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Abstract

Discharge of sedimestaden stormwater from active construction sites, such as
highway construction projects, is a growing concern in the construction indzstty ét
al. 2007, 2008 The United States Environmental Protection Agency (USEPA) (2009c)
hasrecently proposed a 28@phelometric unitdNTU) effluent limitation guideline
(ELG) pertaining to construction site runoff, and the Alabama Department of
Environmental Management (ADEM) requires construction site runoff in the state of
Alabama to retaiturbidity levels within 50 NTUs above backgrouedels The
Alabama Department of Transportation (ALDOT) is one of meggnciesn the
construction industry striving to meet the federal and state government construction site
ELGs; therefore there hasén an increased interest in research efforts tohiest
performance ofmany different erosionontrolpractices. One suarosion control
practice, hydromulching, is the hydraulic application of mulches. Although mulching fill
slopes for erosion contrs not a new practice, new technologies and innovations in the
hydromulch industry has allowed the development of superasion controproducts.
The performance of perhaps the oldest and cheapest form of erosion control,
conventional straw mulch, bdeen testednd reportedby many researchers to be
effective erosion control measure. However, with advancing technologies and a rise in

concern for nonpoint source (NPS) pollution flowing from construction sites into our



streams, rivers, and lakdbe research of new and improved practices that reduce both
erosion and sedimentation is needed.

Thepurpose of this research effort was to test the intermesitaie performance
of four hydromulches: (1) Excel® Fibermulch Il, (2) GeoSkin®, (3) Hydra®;»and
(4) HydroStraw® BFMand compare them to the performance of two conventional straw
practices, crimpedr tackified, and a bare soil controTl he first phase of this research
focused on researching and developing a method to accurately, uniforthiffiarently
apply hydromulchreatments to compacted and scoured 3H:1V fill slopes that mimic
conditions similar to a highway embankment. The goal was to consistently achieve
manufacturespecified application rates through the use of scientific methods
Ultimately, a method was developed enabling researchers to determine application rates
per sprayy ahydroseeder through confirmation of collected wet and dry mulch ratios.
The second phase of this research focused on testing the performandewf the
hydromulchtreatmentsthe two conventional straw treatmenteymalized to a bare soil
condition, using 2 ft (0.6 m) wide by 4 ft (1.2 m) long test plots. Each treatment was
subject to simulated rainfallvhich wasdivided into four 15 minute rainfalvents with
15 minute breaks in between, producing a total cumulagivéall of 4.4 inches,
representative of ayear, 24 hour storravent

To determine the overall performance of each treatment, initial turbidities,
turbidity over time, andoil loss measurements were consistently collected from plot
runoff. Large amounts of collected data enabled researchers to effectively determine the
performance oéachpractice testedAccording to experimental resufiom this

research effort, Hyd®traw® BFM has the potential to medDEM ELGs of 50 NTUs,



with an approximate 100% average erosion reduction and 99% averagergedim
reduction when normalized the bare soil (control) condition. Straw, tackified and
HydraCX4(R) were capable of meetingh e U S E INAW ELG, 21® ®n average
reduced erosion by approximately 98% and 99% respectively. Ovkeaksults
showedthatall six practicegestedwere successful in controlling erosiokloweverit is
recommended to use additives such asgmuitamide (PAM) in conjunctiowith the six
tested practices to promote deposition and further reduce turbidity levels of construction
site dischargeThe resultsliscussedhn this research amualified byseveral factors such

as scaleslope, soil typesoil compaction, rainfall simulation, and rainfall intensity;
therefore the potential for biased conclusions and recomriiensianust be

acknowledged and may not be representative of-§etde performance
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Chapter 1 Introduction

1.1 Background

Discharge of sedimeisthden stormwater from active construction sites, such as highway
construction projects, is a growing concern in the construction indZsch (et al. 2007,
2008. The United States Environmental Protection Agency (USEPA) labels such
discharge asonpoint sourcéNPS) pollution and is defined as land runoff, precimtat
atmospheric deposition, seepage or hydrologic modification that does not meet the legal
definition of O6point sourced i npolutoecan on
includebacteria, oil, grease and toxic chemicals;ess fertilizers &m agricultural

runoff, salt from irrigation practicesnd sedimenfrom improperly managed

construction sites (USEPA,2008Accor di ng t &torin hWater BradeR A G s
Final Rule Fact Sheet Seri€&008, sedimentation from construction site runafbne of

the most widespread pollutants affecting rivers and streams, second only to pathogens
(i.e., bacteria).In an effort to reduce erosion and sedimentation, the USEPA has
implemented a numeric limitation of 280 nephelometric units (NTUs) to be ghirase

over the next four years, beginning in August of 2011, for construction sites that disturb
10or more acres at a time (USEPA, 2009¢c).addition to federal guidelines, the

Alabama Department of Environmental Management (ADEM), with authority giyen b

the federal government, has implemented effluent limitation guidelines (ELGS)

50



forbidding construction sites in thaebe of Alabamanotto exceed runoff turbidities of
50 NTUs above backgrounevels These federal and statgiidelineshave encouraged
the construction industry to establish a scientific approaeivatuae the performance of
erosion and sediment cont(@&SC)practicesn reducing erosion rates and turbidity

levels.

1.2 Erosion, Sedimentation, and Turbidity

Erosion and sedimentation produdsdconstruction site runoff is a matontributorof

NPS pollution in the construction industry
by climate, topography, soils, and vegetat
sedimentation, and turbidity cae bdescribed as a chain reaction; erosion of land leads to
sediment transport in stormwater runoff, which in turn causes water to become turbid,
eventually resulting in sedimentation as water velocities decrease. Erosion is defined by

the Alabama Soiland/at er Conservation Committee (ASW
which the | and surface is worn away by the
(AsSwCC, 2009). Sedi mentation can be defin
particles settling out of suspensiars t he vel ocity of water dec
Turbidity occurs as sediment particles are being transported in stormwater runoff, causing
water to become turbid, cloudyr muddy prior to deposition. High levels of turbidity in

rivers, streams, and lakes can have severe negative impacts (e.g., killing fish from gill
abrasion, decreasing light penetration, smothering food sources, etc.) on the environment

and wild life (ASWCC, 2009).



Although e ASWCC (2009) states that it is difficult, perhaps impossible, to totally
eliminate the transport of clay and silt particd®en with the most effective ESC
practicesresearch and evaluation of ESC productegsiiredto minimize NPS pollution

discharges from construction sites to acceptable levels

1.3 Best Management Practice$BMPSs)

Federal and state ELGs have encouraged the construction industry to develop best
management practices (BMPs) in an effort to effectively controicara@sd

sedimentation caused by construction site runoff. BMPs are methods that have been
determined to be the most effective, practical means of preventing or reducing pollution
from NPS pollution. A list of BMPs has been developed by ASWCC (2009)de gu
contractors in properly selecting the BMP or combination of BMPs for specific
construction site circumstances. The list is summarized beldatiel.1.

Table 1.1 Summary of Different BMPs for Protecting Against Erosion,
Sedimentation, and Stormwater Discharge

BMP .
Categories TypesBest Management Practices
Surface Chemical Stabilization; Erosion Control Blankets; Mulching;
Stabilization | Permanent SeedinRetaining Walls; Sodding;
Runoff Check Dams; Diversions; Drop Structures; Outlet Protection;

Conveyance | Subsurface Trains; Swales
Brush/Fabric Barriers; Drop Inlet Protection; Filter Strips; Float

Sediment Turbidity Barriers; Inlet Protection; Sediment Barriers; Sedimel
Control L :
Basins; Sediment Traps
Stormwater Bioretention AreaPorous Pavement; Stormwater Detention Ba:
Management
Stream Buffer Zones; Channel StabilizatioBtream Diversion Channel;

Protection | Streambank Protectiofemporary Stream Crossings




The BMPs listed iTablel.1 are a sample of specific BMPs that can be implemented to
prevent pollution frontonstruction generatddPS. This study will focus on

hydraulically applied mulch, referred herein as hydromuhich inherently falls under

the O60Sur fagadc ® ndt BMMiAheiAmbdarmagDeparyment of Transportation
(ALDOT) specifications foMulching and Vegetation Establishmestdte that a

hydromul ch Ashall be man u fadditionlamdeagitationnn s u c h
slurry tanks with soil amendments, the fibers in the material will become uniformly
suspended to form a homogenous slurry; and that when hydraulically sprayed on the
ground, the material will form a ground cover; and which afptieation will allow the
absorption of moisture and allow rainfall or mechanical watering to percolate to the
underlying soil o (ALDOT, 2008). Technol og
application and mixing hydromulches has provided the constructiontipduigh tools to
manufacture new hydromulches that claim to be superior to traditional erosion control
practices such as conventional straw mulch. Howewusce availablscientific

knowledges limited, it is desirable to eoluctperformancebased intemediatescale

teststo quantify hydromulch erosion control efficiencies.

1.4 Research Objectives

This research effort is an extension of the erosion and sediment control study conducted
by the Highway Research Center at Auburn University igurartion with ALDOT to

further thecollective knowledge of BMPs on highway ctmstion sites. This study

incorporaté test methods and protocols used by Shoemekal. (2009). Tests were



conducted at an ESC facility located on the premises of the National Cemispfait

Technology (NCAT) near Opelika, AL.

The overall objective of this research effort was to tesetbsion controperformance of
the followingfour hydromulch practices(l) Excel® Fibermulch I1,2) GeoSkin®, 8)
HydraCX®, and @) HydroStraw® BFM. A comparative analysis will be conducted to
guantify performance by comparing the hydromulch practicesite soil andwo
conventionabktrawtreatments:(1) conventional straw, crimped a() conventional
straw, tagified. To accuratelytest these six erosion contpiactices, this study was
divided into two phases: (1) experimental preparations and (2) experimentation and

evaluation.

PHASE 1: EXPERIMENTAL PREPARATIONS

1. Design and construct a f | umeffcollecdian modi f
device.
2. Research and developaiform and consistent method afplying conventional
straw that is crimped or tackified.
3. Research and develop uniform and consistent methods of apphghg
hydromulch tested tensure manufacturer specifiagplication rates are
achieved.

PHASE 2: EXPERIMENTATION & EVALUATION

1. Examine the effectiveness afid the fouselectechydromulches for use as an

erosion control measure on a compacted, 3:1 slope.
5



2. Analyzethe results to provide scientifttatabased recommendations for

hydromulching on highway construction sites.

1.5 Experimental Qualifications

There are five qualifying experimental factors thty have an impact ooonclusions
that are dawn from theesultsreported from this researcWwhichinclude (1) soil type,
(2) slope, (3) soil compaction, (4) rainfall simulatand (5) rainfdlintensity. These
qualifying factorswere designedto the experimental procedurasdhavethe potential
to create a biased outcomesmmeconclusions and recommendatidghat can be made
for erosion control practices testeld should also be noted the intermediatale results
reported hereimaynotbe scaleable tofield-scaleor practicalsale performance on

active construction sites.

1.6 Organization of Thesis

This thesis is divided into five descriptichapters t@resent and explain the steps taken

to complete the objectives of this research. Following this ch&hepter 2Literature
Reviewwill explain conventional straw mulching practices, introduce and define different
types of hydromulch as well as the hydromulches tested in this research effort, and
review previous studies conducted on conventional straw and hydromulch practices.
Chapter 3IntermediateScale Methods and Proceduy&sll present the design and
development of the intermediaseale testing procedures and protoc@sapter 4
Experimental Resultsill compare and analyze the data collected from the experiments,
including an ANOVA statistical analysis performed for determination of significance

between bare soil, conventional straw, and hydromulch treatm@hegpter 5

6



Conclusions and Recommendati@osnbines the data, results, and analyses conducted
throughout ths research effotb develop scientificaljbased recommendations for the
performance and use of each hydromulch. These recommendations will aid ALDOT in
selecting proper types and apptioas of hydromulch products dnghway construction

sites with thegoal ofcomplying with federal and state effluent limitations.



Chapter 2 Literature Review

2.1 Introduction

The process of urbanization (e.g. construction of highways, buildings, farms, parking

lots, residential developments, etc.) modifies the natural orientation of the land and
environment. Therefore when a rainfall event occurs, the path by which water flows to

rivers, lakes and streams is ultimately altered. These unnatural, impervious aftercatio

to the earthodéds surface cause an increase |

volumes of water traverse over areas disturbed by construction, there is an increased risk

for erosion.
ABoth falling rain and tofat stommwatey, pevfarm wark,in t y p i
detaching and moving soil particleso (ASWC

Soil erosion is considered the largest contributor tepaint source pollution in the U.S.
(USEPA, 1997). An estimated $27 bili@nnually is spent in the U.S. in an effort to

control soil erosion (Brady and Weil, 1996). Itis also reported that soil loss rates are 20
times greater from construction sites than agricultural lands, and 1,000 to 2,000 times
greater than forest lan@g SEPA, 2005b). When soil is eroded from construction sites,
other harmful particulates such as fertilizers, pesticides and fuels attach to the soil and are

transported into municipal storm sewer systems (MS4s) (Risse and Faucette 2001;



USEPA, 2005a). Ploted stormwater systems transport construction site runoff directly

to surface waters, ultimately causing sedi
and stream miles (12% of the assessed river and stream miles and 31% of the impaired
riverands r eam mil es)o (USEPA, 2000) . Sedi ment
deterioration of aquatic habitats, rapid loss of storage capacity of reservoirs, eroded
streambanks, and increased turbidities of the waters, reducing photosynthesis and

clogging fishgills (Novotny, 2003). An annual estimate of $17 billion is spent in the

U.S. alone in an effort to control sedimentation, bringing the national total to over $44

billion in erosion and sediment control (Brady and Weil, 1996). Thus, the combination

of environmental and economic downfalls related to erosion and sedimentation in the
construction industry has developed a need for scientific research to be performed to
understand the overall performance of ESC practices used at the federal, state, and local

levels.

The primary goal of this research was to develop intermesicatie experimental

procedures to test the performance of hydromulches as an erosion control practice on a
typical 3H:1V highway construction slope. This research effort and its stéjedtives
discussed in Sectich4 were established in an effort to gain scientific knowledge on the
performance of several hydromulch products relative to lmalrarsd conventional straw
practices. Typical highway construction sites rely heavily upon the success of ESC
practices to control erosion and sedimentation while complying with USEPA regulations.

Thus the research conducted herein will provide ALDOhwdientific findings



regarding performance characteristics of erosion control products for use on future

construction projects.

Before these research objectives can be satisfied, it is pertinent to conduct a thorough
literature review. The literature review herein will focus on identifying: (1) federal,
state, and local environmental regulations specific to construction sitg BSOeview
of erosion control practices, specifically conventional straw and hydromulches, and (3)

previous literatureelated toconventimal straw and hydromulch tests

2.2 Environmental Regulations

The USEPA has developed ELGs to establish nationalatasfor the regulation of

construction stormwater runoff, which are the minimum standards state highway agencies
(SHASs) are required to comply with. However, if a state chooses to impose stricter
regulations than the required federal regulations anth gtéamission by the federal

government to do so, then they have mandate to enforce higher effluent standards. This
section will discuss a brief history of re
environmental guidelines, and the ELGs required bysthte of Alabama, upheld by

ADEM.

