e. 25 to 35 Ibs/acre) and #ssarch conducted additional
experiments to examine the performance at PAMtasawer than the recommended
rate (i.e. 15 Ibs/acre). Liquid PAM applicationsre not allowed to dry prior to being
subjected to rainfall to simulate a ‘worst-casense®’ for treatments. The results from
this phase of research showed that dry PAM appligde recommended rate of 35
Ibs/acre performed the best out of the various RAddtments by significantly reducing
initial turbidity levels by 97% and eroded soil 59% when compared to the bare soil
control condition. Collected runoff samples indezhthat runoff from test plots treated
with dry PAM applied at 35 Ibs/acre reduced turtyido the proposed EPA effluent

limits of 13 NTU within 20 seconds.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

The discharge of sediment laden stormwater fronstcoation sites proves to be a
major environmental concern. Stormwater disch&geform of nonpoint source
pollution (NPS), which is the result of rainfall snowmelt traversing though an area and
can carry natural and non-natural pollutants, iakes, rivers, and ground water. In
addition, the effect of stormwater discharge cgnificantly increases the occurrence of
erosion and sedimentation (two specific consequeatdlPS) when occurring over
disturbed land, such as construction sites. Thesefo provide a level or protection for
humans, wildlife, and the environment, federal atade regulations require construction
site owners and operators to manage stormwatdnatige and prevent NPS. In 1987,
Congress passed the Clean Water Act, of which @e8tl9 established a national
program focusing on the control of nonpoint sou@®esater pollution. Due to Section
319, all States have adopted management prograhedgan the control and reduction of
NPS (U.S. EPA 2003).

Since active construction sites, or any otherddisturbing activities, are

identified as one of the leading contributors taS\R great deal of effort goes into



eliminating the dangers attributed to stormwatet @enerated runoff. For the U.S.
alone, it is estimated that the total amount ofreedt washed from construction sites
into surface bodies of water is over 80 milliong@ach year (Novotny, 2003). Much of
this sediment laden runoff could have been mitdjéteough the use of effective erosion

and sediment control programs.

1.2 EROSION AND SEDIMENTATION PROCESSES

Construction site erosion and sedimentation arepmvoary contributors to NPS
pollution in the construction industry. This seatwill cover the basics pertaining to the
process of erosion and sedimentation. The Alalfaoneand Water Conservation
Committee (ASWCC) identifies the main factors ciintting to the erosion process to be
climate, topography, soils and vegetative cover&S, 2003). Climate includes
rainfall, temperature, and wind, with rainfall bgithe main contributor to erosion. The
amount, duration, and intensity of rainfall arera#ijor factors that can increase the
severity of runoff. However, with proper groundreq such as vegetation, the amount of
erosion and sedimentation will be greatly reducéd.assist in understanding and
reducing these processes that increase the amberdsion and sedimentation, the
ASWCC published a handbook entitledddbama Handbook for Erosion Control,
Sediment Control, and Stormwater Management on @at®on Sites and Urban
Areas”, to help contractors with their erosion control glan

The handbook states that the process of erosiéwhgn the land surface is worn
away by the action of water, wind, ice or gravigkSWCC, 2003). Rainfall water tends

to be the common source of erosion. The effeafallihas on soils includes the force of
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raindrops impacting the ground and physical movdroésurface stormwater runoff,
resulting in shear forces on the soil. Both okthactions cause soil particles to become
detached and increase potential for NPS pollutidowever, since physical properties
involving raindrop impacts and surface runoff aiféedent, multiple methods to address,
reduce, and eliminate the amount of erosion anoinggdation on construction sites are
available (ASWCC, 2003).

The other concern of stormwater discharge is sadimtien. Once the velocity of
stormwater runoff decreases, detached soil pastlobgin to settle out of suspension.
The larger and heavier particles (i.e. gravel amt¥in runoff will settle out faster.
However, smaller particles, (i.e. silt and clagquire longer detention times to promote
settlement. To compound the issue further, thesdlar particles are also more easily
detachable from the surface due to runoff. Thexess of soil particles settling out of
suspension is known as sedimentation. To mealkargaverity of sedimentation, a unit
of measure called turbidity is used. If waterighly turbid, it indicates that more
suspended particles are present in the runoff (ASWZD03). It is important to
control/reduce sedimentation because these sugpeadicles can be detrimental to
aquatic wildlife.

The U.S. Environmental Protection Agency (EPA) agsogram available to
assist with the management of stormwater dischiaoge construction sites that result in
the process of erosion and sedimentation, knowheablational Pollutant Discharge
Elimination System (NPDES). This program requttes any construction site

disturbing an area of one acre or larger must olgtathorization to discharge stormwater



under a NPDES construction stormwater permit (B4, 2008a). This program also
requires operators of regulated construction sitésplement erosion and sediment
control best management practices (BMPs) to preN@8 pollution. Therefore, the
need to develop cost effective measures that logifya and prevent erosion and

sedimentation is becoming an important issue inrttestry.

1.3 BEST MANAGEMENT PRACTICES (BMPs)

Best management practices (BMPs) is the processpiéémenting methods to
assist with minimizing erosion and sedimentatiordmturbed land. These BMPs are
outlined in detail in the ASWCC Handbook and pregaontractors with the available
methods to assist with controlling stormwater désge, such as installation and

maintenance instructions. Specific examples cf¢ti@MPs are listed below in Table

1.1.
Table 1.1 Examples of Different BMPs for Protectig Against Erosion,
Sedimentation, and Stormwater Discharge
Techniques | Best Management Practices
Surface Chemical Stabilization; Erosion Control Blanke#jlching;
e Permanent Seeding; Retaining Walls; Sodding; Teargo
Stabilization :
Seeding
Runoff Check Dams; Diversions; Drop Structures; Outlet&ution;
Conveyance | Subsurface Trains; Swales
Sediment Brush/Fabric Barriers; Drop Inlet Protection; &ilStrips; Floating
Control Turbidity Barriers; Inlet Protection; Sediment Bars; Sediment
Basins; Sediment Traps
Stormwater Porous Pavement; Stormwater Detention Basins
Management
Stream Buffer Zones; Channel Stabilization; Streambardétion;
Protection | Temporary Stream Crossings




The examples of BMPs shown in Table 1.1 only prexacsmall sampling of the
available measures. This research focuses orypeef chemical stabilization that use
anionic polyacrylamide (PAM). PAM is a negativelyarged chemical and when
applied to soil surfaces it bonds with soil padgcto help maintain soil structure and
reduce erosion. In addition to acting as an erosamntrol measure, PAM also serves as a
binding agent to flocculate soil particles that&@&@ecome detached during the erosion
process. This flocculation of fine particles ocwhen the negative charge of PAM
polymers combine together with suspended soilg@agti The resulting increase in
combined patrticle sizes aids flocculation. Theref® AM applied as a chemical
stabilization technique will assist in reducingsom and sedimentation caused by
stormwater. The U.S. Environmental Protection Ayef).S. EPA) states in its
chemical stabilization section of the NPDES, thaMPeffectiveness as a stabilization
method can range from 70% to 90% (2006). Anioi®/Rcan be applied in three
different forms: (1) dry, granular form, (2) ligliform (granular PAM/water mixture),

and (3) emulsified form.

1.4 RESEARCH OBJECTIVES

The research presented herein is based on a confieffort by the Department of
Civil Engineering at Auburn University to study atas$t erosion and sediment control
BMPs that are typically used on highway construcsides. The intent of this research
effort is to expand on a previous study that teat@dnic PAM in the dry granular form.
This research incorporates a new facility, speaifyjcdesigned to test various erosion and

sediment control measures. The facility is locatethe National Center for Asphalt
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Technology (NCAT) Test Facility near Opelika, ALhe focus of this research was to
conduct experiments for the purpose of examiniegetifiectiveness of both dry and

liquid PAM applications for erosion and sedimemtcol. The research effort was
divided into two phases. Phase 1 focuses on thel@@ment of the test facility, rainfall
simulator, testing apparatus, and new methodsdtuate treatments. Phase 2 of the
research focuses on the experimentation of thenankRAM as either applied in dry or
liquid form with different application rates. TBpecific phases of this research effort are

described in detail below.

PHASE 1: TESTING FACILITY

1. Design and develop a testing apparatus that vidahalor efficient experimental
setup and to achieve reproducible results.

2. Design and construct a rainfall simulator that niedealistic rainfall events.

3. Develop a unified testing methodology to obtairrogjpicible results for the

comparison of all possible experiments.

PHASE 2: EXPERIMENTATION

1. Examine the effectiveness of various applicatiagasaf dry and liquid PAM for
use as an erosion control measure on compactedidiés.
2. Compare experimental results to provide recommémuafor using PAM on

highway construction sites.



1.5 ORGANIZATION OF THESIS

This thesis is divided into five chapters. Follagithis chapter, Chapter 2
Literature Reviewexamines the body of knowledge pertaining to neteand
experiments conducted to evaluate PAM as an er@asidrsediment control measure.
This chapter discusses the designs, proceduregxgdimental results that were
presented in previous research efforts. Also dised are advantages and disadvantages
of performing experiments at different scales field vs. intermediate). Chapter 3
Intermediate-Scale Methods and Proceduteglines the designs, methods, procedures
used in conducting intermediate-scale experimeamd,methods of analysis used in this
research. This chapter includes details on thigdes the new test facility, test plots,
rainfall simulator, and procedures used to prepacteperform experiments. Chapter 4
Experimental Resultpresents the results generated from all the erpets performed
and includes ANOVA statistical analyses to deteamfrexperimental results were
statistically significant._Chapter 8onclusions and Recommendatiopovides insight
on the use and performance of PAM (i.e. dry valitlqapplication) as an erosion and
sediment control technology. This chapter alswioes recommendations for future
research using PAM in conjunction with other erasamd sediment control measure to

determine the optimum combination of technologgeprevent NPS pollution.



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

The use of anionic polyacrylamide (PAM) as an enogiontrol measure is a topic
that has been gaining attention recently. Sevessarchers have investigated the use of
PAM in a multitude of applications, however, tegtmethods vary, and there exists a
lack of uniform agreement on the effectivenessAifIP Differences include different
methods for applying PAM (i.e. how PAM should bglgd and in what quantities),
whether PAM is effective when applied alone withany other BMPs, or whether PAM
should be used in conjunction with additional esastontrol measures. In addition,
there are concerns on the effectiveness of PAMe&gpsslopes, which are primarily used
in conjunction with construction projects. Prevdaesearch conducted by McDonald
(2007) covered the initial investigation perforn®dAuburn University to test the
effectiveness of anionic PAM applied in a granddem as an erosion and sediment
control BMP and is further reviewed in this chapter

One of the primary goals of this research was teldg@ new procedures for testing
the effectiveness of PAM and provide a uniform rodtilogy for future research.

Therefore, the focus of this literature review weikamine: (1) procedures and methods



used when testing anionic PAM, (2) experimentalltesand (3) types of analysis used

in quantifying experimental data.

2.2 PROCEDURES AND METHODS USED FOR EXPERIMENTATION

Procedures used for testing anionic PAM vary fromalg to study without a
unified system for evaluation. This section pr@g@n overview of procedures,
methods, and testing apparatus’ used throughouiténature. This includes examining
different methods used to generating runoff viafidl, experimental scale, experimental

setup, data collection procedures, and data arglyse

2.2.1 Generation of Runoff

For the erosion process to occur, a source of fureads to be generated, which
will cause soil particles to become detached. @btschment of soil particles and
resulting transport in stormwater is one of themm@ntributors to NPS pollution and a
source of concern in practice. Sources of runoffiat include: (1) natural rainfall, (2)
simulated rainfall, (3) irrigation, or (4) chanregd flow. All four methods of generating
runoff can be used to test the effectiveness afienocontrol BMPs. A project’s research
goals and objectives will be the main driving foneeselecting the optimal method for
generating runoff for experimental purposes. Tgsearch documented in this report
focuses on typical highway embankments (i.e. dpes) exposed to surface runoff (i.e.
sheet flow), therefore the use of simulated andraitainfall from previous research

studies was primarily examined and is discusseddrfollowing sections.



2.2.1.1 Simulated Rainfall Designs

Rainfall simulators can be used to produce ancesgmt natural rainfall
conditions, with the added benefit of having cortgl®ntrol over the system. The
desired rainfall intensity, droplet impact velogithuration, and resulting storm event can
all be selected and controlled depending on exmeriat requirements. This level of
control provides a distinct advantage over natraiafall. However, an improperly
designed rainfall simulator can lead to unrealisdiofall conditions, jeopardizing the
authenticity of any experimental results. Thédfeing five components when designing
a rainfall simulator are critical to overall penfioance: (1) appropriate density of drop
formers under constant head and intensity; (2)iegdn uniformity; (3) droplet size
distribution; (4) control of application rate; a() obtaining terminal velocity for the
droplet distribution (Regmi and Thompson, 2000).

Research performed by Hall (1970) investigatedetipr@blems in simulating
rainfall: (1) controlling application rate in botime and space; (2) reproduction of drop
size distribution observed in different intensitiaad (3) reproduction of terminal
velocities of drops. This study found that a gahpurpose rainfall simulator could not
adequately be developed that addresses all thitthes# problems equally. The research
indicated that by controlling one of the issues; dther issues would be adversely
affected. Hall recommends that a rainfall simulatoould be able to create artificial
conditions that begin the hydrologic process andlaimoratory results should be

extrapolated to field conditions.
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2.2.1.2 Simulated Rainfall Applied on Experiments

While research and experiments examining erosidrsadimentation issues vary
procedurally, many used a simulated rainfall toegate runoff on their experiments
(Petersen et al., 2007; McLaughlin and Brown, 2@#jaskhah and Bazrafshan-
Jahromi, 2006; Benik et al., 2003; Flanagan e28l02a; Peterson et al., 2002;
Bjorneberg et al., 2000; Roa-Espinosa et al., 188hagan et al., 1997a; Flanagan et al.,
1997b). While it appears using simulated rainafienerally accepted, the actual
designs and methods involved with individual rdinrdanulators are varied.

Experiments conducted by McLaughlin and Brown (C0&1 Petersen et al.
(2007) referenced the design of a solenoid-operasaihble intensity rainfall simulator
by Miller (1987). Miller’s design included a WS@zzle threaded directly into a
solenoid valve. The original simulator design uated a one or three nozzle setup. Tests
conducted by Miller (1987) indicated that a onez@zonfiguration performed slightly
better than multiple nozzles, in regards to unifepray coverage, attributed to the lack
of overlapping caused by a three nozzle configomatiThe final component of the Miller
rainfall simulator uses the solenoid valve duripgm@tion by changing the duration of an
open/closed cycle to reduce the intermittent nadfiemulated rainfall.

The intensity of rainfall simulated by McLaughlindaBrown was 34 mm/hr,
which was obtained by an on/off-cycle at 10-secotetvals. An optional pressure
regulator was installed to maintain a constant iyatessure of 34 kPa. This rainfall
event lasted 5 minutes after runoff was initiat@the rainfall intensity reported by

Petersen et al. was 75mm/hr and simulations wearduzted for 30 minutes after the
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initial start of runoff. The water pressure of gystem was not specified in the literature
by Petersen et al (2007).

A similar rainfall simulator used in the researcdmducted by Peterson et al.
(2002) was modeled from recommendations provideBdsger et al. (1982). This
design also included the ability to program thewator for different types of rainfall.
This configuration allowed rainfall durations amdensities to vary throughout an
experiment. During experimentation of dry and ilBAM applications as an erosion
control measure, four test runs were used, moddiifgrent rain events. The first test
run (i.e. ‘sub-run’) used an intensity of 75 mmiwr one hour. After a one hour break,
another test run (i.e. ‘wet run’) was conductechwiite same rainfall intensity used
previously, over a 30 minute period. FollowingGar8inute break with no rainfall, a
third “very wet” run was broken down into threegea: (1) 75 mm/hr for 15 minutes; (2)
28 mm/hr for 15 minutes; and (3) 100 mm/hr for liButes. These different test runs
were selected to simulate the effect of the treatsen different soil conditions (i.e., dry
soil, moist field, saturated field). Petersonesahat the initial dry run represented a 1-
hr, 100-yr rain event (for West Lafayette, Indianayl the wet and very wet test runs
both represented events exceeding a 100-yr retrfacpfor their respective durations.

A rotating-boom simulator was used in research ootetl by Benik et al. (2003),
which referenced a design recommended by Swan€3®)1 This device applied
rainfall in a relatively uniform circular patterri 5.2 m. The simulator used spray
nozzles attached to pressure regulators to maiateonstant pressure of 55 kPa. This

configuration provided a rainfall intensity of apgimately 60 mm/h. Rainfall was
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applied in two different intervals, classified aslgy’ and ‘wet’ run of 90 and 60 minutes,
respectively.

Another rainfall simulator used for experiments sisted of an oscillating
sprinkler as described by Meyer and Harmon (19Bf)rtieberg et al., 2000). This
setup contained a Veejet nozzle mounted approxiynaten above the test surface. The
desired rainfall intensity was 80 mm/hr at a comspaessure of 76 kPa providing droplet
sizes of 1.2 mm. The rainfall duration for theiperiments lasted 15 minutes.

A non-specified rainfall simulator design was ugsedesearch conducted by Roa-
Espinosa et al. (1999). In this research, it stdtat the simulator produced a rainfall
intensity of 64 mm/hr for an average duration otd®0 minutes (or until the runoff
collection tank was filled). No additional inforti@n on the rainfall simulator was
provided.

The rainfall simulator designed by Foster et @8d) was used on multiple
experiments that examined the effect of differenittseatments on infiltration, surface
runoff, and erosion, including the use of PAM (Flgan et al., 1997a; Flanagan et al.,
1997b; Flanagan et al., 2002a). This design wagrammable, which allowed an
instantaneous change in rainfall intensity by adlfitrg the frequency of nozzle
oscillations. The research conducted in 1997 asedhfall intensity of approximately
64 mm/hr until a generated runoff hydrograph hddeaed a steady-state for a time
period of at least 5 minutes (Flanagan et al., 438W 1997b). For the study done in
2002, a more sophisticated setup was used thaisted®f multiple test runs. The initial

test run (i.e. ‘'dry’ run) consisted of a targeemsity of 64 mm/hr for a one hour duration.
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Following a one hour break, the second test ren ‘(ket’ run) had an intensity of 64
mm/hr for one hour. Following a 30 minute breakhied stage “very-wet run” was
conducted using intensities of 75 mm/hr, 28 mndhd 100 mm/hr, for a duration of 15
minutes each (Flanagan et al., 2002a). The idtiakun was representative of a 25-yr
storm even for west-central Indiana. The succepdiet runs represented a return period

greater than a 100-yr storm event.

2.2.1.3 Natural Rainfall used in Experimental Tests

Instead of using simulated rainfall, an experimamild be designed to use natural
rainfall. Natural rainfall has inherent advantagad disadvantages in comparison to
simulated rainfall. One advantage of natural &din§ that experimental results will
accurately model real-life or actual field condiso The potential treatment is exposed
to realistic conditions, similar to when the prodwould be used in practice. One
primary disadvantage is that by using natural edinfhe research is at the mercy of
weather, possibly being delayed due to long penatisout rainfall. An area could
experience drought conditions, severely hampehiegkperiment. These unpredictable
gualities of natural rainfall can lead to undedeadxperimental results and conditions.

A study conducted by Hayes et al. (2005) usecktfiedd test locations exposed
to natural rainfall. Each site was set up in sest® to handle the effort of post-storm
data sampling. This also ensured no overlap betweethree test sites existed. Rainfall
intensity for all subsequent storm events was eported, but the accumulated rainfall
for each event was recorded. For their first ltmsttion, eight different storm events

produced amounts ranging from 1 mm to 66 mm of, naith a failure of the sediment
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collection device on the last storm event. Thesdexperiment test location received
six rain events ranging from 8 mm to 42 mm. Timalftest location experienced seven
rain events ranging from 5 mm to 34 mm of accunedaginfall (Hayes et al., 2005).
The last study examined here was a continuatidgheofesearch conducted by
Flanagan et al. (2002). As discussed earlierfitsiepart of the study used simulated
rainfall to test PAM under controlled conditiondgiragan et al., 2002a). This research
was expanded to see how PAM preformed under natirdhll using 26 test plots
spread over two locations. The first site encowd® different storm events for a total
of 185 mm of rainfall. The second site experientédtorm events for a cumulative
rainfall of 636 mm (Flanagan et al., 2002b). Tésuits of this study showed similar

trends in runoff depth when compared to the previ@search effort.

2.2.1.4 Rainfall Summary

The application of water to a test site to genema®ff is a critical component to
the overall design, methodology, and success ekarriment. Different methods exist
to achieve this depending on a project’s overalkaech goals. Therefore, care must be
taken in selecting the proper design to generateffu

When designing a rainfall simulator, Hall (197@deRegmi and Thompson
(2000) identified key components to ensure simdlasnfall accurately models natural
rainfall. Many of the designs presented here adtsdyaddressed these issues to justify
the quality of their rainfall simulators. By takjrsteps to properly design a rainfall
simulator, the quality of reported results couldcbasidered accurate. None of the

studies indicated any major issues or concerngipéry with simulated rainfall versus
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natural rainfall. It is important to note, thaettesign of any rainfall simulator could
affect the size of an experiment, due to limitechgm@mrea. A simulator design with one
nozzle may constrain the size of test plots. Cwoselg, simulators can be designed to
work on large test section, but may require a greamnount of resources and materials.
Table 2.1 provides a summary of the five differfaators discussed in this section: (1)
type of rainfall (i.e. simulated vs. natural), &nulator height, (3) rainfall intensity, and
(4) storm duration.

Selection of different types of rainfall to use degds on the resources available and
overall research goals. Typically, the conveniesgsociated with having a rainfall
simulator outweighs the use of natural rainfalhefandom nature and uncertainty
associated with natural rainfall events (e.g. umebke amount of rainfall being produced
or periods of no rainfall) could seriously impantexperiment. This was seen in some of
the studies documented in this section where antioi@ated amount of rainfall
occurred, causing failures in the experimentalgiesiConversely, simulated rainfall
might not accurately reflect the properties of natuainfall, so care must be taken to
ensure a simulator is correctly designed, opekitestively, and realistically models

natural rainfall events.
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Table 2.1 Summary of Experimental Rainfall Regime$rom Literature

Study Type H?rlr%ht Ra'm;il]lr:]%?)n sity Duration
Petersen et al. (2007) Simulated UNK 75 30 minraftart of runoff
g/lnc dLaBligwllwn(ZOOG) Simulated 4 34 5 min after start runoff
S apratshan ahromi (2006) Simulated 265 9% 15 min
Hayes et al. (200%) Natural UNK 1to 68 UNK
81t0 42 UNK
5to 34 UNK
Benik et al. (2003) Simulated NA 60 90 min
60 60 min
Flanagan et al. (2002)a Simulated 2.4 64 1 hrvad by 1 hr break
64 1 hr followed by 30 min break
64 15 min
28 15 min
100 15 min
Flanagan et al. (2002)b Natural UNK 185 UNK
UNK 636° UNK
Peterson et al. (2002) Simulated 2.4 75 1 houofidd by 1 hour break
75 1 hr followed by 30 min break
75 15 min
28 15 min
100 15 min
Bjorneberg et al. (2000) Simulated 3 80 15 min
Roa-Espinosa et al. (1999) Simulated UNK 64 40-50 trl’:llnnk?,\rI:Sn]t(::lggllectlon
Flanagan et al. (1997)a Simulated  UNK 64 flum Chart recardos lovoled of

Flanagan et al. (1997)b

for at least 5 min

Notes: ‘UNK’ indicates that data was not specified ie tierature.

‘1’ Three field locations were tested
‘a’ Total of 9 events (Location 1)

‘b’ Total of 17 events (Location 2)
‘c’ Cumulative Rainfa

2.2.2 Experiments and Procedures

In this section, the different devices and methedgsarchers used to test the

effectiveness of PAM on soil surfaces are investidaalong with results reported from

the experiments conducted. One method for exgeriah setup is accomplished by
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using test plots outdoors that represented fiefdlitmns on pre-existing slopes (Petersen
et al., 2007; Hayes et al., 2005; Leib et al., 2@¥nik et al., 2003; Flanagan et al.,
2003a; Flanagan et al., 2003b; Flanagan et al2&@lanagan et al., 2002b; Lentz et al.,
2002; Peterson et al., 2002; Roa-Espinosa et39)1 The site location can vary in size
and configuration depending on resources availahiethe goals established by the
researchers. These sites have the ability to pedesults that would realistically
represent processes observed in the field. Coalyesmall or intermediate-scaled test
plots (usually conducted indoors under laboratamyditions) allow for a more
controllable setup (Sepaskhah and Bazrafshan-Jah2666; McLaughlin and Brown,
2006; Bjorneberg et al., 2000). Either methoddshsantages and disadvantages
associated with each setup. In addition to lookihthe equipment and setups,
procedures and methods used during experimentatibbe examined. These will
include plot preparation procedures, data collea@thods, and any additional pertinent
information. The following sections will investigathese topics and review results of

using PAM as an erosion control BMP included witbath research effort.

2.2.2.1 Field-Scale Experiments

Typically, experimental setups pertaining to outdiaeld conditions are large in
size when compared to similar experiments conduatéboratory conditions. Field-
scale setups could be supplemented with largeaiagimulators to offer a level of
control similar to that used in an indoor, laborgtsetting (Peterson et al., 2007; Benik et
al., 2003; Flanagan et al., 2002a; Flanagan e2@02b; Peterson et al., 2002; Roa-

Espinosa et al., 1999; Flanagan et al., 1997aggamet al., 1997b). If a rainfall
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simulator was not used during a field-scale expeninthen the research was dependent
on natural rainfall, a type of channelized flow,migation to generate the required
runoff (Hayes et al., 2005; Peterson et al., 260&yagan et al., 2002b; Bjorneberg et al.,
2000).

A study conducted by Peterson et al. (2007) usedield test sites for testing
new liquid and emulsified PAM formulations for use agricultural fields. These sites
had on average, slopes ranging from 7% to 9%. oftt lmcations, test plots were created
by using sheet metal to border the testing ardeesé& enclosed areas had dimensions
measuring 2.0 m x 0.75 m. Soil surfaces were rad&eduniform level. Two test plots
were created at each site for a total of four sasti At the down-slope end of each test
plot, a gutter system was installed to collect fimad PVC pipes were used to transport
and convey the runoff to collection buckets (Peterst al., 2007). The PAM was
applied using a hand sprayer at a rate of 5 kgftests were performed at three different
times with two replications, at 2-days, 3-weekg] 40 weeks from the initial PAM
application. With the exception of the 2-day te8is site was exposed to natural
precipitation in between experiment times.

Data collection consisted of runoff samples coédatvery 5 minutes. The
samples were dried in an oven for 24 hours andhegi@fterwards. Following this,
additional runoff samples were taken at 5 minuterirals to determine silt, clay, and
sand content. Since this experiment was concepnistrily with agricultural
applications, additional runoff samples were taéeh, 15, and 25 minute intervals for

phosphorus analysis (Petersen et al., 2007). liiatal runoff was collected and
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measured at the end of each test. Results okfherienent indicated that runoff volumes
were reduced 100% at 2-days, 59% at 3-weeks, a¥dab3 0-weeks. Sediment loss on

test plots also experienced similar reductiond080%, 80%, and 74% at their respective
time periods of 2-days, 3-weeks, and 10-weeks.

Research by Hayes et al. (2005) also used mulifgdocations for setting up
test plots. The purpose of this research wasamee the effectiveness of two dry
granular PAM products, Soilfix and Siltstop 705xed with water to form a liquid
solution applied with and without seed and mulchiRgcommended application rates of
Siltstop 705 and Soilfix consisted of 10.5 kg/hd arb kg/ha, respectively. In addition
to examining theses rates, researchers performegittedetermine the effectiveness of
the PAM products at half the recommended rate.

Slope used for experimentation were similar to ¢hiesind on construction sites
(i.e. 20% to 50%). At one test site, plots werestnicted with dimensions of 6 m by 1.5
m. These plots were separated by a 15 cm highiglzarier driven into the soil (Hayes
et al. 2005). Additional plastic barriers weregald down-slope to channel the runoff to
a drain pipe connected to collection buckets. dther sites varied slightly by plot
spacing and the use of different methods for runoftection.

