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ABSTRACT

Soil erosion and the resultingdiment deposition constitutes one of the greatest pollutants
inourn at iwatereas/s. Construction projects oftegeneratdarge areas of exposed sthiht
remain disturbedhroughout thedurationof the project. Exposed soil resulting from clearing,
grubbing, and land grading activities moresusceptibléo erosionduring a rain everdue to lack
of vegetative coverErosioncontrolpractices angroductg(i.e., vegetative cover, erosion control
blankets, hydromulchestc.) are an important aspeof any construction project due to their
ability to limit the process of erosionThis study developed a testing apparatus capable of
accurately and repeatedly simulat@@-yr, 24-hr storm event in Auburn, Alabama with the goal
of determinng the peformance aneffectivenes®f erosion contropractices angiroducts The
test protocoleonsistedf calibrating the rainfall simulator and validating the results through bare
soil control tests. Data collection procedures consisted of recording Irdiggdéh in rain gauges,
collecting and analyzing flour pellets for drop sizes, and suspended sediment concd®&tipn

The optimum location for each sprinkler riser as well as the most accurate nozzle
configurations were determined through the testgulares developed for this studyhrough
calibration testing, the simulator was found to produce rainfall intensities of 1.10, 1.78, and 3.76
in./hr.  Uniformity of rainfall distribution ranged from ®1%. Ther ai nf al | si mul
performance was also validated throtigtee 60 minute bare soil control tests. Results from these
tests(i.e., erosion patterns, SSGhowed thatconsistent erosion patterns were achieved with

maximumsedimentoncentrations ranginfrom approximately 55,00082,000 mg/L.
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CHAPTER ONE:
INTRODUCTION

1.1 BACKGROUND

TheUSconstruction industry is a lucrative
2015, Congress allocated $325 billion for the construction and rehabilitation of higmathgs
U.S. (Congress 2015 Construction projects typically includand gradingactivities (i.e.,
clearing grubbing,grading,andexcavationgthatrequire extensive earthwaqtik which vegetation
is removed, thereby resulting the creation of vast amounts of exposed oihrimary issue with
exposed soil is its susceptibility to erosive forces introdunea raifiall event. As much as 80
million tons (73 million metric tonyof sediment are erodérbm United Stategonstruction sites
each yearnNovotny 2003. The discharge ostormwaterrunoff with high concentrations of
sedimentrom construction sitekas become a source of concern for government environmental
agencis and general contractorskal.

Highly concentratedsedimerdaden stormwaterunoff can enter local waterwayshere
suspended sedimergsttle out oBuspension, resulting greposition This sedimentation process
effectively degradeghe existing ecosystem armverall water quality byincreasng turbidity,
making it difficult for aquatic wildlife to surviveThese concerns led Congress to pass the National
Pollutant Discharge Elimination System (NPDES) in 1990 under the Clean Water Act.
Regulations under NPDES require that sediment pollution generated by construction activities be

controlled onsitdy the siteoperator This is accomplished through the use of emsind

ar



sediment control (ESCpractices that include ground covers (i.e., vegetation, erosion control
blankets, hydromulches), runoff control measures {inket protection practicesljtch checksturf
reinforcement mats), and sediment controls (sediment basins ansilt fence$. With the
increase in usage of sugnactices and produgt# is important for researcherpractitioners,
contractorsinspectorsand regulatory agencies to undarslthe infield performance of various
ESGs, along with suitable applicationd/arious standardized smasicaletesting methodsave
beenconducted in the past to accomplish these objectiMesvever, smalscale testing does not
adequately represenpreditions thavariousESCswould experience in the fieldue to small plot
size To effectivelyreplicatea field-like scenario, largescale testing techniqudsave been
developed to assess the performance of erosion cqmérctices angbroducts undecontrolled
conditions Since the 20 century, this has been accomplisith the helpof rainfall simulators

(Cullum 1997 Hirschi et al. 1990Mutchler and Hermsmeier 196Baige et al. 2003

1.2 RAINFALL SIMULATORS

Rainfall simulation has long been used to study the effects of rainfall on e(Bgibet al.
2007 Bubenzer and Meyer 196Baige et al. 2003 The need for rainfall simulators arose when
researchers determined that simulated rainfall provided more control over expgriment
comparison to waitindor a natural rainfall event toccur toconduct experiments. The earliest
rainfall simulators used drejprming mechanisms such as hypodermic needles and string to
generatarops(Mutchler and Hermsmeier 1965With no pressure in the system, the raindrops
had to beeleased at heights as high as 30 fn)to ensurehatdrops reached speeds near terminal
velocity. Furthermore, these systems were highly susceptible to environmental conditions such as
high winds. These constraints limited the use of dooming simulators primarily toindoor

laboratory experimentsDu r i n g t, pressurlz8dGainfalsimulation systems became more



popular as researcsedesired to conduct largscale, outdoor experimen{McLaughlin and
Brown 2006 Moore et al. 1983Paige et al. 200Sharpley and Kleinman 200Swanson 1965
Pressurized rainfaflimulators differ from droflorming simulators in that they gebn nozzles or
sprinkler heads to produce rdike drops. With a presurized system, raindropave the ability

to reach terminal velocityjuicker, thereby allowingfor the design of shorter, more portable
simulators. Furthermoreressurized rainfaflimulators provide some resistance to environmental
conditions, allowig researchers to take their studies outdoors to test ESCs in similar conditions
that practicesand products would experiendga the field. As technological advances have
occurred through the 3@nd 2% centuries, items such as solenoid valves, difitaimeters, and
software operated systems have increased the accuracy with which these simulations|esa

naturally occurring rain even{Blanquies et al. 20Q0EIbasit et al. 201;5Miller 1987).

1.3 RESEARCH OBJECTIVES

The research contained in this thesis is partadfrainuingeffort by theHighway Research
Centerat Auburn University to study thgerformance andffectiveness of commonly used ESCs
through largescale testingechniques The primary purposef this research is to incorporate the
use of apressurizedrainfall simulator in largescale testing okrosion control practices and
productson a 3H:1V (horizontalvertical) slope. The study will be conducted tae Auburn
University Erosion and Sediment Control Test Facility (EBCTF)located inOpelika, Alabama.
The research centered on the design and construction of a rainfall simulator capableaifigprodu
raindrop patterns similar to natural rainfall in a repeatable fasioich wasaccomplished in two
phases. Phase 1 focused on the design and construction ofsciargeainfall simulatoand test
plot. Phase 2 focused on the calibratasrd vaidationof the rainfall simulatoto ensure a system

that has the abilitfo produce repeatable results, thereby minimizing experimental Miyiabor



the purposes of this study, calibration is defined as the process of determining the optimal location

of the sprinkler risers and nozzle configurations to repeatedly and consistently simulate natural

rainfall. Validation is defined as the process of conducting bare soil control tests to determine if

the simulator is capable of consistently inducing emogatterns similar to those experienced in

the field.

Theobjectives of eacphase are detailed below

1.

Design and construct4 ft (12 m)long, 8 ft(2.4 m)wide test plot on al3:1V slope

test plotand apparatu®r conducing erosion studies at the ABSCTF.