2.2.1 USEPA Regulations

I n 1899, the United States made its first
waters with the Refuse Act. This act outl
obstruct navigation of navigabl wat er s, except under a feder

10



the 196006s be redefined toacovért wadwmdtr iua
that the National Pollution Discharge Elimination System (NPDES) was created in

section 402 of the Clean Watkrc t ( CWA) , prohibiting the di s
any point source into the nationds waters
(USEPA, 2018@). Five years later, Congress amended the CWA to focus on controlling

toxic discharge, and in 1987 Ggress passed an act calling for the increased monitoring

of water bodies to ensure water quality standards were upheldditearonstruction

contractors (USEPA, 204

In 1990, Phase | of the USEPA stormwater program was promulgated under the CWA,

rei ng on the NPDES fApermit coverage to addr
and o0l arged municipal separate storm sewer
of 100,000 or greater, (2) construction activity disturbing 5 acres of land or geeater

(3) ten categories of industrial activityo
Il final rule expanded Phase | by implementing six measures, which in summary required
Afadditional operators of MS4s onstructom bani zed
sites, through the use of NPDES permits, to implement programs and practices to control
polluted stormwater runoffo (USEPA, 2005a)
efforts, the 2000 National Water Quality Inventory (USEPA, 2000) reporsdirtihe

U.S., approximately 40% of surveyed water bodies are still impaired, and 13% of

impaired rivers, 18% of impaired lake acres and 32% of impaired estuaries were still

affected by urban/suburban stormwater runoff.
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In 2009, the USEPA released a foditional economic and environmental analysis of

ELGs for the construction industry in tBeonomic Analysis of Final Effluent Limitation
Guidelines and Standards for the Construction and Developfo&&EPA, 2009a) and

the Environmental Impact and BenefAssessment for Final Effluent Guidelines and

Standards for the Construction and Development Cated®EPA, 2009b). These two
documents were the basis of support forRimal Rule: Effluent Guidelines for

Discharge from the Construction and Developmadustry, which promulgated ELGs

and new source performance standards (NSPS) to control the discharge of pollutants from
construction sites (USEPA, 2009c). In summary, this final rule contains stringent
requirements for soil stabilization, acquiring NPEPermits, and implementation of

ESC practices. Also, the USEPA is implementing a numeric limitation of 280 NTUs to
bephased n over the next four years, beginning
authorities adequate time to develop monitoringitegnents and to allow the regulated
community time to prepare for compliance w
2009¢c) . This rule states Aconstruction si
be required to conduct monitoring of discharged comply with the numeric limitation
beginning 18 months after the effective da
states that after the four years, the 280 NTU limitation will apply to construction sites
disturbing 10 or more acres at onerhe . In the USEPAOGsSs costs a
(2009c¢), it was estimated that approximately 4 billion pounds of sediment discharged

from construction sites will be reduced, saving about $953 million annually, once this

final rule reaches final implemetitan.
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2.2.2 The State of Alabama Regulations

Alabama is an authorized stateganing the USEPA has given th&at® of Alabama

permission to administer state environmental regulations in lieu of most federal

environmental regulations (ADEM, 2010a). One suclefaldenvironmental regulation

Alabama has permission to administer is the standards regarding water quality of water
bodies within the State. ADEM is responsible for ensuring federal regulations are

followed. Therefore, in Division 6, Volume 1 of theiles and regulations, ADEM
Aprescribes regul ations for devel opment an
and water body use classifications for all waters of the State; prescribes conditions

relevant to the issuance of permits to include effluemtdtions for each discharge for

which a permit is issued; and such other rules as necessary to enforce water quality
standar ds. Wi t hi n A DEhsges 3358-40\VWater Qualitg | i ty pr
Critera( 2010b), they r equi atwaldiiginahattwillcansedi t y ot h
substantial visible contrast with the natural appearance of waters or interfere with any
beneficial uses which they serve. Furthermore, in no case shall turbidity exceed 50 NTU
above backgrounivels Backgroundevelswill be interpreted as the natural condition

of receiving waters without the influence of ramade or mafinduced causes. Turbidity

caused by natur al runof f will be included

Although the USEPA is phasing in a 280 NTU edfhl guideline, the 50 NTU regulation
from ADEM overrules in th&tateof Alabama. Therefore, for ALDOT and the research

herein, 50 NTUabove background levels the numerical guideline followed.
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2.3 Erosion and Sediment Control(ESC) Practices
The USEPA defi e s B M#&technagse, piiocess, activity, or structure used to reduce

the pollutant content of a storm water discharge

It is important 6 identify the length of time BMP is expected to performErosion

control products (ECPs) can be divided itwo categories short term and permanent

ECPs. The Erosion Control Technology CouELCTC)defines short term ECPs as
products fAdesigned to provide erosion prot
12 months, 06 which i sonfoeaheiestablishimgnt obvegetatgm o wi n g
(ECTC, 2008). Permanent ECPs can be defined as a product designed to provide
permanentlong termprotection from erosion. Typical short term ECPs are erosion

control blankets, spragmulsion products.g., hydronulches), and straw mulcheshere

the best long term control is well established vegetdBenik et al, 2003). The focus

of this researcks on short term, temporary performance of ECPs

The USEPA (2006) has developed a menu of BMPs for erosion dimdesg control on
construction sites along with their reported cost and effectiveness from previous
researchers, shown irable2.1. According toTable2.1, the most common BMPs in the
erosion control industry today are chemical stabilizers with a 70% to 90% efficiency rate,
compost blankets with a 70% to 100%cency rate, geotextiles, gradient terraces,
mulching with a 53% to 99.8% efficiency rate, seeding with an average efficiency rate of

90%, and sodding with an average efficiency rate of 99%. As reported by the USEPA
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(2006), these are all efficient fosnof ESC; however the focus in this research effort is

on mulching practices such as conventional strawhgddaulically applied mulches.
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Table 2.1 USEPA Menu of BMPs and Reported Cost and Effecteness

BMPs* Description Cost"* Effectiveness
Chemical Stabilizer{Soil binders or soil palliatives, provide temporary soil stabilization $4-$35/Ib 70-90%
(Aicardo, 1996)
Compost Blankets|A layer of loosely applied compost or composted material that is placed on| $0.83$4.32/yd 70-100%

soil in disturbed areas to control erosion and retain sediment resulting fron
flow runoff.

(Faucette, 2004)

(Faucette and Risse, 200

Geotextiles Manufactured by weaving or bonding fibers that are often made of syntheti  $0.50$10/yd n/a
(RECPs) materials such as polypropylene, polyester, polyethylene, nylon, polyvinyl | (SWRCP, 1991
chloride, glass, and various mixtures of these materials. As a synthetic
construction material, geéextiles are used for a variety of purposes such as
separators, reinforcement, filtration and drainage, and erosion control (USE
1992)
Gradient Terraces|Earthen embankments or ridge and channel systems that rersioen by n/a n/a
slowing, collecting and redistributing surface runoff to stable outlets that ing
the distance of overland runoff flow
Mulching An erosion control practice that uses materials such as grass, hay, wood | $800$3500acre 53-99.8%
chips, wood fibers, straw, orgravel to stabilize exposed or recently planted | (USEPA, 1993) (Harding, 1990)
soil surfaces.
Riprap A layer of large stones used to protect soil from erosion in areas of concen|  $35$60yd” n/a
runoff. (Mayo et al., 1993
Seeding Used to control runoff and erosion on disturbed areas by establishing perer $200$1000acre 50-100% (90% avg.)
vegetative cover from seed (USEPA, 1993) (USEPA, 1993)
Sodding A permanent erosion control practice and involves laying a continuous cov{ $0.10$1.10/ff 99%
grass sod on exposed soils (USEPA, 1993)
Note: 6* 6 Source: USEPA, 20100b
616 1 I b = 0.45 kg
626 1 ft = 0.31 m



2.4 Mulching

According to the USEPA (2006), Amul ching i
materials such as grass, hay, wood chips, wood fibers, straw or gravel to stabilize
exposed to or r ecent |Ambamd Hindbobok tbr Esosianl s ur f ac
Control, Sediment Control and Stormwater Management on Construction Sites and

Urban Areaq2009)s t a t e srfadermuich is thesmost effective, practical means of
controlling runoff and erosion on disturbed land prior to vegetasioh@ b | i s hment ; 0
however is most effective when used in conjunction with vegetation (USEPA, 2006). As
shown inTable2.1, one of the most expensive types of erosionrobis mulching;

nonetheless, mulches report a maximum potential of 99.8% efficiency. Lancaster and
Theisen (2004) recall that although methods of ESC practices such as mulching are
expensive, fiexpense and perfornmgance i ncrea
Researchers (Box and Bruce, 1996; Bretcal, 1995; Sutherlan®006,1998) have

reported thamulches used to control erosion hawave-fold advantagehaving the

capability to reduce soil loss while protecting grass seeds and soil amendments from

being washed awayAdditionally, mulches are also capable of redusatar radiation,

suppress fluctuations of soil temperature, reduce water loss threagbration dissipate

rainfall impact, and help prevent soil crust formatiSatherland, 1998; 1986; Rickson,

1995;Turgeon, 2002; Singer.adl 1981; Bruce et. al. 1995).

Table2.2 shows typical mulching materials and application rates used in Alabama

(ASWCC, 2009; USEPA, 2006). In summary, the table represents application rates and
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guidelines for conventional straw with and without seed, wood chips, bark, pwe stra
and peanut hulls.

Table 2.2 Mulching Materials and Application Rates

(Source: ASWCC, 2009)

Mulch Rate Per Acre and(Per 100 ff)* Guidelines
Conventional Spread by hand or machine to attain 75%
Straw with Seed 1.52tons (70 160 Ibs) groundcover; anchor when subject to blowing
Conventional 2,53 tons (115 <60 Ibs) Sprgad by hanql or machine; anchor when
Straw (no seed) subject to blowing.
Wood Chips 5-6 tons (225 [b270 Ibs) Treat with 12bs. nitrogen/ton.
Bark 35 cubic yards Can apply with mulch blower.
Pine Straw 1-2 tons (45 Ib=0 Ibs) Spread by hand or machine; will not blow like
straw.
Peanut Hulls 10-20 tons (450 16900 Ibs) Wlll wash off slopes. Treat with 12 Ibs.
nitrogen/ton.
Not es: 01 61tdn =10.89 metricdkonsA 5 k g

When selecting the proper mulch to apply to a slope for erosion control, the mulch should
be based on soil conditions, slope steepness and length, season, type of vegetation
establishedand size of the area (ASWCC, 2009; USEPA, 2006). Mulches such as wood
chips are often highly considered as an erosion control measure when germination is not
an option. Wood chips do not require tacking, but they decompose slowly, requiring a
treatment 612 poundg5.44 kg)of nitrogen per ton to prevent nutrient deficiency in

plants.

Although there are several adequate mulches for erosion control on highway construction

slopes, illustrated ifable2.2, the focus in this research effort is on conventional straw

practices and hydraulically applied mulches. The following sections of the literature
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review will report on: (1) conventional stvaerosion control practices and (2) typical

hydraulically applied mulches.

2.4.1 Conventional Straw Erosion Control Practices

The purpose of testing conventional straw herein was to haaditonal,low-cost,

widely used ESC practice to compare to the perdorwe of hydromulch products. Straw

is considered one of the most common ground covers used to reduce erosion on
construction sitefASWCC, 2009) and as shown ifable2.1, has been reported to

reduce erosion rates by more than 90 percent if applied at sufficient rates (Maandring
Meyer, 1963; McLaughlin ahBrown, 2006; Meyeet al.,1970; Singeet al.1981).

Turgem (2002)states that straw msocapable of rcouraging grass establishment by
reducing runoff, increasing infiltration, and improvisgil conditions. Advancements in
technology have made the application of conventional straw a simple and unproblematic
procedure. The application of conventionahst on large construction sites can be
achieved with commercial blowers that break up straw bales and blow the straw onto the

soil, illustrated inFigure2.1.

Figure 2.1 Commercial Straw-Blower.
(Source: http://www.revolutionequipment.com.au/strawblegadtery.html)
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The Alabama Handbook for Erosion Control, Sediment Control and Stormwater

Management on Construction Sites and Urban A{2869)requires approximately 75%

ground cover when applying conventional straw. rSawds per f or mance der
upon the contractdor achievingconsistent, uniform application and coveragstodw

onthe soil surfacelf application of the straw is inconsistent, the performance of the

installation will be compromised@bcock et al., 200&;ancaster et al., 2006)

Conventional saw is also effectively applied by handhich was the application method

used for the research herein; however, this method can become very costly when applied

at a large scaldue to labor costs (Babcock et al., 2008jhen applying straw by hand,
itisencouraged to fidivide the ,000f@@2.09infhand sect i
place 70 to 90 pounds (31.8 to 40.8 kg) of straw (1% to 2 bales) in each section to
facilitate uniform distributiono (ABWCC, 2
therefore it is susceptible to wind erosion, and needs to be immediately anchored with a

mulch anchoring tool such as a mulch crimping machine, showigume?2.2, or

tackifiers (ALDOT, 2008; ASWCC, 2009; Babcock et al., 2008; USEPA, 2006).
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Figure 2.2 Straw-Crimper.
(Source: http://www.mulchers.com/images/st@mper.jpg)

Straw crimpers are typically used to crimp or punch straw into the soil thbesoil is

not too sandy (Babcock et al., 2008). ALDOT (2008) classifies straw mulch placed on

3H: 1V or flatter slopes using a crimper as
avail able or necessary, | i qbbydprayingltherh bi nde
over the straw, but applying straw and binder together is the most effective method

(ASWCC, 2009). ALDOT (2008) specifies straw mulch that requires an adhesive and
shall be used on sl opes steepyepe thadnmBIHc He/s
AEmul si fied asphalt is the most commonly u
however wood and paper fiber hydromulches, guar, and dbasdd tackifiers are also

commonly used to bind straw (Babcock et al., 2008).
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There are advantages asidadvantages to using straw mulch for erosion control. The
advantages are that it is inexpensive, quick and easy to apply using-@lstnaew,
capable of achieving efficient grass growth, and no water is needed for application.
Conversely, disadvantagief conventional straw include that it does not effectively
prevent soil loss as well as more expensive erosion products, is susceptible to wind
erosion if not properly anchored, may introduce weed seeds, and fines from straw

blowers @an drift long distaces(Babcock et al., 2008).

2.4.2 Hydraulically Applied Mulch (a.k.a. Hydromulch)

It has been reported that field practices, such as blown straw, slope interruptions, or

gradient terraces, represent the least expensive and least reliable form of erosion control,
whereas fAan application of a | oose or hydr
upgraded | evel of performance, 06 and provid
confidence (Lancaster et al., 2006)ydraulically applied mulches, referred to éieras
Ohydromul chesdéd, have shown continuous evol
years. Advancements in technology have resulted in the production of equipment and
materials that offer enhanced performance and greater productivity over mangrieaditi

methods of erosion control. There is a knowledge gap between theffeativeness and
performance benefits of new products (Morgan and Rickson, 1988; NCHRP, 1980;
Sutherland, 1998; Weggel and Ruston, 1992) such as hydromulches, largely due to newly

evolving technologies as well as a lack of research involwuigomulch products
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The introduction of water, refined fiber matrices, tackifiers, sabsorbents,

flocculating agents, mamade fibers, plant biostimulants and other performance
enhancing additives as a hydromulch practices on slopes has forced federal, state, and
local gorernments to begin developing hydromulch guidelines. The American Society
for Testing and Materials (ASTM) has proposed new standards for testing hydraulically
applied erosion control products (HECPs). Also, ECTC has divided HECPs into four
distinct catgories, relevant to their corresponding functional longevity, erosion control
effectiveness, and vegetative establishment, illustratédibte2.3 (ECTC, 2008;

Babcok et al., 2008).
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Table 2.3 Types of Hydraulically Applied Erosion Control Products (HECPSs)

Slope Ratio

Material

Rate"
(Ibs/acre)

Description

O M:1Vv

Stabilized Mulch Matrix (SMM)

1,5062,500

Organicfibers with soil focculants or crosknked hydre
colloidal polymersor tackifiers. Used to provide erosion contrc
and facilitate vegetative establishmentmoderate slopes.
Designel to be functional for a minimuwf 3 months.

O M:1Vv

Bonded FibeMatrix (BFM)

3,0064,000

Organic fbers and crosknked insolulbe hydracolloidal
tackifiers. Usedo provide erosion control and facilitate
vegetative establishment on stestgpes. Designed to be
functional for a minimum of 6 months. May need4uretime.

O BH:1V

Fiber Reinforced Matrix (FRM)

3,00064,500

Organic defibrated fiers, crosginked insoluble hydrecolloidal
tackifiers,and reiriorcing natural or syntheticlders. Used to
provide erosion contr@nd facilitate vegetative establishment
very steep slopes. Designedo® functional for a minimum of 1
months.

Q6H:1V

Hydraulic Mulch (HM)

1,500

Paper, wood or naturabiers thatnay or may not contain
tackifiers. Usedo facilitate vegetative establishment on mild
slopes. Designed to enctionalfor up to 3 months.

Note: 6 1 6

Metric unit conversion:

1 I b/acre = 1.12 kg/ ha



As shown inTable2.3, stabilized mulch matrix (SMM) products are used for slopes less
than or equal toR2:1V, applied at a rate of 1,500 to 2,500 Ibs/acr&é8Q to 2800 kg/ha),
have a functional longevity of ppoximately 3 months, and are composed of organic
fibers with soil flocculants or crogsked hydracolloidal polymers or tackifiers.

Bonded fibe matrix products (BFMare designed for a slope less than or equal to
2H:1V, applied at 2,000 to 4,000 Ibsfa (2240 to 4480 kg/ha), have a functional
longevity of approximately 6 months, and are composed of organic fibers and cross
linked insoluble hydracolloidal tackifiers. Fiber reinforced matrix (FRM) products
should be applied to a slope less thanqua¢to 2.51:1V at a rate of 3,000 to 4,500
Ibs/acre (360 to 5040 kg/ha), have a functional longevity of approximately one year,
and are composed of organic defibrated fibers, cross linked insolubledojtiiolal
tackifiers, and reinforcing natural synthetic fibers. Lastly, hydraulic mulches (HM) are
designed to apply to a slope less than or equdttd\6at a rate of 1,500 Ibs/acre 80
kg/ha), have a functional longevity of about 3 months, and are composed of paper, wood

or natural fibers thanay or may not contain tackifiers.

The ALDOT has released a draft of classifying hydromulches, illustratéigume?2.3.