Data collection consisted of analyzing the runofthe collection buckets at the
end of each storm event. Samples were taken tsuree¢he turbidity and suspended
solids. Results collected indicated that the aaidiof PAM to the seed and mulch

provided no significant benefits to volume and sestit reduction. However, researchers
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acknowledge that steep slopes may require high@icagion rates than used in this
research.

Two studies performed by Flanagan et al. (2002628Pwere conducted using
field conditions consisting of 9 test plots measgr2.96 m wide by 9.14 m long. Slope
steepness for plots ranged from 32% to 45% (Flanagal., 2002a; Flanagan et al.,
2002b). PAM treatments, of Percol 336 with an egapilon rate of 80 kg/ha, were mixed
with water to form a liquid spray. One of the PAltures included an addition of
gypsum. Runoff was collected with a metal troudhoh directed all runoff for analysis.

The first study, using simulated rainfall, colletamples at intervals based upon
on the rate of runoff and did not exceed 3 minuetintervals. Data of interest included
runoff rate, sediment concentration, and sedimihd yate. Following the completion
of all rainfall simulations, additional soil sampleere taken from the test plots to
determine soil surface conditions (Flanagan eélD2a). Results for this study found
that treatments of PAM reduced runoff and sedingezitl 40% and 83%, respectively.
PAM treatments with gypsum performed slightly betéath runoff reduced by 52% and
sediment yield by 91%.

The second study, using the same experimental sstthe first, was examined
under natural rainfall conditions. Test plots weoastructed at two locations. Runoff
was collected in barrels placed at the end of éasthplot. The researchers used multiple
methods to collect the runoff, depending on theina of runoff generated. Since
samples were not collected at specific time intispv@ata consisted of cumulative

amounts of runoff and sediment yield (Flanagar.e802b). Performance of different
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PAM treatments were similar to the experiments tisad simulated rainfall. The first
test location experienced runoff and sediment realos for PAM and PAM with
gypsum treatments of: 33%, 54%, 33%, and 45%, otispdy. The second test location
also experienced similar reductions of runoff aediment volume of: 15%, 40%, 28%,
and 53%.

Another study conducted by Flanagan et al. (199987b) was a two-part project
which looked at PAM'’s effectiveness on field plosng simulated rainfall. Three test
sites were constructed for experimentation. Tie fiart of Flanagan’s study examined
the effect different soil amendments had on irdtlbn and runoff. One of the treatments
was a liquid solution of PAM applied at an applicatrate of 20 kg/ha. The other
treatment consisted of fluidized bed combustionidmtash (FBCBA). The second part
of this research focused on how different treatsaffected soil erosion specifically.
Test plots were divided to include three, smakirili plots measuring 0.8 m wide x 0.6
m long and three, larger interrill plots measurihg m wide and 10.7 m long (Flanagan
et al., 1997a; Flanagan et al., 1997b). Test slopeged from 6% to 9%. Runoff
sampling used different size collection contairdgpending on flow rate generated.

Data collection for the first part of the study fised on measuring the flow rate
by timing the leading edge flow velocity with adiescent dye (Flanagan et al., 1997a).
In addition, cross sectional measurements werentakmg a laser scanner. Total runoff
was calculated from the generated hydrograph diittation rate was measured by

taking the difference of runoff rates from measudfall rate.
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The second part of Flanagan’s study also recoreksding edge flow velocity.
Sediment samples were collected every 3 minutecancentration was determined by
gravimetric analysis (Flanagan et al., 1997b). sS®ectional measurements were also
taken to evaluate any change in the plot elevatiostal runoff and sediment rates were
calculated from the flow and sediment dischargeesi(Flanagan et al., 1997b).
Researchers found that for both studies, PAM wigstfe at significantly increasing
infiltration, while reducing runoff and sedimenanisport.

Peterson et al. (2002) used 12 testing plots as@e location to examine the
effectiveness of dry and liquid PAM applicationso@kg/ha each. Slopes at the site were
graded to approximately 17%. Soil depth was raketileveled by hand to 0.3 m, then
roto-tilled afterwards. Plots were also seedeth ait unspecified grass mixture
(Peterson et al. 2002). Individual test plots werestructed measuring 9.1 m x 3 m and
separated with sheet metal. Samples were collestexy 3 minutes and discharge rates
were measured by collecting runoff at the outletigh in buckets at an unspecified
amount of time (Peterson et al., 2002). The tetabff was calculated from discharge
measurements over time and sediment yield wasrdeted from the discharge rate and
average sediment concentration. The researchuaeatithe liquid PAM applications
were more effective, by reducing runoff and sedityésld with values ranging from
62% to 76% and 93% to 98%, respectively. Dry gl@nBAM was observed to have
almost no benefit during experimentation

The final study using field-scale plots examineaswwerformed by Roa-Espinosa

et al (1999). The PAM treatments consisted ofliffllid PAM applied to dry soil, (2)
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dry granular PAM applied to dry soil, (3) liquid RAwith seed and mulch, and (4) liquid
PAM applied to wet soil. This study is unique besmwhile the plots were installed
outdoors in field conditions, the size of the platss smaller than any previously
conducted research discussed. The study useatbrpéasuring 1 m x 1 m with an
unspecified depth on a 10% slope. These smalbs plere easier to set-up and allowed
researchers three replications, opposed to a sexgleriment on a larger scale. Runoff
was collected in 1 minute intervals by divertingntio specified collection containers to
determine sediment yield (Roa-Espinosa et al., 1989epresentative sample taken
from the total collected runoff was oven dried avelghed to determine an average
sediment load from each test run. Results frone®periments showed that all soil
treatments were effective at reducing sedimentlyidlhe test plots treated with liquid
PAM on dry soil reduced sediment yield by 87% a5 Plots treated with dry
granular PAM on dry soil had an average reductiosediment yield measuring 34%.
The liquid PAM with seed and mulching treatment wagrmined to perform the best,
with an average sediment yield reduction of 93%indtf and infiltration were

unaffected by the addition of PAM for all replicats.

2.2.2.2 Intermediate-Scale Tests

A testing configuration smaller in scale, when canagl to field-scale testing,
potentially allows for more control in the overallperiment. These controls can include
a more manageable setup, and one that is lesscestependent when compared to a

field-scale test. In addition, smaller laborattegts could allow for one particular
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experiment to be replicated, at a faster rate,ramgan accurate testing procedure and
results.

A study conducted in Iran used seven steel boxesuneg 1.4 mx 1.4 m
(Sepaskhah and Bazrafshan-Jahromi, 2006). Thd bwetas had a depth of 0.09 m, and
can be filled with any type of soil. At the dowiejse end of each box, a flume was
constructed to funnel runoff to a collection poifiihe slope of the boxes could be
changed to 2.5%, 5.0%, or 7.5%. PAM treatment®waeplied through the rainfall
simulator at applications rates of 1, 2, 4, ana@yh& for the first test and subsequent tests
used untreated water. Data collection consistedezsuring the runoff rate per unit area
and infiltration rate. Researchers concluded tsttplots configured with a steeper slope
required higher application rates of PAM to redaoasion. Experiments indicated that
PAM treatments were more effective in reducing iemmsopposed to runoff and
infiltration.

Research presented by McLaughlin and Brown (208&éned the effectiveness
of ground cover practices with and without the &ddiof PAM. Treatments included:

(1) PAM on bare soll, (2) straw, (3) wood fiber) gtraw erosion control blankets (ECB),
and (5) mechanically bonded fiber matrix (MBFM)oilSreatments were tested in field
and laboratory conditions. The study conductetthénfield examined ground cover with
and without PAM and its effect in establishing letegm vegetation under natural
rainfall. Test plots were constructed on a 4%eliopl m x 1 m sections. Laboratory
experiments, using a rainfall simulator, includedrfintermediate-scaled boxes

constructed out of wood. Each box measured 1 re wig m long with an allowable soll
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depth of 0.09 m. When soil was added, it was Evély hand and no additional
compaction was performed. The rainfall simulatmuld only be used over two plots, so
this allowed researchers to setup the proceedipgrerent while the initial one was
running. The slope of the boxes could be changeither 10% or 20%. Small drain
holes were drilled along the bottom of the dowrpslside to reduce the amount of
ponding at the lower end (McLaughlin and Brown, @00Runoff was collected with
plastic gutters attached to the down-slope enchofi @lot. These were used to collect
runoff volume, turbidity, and suspended solidsmBkes were then oven dried to
determine the quantity of eroded soil.

Results from the field-scale setup indicated thatgerformance of the straw,
wood fiber, ECB, and MBFM all significantly reducashoff volume, turbidity, and total
sediment loss. However, the addition of PAM prewddittle or no added benefits, with
no effect on establishing vegetation. The intenatedscaled laboratory test produced
similar results, demonstrating that the additio®aM had no significant result in the
performance of the ground cover practices examii&M was effective in reducing
turbidity for the first and second rain events dated, but did not consistently improve
runoff quality with additional tests (McLaughlin&Brown, 2006).

The last study discussed here that used interneed@@ed laboratory tests was
conducted by Bjorneberg et al (2000). In this aesle, PAM was tested in conjunction
with different methods of applying straw. Six $test boxes were constructed with
dimensions measuring: 1.5 m long, 1.2 m wide a@d0deep. Soil was filtered through

a sieve and mixed prior to leveling. This resuited slightly compacted surface. At the
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down-slope side, the depth measured 0.15 m to greder the installation of a runoff
trough to funnel runoff into containers (Bjornebetaal., 2000). Test plots were hinged
to allow for varying slopes from 0 to 15%. Addital drainage tubes were placed to
allow any excess water through infiltration to leflected, though later experiments
proved this was not necessary. Tests examinegffbetiveness of different amounts of
straw coverage with and without an application AMP PAM was applied at a rate of 2
and 4 kg/ha with an irrigation sprinkler and allaixte dry for 7 to 10 days. After the
experiment was conducted, the collected runoff waighed and examined for any
straw. The rest of the runoff was filtered to deti@e total amount of eroded soil.
Researchers observed that PAM treated test plolissivaw coverage of 70% reduced
runoff by 75% to 80%. PAM treated plots on bari @oly reduced runoff with values
ranging from 30% to 50%, which were similar to plagsted with only 30% straw

coverage.

2.2.2.3 Procedures and Methods Summary

Many different methods exist for testing the efifeetess of erosion control
practices. Along with different procedural stepshie experimental procedure, the
physical construction and configuration of expermtsevaried. Scale is one of these
physical components, which are necessary to defin@g experimental design. Table
2.2 summarizes the different parameters and corafiiguns used in the literature
discussed in this section. By choosing to condxperiments out in the field, conditions
experienced will accurately model real-life sitoas and performance of the treatment

will be similar to when it is used for real worlg@ications. However, these setups tend
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to be large in scale and require additional ressiend expenses. Time to construct and
install these testing plots is greater and make#ficult to obtain results which could be
easily reproduced. This may affect any future camspn of results with additional
experimental or actual treatments used in practice.

Experiments conducted in a laboratory settingreffesearchers an extra level of
control not found in field-scale testing. Desisadl can be selected depending on
research goals and can be easily monitored thraugmoexperiment. Plot size can vary
and usually smaller than what is seen out in thlefscale tests. In addition, the required
resources to construct these intermediate-scalpsetn be easily acquired and built.

Table 2.2 Summary of Experimental Testing and Praadures

Test Length Width Depth
Study Type Plots Slope m) (m) (m)
Petersen et al. (2007) '€/d Test 4 3% to 9% 2 0.75 UNK
)
Sepaskhah and 25 5.0
Bazrafshan-Jahromi Steel Boxes 7 7 50/ ' 14 14 0.1
(2006) 70
McLaughlin and
Brown (2006 Wood Boxes 2 10% to 20% 2 1 0.1
Hayes et al. (2005) F'e('g)*TESt 30 20%to 50% 6 15 UNK
Flanagan et al. . o o
(2002)a Field Test 9 32% to 45% 9.14 2.96 UNK
Flanagan et al. . o 0
(2002)t Field Test 9 32% to 45% 9.14 2.96 UNK
Peterson et al. (2002) Field Test 12 17% 9.1 3 0.3
Bjorneberg et al. o o
(2000) Steel Boxes 6 0% to 15% 15 1.2 0.2
Roa-Espinosa etal. _. o
(1999 Field Test 15 10% 1 1 UNK
Flanagan etal. g Test 6  6%t09%% 06and107 08 03
(1997)a
Flanagan et al. Field Test o 040
(1997)b ) 6 6% to 9%% 0.6 and 10.7 0.8 0.26

Notes: ‘UNK’ indicates that the data was not specifiedhae literature.
“*" indicates number of site locations used
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Large-scale field test require grading equipment @perienced operators.
Intermediate-scale tests allow researchers to setdgonduct experiments more quickly
than when compared to field-scale. This allowsafgreater frequency of experiments,
which more data can be produced, analyzed, and a@udp However, depending on the
experimental design, a laboratory setting may notieately reflect actual conditions
found in the field. Care and effort must be usé@mvdeciding on setup and procedures
used for testing.

Overall, the issue of scale is relevant to thelalsbe resources and research goals.
Both methods have distinct advantages and disaalgestassociated with each. As long
as the methods use sound engineering judgmentramale justification, the experiment
should result in viable data.

Methods used for an experimental setup are anptréof the design process that
is heavily dependent on resources and research.g@anerally, experiments pertaining
to agricultural purposes used disturbed soil wihiat little or no compaction. Also,
slopes used in such research tended to be milégxeeeding 10%. These experiments
provide valuable insight into similar procedures amethods, which can be adapted and

modified to fit needs of research outside the reafimgricultural applications.

2.2.2.4 Summary of Results

While many experiments conducted in previous reseaary in procedures, all are
interested in the performance of PAM as an erosamirol measure. PAM has been
documented as a means to reduce runoff throughgtnogninfiltration and reducing

sediment yield either by improving flocculationrogintaining soil surface structure.
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However, results generated from research providilaly varying account of the
effectiveness of PAM. Table 2.3 and Table 2.4 sanwe results presented from the
literature reviewed in this section.

The use of PAM as a liquid (i.e. dry PAM/water noipet or emulsified PAM)
appears to be the predominant method of applicatMost likely this is driven by
applications methods contractors use in the fidigpically, the primary goal of any
erosion control plan is the long-term establishnoéiMegetation. Seed mixtures are
commonly applied in the field by using a hydro-ssredo no additional equipment is
required to apply a treatment of PAM to a site.wdwer, very little research has been
conducted analyzing and comparing the use of dagigar PAM applied directly to the
soil surface versus liquid PAM. Only two studieegented examined this comparison
(Roa-Espinosa et al., 1999; Peterson et al., 200®pth cases, PAM was effective in
reducing erosion and sedimentation, with liquid Ppa&tforming better than dry PAM.
Flanagan et al (2003) concluded that when PAM apps a liquid spray and allowed to
dry will perform better than dry granular PAM atrmadiately reducing erosion.
However, this time to allow for drying may not @asible, depending on climate
conditions. Previous research does not indicgtediPAM'’s performance when
subjected to rain soon after application.

The severity of slope is another factor that needse taken under consideration
when examining PAM’s effectiveness. Typically,m#s associated with a construction
sites are compacted and steeper than slopes fowgticultural settings. Some

researchers doubt whether PAM can function effettion steep slopes, while it was
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observed in some studies that conditions with steslopes required higher application
rates of PAM. Table 2.3 illustrates results getagtdrom experiments configured for
mild slopes, (i.e. less than 10%). Generally,application rates used were low when
compared to values pertaining to steep slopesgfieater than 10%), as reported in Table
2.4. This can also be observed when comparingestymlepared by McLaughlin and
Brown (2006) and Hayes et al. (2005). Both of ¢hetsidies observed that PAM had no
significant effect on soil plots; however, thespexments were conducted with low
application rates on steep slopes configurations.

Finally, comparing results from Table 2.3 and T&hke no appreciable difference
was observed when comparing an experimental desigiy simulated versus natural
rainfall, or large field-scale versus intermediatale setups. The main unifying feature
common in all studies presented in this sectiorcatds that experiments were conducted

on un-compacted soil, which is atypical to condiigpresent on construction sites.
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Table 2.3 Summary of PAM Treatments Applied to Mit Slopes (i.e. < 10%)

Application Application

Rate Type Results

Study Rainfall  Plot Slope

Flanagan et al.

(1997a, b) Simulated 6% to 9% 20 kg/ha Liquid Significantly reduced runoff andlgeent transport

Bjornberg et al. PAM with 70% straw coverage: runoff reduced by 380% PAM

Simulated 2.40% 2 and 4 kg/ha Liquid

(2000) on bare soil: runoff reduced by 30 to 50%
Sepaskhah and 2.5%, . . L
Bazrafshan-  Simulated 5006, 124306 jqq  Steeper siopes required higher PAM applicationsiRvas
Jahromi (2006) 7.5% 9 9
Petersen et al Runoff volume was reduced 100% after 2 days, 53 &fweeks,
(2007) " Simulated 3%1t09% 5 kg/ha Liquid and 55% at 10 weeks. Sediment loss was reduced h2G8¥%®
days, 80% after 3 weeks, and 74% at 10 weeks.
McLaughlin and Natural 4% 19 kg/ha Liqufd PAM did not provide a significant benefit in mastses

Brown (2006)

Lentz et al.

(2002) Irrigation 1.50% 1.8 kg/ha Liquid Sediment loss reduced by an average of 82%

Sediment reduction ranged from 93 to 98%. PAM wiectve in
Channelized 1% 80 kg/ha Liquid controlling erosion in earth channels, accordingrtiss-section
measurements.

Peterson et al.
(2003)

Notes: ‘1’ Research examined PAM on field conditionstgnal rainfall) and laboratory conditions (simuldteinfall).
‘2" PAM treatments: (1) PAM on bare soll, (2) stravith and without PAM, (3) wood fiber with and Wwidut PAM, (4) straw erosion control blankets (E@&h and
without PAM, and (5) mechanically bonded fibertrixaMBFM) with and with PAM.
‘3 PAM added to furrow irrigatic
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Table 2.4 Summary of PAM Treatments Applied to Step Slopes (i.e. > 10%)

Study Rainfall Plot Slope Application - Application Results
Rate Type
Roa-Espinosa . 0 Dry and  All soil treatments significantly reduced sedimgiaid of test
et al. (1999) Simulated 10% 22.5 kg/ha Liquid plots. PAM with seed and mulch was most effective.
Flanagan PAM treatment reduced runoff by 40% and sedimegityly
g Simulated 32% 80 kg/ha Liquid 83% PAM & gypsum treatment reduced runoff by 52% an
et al. (2002&) . .
sediment yield by 91%
Peterson Drv and Liquid PAM was more effective, reducing runoff 6% to 76%
Simulated 16.6 % ¢ 3%) 60 kg/ha 'y a and sediment yield by 93 to 98%. Dry PAM provigahost no
et al. (2002 Liquid .
benefit.
McLaughlin and . 0 o s : , - .

Brown (20069 Simulated  10% and 20% 19 kg/ha Liguid PAM did not provide a significant benefit in mastses
Flanagan PAM reduced runoff by 33% (15%and sediment yield by
ot al (2(?026) Natural 35% and 45% 80 kg/ha Liquid 54% (40%$PAM & gypsum reduced runoff by 33% (28%a)nd

' sediment yield by 45% (53%)
Hayes et al. o o 10.5 kg/ha* L7 PAM had no significant result on runoff volume,tidglity, and
(2005) Natural 20% and 50 A’and 1.5 kg/ha* Liquid sediment loss

Notes: ‘1’ Treatments: (1) liquid PAM applied to dryikq2) dry granular PAM applied to dry soil, (3yjiid PAM with seed& mulch, and (4) liquid PAM ajed to wet soil.
‘2" PAM treatments: Liquid PAM with and withoutéhaddition of gypsum.
‘3' PAM treatments: (1) liqguid PAM and Nutra-Ast2) dry granular PAM and Nutra-Ash, and (3) ligiidM with SoilerLime.
‘4’ PAM treatments: (1) PAM on bare soll, (2) stravith and without PAM, (3) wood fiber with and Wwidut PAM, (4) straw erosion control blankets (E@Bh and
without PAM, and (5) mechanically bonded fibertrixaMBFM) with and with PAM.
‘5’ PAM added to furrow irrigation
‘6’ Values in () indicate results from seconddiéocation.
‘7" Two types of PAM used: Soilfix and Siltstop ZPAM treatments: seed/mulch with and without PAM.
“* PAM was also tested at half this rate



2.3 ANALYSES

This section examines the different ways reseasoleamined and analyzed data
collected from erosion control experiments. Thik focus on how researchers used
different statistical tests to evaluate the codldailata and how conclusions were

developed from reported analyses.

2.3.1 Statistical Testing

Statistical testing provides researchers with péwbéools to examine collected
data and quantify a particular treatment or expeninto determine its overall
effectiveness. Determining if experimental resul&se statistically significant provides
a common and widely accepted method of comparitey ddany different types of
statistical test are available and used througtimitesearch presented. Therefore, care
must be taken when choosing which type of anabtsiaild be used to ensure that results
are accurately analyzed and reported. This seutibexamine different methods and
technigues used when analyzing data collected &émsion control experiments.

In the study by Sepaskhah and Bazrafshan-Jahrd@@6§2to determine if the
runoff depth and amount of eroded soil was statifii significant, a Duncan multiple
range test with a 5% level of probability was uséthis test method uses, “multiple
comparisons in which the group means are rankeud $mallest to largest, and then the
number of steps that two means are apart in thidnmg is used to compute a range
statistic for each comparison,” (Colman, 2001).adidition to using this statistical test, a
multiple regression analysis was conducted onesosion and slope to determine if there

was a relationship between the two results. Sriyijlanother regression analysis was
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conducted on the relationship between soil lossrandff depth (Sepaskhah and
Bazrafshan-Jahromi, 2006).

Research conducted by McLaughlin and Brown (208pdrted on whether or not
the PAM treatment had a significant effect on #stdd parameters. The specific test
used to determine significance was not specifiige level of significance was reported
to be 5% and sometimes 10% if required. Datadeastduded runoff amount, eroded
soil, turbidity, and grass cover (i.e. as obseiwefield-scale experiments).

Hayes et al., (2005) used an analysis of variaABEJVVA) to determine if the
results were significant. ANOVA is used to compandtiple treatments by assessing
equality of several recorded means (Ramsey and&¢l2802). This type of statistical
test provides researchers a powerful tool to comparltiple treatments, and further
analyses can be used to examine individual comgransthin multiple treatments. In
this research conducted by Hayes et al., (200&)rtrent pairs were compared using a
Tukey-Kramer test to determine a statistically gigant difference between runoff
volume, turbidity, and sediment loss.

Experiments performed by Leib et al., (2005) alsedbANOVA to test
significance between the different treatments an@ring the mean separation by using
least square difference (LSD). The collected data transformed before analysis.
Level of significance used for testing was 5%. eAthe ANOVA analysis, results were
transformed back to the original units.

In the two part research by Flanagan et al., (20P@@2b) statistical analysis was
performed on runoff volume and sediment yield ugMNOVA procedures. Additional
analyses were performed on individual runs, examgicumulative runoff volume, runoff
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rate, sediment concentration, sediment dischatgeaad total sediment loss. This was
performed by examining the mean separation usirig irethod. Level of significance
selected for testing collected data was 5%. Puswviesearch by Flanagan et al., (1997a,
1997b) also used ANOVA procedures for both parthefeffort. The first part used

LSD and a level of significance of 10% on runoftianfiltration rates. The second part

of the study used LSD if treatments were founddaignificant at the 10% level.

2.3.2 Analyses Summary

Statistical analysis can be a valuable tool toaeseers when working with data
collected from experiments. By using proven meshiodanalyze data, the accuracy of
experimental results can be validated and compdredddition to using a widely
accepted practice of analyzing data, the resudts statistical tests can be easily
conveyed when presenting conclusions and detergthim effectiveness of different
treatments. By quantifying the results througtséhechniques, researchers can
determine which treatments perform the best. He@wneawany differences and
preferences exist when it comes to statisticaingst

Some of the literature reviewed for this reseasgorted statistically significant
results, without describing which tests or procedwere used in the analysis
(McLauglin and Brown, 2006; Bjorneberg et al., 2D0While results of their
prospective experiments were presented, othernessa performing similar
experiments do not have the ability to compareltgsmake it difficult to evaluate the
procedures used in their experiments, while alskimgacomparisons to research results.

Other literature reviewed made no effort to useeport on statistical methods to analyze
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data (Petersen et al., 2007; Peterson et al., 2@08z et al., 2002; Peterson et al., 2002;

Roa-Espinsoa 1999).

2.4 LITERATURE REVIEW SUMMARY

Experimental procedures can differ on a wide aofagsues. The two main factors
attributed to experimental procedures include abéé resources and research goals.
These effectively control the way an experimerttosducted. Available resources can
refer to construction, materials, and necessayrlabsociated with a project. Smaller
research efforts may not have the necessary furdisn@ans to construct a large testing
facility. Additionally, goals that the intendedsearch may be interested in examining
may require such a setup. So these items camuatshow testing will proceed.

In this chapter, researchers examined some ofdx@ndages and disadvantages
associated with different types of experimentaligetused and the performance of PAM
as an erosion control measure. This included iffierehces in how runoff can be
generated and applied to an experiment. Gendhalys accomplished through
exposing an experiment to natural rainfall or bgstaucting a rainfall simulator. It was
observed that both methods are widely used. Itagaspted that a rainfall simulator can
effectively provide simulated rainfall, given ththe design accurately models natural
rainfall conditions.

The other key part of an experiment design angbtbeedures depends on how an
experiment was prepared. This can include theesoad location of an experiment.
Intermediate-scale experiments, which can be cdedun laboratory settings, can allow

for more controllable conditions. Large-scale expents conducted in the field provide
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conditions that accurately mimic those found incicee. The physical construction of
test setups also varied and depended on diffexgrerenental parameters.

Researchers’ opinions on the use and effectivesfd®8M were observed to be
widely different. Overall, it is accepted thatdid PAM can be an effective means to
control erosion. Many studies indicate that the@am of eroded soil was significantly
less when compared to treatments without an agicaf PAM. The use of liquid
PAM appears to be widely accepted as the prefenettiod of application, while
research examining the effect of dry PAM reporteat it did not perform as well as
when applied in a liquid form. The physical layofia soil surface also appears to affect
how PAM will perform. When steeper slopes wereneixed, a higher application rate of
PAM was required to achieve satisfactory results.

The final part of this chapter examined differanalyses used in erosion control
experiments. By using statistical tests, resudtsegated can be effectively compared
using a unified and widely accepted method of aialyHowever, which statistical test
depends mainly on the experimental design. Overalhy researchers did not include
any form of statistical analysis, and some of ttezdture reviewed did not specify details
involved in the reported statistics. It was albserved that ANOVA procedures to
compare multiple treatments were found to be mibsttve in analyzing experimental
data.

Based on the research examined in the literaguiew, the difference in
performance between the various PAM applicationthaus (i.e. dry or liquid form)
have not been thoroughly documented and additi@salarch should be conducted to
determine if one application method is superiah®other with varying conditions.
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Additionally, existing research efforts investigatithe addition of PAM as an erosion
and sediment control measure were primarily focusedgricultural purposes. As
reported, construction sites are one of the mamriutors to NPS pollution, so research
focusing on condition representative of that fooncdconstruction sites needs to be
expanded upon to include testing procedures fogusinsteep, compacted slopes.
Therefore, the research presented in this repdirfogus on these areas to contribute
additional results on the use and performance dflPad its effect in reducing erosion
and sedimentation from surface stormwater runafiilar to that generated on
construction sites. This would be accomplishedgigitermediate-scale tests with a
rainfall simulator. This experimental setup waswh to have attractive features that
help contribute to quality data generation, whiah @nable researchers to analyze and

determine the effectiveness of PAM.
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CHAPTER THREE

INTERMEDIATE-SCALE METHODS AND PROCEDURES

3.1 INTRODUCTION

Upon reviewing previous research, it became appdénabhmany different
techniques, setups, designs, and procedures ataldea@and used for erosion and
sediment control experimentation. The researchgmted in this report is a continuation
of research previously conducted; therefore sinidlaas and practices were used and
modified to appropriately reflect new concepts,gies, and conditions. Therefore,
research conducted by Halverson (2006) and McDo2ald7) at Auburn University was
used as a general guideline for this researchteffdowever, potential limitations found
in the original designs were identified and addeddsr future experimentation. These
included areas pertaining to: (1) designing andstaiting new intermediate-scale test
boxes, (2) designing, constructing, and testingwa rainfall simulator, (3) test

preparation procedures, (4) and data collectiorhouks.