Design a rainfall simulatoand electrical control system that will provide uniform
coverage and produce consistent, repeatable rainfall on the test plot.

Develop testing protocols to ensure consistent, repeatable conditions for the test plot
(i.e. plot preparation, soil typegompaction, moisture content).

Develop testing protocols to calibrate the rainfall simulator and ensure that the system
is satisfyingall criteria to produce uniform raindrop coverage thmmics natural
rainfall.

Evaluate thegerformance of the rainfall simulator and its ability to simulate natural
rainfall, while producing repeatable conditiotfsrough calibration of the rainfall

simulator and validation of the test results

To accomplish theabovementionedesearch objectig the project was divided into the

following tasks:

1.

Identify, evaluate, and gain a thorough knowledfeetevant literature on the use of

rainfall simulation to conduct erosion studies.



2. Design a rainfall simulatpbased upothe findings of the literate review, whichis
capable of producing repeatable experimental results.

3. Construct the rainfall simulatotest plotjpower supplyand test apparatag the AU
ESCTF to satisfy the design requirements and maintain portability of the system.

4. Develop an aplicable testingorotocolbased on existing standaesst methodologies
andprocedures forainfall simulatorcalibration.

5. Conduct largescale experimentsn bare earth plotso calibrateand validatethe
performance of the rainfall simulatsystem andest protocols t@nsure repeatability
of results.

Future research objectives not included in this study include: (1) determining a procedure

to simulate various design storms, and (2) examining potential changes to the rainfall simulator

to maximize the umormity of rainfall distribution.

1.4 ORGANIZATION OF THES IS

This thesis is organized into six chapters to effectively communicate the steps taken to
complete the research obijectives listed above. Following this ch&piaspter Two Literature
Review examires existing literature pertaining to the design and construction of a multitude of
rainfall simulator designs, as well as existing standards for the use of rainfall simulators in the
testingand evaluation of erosion control practices and produdise testing procedures and
experimental results from previous studies will be discussed. Furthermore, a comparison will be
provided between the two primary types of rainfall simulators: -flsoping and pressurized.
Chapter ThreeRainfall Simulator 2sign and Constructiqprovides a detailed description of the
steps taken to design each component of the rainfall simaladtest plotonstructed ahe AU

ESCTE Chapter Four Methods and Proceduresdetails methods and procedures used for the



calibration of the rainfall simulator, as well as steps taken tahestrosive energy produced by
the simulator Chapter Five Results and Discussipprovides a concise summary of the findings
of the calibration of the rainfall simulator and testingat soil conditions and a variety of erosion
control practices Chapter Six Conclusions and Recommendatiopsovides insight on the
success othe design, construction, application, and akéhe developedainfall simulator for
largescale testing ofarious erosion control practices and produdisally, recommendations
are provided fofutureresearch that can Iperformedo furtherthe body of knowledge in the use

of rainfall simulation to test, evaluate, and understand the performance of easiah products



CHAPTER TWO:
LITERATURE REVIEW

2.1 BACKGROUND

Constructionand earthwork activitieq(i.e., clearing,grubbing, andgrading increase the
amount of exposed soil oconstructionsites by removing orweakeningvegetation and its
corresponding root mass, which typically stabilizes the soil su(Rerez 201% This problem is
often magnifiedby the conversion of previously permeable surfacesimpervious surfaces in
the form of buildings, roadways, parking lobs,pedestriapaved pathsAs a result, lie ensuing
decrease in infiltration rates leadsrioreases in surface runoff volumes and flow veloc{tdark
and Pitt 1999 These factors create conditions wheesly exposed soil is 100 times more likely
to be eroded than on agricultural laiiBrady and Weil 1999 The increased susceptibiliby soil
to erosionon construction siteduring the life cycle of the projetiss led to concerns over the
amount of sedimenteaching natural waterways either directly or indirectly via storm sewer
systens and other means of conveyanc@ primary concern is that theicreased amount of
suspended solids amdrrespondingurbidity has a negative impact on thquaticecosystenand
water qualitythrough the process of sedimentati®erez 201 Figure2.1 provides an example

of how drasticallypollution fromsedimentiaden stormwateran affecialocal ecosystem.



Figure 2.1 Sediment Pollution in the Black Warrior River, AL (Riverkeeper 2013.

To combat the proliferaton g ol | ut ant s i ter bodiesPhasealtothe n 6 s w
National Pollution Discharge thination System (NPDESYas established under the Clean Water
Act in 1990 (KinkadeLevario 200§. The goal of this legislationisto contidlwat er pol | ut i
regulatingpointsauc es t hat di scharge pol | u(QUS8EPA201 Nt o wg¢
The NPDES achieves this goal by dictating strict guidelines on allowable runoff pollutant levels
for medium to large municipal separate storm sewermsgs{®S4s), construction sites disturbing
five acres or more of land, and ten groups of industrial actiiti8&PA 200%. In 1999,stricter
regulations tetormwatemere introduced iz P A Bhase Il Final RuleThese regulations require
NPDES permit coverage fetormwaterunoff from small scale MS4s and construction activities
disturbing 1 acre or moref land (USEPA 200%. To meet the permit requirementsmporary
ESC practices (i.e., erosion contrblankets, turf reinforcement mats, ditch chegbarimeter

controls and sediment basing)ave been developed to reduce the amotetosion occurringnd



correspondingsuspended sediment discharged from the #herebypolluting nearby surface
wates. The U.S. Environmental Protection Agen@ySEPA) hasstatedthat eroded sediment
transported bgtormwaterunoff is far greater on construction sites withH®Csversus sites that
implement variou€SCs(USEPA 200% The use ofESCson construction sitekelpsreduce
erosion anccontrol sediment transpovia stormwaterunoff, which in turn results imeduced
negative impacts on nearby stream habitats and water reservoir cagfaSt#zA 200%.

Cost effective and efficient deployment\edriousESCsis of significant interest to both
the construction industry and the environmeptatectioncommunity. Rainfall simulatordhave
been used extensively to test the performan&Sdaison both agricultural and disturbed s@irt
et al. 2007 and to extendesearchstudies of erosioffBubenzer and Jones Jr. 197Rainfall
simulatorshave also helped studyingthe relationships betweemaultitudeof factors associated
with soil erosion(Elbasit et al. 2016 Natural rainfall can be difficult to use feaonductingerosion
focusedresearch studiedue to the unpredictability of natural rainfall. However, natural rainfall
produces the most accurate real world conditions dseveral factorghe natural rise ani@ll of
the rairfall event uniformity of rainfall distribution, and raindrops impacting at terminal velocity
While natural rainfall is most desirable for testing of these pracsoas)ated rainfall allows for
expedited data collection and reprodileitestingconditions(McLauchlin et al. 2001 Moore et

al. 1983 Thomas and EI Swaify 1989

2.2 RAINFALL SIMULATORS CHARACTERISTICS

Rainfall simulators have been used since th& @htury to efficiently conduct erosion
studies by mimicking natal rainfall conditions(Shoemaker 2009 These systems provide
increased control over the experiment by allowing for the selection of attributes such as rainfall