Figure23cl assi fies SSMs, BFMs, and FRMs as qcCl
and slope from 3to 12 months and within 6 {8e83 m)of edge of pavement on slopes

ranging from 0.5H:1V.Table2.4 contains the products tested in the research herein,

along with their correspaling category, designed slg@pplication rate, and material

composition.
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Design Options - Minimum Requirements for Slope Protection

wiin 6 feet
Roadway of EOP of Road

4:1

Mulches Maximum Slope (H:V)
wifin 6 feet 5:1 | 41 | 31 21 15:1 | 11 0.5:1
:; *:E 3 Months Class A Type 2 Class A T',.-'p.:ueil Class A Type 2
2P oAt Class C - BFM
= e & Manths Class C- BFM Class C—FRM
12 Months Class C—FRM

Figure 2.3 Proposed ALDOT (2009) Minimum Requirements and Classifications
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Table 2.4 Product Specifications used in this Research

Slope icati
Product Category Material Composition® P Application Rate’
(H:V) (Ibs/acre)
GeoSkin® | Hydraulic Mechanically Processed Straw: #386 04 ] 1.500
Mulch (HM) Mechanically Processed Reclaimed Cotton Plant Material: 15+
Proprietary Blend of Tackifiers, Activators and Additives: <1% | >4 : 1 ( 2,000
HydraCX® | Bonded Fiber | Mechanically Processed Straw: 65+3% 01: 1 4,500
Matrix (BFM) Mechanically Processdgleclaimed Cotton Plant Material: 25+3% 82 : 1 ] gggg
- - e . . 0 . 9 y
Proprietary HydreColloid Tackifiers and Activators: 10+1% <31 3.000
Excel® Hydraulic Organic Matter: 99.3+0.2%
Fibermulch Il Mulch (HM) | Aqh content: 0.7+0.2% 04 1 2 0062,500
Water Holding Capacity: 1401+10%
HydroStraw® | Bonded Fiber | Heat and Mechanically Treated Straw Fibers (HMT): 67+1% 03: 1 3,000
BFM Matrix (BFM) | cejulose Paper Mulch: 2.5+1% 02 : 1 3,500
Natural Fibers for Matrix Entanglement: 10+1% -
O1l: 1 4,500

Moisture Content:10.5+1.5%

Note: 6 1Material Compositions are based upon and may be limited to availability of information released from manufacturer.
6@ Metric unit conversion: 1 I b/acre = 1.12 kg/ ha



As shown inTable2.4, GeoSkin® and Excel® Fibermulch Il are hydraulic mulches
(HM), and HydraCX® and HydroStra® BFM are bonded fiber matrix (BFM)

products. The hydromulches in this research effort were selected for testing by the
ALDOT; however, in general, when selecting a proper hydromulch for ESC, the slope,
soil type, cost of hydromulch, application rate, @neldicted effectiveness are factors to
consider. A wide variety of hydromulches on the market today allow contractors to
select the most applicable hydromulch for specific construction sites conditions.
However, unlike conventional straw, hydromulchreguires special equipment,

including a water tank with a mixer and a higbwered pump (Babcock et al., 2008).
Another issue to consider when considering hydromulch as an erosion control practice on
a construction site is having access to a nearby watece to fill and refill the
hydroseeder. If there is no water source nearby, hydromulching is not feasible, or
becomes very expensive (Babcock, 2008). Similar to straw, hydromulching depends
heavily upon consistent, uniform, manufacturer specifiedegmn rates. If
manufacturer application specifications are not followed, the performance of the

hydromulch may be compromised.

Most hydromulches are sprayed in conjunction with a tackifier or bonding agent;
therefore the hydraulic mulch bond strengtay not fully develop if the site receives
significant rainfall or freezing conditions within 24 to 48 hours after application.
Lancaster and Austin (2004) reptrat hydromulches containing special fibers to
mechanically bond the matrix, illustratedliable2.3, achieve maximum performance in

erosion contrglhowever the bond strength of all hydromulches is limited and can
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quickly erode from slopes during increased runoff conditions and areasceintated

flow. The fibers useth hydromulch generally must be less than ¥z inch (1.27 cm) in

length to pass through the pumps and hoses of most hydrasdbdesfore if the

mechanical matrix bond between the mulchrisken, the strength of the mulchlost,

relying on the strength of the short, dimsenally unstable fibers (Lancaster and Austin,

200. Therefore, fbecause hydraulic mulches |
strength and life span, their use generally is limited to flatteshader slopes with very

|l ow overl and fl ows, 0). When a kydramulehrfailsarapairs 8nu s t i n

these treated slopes can become very costly.

Costs of hydromulches vary depending on the type of mulch showabie?2.3, the

application equipment, water availability, and area size. According to Babcock et al.
(2008), Aapplication costs can$0.A%\n$d.88 fr om
per sgare meter)not including seed, fertilizer, or lime. As a general rule, the more

expensive hydromulches, such as bonded fiber matrices, tend to offer better protection
against erosion, but actual resulwad are si
improved hydromulches continues to grow, the knowledge gap eéftfestive data will

shorten, allowing for a greater cost analysis of hydromulches to be performed.

2.5 Evaluation of straw Mulch Practices
Literature involving the scientific evaluatiom the performance of conventional straw is

more prevalent than that of hydromulches. This section will provide an overview of the
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reported performance previous researchers have provided of conventional straw and

hydromulches on both a largend intermeditescale.

2.5.1 Conventional Straw Literature

Over the past 50 years, research and experiments examining conventional straw as an
erosion catrol practice vary considerably. Overaksearchers have found it to be an
effective measure of erosion control ooms (McLaughlin and Brown, 2006; Lipscomb
et al., 2006; Hayes et al., 2005; Benik et al., 2003; Clopper, 2001; Bjorneberg et al.,
2000; Parsoset al., 1994; Harding, 1990; Horner et al., 1990; Burroughs and King,
1989; Buxton and Caruccio., 1979; Dudetlal., 1970; Barnett et al., 1967; Adams,
1966). This section will give an overview of literature involving testing of conventional

straw over the past decade.

Experiments conducted by McLaughlin and Brown (2006) evaluated four types of ground
covers, one of which included straw mulch on both a feagd intermediatscale. On

both scales, straw was spread by harld¥2 Ibs/acreZ,200 kg/ha Theintermediate

scale procedure consisted of 3.28 ft wides®/ft long by 0.8 inches deep i wide by 2

m long by 9 cm degmvood boxes placed at both a 10 and 20 percent slope and filled

with three different types of soils: sandy clay loam, sandy loachadoam. Test plots

were subject to a rainfall intensity of 1.34 in/hr (3.4 cm/hr). According to-scgke

results produced by McLaughlin and Brown (
greatest coverageo and 0 prcampdred ®eithes bageni f i c a

soil 6 or the mechanically bonde-staldréshite r mat
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reported that when compared to bare solil, straw mulch reduced soil erosion by

approximately 82% and average turbidity by about 67%.

Lipscomb ¢ al. (2006) used ASTM B459 (2000) International standard to test a straw
RECP against blown straw applied at a rate of 2,500 Ibs/acre (2,837 kg/ha). ASTM D
6459 requires plots to be 8 ft (2.4 m) wide by 40 ft (12.2 m) long on a 33% slope (2000).
The poducts were tested on sand, loam, and clay soils. Results reported using a
calculated cover factor, based upon sediment runoff comparisons from bares soil plots
and treated plots. According to this study, strawlch reduced erosion by up to 93.2%.
Turbidity measures were not mentioned for this research effort, but it was reported that
although straw was an effective erosion control practice on sand soil and shallow loam

soil slopes, it provided little benefit on steep, clay soil slopes.

Hayes et al.Z005) tested 10 treatments on 30 large scale runoff plots that were 20 ft (6
m) long and 5 ft (1.5m) wide on 50% and 20% slopes. One of the treatments in this
experiment was wheat straw in conjunction with grass seed applied by hand at a rate of
2,000 Ibgacre (2240 kg/ha). Over a period of 30 days, runoff generated by natural
rainfall was collected, yielding an approximate 75% reduction in average turbidity and
total sediment loss. This study ultimately concluded that the application of grass seed
andstraw mulch was highly effective and seldom showed signs of significant

improvement with the addition of polyacrylamide (PAM).
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In 2003, Benik et al. conducted 4 treatments on 3.9 ft (1.2 m) wide by 32 ft (9.75 m) long

plots positioned at a 35% slope.&w mul ch was applied at Minn
rate of 4,000 Ibs/acre 480 kg/haby hand and was anchored into the soil with a garden

spade to approximate diskachoring methods. A rotatidgpom rainfall simulator

(Swanson, 1979) produced rainfall thre large scale test slopes with an intensity of
approximately 2.36 in/hr (60 mm/hr), and were tested seasonally. Although average

turbidity readings were not stated, spring season results reported a reduction in average

sediment yield by approximatel¥%.

Clopper et. al. (2001) tested blown straw and compared against a biodegradable erosion
control blanket (ECB), Curlex | using procedures described in ASTBARD (ASTM,

2000). Twelve largscale plots8 ft (2.4 m) wide by 40 ft (12.2 m) long on a 33%pe

tested straw applied to sand, loam and clay soil at a rate of 2,500 Ibs/8086ek@ha).
Clopper (2001) reported similar results to Lipscomb et al. (2006), reporting up to a 93%
reduction in soil loss; however stated that straw applied to smaishonly slightly

reduced soil loss, while testing on clay soils had an apparent increase in soil loss when
compared to bare soil tests. The unexpected results were reported to be caused by

irregularities in straw application, which is a common whengibiown straw.

Bjorneberg et al. (2000) conducted intermedstale testing on using six different
treatments. In this research effort, six steel boxes, 3.94 ft (1.2 m) wide by 4.92 ft (1.5 m)
long by 8 inches (0.2 m) deep, were placed on a 2.4% slogdilled with a loam soil.

Straw was then applied to the test plots at 30 % and 70% cover, at a rate of 600 Ibs/acre
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(670 kg/ha) and 2,230 Ibs/acre5@0 kg/ha) respectively. Bjorneberg reported that the
70% straw cover decreased sediment loss by rian 80%, and 30% straw cover
decreased sediment loss by nearly 50% when compared to bare soil treafrabl@®.5
provides a summary of conventional straw mudttidies reviewed in the literature.

Table 25 Summary of Reviewed Straw Mulch Practices

Application Reduction
Stud Test No. of Application ppRate Performance (%) C-
y Scale | Treatments Method Saoil - Factor
(Ibs/acre) Turbidity
Loss
McLaughlin & | large & 4t hand 1962 82 67 UNK
Brown (2006) | small
Lipscomb et al.| large 22 blown 2,500 93.2 UNK 0.86
(2006) 0.107
Hayes et al. large 10° blown 2,000 75 75 UNK
(2005)
Benik et al. large 4 hand, 4,000 90 UNK UNK
(2003) anchored*
Clopper et al. large 2 blown 2,500 93 UNK 0.81
(2001)

Bjorneberg et | small 6° hand 600 50 UNK UNK
al. (2000) 2,230 80 UNK UNK
Notes: 616 Treat ment s: (1) conventional st rfleew4MBBV. straw

626 Treat ments: (1) conventional straw, (2) straw ¢
636 Two types of PAM used: Soil fix and Siltstop. |

6406 Treat ment s: ( 1) -fiberdlanket, (8} strasvicaxdnut klanketa (W) , BFM h3dromwai.o d
6506 Treat ment s: (1) conventional straw, (2) Curl ex
6606 Bare soil and conventional straw w/ PAM rates of
6*d Anchored with a -apchoridgenethds.pade t o mi mic disk

2.5.2 Summary of Conventional Straw Literature

In summary, aeview of literature reporting experiments conducted using conventional
straw as an erosion control practice was reported as an effective practice in reducing
erosion. McLaughlin and Brown (200@&ported straw mulch to reduce soil erosion by
approximately 82% and turbidity by about 67%. Lipscomb et al. (2006) and Clopper

(2001) both reported reduction in sediment loss by approximately 93% with the use of
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blown straw as an erosion control praeti Hayes et al. (2005) also found similar results

to McLaughlin and Brown (2006), reporting a near 75% reduction in both soil loss and
turbidity. Lastly, Bjorneberg et al. (2000) found a reduction in sediment loss by
approximately 80% when a 2.4% slap&0% covered by straw mulch. All of the

literature herein reported significant reductions in sediment loss when conventional straw

is properly applied to slopes.

2.5.3 Hydromulch Literature

Hydraulic applications of mulch to slopes, referred to herein a®hhydching, for the
purpose of erosion control, is a developing industry. Howewveayiew of literature

indicate that only a limited number lofydromulch studies conducted (McLaughlin and
Brown, 2006; Holt et al., 2005; Benik et al., 2003; Landloch, 280&ton et al., 1979),
which indicated a need for further testing of hydromulch practices to effectively evaluate

performane of hydromulch products used for erosion control

McLaughlin and Brown (2006), conducted larged intermediatscale tests orofir

ground cover practices, two of which were straw mulch and a mechanically bonded fiber
matrix (MBFM) hydromulch. The MBFM was applied using a commercial hydroseeder

at Profile Productés manufacturer hspecifie
comparative study of ground covers, it was reported that the ground covers reduced

runoff turbidity by a factor of 4 or greater when compared to bare soil. More specifically,

on the controlled, intermediaseale tests, the MBFM reduced average tutylaly

approximately 85% and sediment loss by about 86%.
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Holt et al. (2005) performed intermediateale tests on six hydromulch treatments using
2 ft (0.61 m) wide by 10 ft (3.05 m) long by 3 in (7.6 cm) deep trays with a sandy clay
loam. The soil wasgzked, leveled, and set at a 15.7 % slope, and the following six
hydromulches were applied by hand &QD Ibs/acre (120 kg/ha) and,R00 Ibs/acre
(2,240 kg/ha): wood hydromulch, paper hydromulch, cottonseed hulls hydromulch,
COBY hydromulch produceddm stripper waste (COBY Red), COBY produced from

picker waste (COBY Yellow), and COBY produced from ground stripper waste (COBY

Green) . COBY is a term used in Holtds rep
of cottonseed hulls (Hold and Laird,2@ ) . Hol t s rainfall si mul
intensity of 2.5 in/hr (6.35 cm/hr). The

cover factor af,000 Ibs/acre (120 kg/ha)ynd2,000 Ibs/acre (240 kg/ha) where
COBY Green, COBY Red, COBY &flow, cottonseed hulls, paper, and wood
hydromulches yielded factors of approximately 0.20 and 0.32, 0.10 and 0.22, 0.20 and

0.22,0.16 and 0.21, 0.42 and 0.68, and 0.65 and 0.81 respectively.

Landloch(2002)studied the performance of four hydromulch treatments using fifteen
plots that were 16.4 ft long by 4.9 ft wide ifh long by 1.5 m wideat a 25% slope on
alluvial black, cracking clay soil. Rainfall was simulated mimicking a 1:10 year storm
for 20 minugs at an intensity of 5.7 in/nt45 mm/h). The four hydromulches tested
were paper hydromulch, flax hydromulch, flax plus paper hydromulch, and sugar cane
hydromulch, applied at a rate of 893 Ibs/acr@{Q kg/ha), 232 Ibs/acre (2,500 kg/ha),

2,900 bs/acre (3,250 kg/ha), andi84 Ibs/acre (5,000 kg/ha) respectively. Results
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reported in a cover factor showed paper, flax, flax plus paper, and sugar cane

hydromulches to have cover factors of 0.204, 0.04®44, and 0.037 respectiye

Benik et al.(2003) developed a study comparing the effectiveness of five treatments,
including Soil Guard® which is a bonded fiber matrix (BFM) that has been on the
hydromulch market since 1993. The experimental setup of this experiment is referenced
in Section 2.5.1 In this experiment, the BFM was applied at a minimum rate of 3,000
Ibs/acre (3860 kg/ha). Manufacture specifications require a 24 hour drying period,;
however this procedure was notoept ed i n B e Accokdingto reselts,¢ha r ¢ h
Soil Guard® B-M reduced average sediment yield by approximately 94%. Turbidity

was not reported in this research effort.

The last hydromulch study examined was an extensive evaluation of selective erosion
control techniques, completed by Buxton and Caruccio in 18#&dJniversity of South
Carolina, in collaboration with the USEPA. For this research effort, 19 soil stabilizing

and erosion control treatments were tested at specially prepared field, four of which were
hydromulches without tackifiers. The plot sizesed were approximately 5 ft (1.5 m)

wide by 10 ft (3 m) long at a 1@ 15% slope, and the soil tested was a Herndon silt

loam. The testing relied on natural rainfall, and in central South Carolina, which is where
testing was conducted. A 3.5 inch (8r) 24hour rainfall event with a recurrence

interval of 2 years was recorded. The four hydromulches tested were Conwed wood fiber
mulch, Superior wood fiber mulch, Silva wood fiber mulch, and Pulch; each hydromulch

was applied at a rate of 1,200 |bs/ad@44 kg/ha) In this study, effectiveness of the
36



hydromulches were measured using a vegetative maintenance and erosion control (VM)
value, which in 1979 was a new parameter in the Universal Soil Loss Equation (USLE),
and represented total loss ratiopeessed as a decimal. These values ranged from 0.0 to
1.0, where a value of 1.0 means the ESC practice had no effect in reducing erosion. The
VM values for Buxton and Caucciods (1979)
for Conwed wood fiber mulg Silva wood fiber mulch, Superior wood fiber mulch, and

Pulch, respectively. If these values were translated to measure erosion control
performance in percent efficiency, Conwed, Silva, Superior, and Pulch hydromulches

would have respective values of.3%, 73.4%, 34.5%, and 72%, respectively.