3.2 INTERMEDIATE-SCALE TESTING

At the onset of this research it was decided taloohexperiments using an
intermediate-scale testing apparatus. This wase ttmexamine the effects of PAM in a

more controlled environment, while using methods there less-resource dependent.
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By using intermediate-scale test plots, experimeatdd be set-up and conducted with
relative ease, speed, and accuracy. A goal wablested during the experimental
design process to develop a means to conduct asiparand sediment experiment
quickly to allow for replications, ultimately resulg in more data for analysis.

The first step that was taken in creating a newegrpental design involved
development of a dedicated space for this resedrcthis section, the design and
specifications of the newly constructed test faciior intermediate-scale testing will be

discussed.

3.2.1 Intermediate-Scale Test Facility

A dedicated space was constructed for this ressartermediate-scale
experiments. This space was custom built and swddeatures specifically tailored for
this research. Land was made available by the N@A&ffacility located near Opelika,
Alabama. The proposed building measured 20 x 88.1tx 9.1 m) with two drum roll
up doors at opposite ends of the structure, armherete slab poured for the building’s
foundation, as pictured in Figure 3.1(a). Wateswapplied by a nearby underground
well and fed into the building using two faucetsdted at the northeast and southeast
corners. Electricity was installed and providediaar lighting and electrical outlets.
Jersey barriers were arranged outside the builalng means for storing test soil as
pictured in Figure 3.1(b). When soil was storethiese bins, a tarp was used to cover
and protect soil stock piles against rainfall ardess moisture.

The facility provided ample space for conductingemments and could easily be

expanded upon. The intermediate-scale test bgilidiciludes room to store equipment,
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testing apparatus, and material required througtiustudy. Additionally, due to the
close proximity to the test track facility, WI-Fiternet access is available as well.
Figure 3.2(a) and 3.2(b) illustrate the interiotleé building and the laboratory setup,

including equipment.

— =t "‘::__
Al o S e
T i i i
(a) Testing Facility Structure (b) Storage Bins forSoil

Figure 3.1 Test Facility Exterior.

(b) Facing West Side of Building

Figure 3.2 Test Facility Interior.
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3.3 EXPERIMENTAL DESIGN

After the new building was constructed, researchen® able to focus on elements
of a new experimental design. The new designxpeements was derived from
research originally conducted by Halverson (20@é)ere his work focused on testing
different configurations of silt fences on an imediate-scale representation of a
highway embankment. As stated earlier, this desigs further modified by McDonald
(2007) to determine dry granular PAM’s effectivemas an erosion control measure on
three intermediate-scale test plots.

However, designs used for both research effortdtegbin experimental setups that
were time consuming and labor intensive, due tesibe of the testing apparatus. In
addition, researchers were not satisfied with #nefall simulator’s overall performance.
Therefore, it was decided to address these issukdevelop a new experimental design

for use at the new testing facility.

3.3.1 Intermediate-Scale Test Plots

The first part of a new experimental methodology Wwaredesign the test plots.
It was decided that the added benefits of interateescale testing allowed for more
flexibility and control in conducting experimentalso, with intermediate-scale test
plots, effort required to prepare an experimentladde reduced dramatically. To ensure
that a new design would meet these requiremergssitfallest acceptable plot size was
determined to have an approximate width of 24 igdhcm) with and a length of 48 inch
(122 cm). These dimensions were approximatelythalfused previously by McDonald

(2007). The previous design allowed for a 6 inth ¢m) depth for soil. The bottom 3

43



inches (7.6 cm) was filled with an Expanded Polgete (EPS) material. This allowed
researchers to reduce the overall load on the stipgatructure, in addition to assisting
in facilitating infiltration, due to the very highydraulic conductivity of the EPS material.
On top of the EPS layer, a geotextile was instabed then an additional 3 inches (7.6
cm) of the desired test soil. This whole proceas time consuming to set-up and reset
for additional experiments. During experimentatioa appreciable infiltration data was
collected. Therefore, it was determined that thditeon of an EPS material and
geotextiles could be removed in favor of a smailesrall depth. The new selected depth
allowed for approximately 3 inches (7.6 cm) of cacied soil.

The design and construction of the boxes used smméar to test plots
recommended by McLaughlin and Brown (2006), buhwitnaller dimensions. The
specifications and design drawings for the newkxtare illustrated in Figure 3.3.

Two test plots were built for simultaneous expentagon. Plots were constructed
from pressurized timber, consisting of a 1/2 intl27 cm) plywood base and two-by-
fours to form the perimeter. At the down-slope,emdhetal strip with 3/8 inch holes
drilled was installed to prevent ponding, as recanded by McLaughlin and Brown
(2006). A PVC pipe was cut in half and installedidov the metal strip to potentially
collect any infiltration. However, it was observaaring preliminary testing that any
resulting infiltration was insignificant and no atitthal care was taken to collect this
data. Also, at the down-slope end, commercialtiolgsitters were fabricated and
installed to act as a runoff collection devicegufe 3.4 shows the gutters attached to one

of the test boxes. Gutters were installed andezhtgl promote runoff discharge. A
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gutter rainfall guard was also attached to preaentrainfall from interfering with

surface runoff volumes, as displayed in Figure&.5(
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Figure 3.3 Design and Specifications of a Test Box

Figure 3.4 Runoff Collection Device.
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By using the intermediate-scale test boxes, a @reahount of flexibility was
made available, due to the reduction in weight ek of setup. Two commercial
sawhorses were purchased to support the test bdese sawhorses are adjustable,
allowing a wide range of available slopes for tesgti Cinderblocks were used to support
the down-slope end and raise the elevation obi@sts to allow for collection buckets to
be placed under the gutter discharge point. HsBrtg setup allowed for a test slope of
3:1 to be established. Photos of the completdptets are displayed in Figure 3.5(a)

and 3.5(b).

(a) Constructed Test Boxes with Rain Guards (b) Adjustable Slopes with Saw Horses

Figure 3.5 Constructed Test Boxes used for Experiemtation.

This size of these test plots allowed for a mor@eagaable setup, where a single
person could lift and adjust an empty box, and oetuired two people to lift a fully
loaded box, ready for experimentation. These bbegzed reduced the time needed for
set-up and clean-up, when compared to previousremgets. This allowed more

experiments to be conducted, increasing the anafuddta available for analysis.

3.3.2 Rainfall Simulator

The rainfall simulator used by Halverson (2006) &eDonald (2007) produced

a large spray area to ensure coverage over the expperiment. This was achieved by
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using % in. (1.9 cm) schedule 40 PVC pipes andistatsof six 1/8HH-3.6SQ FullJ&t
spray nozzles and an F-405 Series In-Line Flow mét#e®wever, by using this design,
the six nozzles created areas in which rainfalklapped, resulting in areas receiving
concentrated amounts of rainfall. Also, reseasbéserved that once flow was shut off
after the conclusion of a test, water remaininthensystem would continue to fall on test
plots. To address these issues, a new rainfalllator was designed for use in the
intermediate-scale test building.

The issue of overlapping sprays was an area at goncern for producing
uniform rainfall distribution. By allowing certa@reas to receive greater amounts of
rainfall, the authenticity of the collected resudtaild be affected. Therefore, one of the
goals for a new rainfall simulator design was im#late the possibility of overlapping
spray areas. To achieve this goal, one nozzledvoeilused in the design, eliminating
any possibility of overlap. A one nozzle rainfsilnulator would allow for a more
uniform spray area and no significant areas of entrated rainfall would fall on the test
plots.

Another area in the previous rainfall simulatosida was related to water flow.
Researchers observed that rate of water flow vanedwould not remain constant
throughout the duration of an experiment. Step®usken to help control water flow by
including a pressure regulator into a new desigy.having a pressure regulator, the
inflow of water could be kept at a constant pressallowing researchers to have greater
control over rainfall. This includes the ability thange the rain regime and test different

storm events.
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The third and final change made in the designteasidress the issue of water
remaining in the system once the simulator was sfiutAs stated earlier, water would
continue to fall from nozzles onto test plots aftex simulator was turned off. This
additional water was undesirable and was identdiedn area which could be improved
upon. To solve this problem, a solenoid valve img®duced into the design. This
valve, when shut off, instantaneously closes; enguhat the flow of water will cease at
the conclusion of an experiment.

With these key issues from the original desigmidied, a new rainfall simulator
was designed using similar features recommendéddiaughlin and Brown (2006).

Drawings for the new design are shown in Figure 3.6

)ﬁ’\/ll” P | ywood
|

—1/4" Plywood

(a) Plan View

Garden Hose
NORGREN 1/2” R43-406-NNLA
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3/16" —
Steel Plate ‘/471/2”. 4’ long Steel Pipe

172" Bow—*e\‘: J ‘

FullJet 1/2-30WSQ Nozze//f

ASCO 8210G094 - 120V/60HZ
1/2" 2-Way Solenoid Valve

24"

Steel Structral Member

(b) Profile View

3ix 2"

Figure 3.6 Rainfall Simulator Design.
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The construction of the rainfall simulator, as gated in Figure 3.6, consists of
two-by-fours, a 2 inch (1.27 cm) diameter steeépgupport braces, a garden hose, and
electrical wiring for the solenoid valve. The Haithsimulator was attached to steel
support members in the building’s structure usidg iach (1.27 cm) bolt. The overall
rainfall simulator extended 5 ft (1.5 m) from th&ilding wall. The maximum allowable
height (as restricted by the building’s ceiling)sa0 ft (3 meters) from floor level.
Multiple holes were drilled into the support membeallow for an adjustable height,
with a lowest allowable height of 6 feet (1.8 msjdrom floor level. A hose was
attached to the pressure regulator down to a fandbe northeast corner. The pressure
regulator installed was a NorgréhR43-406-NNLA with ¥ inch (1.27 cm) port sizes.
Attached to the pressure regulator was a gaugbgeree the operating water pressure.
This allowed for any necessary adjustment to beendlaniing operation to ensure a
constant flow was achieved. Four feet (1.2 m) ahéh (1.27 cm) steel piping connected
to the pressure regulator ran along the length@stmulator into the solenoid valve. An
ASCO™ 2-way 8210 series solenoid valve was installecbtutrol water shutoff. This
valve, when de-energized, remained closed. Casdak&n to ensure the electrical
wiring for the solenoid was water tight, which leada nearby wall switch. Connected
directly into the solenoid valve was a FulfYet2HH - 30WSQ nozzle, with a wide angle
uniform square spray area, and medium to large simgdistribution, similar to natural
rainfall. Detailed specifications for the presstegulator, solenoid valve, nozzle, and
raindrop sizes can be seen in Appendix A. FigurdlBistrates the constructed rainfall

simulator as installed in the testing facility.
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Figure 3.7 lllustration of Constructed Rainfall Simulator.

With the new rainfall simulator complete, additibtests were conducted to
determine the overall performance of this new desifhese test examined the nozzle
manufacturer’s claim of uniformity and determiniagain regime best suited for this
research.

To determine and analyze rainfall uniformity, aft 8 8 ft (2.4 m x 2.4 m) grid
was placed beneath the simulator. This area wa®eimately the total spray area
generated by the rainfall simulator. At 1 ft (@3 intervals, using intersecting gridlines,
marks were placed on the slab and 1 quart (94&@onijainers were placed at these
locations to collect rainfall, as pictured in Figu8.8(a). The uniformity of rainfall
distribution was collected during three trial riighree different operating pressures of
5, 10, and 20 psi for a total duration of 10 misutd&he average recorded volumes (in

ml) for the three trials performed at 10 psi carseen in Figure 3.8(b).
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(a) Collection Cups on 8’ x 8’ Grid (b) Average Vlume in Collection Cups at 10 psi
Figure 3.8 Rainfall Distribution (in ml) Verifying Uniformity.

The chart in Figure 3.8(b) is color-coded to caitecivith volume of rainfall, with
red indicating higher volumes and blue indicatiogér volumes. The squares in gray
color were grid marks with no cups placed on théue to the limited number of cups
available for use. The internal square, denotethbyour corners, C3, G3, C7, and G7,
was representative of the location of two testsplith an area of 16%(1.5 nf) as if
they were placed under the rainfall simulator dyi@m experiment.

To check uniformity, the Christian Uniformity Coigfent, shown as Equation 1,
was used (ASAE Standards, 2000). This equaticerohates a value that quantifies
rainfall distribution uniformity as a percentageéhe calculated values using Equation 1
for the rainfall simulator in this study are shoimnTable 3.1. Generally, a calculated
uniformity coefficient ranging from 80% to 100%dsnsidered an acceptable amount for

guantifying a rainfall spray area as uniform.
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where,
CU. = Christian Uniformity Coefficient,

n = number of collectors,
v; = volume of water in théhicollector, and
v = mean volume of water in all collectors.

Table 3.1 Christian Uniformity Coefficients for Rainfall Simulator

Entire 8’ x 8’ Test Plot

Trial Spray Area Area
5 psi

1 63% 87%

2 67% 88%

3 67% 88%

Average 66% 88%
10 psi

1 76% 84%

2 76% 88%

3 76% 85%

Average 76% 86%
20 psi

1 73% 83%

2 74% 85%

3 73% 84%

Average 73% 84%

Note: ‘Test Plot Area’ is the 16%farea located
directly under rainfall simulator nozz

Table 3.1 displays the calculated Christian Unifityr@oefficient for each of the
trial runs, including averages. Uniformity of riith was examined over the entire spray
area, in addition to previously mentioned inteaoga that was representative of the test
plots location. Overall, uniformity for the entispray area was generally unacceptable at
each of the different operating pressures, withie@gslranging from 63% to 76%. The

pattern of spray distribution can be observed gufé 3.8(b), as recorded volumes on the
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spray-area-border were less when compared to asioalécted towards the center.
However, uniformity of rainfall where testing plot®uld be placed was much higher, as
also seen in Figure 3.8 (b) and Table 3.1. Theés@an Uniformity Coefficient for this
area was calculated and ranged from 83% to 88%ghnhas deemed as an acceptable
amount of uniform distribution for simulating rasif during experimentation. Therefore,
rain falling specifically on the test plots waseatetined to be uniform and suitable for
experimentation.

The next step in analyzing the rainfall simulat@s to determine the rate of
water outflow. In the manufacturer specificatidmisthe FullJet" nozzle, capacity of
outflow, in gallons per minute, was given as a figrcof internal water pressure. These
rates were verified by researchers and determmée tonsistent with what was
provided by the nozzle manufacturer. Flow rate tkasslated as rainfall intensity to
determine potential rain regimes. Capacities lfoga per minute were converted into
rainfall intensity by using unit conversions ansgipaay area, with dimensions of 8 ft x 8 ft
(2.4 m x 2.4 m), to obtain rainfall intensitiesimches per hour. These different
calculated rainfall intensities were plotted asiaction of different operating pressures
and can be seen in Figure 3.9 below.

It was observed that the rate of water exitingrtbezle had a linear relationship
to water pressure. A regression line was detemnamel plotted as seen in Figure 3.9.
The regression line equation was used to deteremgduture rainfall intensities.
Researchers recommended that pressures duringragpéation not exceed 30 psi, due
to the limited range of the pressure gauge attath#te pressure regulator, which had a
maximum observable pressure of 30 psi. With thepl, resulting rainfall intensities
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and operating pressures required could be usegld@ots rain regime for

experimentation.
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Figure 3.9 Rainfall Intensity (in/hr) as a Functian of Rainfall
Simulator’s Operating Pressure (psi).

3.3.3 Rain Regime

During the literature review, it was observed ta@tfall regimes varied.
Therefore, for this research, a rainfall regime selected based off the stormwater
inspection guidelines provided by the Alabama Depant of Transportation (ALDOT).
These guidelines state that an inspection of ansi@n BMP will occur within 72 hours
of a ‘qualifying event’, where ALDOT identifies gualifying event’ as 0.75 inches (1.9
cm) of rain accumulation within a 24 hour period_}OT, 2004). This 0.75 inches was
used as a baseline for the selected rainfall regimalated during experimentation.
Therefore, these inspection requirements providanaount of rainfall that should be
achieved during an experiment to provide data widakpresentative of a qualifying

event experienced in the field. Table 3.2(a) shthegpotential rainfall intensities
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generated from the rainfall simulator with respeztivater pressure, and calculates total
accumulated rainfall based on corresponding rdidfaiations.

Since 0.75 inches was selected as the minimum aneduainfall required,
researchers selected an operating pressure of, Mesh generates an intensity of 4.39
in/hr. A total duration of 15 minutes would proéuan amount of rainfall approximately
1.10 inches, which is above the established basefi0.75 inch and deemed acceptable
for experimentation. Details for this rain regiare illustrated in bold in Table 3.2(a).

In addition to using ALDOT’s inspection guidelinessearchers examined
rainfall intensity-duration-frequency (IDF) curvigem Technical Paper #25, for
Montgomery, Alabama (USDC, 1955). IDF curves usedhis research are included in
Appendix B. These curves relate a rainfall intBnsn inches per hour, with a given rain
duration, to determine a return period (i.e. stexrant), in years. Table 3.2(b) shows the
relationship between these different storm evewots the IDF curves and corresponding
intensities generated by the rainfall simulatohw#spective durations. The rain regime
for an individual 15 minute test would be reprea&ue of a 2-year, 15-min storm event,
as illustrated in bold in Table 3.2(b). In ASWC@®andbook on erosion and sediment
control BMPs, many of the different technologies designed to withstand specific
storm events. While the guidebook does not progidpecific design storm for chemical
stabilization (i.e. PAM), a 2-year, 24 hour stosrcommonly used in many of the BMPs
outlined (ASWCC, 2003). This storm event is atireédy common occurrence and is
used in the design and selection of many diffetectinologies currently used for erosion

and sediment control. Therefore, research condweitd these rainfall parameters
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would be similar to those an erosion control pradudMP would be exposed to in
actual practice.

Using the Rainfall Frequency Charts presented shiieal Paper #40, included
in Appendix B, it was observed that a 2 year, 2drhrain event for mid-Alabama would
produce a cumulative rainfall amount ranging fromo 4.5 inches of rainfall (USDC,
1961). The selected intensity of 4.4 in/hr woul@dhéo last for one hour to adequately
model this specific storm event. Therefore, thalfrain regime used for
experimentation would consist of four, 15 minuters, representative of a 2-yr, 15-min
event. These four events would be required toexehihe desired 2-yr, 24-hr storm
event and will permit researchers to examine thg-erm effectiveness of PAM
treatments. A period of no rainfall would be olh®erto allow researches time to collect
data in between events. This period of wouldflaisa duration of 15 minutes.

Table 3.2 Rain Regime Table for Different Intensies and Storm Durations

(a) Total Accumulated Rainfall Based Off Intensityand Duration

Pressure Intensity Total Accumulated Rainfall (in)

(psi) (in/hr) 5min  10min  15min  20min 30 min 40 min 60 min
5 3.60 0.30 0.60 0.90 1.20 1.80 2.40 3.60
10 4,39 0.37 0.73 1.10 1.46 2.20 2.93 4.39
15 5.19 0.43 0.86 1.30 1.73 2.59 3.46 5.19
20 5.98 0.50 1.00 1.50 1.99 2.99 3.99 5.98
25 6.78 0.56 1.13 1.69 2.26 3.39 4.52 6.78
30 7.57 0.63 1.26 1.89 2.52 3.79 5.05 7.57

(b) Representative 24-Hour Storm Events Based OfDF Curves for Montgomery, AL

Pressure  Intensity Storm Events

(psi) (in/hr) 5min 10min  15min  20min 30 min 40 min 60 min
5 3.60 -- -- 2-yr 2-yr 5-yr 10-yr 25-yr
10 4.39 -- 2-yr 2-yr 5-yr 10-yr 50-yr 100-yr
15 5.19 2-yr 2-yr 5-yr 10-yr 50-yr 100-yr  100-yr
20 5.98 2-yr 5-yr 10-yr 25-yr 100-yr ~ 100-yr  100-yr
25 6.78 5-yr 25-yr 50-yr 100-yr  100-yr  100-yr  100-y
30 7.57 25-yr ~ 100-yr  100-yr  100-yr  100-yr  100-yr Ogr
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3.4 EXPERIMENTAL PROCEDURES

Experimental procedures and methods used in pre@gperiments were
examined and modified where improvements couldriggemented. Modifications from
previous research procedures included: (1) detaihedlyses of test soil, (2) preparation
methods for conducting compaction on test plotsgé®eral procedural changes

pertaining to new test boxes and experiment préipataand (4) data collection methods.

3.4.1 Soil Analysis

Soil used for this research was provided by a Igcadling contractor from a
construction site near the NCAT test track in OggliAlabama (333'5” N, 85°20'28”
W). A sample of this material was sent to the Amduniversity Soil Testing Laboratory
to determine soil composition. Table 3.3 showspieent composition and United
States Department of Agricultural (USDA) texturkdssification of the soil sample used
for this research.

Table 3.3 Percent Composition and Classificationfdxperimental Soil

% Sand % Silt % Clay Classification
58.6 12.5 28.9 Sandy Clay Loam

The test soil was found to be composed primarilgasfd, with smaller amounts
of clay and silt. In addition to identifying saibmposition, particle distribution was
determined using a sieve analysis. Figure 3.W8tihtes distribution of particles and

researchers determined that the test soil wasgratied.
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Figure 3.10 Particle Size Distribution for Experinental Soil.

3.4.2 Compaction Analysis

Following tests to classify and identify soil chetexistics, additional information
pertaining to compaction was analyzed. For tregaech, test plots were designed to
model similar characteristics of a typical highveagbankment. The main characteristics
of interest were 3:1 compacted fill slopes and o configuration affects the
performance of PAM. Previous research conductelddlyerson (2006) and McDonald
(2007) used a metal roller to compact test soils compaction rate of 90% of the
maximum density. However, to reach a higher le¥&lompaction required by ALDOT
for fill slopes, a new method of compaction wasstdared. ALDOT specifies in its
Standard Specification for Highway Constructi@902) that in-place density
requirements for highway embankments must be cotegdo 95%. The different
method examined here used hand-tamps dropped testh@ots to achieve the required

compaction rate.
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To determine the number of drops required to comnibacsoil using hand-tamps,
multiple compaction tests were conducted. A medifProctor test, as specified in
American Society for Testing and Materials (ASTM)337, was used to generate a
Proctor curve relating moisture content (MC) witly dnit weight, as seen below in
Figure 3.11.

The chart in Figure 3.11 shows specific moistuneteots required to obtain
different dry unit weights for the tested materi@he optimum moisture content (OMC)
was determined by locating the maximum dry unitghieon the Proctor curve, which is
114 pcf (1826.1 kg/f), and would be achieved with a MC of 15%. Thehédsline at
108 pcf (1730 kg/r}) denotes the minimum acceptable dry unit weigledaieve 95%
compaction. Since compaction would be accomplistiéd hand-tamps, procedures
stated in ASTM D1557 specifications were modifiedd new mold custom built for the
hand-tamps, as pictured in Figure 3.12(a) and L2

— Calculated Curve Points O Data Points ¢ Maximum Density Point
115

110 1
1 95% Compaction

105 1

Dry Unit Weight (pcf)

100 +~——-—-F--—-r-—n~t-—TF-—-"r-'""v~N—or—vr—rt_r—r—r—r—t—r—r—r—r—t—r—
10 12 14 16 18 20
Moisture Content (%)

Figure 3.11 Proctor Curve for Experimental Soil.
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(a) Hand-tamp with Mold (b) Hand-tamp CompactingSoil in Mold

Figure 3.12 Determining Required Compaction Rate #th Hand-tamp.

The footprint of the hand-tamps used measured . 2010 in. (25.4 cm x 25.4
cm), so the mold was constructed to contain soittfat area (approximately 12 in. x 12
in.). The sides of the mold were constructed sadlp inch of excess soil from
compaction could be leveled off. This would prevall inch (2.5 cm) depth of
compacted soil with a known volume. This knownwnoé of compacted soil was used to
determine a corresponding unit weight pertainingn@mount of compaction generated
with the hand-tamps.

Soil was compacted with five different setups usrttand-tamp, dropped at
approximately 12 inches above the soil surfacheatequired OMC of 15%. These
different setups corresponded to a hand-tamp dbppe20, 30, 50, and 60 times. After
the corresponding number of drops, a dry unit wielgds calculated and plotted as a

function of hand-tamp drops, as seen in Figure.3.13
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Figure 3.13 Compaction of Soil using Hand-tamp.

A regression line was plotted as illustrated inuFgg3.13. A power function was
selected to reflect the nature of compacting s8dil will reach a point where it can no
longer be compacted, no matter how much energypbeal. Therefore, the regression
line would level off at this point. Using this eajion, the number of drops required to
obtain different unit weights was calculated andvahin Table 3.4. To obtain a 95%
compaction rate, at least 90 drops of a hand-tamyddibe necessary to reach a unit
weight around 108 pcf (1730 kgim

Table 3.4 Calculated Dry Unit Weight (pcf)
and Required Number of Drops

Number Dry Unit
of Drops  Weight (pcf)

10 63.1
20 74.7
30 82.5
40 88.5
50 93.4
60 97.7
70 101.4
80 104.8
90 107.8
100 110.6
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3.4.3 Polymer Selection

To determine which formulation of PAM was to be disedditional tests were
conducted on soil samples prior to experimentatibhnese tests determine the optimum
mixture of PAM and recommended application ratberéfore, a sample of the sandy
clay soil was sent to Applied Polymer Systems (AlRS)oodstock, GA. APS
conducted analyses on the soil sample, recommen&2&M formulation and application
rate, and supplied the PAM for experiments. AR®memended using the 712 Silt Stop
powder, applied at an application rate ranging f&so 35 Ibs/acre. Application
guidelines for PAM were available from APS and weased for this research (APS,
2006). For this study, different application rabé$AM at 35 Ibs/acre, 25 Ibs/acre, and
15 Ibs/acre, in both a dry and liquid form wereraikeed to analyze differences in overall
effectiveness with different application rates ageosion control measure. Both
treatment methods (i.e. dry and liquid) would kste¢d under similar conditions, focusing
on the immediate effectiveness of each product afténitial application. Therefore, the
liquid PAM applications would not be given timedyy prior to the start of an

experiment.

3.4.4 Experiment Organization

Figure 3.14 illustrates a flowchart which describies overall experimental plan
for this research. The flowchart shows the termaigp and organization used to identify
each experimental setup. This research examinatdifeérent treatment options and

compared results to a control setup, containing bail (i.e. conditions). The six
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treatments options (i.e. experiments) includedetldiéerent application rates of dry and
liquid PAM, (i.e. 15 Ibs/acre, 25 Ibs/acre, 35 #usk) respectively. Within each
treatment option, two experiments were conducteslmgans to check reproducibility
between setups. Each experiment contained twolast, identified by its random
placement under the rainfall simulator (i.e. ‘ledt’ ‘right’ position). These locations
were randomly assigned using a coin flip, whichdoiced an exact, 50/50 distribution of
test boxes to the left and right positions. Taobthe desired amount of rain, as
indicated in Section 3.3.3, four ‘tests’ were siatatl within an experiment. Between
each test, there was a 15 minute break betweem steents. This rain regime also
allows researchers to examine the long-term effentiss of PAM tested under various

rainfall events over an extended period of time.
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CONDITION(S)

Control — Bare Soil

Treatment 1 - Dry Granular
PAM @ 35 Ibs per acre

EXPERIMENT(s)

TEST(s)

Treatment 2— Dry Granular
PAM @ 25 Ibs per acre

Treatment 3— Dry Granular

PAM @ 15 Ibs per acre

Treatment 4 — Liquid
PAM @ 35 Ibs/acre

Treatment 5— Liquid
PAM @ 25 Ibs/acre

Treatment 6 — Liquid
PAM @ 15 Ibs/acre

Note: 14 Total Experiments, 28 Replicates, 56 Tests

Experiment 1

F‘

Left Plot
Test1
15 min event
15 min break
Test2
15 min event
15 min break
Test3
15 min event
15 min break
Test4
15 min event

Right Plot
Test1l
15 min event
15min break §g
Test2 ‘
15 min event
15 min break
Test3
15 min event
15 min break
Test4
15 min event

Experiment 2

\/

Left Plot —4 Tests

\

Right Plot 4 Tests

Figure 3.14 Flowchart of Experimental Organization



3.4.5 Test Plot Preparation

For each experimental setup, test plot preparatmsisted of five parts: (1)
determine existing OMC of stockpile, (2) soil corapan, (3) treatment application, (4)
plot placement under rainfall simulator, and (Susate test plots.