intensity, drop velocity, and test duration. However, a poorly designed and operated rainfall



simulator can lead to inaccurate rainfanditions and affect the repeatability of erosion studies
(Shoemaker 2009 As stated earlieRainfall simulatorsan be divided into two categories: drop
forming andpressurized nozzle simulator§imulatorshave been used for many years to study
the effects of rainfallonaplotEar | y si mul ators developed in
erosion and runoffhowever, these experiments lacked knowledge on the drop characteristics
produced by natural rainfa{Cabalka et al. 1998 To effectively simulate natural rainfall, the
properties of raindrops would firsabe to be studied more in dept@ne of the first reports on

the properties of natural rainfall came from Laws (1941), where a relationship was found between
raindrop size and drop velocityt was laterdiscoveredhat there was a relationship betweeopd

size distribution and rainfall intensitizaws and Parsons 1943

2.2.1 Drop Forming Simulators

Drop forming simulators use either hanging yarn or hypodermic needles to produce drops
(Mutchler and Hermsmeier 19650ther simulators have used stainless steel tubing to form drops
(Regmi and Thompson 2000 Drop forming simulatorsare used primarily on small plots in
laboratory experiments studying infiltration, erosion, and soil sflslstore et al. 1988 Early
studiesthat usedrop forming simulatorsad two major drawback$l) the simulators produced
large rainfall intensitiesf 5 to 14 in/hr. (13 to 36 cm/hrand(2) the drops were formed at low
heights, resulting in the failure of drops to reach terminal velocity upon impacting the surface
(Epstein and Grant 19%6 While drop forming simulators offezonsiderablecontrol during an
experimentthey also offer several challenge®jreration including restricted flow performance
due to frictional and capillary forces, difficulty maintaining drop uniformity at low operating

pressures, and requiring large heights, as mu@3 &5(10 m), to achieve terminal velocitBirt
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et al. 2007. The height required for these tyef rainfall simulators to operate makes them

unfeasible for use in field experimer{Blanquies et al. 2003

2.2.2 Pressurized Nozzle Simulators

The alternative to dropforming simulators ispressurized nozzle simulatorsThese
simulators are preferred for fiektale studies since they create greater rainfall intensities, are
designed for portability, cover a large plot area effectively, and produce a more randomelrop s
distribution similar to that of natural rainfdflumphry et al. 2002 To accurately simulate natural
rainfall, several design criteria must bensidered and satisfieavhich include (1) drop size
distribution and fall velocities similar to natural rainfgl) intensities simar to storms producing
medium to high rates of runoff and erosi¢8), a study area large enough to accurately represent
erosion conditions(4) uniform drop distribution throughout the study argg,nearcontinuous
rainfall application throughout thdéusly area(6) near vertical impact of most dropd,) total
kinetic energy similar to that of natural rainf¢B) satisfactory performance in windy conditions,

and(9) portability of the systenfMeyer 1963.

2.3 DROP SIZE DISTRIBUTI ON

Simulated rainfall has become a useful toolrésearches studying infitration and erosion due to

the fact that their simulators produce rainfall events that can be replicated at chosen times and
locations(Bubenzer et al. 1985 However, as previously mentioned, it is important that the drop
size distribution of the simulated rainfalbsely mimicnatural rainfallconditions(Meyer 196%.
Raindrop size can vary from mist droplets to drop8.24 to 0.28 in(6 to 7 mm) in diameter,

with the median diameter varying depending upon the storm intefibityson 1998 The
distribution of drop sizes was found to dxmrelatedo the intensity of the storm eveiaws and
Parsons 1943 A diagramshowing he relationship between the twariables drop size and
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RAINDROP ~DIAMETER IN MM

intensity,is shown inFigure2.2. By selecting a theoretical rainfall intensity (in./hr), the median

drop diameter (mm) can be determined by drawing a straight line from the selected intensity to the
median drop diametemlie ( desi gnated by a A500) . From t h
connect to they-axis, which in this case designates median drop diameter. For example, by
selecting a rainfall intensity of 0.185 in.Af@.470 cm/hr) on the x axisirawing a stight line to

the median diameter line, and connecting toyais, it can be estimated that the median drop

size for that respective rainfall intensityd$6 in. .6 mm). The value for drop diameter found

in the chart can also be compared to theevahiculated using Equation ZBkern 1950
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Figure 2.2 Relationship of Drop Size to Intensity(Laws and Parsons 1943
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0 ¢ & (EQ. 21)
where,
Dm = Median Drop Diameter, (mm)
| = Intensity of Precipitation, (in./h

To calculateDm, a value forl must be selectedFor a 2yr, 24-hr storm in the state of
Alabama,l is approximately 0.185 in./h{Perez et al. 2035 Using this valuethe median drop
diameter is calculated to be approximat@l65 in. .64 mm). This median drop diametes
comparable to the values reported by Laws (194B)gare2.2. The desire to determine the drop
size distribution of simulated rainfall first arose from early attempts to measure the susceptibility
to erosion and infiltration capacity efmall plots(Laws and Parsons 1943Techniques used to
measure the distribution include the stain method, flour method, momentum npdibi@adyraphic

method,immersion method, and oil rited (Eigel and Moore 1983 which are describedere

forth.

2.3.1 The Stain Method

The stain method works on the idea that when a rain drop impacts a uniform absorbent
surface, the ensuing stain produced is proportional to the diameter of théHabd970.
Absorbent surfaces appropegdfor this test include filter paper, blotting paper, blueprint paper,
paper toweling, photographic paper, adding machine tape, and glazedpgptand Moore
1983. This method is hampered by the fact that large drops can splash on impact, thereby

introducing error intdhe results of the testethod(Eigel and Moore 1983

2.3.2 The Flour Method
The flour method was firstsedby Bentley (1904) and has seen widespread use Siince.
method,as described by Eigel and Moore (1983), is performed by dropping sdedes of a

known mass into traysoataining a 25 mm thick layer of flouiThe pellets formed by the drops
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hitting the flour are then oven dried and weighed to determine the mass Tatoprocess is
repeated to obtain multiple mass ratios to create a calibration deiou. trays arehen exposed
to simulated rainfall and drop size is determined using the calibration cuives.method is
inconsistent in that calibration curves can vary from bag to bag of flouth@endethodhas

difficulty determining calibration curves for smalldmop sizegLaws 194).