Table 2.6 provides a summary dfydramulch studies reviewed in the literature
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Table2.6 Summary of Reviewed Hydromulch Practices

inati Reduction Performance (%)
Study Type of Test-Scale Slope Application Rate C-Factor
Hydromulch (Ibs/acre) Soil Loss Turbidity
McLaughlin & MBFM* large & 10% and 20% 3,000 86 85 UNK
Brown (2006) intermediate
Holt et al. (2005) Wood intermediate 15.7% 1,000 and 2,000 35and 19 UNK 0.65 and 0.81
Paper 58 and 32 UNK 0.42 and 0.68
Cottonseed hullg 84 and 79 UNK 0.16 and 0.21
COLBY red 90 and 88 UNK 0.10 and 0.22
COLBY yellow 80 and 88 UNK 0.20 and 0.22
COLBY green 80 and 68 UNK 0.20 and 0.32
Benik et al. (2003) BFM? large 35% 3,000 94 UNK UNK
Landloch (2002) Paper large 25% 892 80 UNK 0.204
Flax 2232 85 UNK 0.149
Flax plus paper 2900 96 UNK 0.044
Sugar Cane 4464 96 UNK 0.037
Buxton and Conwed* large 12% to 15% 1,200 77 UNK 0.235
Caruccio(1979} Superior* 73 UNK 0.266
Silva* 35 UNK 0.265
Pulch* 72 UNK 0.280
Notes: 6 IMiechanically Bonded Fiber Matrix.
626 Hydromulches were applied by hand.

6 3Bonded Fiber Matrix.
6406 A Modified Universal
6* 6 Al |-fibarhyelromuiieesl

Soil L efters. Equati on (USLE) was wused to calculate C



2.5.4 Summary of Hydromulch Literature

In summary, although thgerature data ohydromulch is limited, the researoésults
showsignificant reductions in soil loss and turbidity. McLaughlin and Brown (2006)
conducted intermediatgcale tests to determine the performance of a MBFM, and
conduded a 85% reduction in turbidity and 86% reduction in soil loss when compared
to bare soil conditions. Similarly, Benik et al. (2003) reported a near 94% reduction in
sediment loss while testing the performance of a BFM on a-targle. Holt et al.2005)

and Landloch (2002) tested the performance of several wood and paper hydromulches,
and Landloch added cottonseed hull hydromulches to his effort; amongst these tests,
sediment reduction results were reported as low as 19% to as high as 96%.du#stly,

a time when hydromulching was less common, extensive intermeadaie testing of

four hydromulches containing no tackifiers by Buxton and Carrucio (1979) yielded
results on severdéiber-mulch products to have erosion conttapabilities of neayl

76%. Although the experimental designs and procedures varied, it was concluded by
each researcher that when hydromulch is applied at manufacturer specifications, it is a

very effective erosion control practice.

2.6 Literature Review Summary
Runoff from conguction sites has been recorded to be the largest contributor-of non
point source pollution in the United States. Therefore, over the past century, the USEPA

has been actively developing guidelines to control construction site runoff.
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In this chapter, &istory of USEPA ELGand regulations were discussed as well as
guidelines that have been established within the past year. These federal guidelines are
vital knowledge for the research effort herein because they set specific parameters for
construction e runoff. The federal government, however, has given the state of
Alabama the authority to create stricter ELGs and regulations for construction site runoff,

as discussed previously.

With the implementation of stricter ELGs and regulations for cortstrusites over the

past decade, there has been an increased desire in the state of Alabaotatractors

and the ALDOTto obtain knowledge of products that provide the most efie@&SC

One of the oldest, cheapest, and most prevalent measuresioherontrol is
conventional straw mul ch. Researcherso re
effectiveness of conventional straw were widely different. However, overall, it is

accepted that when conventional straw is applied properly and uniformlyp&ssluat

are less than a 33% grades, it is very effective erosion control practice. When slopes are
equal to or steeper than 33%, to avoid wind erosion or runoff washing away the

lightweight straw, the straw must be anchored to the ground. As discissado most
common forms are O6crimpingé the straw to t

tackifier to create a bond between the straw and the ground.

The hydraulic application of mulch (a.k.a. hydromulchiisgg relatively new ESC
practice, and due to advancements in technologies has become a widely use practice in

the industry. Hydromulching has enabled contractors to apply mulches containing
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tackifiers and bonding agents to steep slopes efficiently aadtiekly. Although

limited, previous studies reviewed commonly report hydromulching to be an effective
erosion control measure, due the inconsistencies of reported results, it is difficult to
properly determine the effectiveness of hydromulches. Thubgefuexperiments need to
be conducted on hydromulches to gain a more comprehensive understanding of

hydromulch performance.
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Chapter 3 Intermediate-Scale Test Methods and Procedures

3.1 Introduction

Researclpreviously conducted by Shoemaker et al. (2009) shows several different
experimental methods, procedures, and designs to test the performance of ESC practices.
To create comparabl e dat ascaleSdstonethodskaedr 6 s ( 20
procedures wére used as a guideline for this research effort. However, several

modifications to his designs were made, which include: (1) a replicate design and
construction of new intermediageale test plots, with a new flume design that was used

as the collectin device, (2) attaining and testing new soil from a local stockpile and

conducting soil and compaction analyses, and (3) newly developed hydromulch

experimental procedures.

3.2 Intermediate-Scale Testing

The validity of this research effort relies heavily be amount of reproducible data that

is collected during experiments which can be used for comparative analyses to evaluate
ESC practice performance and effectivenédsus, wherdesigring the experimental
procedures, it was pertinent that the size otelséplots were constructed with the

purpose of testing ESC practices with ease, speed, accuracy, and mobility throughout the
experiment. Thus, if all procedural expectations were satisfied, replications of

experiments could be performed to develop adiegdata sets for comparative analyses.
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The focus of this chapter is to discuss the facility, equipment, modifications made to

previous experimental design (Shoemaker, 2009), setup, and testing procedure.

3.2.1 Intermediate-Scale Test Facility

A 20 ft by 30 ft by 15 ft (6.1 m by 9.1 m by 4.6 m) building, consisting of two drum roll
up doors at opposite ends of the structure located at the National Center for Asphalt
Technology (NCAT), as depicted iigure3.1(a) was used to perform all intermedtate
scale experiments. As shownRigure3.2, the interior of the building is equped with

two water faucets located at the northeast and southeast corners of the building that are
supplied by a nearby underground well, indoor lighting, electrical outlets, atkd WI
internet access. Southwest of the building, jersey barriers wenedlig established

areas to stockpile soil used during experiments and dispose @axpesiment soil,

shown inFigure3.1(b). A tarp covers the soil to be testeetsure consistent moisture
content and to prevent contamination of the stockpile. Gravel surrounds the building as

an erosion control measure and for heavy equipment mobility.
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Figure 3.1 Test Facility Exterior.

(b) West Side of Building

Figure 3.2 Test Facility Interior.
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3.2.2 Hydroseeder

The hydroseeder used to apply the hydromulch to all test plots was a Turf Maker® 380 as
shown inFigure3.3(a), 3.3(b), and 3.3(c). This hydroseeder has a 380 gallon capacity to
hold hydromulch and water mixtures. The hydroseeder has a mechanical agitator and a

positive displacement pump that @@vered by a Briggsral Stratton Intex 1450 engine.

-

—— Tirf Maker

Cotrear o2 g A b’B U R N SAMUAL Giny
“"

Avararivas ENevexSITY ‘f.‘ra(x."l“u’m ExGiNsraNe

pom =
WARNING? LIFT TANK ONLY WHEN EVPTY

L

(b) Mechncal Agitator

(c) Engine and Discharge Pump

Figure 3.3 lllustrations of TurfMaker® 380 and Various Features.
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3.3 Experimental Design
The experimental design, adopt-saerdsgacm Shoe
efforts is specific teompacted highway embankments on a 3H:1V slope, which are

subject to a simulatedy, 24-hr rainfall event.

3.3.1 Intermediate-Scale Test Plots

Test plots constructed for this research e
plots with the exception dhe runoff collection device. Each test plot is 2 ft in width by

4 ftin length (0.6 m by1.2 nhy 3.5 inches (7.62 cm) in deptln previous efforts

(Shoemaker 2009), a gutter device was designed and constructed to collect runoff from

test plots. Theujter device shown iRigure3.4(a), collected soil and runoff from the

test plots, however the device had to be constantly monitored to ensure soil did not reside
within the gutter itself, ultimately affecting quantification of soil loss over time.

Therefore, when the new test plotsreveonstructed, an aluminum flume was designed

and constructed to ensure consistent collection of runoff, as depidtegline3.4(b).

(a) Shoemaker (2009) Gutter Collection Devi (b) Flume Collection Device

Figure 3.4 Comparison of Collection Devices.
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The abovementioned intermediesteale test plots were constructed for the purpose of
simultaneous experimentation. Each plot was constructed with pressurized, treated
timber. The base of the plot was cut ofia ¥z inch (1.27 cm) piece of plywood and the
perimeters of the box plot were built with tdeg-fours. After construction, the box plots
were primed, painted, and the crevices were caulked to increase the durability of the box
plots ando minimize wateiseepage. Also, galvanized handles were screwed to the side
of the plots to aid in mobilization. With the intention of observing and collecting any
possible infiltration through the soil, a metal strip with 3/8 inch (9.525 mm) holes and a
polyvinyl chloide (PVC) pipe cut in half was installed at the base of the test plot, shown
in Figure3.4(b). The infiltration holes were deemed unnecessary after several tests in
which no infiltration was observed or collected. The flumes were designed and
constructed with the help of Auburn Univer

the end of the box plots with four, 1% in@8.1 mm)galvanized exterior screws.

I n Shoemakerdés (2009) previous research ef
compacted soil was placed in each plot, one inch layer at a tineh allowed for

approximately ¥ inches (3.81 cm) difference in height between the top cfdihend

the topof the plot perimeter. Aftadtiscussions with ALDOT, it was determined that by
compacting 1 inch (2.54 cm) layers at a time inherently coempacted each solil layer.

Therefore a decision was made to compact 3 inches (7.62 cm) of smik iayer,

leveling the top of the soil with the box plot perimeter. After the first test run, it was

evident two sideboards needed to be constructed out of flashing and two by fours to

direct runoff from the compacted box plots to the flume outflawstifated inFigure3.5.
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Figure 3.5 Sideboards Installed on Test Plots.

Mobility of the box plots was a crucial factor in the experimental design because it

allowed the researcher to haveapid setup, as well as a quick cleanup fgogteriment.

The setup shown iRigure3.6 illustrates that each box plot was positioned on a 3H:1V

slope supported by sawhorses and cinder blocks.

Figure 3.6 3H:1V Slope using Cinderblocks and Saw Horses.
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The distance between the flume and the floor provided ample space for collection buckets

to be placed undéehe discharge point.

3.3.2 Rainfall-Simulator and Rain Regime
Shoemaker (2009) constructed a rainfall si
30WSQ nozzle, with a wide angle uniform square spray area, and medium to large drop
size distribution, simulating natalrrainfall. To regulate flowate, Shoemaker (2009)
attached the i nl etd06NbIsA@ressue reguldibowitilyiach E R4 3
(1.27 cm) port sizes. To maintain a consistent pressure specific to the desired rainfall
event, a pressure gauge waaeted to the pressure regulator to observe and regulate
operating water pressure. As showrrigure3.7, the rainfall simulator is constructed of

two by fours, a “nch (1.27 cm) diameter steel pipe, support braces, a garden hose, and
electrical wiring for the solenoid valve. The simulator is supported and attached to the
frame of the building by steel brackets, which keeps the nozzle suspended approximately

5 ft (1.5 m) from the building wall, and 10 ft (3 m) from the floor as showFignre3.8.
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Figure 3.8 lllustration of Simulator Relative to Plots.
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Shoemaker 6s research efforts also included
rainfall simulator to determine and analyze rainfall amount and uniformity (2009). The
Christiansen Uniformity Coefficient (ASAE Standards, 2000) was tesqdantify the

uniformity of the rainfall distribution over the 8 ft by 8 ft (2.4 m by 2.4 m) spray area the

nozzle covers. Shoemaker was able to quantify that the rainfall distribution uniformity

ranged from 83% to 88%; generally, in the center 4 # fy(1.2 m by 1.2 marea.

Christiansen Uniformity Coefficients of 80% or higher are deemed to be uniform.

After calibrating the rainfall simulator, a proper rainfall regime needed to be designed to

be representative of ay2, 24-hr rainfall event.Previous literature reviewed showed

varying rainfall regimes due to various intengityrationfrequency (IDF) curves and

locations. ALDOT stormwater inspection guidelines state that an inspection of any ESC
practice is requiraedywintghierveh2 6hourAs qufala f
rainfall that accumulates 0.75 inches (1.9 cm) of rain within a 24 hour period (ALDOT

2004). Therefore, 0.75 inches (1.9 cm) was used as a baseline to select the design storm
rainfall regi me. ibratibhrpmaess,é wae able to datetirsne thad dn
operating pressure of 10 psi (69 kPa) is capable of generating an intensity of 4.39 in/hr

(11.15 cm/hr) (2009). From this intensity, a rainfall duration of 15 minutes produces
approximately 1.1 inches @cm) of rain, which is above the 0.75 inch (&m) baseline.

I n addition to ALDOTO6s inspection guidelin
Auburn, Al abama. Using ALDOTG6s guidelines, t
calibration, it was determindtiat a 2year, 24hour rain event for Auburn, Alabama

would produce a cumulative rainfall amount of 4.39 in/hr (11.2 cm/hr) intensity. To
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simulate a Zr, 24-hr design storm, the rainfall simulator which produces 1.1 inches (2.8
cm) over a 15 minute ped would need to consist of 4, 15 minute rainfall events, lasting

1 hour. The rain regime used by Shoemaker (2009) was adopted for this research effort
consisting of 4, 15ninute events, representative of-gr224-hr event with a total rainfall

amount 64.4inches (10.9 cm).

3.4 Experimental Procedures PreCondition Application

A large majority of the experimental procedures and methods were adopted from
Shoemaker (2009), however there were several modificatiane to the experimental
procedureslue to achange in the ESC practiested. Modifications included test
protocol and procedures pertaining to application of the imydich product. Also, aoll

and compaction analysis were conduaiach new stockpile of soil

3.4.1 Soil Analysis

Soil for the reseah effort herein was provided by a local grading contractor from a
construction site near the NCAT test track
W). A soil analysis was conducted by the Auburn University Soil Testing Laboratory to
determine the sbcomposition, shown iTable3.1 below.

Table 3.1 Percent Composition and Classification of Experimental Soi

% Sand % Silt % Clay Classification
67.5 2.5 30 Sandy Clay Loam

The soil analysis yielded nearly 2/3 sand and 1d$ cbomposition, and less tha#o3ilt

content which classified the soil as a sandy, clay loam.
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3.4.2 Compaction Analysis

After classifying the soil, a compaction test was conducted. ALDOT specifies in its
Standard Specifications for Highway Construct{@f08) that on a typical highway
embankment, slopes should be compacted to 95% compaction. This requirement was
adopted lp Shoemaker (2009) who used hand tamps dropped on the box plots to achieve

optimum compaction.

To determine the number of drops required to compact the soil, two compaction tests
were completed. The first soil compaction test was to determine the optimum moisture
content (OMC) of the soil. This was completed using a modified Proctor test, as
specfied in American Society for Testing and Materials (ASTM) D1557. The modified
Proctor test enabled researchers to develop a Proctor curve representing the moisture
content of the soil versus the dry unit weight of the soil, as showigime3.9.

e Data Points ¢ Maximum Density Point —Calculated Curve Point

112 4

d N

Dry Unit Weight (pcf)

0% 5% 10% 15% 20% 25% 30%
Moisture Content (%)

Figure 3.9 Proctor Curve for Experimental Soil.
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The Proctor curve shown Figure3.9 illustrates four determined moisture contents to

achieve a specific dry unit weight for the tested soil. An optimum moisture tonten

(OMC) was determined to be 1ptf (1762 kg/m) at 14% mésture content (MC) by

locating the maximum dry unit weight on the Proctor curve. The dotted line shown in

Figure 3.9 represents the minimum dry unit weight of 105 pcf (1682°kgéquired to

reach ALDOTG6s specified 95 %istoreoomeat¢5itoon r at

23%).

The second compaction test, also adopted from Shoemaker was created to test the number
of hand tamps required to achieve 95% compaction. Shoemaker designed and
constructed a 1ft by 1ft (30.5 cm by 30.5 cm) wood box specifisakd to fit the hand

tamps, shown ifrigure3.10.

Figure 3.10 Mold used to Determine Required Compaction Rate with Handramp.
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The molded boxes were designed to allow the hand tamps to fit inside the perimeter. The
handtamps measured 10 in. by 10 in. (25.4 cm by 25.4 cm), and the mold measured 1 ft
by 1 ft (30.5cm by 30.5 cm). The purpose of this compaction test was to drop the hand
tamp a specified number of times upon a known volume of compacted soil to determine a
corresponding unit weigh Soil with a MCof approximately 14% was loaded into the 1

ft by 1 ft by 2 inch (30.5 cm by 30.5 cm by 5.1 cm) box and a hand tamp was dropped
approximately 12 inches (30.5 cm) from the soil surface in a series of 5 sets: 10 drops,
20 drops, 30 drops, 50 drops, and 68pg. After each set of drgghe mold was

screeded to a height of 1 in¢he known volume of soil was weighed, anch@asured
compactediry unit weight was calculated, and plotted on a graph, showigime3.11.
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Number of Drops

Figure 3.11 Compaction of Soil Using HandTamps.
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Figure3.11is a representation of number of drops with a hand tamp in correlation with
its correspondingneasured compactelly unit weight. When compacted, soil will
approach a point where it has read maximum compaction, preventing any further
compaction. A regression line and power function was applied to the points on the plot
to illustrate the point at which soil can no longer be further compacted. When the
regression line levels off, the sbihs reached maximum compaction, regardless of
energy applied by the hand tamps. Using the power function, the specified number of
drops required to reach optimum compaction was calculated, shovaibie3.2.