To reach a desired level of compaction, test sagtbe near the recommended
moisture content as determined in Section 3.4\enty-four hours before an
experiment, moisture content for the soil was ckddk determine if additional water
was required. When the moisture content was |dkagar the required amount, the
necessary ratio of test soil and water were weigimetimeasured, as seen in Figure
3.15(a). Soil and water were thoroughly mixed wmteeelbarrow, and added into a test

box, as seen in Figure 3.15(b).

(a) Preparing Soil for an OMC of 15% (b) Soil and Water Thoroughly Mixed

Figure 3.15 Obtaining OMC for Experimentation.
Approximately 2 inches of soil was placed in a boecause it was observed that
when compacted, the depth of un-compacted soil dvbelapproximately halved when
compacted. It was also determined that two, Sogdduckets, as seen in Figure 3.15(a),

would be sufficient to achieve this un-compacteaant for one layer. Therefore, this
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amount of un-compacted soil would be reduced trget depth of 1 inch when
compacted.

To compact one layer of soil, a hand tamp was tsedmpact 8 subsections, as
illustrated in Figure 3.16(a). To achieve a 95%mpaction rate, one of these subsection
required 90 drops of a hand-tamp. This was perdrover all 8 subsections to compact
approximately a 1 inch layer of soil, as seen guFé 3.16 (b). This entire process was

repeated one more time to fill a box with approxieha? inches of compacted material.

(a) 8 Sections to Compact One Layer (b) First Laar Compacted

Figure 3.16 Using Hand Tamp to Compact 1 inch of @st Soil.

After compaction, the test plots could be treatéti ¥he different PAM
applications required for experimentation. The twethods of PAM application
analyzed for this research was (1) dry, granulakRépplied directly to the plots and (2)
liquid PAM; prepared using granular PAM mixed witlater and applied with a sprayer.
Both types of applications were examined usinged#iit recommended rates of 35, 25,
and 15 Ibs/acre.

The necessary amount of PAM required for all experits was converted to
experimental scale. Table 3.5(a) and 3.5(b) sl@aapplication rates determined for

intermediate-scale experiments. Note that in T388éb), the water corresponds with the
66



necessary amount to mix with dry granular PAM teate liquid PAM for treatments.
The recommended amount of water required for mixiitg PAM to achieve the proper
water to PAM ratio was provided by APS.

Table 3.5 PAM Application Rates

(a) Application Rates for Dry PAM

Dry Rate’ | Dry Rate?
(Ibs/acre) | (grams/plot)
35 2.80
25 2.00
15 1.20

(b) Application Rates for Liquid PAM

Dry Rate’  Water* Dry Rate? Water?

(Ibs/acre)  (gal/acre) | (grams/plot) (gal/plot)
35 3000 2.80 0.53
25 2143 2.00 0.38
15 1286 1.20 0.23

Notes: 1. Field Scale | 2. Intermediate Scale
Application of the dry granular PAM was accomplidhmy utilizing a salt shaker,
as shown in Figure 3.17(a). PAM was applied unilgrto both test plots, verified
through observation. Figure 3.17(b) illustrates tiniform coverage of dry PAM as it

was applied to a test plot.

(b) Dry PAM Applied on Test Plot

(a) 712 Silt Stop and Salt Shaker
Figure 3.17 Application of Dry Granular PAM.
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The process to apply liquid PAM required the usa dfaruyama MS074
backpack sprayer with a built in agitator. Speaifions for the backpack sprayer can
been seen in Appendix C, included in this repdttis type of backpack sprayer was
necessary because the dry PAM needed to be ineddslowly and mixed thoroughly
with water prior to application. Without an agdgtthe mixture would become too
viscous and clog a traditional sprayer. Therefoage was taken to ensure that dry
granular PAM was added slowly to the water. Thetane of dry PAM and water was
allowed to mix for approximately 30 minutes priorapplication. Figure 3.18(a),
3.18(b), and 3.18(c) demonstrate this processriEparing liquid PAM for

experimentation.

(a) Adding Water to Sprayer (b) Slowly adding DryPAM I (c) Observing Mixing

Figure 3.18 Preparing Liquid PAM Mixture for Appli cation.

The backpack sprayer was used to uniformly apmyitfuid PAM, coating both
test plots simultaneously. Care was taken to obtite application of PAM, so the
sprayer was set to apply a consistent amount vidiBAM and was applied equally to
both plots until all the mixture was completely disd-igure 3.19(a), 3.19(b), and 3.19(c)
show the backpack sprayer applying liquid PAM to test plots prior to
experimentation. PAM was applied outdoors to kibepiquid PAM off the concrete

slab, due to potential safety hazards with slippenyditions.
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(c) Close-up of Spray Nozzle

(a) Backpack Sprayer used for (b) Spraying Liquid PAM on Plot
Liquid PAM Application

Figure 3.19 Application of Liquid PAM.

Once both test plots were treated with a PAM apfibn, they were moved to a
location under the rainfall simulator. A test pletation was randomly assigned using a
coin-flip and placed under the simulator to confoslany potential bias. Therefore, test
plots were classified as either the ‘left’ positimn‘right’ position, as shown in Figure

3.20.

Figure 3.20 Plots Placed in ‘Left’ and ‘Right’ Pogion.

With test plots setup and placed under the raisfalulator, a brief saturation

period was conducted to facilitate the start obiftiprior to experimentation. The
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rainfall simulator was set to the desired propseréie discussed in Section 3.3.3 and
started. Plots were briefly exposed to rainfatilthe runoff was initiated. Plot

preparation at this point was completed and expsriscould commence.

3.4.6 Data Collection

Data collection for this study was similar to pas conducted research by
Halverson (2006) and McDonald (2007), with slighadifications to reflect changes
made in the experimental design. However, impram@swere made in recording
turbidity from runoff samples. Additional informan was also collected, which was not
examined from previous research (i.e. runoff maskparticle sizes). Photographs of
each test plot were taken to document a visualiiongrior to an experiment and at the
end of each of the four tests. In addition, thirexperiment duration was recorded
with a video camera, which allowed for time-lapsetage of the erosion process to be
documented.

The primary concern during data collection pertditeerunoff generated from test
plots during rainfall events. Runoff samples wevkected every minute during
experimentation in clear, five quart buckets withuwnme markings denoted on the side of
each. Volume and mass for these buckets werededdor each ‘left’ and ‘right’ test
plot, as illustrated in Figure 3.21. Instantanetubidity was recorded using an
ANALITE NEP160 turbidity meter with a ANALITE NEPGD probe, as seen in Figure
3.22. This probe was capable of measuring tusplditels from 0 to 4,000 NTU.
Detailed specifications for the meter and probelmafound in Appendix C. Prior to

recording initial turbidity, collected samples watered to represent turbidity of the
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surface runoff as it was leaving the test plothishew turbidity meter allowed
researchers a direct means to test water samplagliadity during an ongoing
experiment, reducing overall time involved with ekmentation and data collection.
Instantaneous turbidity was recorded at minuteviale during each test run. Along with
instantaneous turbidity, the meter and probe wseel o collect and record turbidity
over time, which illustrated the rate of particitbng. At the 5 and 10 minute interval
for each of the four tests on each plot, sample® wellected in one quart cups and
researchers recorded turbidity over time. An eXampthis process is illustrated in
Figure 3.22, where the probe was suspended irutiefrsample, and allowed to collect
data over a set period of time. This period oktwas set at 10 minutes for the ‘control’
experiments, and 3 minutes for subsequent PAMddeaxperiments, due to the
difference in length of time required for partictessettle out between the control and

treated experiments.

Figure 3.21 Recording Volume and Figure 3.22 ANALITE NEP 160
Mass of Surface Turbidity Meter and
Runoff. Probe.

Next, surface runoff samples were poured into Haghveangle-length filter bags
with one micron sized pores, as pictured in FIigu&3. This was done every 3 minutes,

for a total of 5 bags per test, totaling 40 bagsafoentire experiment. At the conclusion
71



of an experiment, these sediment-laden filter veg® placed in an oven at £60(71.F
C) and dried for 24 hours. These dried bags weigtved to determine the amount of
eroded soil from each test plot contained withiohelaag. Dried soil samples from each
bag were collected and combined for sieve anatgsitetermine particle size of the

surface runoff, as illustrated in Figure 3.24.

Figure 3.23 Hayward Filter Bags Figure 3.24 Soil Particle
with Sediment-Laden Distribution and
Water. Sieves.

By following the above mentioned experimental pohges for data collection, a
large sample size of data was produced. Tablél@sérates the totals of data collected
during experimentation. For runoff observatiomsywhich mass and volume were
recorded, a total of 1,680 observations were resmb(d.g. 7 conditions x 4 test plots x 4
tests x 15 observations per test = 1,680 totardetbmeasurements). The ‘conditions’
parameter, as shown, represents the multiple tezdtnexamined (i.e. ‘control’, ‘dry
PAM 35, ‘dry PAM 25’, etc) and ‘observations pest’ represent measurements
recorded for every minute during a 15 minute tésir data pertaining to soil loss,
samples were recorded every 3 minutes, resultidgabservations per test plot. This

produced a total of 560 measurements for analydherefore, using these new
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experimental procedures, more experiments wereuaded, which produced more data
for researchers to examine and analyze.

Table 3.6 Breakdown of Collected Data Totals

Conditions Test Tests Observations Runoff Turbidity Soil Loss
Plots per Test | Observations Observations Observations
7 4 4 15 1,680 1,680 560

Notes: 1. Observations were recorded every minute
2. Observation wererecorcec every 3 minute

3.4.7 Statistical Analyses

One-way analysis of variance (ANOVA) was the priynstatistical method used
to analyze experimental data presented in thisareke Typically, ANOVA is used with
testing three of more independent groups of datereva standard t-test is generally used
for comparing two independent groups. This islaited to the fact that if a t-test is
performed on more than two independent groupsetisest chance of incorrectly
rejecting a null hypothesis or failing to accep thull hypothesis (i.e. Type | and II
errors). A 5% level of significance indicates ttiegre is a 95% chance of correctly
accepting a null hypothesis. If more than two gowere tested, than the probability of
correctly accepting the null hypothesis decrea3déss decrease is a function of the
number of groups being tested (e.qg. if five groagstested using a standard t-test with a
5% level of significance, the probability of cortigcaccepting the null hypothesis is
approximately [0.95]or 0.77). ANOVA procedures compensate for thieafand
multiple independent groups can be tested equathowt the possibility of
compounding these errors. Most statistical sofwmrckages contain tools to conduct an

ANOVA analysis, due to the complex mathematical paotations required to analyze a
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large number of groups. The one-way ANOVA toolvyided by Microsoft's Excél
2007 was used for this research effort.

However, ANOVA analysis alone is not sufficientdetermine statistical
significance between individual pairs. ANOVA prdcees only provide the capability to
determine if all tested means are equal. A typicélland alternative hypothesis used
during this research for ANOVA analysis is illuséd in Equation 3 and 4, respectively.

Hol Mo = 1 = 2 = e = W4 = M = Wy 3)
Ha: all means are different 4)

where,
Ho= null hypothesis

H,= alternative hypothesis

M = mean values of each data set ‘',

i = independent groups [i.e. (0) control,
(1) dry 35, (2) dry 25, etc]

The null and alternative hypothesis statement&\fMOVA are not sufficient to
discern statistical significant difference betwemdividual pairs. Therefore, additional
ad hoc tests needed to be performed on differanbowtional pairs of groups. These
test that examine multiple means incorporate meadorassist in reducing the risks
associated with Type | error, as outlined abover tkis research, the Tukey-Kramer
procedure for multiple comparisons was selecteamatysis, since comparisons were
conducted on all pair-wise differences between mean

To determine if statistical significance was obgerusing Tukey-Kramer

procedures, a confidence interval (Cl) was caledaising the following equations:
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Clgg, = (,ui —H, )tTukeyKramermultiplierx S, {% +niJ (5)
i

where,

Clgsos, 95% confidence interval,

Mi - iy = difference of means for ‘i’ and |’ groups,
S, = pooled standard deviation, and
nij = sample sizes of ‘i and ‘j’ groups

The pooled standard deviation as shown in Equé&tican be derived from taking
the square-root of the Mean Square Error (MSE)chvis calculated during creation of

an ANOVA table. A Tukey-Kramer multiplier can betdrmined using Equation 6:

TukeyKramermultiplier = Garn-as (6)

2

where,
g = upper percentile for a studentized range

distribution,
a = total number of groups,
n = sample size, and

a = level of significance (5%)
To determine if the two test groups are statificagnificant, the calculated
confidence interval are examined and if zero ig&@ioed within the upper and lower

bounds of the interval, than the two groups arestatistically significant.

3.5 SUMMARY

In total, fourteen experiments were conducted, exig the effectiveness of two

different treatment options, with varying applicatirates, to a bare soil condition. A
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new facility was built to house this research, whicovided researchers the necessary
equipment and space for experimentation. Expeitisneare designed using methods
and procedures from previous research as a gemadaline. Modifications were made
where researchers felt that certain areas needadwements. One of these areas was
designing and constructing a new testing appargtad to contain experimental soil.
These newly designed test plots allowed for an ex@atal setup that required less time
to prepare, allowing researchers the ability todumh more experiments and collect more
data than the previous research could feasiblyym®d Another area that was redesigned
was the rainfall simulator. A new simulator wasidaed with new components which
produced controllable rainfall events with a unifiospray area.

Procedures were developed to reflect differencedenmathe new experimental
design. Soil was compacted using hand-tamps, wiraWide the necessary energy to
effectively compact the test soil to a rate of 958ew equipment was used during data
collection to assist with reducing the amount ofdineeded for each experiment. This
included a turbidity meter and probe which couldubed to collected turbidity
instantaneously during an experiment. Additiorsthdvas collected from experiments,
which included runoff mass and patrticle size disttion of surface runoff.

These new experimental designs and proceduresediogsearchers to develop
the means to uniformly setup, conduct, and anatyasion control BMPs with laboratory
conditions using intermediate-scale plot sizesis Tiew design reduced the overall time
and the amount of effort required for conductingeaperiment with this setup which
produces a high quality data set for conductindBI©OVA analysis to determine if
results were statistically significant.
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CHAPTER FOUR

INTERMEDIATE-SCALE EXPERIMENTS RESULTS AND DISCUSSI ON

4.1 INTRODUCTION

Intermediate-scale experiments provided meansrfonoe multiple tests with
fewer resources, when compared to field-scale @xaits, and also generated a large
amount of data for analysis. This chapter willgem the results generated from
experiments and the statistical tests used folyaaalpertaining to the performance of

PAM as an erosion and sediment control measure.

4.2 EXPERIMENTAL RESULTS

Data collection methods and features, as outlinegeiction 3.4.6, provided
researchers with an abundant amount of raw date. data collected and recorded
includes: (1) surface runoff volume, (2) surfaceafi mass, (3) initial turbidity, (4)
runoff samples (turbidity versus time) and, (5) amoof soil eroded from test plots.

Raw data collected from each experiment is includebpendix D. Data from
replicated test plots were compared to determiaeyfanomalies were present and an
overall average was calculated for further analy3ise raw data was scaled to represent

practical field units for the purpose of reportingsubsequent sections.
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4.2.1 Surface Runoff

Surface runoff generated from test plots was ctdkat 1 minute intervals during
an experiment’s 60 minute total duration. Volume aveight for each sample were
measured and recorded. Overall averages of reobfme for the control and six PAM
treatments are illustrated in Figure 4.1

Upon visual inspection, Figure 4.1 demonstratesbservable difference
between different treatments tested. Specificallyincrease or decrease was discerned
in the amount of surface runoff generated. Théadrigmount of runoff reported in the
dry PAM at 35 Ibs/acre was attributed to a slighiiyher operating pressure of the
rainfall simulator, rather than any effect the treant had on the amount of runoff

generated.

—e—Contro —a—Dry35 ——Dry25 ——Dry 15 -&-Liquid 35 - Liquid 2E -~ Liquid 15
3000

Test 1 Test 2 Test 3 Test 4

2500 1
2000 AaAhe

15004/

Volume (gal/acre)

10001

500 1

0

T T — . ~ T . = . T
0 5 10 15 20 25 30 35 40 45 50 55 60
Time (min)

Note: *’ denotes 15 minute break in between tests

Figure 4.1 Average Surface Runoff vs. Time.
Figure 4.2 illustrates the cumulative amount ofrage surface runoff for each of
the four tests (i.e. Test 1, Test 2, Test 3, arst g As seen earlier with Figure 4.1, the
addition of PAM appears to have no substantialcgifethe total amount of runoff

accumulated, which ranged from 30,000 to 36,00(ged. These figures show that
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similarities in data confirm the researchers’ ekpental design goals by rapidly

generating reproducible results.

—e—Control—a—Dry 35 —a—Dry 25 —— Dry 15 & Liquid 35 - Liquid 25 - Liquid 15
40

Test1 Test 2 Test 3
35 4 3

30 1
25 1
20

15

Volume (1000 gal/acre)

10 A

5

0

T . f— . £ T . 2 . .
0 5 10 15 20 25 30 35 40 45 50 55 60
Time (min)

Note: *’ denotes 15 minute break in between tests

Figure 4.2 Average Cumulative Surface Runoff vs.ime.

Specific values for surface runoff for the dry diodiid PAM treatments are
shown below in Table 4.1 and Table 4.2, respegtivBloth tables illustrate the
calculated average of runoff for each 15 minuteiteésrval and each test’s
corresponding cumulative amount. Average runoff standard deviation were
calculated from a total sample size of 60 measungsrer test (e.g. 4 test plots x 15 min

per test = 60 total samples).
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Table 4.1 Average Surface and Cumulative Runoff Table 4.2 Average Surface and Cumulative Runoff fo

for Each Test Dry PAM] Each Test Liquid PAM]
. Runoff 2 Stgnqardb Percent Cumulatig/ e . Runoff 2 Stgnqardb Percent C“”‘”"”‘“},’e
Condition (gallacre) Deviation Reduction® Runoff Condition (gallacre) Deviation Reduction® Runoff
(gall/acre) (gall/acre) (gal/acre) (gallacre)

Test 1 Test 1

Control 2279.0 236.9 - 34184.4 Control 2279.0 236.9 - 34184..

Dry 35 2448.0 328.9 -7.4% 36719.7 Liquid 35 1984.0 264.9 12.9% 29760.

Dry 25 2102.0 135.6 7.8% 31530.0 Liquid 25 2127.0 194.4 6.7% 31904..

Dry 15 2044.1 182.9 10.3% 30662.2 Liquid 15 2128.1 194.4 6.6% 31921.3
Test 2 Test 2

Control 2331.1 236.6 - 34967.1 Control 2331.1 236.6 - 34967.1

Dry 35 2432.1 289.8 -4.3% 36481.5 Liquid 35 2140.6 251.4 8.2% 32108.5

Dry 25 2158.7 251.0 7.4% 32380.7 Liquid 25 2197.3 197.8 5.7% 32959.3

Dry 15 2088.4 188.6 10.4% 31325.8 Liquid 15 2200.7 191.6 5.6% 33010.3
Test3 Test3

Control 2326.6 24338 - 34899.0 Control 2326.6 243.8 - 34967.1

Dry 35 2324.3 263.4 0.1% 34865.0 Liquid 35 2212.0 221.2 4.9% 33180.5

Dry 25 2215.4 2125 4.8% 33231.5 Liquid 25 2237.0 220.4 3.9% 33554.8

Dry 15 2087.3 198.0 10.3% 31308.8 Liquid 15 2276.7 217.2 2.1% 34150.4
Test4 Test4

Control 2335.7 241.2 - 35035.2 Control 2335.7 241.2 - 34967.1

Dry 35 2227.9 195.7 4.6% 33418.7 Liquid 35 2210.9 222.6 5.3% 33163.5

Dry 25 22154 197.9 5.1% 33231.5 Liquid 25 2264.2 2155 3.1% 33963.2

Dry 15 2141.7 231.2 8.3% 321255 Liquid 15 2206.4 205.3 5.5% 33095.4

Notes: ‘a’ Average surface runoff vs. time for leaest Notes: ‘a’ Average surface runoff vs. time for ledest
‘b’ Standard deviation of surface average runsfftime ‘b’ Standard deviation of surface average runefftime
‘c’ Denotes values normalized by control conditio ‘c’ Denotes values normalized by control conditio

‘d’ Average cumulative surface runoff for eachri. test ‘d’” Average cumulative surface runoff for eachriib. test



Percent reductions, as seen Table 4.1 and Tahlevdr normalized with the
control condition for comparison. Negative valuespobserved with the 35 Ib/acre dry
PAM treatment, indicate an increase in recordedffunThe largest reduction of runoff
occurred during test 1 with the 35 Ibs/acre appibiceof liquid PAM at 12.9%.
Conversely, dry PAM applied at 35 Ibs/acre for tebtad a recorded increase of 7.4%

when compared to the control.

4.2.1.1 Statistical Analysis: Surface Runoff

To determine if there was a statistically significdifference between calculated
averages for control vs. treatment surface ruroffANOVA table was generated for
each test (e.g. test 1, test 2). These ANOVA tabte included in Appendix E within
this report. An ANOVA analysis showed that testekt 2, and test 3 rejected the null
hypothesis, indicated that differences betweenrobahd treatments existed. Test 4
ANOVA analyses determined that the null hypothsekisuld be accepted, resulting in no
differences occurred between all test groups. Jdk@mer confidence intervals were
calculated using the Equations 5 and 6, outlineSdction 3.4.7, to determine any
specific significant differences between condititested, as illustrated in Table 4.3,

Table 4.4, Table 4.5, and Table 4.6.
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Table 4.3 TukeyKramer Multiple Comparisons

on Average Surface Runoff Test 1]

Table 4.4 Tukey-Kramer Multiple Comparisons
on Average Surface Runoff Test 2]

Comparison M- by Cl Cl Sig_nificantly
[LB] [UB] Different
Control vs. Dry 35 169.0 -22.9 361.0 No
Control vs. Dry 25 234.8 42.9 426.8 Yes
Control vs. Dry 15 177.0 -15.0 368.9 No
Control vs. Liquid 35 294.9 103.0 486.9 Yes
Control vs. Liquid 25 150.9 -41.1 342.8 No
Control vs. Liquid 15 152.0 -39.9 343.9 No
Dry 35 vs. Dry 25 403.8 211.9 595.8 Yes
Dry 35 vs. Dry 15 346.0 154.0 537.9 Yes
Dry 35 vs. Liquid 35 464.0 272.0 655.9 Yes
Dry 35 vs. Liquid 25 319.9 128.0 511.8 Yes
Dry 35 vs. Liquid 15 321.0 129.1 513.0 Yes
Dry 25 vs. Dry 15 57.9 -134.1 249.8 No
Dry 25 vs. Liquid 35 60.1 -131.8 252.1 No
Dry 25 vs. Liquid 25 83.9 -108.0 275.9 No
Dry 25 vs. Liquid 15 82.8 -109.1 274.7 No
Dry 15 vs. Liquid 35 118.0 -74.0 309.9 No
Dry 15 vs. Liquid 25 26.1 -165.8 218.0 No
Dry 15 vs. Liquid 15 25.0 -167.0 216.9 No
Liquid 35 vs. Liquid 25 144.1 -47.9 336.0 No
Liquid 35 vs. Liquid 15 142.9 -49.0 334.9 No
Liquid 25 vs. Liquid 15 1.1 -190.8 193.1 No

Comparison M- by Cl Cl Sig_nificantly
[LB] [UB] Different
Control vs. Dry 35 101.0 -103.5 305.4 No
Control vs. Dry 25 242.8 383 447.2 Yes
Control vs. Dry 15 172.4 -32.0 376.8 No
Control vs. Liquid 35 190.6 -13.8 395.0 No
Control vs. Liquid 25 130.5 -74.0 334.9 No
Control vs. Liquid 15 133.9 -70.6 338.3 No
Dry 35 vs. Dry 25 343.7 139.3 548.1 Yes
Dry 35 vs. Dry 15 273.4 69.0 477.8 Yes
Dry 35 vs. Liquid 35 291.5 87.1 495.9 Yes
Dry 35 vs. Liquid 25 2314 27.0 435.8 Yes
Dry 35 vs. Liquid 15 234.8 304 439.2 Yes
Dry 25 vs. Dry 15 70.3 -134.1 274.7 No
Dry 25 vs. Liquid 35 52.2 -152.2 256.6 No
Dry 25 vs. Liquid 25 112.3 -92.1 316.7 No
Dry 25 vs. Liquid 15 108.9 -95.5 313.3 No
Dry 15 vs. Liquid 35 18.1 -186.3 222.6 No
Dry 15 vs. Liquid 25 42.0 -162.4 246.4 No
Dry 15 vs. Liquid 15 38.6 -165.8 243.0 No
Liquid 35 vs. Liquid 25 60.1 -144.3 264.5 No
Liquid 35 vs. Liquid 15 56.7 -147.7 261.1 No
Liquid 25 vs. Liquid 15 3.4 -201.0 207.8 No

Notes: [LB] signifies lower bound of confidencésrval
[UB] signifies upper bound of confidence interval

Qerit = 4.26

Notes: [LB] signifies lower bound of confidencésrval
[UB] signifies upper bound of confidence interval

Qerit = 4.26



Table 4.5 TukeyKramer Multiple Comparisons
on Average Surface RunoffTest 3]

Table 4.6 TukeyKramer Multiple Comparisons
on Average Surface Runoff Test 4]

€8

Comparison M- by Cl Cl Sig_nificantly Comparison - Cl Cl Sig_nificantly
[LB] [UB] Different ! [LB] [UB] Different
Control vs. Dry 35 2.3 -209.7 214.3 No Control vs. Dry 35 107.8 -90.8 306.4 No
Control vs. Dry 25 239.4 27.3 451.4 Yes Control vs. Dry 25 194.0 -4.6 392.6 No
Control vs. Dry 15 111.2 -100.8 323.2 No Control vs. Dry 15 120.2 -78.4 318.9 No
Control vs. Liquid 35 114.6 -97.4 326.6 No Control vs. Liquid 35 124.8 -73.8 3234 No
Control vs. Liquid 25 49.9 -162.1 261.9 No Control vs. Liquid 25 129.3 -69.3 327.9 No
Control vs. Liquid 15 89.6 -122.4 301.6 No Control vs. Liquid 15 715 -127.1 270.1 No
Dry 35 vs. Dry 25 237.1 25.1 449.1 Yes Dry 35 vs. Dry 25 86.2 -112.4 284.8 No
Dry 35 vs. Dry 15 108.9 -103.1 320.9 No Dry 35 vs. Dry 15 125 -186.1 211.1 No
Dry 35 vs. Liquid 35 112.3 -99.7 324.3 No Dry 35 vs. Liquid 35 17.0 -181.6 215.6 No
Dry 35 vs. Liquid 25 47.6 -164.4 259.7 No Dry 35 vs. Liquid 25 21.6 -177.1 220.2 No
Dry 35 vs. Liquid 15 87.3 -124.7 299.4 No Dry 35 vs. Liquid 15 36.3 -162.3 234.9 No
Dry 25 vs. Dry 15 128.2 -83.8 340.2 No Dry 25 vs. Dry 15 73.7 -124.9 272.3 No
Dry 25 vs. Liquid 35 124.8 -87.2 336.8 No Dry 25 vs. Liquid 35 69.2 -129.4 267.8 No
Dry 25 vs. Liquid 25 189.4 -22.6 401.5 No Dry 25 vs. Liquid 25 64.7 -134.0 263.3 No
Dry 25 vs. Liquid 15 149.7 -62.3 361.8 No Dry 25 vs. Liquid 15 1225 -76.1 321.1 No
Dry 15 vs. Liquid 35 3.4 -208.6 215.4 No Dry 15 vs. Liquid 35 45 -194.1 203.2 No
Dry 15 vs. Liquid 25 61.3 -150.8 273.3 No Dry 15 vs. Liquid 25 9.1 -189.5 207.7 No
Dry 15 vs. Liquid 15 21.6 -190.5 233.6 No Dry 15 vs. Liquid 15 488 -149.8 247.4 No
Liquid 35 vs. Liquid 25 64.7 -147.4 276.7 No Liquid 35 vs. Liquid 25 4.5 -194.1 203.2 No
Liquid 35 vs. Liquid 15 25.0 -187.1 237.0 No Liquid 35 vs. Liquid 15 53.3 -145.3 251.9 No
Liquid 25 vs. Liquid 15 39.7 -172.3 251.7 No Liquid 25 vs. Liquid 15 57.9 -140.8 256.5 No

Notes: [LB] signifies lower bound of confidencésrval
[UB] signifies upper bound of confidence interval
Qerit = 4.26

Notes: [LB] signifies lower bound of confidencaerval
[UB] signifies upper bound of confidence interval
Qerit = 4.26



Many of the observed differences within tests arit] 3 occurred with
comparisons made to dry PAM at 35 Ibs/acre. TheeytKramer results for test 4,
shown in Table 4.6, found no statistical differebeéween any combinations of groups.
Overall, no statistical significant results weresetved pertaining to PAM treatments
reducing the amount of runoff generated on theroan¥hile dry PAM at 35 Ibs/acre
appeared to be performing poorly at first, no otheatments experienced a similar
effect. Other PAM applications (with the exceptafriquid 35) experience no
significant difference when compared to the contmidition as well. When different
PAM applications were compared to each other, goifstant results were observed.
Therefore, the addition of PAM, in either a dryliquid form, at different application

rates, had no appreciable effect on surface rwwbiime.