This method is yet to be an accepted, standardiz&tdnethod in the industry. It is
currently undergoingeview within ASTM to become a standard test methdébr each target
intensity, three, 9 in(23 cm)diameter cake pans are filled to 1 (8.5 cm)in depth withall-
purposdlour. The covered cake paasethen placednd evenly spacemlong thetest plot Each
pan is mounted 12 in. (30.5 cm) off tgeund. When the target intensity is reached, the cake
pans are uncovered fort@ 4 seconds, depending on how quickly the flour is covered with
raindrops Once the pans are covered, the pellets are allowed to air dry for 12 hours. The contents
of the @n are then screened through a #70 sieve to remove excessAtgudouble pellets are
removed during this proces$he pellets are then transferred to an evaporating dish and placed in
an oven at 110°F (43 °C) for 6 hours. Next, the hardened pellate sorted using a sieve stack
comprised of a #4, #8, #10, #14, #20, #30 sieves and the pan. The pellets are sieved for 2 minutes
and the total weight and pellet count for each sieve is recoiidezlaverage drop diameter can be

calculated from the floypellet weight usindgequation 2.2.

o 2o (EQ. 22)

where,

Dr = Raindrop diameter, (mm)
W = Average pellet weight, (m
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2.3.3 Photographic Method

The photographic method allows for a direct measurement of the size and shapes of a water
drop. While this method might seem the most accurate, it is not efficient in determining drop size
distributions and the equipment used is not well suited for use in estiald experiment(Eigel

and Moore 19883

2.3.4 Momentum Method

In this method, pressure transducers and piezoelectric sensors are used to measure a
rai ndr oThié methed isznet commonly used for determining the drop size distribution for
a rainfall simulator since the equipment is expensive and not effettitesmining the size

distribution wheremultiple size drops are uséigel and Moore 1983

2.3.5 Immersion Method

The immersion method is performed by collecting raindrops inDaike to the low density
of the oil, the raindrop is enveloped and preserved by the liquid, adldasimmeasurement of the
drop diameter with a microscogigel and Moore 1983 This method is not suitable for use in
field-scale simulator experiments due to several problems: large drops disintegrating upon impact
with the oil, evaporation of drops not immersed in tHeamd the failure of the oil to immerse

small dropgMcCool 1983.

2.3.6 Oil Method
The method recommended by Eigel and Moore (1983) is the oil meiftod.method is
basedon the similar premise as the immersion method, that raindrops will be immersed in a less

dense, more viscous fluid, preserving the shape of the ditogpoil used is a 2:1 mix of SEFoll
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treatment and heavy mineral oifThe mixture is then placed ndwrta scale and exposed to rainfall.

A photograph is quickly taken thereafter so the drop diameters can be determined.

2.4 TERMINAL VELOCITY

For simulated rainfall to mimic natural rainfall, raindrops must achieve terminal velocity
before impacting the surfagMeyer 196%. Terminal velocity is achieved when the downward
gravitationalforces acting on the raindrop are cancelled out by the drag acting on th@idhop
2015. Laws (1941) found that raindrops approach terminal velocity as they fall through the air
and that the terminal velocity varies with drop siFegure2.3 displays the relationship between

drop size and terminal velocity.
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Figure 2.3 Fall Velocity vs. Fall Height(ASTM 2015).

With pressurized nozzle simtitas, drops are formed with an initial velocity, allowing for
shorter fall heights as compared to drop forming simuldMutchler and Hermsmeier 1965In
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the literature, simulated rainfall achieved terminal velocity using nozzle heig6is fifto 9.8 ft

(2.0 mto 3.0 m) (Bubenzer et al. 1983Humphry et al. 2002Moore et al. 1988 Pressurized

nozzle simulators are superior to drop forming simulators in this aspect, since drop forming
simulators can requir@3 ft (10 m) or more of fall height to reach terminal velocity (Regmi and
Thompson 2000).Since the effect a raindrop has on erosion is correlated with the energy of the
raindrop (Ekern 1950, it i's cruci al t hat a researcher 6s

terminal velocity to achieve accurate results in the erosion study.

2.5 RAINFALL INTENSITY

Laws and Parsons (1943) found that the drop size distribution of rainfall was directly
correlated to the intensityTherefore, to accurately reproduce the drop size distribution of the
desired storm, researaBanust also ensure their simulator is prodgaimilar intensities to the
stormsthey are trying tsimulate When designing a rainfall simulator, it is important to decide
what intensity storm(s) to simulatdn the construction industrfgSC practices are generally
designed for a-3r, 24 hr stom even{USEPA 2012 A 2-yr, 24hr storm has a 50% prability
of occurringin any given year.Figure2.4 andTable2.1 summarizeAtlas 14 point precipitation
estimates for the statef Alabama obtained from the National Oceanic and Atmospheric

Administration(NOAA 2014) in graphcal and tabular forprespectively
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Table 2.1 Precipitation Estimates for Alabama(NOAA 2014)

Average Recurrence Intervd (Years)

1 2 5 10 25 50 100 200 500 1000
5min | 523 | 6.01 | 727 | 830 | 9.68 | 10.7 | 11.7 | 12.7 | 14.0 | 150
10min| 3.83 | 440 | 533 | 6.08 | 7.09 | 7.84 | 859 | 9.32 | 10.3 | 11.0
15min| 3.12 | 358 | 433 | 494 | 5.76 | 6.38 | 6.98 | 758 | 835 | 8.92
30min| 224 | 258 | 3113 | 3.58 | 417 | 462 | 505 | 548 | 6.03 | 6.43
60-min| 1.49 | 1.70 | 2.04 | 233 | 272 | 3.02 | 3.31 | 3.61 | 4.00 | 4.29
2-hr | 0.928| 1.05 | 1.26 | 144 | 1.68 | 1.86 | 2.05 | 224 | 249 | 2.68
3-hr | 0.700| 0.792 | 0.944| 1.07 | 1.25 | 140 | 154 | 169 | 1.89 | 2.05
6-hr | 0.426 | 0.484 | 0.579 | 0.661 | 0.777 | 0.868 | 0.962 | 1.06 | 1.19 | 1.29
12-hr | 0.253 | 0.290 | 0.353 | 0.406 | 0.480 | 0.538 | 0.597 | 0.657 | 0.739 | 0.802
24-hr | 0.150 | 0.173| 0.212 | 0.244 | 0.290 | 0.325| 0.361 | 0.398 | 0.447 | 0.485
2-day | 0.088 | 0.101 | 0.123 | 0.141 | 0.167 | 0.188 | 0.209 | 0.231 | 0.261 | 0.284
3-day | 0.064 | 0.074| 0.089 | 0.103 | 0.122 | 0.137 | 0.153 | 0.169 | 0.191 | 0.209
4-day | 0.052 | 0.059 | 0.072| 0.083 | 0.098 | 0.110| 0.123| 0.136 | 0.155 | 0.169
7-day | 0.035| 0.039 | 0.047 | 0.055| 0.065| 0.073| 0.082 | 0.091 | 0.104 | 0.114
10-day | 0.027 | 0.031 | 0.037 | 0.042 | 0.050 | 0.057 | 0.063 | 0.070 | 0.080 | 0.088
20-day | 0.018 | 0.020 | 0.024 | 0.027 | 0.032 | 0.035| 0.039 | 0.043 | 0.048 | 0.052
30-day | 0.015| 0.016 | 0.019 | 0.021 | 0.025| 0.027 | 0.030 | 0.032 | 0.036 | 0.038
45-day | 0.012 | 0.013 | 0.016 | 0.017 | 0.020 | 0.021 | 0.023 | 0.025 | 0.027 | 0.029
60-day | 0.011 | 0.012 | 0.014 | 0.015| 0.017 | 0.018 | 0.020 | 0.021 | 0.022 | 0.023