Table 3.2 Calculated Dry Unit Weight (pcf)
and Required Number of Drops

Number of Drops Dry Unit Weight (pcf)
10 65.4
20 76.9
30 84.6
40 90.5
50 95.4
60 99.6
70 103.3
80 106.5
90 109.5
100 112.3

To obtain a minimum of 95% compaction, a minimum dry unit weight of 105 pcf (1,682

kg/m®) was required, which corresponded to approximately 80-temgs.

3.4.3 Hydromulch Product Selection

Stricter regulations by the USEPA regarding ESC on construction sites has established a
need to determine practices that can be installed easily, cost efficiently, and comply with
EPA stormwater runoff regulations. In the summer of 2009, ALDOT and tharDegnt

of Civil Engineering at Auburn University showed a joint interest in testing the
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performance of mulches that are hydraulically applied, referred to herein as
hydromulches, to 3H:1V fill slopes as an innovative erosion control practice. Although
mulching is not a new erosion control practice, advanced technologies in pumps and
hydroseeders have made hydraulic application of mulch a highly prevalent procedure of
application. Hydromulclehave been tested on a laspale (McLaughlin and Brown,
2006;Holt et al., 2005; Benik et al., 2003; Landloch, 2002; Buxton and Caruccio, 2000),
however further investigation ofhe performance of hydromulch produotsan
intermediatescale is neededTherefore, ALDOT assigned a number of hydromulches
that are ulguitous in the erosion control industry to be tested and evalu@itdule3.3

below shows a list of four hydromulches and their corresponding mulch classification
that were tested in this research effort.

Table 3.3 Assigred Hydromulch and Classification

Type of Hydromulch Classification
GeoSkin Hydraulic Mulch Product, w/Tackifier
HydraCX Bonded Fiber Matrix (BFM)
Excel Fibermulch I Hydraulic Mulch Product, w/o Tackifier
HydroStraw BFM Bonded Fiber Matrix (BFM)

To create a baseline comparison, bare soil control was tested, as well as two conventional
straw mulch practices: (1) that has been crimped and (2) that has been applied with a
tackifier. Although bare soil was the only condition used as a basis ozengagrosion

control performance, conventional straw, crimped or tackified, was tested and evaluated
as a second baseline comparison due to its cost efficiéenttizat is it a predominantly

used mulch in the industry
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3.4.4 Experimental Organization

Figure3.12is a flowchart showing the seven conditions tested: (1) one bare soil control,
(2) conventional straw, crimped; (3) conventional straw, tackified; (4) Ge@Sk)
HydraCX®; (6) Excel® Fibermulch II; and (7) HydroStraw® BFM. The bare soil
condition serves as the control, and conventional straw conditions were developed as a
baseline condition for comparison of traditional mulching practices to newer hyidfom
technologies currently being used in the indusirge experimental setup was organized

to allow two full experiments, consisting of 4 total plots, to be run on each condition. An
experiment, as illustrated Figure3.12, consists of two test plots centered beneath the
rainfall simulator to experience the design rainfall event and total rainfall amount
discussed in Sectidh 3.2 As previously discussed, and shown in the flowchart, four
O0testsd were simulated within a single

events to allow for data collection.
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6S

CONDITION(S)

Control 7 Bare Saoil

Treatment 17 Conventional
Straw Mulch, crimped

Treatment 27 Conventional
Straw Mulch w/Tackifier

Treatment 37 GeoSkin

Treatment 4i HydraCX?

Treatment 571 Excel
Fibermulchll

Treatment 67 HydroStraw
Mulch

EXPERIMENT(S)

Experiment 1

TEST(S)

Experiment 2

Y

Left Plot
Test1l

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

15 min break
Test2
15 min event
15 min break
Test3
15 min event
15 min break
Test4
15 min event

> Left Ploti 4 Tests

> Right Ploti 4 Tests

Figure 3.12 Flowchart of Experimental Organization.



3.4.5 Test Plot Preparation

The test plot preparation used for this research was modifiedSrbno e ma k er 6 s ( 2 0 (
research. Shoemaker (2009) developed a five step process for his test plot preparation;
however due the different products tested, the test preparations were changed slightly.

For this research effort, test plot preparation is dividealtwo sections: (1) test plot

preparation prior to condition application, and (2) condition application test protocols and

procedures.

3.4.5.1 Test Plot Preparation Prior to Condition Application

Section3.4.2described the method used to determine the number of drops required by a
hand tamp to reach optimum compaction, and the MC necessary to achieve the required
compaction. To assure tMEC of the soil was within tharhits of the minimum dry unit

weight of 105 pcf (682 kg/n), a small sample of the stockpile was dried using a double
hotplate electric stove provided by the NCAT facility. After determining the MC of the

soll, if the stockpile is above 23% it is lédt dry until within the minimum MC for the
acceptable 95% compaction. If the soil happened to be too dry, water was added until the

proper MC was obtained.

I n Shoemakerds research effort, after the
buckets 6soil were loaded into a wheelbarrow, added the proper amount of water, if
necessary and compacted a one inch layer of soil. This step was repeated to obtain two
compacted 1 inch layers of soil (2009). In this research effertisecbne, 3 inch (7.62

cm) layer of compacted soil and a scoured surface to simulate a more realistic highway
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embankmenthat has been prepared for seedifitperefore, it was determined that six, 5
gallon (18.9 L) buckets or 10, 3 gallon (11.4 L) buckets of the previouslyl tesiie

illustrated inFigure3.13 was necessary to achievén8hesof compacted soil. The box

plots were loaded with soil in two steps: the first step consist&8 géllons of soil and

the second with 12 gallons (45.4 L) of soil. After the first 10 gallons (37.9 L) were
loaded into the box plots, the soil was spread evenly in the box plots and lightly tamped
once or twice to prepare for the final load. Once & foad was poured onto the first
layer, the soil was evenly distributed amongst the box to assure a flat surface for a level,

optimum compaction with hand tamps.

Figure 3.13 Five and ThreeGallon Bucket Used to Load Test Plots.

As designed by Shoemaker (2009), the uncompacted layer of soil was broken into 8
subsections and hand tamped individually as showigure3.14. After completing the
compaction effort, the 3 inaf7.62 cm)compacted surface was then scoured with a rake

approximately ¥ inch (6.35 mm) in depth,sh®wn inFigure3.15.
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Figure 3.15 Uniform Tilling of Surface Approximately ¥4 inch in Depth.

Although this research effort does not test longevity or seedling germination, the purpose
of scouring the surface of the compacted soil was to simulate a realistic ALDOT highway

embankment, which generally includes tilling for spreading seed and fertilrece the
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tilling effort was completed, the box plots were ready for condition applicafiens

hydromulch or conventional straw)

3.5 Condition Application Experimental Procedures

Consistent test methods and procedures, while also ensuring thatehishesdheres to

t he manufacturersé specification for prope
to the integrity of the research. Thus, each condition was evaluated separately and an

application process was developed specifically for each test.

A bare soil test was initially chosen as the control condition for this testing, however
ALDOT became interested in testing an application of conventional straw mulch that was
either crimped or sprayed with a tackifier. The first section will entaihipdication

process of conventional straw applied at ALDOT specifi@d@lIbs/acre (480 kg/ha)

that has been crimped or sprayed with a tackifier.

Different hydromulch products are comprised of diverse materials, as explained in the

601 i t er a tportioa of this neseaol; dherefore different application rates are

required, dependent upon steepness of slope. For a 3H:1V slope, the hydromulch

application rates ranged fromDRO Ibs/acre t0,300 lbs/acre (240 to 3920 kg/ha). The
sectionfollowng t he conventional straw conditions
the test protocols and procedures for the following hydromulch conditions: (1)

GeoSkin®; (2) HydraCX®; (3) Excel® Fibermulch II; and (4)HydroStraw® BFM.
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3.5.1 Conventional Straw, Crimped or with Tackifier Test Protocol

Accor di ng StandaAdlSpecitaiians for Highway Construct{gaf08),
conventional straw or hay that has been crimped and is placed-b@\a & flatter slope

is considered a 0Class A, Type 16 mul ch.
mulch or conventional straw that uses an adhesive or tackifier. This section will describe
the necessary steps and test procedures required to pesdintermediatescale test for

conventional straw crimped or tackified.

3.5.1.1 Conventional Straw, Crimped Test Protocol and Procedures
Conventional strawbs typical form of appli
chop and blow the straw onto the slop&%86 or greater coverage, as showkigure

3.16, or it can be laboriously spread by hand.

Figure 3.16 Mechanically Blown Straw.
(Source: http://www.clintontractor.net)
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After the straw is spread, for slopes 3H:1V or flatter, the straw is typically crimped or
embedded into the soil by a mulatineper to reduce the chance of the straw being blown
away by wind or moved due to excess runoff volumes. ALDOT (2008) requires the
crimper to be a roller type device equipped with flat, uncapped, dull edge disks with a
minimum width of ¥ inch (6 mm) andgzed a maximum of 2 inches (5.1 cm) apart

along the axle or shaft, as showrFigure3.17.

Figure 3.17 Mulch Crimper.
(Source: http://www.proseriesproducts.com/procrimper.htm)

ALDOT also specifies that the diameter shall be large enough to prevexiehar shaft
from dragging or in any way disturbing the mulch or soil (2008). Crimpers should be

designed to apply enough force to embed the straw approximately 2 inches (50 mm) into

the soil (ALDOT, 2008).
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Typically, conventional straw blowers andmpers are used for application on large
areas or acres of land. Therefore, modifications to typical application of straw were
necessary for the intermedisgeale plots. The first modification made was converting
ALDOTO6s speci f i e4000lhs/pcrei(48@kg/hadta ther 2&tix 4 ft (0.6
m by 1.2 m) test plot, which was equivalent to 333 grams/@I888 kg/plot). Depicted
in Figure3.18(a), (b),and(c) below, the proper amount of dry, conventional straw was

weighed and evenly applied by hand to the compacted and tilled test plot.

’

(a) Weighing Straw Prior to App. (b) Application of Straw on Test Plots
(4,000 | bs/acrea (Minimum 70% cover)

(c Plots after 4000 Ibs/acr833 grams/ploj Applicationand 70% Cover
Figure 3.18 Weighing and Applying Conventional Straw.
66



After proper application of the conventional straw, the next task was to crimp the
conventional straw into the soil. A typical mulch crimper weighs several thousand
pounds; therefore an intermedisieale crimper was designed. To simulate a crimping
whed, a prototype was constructed from the basic performance of a wheel as it rolls over

the soil; the thought process of the design is shovingure 3.19.

Figure 3.19 Intermediate-Scale Mulch Crimper Design and Construction Process.

The crimper constructed above is 2 ft (0.6 m) in length by 3.5 inches (5.1 cm) in height,
and ¥4 inch thick, which meets ALDOpecifications for a straw crimper. After
constructing the intermediateale crimper, the next task was to crimp the conventional
straw into the soil. Using a rubber mallet, the wooden crimper was positioned
horizontally along the box plot and poundedfarmly into the soil until it was

approximately 1 inch (25.4 mm) deep, as shown beldwgare3.20.
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Figure 3.20 Crimping Straw.

The conventional straw was crimped everg inches, as specified by ALDOT (2008).

Experimental testing was commenced after each test plot was completely crimped.

3.5.1.2 Conventional Straw, with Tackifier

ALDOT (2008) specifies 6Class A, Type 206 m
3H:1V, referred to herein as conventional straw with a tackifier. The type of tackifier

tested in this research effort wdgtac Il which is manufactured by Easy Lawn, Inc

mixed at a rate of 52.8 0z,4B7 grams) per 600 to 700 gallong2(@ to 2650 liters),

and 1.1 0z/D00 f&;(31 grams/crf) this converts to approximately 0.088 to

0.0750z/gallon (0.66 to 0.56 grams/L), @&h@088 oz/plot/0.1 gallon®a

gram/plot/0.0.8 L). Test procedures for this section are identical to procedures outlined

in Section3.5.1 however, the tackifier replaced the crimping method. To propeply ap

the tackifier to the conventional straw, it was added to a Maruyama MS074 backpack
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sprayer with a built in agitator. Specifications for the backpack sprayer Appéendix
C. To avoid clogging of the backpack sprayer, the tackifier was added stothlky tank.
lllustrated inFigure3.21(a) and(b), the tackifier contained a blue dye for application

purposes.

(a) Hytac Il (b) 0.5 grams of Hytac (applicatiate for both test plots)

Figure 3.21 Hytac 118 Tackifier for Convetional Straw.

After approximately 20 minutes of mixing, the tackifier was equally applied to both plots,

as shown irFigure3.22 (a) and (b).
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= 7 ) N 2
(b) Applying Tackifier to Prepared Test Plots

Figure 3.22 Mixing and Application of Hytac Il Tackifier to Conventional Straw.

Once both plots were sprayed with Hytac Il, they were placed undevidiesray heat
lamps for 48 hours to allow the tackifier to bond and dry to the straw and soil, as shown

in Figure3.23.
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Figure 3.23 Conventional Straw with Tackifier for 48 hr Drying Period.

3.5.2 Hydromulching Test Protocol andProcedures

Designing a protocol to efficiently and effectively apply the hydromulches at the
manufacturer specified application rate repeatedly was an important task to ensure
uniform coverage at the specific application rate. The first task was to detdraw the
hydromulch would be applied to the test plots. To ensure that intermedadée
application of hydromulch simulated field applications, it was decided to use Auburn

Universityds hydroseeder, the TurddiMaker E

The second task of this procedure was to determine a method that would accurately and
consistently ensure manufacturer specified application rates were achieved. The first step
was to cut 8 pieces of treated plywood that replicate the size wfsthglots (2ft x 4 ft

[0.6 m x 1.2 m]), position each board at a 3H:1V slope as illustratéidume3.24.
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Figure 3.24 3H:1V Test Boards PreApplication of Hydromulch.

Once the boards were placed, an experimental procedure was developed to allow the
researcher performing the application to have the capability of quantifying the sprays
necessary to achieve manufacturer specified application rate. The test boards were
assigned numberl through 8, from left to right which corresponded accordingly with
the number of sprays it would receive. The procedure was as follows: (1) each board
wassprayed with one equal spray, showifrigure3.25; (2) from left to right, test boards

2 through 8 were sprayed a second time, showiguare3.26; (3) after boards 1 through

8 were sprayed with their representative number of sprays, shdviguire3.27, the
researcher proceeded to scrape the wet mulch from each individual board into a bucket,
illustrated inFigure3.28 andFigure3.29; and (4) after all buckets were weighed, the wet

hydromulch was placed in an oven to dry for 24 hours.
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Figure 3.25 After One Spray to Each Test Board.

2 ‘) ~ et 3 \!

o

Figure 3.26 Applying Second Spray to—Boards 2 through 8.
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Figure 3.29 Hydromulch Scraped off of Test Boards into Corresponding Buckets.

Once the 8 hydromulch samples were dry, their dry weights were recdordbl3.4
shows the wet weight recorded after each spray, its corresponding dry weighi and t
calculated wet/dry weight factor. GeoSkin® achieved the required application rate of
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approximatel\5.9 0z(167 grams) by spray 6. Hydra@%, Excel® Fibermulch I, and
HydroStraw® BFM reached the required application rates of 10.3 0z (292 grams), 5.9 t
7.4 0z (167 to 209 grams), and 8.8 oz (250 grams) by spray 7, 9, and 3 regpectivel
Figure3.30(a) through(d) illustrate the plots of wet unit weight versus tiuenber of

sprays for the four hydromulch treatments reporteTeiple 3.4.
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Table 3.4 Determination of Number of Sprays for Required
Application Rate

No. of Sprays Wet Weight () Dry Weight (g)  Factor*

GeoSkin®
1 350 34 10.3
2 851 84 10.1
3 984 95 104
4 1356 139 9.8
5 1480 150 9.9
6 1725 174 9.9
7 2140 212 10.1
8 2309 229 10.1
Average = 10.06
HydraCX® °
1 181 19 9.5
2 522 61 8.6
3 1238 113 11.0
4 1581 159 10.0
5 2148 203 10.6
6 2552 251 10.2
7 2820 295 9.6
8 3026 327 9.3
Average= 9.82
Excel® Fibermulch II
1 190 24 8
2 378 56 6.77
3 572 72 7.94
4 707 91 7.74
5 847 127 6.64
6 984 126 7.81
7 1245 134 9.3
8 1236 136 9.12
9 1392 180 7.73
10 1766 196 9.01
11 1837 203 9.05
12 2066 225 9.18
13 2183 247 8.84
Average= 8.76
HydroStraw® BFM
1 910 118 7.74
2 1997 242 8.26
3 3036 358 8.49
4 3007 363 8.28
5 2989 354 8.44
6 3011 359 8.39
7 3552 434 8.19
8 3563 447 7.97
Average= 8.22
Note: 6* 6 Factor calculated by dividing the
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Figure 3.30 Scatter Plots of Wet Unit Weight vs. Number of Sprays
for Hydromulch Treatments.