4.2.2 Initial Turbidity

Turbidity measurements were recorded at 1 mindézvals from thoroughly
stirred runoff samples, collected in 5 gt buckelbis provided researchers with a total of
1,680 turbidity measurements. These measuremeantsidentified as an initial turbidity
reading for surface runoff, recorded from 1 minatervals samples from each
condition’s data was averaged together, as illteddran Figure 4.3. Distribution of initial
turbidity was observed to be consistent, with dipPat 35 Ibs/acre performing the best.
Throughout the duration of an experiment, dry PAN&lbs/acre was able to reduce
turbidity levels and maintain low readings. Thg BAM granular was exposed to water,
at which point the PAM molecules were ‘activated&s PAM was slowly introduced into

the runoff, the activated PAM molecules bonded whin suspended soil particles present
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in the stormwater. This process promotes partiddocculate and settle out as PAM
and soil particles become larger. As PAM applaatiates decreased, initial turbidity
measurements increased. This trend continueddghout all PAM treatments observed.
Liquid PAM at 25 and 15 Ibs/acre experienced aifipancrease approximately at 40
minutes into the total experiment duration, withraater increase occurring for test 4.
This increase of initial turbidity was identified the point at which these PAM
treatments were no longer effective at reducingitlity, as the PAM treatments were
being effectively washed away by the runoff. TévPmolecules washed away were

still capable of reducing sedimentation, but no¢tsctively as dry PAM treatments
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Note: *’ denotes 15 minute break in between tests

Figure 4.3 Average Initial Turbidity of Surface Runoff vs. Time.
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Table 4.7 and Table 4.8 show average turbidity omessents, standard deviation
of the average turbidity, and a percent reductimnmalized for the control condition.
As seen here, dry PAM at 35 Ibs/acre performed#st with a reduction of
approximately 97% for all tests. The increaseudbitlity can also be observed in Table
4.8, as the percent reduction decreases from 43313%.9 % and 36.9% to 32.1% for
liquid PAM 25 and 15 Ibs/acre, respectively. Agbtireduction of turbidity occurs with

all three applications of the dry PAM treatmentsrmothe duration of all four tests.

Table 4.7 Average Initial Turbidity Results for Surface

Runoff [Dry PAM]
Average Standard
Condition Turbidity 2 Deviation” Rgcil;gzg:l c
(NTU) (NTU)
Test 1
Control 3414.7 513.6
Dry 35 103.4 28.9 97.0%
Dry 25 620.0 113.8 81.8%
Dry 15 1153.5 171.2 66.2%
Test 2
Control 3405.4 395.6
Dry 35 99.0 14.7 97.1%
Dry 25 563.8 110.3 83.4%
Dry 15 967.0 198.4 71.6%
Test 3
Control 3553.6 304.3
Dry 35 96.1 15.7 97.3%
Dry 25 553.8 85.4 84.4%
Dry 15 1018.1 156.0 71.4%
Test4
Control 3636.6 233.5
Dry 35 95.5 15.2 97.4%
Dry 25 496.1 54.3 86.4%
Dry 15 1008.7 132.6 72.3%

Notes: ‘a’ Average of initial turbidity vs. timeif each test
‘b’ Standard deviation for average initial turitydvs. time
‘c’ Denotes values normalized by control conditio
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Table 4.8 Average Initial Turbidity Results for Surface
Runoff [Liquid PAM]

Average Standard

Condition Turbidity 2 Deviation ® R(':;JEEQ:]C
(NTU) (NTU)

Test1

Control 3414.7 513.6

Liquid 35 784.8 167.3 77.0%

Liquid 25 1726.4 262.6 49.4%

Liquid 15 2153.1 417.3 36.9%
Test 2

Control 3405.4 395.6

Liquid 35 776.7 176.0 77.2%

Liquid 25 1907.8 281.0 44.0%

Liquid 15 2245.4 279.6 34.1%
Test 3

Control 3553.6 304.3

Liquid 35 7755 187.4 78.2%

Liquid 25 2036.2 279.0 42.7%

Liquid 15 2240.9 274.3 36.9%
Test4

Control 3636.6 2335

Liquid 35 789.6 145.1 78.3%

Liquid 25 2513.3 300.5 30.9%

Liquid 15 2470.8 2829 32.1%

Notes: ‘@’ Average of initial turbidity vs. timef each test
‘b’ Standard deviation for average initial turitydvs. time
‘c’ Denotes values normalized by control conditio

4.2.2.1 Statistical Analysis: Initial Turbidity

Differences observed between the control and trestsrfor the surface runoff’s
initial turbidity measurements indicated that PAMatments were having an effect on
the amount of sediment contained in the runoff.vé&ofy this observation and determine
if this difference was statistically significantN®VA tables were created (Appendix E)

and Tukey-Kramer tests were conducted to deterstatestical significance between
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individual pairs of groups, as illustrated in Talll®, Table 4.10, Table 4.11, and Table
4.12.

As expected, these tables demonstrate that thal initbidity averages had
statistically significant differences between aikpible pairs tested. Therefore, it can be
observed that the addition of PAM had a signifiaafifeect on its ability to reduce initial
turbidity from surface runoff generated from tekttg. Also, statistically significant
differences were observed between individual PAdatiments, which indicate that
different application rates were statistically sigantly different when compared.
Examining the mean differences, reported in Tale Aable 4.10, Table 4.11, and Table
4.12, it can be seen which treatment was moreteféecDry PAM applied as 35 Ibs/acre
performed the best out of the tested treatmentsdacing initial turbidity for the bare
soil control during all 4 tests. Dry PAM 35 aldearly performed well when compared
to other treatments and respective applicatioresraEven though it was observed that
the effectiveness of liquid PAM 25 and 15 Ibs/dmegan to diminish during test 4,

reductions in initial turbidity were still observéal be statistically significant.

88



Table 4.9 Tukey-Kramer Multiple Comparisons or Table 4.10 Tukey-Kramer Multiple Comparisons

68

Average Initial Turbidity [ Test 1] on Average Initial Turbidity [ Test 2]
Comparison - by Cl Cl Sig_nificantly Comparison - Cl Cl Sig_nificantly
[LB] [UB] Different ! [LB] [UB] Different
Control vs. Dry 35 3311.3 31875 3435.1 Yes Control vs. Dry 35 3306.4  3203.1 3409.8 Yes
Control vs. Dry 25 2261.2 2137.5 2385.0 Yes Control vs. Dry 25 2438.4 2335.1 2541.8 Yes
Control vs. Dry 15 2794.7  2670.9 2918.4 Yes Control vs. Dry 15 2841.6  2738.2 29449 Yes
Control vs. Liquid 35 2629.9  2506.2 2753.7 Yes Control vs. Liquid 35 2628.7 25253 2732.0 Yes
Control vs. Liquid 25 1261.6 1137.8 1385.3 Yes Control vs. Liquid 25 1164.5 1061.1 1267.8 Yes
Control vs. Liquid 15 1688.3  1564.6 1812.1 Yes Control vs. Liquid 15 14976  1394.2 1600.9 Yes
Dry 35 vs. Dry 25 1050.1 926.3 1173.8 Yes Dry 35 vs. Dry 25 868.0 764.6 9714 Yes
Dry 35 vs. Dry 15 516.6 392.9 640.4 Yes Dry 35 vs. Dry 15 464.9 361.5 568.2 Yes
Dry 35 vs. Liquid 35 681.4 557.6 805.1 Yes Dry 35 vs. Liquid 35 677.8 574.4 781.1 Yes
Dry 35 vs. Liquid 25 2049.7  1926.0 2173.5 Yes Dry 35 vs. Liquid 25 21419  2038.6 22453 Yes
Dry 35 vs. Liquid 15 1623.0 1499.2 1746.7 Yes Dry 35 vs. Liquid 15 1808.8 1705.5 1912.2 Yes
Dry 25 vs. Dry 15 5334 409.7 657.2 Yes Dry 25 vs. Dry 15 403.2 299.8 506.5 Yes
Dry 25 vs. Liquid 35 368.7 2449 4925 Yes Dry 25 vs. Liquid 35 190.3 86.9 293.6 Yes
Dry 25 vs. Liquid 25 999.7 875.9 1123.4 Yes Dry 25 vs. Liquid 25 12739 1170.6 1377.3 Yes
Dry 25 vs. Liquid 15 572.9 449.1 696.7 Yes Dry 25 vs. Liquid 15 940.8 837.5 1044.2 Yes
Dry 15 vs. Liquid 35 164.7 41.0 288.5 Yes Dry 15 vs. Liquid 35 212.9 109.5 316.3 Yes
Dry 15 vs. Liquid 25 1533.1  1409.3 1656.9 Yes Dry 15 vs. Liquid 25 1677.1  1573.7 1780.4 Yes
Dry 15 vs. Liquid 15 1106.3 982.6 1230.1 Yes Dry 15 vs. Liquid 15 1344.0 1240.6 1447.3 Yes
Liquid 35 vs. Liquid 25 1368.4 1244.6 1492.1 Yes Liquid 35 vs. Liquid 25 1464.2 1360.8 1567.5 Yes
Liquid 35 vs. Liquid 15 941.6 817.8 1065.4 Yes Liquid 35 vs. Liquid 15 1131.1 1027.7 1234.4 Yes
Liquid 25 vs. Liquid 15 426.8 303.0 550.5 Yes Liquid 25 vs. Liquid 15 333.1 229.7 436.5 Yes
Notes: [LB] signifies lower bound of confidencésrval Notes: [LB] signifies lower bound of confidencésrval
[UB] signifies upper bound of confidence interval [UB] signifies upper bound of confidence interval

Qorit = 4.26 Qerit = 4.26



Table 4.11 Tukey-Kramer Multiple Comparisons Table 4.12 Tukey-Kramer Multiple Comparisons

06

on Average Initial Turbidity [ Test 3] on Average Initial Turbidity [ Test 4]
Comparison - by Cl Cl Sig_nificantly Comparison - Cl Cl Sig_nificantly
[LB] [UB] Different ! [LB] [UB] Different
Control vs. Dry 35 34575  3350.2 3564.8 Yes Control vs. Dry 35 3541.1  3397.7 3684.5 Yes
Control vs. Dry 25 2535.6 2428.2 2642.9 Yes Control vs. Dry 25 2627.9 2484.5 2771.3 Yes
Control vs. Dry 15 2999.9  2892.6 3107.2 Yes Control vs. Dry 15 31405 2997.1 3283.9 Yes
Control vs. Liquid 35 2778.2  2670.9 2885.5 Yes Control vs. Liquid 35 2847.0 2703.6 2990.4 Yes
Control vs. Liquid 25 1082.8 975.5 1190.1 Yes Control vs. Liquid 25 492.0 348.6 635.4 Yes
Control vs. Liquid 15 1517.4  1410.1 1624.7 Yes Control vs. Liquid 15 1123.3 979.9 1266.7 Yes
Dry 35 vs. Dry 25 921.9 814.6 1029.2 Yes Dry 35 vs. Dry 25 913.2 769.8 1056.6 Yes
Dry 35 vs. Dry 15 457.6 350.3 564.9 Yes Dry 35 vs. Dry 15 400.6 257.2 544.0 Yes
Dry 35 vs. Liquid 35 679.3 572.0 786.6 Yes Dry 35 vs. Liquid 35 694.1 550.7 837.5 Yes
Dry 35 vs. Liquid 25 23747  2267.4 2482.0 Yes Dry 35 vs. Liquid 25 3049.1  2905.7 3192.5 Yes
Dry 35 vs. Liquid 15 1940.1 1832.8 2047.4 Yes Dry 35 vs. Liquid 15 2417.8 2274.4 2561.2 Yes
Dry 25 vs. Dry 15 464.3 357.0 571.6 Yes Dry 25 vs. Dry 15 512.6 369.2 656.0 Yes
Dry 25 vs. Liquid 35 242.6 135.3 349.9 Yes Dry 25 vs. Liquid 35 219.1 75.7 362.5 Yes
Dry 25 vs. Liquid 25 1452.7  1345.4 1560.0 Yes Dry 25 vs. Liquid 25 2136.0 1992.6 2279.4 Yes
Dry 25 vs. Liquid 15 1018.2 910.8 1125.5 Yes Dry 25 vs. Liquid 15 1504.6  1361.2 1648.0 Yes
Dry 15 vs. Liquid 35 221.7 114.4 329.0 Yes Dry 15 vs. Liquid 35 293.5 150.1 436.9 Yes
Dry 15 vs. Liquid 25 1917.1  1809.8 2024.4 Yes Dry 15 vs. Liquid 25 2648.6  2505.1 2792.0 Yes
Dry 15 vs. Liquid 15 1482.5 1375.2 1589.8 Yes Dry 15 vs. Liquid 15 2017.2 1873.8 2160.6 Yes
Liquid 35 vs. Liquid 25  1695.4  1588.0 1802.7 Yes Liquid 35 vs. Liquid 25 ~ 2355.1  2211.6 2498.5 Yes
Liquid 35 vs. Liquid 15 1260.8 1153.5 1368.1 Yes Liquid 35 vs. Liquid 15 1723.7 1580.3 1867.1 Yes
Liquid 25 vs. Liquid 15 434.6 327.3 541.9 Yes Liquid 25 vs. Liquid 15 631.4 488.0 774.8 Yes
Notes: [LB] signifies lower bound of confidencésrval Notes: [LB] signifies lower bound of confidencésrval
[UB] signifies upper bound of confidence interval [UB] signifies upper bound of confidence interval

Qorit = 4.26 Qerit = 4.26



4.2.3 Turbidity vs. Time

In 2008, the EPA began the process of introducffigeat limits on construction
runoff. These limitations propose that stormwateroff must contain a turbidity level
less than or equal to 13 NTUs (U.S. EPA, 2008b)weler, while these limitations are
currently being subjected to review, a potentias&dfor a required turbidity level.
Therefore, for the purposes of this research, fusafiples were examined to determine
whether PAM treatments could achieve EPA’s propaftdent limitation of 13 NTUs.

Samples were collected during each of the fous taspredetermined times of 5
and 10 minutes to observe turbidity over time. Mas accomplished for each test plot,
providing researchers with 224 runoff samples (é.cpnditions x 4 test plots x 4 tests x
2 samples = 224 runoff samples) to measure andd¢gdidity over time. This
collected data was representative of time requiresdispended soil particles in the runoff
to settle out. This collected data for turbidigrsus time can be observed in Figure 4.4.

The time selected to observe turbidity over timswaginally 10 minutes, with
measurements occurring at 1 minute intervals, priogua curve that shows turbidity
slowly decreasing over time. However, examiningWRtheated samples; the decrease in
recorded turbidity was nearly instantaneous. Tioeeethe observational time was
reduced to approximately 3 minutes; with readingssoired every 10 seconds to better
capture the speed at which particles were settligillustrated in Figure 4.4, sediment
in PAM treatments was capable of settling out mucine quickly than the control. By
the end of the 10 minute observational period, nekx turbidity for the control had not

decreased to 500 NTUs. Only dry PAM applied aaB38 25 Ibs/acre were capable of
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obtaining EPA'’s effluent limit of 13 NTU within thebserved time period. Dry PAM 35

obtained 13 NTUs within 20 seconds and dry PAMi28 minutes and 20 seconds.

—e—Control—=— Dry 35 —— Dry 25 ——Dry 15 —#- Liquid 35 - Liquid 25 —--Liquid 15
3500

3000
2500}

20001%

Turbidity (NTU)

Time (min)

Figure 4.4 Average Recorded Turbidity for All Sampes vs. Time.

Further investigations were conducted on turbidéysus time measurements to
determine relative performance between treatmerisespective application rates.
Data for each treatment and application were gréjdretheir respective collection times
of 5 and 10 minutes. Figure 4.5 and Figure 4u&ithte these results for dry and liquid
PAM treatments, respectively. It was observedigufe 4.5 that dry PAM treatments
initial turbidity readings perform consistently dtughout an experiment’s duration, dince

all four test produce graphs with similar shapes.
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Figure 4.5 Treatment’s Average Recorded Turbidityfrom 5 and 10 Minute Samples

[Dry PAM].
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Figure 4.6 Treatment's Average Recorded Turbidityfrom 5 and 10 Minute Samples
[Liquid PAM].
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Figure 4.6 illustrates that turbidity over timeieased for liquid PAM treatments through
an experiments individual rainfall events (i.et teshrough 4), as a function of
application rate. Specifically, both liquid PAM 28d 15 Ibs/acre, as observed in Figure
4.6 (c) through 4.6(f), experienced an increasedfidity measurements during test 3
and test 4 for both treatments. This is indicathat the performance of liquid PAM at
these application rates was not as effective ascied turbidity levels as seen with dry
PAM treatments. This also confirms the previousesbation that liquid PAM 25 and
15’s effectiveness had begun to diminish duringy3esnd test 4 when examining initial
turbidity readings. While recorded turbidity lesaVere still lower than the control
condition, the data shows that higher applicatates of PAM were more effective in
reducing settling time of sediment particles inface runoff as a function of time.

Table 4.13 illustrates turbidity measurementsiedte200 seconds, averaged from
all four tests. These measurements were thedatal point collected while observing
turbidity versus time. It can be seen that finalsurements for dry PAM at 35 Ibs/acre
reached low turbidity levels around 10 NTUs. DANP25 and 15 Ibs/acre also reached
low levels, around 15 and 20 NTUs, respectiveljpede values show how effective dry
PAM was at reducing sedimentation during experiggon. Liquid PAM treatments,
while still capable of reducing turbidity levelseve higher than observed with dry PAM

treatments, indicating that liquid PAM was not #sdive at controlling sedimentation.
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Table 4.13 Summary of Turbidity vs. Time
Measurements

Turbidity (NTU) *

Condition )
5 min 10 min

Dry 35 10.2 9.2
Dry 25 15.2 14.7
Dry 15 21.8 20.1
Liquid 35 40.4 51.5
Liquid 25 78.3 84.2
Liquid 15 77.0 73.7

Note: 1. Turbidity measurement at 200 sec.

This observed difference between the performantdsyd®AM compared to
liquid PAM was attributed to how the dry granulé$?@&M slowly dissolve during
experimentation. These dry granules of PAM wet&aied once water (i.e. rainfall and
surface runoff) was applied to the test plots.thesrainfall passed over the granules, the
dry PAM treatment was slowly and consistently idtroed into the runoff. The liquid
PAM treatments were sprayed on and ‘distributedhtosoil and were washed away
more quickly. This was observed specifically dgriast 3 and 4 of the liquid PAM
treatment at 25 and 15 Ibs/acre. This effect wagmiied since this research examined
the ‘worse-case scenario’ and did not allow liggiM treatments time to dry after the
initial application. Therefore, the dry PAM proeid long-term protection and enabled
the dry PAM treatments to perform better than iheidl PAM treatments at these
conditions. Liquid PAM that is formed through mmgidry granular with water becomes
activated at this point. Once applied on the $b& PAM molecules will bond with the
soil surface and provided a protective layer. Hasvethe effectiveness of this protective
layer is dependent on two factors: (1) uniform cage and (2) time allotted for drying.

Therefore, since this research focused on a ‘woase-scenario’ for liquid PAM, (i.e. no
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time was allotted for drying), the uniform coveragfghe spray area was the main
controlling factor in the performance of liquid PAMppendix F in this report covers
additional experiments that examined the effedigofid PAM that was allowed to dry

for 48 hours in comparison to the other PAM treatta@resented in this chapter.

4.2.4 Soil Loss

Soil samples, which were representative of the arholieroded soil from each
test plot, were collected from surface runoff evilmee minutes for a total of 560
observations (e.g. 7 conditions x 4 test plotstesfs x 5 observations per test = 560 total
recorded measurements)for all experiments condu@edhples were oven dried and
weighed to determine a soil loss for each experiaiesetup. Figure 4.7(a) illustrates the
average values of eroded soil during an experiraehttation. The control condition and
dry PAM applications experienced an initial surgsediment contained within the
runoff. Following this surge, eroded soil leveth®ved a steady state and remained
relatively constant throughout the four testswads observed that dry PAM treatments
consistently produced levels of sediment that iese than the bare soil. The
application rate of 35 Ibs/acre performed bettantthe 25 and 15 Ibs/acre treatments at
reducing the amount of eroded soil from the pl@#.three liquid PAM treatments
produced levels of eroded soil that were less tharbare soil control, but only during
test 1. Subsequent tests showed that the liquM B&atments had similar soil losses
when compared to the control. However, liquid P&batments were not capable of
producing less eroded soil than dry PAM treatmefrigure 4.7(b) and 4.7(c) display the

amount of eroded soil for both the dry and liquAlMPtreatments, respectively.
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Figure 4.7 Average Soil Loss versus Time.
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Figure 4.8 illustrates the cumulative amount afdexd soil during each 15 minute

when compared to all other treatments. All threthe different application rates of dry

PAM remained constant during an experiment, maimgia relatively consistent level

of protection. The effectiveness of liquid PAMataments during test 1 can be observed

in Figure 4.8. However, subsequent tests showtiediquid PAM treatments produced

guantities of eroded soil comparative to that efc¢bntrol, bringing into question the

effectiveness of liquid PAM’s long term potential.
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Figure 4.8 Average Cumulative Soil Loss vs. Time.

Table 4.14 and Table 4.15 contain the specificasbf average soil loss and
cumulative soil loss for dry and liquid PAM treatm respectively. The dry PAM
treatments, at 35 Ibs/acre, produced on averagegel®ded soil at around 700 to 900
Ibs/acre for each test. Lower application ratesify PAM had higher amounts of
eroded soil measuring around 1,000 Ibs/acre. Hi@AM treatments saw a higher
amount of soil loss, with all treatments producamgounts of soil measuring from around
1,200 to 1,500 Ibs/acre.

Dry PAM 35 Ibs/acre performed the best among oPAM treatments by

reducing soil loss by about 50% for all tests. étpplication rates of dry PAM were
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capable of reducing soil loss with measurementginarfrom 10 to 30% reductions.
Liquid PAM treatments saw a similar reduction of &mss, but only during test 1 (i.e.
first 15 min). Tests 2 through 4 showed that igBAM treatments had no effect on the
amount of eroded soil produced. As was seen withidity results, these differences in
the amount of eroded soil was attributed to theatffeness of the dry granules being
slowly and consistently dissolved and introduced the runoff providing long-term
performance when compared to liquid PAM treatments.

To further analyze the effect PAM treatments haekdticing erosion, the average
recorded amount of eroded soil was compared watbdtresponding runoff sample to
generate ‘percent sediment’, as illustrated in F@gli9(a) and (b) for dry and liquid PAM
treatments, respectively. This percent sedimemtsthe amount of sediment contained
within a runoff sample during the overall experimhdaration when compared to the bare
soil condition. The initial surge of sedimentllsstrated in these figures, and reaches a
steady state around 6 minutes during the first tAstalready stated, dry PAM at 35
Ibs/acre was observed to perform the best, witlectad runoff samples that contained
around 1 to 1.5% of sediment. Dry PAM 25 and H3dbre had sediment levels ranging
from 1.75 to 2.25% sediment, which was still obserto be less than recorded with the
control. However, liquid PAM treatments appeai@tiave no effect at reducing the

percent of sediment contained within the runofthwialues consistent with the control.
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Table 4.14 Average Soil Loss due to Surface Runoff Table 4.15 Average Soil Loss due to Surface Runoff

[Dry PAM] [Liquid PAM]
. Standard . Standard
Condition ?I(t))i /Ié?j:; Deviation ° RE;JEEQ:IC Condition ?I%i /;%?:; Deviation ” R:c?lfzﬁcr)]:] R
(Ibs/acre) (Ibs/acre)
Test1 Test1
Control 1663.8 693.8 - Control 1663.8 693.8 -
Dry 35 798.9 293.5 52.0% Liquid 35 1307.2 3775 21.4%
Dry 25 1048.6 300.6 37.0% Liquid 25 1185.4 230.8 28.8%
Dry 15 1052.8 102.0 36.7% Liquid 15 1276.6 178.0 23.3%
Test 2 Test 2
Control 1210.6 189.7 - Control 1210.6 189.7 -
Dry 35 674.6 262.9 44.3% Liquid 35 1337.9 3229 -10.5%
Dry 25 982.5 175.0 18.8% Liquid 25 1243.6 172.7 -2.7%
Dry 15 1084.0 149.7 10.5% Liquid 15 1284.4 145.9 -6.1%
Test 3 Test 3
Control 1420.7 236.3 - Control 1420.7 236.3 -
Dry 35 740.6 308.2 47.9% Liquid 35 1419.5 256.0 0.1%
Dry 25 1024.5 206.1 27.9% Liquid 25 1390.7 172.0 2.1%
Dry 15 1014.9 117.1 28.6% Liquid 15 1463.3 205.8 -3.0%
Test4 Test4
Control 1506.5 194.0 - Control 1506.5 194.0 -
Dry 35 787.5 334.6 47.7% Liquid 35 1421.9 2335 5.6%
Dry 25 1039.6 204.8 31.0% Liquid 25 1372.7 147.8 8.9%
Dry 15 998.7 92.3 33.7% Liquid 15 1496.9 185.4 0.6%
Notes: ‘a’ Average of eroded soil vs. time for ese$t Notes: ‘a’ Average of eroded soil vs. time for esest
‘b’ Standard deviation for average soil loss iset ‘b’ Standard deviation for average soil loss imet

‘c’ Denotes values normalized by control condition ‘c’ Denotes values normalized by control condition



4.2.4.1 Statistical Analysis: Soil Loss

Continuing the statistical analyses used througttostresearch, ANOVA
procedures with a Tukey-Kramer multiple comparisaese used for the recorded
amounts of soil loss. Statistically significansults are reported in bold in Table 4.16
through Table 4.19.

During test 1, only dry PAM at 35 Ibs/acre produsétistically significant
results when compared in comparison to the cordsolljustrated in Table 4.16. In
addition to being statistically significant to tbentrol, dry PAM at 35 Ibs/acre was
determined to be significant when compared toha#te applications of liquid PAM.