Duration

FromTable2.1, the2-yr, 24 hr storm will generate 0.11#¥hr of rainfall. However, most
state transportation departments use the rainfall contour curves from Technical Paper No. 40
(Hershfield 196). Perezet al.(2015)insertedthe rainfall contour curves for ay2, 24 hr storm
intoAr ¢ G| SgEnerait®rainfall intensity contouss shown irFigure 2.5, andcalculatel the
average rainfaltlepthof 4.43 in.for the State of AlabamaThis value provides #tal amount of
rainfall for a 2yr, 24 hr stormand can be used when making designisieas for the rainfall

simulatotr which will be applicable to the State of Alabama
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2.6 KINETIC ENERGY OF NATURAL RAINFALL

Soil erosion is a mechanical process that is initiated by the energy delivered from raindrops
upon impacf{Wischmeierand Smith19%8l n Amer i cads corn belt, an
100 tons of deadweiglhdsson one acre of soil just from rainfglVischmeier and Smith 1958
An accurate representation of the tielaship between erosion caused by natural and simulated
rainfall has not been established for field studiarnett and Dooley 1972 Therefore, it is
necessary to ensure that the kinetic energy of simulated rainfall is similar to natural rainfall since
this property ighe single measure that can relate the (Blanquies et al. 2003 The kinetic

energy of natural rainfall can be calatdd usingequation 2.3Wischmeier and Smith 1958
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VO wpoeoalpl CO (EQ. 23
where,
KE = Kinetic energy, (Htons/acrein.)
| = Rainfall Intensity, (in./hr)

Using the value for total rainfall listed in the previous secterez et al. 20)%f 4.43
in. (11.25 cm,)or 0.185 in/h(0.470 cm/hr)the kinetic energy for ayr, 24-hr storm is calculated
to be approximately 673 foadns/acrein (20 J/L) In a comparison between natural and simulated
rainfall, Barnett and Daley (1972) found that the amount of soil loss per uriil¢kinetic energy
and intensity) was less for simulated rainfall than natural raintdbwever, after performing
regression on the rainfall data, it was found that there was no statisticalficaig difference in
soil loss between the two types of rainfilarnett and Dooley 1972 Kinetic energy can also be
measured from the physical properties of simulated rainfall: raindrop size, fall velocity, and drop
size distribution(Eigel and Moore 1983 Therefore, if a simulator idesigned to ensure these

properties are similar to natural rainfall, it can be assumed that the simulafad vaih have a

total kinetic energy similar to natural rainfall.

2.7 UNIFORM RAINFALL DRO P DISTRIBUTION

For a rainfall simulator to effectively sirtate natural rainfall, it must cover the entire plot
area in a uniform fashion and create a random drop distrib(Meger 196%. Uniform drop
distribution can be difficult to achieve since pressurized nozzle simulators sacrifice uniformity to
produce higher intensitiggeiumphry & al. 2003. With these simulators, the uniformity of the
drop distribution is dependent upon nozzle pressure, spacing, and oscffaige et al. 2003
The drop distribution is not uniform over the area covered by the nozzle spray, with more
concentrated spray occurring dirgatinder the nozzleTo resolve this, nozzles are spasedhat

areas of less coverage from the nozzles are overldpPpgge et al. 2003 Researchms can verify
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t hat t heir simul at or i s creating uni form

uniformity (Christiansen 1942

B O ©O

o (EQ. 24)

0 p TIPSt
where,
Cu = Uniformity of spray, (%)
Di = Depth of water in rain gauge, (cm)
Davg = Average depth in rain gauge, (cm)
n = Number of observations
Testing of the uniformity of drop distribution should be conducted during the initial
calibration period and at the beginning of each testing s€¢A®IM 2015. A few methods of
acquiring data to calculate the coefficient of uniformity evielentified in review of the literature.
Humphryet al.(2002)installed221, 3.9 in.(100mm) diameter cups placéslin. (0.125 n) apart

onthe test plot.Rainfall was collectedh the cups over a period of 30 minutes of continuous flow

from the simulator.The cups were then weighed to determine the volume in each individual cup.

Mooreet al.(1983) used a similar methadwhich theyplaced rain gaugek? in.(300 mn) apart
throughout the test plot to measure spray uniformit\sing one nozzle, Humphmst al.(2002)
reported a CU of 93% using one nozzle. Magiral.(1983) reported an average CU of 82%. The
decrease in uniformity can be attributed to the much larger sionuiaed by Moore. Adding
additional nozzles allows for largeeale testing but sacrifices the uniformity of drop distribution

due to the potential for unequal overlap of the simulated ra{@atemaker 2009 In this study,

sp

aminimumvaluefoChr i st ensends ¢ owask $eleatetbdaBd®%. o f uni for mi

2.8 CHARACTERISTICS OF V ARIOUS PRESSURIZED RAINFALL SIMULATORS
Researchers have found various methodsatisfy the criteria required to accurately

simulate natural rainfall. Differences in design exist between each study, leading to differences
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values for drop size distribution, uniformity, terminal velocity, €fable2.2 summarizes several
studies that sedpressurized nozzlenfall simulatordHumphry et al. 2002Moore etal. 1983

Paige et al. 2003 helton et al. 1985

Table 2.2 Summary of PressurizedRainfall Simulator Designs

Study Median Drop 12%2;;?]‘ Rainfall Coefficient of Plot ?ize
Size (mm) Simulator (ft) Intensity (in./hr)| Uniformity (%) (ft9)
Paige et al. (2003) N/A 8 0.51:5.12 92.7 131
Paige et al. (2003) N/A 8 5.51-7.87 91.6 131
Moore et al. (1983) N/A 9.8 0.147.28 82.0 1065
Shelton et al. (1985) 1.82.2 7.99.8 5.08 72.0 387
Humphry et al. (2002] 1.9 9.8 2.8 93.0 32

As discussed in Sectidgh4, by pressurizing the simulated rainfall, researches are able to
decrease the height of their simulators from 30.ft m),to 8to 10 ft (2.4 to 3.05 m) The values
for rainfall intensity,coefficient of uniformity and plot sizeshownin Table2.2 alsoconfirm that

as intensities and plot sizes are increased, uniformity dhfiadhstributiondecreases

2.8.1 Erosion StudiesUsing Simulated Rainfall
Various methods are employed in the testing of erosion control practices. Through the
literature review, many studies were identified #raployedsimulated rainfall to generate splash
erosion and runoff for their tegtBenik et al. 2003Foltz and Dooley 20QXim et al. 2001 King
and Bjorneberg 201 McLaughlin and Brown 20QéMing-Han et al. 2003Shoemaker et al. 2012
Xiao et al. 2010 While each of these studies simulated rainfall to conduct their experiments, the
means by which they designed their experimentraimdall simulator vary from study to study.
Shoemaker et a(2012 developed a laboratory scale rainfall simulator to conduct studies
on the effectiveessof anionic polyacrylamidgPAM) as an erosion control measure. The
simulator was installed at a height of 10 ft (3.05anyluseda pressure regulator and solenoid

valve to control flow. Two plots eachwith a surface area of &1t0.72 nf), were consucted and
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placed under the simulatat a 3:1 (H:V) slopeUs i ng C h r doeffitientaofusifermity, s
Shoemaker et al(2012 calculated that the simatior was capable of producing uniformity
coefficients ranging from 83% to 878wer the two plots Shoemaker 6s rainfall

in Figure2.6.