Table3.4 indicates that a minimum of 6 sprays was necessary to meet the GeoSkin
manufacturer requirement fojd®0 Ibs/acre (240kg/hg, equivalent to approximately
5.9 oz/plot (167 grams/plot). Aaverage factor was determined, which is the wet weight
divided by the dry weight; enabling researchers to determine if the plots achieved the
minimum application rate. This was completed by simply dividing the wet weight by the
averaged factor, which yaed a calculated dry weight. The calculated dry weight was
then compared to the manufacture specifications for application rate. This test was
replicated for each hydromulch product test@dble3.5 shows a summary of the
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number of sprays determined for each hydromulch products manufacturer specified

application rate.

Table 3.5 Determined Number of Sprays For Hydromulch Products Tested

Manufacturer Equivalent Test Plot
Hydromulch Required Dry Required Dry Averaged Minimum # of
Product Application Rate Application Rate Factors Sprays Required
(Ibs/acre) (g/plot)

GeoSkin® 2,000 ~167 10.1 6
HydraCX® 3,500 ~292 9.7 7
Excel® Fibermulch Il 2,000-2,500 ~167-209 9.3 9
HydroStravi® BFM 3,000 ~250 8.9 3

Once the minimum number of sprays was determined for each hydromulch product, each
product was ready to be applied to test plots and tested accordingly. Although the
minimum number sprays were already determined, to ensure consistency, the test boards
were also sprayed during test plot applications. After the minimum number of sprays

was applied to the eight test boards and the two test plots, two of the test boards were

scraped and weighed to check for consistency, showigure3.31 andFigure3.32.
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Figure 3.32 Flrst Two Plots Scraped For Welghlng

The wet weight was then divided by the averaged factor to determine the calculated dry
weight of the hydromulch.f the calculated weight was under the minimum required
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application rate, the remaining test boards and the test plots were sprayed once more, and
two additional test plots were scraped and weighed. This procedure continued until the

manufacturer specifiegpplication rate was achieved.

After the test plots were sprayed with the manufacturer specified application rate of the
hydromulch, the test plots needed ample time to dry. Some manufacturers claim zero
drying time necessary for their products; howetes research focused on reducing
variability in testing, and to achieve this goal, the same test procedure was applied to
each hydromulch product. Therefore, after applying the product to the test plots, a
structure was builshown inFigure3.33, to hold four, 250 Watt ultraviolety bulbs for

the purpose of simating natural sunlight. To ense consistent drying, the structure was
built to allow for the bulbs to hang at a 3H:1M®e which mimics the test plot setup.
Lastly, the distance (approximately 18 inches [45.7 cm]) between the bulbs and the
hydromulch on the test plots were measured and adjusted to ensure all bulbs were
equidistant to the hydromulch surface, as illusttatd=igure3.34. The hydromulched

test plots were left to dry for 48 hours.
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Figure 3.34 Heat Lamps Meaiéure for Accurate Spacing.
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The application process of each individual hydromulch product can be viewed in

Appendix Dof thisreport.

3.6 Data Collection

Data collection procedures for this research effort were adopted from Shoemaker et al
(2009). Collected data included (1) soil loss, (2) runoff volume, (3) initial turbidity, and
(4) turbidity over time. The focus was primarily mmoff generated from test plots

during rainfall events. Runoff volume, mass, and initial turbidity were collected every
minute during experimentation. Clear, five quart buckets with volume markings, shown
in Figure3.35wer e used to collect runoff vol ume
plot. Instantaneous turbidity was recorded with an ANALITE NEP 160 turbidity meter
with an ANALITE NEP 260 probe, illustrated Figure3.36. Detailed specifications for

this meter can be found Appendix C. Along with instant turbidity, this meter was used

to record turbidity over time. Grab samples at 5 and 10 minute intervals foofetheh

four tests on each plot were collected in one quart cups and used to record turbidity over
time, shown irFigure3.36. Turbidity in the one quart cups wasaeided every 10

seconds over a 3 minute period.
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Figure 3.35 Collection of Runoff.

o

Figure 3.36 Turbidity Over Time.

After each test run, surface runoff samples were poured into Hayward-leingte bags
with one micron size pores, as picturedrigure3.37. A total of 40 bags were used to
collect samples, divided into 5 bags consisting of 3 samples per bag. Once all samples
were filtered, the bags were place in an oven at 160° F (71.1° C) and dried for 24 hours.

After drying, the bags were compared te theight of the empty bags recorded prior to
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filtering to determine the amount of eroded soil from each test plot contained within each

bag.

Figure 3.37 Filtering Process.

Following the above mentioned experimental data collection procedures allowed for the
collection of large samples of data. Illustrated @ble3.6, a total of 1,680 observations
were recorded during experiments (e.g. 7 conditions x 4 test plots x 4 test x 15
observations per test = 1,680 total recorded measurements). Surface runoff volume,
mass, and initial turbidity were recorded every minute duaii5 minute test, and soil

loss samples were recorded every 3 minutes, resulting in 5 observations per test plot.

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. Observations were recorded every 3 minutes
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3.7 Statistical Analyses
The TukeyKramer method, ainglestep multiple comparison procedure and statistical
test, was used in this research effort to conduct a proper statistical analysis of the
recorded data, and establish statistical significance between treatments. The Tukey
Kramer method is generallysed in conjunction with a ongay analysis of variance
(ANOVA) to find which means are significantly different from one another. The one
way ANOVA tool provi ¢ea7vnyusedifocstatisscalf t 6 s Exc
analyses in this report. A typical hahd alternative hypothesis used during this research
for ANOVA analysis is illustrated in Equation 1 and 2, respectively (Shoemaker, 2009).
Ho! Mo = 1= H2 = Hs = Ma = He = 7 (1)
Ha.: all means are different (2)

where,
Ho= null hypothesis
H,= alternative hypothesis
Mi=mean values of each data set
i = independent groups [i.e. (0) control,
(1) GeoSkin®, (2) HydraC3®, etc]

The null and alternative hypothesis statements for ANOVA are not sufficient to discern
statistical significantifferences between individual pairs. Therefore, to determine
statistical significance between pairs, a confidence interval (Cl) was calculated using the

following equations, adopted from the Tuki€gamer method (Shoemaker, 2009):

Clyg, = € — 4, }Tuke;KramermuItiplierx S, (iJriJ 3)

non
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where,
Clgsos, = 95% confidence interval,

Hi-pgj= di fference of means for Oi

S

ni,,-

pooled standard deviation, and

A

sample sizes of 06i 6 and 6]

The pooled standard deviation as shown in Equation 3 can be derivegkiomthe
squareroot of the Mean Square Error (MSE), which is calculated during creation of an
ANOVA table. A TukeyKramer multiplier can be determined using Equation 4

(Shoemaker, 2009):

TukeyKramermultiplier= qa;;g’“ (4)
where,
g = upper percentile for awstientized range
distribution,
a = total number of groups,
n = sample size, and
U = level of significance (5%)

The calculated confidence interval was then examined to determine if the two test groups
were statistically significant; if zero was contihwithin the upper and lower bounds of

the interval, then the two groups were not statistically significant.

3.8 Summary

A total of 14 intermediatscale experiments were conducted to examineribgon
controlperformance of thé hydromulch treatmentg1) GeoSkin®, (2 HydraCX®, (3)
Excel® Fibermulch Il, and {AHydroStraw® BFMin comparison to bare soil treatments

and the 2 conventional straw treatmen(it) conventional straw crimpehd(2)
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conventionabktraw,tackified. Experimental procedures this research effort were

adopted from Shoemaker (2009), and modifications were made as necessary. One
modification was the construction of a flume to collect surface runoff from the plots. The
intermediatescale test plots allowed for an experimestgtlp that required less time to
prepare, allowing researchers the ability to conduct more experiments and collect copious

amounts of data.

Test preparations pi@pplication of the ESC practices involved obtaining the OMC of the
soil in order toeffectively compact the test soil to a rate of 95% using ftamgps. Once
plots were compacted and prepared, ESC practices were applied. To achieve the
minimum required application rate of each treatment, researchers designed a new test
method to assumeniformity and accuracy of applications. The new test method ensured
ALDOT regulations were met regarding the spread of conventional straw on 3H:1V
highway embankments, and also assured researchers that manufacturer specified

application rates were achied with the hydromulch treatments.

Data collection in this research effort consisted of runoff mass and volume to account for
consistency between experiments, and initial turbidity and eroded soil to validate the
performance of each treatment. &Apundant amount of data enabled t an ANOVA
analysis to be conducted to determine statistical significance between treatments. Also,
recorded soil loss allowed for the computation of a céaetor, which allowed

researchers to numerically specify thefpenance of treatments in comparison to the

bare soil treatment.
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Chapter 4 Intermediate-Scale Experiments Results and Discussion

4.1 Introduction

The use of intermediatgcale experiments to test the performance of ESC practices
provide means to perform migle tests with fewer resources when compared to-field
scale experiments, and also allows for a large amount of data to be collected and
analyzed. This chapter presents the data recorded from experiments and statistical
analysis tests used to analyze pleeformancef the following four hydromulch
practices: (1) GeoSkin®, (2) HydraC3®, (3) Excel® Fibermulch 11, and (4)
HydroStraw® BFM in comparison to a bare soil control anddamventional straw

practices either crimped or tackified

4.2 Experimental Resllts

Data collection procedures, outlined in Section 3.6 provided researchers with a copious
amount of raw data. The data collected and recorded included: (1) surface runoff
volume and mass, (2) initial turbidity, (3) runoff samples (turbidity versus tintg)(dn
amount of soil eroded from test plots. All raw data collected for the research herein can
be found inAppendix F Surface runoff volume and mass quantities were collected to

ensure consistent runoff between test plots and test runs, and candet@ppendixF.
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This chapter will include the experimental results and statistical analyses performed for
the following sets of data: (1) initial turbidity, (2) turbidity over time, (3) soil loss, and

(4) cover factor.

4.2.1 Initial Turbidity

Initial turbidity measurements were recorded from a thoroughly stirred, 5 quart bucket of

runoff collected at 1 minute intervals. A total of 1,608 initial turbidity measurements

were recorded for this research effort, and averaged for each condition, as illustrated in
Figure4.1. Normali zed to the bare soil treat me

were reduced by at | east a factdobr. of 8 for

—eo— Control —=— Straw, Crimped—=— Straw, Tackified—o— GeoSkin---#--- Excel Fibermuclh |l------ HydroStraw BFM---+--- HydraCX2
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Figure 4.1 Average Initial Turbidity of Surface Runoff vs. Time.
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Figure4.2 allows for a closer investigation of initial turbidity values for the different
conditions without showing the bare soil control aBigure4.1. As shown irFigure

4.2, each hydromulch with the exception of Excel® Fibermulch Il and GeoSkin® were
capable of reducing turbidity levels to under 500 NTUs. Two observations can be made
from Figure4.2: (1) the treatments without a polymemhanced tackifier had higher
turbidity values from O0Event 16 to O6Event
rainfall events in comparison to treatments with a tackifier; (2) the treatments with

tackifiers started with very low turbidity values and steadily increased over the four, 15
minute rainfall events. HydroStraw® BFM wakleto maintain a steady turbidity of

about 60 NTUs throughout the four rainfall events.
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Figure 4.2 Average Initial Turbidity of Surface Runoff vs. Time w/o Control.
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Table4.1 shows average turbidity measurements, standard deviation of the average

turbidity, and a percent reduction, normalizedtf@ control condition. Results indicate
HydroStraw® BFMhas the pantial to reducénitial turbidity of nearly 99%, followed

by 6Straw, TaEkiGeedlbinBHdrBCXel E Fiber mul c

Crimpedd with percent reductions of 98%, 9

Hydromulches typically include tackifyingr bonding agents to bond the mulch particles

to the soil surface. Once the hydromulch dries on the soil surface, a crusted, rough
surface is formed. The crusted surface is designed to absorb the rainfall, and serve as a
filtration system to capture dqgoarticles suspended in the stormwater runoff. When the
tackifier or bonding agents have been washed away ordiegilegrade due to

stormwater runoff, the performance of the hydromulch begins to decrease, as shown with
the 6Straw, TAa& &nid GeoIKid®ifriguié4 DaboaeC Mowever,

products with stronger tackifying agents such gdrdStraw® BFM take longer to

deteriorate.

The treatments withoutatc ki f i er, O0Straw, Crimpedd and E
primarily on the mulch material to filter the runoff from the plots. An observation was

made fromFigure4.2 during the first two rainfall events: the soil surface that was

scoured prior to treatment application was partially removed due to the absence of a

tackifying agent to bond the soil particles to the treatment. This initial large

concentration of soiln the runoff at the beginning of a rainfall event is known as the

ofirst f1 ush p Hleshghememenom bas beenwidey rdsearcted
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(Kayhanian and Stenstrom, 2008), and can be defined as the discharge of larger mass or
higher concentrationsf sediment runoff in the early part of a storm relative to the later

part of the storm. As shown Kigure4.2, the initial spikes in turbidity at the start of

each event are due to this phenomenon. These observations are also reflected in percent
reduction, shown iTable4.1.

Table 4.1 Average Initial Turbidity Results for Surface Runoff

Average Standard
Condition Turbidity 2 Deviation” PercentReduction®
(NTU) (NTU)
Control 6,060 638 -
Straw, Crimped 1,240 468 80%
Excel® Fibermulch 1l 930 285 85%
GeoSkin® 501 150 92%
HydraCX® 277 71 95%
Straw, Tackified 148 35 98%
HydroStraw® BFM 59 10 99%
Notes: 6ab Average of initial turhbi
0 bStandard deviation for average initial turbidity vs. time
6c6 Denotes values normalized by

Al t hough the o6Straw, Tackifiedd and HydroS
turbidity by approximately 98% and 99% and metlth8 E P Adgwsbrmwater ELGs of
280 NTUs, none of the obsELGyoEIDNTUsabate ment s

background turbidity levels.

A statistical analysis was completed to confirm observed differences between the control
and treatments for initial turbig measurements of stormwater surface runoff. ANOVA
tables were created using Tuki€gamer comparison tests to determine statistical
significance between individual pairs of groups, as illustratd@bie4.2. As observed,

these tables demonstrated that the initial turbidities had statistically significant
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differences between the control and all treatments, proving that each treatment reduced

initial turbidity to acertain degree when compared to the bare soil. However, GeoSkin®

and HydraCX® showed no statistical difference in initial turbidity, similar to the
behavior of 6Straw, Crimpedd and Excel E Fi
difference was aferved between HydraG® and HydroStraw® BFM, HydraC3® and
6Straw, Tackifieddéd, and HydroStrawE BFM an

comparisons proved to show a statistically significant differendalobe4.2.
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Table 4.2 Tukey-Kramer Comparison on Average Initial Turbidity

Comparison Mi - 1y CI[LB] CI [UB] Slgir]lllcl;?:;lttly
Geokin 5,559 5,218 5,901 Yes
— Straw, Crimped 4,820 4,478 5,162 Yes
% HydraCX 5,783 5,441 6,125 Yes
o Excel Fibermulch Il 5,129 4,788 5,471 Yes
© HydroStraw BFM 6,001 5,660 6,343 Yes
Straw, Tackified 5,912 5,570 6,254 Yes
Control 4,820 4,478 5,162 Yes
K= GeoSkin 739 398 1,081 Yes
=3 HydraCX 963 621 1,305 Yes
(*,5) § Excel Fibermulch I 309 -32 651 No
O HydroStraw BFM 1,181 840 1,523 Yes
Straw, Tackified 1,092 750 1,434 Yes
Control 5,912 5,570 6,254 Yes
T GeoSkin 353 11 694 Yes
= % Straw, Crimped 1,092 750 1,434 Yes
879 HydraCX 129 -213 471 No
= Excel Fibermulch Il 783 441 1,124 Yes
HydroStraw BFM 89 -252 431 No
Control 5,559 5,218 5,901 Yes
< Straw, Crimped 739 398 1,081 Yes
%) HydraCX 224 -118 565 No
3 Excel Fibermulch II 430 88 772 Yes
© HydroStraw BFM 442 100 784 Yes
Straw, Tackified 353 11 694 Yes
Control 5,783 5,441 6,125 Yes
% Straw, Crimped 963 621 1,305 Yes
95 GeoSkin 224 -118 565 No
-E Excel Fibermulch 1l 654 312 995 Yes
T HydroStraw BFM 218 -124 560 No
Straw, Tackified 129 -213 471 No
_ Control 5,129 4,788 5,471 Yes
< Straw, Crimped 309 -32 651 No
T3 GeoSkin 430 88 772 Yes
o E HydraCX? 654 312 995 Yes
hS HydroStraw BFM 872 530 1,214 Yes
v Straw, Tackified 783 441 1,124 Yes
Control 6,001 5,660 6,343 Yes
% Straw, Crimped 1,181 840 1,523 Yes
7= HydraCx 218 -124 560 No
_g % Excel Fibermulch Il 872 530 1,214 Yes
]>:‘ GeoSkin 442 100 784 Yes
Straw, Tackified 89 -252 431 No

Notes: [LB] signifies lower bound of confidence intervai342

[UB] signifies upper bound of confidence interval = +342

Ocrit = 4.08
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4.2.2 Turbidity vs. Time

Turbidity wasalsorecorded every 10 seconds over a period of 200 seconds to determine
the rate at which suspended soil particles in the runoff settled. Samples were collected
during each of the four tests at 5 and 10 minute intervals, providing researchers with 224
runoff samples (e.g. 7 conditions x 4 test plots x 4 tests x 2 samples = 224 runoff
samples) to measure and record turbidity over time. Average recorded turbidities over
200 seconds are shownkigure4.3. For each ESC practice, turbidity values declined
steadily until approximately 40 seconds, at which point turbidity rates became a constant
val ue. As shown, at 200 seconds, ttlhe 0Con
steadily declining. Shoemaker (2009) determined bare soil treatments do not fully settle
until after approximately 10 minutefResults showef the 4 hydromulch treatments a2d
conventional straw practicéisatHydroStraw® BFM was capable of obtaing A DE M6 s
ELG of 50 NTUsfrom the limited number of replicatiomgthin this research

—e—Contro| - Excel Fibermulch || —— Straw, Crimped —o— GeoSkin —o— HydraCX2 -+ Straw, Tackified -~ HydroStraw BFM

7000
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0 20 40 60 80 100 120 140 160 180 200
Time (sec)

Figure 4.3 Average Recorded Turbidity for all Samples vs. Time.
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To further investigate the treatmentsd cap
with similar compositions were compareigure4.4 shows turbidity ovetime results

for the treatments composed of straw. It
consistently reduced turbidity over ti me;
Fibermulch Il treatments progressively decreased per rain event (i.e. tesighth) in

turbidity for both 5 and 10 minute collection timdsgure4.5 shows turbidity over time

results for the hydromulch treatments composed of -anixed rmulch and a tackifying

agent. In comparison to Hydra@® and HydroStraw® BFM, GeoSkin® had different

results for 5 and 10 minute samples. FAgure4.5(a) and(b) show, the GeoSkin®
hydromul ch productds turbidity over ti me I
rainfall events. This confirms tlebservation that bonds of tafskng agents within

hydromulches begin to deteriorate over time and hydromulches kbdesmeffectie.