This indicates that dry PAM at 35 Ibs/acre outperied liquid treatments for test 1. As
experimental duration increases through tests 2n@ 4, dry PAM at 25 and 15 Ibs/acre
are observed to be statistically significant. Tdesay in effectiveness observed with dry
PAM 25 and 15 could be attributed to a longer resgutime for treatments to reach
necessary levels of PAM concentrations capablediicing soil loss and sedimentation.
Test plots treated with 35 Ibs/acre of PAM had kiglimounts of PAM applied, resulting
in more product available for reducing erosion sedimentation. Therefore, lower
application rates of PAM required more time to beeactive and provide a level of
effectiveness. Differences were also observeddmtvthe lower rates of dry PAM when
compared to the liquid PAM treatments in laterdestdicating that even the lower rates
of dry PAM were capable of outperforming liquid PANFor all test conducted, no
statistical significance between liquid PAM treattseand the bare soil condition was

observed with respect to soil loss.
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Table 4.16 Tukey-Kramer Multiple Comparisons Table 4.17 Tukey-Kramer Multiple Comparisons

70T

on Average Soil LossTest 1] on Average Soil LossTest 2]
Comparison - by Cl Cl Sig_nificantly Comparison - Cl Cl Sig_nificantly
[LB] [UB] Different ! [LB] [UB] Different
Control vs. Dry 35 386.5 127.1 386.5 Yes Control vs. Dry 35 569.0 352.7 569.0 Yes
Control vs. Dry 25 132.6 -126.8 132.6 No Control vs. Dry 25 159.7 -56.7 159.7 No
Control vs. Dry 15 136.8 -122.6 136.8 No Control vs. Dry 15 261.1 44.8 261.1 Yes
Control vs. Liquid 35 121.8 -137.6 121.8 No Control vs. Liquid 35 94.2 -122.1 94.2 No
Control vs. Liquid 25 91.2 -168.2 91.2 No Control vs. Liquid 25 40.8 -175.5 40.8 No
Control vs. Liquid 15 0.0 -259.5 0.0 No Control vs. Liquid 15 0.0 -216.3 0.0 No
Dry 35 vs. Dry 25 253.9 -5.6 253.9 No Dry 35 vs. Dry 25 409.3 193.0 409.3 Yes
Dry 35 vs. Dry 15 249.7 -9.8 249.7 No Dry 35 vs. Dry 15 307.9 91.6 307.9 Yes
Dry 35 vs. Liquid 35 508.4 248.9 508.4 Yes Dry 35 vs. Liquid 35 663.2 446.9 663.2 Yes
Dry 35 vs. Liquid 25 477.8 218.3 477.8 Yes Dry 35 vs. Liquid 25 609.8 393.5 609.8 Yes
Dry 35 vs. Liquid 15 386.5 127.1 386.5 Yes Dry 35 vs. Liquid 15 569.0 352.7 569.0 Yes
Dry 25 vs. Dry 15 4.2 -255.3 4.2 No Dry 25 vs. Dry 15 101.4  -1149 101.4 No
Dry 25 vs. Liquid 35 254.5 -5.0 254.5 No Dry 25 vs. Liquid 35 253.9 37.5 2539 Yes
Dry 25 vs. Liquid 25 223.9 -35.6 223.9 No Dry 25 vs. Liquid 25 200.5 -15.9 200.5 No
Dry 25 vs. Liquid 15 132.6 -126.8 132.6 No Dry 25 vs. Liquid 15 159.7 -56.7 159.7 No
Dry 15 vs. Liquid 35 258.7 -0.8 258.7 No Dry 15 vs. Liquid 35 355.3 139.0 355.3 Yes
Dry 15 vs. Liquid 25 228.1 -31.4 228.1 No Dry 15 vs. Liquid 25 301.9 85.6 301.9 Yes
Dry 15 vs. Liquid 15 136.8  -122.6 136.8 No Dry 15 vs. Liquid 15 261.1 44.8 261.1 Yes
Liquid 35 vs. Liquid 25 30.6 -228.8 30.6 No Liquid 35 vs. Liquid 25 53.4 -162.9 534 No
Liquid 35 vs. Liquid 15 121.8  -137.6 121.8 No Liquid 35 vs. Liquid 15 94.2 -122.1 94.2 No
Liquid 25 vs. Liquid 15 91.2 -168.2 91.2 No Liquid 25 vs. Liquid 15 40.8 -175.5 40.8 No
Notes: [LB] signifies lower bound of confidencésrval Notes: [LB] signifies lower bound of confidencésrval
[UB] signifies upper bound of confidence interval [UB] signifies upper bound of confidence interval

Qorit = 4.26 Qerit = 4.26
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Table 4.18 Tukey-Kramer Multiple Comparisons

on Average Soil LossTest 3]

Table 4.19 Tukey-Kramer Multiple Comparisons
on Average Soil LossTest 4]

Comparison - by Cl Cl Sig_nificantly

[LB] [UB] Different

Control vs. Dry 35 650.0 421.6 650.0 Yes
Control vs. Dry 25 375.7 147.3 375.7 Yes
Control vs. Dry 15 366.1 137.7 366.1 Yes
Control vs. Liquid 35 28.8 -199.6 28.8 No
Control vs. Liquid 25 72.6 -155.8 72.6 No
Control vs. Liquid 15 0.0 -228.5 0.0 No
Dry 35 vs. Dry 25 274.3 45.8 274.3 Yes
Dry 35 vs. Dry 15 283.9 55.4 283.9 Yes
Dry 35 vs. Liquid 35 678.8 450.4 678.8 Yes
Dry 35 vs. Liquid 25 722.6 494.2 722.6 Yes
Dry 35 vs. Liquid 15 650.0 421.6 650.0 Yes
Dry 25 vs. Dry 15 9.6 -218.8 9.6 No
Dry 25 vs. Liquid 35 404.5 176.1 404.5 Yes
Dry 25 vs. Liquid 25 448.4 219.9 448.4 Yes
Dry 25 vs. Liquid 15 375.7 147.3 375.7 Yes
Dry 15 vs. Liquid 35 394.9 166.5 394.9 Yes
Dry 15 vs. Liquid 25 438.7 210.3 438.7 Yes
Dry 15 vs. Liquid 15 366.1 137.7 366.1 Yes
Liquid 35 vs. Liquid 25 43.8 -184.6 43.8 No
Liquid 35 vs. Liquid 15 28.8 -199.6 28.8 No
Liquid 25 vs. Liquid 15 72.6 -155.8 72.6 No

Comparison - by Cl Cl Sig_nificantly

[LB] [UB] Different

Control vs. Dry 35 585.2 406.8 585.2 Yes
Control vs. Dry 25 373.9 195.6 373.9 Yes
Control vs. Dry 15 333.1 154.7 333.1 Yes
Control vs. Liquid 35 49.2 -129.2 49.2 No
Control vs. Liquid 25 124.2 -54.1 124.2 No
Control vs. Liquid 15 0.0 -178.4 0.0 No
Dry 35 vs. Dry 25 211.3 32.9 211.3 Yes
Dry 35 vs. Dry 15 252.1 73.7 252.1 Yes
Dry 35 vs. Liquid 35 634.4 456.0 634.4 Yes
Dry 35 vs. Liquid 25 709.4 531.1 709.4 Yes
Dry 35 vs. Liquid 15 585.2 406.8 585.2 Yes
Dry 25 vs. Dry 15 40.8 -137.6 40.8 No
Dry 25 vs. Liquid 35 423.1 244.8 423.1 Yes
Dry 25 vs. Liquid 25 498.2 319.8 498.2 Yes
Dry 25 vs. Liquid 15 373.9 195.6 373.9 Yes
Dry 15 vs. Liquid 35 382.3 204.0 382.3 Yes
Dry 15 vs. Liquid 25 457.4 279.0 457.4 Yes
Dry 15 vs. Liquid 15 3331 154.7 3331 Yes
Liquid 35 vs. Liquid 25 75.0 -103.3 75.0 No
Liquid 35 vs. Liquid 15 49.2 -129.2 49.2 No
Liquid 25 vs. Liquid 15 124.2 -54.1 124.2 No

Notes: [LB] signifies lower bound of confidencésrval

[UB] signifies upper bound of confidence interval

Qerit = 4.26

Notes: [LB] signifies lower bound of confidencésrval

[UB] signifies upper bound of confidence interval

Qerit = 4.26



4.2.5 Soil Particle Size

As stated in Section 3.4.1, a particle size analsis conducted on the soil prior
to experimentation. These recorded data were disedg the analysis and identification
procedures, in addition to comparison with soiltiskes transported during runoff. This
allowed researchers to observe any differenceariticfe size between the initial soil and
soil transported by runoff. Therefore, samplesaf contained within the runoff were
taken and resulting particle sizes were determiridtese samples of runoff soil were
obtained from the oven dried soil used for detemngmuantities of eroded soil. Figure
4.10(a) illustrates particle size distribution fbe initial soil, prior to experimentation
(i.e. stock pile soil), and soil contained in th@off generated during testing. Figure
4.10(b) and 4.10(c) show patrticles sizes that wletermined for dry and liquid PAM
treatments, respectively. As seen in Figure 4t contained within the runoff was
smaller in size when compared to the stock pile sthis was expected, because smaller
particles could be more easily detached and tratexpby runoff. However, there was
no appreciable difference observed between PAMmreats and resulting particle sizes,

as all recorded patrticle distributions producedisinvalues and curves.
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Figure 4.10 Average Patrticle Size Distribution oStock Pile Soil and Surface Runoff.

4.2.6 Initial Turbidity vs. Soil Loss

To determine if any relationship existed betweenatherage recorded initial
turbidity and average measured soil loss, values wietted together, as demonstrated in
Figure 4.11. Initially, it appears that turbidégd soil loss may be linearly related, but
distinct groupings of data pertaining to individtr@atments were observed. The control
condition, with high levels and turbidity and largeounts of eroded soil appear together
on the right side of the graph. Conversely, dryvPa& 35 Ibs/acre, with recorded low
turbidity levels and low soil loss appear on tHe I& his relationship could be used as a

method to determine which treatment was most e¥iectt reducing turbidity and soll
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loss. Therefore, it was observed that dry PAMml3/acre was the most effective
treatments for reducing erosion and sedimentat@iiner application rates and

treatments can be seen in their respective growglationship to turbidity and soil loss.
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Figure 4.11 Average Initial Turbidity vs. AverageEroded Soil.

4.3 SUMMARY

Data collected from experimentation provided resd®ars information that was
used to evaluate which PAM treatments and applinatites were most effective at
reducing erosion and sedimentation for this paictest soil. Data that were collected
included: (1) surface runoff, (2) initial turbidjt{3) turbidity versus time, (4) soil loss,
and (5) particle size distribution. ANOVA procedswere conducted on the data to
assist in determining the effect different treattadrad and if any statistical significant
results were observed.

Runoff samples were collected every minute fofall rain events simulated.
These samples were measured to determine voluswefaice runoff generated by the

rainfall. A total of 1,680 runoff samples werelected and measured during all 14
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experiments. Following an ANOVA analysis, it watetmined that PAM treatment had
no significant results on the amount of runoff geed.

An initial turbidity reading was measured from eaémunoff sample collected
every minute. Samples were stirred to reflectred@mn of runoff as it immediately left
a test plot. This produced a total of 1,680 measents for initial turbidity. When this
data was observed, dry PAM at 35 Ibs/acre perfortinedbest in reducing turbidity, with
calculated reduction of 97% from the control. ilditurbidity readings were observed to
increase as the PAM treatment’s application raéesesed. Liquid PAM applied at 25
and 15 Ibs/acres noticed increases in turbidityndutest 4, indicating these treatments
were losing their effectiveness.

In addition to recording an initial turbidity, spias were collected from each test
at 5 and 10 minutes to measure turbidity over tiffibis provided researchers with data
that showed how treatments performed in reducingdity over time. All PAM
treatments were observed to reduce the time retjtoraurbidity to decrease when
compared to the control, which after 10 minutes touabidity levels recorded around 500
NTUs. As seen with the initial turbidity recordmdiquid PAM 25 and 15 Ibs/acre
effectiveness over time also began to decline duest 3 and test 4.

Soil samples were collected every 3 minutes franfase runoff to determine an
amount of eroded soil from the test plots. Rumdt filtered and oven dried for 24
hours to show soil loss from each test plot. Altof&60 samples were collected and
weighed to determine the eroded soils. Researchserved that dry PAM at 35 Ibs/acre

was most effective at reducing soil loss, by 50%guid PAM treatments were only
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capable of reducing soil loss during the first,testh PAM in subsequent tests
performing similarly to the control.

The soil samples which were collected to deterrenogled soil were also
analyzed to determine particle size distributidimis was compared with previous
analyses conducting during the soil classificapoocedures. Researchers observed that
surface runoff contained soil particles that atl lsamilar distributions, which were
recorded to be smaller than the stock pile soiictvivas recorded earlier. Additionally,
no observable difference in particle size distitmg existed between PAM treatments
when compared to each other.

Overall, it was observed that dry PAM at the reocmanded application rate of 35
Ibs/acre performed the best for reducing erosiehsauimentation. This was observed
when analyzing recorded turbidity measurementstiamaveight of eroded soil

transported from each test plots by the surfaceffun
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1 INTRODUCTION

Research presented in this report focused on evaduhe effectiveness of anionic
polyacrylamide (PAM) as a temporary erosion contnebsure. Experiments were
established to simulate conditions representatietgpical compacted highway
embankments with a fill slope of 3:1. The firstkanf this research focused on
examining the previous experimental proceduresbéskeed previously by Halverson
(2006) and McDonald (2007) and making necessaryifroations to improve methods
for conducting erosion control experiments. Thasanges reflected researchers’ goal to:
(1) design and develop a testing apparatus thhalalw for an efficient experimental
setup and to achieve reproducible results, (2)gtemnd construct a rainfall simulator
that can model realistic rainfall events, and @yelop a unified testing methodology to
obtain reproducible results for the comparisonligb@ssible experiments pertaining to
erosion and sediment control best management peadtB MPS).

The second component of this research uses thieditglst procedures developed
to evaluate the effectiveness of anionic PAM asrasion control measure. Specific

objectives established were to use the newly deeeldesting procedures to: (1) test
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various application rates of dry and liquid PAMaaserosion control measure on 3:1
slopes and (2) compare experimental results toigeegwroduct recommendations for use

of PAM on highway construction sites.

5.2 INTERMEDIATE-SCALE METHODS AND PROCEDURES

A new facility was constructed at the National @erfibr Asphalt Technology
(NCAT) Test Facility for conducting research onssom and sediment control BMPs. A
set of new intermediate-scale test boxes were rarst to streamline the original
process that can enable researchers to setup addate@xperiments faster. Overall size
of each test plot was reduced and measured appaitelyr®? ft (0.61 m) wide, 4 ft (1.2 m)
long, and a depth of 2 in (5.08 cm) compacteddet

Runoff was generated using a newly developed rhsifaulator, designed to
address deficiencies identified in previous redeatmprovements include: (1)
eliminating overlapping spray areas, (2) maintajranconstant water pressure, and (3)
developing a more efficient method to shutoff siatedl rainfall. Overlapping spray
areas were eliminated through designing a one-aoanhfall simulator with a uniform
spray area. Uniformity was verified using the Gtiain Uniformity Coefficient and
determined that the area consisting of two tedsohieved a uniformity ranging
between 84% and 88%. Water pressure within tigalhsimulator was controlled using
a pressure regulator, which allowed researchessriolate different rain events,
depending on the internal pressure achieved. liFjreabolenoid valve was added to the
design, so water flow in the system could be stdppeeventing any additional water

falling on test plots at the conclusion of a test.
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The rainfall simulator was set-up to simulate arstevent common to Alabama
and was divided into four separate ‘tests’, whiobdpiced approximately 1.10 in. of
rainfall, individually. This amount of rainfall aaides with the Alabama Department of
Transportation’s (ALDOT) inspection guidelines ts&dte that any erosion and sediment
control device shall be inspected following an awuolated amount of rainfall measuring
0.75in. In between each rain event, 15 minuteksevere observed for data collection.
The selected rain regime allowed researches tyzm#te long-term effectiveness of
PAM using a 2-year, 24 hour storm event that preduotal rainfall amount of 4.4 in. as
experienced in Montgomery, AL.

Additional modifications in experiment preparatiocluded a new method to
compact test soil to the required rate of 95% stabdished by ALDOT standard
specifications. It was determined that using htamdps on the test soil, with an OMC of
15%, would achieve the required rate of compadoornhe test soil. A turbidity meter
was used to record turbidity and could be usedchdugkperimentation, rather than
collecting samples and measuring turbidity at erldate. The data collected for this
research included the mass of surface runoff anitfeasize distribution for each
experiment.

Procedures developed for intermediate-scale expatsrallowed researchers to
conduct a greater number of experiments and proldwnge quantities of data for
analysis. One control and six different PAM treaits (i.e. dry and liquid PAM at 35,
25, and 15 Ibs/acre) conditions were examined.hBae of these experiments was

replicated to provide the means for evaluatingdtfiectiveness of experimental
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procedures by examining the results for reprodedilasita and validating these new

experimental procedures.

5.3 DRY AND LIQUID PAM EROSION CONTROL

Fourteen experiments were conducted to examindiffeyent PAM treatment
methods at three application rates (i.e. 35, 28,1&nlbs/acre). PAM treated test plots
were compared with a bare soil control conditi@ata that was collected from these
experiments included: (1) surface runoff volume arass, (2) initial turbidity, (3)
turbidity versus time, (4) soil loss, and (5) paldisize distribution.

An initial turbidity reading was measured from eaémunoff sample that was
collected every minute. Samples were stirred flecea condition of runoff as if it had
immediately left a test plot. It was observed thgtPAM at 35 Ibs/acre performed the
best in reducing turbidity, with a calculated reiilut of 97% from the control. Initial
turbidity readings were observed to increase aP#id treatment’s application rates
decreased. At a point between test 3 and test 440 minutes into an experiment),
liquid PAM applied at 25 and 15 Ibs/acre begaroselits effectiveness in reducing
initial turbidity levels.

Additional samples were collected from each téStand 10 minutes to measure
turbidity over time. All PAM treatments were obged to reduce the time required for
turbidity to decrease when compared to the contrbich after 10 minutes had turbidity
levels recorded around 500 NTUs. As seen withrthial turbidity recordings, liquid
PAM 25 and 15 Ibs/acre effectiveness over time bésggan to wear off during test 3 and

test 4. Dry PAM at 35 Ibs/acre reached EPA'’s psegoeffluent turbidity requirement of
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13 NTU within 20 seconds of measurements. Dry P#MS5 Ibs/acre also reached this
limit at 3 minutes, 20 seconds.

Runoff was filtered and oven dried for 24 hourgit@antify soil loss from each
test plot, every 3 minutes. Researchers obsehatdity PAM at 35 Ibs/acre was
effective in reducing soil loss by 50%. Dry PAM2& and 15 Ibs/acre, on average,
reduced solil loss by 28.7% and 27.4%, respectiveiguid PAM treatments were only
capable of reducing soil loss during the first testh subsequent tests performing poorly
with results similar to the control. This indicatiat liquid PAM was incapable of
performing consistently over a long period.

The soil samples collected were analyzed to detertheir particle size
distribution. Researchers observed that all thfase runoff had similar distributions,
which contained smaller particle sizes when congp&rehe stock pile soil distribution.
Additionally, no observable difference in partisiee distributions occurred between
PAM treatments when compared to each other.

The results from this research suggest that dmyuyea PAM could perform as an
effective erosion and sediment control technolegyen applied at the recommended
application rate. PAM formulations are very spedfic and laboratory test must be
conducted to determine which formula of PAM wilkfoem the best for a given
construction site. These additional tests arellyspeovided at no additional cost and
will provide contractors with the correct type Al product for use, with the
recommended application rates required. Howewk] B rarely used alone and this
research has shown that long-term exposure toathwl inhibits the product’s
effectiveness over time. By using PAM in conjuantivith other erosion and sediment
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control technologies (i.e. erosion control blanketslching, etc) would provide the most
ideal protection against NPS pollution.

Test plots treated with dry PAM in this researcindastrated that the amount of
erosion could be significantly reduced from condinn sites with 3:1 compacted file
slopes. However, liquid PAM applied did not penfioas well when compared to dry
PAM. Liquid PAM will only performed effective whethe spray coverage is 100%
uniform. So the effectiveness of liquid PAM applions is dependent on the quality of
applications. Evaluating the turbidity resultsicaded that both PAM treated test plots
were effective in reducing sedimentation in theoffirwith dry PAM at the
recommended rate performing the best. This wabuaittd to how dry PAM granules
perform over long periods of time and the way PANhitroduced slowly and

consistently into the runoff.

5.4 RECOMMENDED FUTURE RESEARCH

Results presented in this report show that PAMpEform as an effective means
in reducing erosion and sedimentation caused bynsed laden runoff. However, PAM
is rarely ever used on its own and is more commaséd in conjunction with additional
erosion and sediment control BMPs. Thereforehtrtesearch should be conducted to
examine how the addition of PAM could potential hoye existing technologies, such as
erosion control blankets (ECBS).

Also, the work conducted during this research éffepresents intermediate-scale
test plots. It would be beneficial if the perfomsa of PAM was documented under

field-scale conditions to validate the intermedistale procedures discussed. Also,
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field-scale experiments could provide additionalutes to develop recommendations for
actual practice. Large-scale test plots could bésased to further the research
conducted on ECBs, with and without the additioAM. With advantages of
conducting experiments at both scales (i.e. intdrate and field), any erosion and
sediment control technology could be analyzed thginty and performance

recommendations could be made for use in practice.
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APPENDIX A

MANUFACTURER'’S SPECIFICATIONS FOR

RAINFALL SIMULATOR COMPONENTS
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(i) NORGREN R43
» Water and Compressed Air Service Pressure
Regulator 1/4", 3/8" and 1/2" Port Sizes

® Non-relieving models
@ Brass body, corrosion resistant construction d_—_'.""ﬂ

® Balanced valve minimizes effects of inlet pressure
variations on outlet pressure

@ T-bar adjustment standard, nonrising knob
adjustment optional

@ Full flow gauge ports can be used as auxiliary outlets
® Panel mounting nut standard

® Can be disassembled without the use of tools or
removal from the air or water line.

Ordering Information. Mecdels Iisted have Thandle adjustmen:, & to 125 psig (0.3 to B.5 bar) outiet pressure adjustment range®, and FTF
threzds. A gauge s not included

Port Model Flow! L5, gpm (Ipm) Weight Ib (ka)
1y R43-2071-NNLA G (23] 2.4 {1.08)
ale’ R43-201-NNLA B (23] 2.4 (1.09)
12" R43-406-NNLA 2 (34) 2.4 (1.09)
Alternative Models R[A]3] - *[*[* - *[*[*[*]
Port Size Substituts A | Threads Substint
14" H FTF A
38" 3 150 R taper B
142" 4 150G parallel G
Adjustment Substitute Outlet Pressure Adjustment Range®|  Substinote
Knob [} 5 o 60 prsiqg 0.3 b0 3.5 har) E
T-handle with 1/4"and 38" ports i E b 125 psig (0.3 to BL6 har) L
T-handle with 172" ports 06 15 to 250 psig (1 to 17 bar) 5
Gauges Substitute
[ Diaphragm [ Substinte | Vith 5
[ Non relieving | N | Withaut N
" Custiet pressUTe can De adpuslEd 1 pressuras In exosss Of, and REE than, hose + Typlcal fo witn 150 p=8g (90 bary fiet preesure, 90 psig (5.3 bar} sat pragsune
speciizd Do nof use Brese unils to control pressures outelde of the speciizd and 5 pelig (1 bar) droop from st
ranges
IS0 Symbols
=
- I_..._.I._
[ See Section ALE-25 for Accessories
Mon relieving
ALEE10 (Y NORGREN Lo, CO USA Phone 303-T04.2811 Fax 203-795-2457

Pressure Regulator
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General Ser\ﬂce Solenold Valves

ASCA ce

Red-la

F‘I ;-I. \L'\-'II.'ll. 'LI

Features

# ‘Wide range of pressure ratings, sizes, and resilient
materials provide long service life and low
intermal leakage

# High Flow Yalves for liquid, corrosive, and airfinert
gas service

# |ndustrial applications include:

- Car wash - Laundry equipment

- Air comprassors - Industrial water contral

- Pumps
Construction

Valve Parts in Contact with Fluids

Body Brass 304 Stainless Steal
Seals and Discs NER or FTFE
Dise-Holdar PA
Care Tube 305 Stainlass Stesl
Core and Plagnut JUF Stainless Stal
Springs 02 Stainless Steal
Shading Cail Copper Sitvar
Electrical

Watt Rating and Power

Consumption Spare Coil Part Humbar
‘;‘:ﬁiﬂs AC General Purpose | Explosionprood
Classof | DC VA VA
Insulation | Waits | Watis |Holding | Inrush | AC D AC i+
F - 61 18 40 (23O - | R4 -
F 116 | 104 25 T | 238E10( 236710 | 238814 | 2236714
F 68 | 161 | a5 180 | Zv2610| Ovely | 2726i4 | Ovei7
F - 174 40 W [2aeEd0| - a4 -
F = 20 43 240 | Bo2s = [ 7
F - | and 48 240 |m2Ein| - | ETaei4 -
H 06| - - - - 74074 - 74073
H 406 o - | 23ea - | 23eai4

Standard Voltages: 24, 120, 240, 480 volts AC, &0 Hz (or 110, 220 vaolts AC, 50
Hz). 6,12, 24, 120, 240 valts DC. Must ba spacified whan ordering,
Othar voltages available whan raquired.

Solenoid Enclosures

Standard: RedHat || - Watertight, Types 1, 2, 3, 35, 4, and 4X; RedHat - Type |.
Optional: RedHat 11 - Explogionproof and Watertight, Types 3, 35, 4, 4%, 6, 6F,
7, and 9; Red-Hat - Bxplosionproof and Watertight, Tvpes 3, 4, 4,7, and 8.
{To order, acld prefix “EF" to catalog number, excapt Catalog Numbers 82108057,
B210B058, and 82108089, which are not available with Explosionprocf enclosures.)
See Optional Features Secfion for other avallable opfions.

NN

MNominal Ambient Temp. Ranges

RedHat 11/

RedHat  AC: 32°Fto 125°Fi0°C to 52°0)

RedHat Il DC: 32°F to 104°F (0°C to 40°C)

RedHat  DC: 32°F to 77°F i0°C to 25°C)
(104°F40°C oosasionally)

Refer to Engineenng Section for defaiis

Approvals
CSA cartified. RedHat 11 meets applicable CE directives.
Refer fo Engineenng Section for defails.

Solenoid Valve (a)

125




Specifications (English units)

Wil Rating/

dperating Presswe Dereitil peli Wiz, Fuld Chiss un:n!il
ripa | ormer | ov Max. AC Miz. DG Temp. F Eraz Boly Slalnlss Seel Body Inzulation =
ilm | Sie | Ao MEnerl Light 0l @ | Air-tnert ‘lemu@ | Calaloy | Gosl. | Uw | calalg | Cond. | e |
g | ime.) | Faelor || Gas | waler | 00530 | Ges | Waler | 3M05SU | AC | DE Numbsr Rel.@ | Ugtng | Wumber | Rel.o | ugtng | AC | DC
MORMALLY CLOSED (Chozed whes de-enengized, HER of PTFE @ Seatlng
M| W [ 15 [o | 1@ [ 15 - 40 40 - DEIEEEER G O EEEE ® |G&IF[11&F
L] 59 2 0 18] 160 - 40 4 - 180 [ 150 [ EX1DG0 Y [E] - - - 1A 11EF
EREE 7 [ &8 | 2w [ 18 136 126 100 100 MEIEEE &0 5] - - [EWF[11EF
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FULL CONE NOZZLES

[ 2L

Small Capacity

Fﬂlyfﬁ Spray Nozzles « Wide Angle Square Spray

‘ " DESIGN FEATURES

Wide angla square spray FullJet
nozzles feature a solid cone-
shaped spray pattern with a
square impact area and spray
anglos of 937 to 1107,

Their uniform spray distribution
of madium to large drops is

One-piece body
1/4-1/2° NPT or BSPT (M)

" PERFORMANCE DATA

the result of the unique FullJet
nozzle vane dasign, exacting
intamal proportions, and praci-
sion machining. The nozzles are
ideal for installations requiring
uniform coverage of rectangular
and/or squara areas.