Figure 2.6 Laboratory Scale Rainfall Simulator (Shoemaker et al. 201

The simulator designed by Shoemaker e{2012 produced a raial intensity of 4.4
in./hr (112 cm/hr). Tests caosisted of four, 15 minute rainfall events separated by 15 minutes of
no rainfall. Each rainfall period wasipable of producing 1.1 in.&§2nm) of rainfall.

Kim et al. (2001 conducted a study examining the effectiveness of PAM treatments on
steep vegetable fields in South Kor&ax test plots wereonstructed on slopes ranging from 29%
to 30%. Each test plot was constructed to have a surface area 6{26nf) . Ki mbs r ai
simulator was constructed with steel angles and sprinkigrat a height of 8 ft (2.4 m)The

simulator was capabld generating rainfall intensities from 2.8 in./hr to 3.3 in./Hy (Tm/hr to
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85 mm/hr). Individual tests were separated into 30 minute dry runs, a 30 minute pause for data
collection, and a 30 minute wet run.

Benik et al (2003 conducted aainfall simulationstudy investigating theffectof erosion
control products in the establishment of vegetation on highway embankusemgsa rotating
boom rainfall simulatob a s ed o n (®6hadasgym Mhé gest plot was constructed on a
sediment basin slope located in a highway project in Minrfisapdinnesota. The plots were
located on a 218:1V side slope Each test plot was tilled to a depth of 6 in. (15 cm). This study
examined five treatments: bare treatment, straw mulch, Soil ®Boadkdfiber matrix (Mat, Inc.),
CFS072R strawbconutblanket (Greenfix of America Company), and Curlex 1l wdihekr
blanket (American Excelsior Companyach plot had a length of 32 ft (9.75 m). The width of
each plot was determined by the product being tesRidts covered in blanket treatments had
widths of 8 ft (2.4 m) while bare plots, plots covered in stramich or bondediber matrix had
widths of 4 ft (1.2 m).The plot widths were designed to all fit within the radius of spray produced
by the simulatr. The rotatingboom simulator was capable of producing a uniform, circular spray
pattern over a diameter of 50 ft (15.2 m). Pressure regulators were installed at each nozzle to
maintain a constant pressure and rainfall intensity of 8 psi (55 kPa).4mdl./2r (@ mm/hr),
respectively. Simulations were conducted under two vegetative conditions: nol/little vegetation
and good vegetative growth. Each test consisted of a dry and wet run to assess the effect initial
moisture content had on various treattmethods. Tests lasted 90 minutes and 60 minutes after
runoff from the plot was observed for dry runs and wet runs, respectively.

Foltz and Dooley2003 conducted a study to compahe teffectiveness of wood strands
to straw as erosion control practices. Test plots were housed in steel frames 13 ft (4 m) long and

4 ft (1.24 m) wide. Each frame was set on a single slope of 30#.rainfall simulator used in
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this studied was based tiee Purdue simulator developed by Foster ef1@82. VeelJet 80150
nozzlesproduced aonstantainfall intensity of 2 in./hr (50 mm/hr)Four soil conditions were

tested in this experiment: bare soil, straw treatment, wide wood strand treatment, and narrow wood
strand treatmentTests were divided into three segmetotisling 25 minutes First, a rain and

inflow sequence was produced by the simulated rainfall. Over the second and third segments, the
inflow was increased to reach the critical shear and tweetitical shear, respectivelyigure

2.7 provides a detailed sketch of the plot layout.

Rainfall Simulator

r -
. -~ S~ -~ 4

Flow Distributor

Flow
Distributor

Bare Soil
A

5% Side Slope

Figure 2.7 Plot Layout Design(Foltz and Dooley 2003

Ming-Hanet al.(2003 investigated the performance of fikaled erosioncontrol products
(RECPs) and one hydraulically applied product using field scale rainfall simulaliba. six
treatments applied in this study includerf reinforcementmats (TRMs) constructed out of
polypropylene fibers (Synthetic Industriegpen weave textile (OWT) constructed out of
polypropylene fibers (Synthetic Industriesjpsion control blankes (ECBs) constructed out of

wheat straw and jute netting (Synthetic Industries), &&Bstructed out of straw fibers bound by
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polypropylene netting (North American Green), ECB constructed out of aspen curled wood bound
by degradable netting (American Etsior Company),and a bonded fiber matrix (BFM)
constructed out of softwood fibers bonded by adhesive (Canfor). Each treatment was tested on a
2H:1V slope and aR3:1V slope. Test plots on theH21V slope were 20 ft (6 m) wide and 50 ft

(15 m) long. Tetplots on the B:1V slope were 20 ft (6 m) wide and 70 ft (21 m) long. Treatments
were installed according to manufacturersod sp
Department of Transportation (TxDOT) guidelines and applied during ingiallaf each
treatment. The rainfall simulator was mounted 18 in. (0.46 m) above the test plot and designed to
apply rainfall intensities of 1.19 in./hr (30.2 mm/hr), 5.73 in./hr (145.5 mm/hr), and 7.23 in./hr
(183.6 mm/hr). Each treatment was subjeatesix tests. Treatments were tested in two iterations,

10 minutes in length, for each storm intensity.

McLaughlin and Browr(2006 conducted a rainfall simulation study with the objective of
determining if the application of PAM to different mulches provided any improvement in the
practice as an erosion contrélor thisstudy, 3.3 ft (1 m) wide by 6.6 ft (2 m) long test plots were
constructed. Each plot was set on a slope of either 10% or 20%. A rainfall simulator based on a
simil ar desi g (980 wastohsructedfdr thisexpekme A &/2ZHHSS50WSQ
Fulljet nozzle was installed 13 ft (4 m) above the test plots to produce rain drops. The nozzle was
set at a pressure of 5 psi (34 kPa) and produced droplet sizes similar to natural f2urial,
tests, the simulator produced @nstant rainfall intensity of 2.6 in./hr (68 mm/hr). The intensity
was reduced to a rate of 1.3 in./hr (34 mm/hr) by programming a solenoid valve to cycle off and
on in 10 second intervalslests were run until 5 minutes after runoff was observed frentest

plots. The rainfall simulator constructed for this experiment is showfigare2.8.
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Xiao etal.(20lQused a rainfall s i m@dodinulator designe d o n
to test the effectivenesd using compost as an erosion control on roadside embankmBEmes
rainfall simulator had an average rainfall intensity of 2.5 in./hr (64 mrafid)a nozzle height of
9.8 ft (3 m). A testplot with anarea of 432 i.(2730 cnd) was constructed undernedtie

simulator on aB:1V slope. Figure2.9 displays the rainfall simulator and test plot configuration.
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Figure 2.9 Pressurized Rainfall Simulator(Xiao et al. 2010.