However, as shown iRigure4.5(c) through(f), hydromulches with tackifiers that have

stronger bonding agents are capable of consistently camgrtlirbidity over time for all

four rain events.
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Table4.3 is a summary table to illustrate averaged turbidity measurements taken every
200 seconds for all four tests. These values are the final turbidity measurements

observed while collecting turthity over time. It can be observed tiitdroStraw®
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BFM was the only treatment to satisfy the ADEM ELGs of 50 NTUs over the 200 second
settling period 6Straw, Ta c kwere abte tbéneet thedJSEPA dawa C X
ELGs of 280 NTUs, recording 5 and 10nute final values of 61.8 and 60.2 NTUs, and
17.5 and 14.4 NTUs, respectively for each treatment.

Table 4.3 Summary of Average Turbidity vs. Time Measurements

Average Turbidity (NTU)*

Condition 5 Minutes 10 Minutes
Straw, Crimped 768 636
Excel® Fibermulch Il 802 749
GeoSkin® 397 440
HydraCX® 146 169
Straw, Tackified 61.8 60.2
HydroStraw® BFM 17.5 14.4

Note: 1. Average turbidity measurements at 200 seconds.

Figure4.3 throughFigure4.5andTable4.3 are illustrations of observgzerformance

differences between each treatmienteducing sediment transport by increases in settling

rates For the treatments without a tackifyi.
Fibermulch I, urbidity rates decreased over time as well as over each of the four rainfall
events. The steady decrease in turbidity over time and over each event is most likely due

to a O0flush effectd of the topsoiidthet hat wa
loose layer of soil was washed away, the rainfall was exposed to the underlying

compacted soil, greatly reducing sediment runoff. Contrarily, GeoSkin® was observed to
increase in turbidity over each rainfall event. This is observed to be duedakaldwn

of the chemical bonds between the mulch and the soil produced by thexeid

tackifying agent in the hydromulch product. Manufacturers of HydroStraw® BFM

require 60 Ibs (27.2 kg) of dry mulch per 100 gallons (378.5 L) of water for a proper mix,

compared to the 50 Ibs (2%@) per 100 gallons (378.5 L) for each other hydromulch
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treatment tested herein; therefore, an observation can be made that when applied to
slopes, the HydroStraw® BFM product contains more mulch per volume sprayed,
directly mrrelating with an increase performanceeducingsedimentransport The
increased amount of dry mulch on a slope allowed for more absorption of soil in the
runoff and a reduction in sedimdaransport Overall sediment control effectivengss

from a £diment transport perspectivd,the treatments observed herein was dependent
upon three factors: (1) mulch composition (i.e. tackifier or no tackifier), (2) strength of

tackifier, and (3) percent mulch per volume.

4.2.3 Soil Loss

Soil samples were collected from test plot runoff every 3 minutes for a total of 560
observations (e.g. 7 conditions x 4 test plots x 4 tests x 5 observations per test = 560
recorded measurements) for all experiments conduétignire4.6(a) is representative of

the average values of eroded soil fltor each
was observed that all treatments had significantly less levelsiofesgtdvhen compared

to the bare soitontrol The control condition and the treatments without a tackifying

agent (i.e. O6Straw, Crimpedd and Excel E Fi
sediment within the runoff, as discussed in Section 4 Phis is most likely due to a

6first flush effectd from the beginning of
tackifiers did noexperiencehis surge; a steady increase in soil loss over time for each

rainfall event was observed for these treatts. As shown ifigure4.6(b), the most

effective treatmesstin reducing soil lossanked in ordeof percent reduction were: (1)

HydroStraw® BFM[~100%)], (2) Hydr&X*[ 99 %] , and (3) 6Straw, t

100



Based upon aomparativestatistical analyis performed, the abovementioned treatments
were not statistical different in regards to erosion control performakiter. the first
rainfall event, it was observedat soil loss measurements remained consistent for the

remainder of the experiment.
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Figure 4.6 Average Soil Loss vs. Time.
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Figure4.7 illustrates the average cumulative amount of eroded soil for each 15 minute

rain event. When compared to the contrdrigure4.7(a), all treatments are perceived to
control soil loss equally; however, the control recorded more soil than all of the

treatments in the first rainfall event by a factor of 17. Therefore, when soil loss is

illustrated withoti the control, as shown igure4.7(b), a clear distinction can be made
between each treatment tested. As shownguore4.7(b), the most consistent and

effective erosion control treatment was HydroStraw® BFM, maintaining an average soil

loss of approximately 10 Ibs/acre (11.2 kg/ha) over the entire experiment. Excel®
Fibermuld Il was observed to produce the largest consistent amount of eroded soil,

starting at approximately 900 Ibs/acre (1008 kg/ha), and decreasing to approximately 450
Ibs/acre (504 kg/ha) by the last rainfall event. GeoSkin® showed initial signs of strength

in controlling erosion with 200 Ibs/acre (224 kg/ha) of cumulative eroded soil, however
steadily increased to almost 400 I bs/ acre
initial amount. I't was al so obsetelwted t hat
same amount of cumulative runoff as Excel® Fibermulch II; however after the first two
rainfall events, steadily decreased to nearly 200 Ibs/acre (224 kg/ha), which are soil loss

l evel s similar to that 2&f 6 8TBa mkaiwf, iTeackck | id s

observed to behave similarly in erosion co
over each rainfaldl event to the second mos
40 . H® alverag&X.00 Ibs/acre (112 kg/ha) over theeetiperiment.
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fourth rainfaldl event . Similarly, &6Straw,

in percent r eductvieonnt f4réo nb yo BBvBe mt% 1t do t9d0 . 2%

respectively. The hydromulches with tackifying agents reacted in a dissimilar way when
normalized to the control. Over the rainfall events, percent reductions decreased from
98.9% to 97.8%, 99.5% to 99.1%,0699.9% to 99.7% for GeoSkin®, Hydra&a and
HydroStraw® BFM, respectively. It was observed that this reduction was due to the
degradatiorof the tackifying bonds between the soil and the mulch; contrarily, the
increased performance of the r@ckifiedtreatments was observed to be due to the
0flush effectd of the scoured surface i

compacted, underlying soil.
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Table 4.4 Average Soil Loss due to Surface &hoff
[Straw, Crimped or Tackified; Excel®Fibermulch I

Table 4.5 Average Soil Loss due to Surface Runoff
[GeoSkin®, HydraCX®, HydroStraw@

. Standard
Condition Soil Loss® Deviation ® Perce.”t c
(Ibs/acre) Reduction
(Ibs/acre)
Test1
Control 3469.8 2675.9 -
Straw, Crimped 138.6 96.3 96.0%
Straw, Tackified 38.2 35.3 98.9%
Excel® Fibermulch Il 177.5 141.3 94.9%
Test 2
Control 1511.3 211.0 -
Straw, Crimped 69.2 21.7 98.0%
Straw, Tackified 34.2 34.5 99.0%
Excel® Fibermulch 11 113.4 75.6 96.7%
Test 3
Control 1429.1 341.9 -
Straw, Crimped 55.3 12.0 98.4%
Straw, Tackified 26.9 23.8 99.2%
Excel® Fibermulch 1I 108.3 75.3 96.9%
Test 4
Control 1228.6 185.0 -
Straw, Crimped 39.3 12.3 98.9%
Straw, Tackified 28.3 25.3 99.2%
Excel® Fibermulch 1I 90.8 69.6 97.4%
Notes: 6ad6 Average of eroded soil wvs. ti

6 bSfandard deviation for average soil loss vs. time
6cd6 Denotes

val ues

normali zed by

. Soil Loss? Stapdgrdb Percent
Condition (lbs/acre) Deviation Reduction®
(Ibs/acre)
Test 1
Control 3469.8 693.8 -
GeoSki® 38.2 44.7 98.9%
HydraCX® 18.5 11.5 99.5%
HydroStrav® BFM 34 2.6 99.9%
Test 2
Control 1511.3 189.7 -
GeoSki® 41.8 35.2 98.8%
HydraCX2® 21.2 15.1 99.4%
HydroStrav® BFM 10.0 3.3 99.7%
Test 3
Control 1429.1 236.3 -
GeoSki® 57.4 47.4 98.3%
HydraCX® 26.5 16.3 99.2%
HydroStrav® BFM 9.4 5.2 99.7%
Test 4
Control 1228.6 194.0 -
GeoSki® 75.2 50.2 97.8%
HydraCX® 32.7 21.9 99.1%
HydroStrav® BFM 9.2 3.3 99.7%
Notes: 6ad Average of eroded soil vs. ti
60bd Standard deviation for averag
6cd Denotes values normalized by



Continuing the statistical analysis used throughout this research effort, ANOVA
procedures with Tukei{ramer multiple comparison tests were used for the recorded
amounts of soil.Table4.6 illustrates statistically significant and insignificant results of
average soil loss throughout the experiments. The statistical analysis compared all
treatments to the control and each other. The control provedstatistically different

than all treatments; therefore each treatment had a significant effect in reducing soil loss
when compared the bare soil. When the treatments were compared amongst each other
all were capable of reducing soil loss significantly #ame. Therefore it can be

concluded fronTable4.6 that statistically, each treatment is capable of significantly

reducing and controlling erosion on 3H:1V, compddill slopes.
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Table 4.6 Tukey-Kramer Comparison on AverageSoil Loss

Comparison Mi- 1 CI[LB] Cl [UB] S'gir#gt;;?ttly
Geokin 1,857 1,312 2,401 Yes
— Straw, Crimped 1,834 1,289 2,379 Yes
S HydraCX 1,885 1,340 2,430 Yes
5 Excel Fibermulch Il 1,787 1,242 2,332 Yes
© HydroStraw BFM 1,902 1,357 2,447 Yes
Straw, Tackified 1,878 1,333 2,423 Yes
Control 1,834 1,289 2,379 Yes
) GeoSkin 22 -522 567 No
=8 HydraCX 51 -494 596 No
& E Excel Fibermulch II 47 -498 592 No
o HydroStraw BFM 68 -A77 612 No
Straw, Tackified 44 -501 589 No
Control 1,878 1,333 2,423 Yes
- GeosSkin 21 -524 566 No
Zs Straw, Crimped 44 -501 589 No
579 HydraCX 7 -538 552 No
= Excel Fibermulch Il 91 -454 635 No
HydroStraw BFM 24 -521 569 No
Control 1,857 1,312 2,401 Yes
< Straw, Crimped 22 -522 567 No
& HydraCX? 28 516 573 No
3 Excel Fibermulch I 69 -476 614 No
O HydroStraw BFM 45 -500 590 No
Straw, Tackified 21 -524 566 No
Control 1,885 1,340 2,430 Yes
* Straw, Crimped 51 -494 596 No
% GeoSkin 28 -516 573 No
S Excel Fibermulch Il 98 -447 643 No
T HydroStraw BFM 17 -528 562 No
Straw, Tackified 7 -538 552 No
_ Control 1,787 1,242 2,332 Yes
= Straw, Crimped 47 -498 592 No
= GeoSkin 69 -476 614 No
o E HydraCx? 98 -447 643 No
S HydroStraw BFM 114 -430 659 No
L Straw, Tackified 91 -454 635 No
Control 1,902 1,357 2,447 Yes
= Straw, Crimped 68 -477 612 No
&S HydraCX 17 -528 562 No
_g &5 Excel Fibermulch Il 114 -430 659 No
E\ GeoSkin 45 -500 590 No
Straw, Tackified 24 -521 569 No

Notes: [LB] signifies lower bound of confidence intervat545

[UB] signifies upper bound of confidence intervat545
Ocric = 4.18
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4.2.4 Initial Turbidity vs. Soil Loss

To determine the relationship between the average recorded initial turbidities (essentially
indicative ofreducingsedimentransport or migrationand average measured soil loss
(which is indicative of erosion control performance) values were plotted together,
illustrated inFigure4.8. Average soil loss anditial turbidity values for the control

produced an outlying group of high sediment yield and turbidity values, shown on the far
right side of the plot, making it difficult to distinguish the performance of the other
treatments tested. Therefdfigure4.9 was created without the control to present the

other treatments in a more comparable manner.
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Figure 4.8 Average Initial Turbidity vs. Average Eroded Soil.
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As illustrated inFigure4.9, the three treatments that weret statistically different are
rarked in order of percent reducti@re., soil loss andhitial turbidity) in comparison to
the contral (1) HydroStraw® BFM (2) conventional straw withtackifier, and (3)
HydraCX®. The relationshifbetween initial turbidities can be used as a method to
determining overall performance of a treatment from an erosion and/or sediment
transportperspective. Patterns and consistencies in erosion and settemsport
control are also revealed when usthg method to plot treatments. For example,
Excel E Fibermulch Il and 6Straw, Crimped?
in comparison to the other treatments, showing signs of inconsistencies in product
performance. Overall, significant reztions in both soil loss and initial turbidity are
observed for each treatment when compared to the bare sati@onas illustrated in

Figure4.8 andFigure4.9.
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Figure 4.9 Average Initial Turbidity vs. Average Eroded Soil[Excludes Contro].

4.2.5 Cover-Factor

Studies reviewe(Lipscomb et al., 2006; Holt et al., 2005; Landloch, 2002; Clopper et

al

2001;

Buxton and-fQ@an wa di

a,o

YEDPD)r tuseed

performance. Cover factor is a parameter in the Revised Universal Soil Loss Equation

(RUSLE) to repesent a comparison of soil loss occurring with the treatment in place to

that which occurs in the bare, unprotect condition (Clopper et al., 2001). The RUSLE

allows researchers to calculate cofators for treatments without testing a bare soil

using ®veral different parameters based upon soil type, slope, and rain regimes;

Lipscomb et al. (2006) and Clopper et al. (2001) mitigated the RUSLE to calculate cover

factors. However, if bare soil conditions are accounted for, the-taster is simply the
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ratio of sediment yield in the protected condition to sediment yield of the unprotected
condition; Holt et al. (2005) effectively used this method to calcutéetors. In 1979,

Buxton and Caruccio used the Universal Soil Loss Equation (USLE) to dalcoblzer

factor values, which were at the time iden
represented a vegetative or maintenance erosion control practice and was a total soil loss
ratio expressed as a decimal. Landloch (2002) calculated-famters using the

Modified Universal Soil Loss Equation (MUSLE), which calculates erosive potential as a
factor W, which is based on rainfall erosivity, peak runoff rate, total runoff, slope

gradient and length, cover, etc.