Nozde it .
et | o | Oe | M i el s
i | e | pR | e
s " Wi W mb o8 3B pd s M i |6 AR m
14 14V50 417 ik 1.0 1.2 1.4 13 13 23 4 31 5 @° 1o &
17TWs0 Ry ik 13 1.5 1.7 2.0 23 28 al ar 42 @° 101 o
3 AWS0 A7 Ni-ES 15 1.7 20 24 .7 a2 a1 4.4 50 o8 1o L
2450 et Bi-ts 1.8 21 24 249 33 23 4.4 53 6.0 o 1o 94
2ZIWs0n 203" g 20 23 27 32 a7 4.4 5.0 59 i o 1o -2
AWSIL 218 Jlog 22 26 an a6 41 44 55 6.8 18 104 1os 1ot
WS 23¥ .Jas 2.8 3.0 ah 4.2 48 a7 .4 1.7 8.7 o4 1o oo
12 JWS0 2507 Bl an 34 40 4.4 5.4 65 7.4 Be o4 104+ 1o oz
45WSIL el 1 g4 33 a3 45 54 8.1 73 8.3 R} 1n.z 104 1os 102t
SIWS0 268" 156 a7 43 50 G k] al 3.2 1.0 125 | 104 noe 102
* Foreign matte rwith maximum diameter as listed can pass through nozzle without dogging
"DIMENSIONS & WEIGHTS 'DHDEIIIHG iNFo " MATERIALS
HH-WSQ Mozzla STANDARD SPRAY NOZZLE Materi Matarial | Nozzle Typa
Inlet Conn. ; Net Matarial o
OO | e | T | e | gy s 14wsQ =
I BSPT (M) - Brass {nona) .
::—j 4 29037 173z 1/202. In!H Mezde  Matanal  Copaciy Sk SI?QI ; .
% 308 1316 2z S Conn. Type Lade i 303 Sta?nless Steal 55 L]
" e 13 1202 316 Stainless Steel | 31653 .
Pabyviryl Chloride PYC L]

Eased on largesiheaviest versdan of each type

Other materials available upon request

Rainfall Simulator Nozzle
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TIMATED M.V.D. PARTICLE SIZE=-(MICRONS)=-FUR STANDARD S5O PARTICLE |COMPARATI |
e . SIZE WANGE| SUBJECT
(Nozzles spraving water at 13 PSIG at room temperature under laberatory conditions) (MICRONS ™
MEDIAN FARTICLE
VOLUME SIZE (SECONDS)
20 40 60 100 200 300 400 600 BOO 1000 2000 300 4000
| | | 1] | | [ 5000 9.85
T T T T T T T T ko Heawvy
2000 Rain c.9
2000 . 0.9
WHIRLJET . o la P - to llan_e.".se
dan
Ses 5| 5 (10 |20| 30 40 60 120 1000 1.1
“tlgc' Moderate L
15 -0 & & & Rain
@ s1zes 010206 10 |20 MO 500 1.6
- 1
5 226 Light 1.6
= in
s 100 Rads 11
E 50 o —o—» -
- SIZES | 0102 06 10 20 40 70 o0 ) 11
@ | Misty
w | te Rain .
w 50 Eil
H a8 -~ »
sees oifoz0610 |20 40 70 50 et an
to R
L 10 Fog 1020
FULLJET *— e, .
stzes " T@162 c5G10/G25 Ha.2 10 e 1020
i H to e
For
|- 1/44 2.0 N 25400
} -
= AR d /24 e 1.0 Suscended®*
ATOMIZING | - 1J - te Fumes
MOZZLES ! .ol in air
.0l Smoke Suspended*®
to B
L0010 in air
#.V.D. particle size data is based on volumetric measurements where 50%
of the liquid sprayed 1s in drops smaller than the given number and S0% Below Molecular
of the liguid is in drops larger than the given number. .00 Dimens ions -
EXAMPLE: To determine the approximate M.V.D. of a Oata is based o spraying water under Cne Micron = L/25400 of an inch
5010 Veejet Nozzle: Inbortory condations using Spraying 25.4 Microns = 001" {one thousandth of an inch}
1. Find 50%-geries line for veejets. Systens Co. Imaging Partichs Anatyze. 1000 Micreng = 1 millimeter
E' Lacate--10 po?txon..m o.f dats. **Below 0.1 microns, particles are suspended in air
2. Read the particle diameter directly from the scale above. due to molecular shock (Brownian Moticn}
mnswer: 940 Microns {approx.} DESCRIPTION
"hirx Atcm‘_z:.ngrf?zzle particle size ranges shown are generalized only. COMPARATIVE PARTICLE SIZE SPRAYIHG SYSTEMS cl].
for more specific information, please write Wneaton. DATA FOR SSCO SPRAY NOZILES a?‘-'m “‘WM
AND
RAIN DROP PARTICLE SIZE TAE. NORTH AVENUE AT SCHMALE ROAD WHEATON, ILL.
{10 F.5.1.0 DR.BY = S, DWG. NO.
oATE  1Q/29/B1 1391 1_2
5.8

Raindrop Sizes



APPENDIX B
RAINFALL INTENSITY-DURATION-FREQUENCY CURVES

FOR ALABAMA.
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RAINFALL INTENSITY 18 INCHES PER HOUR
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IDF Curves for Alabama
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APPENDIX C
MANUFACTURER’S SPECIFICATIONS FOR EQUIPMENT

USED DURING EXPERIMENTATION
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MARUYAMA TRUE COMMERICAL OUTDOOR POWER EQUIPMENT

COMPACT POWER SPRAYERS
LOW PRESSURE EXTREME-DUTY

1. Driven by commercial-grade, high performance, Tow
weight engines. 2. The superior quality, positive
displacement duplex piston pump provides remarkable
performance and extreme durability, up to 1.9 gallons
per minute volume at 356 psi. 3. A wide variety of
opticnal nozzles, wands, extensigns, gquns  and
booms offer extracrdinary flexibility and productivity.
4. Compact, highly portable designs. 6. Five year
commercial warranty.

MARUYAMA
[T=T=1a"

| W=
COMMERIA
SPECIFICATIONS
HODEL W58 74 MSB7 2EH
ENGINE Maruyama Honda
DISPLACEMENT (cc) 2.5 25.0
APPROX. WEIBHT (1bs) 18.7 18.3
TANK CAPACITY (gall 6.1

PUMP TYPE

duplex piston

duplex piston

MAXINMUM NOLUME (gpm) 1B 1B

PRESSURE (psi) 356 356
TRARSPORT backpack barrel-top
AGITATION Tiquid bypass liguid bypass

COMMERCTAL WARRANTY 5 year 5 year
STANDARD ACCESSCRY dual head nozzle U2ZL gun
AA, Maruyama, extraocdinary.
MARUYAMA D.S5., INC. | DENTONK, TEXAS | PH S948.3B3.7488 | FE 948.383.7466
EMAIL MARUYAMAGHARUYAMA-US COM | WHW MARUYAMA-US . COM
Backpack Sprayer
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L AINARITE

ANALITE NEP160
TURBIDITY METER
for Field and Laboratory Applications

The ANALITE NEP1G0 is a truly portahie turbidity meter. Readings are taken by simply inserting the prohe into
the steam or media to get an immediate result truly representative of the turbidity level at that point and tima.

It allows for easy and fast multiple readings at a site o ascertain the real turbidity profile of a stream or water
body.

The ANALITE 160 turbidity meter allows the user to set up measurement parameters through a user-friendly
menu system displayed on the in-built 2 ling alphanumeric display.

Three probes are currentdy availahie to suit the ANALITE NEP160 display unit, the NEPZE0 (ISCT0ZT to

3, 000NTU), NEP280 (refro-scatter to 30,000NTU) and the high temperature rated NEP225 (refro-scatier to
30,000NTLY. Other probes may be added {o the range from time fo time. The prohes have a depth rating of
100 meters and the display unit is IPG5 rated.

All ANALITE NEP160 compliant probes are “hot swappable” and contain their calibration data in the probe
proper therehby avaoiding the need to calibrate every time another probe is connected. The NEP180 {and its
probes) comes supplied precalibrated howsaver the user can calibrate a probe at any tima using the simple
menu driven interface. Both 2 and 3 point calibrations can be preformed.

Measuremenis can be read directly from the display at any time or downloaded to a computar’printer through
the R3232 output at user selectable periodic intervals.

The ANALITE NEP160 will power up automatically to its last settings whenever external power is applied
making it ideal for logging applications when using the analogus output or RS232 port.

The NEP160 comes complate in a convenient carry case. The camy case can accommaodate a probe with a
cable length of up fo 10 meters, an ac adapier, the display unit, the RS232 cabling and the User Manual.

Turbidity Meter (a)
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Amag_hg.peﬁcﬁ:

Resolubon
Diata Logging:

Motepad:

4

Setup Memony:
aLp:

Analogue Output:

Power:

0tz 30,000MTU (3,000MTU Emét on
MNEF260, 90° probe) over four ranges
automatically determined.

2 line, 16-character dof matrix
alphanumeric liquid crysial display.
Turbidity (WTU) - default

Relative Turbidity Reference (NTLU)
Relative Turbidity REL (Turbidity - Retative
Turbidity Reference)

DatelTime - default

Updated approximately every 1 second.
0.5 second or § seconds nominal —user
selectable.

1 <01 {0 20NTU

=1 1o 200NTU

=10 to 2,000MTU

=100 to 20, 000MNTU

DO2NTU

0ANTU

TNTU

10NTU

2% + 1 digit on afl ranges.

User set for one reading every 1to 50
seconds or minutes. All readings stored in
the Motepad.

100 readings each with time and date.
Menu driven, including:

— Calibration

—Automatic Logging
—Analogue Output range selection

— Reference Turbidity value

— Seffing date and fime.

Mon volatile EEPROM.

Calendar clock displays date and time.
Good Laboratory Practice. Al readings as
well as calibralion constants are stored
together with the Time and Cate and can
be recalled at any fime.

0 — 2 volts full scale comesponding to preset
measurement rmnge.

Output impedance 600 ohms nominal.
Internal:  6Y NiMH rechargeable battery.
External: 10 1o 16Y dc, 400mA max.
incl. NiMH Charge curmrent. External power
connection is via jack plug male with 2_.5mm
pin. Cenfre pin is NEGATIVE polarity.
Autornatic power down perating from
battenes after approx. 5 minutes may

be selected. Automatic power up when
powered externally.
Continuous operation of at least 5 hours on
a fully charged battery.

For normal intermittent operation a full

charge may last several days.
Low battery indication prior fo shut down.

Turbidity Meter (b)

Eo S R R ST

Ordenng Info:

MNEP160-1-05R
MEF160-2-05R:
MNEP160-3-05R

NEP160R
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Operating Tema':

Inbuilt LCC, anafogue output and RS232
port.

The RS232 port can output readings on
request or at preset intervals of time from
1 to 99 seconds or minutes. The Motepad
memory can aizo be downloaded on
request.

4800 baud rate, 8 bits, no parity, 1 stop bit,
Xonl¥off protocol.

187mm x 110mm x 5Tmm (display unit).
238mm x 32mm dia (probes inc gland).

Display Unit 0.5kg.

180° Probe 0.4kg with Sm lead.
&0° Probe 0 4kg with Sm lead.
0" to 50°C. Operating

-10° to 80°C Storage

0 to 90% R.H. operating
PS5 with all connectors sealed with

dust caps (supplied) or probe properly
connected and dust caps on remaining two
conneciors.

100 meters water column.

MEP160 with NEP280 - 180° general
purpose probe.

MEP160 with NEP285 - 180° hi-temp
prode.

MEP160 with NEP260 - 1507027 90°
probe.

Deplay unit onby.

All probes are suppled with 5 meters of
cable unless otherwise indicated at ime of

Specitcabons subject to change witioet nolice.
Rile: MEF 50 Series Brochure Mar 2004 Indd



APPENDIX D

EXPERIMENTAL RESULTS
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Experiment: Control (1)
Treatment: Bare Soil

Date: 9/28/08
Exp#: 1

Left Test Plots

Right Test Plots

(b) 15 min

(d) 15 min

(e) 30 min (f) 45 min

(i) 60 min

(g) 30 min

(j) 60 min

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Control (1) Date: 9/28/08
Treatment: Bare Soll Exp #:1
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(c) Runoff Mass (d) Cumulative Runoff Mass

Surface Runoff Measurements vs. Time.
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Surface Runoff Initial Turbidity vs. Time.
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Experiment: Control (1)
Treatment: Bare Soil

Date: 9/28/08
Exp#: 1

4000

TR Lot
35004 —8-TR1 - Right
—&—TR2- Left
3000 g TR2 - Right
——TR3- Left
3 —8—TR3 - Right
2500 \ —5-TR4- Left
t\l 2000_\\ —&—TR4 - Right
1500 \
10001 AN
500 1
0

0 1 2 3 4 5 6 7 8 9
Time (min)

(a) Turbidity vs. Time at 5 Minutes
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Y 2000 —&— TR4 - Right
g 1500
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(b) Turbidity vs. Time at 10 Minutes

Turbidity vs. Time for Samples Collected at 5 and @ Minutes.
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Experiment: Control (2)
Treatment: Bare Soil

Date: 10/03/08
Exp #: 2

Left Test Plots

Right Test Plots

(b) 15 min

(c) Initial

Photograph
Not Available

(i) 60 min

(9) 30 min (h) 45 min

Photograph
Not Available

(j) 60 min

Photographs Documenting Test Plot Conditions durindgexperimentation
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Experiment: Control (2)

Date: 10/03/08

(c) Runoff Mass

Turbitity (NTU)

Treatment: Bare Soll Exp #: 2
25 30
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(d) Cumulative Runoff Mass

Surface Runoff Measurements vs. Time.
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Surface Runoff Initial Turbidity vs. Time.
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Experiment: Control (2)
Treatment: Bare Soil

Date: 10/03/08
Exp #: 2
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Experiment: Dry PAM 35 (1) Date: 10/13/08
Treatment: 35 Ibs/acre Exp #: 3

Left Test Plots Right Test Plots

(c) Initial

(d) 15 min

(e) 30 min (h) 45 min

(i) 60 min (j) 60 min

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Dry PAM 35 (1)
Treatment: 35 Ibs/acre

Date: 10/13/08
Exp #: 3
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Experiment: Dry PAM 35 (1) Date: 10/13/08

Treatment: 35 lbs/acre Exp #: 3
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Experiment: Dry PAM 35 (2) Date: 10/17/08
Treatment: 35 Ibs/acre Exp #: 4

Left Test Plots Right Test Plots

(d) 15 min

(h) 45 min

(i) 60 min (j) 60 min

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Dry PAM 35 (2)

Date: 10/17/08

Treatment: 35 Ibs/acre Exp #: 4
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Experiment: Dry PAM 35 (2)
Treatment: 35 Ibs/acre

Date: 10/17/08
Exp #:. 4

Turbidity (NTU)

Soil Loss (g)
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(b) Cumulative Soil Loss vs. Time
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Experiment: Dry PAM 15 (1) Date: 10/20/08
Treatment: 15 Ibs/acre Exp #:5

Left Test Plots Right Test Plots

(c) Initial (d) 15 min

(i) 60 min (j) 60 min

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Dry PAM 15 (1) Date: 10/20/08
Treatment: 15 Ibs/acre Exp #:5
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Experiment: Dry PAM 15 (1) Date: 10/20/08
Treatment: 15 Ibs/acre Exp #:5
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Soil Loss (g)
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Experiment: Dry PAM 15 (2)
Treatment: 15 Ibs/acre

Date: 10/22/08
Exp #: 6

Left Test Plots

Right Test Plots

Photograph Photograph
Not Available Not Available
(b) 15 min (d) 15 min

(e) 30 min

(i) 60 min

(h) 45 min

(j) 60 min

Photographs Documenting Test Plot Conditions durindeExperimentation.
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Experiment: Dry PAM 15 (2) Date: 10/22/08
Treatment: 15 Ibs/acre Exp #: 6
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Experiment: Dry PAM 15 (2) Date: 10/22/08

Soil Loss (g)

Treatment: 15 Ibs/acre Exp #: 6
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Experiment: Dry PAM 25 (1)
Treatment: 25 Ibs/acre

Date: 10/27/08
Exp #:.7

Left Test Plots

Right Test Plots

(a) Initial (b) 15 min

(c) Initial

(e) 30 min

(i) 60 min

(9) 30 min (h) 45 min

(j) 60 min

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Dry PAM 25 (1)

Date: 10/27/08
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Experiment: Dry PAM 25 (1)
Treatment: 25 Ibs/acre

Date: 10/27/08
Exp #:.7
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Experiment: Dry PAM 25 (2) Date: 10/29/08
Treatment: 25 Ibs/acre Exp #: 8

Left Test Plots Right Test Plots

(e) 30 min (g) 30 min (h) 45 min

(i) 60 min (j) 60 min

Photographs Documenting Test Plot Conditions durindgexperimentation

158



Experiment: Dry PAM 25 (2)
Treatment: 25 Ibs/acre

Date: 10/29/08
Exp #: 8
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Experiment: Dry PAM 25 (2) Date: 10/29/08

Treatment: 25 |bs/acre Exp #: 8
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Experiment: Liquid PAM 35 (1)
Treatment: 35 Ibs/acre

Date: 11/7/08
Exp #:9

Left Test Plots

Right Test Plots

(a) Initial (b) 15 min (c) Initial (d) 15 min
(e) 30 min (f) 45 min (g) 30 min — (h) 45 min

(i) 60 min

(j) 60 min

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Liquid PAM 35 (1) Date: 11/7/08
Treatment: 35 Ibs/acre Exp #: 9
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Experiment: Liquid PAM 35 (1)
Treatment: 35 Ibs/acre

Date: 11/7/08
Exp #:9
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Turbidity vs. Time for Samples Collected at 5 and @ Minutes.
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Experiment: Liquid PAM 35 (2)
Treatment: 35 Ibs/acre

Date: 11/10/08
Exp #: 10

Left Test Plots

Right Test Plots

(a) Initial (b) 15 min

i

© Initial (d) 15 min _

(f) 45 min

(i) 60 min

(9) 30 min (h) 45 min

(j) 60 min

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Liquid PAM 35 (2)
Treatment: 35 Ibs/acre

Date: 11/10/08
Exp #: 10
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Experiment: Liquid PAM 35 (2) Date: 11/10/08
Treatment: 35 Ibs/acre Exp #: 10
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Experiment: Liquid PAM 15 (1) Date: 11/17/08
Treatment: 15 Ibs/acre Exp #: 11

Left Test Plots Right Test Plots

(a) Initial : (b) 15 min (c) Initial (d) 15 min

(9) 30 min ) (h) 45 min

(i) 60 min

(j) 60 min

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Liquid PAM 15 (1) Date: 11/17/08
Treatment: 15 Ibs/acre Exp #: 11
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Experiment: Liquid PAM 15 (1) Date: 11/17/08
Treatment: 15 Ibs/acre Exp #: 11
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Experiment: Liquid PAM 15 (2)
Treatment: 15 Ibs/acre

Date: 11/19/08
Exp #: 12

Left Test Plots

Right Test Plots

(a) Initial (b) 15 min (d) 15 min
(e) 30 min (f) 45 min (g) 30 min (h) 45 min

(i) 60 min

(j) 60 min

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Liquid PAM 15 (2) Date: 11/19/08

Treatment: 15 Ibs/acre Exp #: 12
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Experiment: Liquid PAM 15 (2)
Treatment: 15 Ibs/acre

Date: 11/19/08
Exp #: 12
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Experiment: Liquid PAM 25 (1) Date: 12/1/08
Treatment: 25 Ibs/acre Exp #: 13

Left Test Plots Right Test Plots

(e) 30 min (f) 45 min (g) 30 min (h) 45 min

(i) 60 min (j) 60 min

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Liquid PAM 25 (1) Date: 12/1/08
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Experiment: Liquid PAM 25 (1) Date: 12/1/08
Treatment: 25 Ibs/acre Exp #: 13
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Experiment: Liquid PAM 25 (2)
Treatment: 25 Ibs/acre

Date: 12/5/08
Exp #: 14

Left Test Plots

Right Test Plots

Photograph
Not Available

(e) 30 min

(i) 60 min

(c) Initial

Photograph
Not Available

(9) 30 min (h) 45 min

(j) 60 min -

Photographs Documenting Test Plot Conditions durindexperimentation.
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Experiment: Liquid PAM 25 (2) Date: 12/5/08
Treatment: 25 Ibs/acre Exp #: 14
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Experiment: Liquid PAM 25 (2)
Treatment: 25 Ibs/acre

Date: 12/5/08
Exp #: 14
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APPENDIX E

ANOVA TABLES
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Analysis of Variance (ANOVA) Tables for Surface Rumwff

Hypothesis:
Ho! W = o = Hs= M4 = s = s = Ly
Hg: All y; arenotequal

Source of [
Variation SS df MS F P-value & Hypothesis
Test 1
Between 2204123 6  367353.9 12.18  3.43E-10 2.19 H

Groups
Within 2956310 98  30166.42
Groups
Total 5160433 104
Test 2
Between 1284069 6  214011.6 6.25  1.37E-05 2.19 H,
Groups
Within 3353084 98  34215.14
Groups
Total 4637153 104
Test 3
Beween 6102883 6 1017147 276 002 219 H
Groups
Within 3607099 98  36807.13
Groups
Total 4217387 104
Test 4
Between 319003 6  53167.17 1.65 0.14 2.19 H
Groups
Within 3165506 98  32301.08
Groups
Total 3484509 104
Where,

i = Mean for ' group [ e.i. (1) Control, (2) Dry 35, ... ,(7) LigLiL5]
SS = Sum of Squares,

df = Degrees of Freedom,

MS = Mean Square, and

F = F-value

Accept Null Hypothesis: &> F

Reject Null Hypothesis: i < F
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Hypothesis:

Analysis of Variance (ANOVA) Tables for Initial Tur bidity

Ho! W = 2 = Hs= Mg = s = s = LIy

H.: All y; arenot equal

Source of i
Variation SS df MS F P-value  E¢  Hypothesis
Test 1
Between  111870479.2 6  18645079.871486.55 7.4E-94 2.193 H,

Groups
WIhIn — 4529167.064 98 12542.52311
Groups
Total 113099646.5 104
Test 2
BeWeen 1192616222 6  19876937.032271.97 8.4E-103 2.193 H,
Groups
WIthin = g57380.6778 98  8748.782426
Groups
Total 120119002.8 104
Test 3
BeWeen 1360626422 6  22677107.032405.26 5.2E-104 2.193 H,
Groups
Within 923956.6102 98  9428.128675
Groups
Total 136986598.8 104
Test 4
BEWeeN 1773422356 6  29557039.271755.24 2.3E-97 2.193 H,
Groups
Within 1650254.49 98  16839.33153
Groups
Total 178992490.1 104
Where,

W = Mean for ' group [ e.i. (1) Control, (2) Dry 35, ... ,(7) Liquil5]
SS = Sum of Squares,

df = Degrees of Freedom,
MS = Mean Square, and

F = F-value

Accept Null Hypothesis: &> F
Reject Null Hypothesis: i < F
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Analysis of Variance (ANOVA) Tables for Soil Loss

Hypothesis:

Hol = 1o = Ps= Ha = b5 = Po = My
H.: All u; arenotequal

Source of i
Variation SS f MS i Prvale & ypomess
Test 1
Between 904331.5 6  150721.9 9.028  1.59E-05 2.445 H,

Groups
Within 467480 28 16695.7
Groups
Total 1371812 34
Test 2
Beween 1517087 6 2696645 2323  1.15E-00 2.445 H,
Groups
Within 325011.1 28 116075
Groups
Total 1942998 34
Test 3
Between 2329786 6  388297.6 30 5.89E-11 2.445 H,
Groups
Within 3624259 28  12943.8
Groups
Total 2692212 34
Test 4
Beween 5151449 6 3602415 4565  3.49E-13 2.445 H,
Groups
Within 220947.8 28 78910
Groups
Total 2382397 34
Where,

i = Mean for ' group [ e.i. (1) Control, (2) Dry 35, ... ,(7) LigLil5]

SS =

df = Degrees of Freedom,

Sum of Squares,

MS = Mean Square, and
F = F-value

Accept Null Hypothesis: &> F
Reject Null Hypothesis: i < F
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APPENDIX F

FURTHER RESEARCH ON LIQUID PAM
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F.1 INTRODUCTION

Experiments previously conducted (i.e. dry vs.iliggAM applications) by
researchers focused on a worst case scenaricstorgd®’AM treatments. This was
identified by performing experiments and exposes} plots to rainfall soon after the
initial application of both dry and liquid PAM. Kever, as seen in the literature
reviewed in this report, many researchers provitded for liquid PAM treatments to dry
prior to performing any testing. The drying timra®wed varied and ranged in duration
between 1 to 10 days. In the research that had é&teatments to dry prior to testing and
had also examined the differences in performantedsn both dry and liquid PAM
treatments, reported that liquid PAM was more ¢ifecq(Roa-Espinosa et al., 1999 and
Peterson et al., 2002). While allowing liquid PAgdplications to dry may provide better
protection by allowing PAM molecules to bond wittetsoil surface, the time to permit
PAM to dry and provide this quality of protectioraynbe unfeasible due to weather
constraints.

As presented in this report, the effectivenessoti lry and liquid PAM
applications were examined and compared to determimch treatments were more
effective as an erosion and sediment control measiivas concluded that in these
experiments, dry PAM performed significantly bettesin liquid PAM applications by
improving water quality and providing some measafrerosion control. To further

examine these results, researchers conductedaag@hkperiments with the goal to
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determining if by allowing liquid PAM treatmentsrie to dry prior to exposure to a
storm event, that a better protection against enoand sedimentation could be provided.
Test plots were set-up using the exact same proeg@s outlined in Chapter 3
except that liquid PAM treatments were given 48+8da dry prior to conducting an
experiment (herein referred to as the conditioA&hr liquid PAM). Two experiments
were conducted to provide researchers the samerdrobdata that were generated in
previous conditions examined. The following sawsicover the results generated from

these additional experiments.

F.2 EXPERIMENTAL RESULTS

Data collection for these additional experimentkived the same procedures as
outlined earlier. This included measuring and réew: (1) surface runoff volume, (2)
surface runoff mass, (3) initial turbidity, (4) mfisamples (turbidity versus time) and,
(5) amount of soil eroded from test plots. Pagtmikze information was not collected
since no observable differences occurred betweatnents in past experiments. The
following sections focus solely on results geneatdig the recommended application rate
of 35 Ibs/acre for the three various applicatiorthods (i.e. dry granular PAM, liquid
PAM, and 48-hr liquid PAM).
F.2.1 Surface Runoff

Surface runoff volumes recorded for each replicatice illustrated in Figure F1.
Test plots treated with '48-hr liquid PAM were ohsgl to have slightly lower amounts
of surface runoff. As stated from the previousezkpental results, any difference in
runoff amounts was attributed to fluctuations ie tperation of the rainfall simulator
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(i.e. slight pressure increases or decreasesy Wém confirmed through the fact that
runoff amounts did not vary during individual exipeents. Specifically, no observable
increase or decrease in surface runoff occurreihglan experiment duration and the
runoff rates remained constant. Therefore, siheeunoff rate remained steady
throughout an experiment, it was concluded that RAddtments had no effect on the

amount of runoff exiting a test plot.

—e— Control —&—Dry 35 & Liquid 35 —&— 48-hr Liquid 35
3000

Test 1 Test 2 Test 3 Test 4

2500 1
2000 1

1500 {{/

1000 {f

Volume (gal/acre)

500 1

0

. . — . — . — .
0 5 10 15 20 25 30 35 40 45 50 55 60
Time (min)

Note: *’ denotes 15 minute break in between tests

Figure F1 Average Surface Runoff vs. Time.

Table F1 shows the specific values for the averageff values generated from
the additional tests. These values confirm what Mastrated with the runoff volumes
shown in Figure F1. The percent reductions in flusttowed that 48-hr liquid PAM
experienced an average difference of approximdtel§% when compared to the control
condition. As observed in the previous experimgtis difference in runoff volume was

not considered indicative of PAM treatments’ pariance qualities, but rather the
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fluctuating conditions of the rainfall simulatos further confirmed using statistical

analyses.