The base soil was initially tested for erodibility byngpacting it to a dry density of 1.50
g/cn?® and exposing the soil to 1 hr of simulated rainfall. Two compost configurations were
selected for single event testing: (1) unpelletized compost and (2) unpelletized compost with
pell eti zed # cuThe Isng dernt aifectivemenp af she compost was tested by
subjecting the test plot to multiple rainfall events, each 1 hr in duration, for eac8itestpeated
rainfall events were simulated with three day intervals between tests to allow adequaiettieme
dry.

Robesor(2014 conducted a study where data from bsoé rainfall simulation tests were
compiled from largescale laboratories around the country. Data collected from these labs was
thenused to create an equation whereby erosion predictions could be made to fulfill USEPA
stabilization requirements. The laboratories from which data was collected for this study included:
(1) ErosionLall in Wisconsin, (2) San Diego State University, (8xds Transportation Institute,

(4) Texas Research International, and (5) Utah State University. Rof@&ahfound that the

prediction equation was a function of several characteristics related to sidudatfall and test
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slope conditions: (1) rainfall intensity, (2) test plot area, (3), duration of test, (4), gradient of the

slope, (5) median raindrop diameter, (6) kinetic energy of rainfall, (7) percent clay in soil, and (8)

percent compaction of soil

The research studies discussed above show that there are multiple designs for rainfall

simulators and multiple test procedures implemented to test various practices. With each study

possessing contrasting test procedures, comparison of results cm@ddgbe limited.Table2.3

summarizes the rainfall simulator design and test protocols from eachpséwityusly discussed

Table 2.3 Summary of Previous Research Studies

Nozzle Height, Plot Area, | Coefficient of Simulated Rainfall Test Duration,
ft (m) ft2 (m?) Uniformity | Intensity, in./hr (cm/hr) min
Shoemaker et al. 10 (3.05) 8 (0.72) 83-87% 4.4 (11.2) 60
Kim et al. 8 (2.4) 26 (8) -- 2.83.3 (78.5) 30
Benik et al. 9(2.7) 2(5232’ 15)8 2.4 (6) 90, 60
Foltz and Dooley 8 (2.4) 52 (5) 2 (5) 25
. 1000, 1400 1.19,5.73,7.23
Ming-Han et al. 1.5 (0.46) (93, 130) (3.02, 14.5518.36) 10
McLaughlin and 5 min. After
Brown 13 (4) 22 (2) 1.32.6 (3.46.8) Runoff
Xiao et al. 9.8 (3) 3(0.28) 2.8(7) 60

2.9 CURRENT STANDARD TEST METHODOLOGIES

I n

order to

ensur e

t hat 6 s@andard tesdnyethads shauld bel t s

followed whenever they are applicable. Designing test procedures around standard methodologies

allows the research to compare results with previous and concurrent studies.

allows the results from the stytb be more readily replicated.

2.9.1 ASTM D6459

Furthermore, it

Largescale testing ofolled erosion control practic§RECPs)and productgi.e., erosion

control blankets turf reinforcement mats, etcshould be conducted in accordance with ASTM

D645915. This standardest methodis used for testing REGRperformance using sinated
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rainfall induced erosiofASTM 2015. A RECP i s deeporary dafjradalde orilang

term nondegradable material manufactured or fabricated into rolls designed to reduce soil erosion

and assist ithe growth, establishmera,nd pr ot ect i GASTMo2D15.vAergirdall at i o n O
simulator used to conduct this test must have sprinkler heads, sprinkler risers, pressure gauges, and
valves. Raindrop size should 04 to 0.25 in(1to 6 mm). Furthermore, the rigs should be

constructd to create a fall height d# ft (4.3 m). This design is shown iRigure2.10.

@ @ J @

03 /'L L,

. G Yﬁj
|

Figure 2.10 Typical Rainfall Simulator (ASTM 2015).

To accurately test a RECP, thkest plot must be properly prepared and the simulator
calibrated.Thestepdor test plot preparation and simulator calibratiasdescribed by the ASTM

standard (208), are summarized below.
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2.9.1.1 Test Plot Preparatio
A geotechnical stable test plot must be constructed3bh B/ slope with a length of0 ft
(12 m). Eitherloam, clay, or sand should be placed on the testap a thickness of at leakt.8

in. (30 cm. The recommended grain sizes and plasticity indices are listeabie2.4.

Table 2.4 Test Plot Soil CharacteristicS(ASTM 2015)

Grain Size SAND LOAM CLAY
(mm)
D100 D100< 40 Di00< 25 Dio0< 10
Dss 1.0<Ds<10.0| 0.5<Ds<5.0 0.01<D¥s<1.0
Dso 0.08<Dp<20 | 0.01<Dbp<10 | 0.001<@p<0.1
Dis 0.001 <Ds 0.05<Ds Di15< 0.0015
Plasticity Index Nonplastic 1<PI<8 14 <PI

The veneer should then be placeé in. (15 cnj lifts and compacted to 993% standard
proctor density as defined by ASTM D698est plots, with dimensions 8fft by 40 ft 2.4 m by
12 m), should be located ondglembankment.Soil should be loosened to a depthHtah. (10 cm
using a metal rake or other capable equipmditte soil should then be smoothed with a metal

rake and lightly compacted.

2.9.1.2 Simulator Calibration

To calibratea rainfall simulator, the values for rainfall intensity, uniformity of drop
distribution, and drop size distributions for each intensity mustloalated. To ensure accuracy
in the uniformity test, calibration should not be conducted when wind speeds reach higler than
mph(8 kmhr). The first step in the calibration process is to install the sprinkler manifolds around
the perimeter of the teptot. Testing should then be done to deterntivesspacing between risers
thatresults in the highest uniformity of sprafrhe recommended method for collecting data to
calculate the uniformity coefficient is to place rain gauges throughout the ploli¢otaainfall

during the 15 minute calibration test.
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The drop size distribution is measured using a flour method similar to the one described in
Section2.3.2 Three pie panwill be filled with sifted flour and struck off to a level surfacéhe
pansare then placed orv.9 in. 0 cm) high supports along the centerline of the plot at the
horizontal quarter pointsAt the intensity to be tested, theveos of the pie pans should be removed
for only a few secondsOnce the flour pellets have dried for 12 hours, the contents can then be
sorted through a #thesh sieve Remaining pellets are to be transferred to evaporating dishes and
heated al10°F (43°C) for 6 hours. The total weight of the pellets should then be recordde
pellets should then be sieved by shaking for 2 min. The total weight and pellet count for each sieve
can then be recorde@hese nreasurementarethen be used to determine thedian drop diameter
(mm) produced at a specific rainfall intensitging Equation 2 The fall height of the raindrops
can be determined by holding a surveyothedbs rod

wetted height.