Table F1 Average Surface and Cumulative Runoff foEach Test

N Runoff Sta_nd_ardb Percent Cumulatige
Condition Deviation e Runoff
(gal/acre) Reduction
(gal/acre) (gal/acre)
Test 1
Control 2279.0 236.9 - 34184.4
Dry 35 2448.0 328.9 -7.4% 36719.7
Liquid 35 1984.0 264.9 12.9% 29760.3
48-hr Liquid 35 1978.4 107.7 13.2% 32636.0
Test 2
Control 2331.1 236.6 - 34967.1
Dry 35 2432.1 289.8 -4.3% 36481.5
Liquid 35 2140.6 251.4 8.2% 32108.5
48-hr Liquid 35 2044.1 81.2 10.3% 32227.6
Test 3
Control 2326.6 243.8 - 34899.0
Dry 35 2324.3 263.4 0.1% 34865.0
Liquid 35 2212.0 221.2 4.9% 33180.5
48-hr Liquid 35 1982.9 113.1 13.0% 31802.2
Test 4
Control 2335.7 241.2 - 35035.2
Dry 35 2227.9 195.7 4.6% 33418.7
Liquid 35 2210.9 222.6 5.3% 33163.5
48-hr Liquid 35 2051.0 65.7 10.0% 36481.5

Notes: ‘a’ Average surface runoff vs. time for ledest
‘b’ Standard deviation of surface average runsfftime
‘c’ Denotes values normalized by control conditio
‘d" Average cumulative surface runoff for eachri. test

F.2.1.1 Statistical Analysis: Surface Runoff

Following similar procedures to analyze the cokélatlata, an ANOVA analysis
with Tukey-Kramer multiple comparisons was useddtermine if there was a
statistically significant differences observed bedw treatment pairs. Tables F2 through
F5 illustrate the results generated from the TukKegmer analyses and whether or not a
specific condition was statistically significariburing the course of the 4 tests, different

treatments conditions were observed to have statilyt significant differences.
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However, these differences varied between testsliitie consistency. Therefore, since
the different treatment pairs that were statidycsilgnificant appear to have no
appreciable consistency, it was concluded thaptBeious assumption that PAM
treatments had no affect on surface runoff amowatsvalidated.

Table F2 Tukey-Kramer Multiple Comparisons on Average
Surface Runoff [Test 1]

Comparison - By Cl Cl Sig_nificantly
' [LB] [UB] Different
Control vs. Dry 35 169.0 -16.7 169.0 No
Control vs. Liquid 35 2949 109.2 294.9 Yes
Control vs. 48-hr Liquid 35 300.6 114.9 300.6 Yes
Dry 35 vs. Liquid 35 464.0 278.3 464.0 Yes
Dry 35 vs. 48-hr Liquid 35 469.6 283.9 469.6 Yes

Liquid 35 vs. 48-hr Liquid 35 5.7 5.7 No

180.0

Notes: [LB] signifies lower bound of confidenceental
[UB] signifies upper bound of confidence interval
qcm: 375

Table F3 Tukey-Kramer Multiple Comparisons on Average
Surface Runoff [Test 2]

Comparison Wi - By [Lcé] [Sé] Slgir#];?:gtﬂy
Control vs. Dry 35 101.0 -64.3 101.0 No
Control vs. Liquid 35 190.6 25.3 190.6 Yes
Control vs. 48-hr Liquid 35  287.0 121.7 287.0 Yes
Dry vs. Liquid 35 2915 126.2 2915 Yes
Dry vs. 48-hr Liquid 35 388.0 2227 388.0 Yes
Liquid 35 vs. 48-hr Liquid 35 96.4 -68.9 96.4 No

Notes: [LB] signifies lower bound of confidencedntal

[UB] signifies upper bound of confidence interval
Gerit = 3.75
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Table F4 Tukey-Kramer Multiple Comparisons on Average
Surface Runoff [Test 3]

Comparison M- by Cl Cl Sig_nificantly
' [LB] [UB] Different
Control vs. Dry 35 2.3 -165.0 2.3 No
Control vs. Liquid 35 1146 -52.7 1146 No
Control vs. 48-hr Liquid 35 343.7 176.4 343.7 Yes
Dry 35 vs. Liquid 35 112.3 -55.0 1123 No
Dry 35 vs. 48-hr Liquid 35 341.4 1741 3414 Yes
Liquid 35 vs. 48-hr Liquid 35 229.1 61.8 229.1 Yes

Notes: [LB] signifies lower bound of confidencedntal
[UB] signifies upper bound of confidence interval
Gerit=3.75

Table F5 Tukey-Kramer Multiple Comparisons on Average
Surface Runoff [Test 4]

Comparison M- by Cl Cl Significantly
' [LB] [UB] Different
Control vs. Dry 35 107.8 -52.4 107.8 No
Control vs. Liquid 35 124.8 -35.4 124.8 No
Control vs. 48-hr Liquid 35  284.7 124.6  284.7 Yes
Dry 35 vs. Liquid 35 17.0 -143.2  17.0 No
Dry 35 vs. 48-hr Liquid 35 177.0 16.8 177.0 Yes
Liquid 35 vs. 48-hr Liquid 35  159.9 -0.2 159.9 No

Notes: [LB] signifies lower bound of confidencedntal
[UB] signifies upper bound of confidence interval
qu: 3.75

F.2.2 Initial Turbidity

Turbidity levels were recorded from surface rurtbtt was collected every
minute. These recorded levels were referred emaaitial turbidity as surface runoff
exited each test plot. The averaged values froperxental replications are illustrated
below in Figure F2. It was observed that the 48¢uid PAM initial performed
similarly to dry PAM, but quickly began to reachhidlity levels that were recorded from
liquid PAM treatments without a drying period. $hiend continued during the first two

tests, but subsequent tests (i.e. test 3 and)tsbipdved that turbidity was higher than
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recorded in the liquid PAM that had no drying pdriolhis difference was observed to
be approximately 500 NTU or higher.
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Figure F2 Average Initial Turbidity of Surface Runoff vs. Time.

Table F6 shows the specific average values frosetkgperiments. On average,
48-hr liquid PAM reduced turbidity levels over tirbg approximately 69%. Following
test 2, these turbidity levels began to increasé@dicated by the decrease in percent
reduction to the control condition over time. Timerease in turbidity observed in the
48-hr liquid PAM was attributed to how PAM molecsiiateract with the soil surface
when applied. When dry PAM granules are addedaierythey become *‘activated’.
The application is sprayed on to a test plot, &eddrying period permits the PAM to
bond with surface soil particles and creates aremely thin layer of protection. This
molecular bonding occurred once the PAM was a@t/ay the initial mixture with
water, and as rainfall was initiated, the 48-huitgPAM remained active in keeping soil
attached on the surface. However, once PAM aet$vdt cannot ‘reactivate’ and as the

PAM was washed away by the runoff, it was incapablgcting as an effective
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sedimentation control measure by bonding with tispended soil particles, as witness
with dry PAM applications. Once the protectivedapf PAM was washed away, the test
plots are effectively ‘untreated’ and result intneg turbidity levels, as observed.

Table F6 Average Initial Turbidity Results for Surface

Runoff
Average Standard
Condition Turbidity ®  Deviation® R(':;Jgﬁgtnc
(NTU) (NTU)
Test1
Control 3414.7 513.6 -
Dry 35 103.4 28.9 97.0%
Liquid 35 784.8 167.3 77.0%
48-hr Liquid 35 481.3 545.6 85.9%
Test 2
Control 3405.4 395.6 -
Dry 35 99.0 14.7 97.1%
Liquid 35 776.7 176.0 77.2%
48-hr Liquid 35 892.3 613.0 73.9%
Test 3
Control 3553.6 304.3 -
Dry 35 96.1 15.7 97.3%
Liquid 35 775.5 187.4 78.2%
48-hr Liquid 35 13435 453.8 60.7%
Test 4
Control 3636.6 233.5 -
Dry 35 95.5 15.2 97.4%
Liquid 35 789.6 145.1 78.3%
48-hr Liquid 35 1498.3 365.5 56.1%

Notes: ‘a’ Average of initial turbidity vs. timeif each test

‘b’ Standard deviation for average initial turitydvs. time
‘c’ Denotes values normalized by control conditio

Conversely, liquid PAM treatments that were nokegivime to dried had recorded
turbidity levels that were lower than 48-hr liqiedhM. Since these treatments were not
given the time to dry, the molecular bonding whike soil surface did not adequately
form. Therefore, liquid PAM treatments were washb#dvithout the means to provide
protection on the soil surface. However, the PABlgaules were still active and were

able to bond with suspended soil particles in théase runoff and act as a more
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effective sedimentation control measure than lidRddM applications that had dried for

48 hours.
F.2.2.1 Statistical Analysis: Initial Turbidity

Tables F7 through F10 illustrate the results from Tukey-Kramer multiple
comparison. As observed in previous experimetifferences between all possible pairs
of condition options were statistically significanfhis shows that the all possible
combinations of PAM treatments had a significafectfon initial turbidity levels.
Combinations with higher values between the me#iardnces indicate which treatments
had a greater effect at reducing turbidity. Asesteed, dry PAM applied 35 Ibs/acre

performed the best as a sediment control measreboth different liquid PAM

application methods.

Table F7 Tukey-Kramer Multiple Comparisons on Average
Initial Turbidity [ Test 1]

Comparison Wi Cl Cl Sig_nificantly
' [LB] [UB] Different
Control vs. Dry 35 3311.3 3165.1 3311.3 Yes
Control vs. Liquid 35 2629.9 2483.7 2629.9 Yes
Control vs. 48-hr Liquid 35 2933.4 2787.2 29334 ¥e
Dry 35 vs. Liquid 35 681.4 535.2 681.4 Yes
Dry 35 vs. 48-hr Liquid 35 377.9 231.7 377.9 Yes
Liquid 35 vs. 48-hr Liquid 35  303.5 157.3 3035 Yes

Notes: [LB] signifies lower bound of confidenceental
[UB] signifies upper bound of confidence interval
Gerit=3.75
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Table F8 Tukey-Kramer Multiple Comparisons on Average
Initial Turbidity [ Test 2]

Comparison - by Cl Cl Sig_nificantly
' [LB] [UB] Different
Control vs. Dry 35 3306.4 3202.3 3306.4 Yes
Control vs. Liquid 35 2628.7 25245 2628.7 Yes
Control vs. 48-hr Liquid 35 2513.1 2409.0 25131 ¥e
Dry 35 vs. Liquid 35 677.8 573.6 677.8 Yes
Dry 35 vs. 48-hr Liquid 35 793.3 689.2 793.3 Yes
Liquid 35 vs. 48-hr Liquid 35 115.6 11.5 115.6 Yes

Notes: [LB] signifies lower bound of confidencedntal
[UB] signifies upper bound of confidence interval
Ocrit=3.75

Table F9 Tukey-Kramer Multiple Comparisons on Average
Initial Turbidity [ Test 3]

Comparison M-y Cl Cl Significantly
' [LB] [UB] Different
Control vs. Dry 35 34575 3355.4 34575 Yes
Control vs. Liquid 35 2778.2 2676.1 2778.2 Yes
Control vs. 48-hr Liquid 35 2210.2 2108.1 2210.2 ¥e
Dry 35 vs. Liquid 35 679.3 577.2 679.3 Yes
Dry 35 vs. 48-hr Liquid 35 1247.3 11452 12473 Yes
Liquid 35 vs. 48-hr Liquid 35 568.0 465.9 568.0 Yes

Notes: [LB] signifies lower bound of confidencednial
[UB] signifies upper bound of confidence interval
Oit= 3.75

Table F10 Tukey-Kramer Multiple Comparisons on Aveage
Initial Turbidity [ Test 4]

Comparison M- W Cl Cl Sig_nificantly
' [LB] [UB] Different

Control vs. Dry 35 3541.1 3470.2 35411 Yes
Control vs. Liquid 35 2847.0 2776.1 2847.0 Yes
Control vs. 48-hr Liquid 35 2138.3 2067.4 2138.3 ¥e
Dry 35 vs. Liquid 35 694.1 623.1 694.1 Yes

Dry 35vs. 48-hr Liquid 35 1402.8 1331.8 1402.8 Yes
Liquid 35 vs. 48-hr Liquid 35  708.7 637.7 708.7 Yes

Notes: [LB] signifies lower bound of confidencednial
[UB] signifies upper bound of confidence interval
Gerit=3.75
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F.2.3 Turbidity vs. Time

Additional surface runoff samples were collecteé\adry 5 and 10 minutes
periods during each test. These samples weretaskgtermine turbidity over time. The
three PAM treatments discussed in this sectiontl@dontrol are illustrated together in
Figure F3. As observed with previous experimethis.average turbidity levels over time
for all of the PAM treatments performed much betien the control condition, by
reducing turbidity much quicker. However, when diféerent PAM treatments were
compared together, as seen in Figure F4(a) threéddh, dry PAM at 35 |bs/acre was

able to reduce turbidity levels over time bettanrthooth liquid PAM applications

throughout all four tests.

—e—Control —&—Dry35 -—-®&-Liquid35 —&—48-hr Liquid 35
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Figure F3 Average Recorded Turbidity for All Sampkes vs. Time.
As observed with the recorded initial turbidity é&s, 48-hr liquid PAM was able
to reduce turbidity during the initial tests, bubsequent tests show that turbidity over
time increased, as the PAM treatment were beindn@taway. Liquid PAM with no

drying period was able to provide better sedimamgbrotection, since the PAM
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molecules were still relatively active as they wesshed away. These figures confirm

that dry PAM performs better as a sedimentatiotrobomeasure than liquid PAM

applications.
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Figure F4 Treatment's Average Recorded Turbidity fom 5 and 10 Minute Samples.
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F.2.4 Soil Loss

The soil transported from each test plot was ctéland filtered at three minute
intervals. These soil samples were oven driedaawdight was measured to determine
the amount of soil that was eroded from test pllotsng experimentation. Figure F5
illustrates average soil loss from the test pleisus time and Figure F6 shows
cumulative soil loss during an experiment’s dumatid he additional experiments with
48-hr liquid PAM indicated that the amount of erdd®il from a test plot was much
lower than previous experiments of dry PAM and iligRAM with no drying period.

During test 1, 48-hr liquid PAM experienced vetyldi soil loss, but as the
duration of an experiment increased, so did theusmtof eroded soil. These increased
levels of eroded soil were still observed to bes sn previous experiments as shown in
Figure F5. Figure F6 illustrates that the totalanulated soil from 48-hr liquid PAM
was approximately 2,300 Ibs/acre per 15 minuteitéstval, compared to dry PAM at 35

Ibs/acre eroded soil of approximately 4,000 Ib&acr
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Figure F5 Average Soil Loss versus Time.
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Figure F6 Average Cumulative Soil Loss versus Time

Table F11 shows the specific values of the avesagdoss from the experiments.
It was observed that 48-hr liquid PAM reduced tmk when compared to the control by
an average of approximately 76%. This is muchérghan the dry PAM at 35 Ibs/acre
by approximately 28%. This indicates that wheniligPAM was allotted a period to
dry, it was capable of performing better than dAMPas an erosion control measure.
This is attributed to how liquid PAM bonds with tkeil surface as previously stated.
Since the liquid PAM was activated when the dryngtas were mixed with water, it was
able to bond with the soil surface when it was igapl By providing a period of 48 hours
for the application to dry, the liquid PAM treatmgin this case had ample time to bond
with the soil surface and provide a layer of prottagainst erosion. This layer of
protection kept soil particles from being detachrech the soil surface and transported in
the stormwater. The slight increase observediliags as an experiment’s duration

increased indicated how this protective layer wawisng being washed away by surface

197



runoff. Therefore, liquid PAM (when allowed to Jlpyerformed better as an erosion

control measure, when compared to dry PAM treatmevtiich performed better as a

sediment control measure by improving water quaitg reducing turbidity levels.

Table F11 Average Soil Loss due to Surface Runoff

Standard

Condition %%i /;?j:; Deviation” R!:;Jgﬁg:]c
(Ibs/acre)
Test 1
Control 1663.8 693.8 -
Dry 35 798.9 293.5 52.0%
Liquid 35 1307.2 377.5 21.4%
48-hr Liquid 35 225.1 157.0 86.5%
Test 2
Control 1210.6 189.7 -
Dry 35 674.6 262.9 44.3%
Liquid 35 1337.9 322.9 -10.5%
48-hr Liquid 35 403.9 105.5 75.7%
Test 3
Control 1420.7 236.3 -
Dry 35 740.6 308.2 47.9%
Liquid 35 1419.5 256.0 0.1%
48-hr Liquid 35 476.6 120.8 71.4%
Test 4
Control 1506.5 194.0 -
Dry 35 787.5 334.6 47.7%
Liquid 35 1421.9 233.5 5.6%
48-hr Liquid 35 499.4 160.7 70.0%

Notes: ‘a’ Average of eroded soil vs. time for etet
‘b’ Standard deviation for average soil loss rset
‘c’ Denotes values normalized by control condition

F.2.4.1 Statistical Analysis Soil Loss

Tables F12 through F15 illustrate the Tukey-Kraarglyses on the soil loss for

the multiple test plots. For all four tests, dAN® at 35 Ibs/acre and 48-hr liquid PAM at
35 Ibs/acre were observed to be statistically igamt when compared to the control and
other treatments. Liquid PAM 35 did not providey aignificant results when compared

to the control, indicating that it had no effecr@&uducing soil loss. The differences in
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means for 48-hr liquid PAM indicate that this treaht option performed the best out the

different combinations.

Table F12 Tukey-Kramer Multiple Comparisons on Aveage
Soil Loss [Test 1]

Comparison W by Cl Cl Sig_nificantly

' [LB] [UB] Different

Control vs. Dry 35 386.5 216.0 386.5 Yes

Control vs. Liquid 35 121.8 -48.7 121.8 No

Control vs. 48-hr Liquid 35 960.3 789.8 960.3 Yes

Dry 35 vs. Liquid 35 508.4 337.8 508.4 Yes

Dry 35 vs. 48-hr Liquid 35 573.8 403.3 573.8 Yes
Liquid 35 vs. 48-hr Liquid 35 1082.2 911.6 1082.2 €%

Notes: [LB] signifies lower bound of confidencednial
[UB] signifies upper bound of confidence interval
Gerit= 4.05

Table F13 Tukey-Kramer Multiple Comparisons on Aveage
Soil Loss [Test 2]

Comparison M- i Cl Cl Sig_nificantly
' [LB] [UB] Different
Control vs. Dry 35 569.0 458.0 569.0 Yes
Control vs. Liquid 35 94.2 -16.7 94.2 No
Control vs. 48-hr Liquid 35 839.7 728.7 839.7 Yes
Dry 35 vs Liquid 35 663.2 552.3 663.2 Yes
Dry 35 vs. 48-hr Liquid 35 270.7  159.7  270.7 Yes
Liquid 35 vs. 48-hr Liquid 35 933.9 8229 933.9 Yes

Notes: [LB] signifies lower bound of confidencednial
[UB] signifies upper bound of confidence interval
qcm: 405

Table F14 TukeyKramer Multiple Comparisons on Average
Soil Loss [Test 3]

Comparison M- W Cl Cl Sig_nificantly
[LB] [UB] Different
Control vs. Dry 35 650.0 553.9 650.0 Yes
Control vs. Liquid 35 28.8 -67.3 28.8 No
Control vs. 48-hr Liquid 35 914.1 818.0 914.1 Yes
Dry 35 vs. Liquid 35 678.8 582.7 678.8 Yes
Dry 35 vs. 48-hr Liquid 35 264.1 167.9 264.1 Yes
Liquid 35 vs. 48-hr Liquid 35 942.9 846.8 9429 Yes

Notes: [LB] signifies lower bound of confidenceénzal
[UB] signifies upper bound of confidence interval
qu: 405
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Table F15 Tukey-Kramer Multiple Comparisons on Aveage
Soil Loss [Test 4]

Comparison M- by Cl Cl Sig_nificantly
' [LB] [UB] Different
Control vs. Dry 35 585.2 502.0 585.2 Yes
Control vs. Liquid 35 49.2 -34.0 49.2 No
Control vs. 48-hr Liquid 35 873.3 790.1 873.3 Yes
Dry 35 vs. Liquid 35 634.4 551.2 634.4 Yes
Dry 35 vs. 48-hr Liquid 35 288.1 204.9 288.1 Yes
Liquid 35 vs. 48-hr Liquid 35  922.5 839.3 922.5 Yes

Notes: [LB] signifies lower bound of confidenceéantal
[UB] signifies upper bound of confidence interval
qu: 405

F.2.5 Initial Turbidity vs. Soil Loss

The amount of eroded soil was plotted together Wstihespective turbidity level
and this relationship is illustrated in Figure Fihe control condition with all the tested
PAM treatments is displayed below and shows theadvgerformance. As stated, it was
observed that dry PAM applications were more eiffecis a sediment control measure
by examining turbidity versus time measurementd,this is also observed in Figure F7.
Dry PAM treatments are grouped together towardetdwrbidity levels (200 NTU to
1400 NTU). The groupings of data are also momgnalil vertically, rather than
horizontally, indicating that a relatively more swstent range of turbidity was achieved,
while variations occurred in the amount of erodeil s

Conversely, liquid PAM treatments were more distiéial over turbidity
measurements, while more consistent levels oflessl were achieved, especially as
observed with 48-hr liquid PAM. This relationshiptween turbidity and soil loss, as
shown, indicates which treatments perform bettaith®er an erosion or sediment control

measure. The liquid PAM applications, specificalig 48-hr liquid PAM, were much
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more efficient at reducing soil loss during therstauration. Dry PAM, specifically
applied at 35 Ibs/acre, and was tightly groupediddower turbidity levels, indicating
that this treatment measure was more effectivedataing sedimentation.
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Figure F7 Average Initial Turbidity vs. Average Eroded Soil.

F.3 SUMMARY

These results validate the researcher’s claim enPaM treatments
performance was dependent on the method of appiicabDry granular PAM performed
better as a sediment control measure, due to théhfat as rainfall and surface runoff
activated the PAM molecules, they were introduced the stormwater and bonded with
suspended soil particles, promoting flocculatiod aettling. Liquid PAM that was
allowed to dry for 48 hours on the soil surface tia to adequately bond with soill
particles and seal the surface, providing a thyetdaf protection against erosion. This
layer was effective at keeping soil particles frbeing detached and becoming
transported in the stormwater. However, sincePAM was already activated during the
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application process and bonded with the surfadepadiicles, any PAM that was washed
away in the surface runoff would not bond with suspended particles, resulting in the
higher observed turbidity levels.

The liquid PAM applications that were not giveneito dry, were initially
activated when applied, but did not have the timlednd to the surface. This resulted in
a higher amount of eroded soil from test plotsaic8ithe PAM was still active as it was
being washed away by the surface runoff, it wdkcstpable of bonding with some of the
suspended soil particles present in the runoffis Tésulted in low turbidity levels but
were not as effective as dry PAM treatments. Was also the reason why liquid PAM

treatments with no drying period performed poorlyew it came to erosion control.

F.4 CONCLUSIONS

Two additional experiments conducted by researoleamined the effectiveness
of liquid PAM spray applications with a 48 hour grgriod prior to exposing test plots to
rainfall. Experiments were set-up using the procesl and methods created to simulate
the effectiveness of different erosion and sedingentrol technologies on compacted,
3:1 slopes, representative of typical highway erkbrants.

Liquid PAM applications were allowed to dry for #8urs prior to the initiation
of rainfall. The period of drying time permitteaet PAM molecules to adequately bond
with soil particles on the soil surface. This bimgdoccurred once the PAM was
activated by water during its initial mixing. Onitee PAM had been activated and

bonded with the soil surface, an extremely thirefgyrotected the surface of the soil and
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assisted in preventing erosion. This effect wadiooed during experimentation, with
the observed values of soil loss being the loweastnded amount, with an average
reduction of 76% when compared to the control ciborali This was approximately a
28% increase in difference between dry PAM at 3%atre, which was reported as the
most effective treatments from previous experiments

However, when looking at the quality of the watesurface runoff, the 48-hr
liquid PAM did not perform as well as the dry amguld PAM treatments (with no
drying time). As stated, PAM treatments become/aance water is introduced to the
PAM molecules. When the liquid PAM treatments weeemitted to dry, this activation
of molecules had already occurred, and would notiloagain. Therefore, there was little
bonding occurring with the suspended soil particlesurface runoff, resulting in the
higher turbidity levels as observed in the 48-buid PAM treatments. The other liquid
PAM treatments were also activated during applicatbut since the PAM molecules
were not given time to bond with the soil surfabey remained active during an
experiment’s duration. As treatments were wasliethe test plots, PAM molecules
were still active and could bond with the susperst@tparticles and promote
flocculation, resulting in better turbidity levelsan the PAM treatments that had been
given time to dry.

Since this activation of PAM molecules occurs oweger is introduced, the dry
PAM treatments could not bond with the soil surfdaeng initial application. During
the initiation of rainfall the PAM molecules werewly and consistently introduce into

the surface runoff. These newly activated PAM rooles in the runoff could then bond

203



with suspended soil particles, increasing the glarsize, and promoting flocculation.
This resulted in the very low observed turbiditydks in the surface runoff.

These results indicate that liquid PAM applicati¢ihat were given 48-hours to
dry) were more effective at reducing the amourgaiffloss from test plots. Conversely,
dry PAM applications were more effective in redgctarbidity, resulting in improved
water quality. These differences in results illatd that liquid PAM performs better as
an erosion control measure, while dry PAM applaagperform better as an sediment
control measure.

F.4.1 Recommendations for Practice

The following recommendations, as outlined belapresent the researcher’s
opinions on the proper methods for using PAM asrasion and sediment control
measure based on the research presented in tbis. rémlditional recommendations can
be found in Applied Polymer’s Polymer Enhanced Best Management Practice
(PEBMP) Application Guidefor various products with and without PAM.

RECOMMENDATIONS FOR USINALIQUID PAM (EROSIONCONTROL):

1. Obtain soil sample(s) to determine which PAM foratign to use for a specific
site location

2. To apply PAM, a type of hydro-seeder with a methbdgitation is required.

3. Ensure that PAM application will have time allottied drying after application.

4. When preparing treatment, ensure that the recomedkerade of dry PAM
granules arslowlyadded to the water and remain agitated to prestegging.

5. Ensure that PAM has been fully mixed in water pteoapplication
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Spray applicatiomust be uniformly sprayed witiL00% coveragef the soil
surface; else treatment will not be effective.
Additional sediment control technologies must beduis conjunction with liquid

PAM treatment to ensure maximum protection.

RECOMMENDATIONS FOR USINGDRY PAM (SEDIMENT CONTROL):

1.

F.4.2

Obtain soil sample(s) to determine which PAM foratidn to use for a specific
site location.

The recommended dry PAM granules must be spreatigbg or mechanically)
uniformly on the soil surface.

Additional erosion control technologies must beduiseconjunction with dry
PAM to ensure maximum protection is provided.

Recommendations for Future Research

As stated in the recommendations for practice, Pshlgluld never be used by itself as

an erosion and sediment control measure. Thiscealsrmed through the research

presented, by demonstrating that neither applinatiethod was fully capable of

providing both erosion and sediment control efiesd§i. Therefore, additional research

should be conducted to investigate which combimatioPAM and additional erosion

and sediment control technologies will provide blest solution from preventing excess

NPS pollution, through cost-effective measuresarples of these erosion and sediment

control technologies to test with and without PAMrégards to slope stabilization

include: (1) Organic Erosion Control Blankets (EEGR8) Inorganic ECBs, (3) Soft-

Armoring, (4) Mulching, (5) Jute matting, and (6¢@&synthetic materials.
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By examining these products, with and without ttditon of PAM, best
management practices (BMPs) could be recommendikdeadacted for practical use
based on the cost and quality of performance. ysesl could focus the long-term
effectiveness for each product and how this woeldte to maintenance costs and the
necessary time for more permanent products to peemented (i.e. vegetative cover).
This research would provide an invaluable tooldontractors, with the potentially
stricter EPA effluent guidelines currently undeviesv, which would require more
proactive responses to erosion and sedimentasoess rather than many reactive
responses current in use today. Therefore, thesea and sediment control
technologies would be examine, analyzed, and etedussing stringent scientific and

engineering methods to ensure the best solutiomllfinterested parties, were selected.
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