2.9.2 ASTM D3977
In a researclstudy conducted by Gu@006, three different methods of determining the
amount of solids in storm water runefere compared1) USEPAtotal suspended solids (TSS)
method (2) Standrd (TSS)method and(3) A S T Mfuspendededimentconcentrabn (SSC).
Guo stated that Athe measured SSC walbetesery cl
procedures for determining SSC are published in ASTM D88397). As summarized by ASTM
D3977, SSC is calculated by allowing the sediment to satitethen siphoning off all excess
water. Next, the volume of the remaining water and sediment is measured and the sediment is
dried and weighed.

After collecting grab samples to determine SSC, the samples should be grouped in

accordance with chronologicarder of collectiofASTM 1997). ASTM D3977 specifies that in
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order to deermine the SSC, first allow the sediment in the sample container to isetile
refrigerator for two days The supernatant, or excess water, is then vacuumed away. The
supernatant should be stored for determining a dissalokdis correction factor lat. Next, the

exact volume of the sample is determined by placing the sample on a level surface and marking
the water level on the sample bottle. Water is then used to rinse the sediment and supernatant from
the sample bottle into an evaporating disthe Bample bottle is then refilled with water to the

mark with a graduated cylinder. The volume of water poured from the cylinder to reach the mark
on the sample bottle should be recorded. Following determination of the sample, the evaporating
dish is plaed in an oven with the temperature set just below the boiling point for water. The
sample should remain in the oven until all discernible traces of water have evaporated. Once this
is accomplished, the temperature in the oven should be raised at hdlehgterature of 22

(105°C) for two hours. The evaporating dish should then be transferred to a desiccator to allow
the sediment to cool to room temperatiorprevent a misreading to occur due to thermal expansion
from the heated panA desiccatord a device that prevents sediment samples from absorbing
moisture in the surrounding dkSTM 1997. Once the samples have reached room temperature,

the dishes should be quickly weighed to the nearest 0.0001 gram to minimize the absorption of
air-borne moisture by the sampl&.dissolvedsolids correction factor is calculatey tbansferring

a known amount of supernatant to an evaporating dish using a volumetric pipet. A similar process
to drying the samples is used to dry the supernatant and determine the weight of its contents to the

nearest 0.0001 gram.

2.10 SUMMARY
This sectionprovidesan overview of thassues related to erosion and the corresponding

sediment pollution, its association with construction activities,taadequirements established
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by regulatory agenciem an effort to mitigatehe problem of sediment pollution. The use of
rainfall simulators in testing ES@ractices and products discusse@ndan overview of the two
types of simulators used: dréprming and pressurizedimulatorsare discussed Through a
review of availal® literature, performance characteristics of each type of simulator were

identified. Table2.5 provides a comparisant the two types of simlators

Table 2.5 Comparison of Rainfall Simulators

Category Drop-Forming Pressurized
Portability Stationary Portable
Drop Size Distribution More Control Less Control
Uniformity 90-95% 80-85%
TerminalVelocity 30 ft. 14 ft.
Rainfall Intensity Lower Intensities| Higher Intensities
Resisanceto Environmental Conditions Poor Performanc¢ Resistant to Winc

After a review of available literature, the overall designs of dooming and pressurized
simulators were compared and contrasfBue analysis focused on the design criteria as described
by Moore et al(1983: (1) drop size distribution and fall velocities similar to natuaahfall, (2)
intensities similar to storms producing medium to high rates of runoff and erosion, (3) uniform
drop distribution throughout the study area, (4) remaatinuous rainfall application throughout the
study area, (5) near vertical impact of mdstps, and (6) total kinetic energy similar to that of
natural rainfall. Based upon theesultsdisplayedin Table2.5, it was decided to focus research
efforts on pressurized simulator§hrough a review of available literature, it was determined that
limitations intrinsic to the design of drdprming simuators would hinder its effectiveness in a
field application Finally, existing standards related to the use of rainfall simulation in ESC testing

were identified and discussed.
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CHAPTER THREE:
RAINFALL SIMULATOR DESIGN AND CONSTRUCTION

3.1 INTRODUCTION

At the AU-ESCTEF a rainfall simulator was designed and constructed for the purpose of
testing the effectiveness of various erosaod sedimentontrol (ESC) practices using largeale
testing tehniquesand better understanding their performanthe design and construction of the
rainfall simulator testing apparatus consisted of the following components: a test plot constructed
on afill slope, a catchment basin, retaining wall, sprinklergjseater delivery system, and power
supply Target fow rates werdased on calculatiorie accuratelysimulate the peak 60 minutes

of a Type I, 2-yr, 24 hr storm in Alabama.

3.2 RAINFALL EVENT DESIG N AND CALCULATION OF FLOW RATES

After a review of available literature, a Typie 2-yr, 24-hr stormeventin Alabama was
chosen for use in the rainfall simulatiofihis design storm comes from 3%, which provides
procedures for estimating storm characterisfes, runoff and peakdischarges for small
watershed¢$NRCS 1988. To account for the variability of rainfall intensity based on geographic
region, the NRCS developed synthetic rainfall distributions, described as Type I, IA, II, and I

storms which are plotted irFigure3.1.
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Figure 3.1 SCS 24hr Rainfall Distributions (NRCS 1986.

Types | and IA correspond to the Pacific regioigpe Ill storms describe storms in the
Gulf of Mexico and Atlantic coast regions. Type Il storms represent the rest of the (DIRGH

1986. Figure3.2 presents a geospatial view of the synthetic rainfall distributhsnsell as the

location of the study area
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Figure 3.2 Geographic Boundaries for SCS Rainfall Distributions(NRCS 1986.

To determine the flow rates required to accurately simulate such a storm, a rainfall intensity
hyetograpwas devel oped wusi ng BEhehydtogragpbwas tHemtmuned c Kk s o
to clearlydisplay the peak 60 minutes$ the storm eventintensities were then selected from the
peak 60 minutes of tHeyetographat 10 minute intervals to accurately simulate the rise and fall of
therainfall event. Intensities were selected from the peak 60 minutesntolatea worst case
scenario test for therosion control practicasnder considerationBy using variable intensities
instead of a single intensity to simulate a rain event, the amount of watedapptie test plot
for each tesinterval would more accurately represent conditions experienced in theFiglare
3.3 displays thepeak 66minutes of the &r, 24-hr rainfall event withselectedlO minute rainfall

intensitiedisplayed accordingly
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Figure 3.3 Peak 60 Minutelntensities for Type Il 2-yr, 24 hr Storm in Alabama.

The selected intensities were then converted to units of ggléomeinuteto determine the

volume of water required for each test interval and for the overall experiment. This was

accomplished by converting the intensities to units of feet per minute and multiplying by the plot

area o0f320 ft? (30 n¥). These values were then converted to units of gallons per minute, the typical

standard units used when discussing flow rafespinkler systems in the United Stategach

flow rate was then multiplied by the test interval of 10 minutes to calculate a total volume of flow.

Finally, the target median drop sizes were calculated using the theoretical intensities and Equation

2-1, previously discussed in the literature reviehable3.1 displays the selected intensities and

corresponding flow rates and volumes.

Table 3.1 Rainfall Data for a 2-yr, 24-hr SCS Type Il Storm Event

Target Theoretical
Test Interval z—rl.::/:ﬁ) In