Although there are several methdd<salculating covefactors, covefactor remains

simply a soil loss ratio (SLR) of treated to untreated (bare soil) conditions. -(aotars
numerically represent erosion control performance on a scale of 0.0 to 1.0, where a value
of 0.0 means the enos control practice has eliminated all erosion, and a efastor of

1.0 means the practice has done nothing to reduce erosion and is equivalent to a bare soil
condition. Table4.7 summarizes the cowéactors calculated in this research effort,
normalized to bare soil conditions. According to calculated efactors of 0.004,

0.013, 0.017, 0.028 0.040, and 0.064 able4.7, the hydromulches can be ranked from
most to least effective erosion control practices accordindlyHydroStraw® BFM, (2)
HydraCX®, (3) Conventional Straw, Tackified, (4) GeoSkin®, (®nventional Straw,
Crimped, and (6) Excel® Fibermulch However tlere are no statistical differences

between practices
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Table 4.7 Cumulative Soil Loss (A) to Calculate Cover Factors (C) per Treatment

Cumulative Soil Loss Cumulative Soil Loss *Calculated Cover
Treatment

(A) (grams/plot)* (A) (tons/acreY Factor (C)*
HydroStraw® BFM 13 36 0.004
HydraCX® 41 112 0.013
Conventional Straw,
Tackified 53 145 0.017
GeoSkin® 89 241 0.028
ConvenyonalStraw, 126 343 0.040
Crimped
Excel® Fibermulch Il 204 556 0.064
Note: 616 Unit conversion: 1 gram/ plot = 0.035 oz/plot
6206 Unit conversion: 1 ton/acre = 2242 kg/ ha.
636 Cover factor normalized to akghare soil value of
6*d Cover factor talculation C=A/ Control
4.3 Summary

Data collection from intermediatzale experiments allowed researchers to observe and
evaluate the performance of conventional straw (crimped or tackified) and four
hydromulches (Excel@ibermulch Il, GeoSkin®, HydraC¥®, and HydroStraw® BFM)

as an erosion control measure. Data collection included: (1) surface runoff, (2) initial
turbidity, (3) turbidity versus time, and (4) soil loss. The collected data was analyzed
using ANOVA and Tikey-Kramer statistical analysis procedures to determine the effect

of different treatments and if any statistical significant results were observed.

At total of 1,680 runoff samples were recorded for 14 experiments in this research effort.
This consistd of samples collected every minute for all four rainfall events per
experiment. Initial turbidity measurements were recorded from every sample collected,

allowing researchers to rank treatments; from most to least effective in reducing turbidity
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when nomalized to bare soil (control) conditions, the ranked treatments in this research

effort are (1) HydroStraw® BFM, (2) straw, tackified, (3) Hydr&®X(4) GeoSkin®,

(5) Excel® Fibermulch IlI, and (6) straw, crimped, with reductions of 99%, 98%, 95%,

92%, 8346, and 80% respectively. The straw treatments without tackifiers, conventional
straw, crimped and Excel E -Filbehhupbbnbmene
receiving an initial surge of concentrated sediment in the runoff, which steadily reduced

ove time. Contrarily, the hydromulches and straw with tackifier were observed to

slowly lose their effectiveness over the four rainfall events@astemical bonds in the

tackifying agents began to deteriorate.

In addition, soil loss samples were collecevery 3 minutes from surface runoff, totaling
560 samples, to determine an amount of eroded soil from test plots. Samples were
filtered and oven dried for 24 hours. Soil loss reduction results included 100%, 99%,
98%, 97%, 96%, and 94% for HydroStra8®M, HydraCX®, strawtackified,
GeoSkin®, strawcrimped, and Excel® Fibermulch Il respectiveligure4.10is a bar
chart representing the average percent reduofiturbidity and soil loss for each

treatment normalized to the bare soil control in this research effort.
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Figure 4.10 Average Percent Reduction of Treatments Compared to Control
Coverfactors were calculated using SLRs between the control and the treatments.
Calculated covefactors mimicked performance results of soil loss percent reductions,
indicating thatHydroStraw® BFM 6 St r a wj, andHgdcalcX®fwerette most
effective erosion control meassrand wee not statistically different, whil&eoSkin,
Excel® FibermulcHl, and A St rwemwthe ldast effectiverebtinents when

compared as a group

Grab samples were taken each test at 5 and 10 mittuteeasure turbidity over time.
This provided researchers with data showing treatment performance in reducing turbidity
over time. All treatments were observed to reduce the time required for turbidity to

decrease when compared to the controeverHydroStraw® BFM was capable of
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meeting ADEM ELGs of 50 NTUs, arsttaw, tackified and HydraC3® were capable of

meeting the USEPA ELG of 280 NTUs.

Overall, according to experimental results, it was observedhbig werano statistical
differencesin paformance from an erosion control perspective betwégroStraw®
BFM, 6Str aw, Ta c k ®fwhiehdahbhavemtantal tbihe effective X
erosion control practise This was observed using recorded and analyzed turbidity

measurements and soil fosiasses collected from test plot runoff.
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Chapter 5 Conclusions and Recommendations

5.1 Introduction

The purpose of this research effort was to evaluatertigon controperformance othe
following four hydromulches: (1) Excel®bermulch Il, (2) GeoSkin®, (3)

HydraCX®, and (4) HydroStraw® BFMn comparison t@ bare soil control and two
conventional strayracticeghatwere eithercrimped or tackified To achieve this,
intermediatescale experimentations were conducted augate conditions representative

of a typical highway embankment with a fill slope of 3H:1V. The first objective involved
the design and construction of a flume to
device on the intermediaszale (2 ft by 4 ff0.6 m by 1.2 m]) plots. Once the flume was
constructed, research and development of a uniform and consistent method of applying
the4 hydromulchand 2 conventional straw treatmewmas completed to ensure accurate,
guantifiable, manufacture specified &pation rates. The second component of this

research used the unified test procedures developed to evaluate the effectiveness of the 6
treatments.Thedata collected from the compacted, 3H:1V test plots was compared to a
bare soil (control) condition @nanalyzed to provide recommendations for use of
conventional straw (crimped or tackified) and hydromulches on highway construction

sites.
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5.2 Intermediate-Scale Test Methods and Procedures

Intermediatescale experimental procedures and methods of data catieetre adopted

from Shoemaker (2009). A flume was designed and constructed to modify the collection
runoff device used on the 2 ft (0.6 m) wide by 4 ft (1.2 m) long test plots. Uniform

runoff was created by a rainfall simulator, verified by Shoem&@9d9) using the
Christiansen Uniformity Coefficient to have an acceptable uniformity ranging between
84% and 88%. Experiments were divided into four 15 minute tests with 15 minute
breaks in between for optimal data collection. The four tests produotal eatnfall of
approximately 4.4 inches (1.1 inches per test) iofma, me et i n ginspebtien AL DOT O
guidelines that state ESC practices must be inspected following an accumulated amount
of rainfall measuring 0.75 in. The rainfall event produced mrsearch effort was
indicative of a 2year, 24 hour storm event experiencedirturn AL with a total

rainfall amount of 4.39 in/hr.

Another essential task to properly test the effectiveness of ESC practices in this research
effort involved compacting he test soil to ALDOTO6# standa
was determined by soil and compaction analysis that haacthps were capable of

compacting the test soil at an OMC of 14% to achieve the required rH® ptf(1,682

kg/m®) for compaction Once the intermediatscale test plots were compacted and

scoured to simulate typical highway embankments, the plots were ready for ESC

treatments to be applied.

A uniform and consistent method of applying each treatment was researched and

evaluated individally to ensure proper, manufacture specified application rates.
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Application procedures for applying conventional straw crimped or tackified to 3H:1V
slopes was followed using methods developed by ALDOT (2008). However, applying
the hydromulches was mairevolved therefore a procedure was developed to determine
the application rate per spray (using a hydroseeder), allowing researchers to verify the
application rate after a predetermined amount of sprays. Methods developesedere

to ensure manufacturepecified application rates were achieved.

Once the treatments were uniformly applied and allowed a 48 hour drying period under
ultra-violet ray heat lamps, testing could begin. A turbidity meter was used to record
initial turbidity measurements as wab turbidity over time for all experiments,
representative afontrolling sediment migration in construction stormwater runoff from
typical highway embankment®Runoff samples were filtered, dried for 24 hours, and
weighed to account for sediment lossogon control). With the recorded data,

researchers could properly evaluate the performance of each treatment.

5.3 Performance of Conventional Straw and Hydromulch

Fourteen experiments were conducted to examinertigon controéffectiveness of
hydromulch practices and 2 conventional steanface cover practicegl) Excel®
Fibermulch I, @) GeoSkin®, ) HydraCX®, (4) HydroStraw® BFM (5) conventional
straw, crimped,&) conventional straw, tackifiedPerformance was evaluated using data
collection from experiments, which included surface runoff volume and mass, initial

turbidity, and turbidity over time.
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Initial turbidity measurements were recorded from samples that were collected every
minute of each four, 15 minute rainfall eventsepResentative of initial sediment control,
researchers were able to rank the 6 treatments in order from most to least effective
according to an averaged percent reduction when normalized by the bare soil condition:
(1) HydroStraw® BFM [99% reduction], (Braw, tackified [98% reduction], (3)
HydraCX® [95% reduction], (4) GeoSkin® [92% reduction], (5) Excel® Fibermulch Il
[85% reduction], and (6) straw, crimped [80% reduction]. Jiméace covepractices

without tackifiers, conventional straw, crimpeattleExcel® Fibermulch 1, experienced a
heavy concentration of sediment in the runoff during the first two rainfall events, which
is known as the O6first flush phenomenoné;
sedimentransporicontrol over time. Condrily, the surface cover practices with

tackifying agents provided excellent initial sedimeahsportcontrol, but over the four
rainfall events the chemical bonds began to deteriorate, showing a steady decrease in

performance.

Grab samples were collect from each test at 5 and 10 minutes to measure turbidity over
time. Each treatment was observed to reduce the time required for turbidity to decrease
when compared to the control. It was observed that the most effective treatment reducing
turbidity ove the 200 second settling period was the HydroStraw® BFM, which was also
the only product to meet the ADEM effluent limitation guidelines (ELGs) of 50 NTUs.
6Straw, Tacki fweedlde tcnmeet thtlySERANEGWELGS of 280 NTUS,
recording 5 and 0 minute final values of 61.8 and 60.2 NTUs, and 17.5 and 14.4 NTUs,

respectively for each treatment.
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Once initial turbidity measurements and turbidity over time grab samplestakem,

collective runoff over a 3 minute periahs filtered, oven driecbf 24 hours, and

weighed to provide quantitative erosion control results. Researchers observed
approximately 100%, 99%, 98%, 97%, 96%, and 94% for HydroStraw® BFM,
HydraCX®, strawtackified, GeoSkin®, stragrimped, and Excel® Fibermulch I
respectively.Cumulative soil losses were also used in this research to calculate cover
factors, which ar&LRsbetween treated and untreated conditions; calculatactars
mimicked percent reduction performances, ranging in value from 0.004 for HydroStraw®

BFM to 0064 for Excel® Fibermulch II.

Literature reviewed ancesults from this researduggest that conventional straw

crimped or tackified as well as hydromulches are very effective erosion control measures,
when applied at the proper application ratescading to experimental results,

HydroStraw® BFMwas the only hydromulch practice that was able to satistty

USEPA (280 NTUs) and ADEM (50 NTUs above background turbidity levels) ELGs.

For all other treatments, sediment control additives such as pdbmate (PAM) are
encouraged to be used in conjunction for optierakion and sediment transport control

on construction sites with 3H:1V compacted fill slopes.

It is to be recognized that there are five qualifying experimental factors that have an
impactonthe conclusiongrawn from the results reported from this research, which

include: (1) sil type, (2) slopg(3) soil compaction, (4) rainfall simulatoand (5)
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rainfall intensity. These qualifying factors were designed into the experimental

procedures and have the potential to create a biased outcome on some conclusions and
recommendations that can be made for the erosion control practices tested. It should also
be noted the intermediaseale results reported herein may not be sable tofield-

scale or practicascale performance on active construction sites.

5.4 Recommended Future Research

Resultspresented in this report show that conventional straw crimped or tackified and
hydromulches are effective means of reducing erosion and sediimetised by

sediment laden runoff. However, conventional straw or hydromulches are rarely used on
its own and is more commonly used in conjunction with additional sediment control
additives such as PAM. Therefore, further research should be conduetahtine how

the addition of PAM to these practices could potentially improve ESC performance.

Also, the conclusions discussed in this report are based on interrrsdibgdest plots.

It would be beneficial if the performance of these treatments wwsted at fielescale
conditions to validate intermediaseale results provided in this research. Intermediate
scale experiments allow researchers to test the performance of ESC practices at a faster
rate than most fieldcale experiments; thereforefield-scale resultsvere found to be

similar to intermediatescale results, a larger quantity of products could be effectively

evaluated in a shorter period of time.
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Lastly, this research only tested the performance of 4 manufattydeaimulch

products. Increased technologies over the years have allowed for the creation of many
new hydromulches that claim to be the best product on the market. It is strongly
encouraged to further investigate the performance of other hydromulch {srodube
market to create a more thorough analysis and to provide a more scientific realm of

knowledge of the hydromulch industry.
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(') NORGREN R43
“ Water and Compressed Air Service Pressure
Requlator 1/4", 3/8" and 1/2" Port Sizes

® Non-relieving models
@ Brass body, comrosion resistant construction __—_'."!’ 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 F-ﬂ

! /

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

|
B

Ordering Information. Models Iisted have T-handle adjustment, & to 125 psig (0.2 to £.5 bar) outhet pressure adjustment range®, and FTE
threads. & gauge s not incuded.

Port Model Flow' LL5. gpm {lpm) Weight Ib (ka)
I R43-201-NHNLA (23] 2.4 01.08)
KIES R43-301-MNHLA (23] 2.4 (1.08)
12" R43-406-MNLA 9 134) 2.4 01.08)
Alternative Models [R[4]3]- =[] - *[[*]%k]
Port Size Substitute g Threads Substitute
14" ? PTF A
e 3 150 R tapsr B
172 4 150G parallal G
Adjustrnent Substitute Qutlet Pressure Adjustment Range®|  Substitute
Kmab a0 & to 50 peig 0.3 1o 3.5 bar) E
T-handle with 1/4"and 38" ports i1} £t 125 psig (0.2 to 8.6 bar) L
T-handle with 172" ports 0g 15 to 280 psig (1 o 17 bar) 5
Gauges Substitute
[ Diapragm [ Substinate | Wih [
|_Han relieving | H | Without N
* DWtiel presEUre Can be aduUElEd 10 PrESSUrSE In ex02ES Of, and EE tan, hose + Typical fow witn 150 psig (10 Lar) mist prassurs, 90 pelg (5.3 bar) 52t pressurs
spacilzd. Do not usa these units to contral pressures outslde of the specified ang 15 pelg (1 bar) droop from sat
ranges.
ISO Symbols

_ ,_,.,T_
[ See Section ALE-25 for Accessories
Mon relisving

ALE-G-10 rz}munsnsm Littieton, CO USA Phone 303-704-2811 Fax 203-795-2487

Pressure Regulator
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y Filot Operated Zf 2
Asco General Service Solenoid Valves oIS

Brass or Stainless Steel Bodies
RecHal? L 210

Features @' c €

* Wide range of pressure ratings, sizes, and resilient
materials provide long service life and low
internal leakage

* High Flow “alves for liquid, corrasive, and airfinert

gas service
* Industrial applications include:
- Carwash - Laundry equipment
- Air compressars - Industrial water control
- Pumps
Construction
Valve Paris in Contact with Fluids
Body Brass 304 Stainless Steal
Soals and Discs NBR or PTFE
Dise-Haldar PA
Core Tube 305 Stainless Steal NG Eﬂﬂ
Cora and Plugnut 440F Sainless Stasl
Springs 402 Stainlass Steal MO (7] |
Shading Cail Coppar Sibvar
Electrical I
Watt Rating and Power \
Standard Cansumption Spara Coil Part Number
tandar .
Cail and AC General Purpose | Explasionproot
Classof | DG VA VA
Insulation | Waits | Watls (Holding | Inrush | AG DG AC DG
F — [ &1 16 a0 2320 - | 23| - \
F 16 [ 104 | 25 70 [238610] 226710 | 238814 [ 236714 ’ |
F 168 | 161 | 35 | 180 | 272610 Gv6i7 | 272eid| 9rair
F - [ 4 FREGNEEE TR T Ty M e
F - [ 20 41 | 240 | 9o2s7 | - | @&@s7 | -
F - | 204 | 48 | 240 |@7@si0| - |ereeid| -
H [a06| - - - B A ) .
m T - . . PR T I T Neominal Ambient Temp. Ranges
Standard Valtages: 24, 120, 240, 480 volts AC, 80 Hz (ar 110, 220 valts AC, 50 RedHat I/ _
He). 6, 12, 24, 120, 240 volts DC. Must be spesified when ordering. RedHat ~ AC: 32°F o 125°F (0°C to 52°C)
Othar voltages availabla whan raquirad. RedHat Il DC: 32°F to 104°F (0°C to 40°C)
RedHat  DC: 32°Fto 77°F (0°C to 25°C)
(14" FA0C occasionally)

Saolenoid Enclosures

Standard: RedHat 1 - Watertight, Types i, 2, 3, 35, 4, and 4X; RedHat - Type 1.
Optional: RedHat Il - Explosionproct and Watertight Types 3, 35, 4, 4%, 6. 6F  Approvals

7, and 9; Red-Hat - Explosionproof and Watertight, Types 3, 4, 4,7, and 9. CSA certified. RedHat Il meets applicable CE directives.
(To order, add prefic “EF" to catalog number, except Catalog Numbers 32108057, gafar io Engineering Saction for detai,

82108058, and 8210B058, which are not available with Explosianproof enclosumes.)

See Optional Features Secfon fr ofer avalable opfons.

Refer fo Engineening Section for defails

Solenoid Valve (a)
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Specifications (English units)

Will g’
Operaling Pressure DHiereatil ipsly M. Fuld e u'l:u!il
pigs | oams | n Mz, A Maz. DC Tomp. °F Erass Boly Slaly bz Sizel Budy Insulalion 7
sl | Sz | Ame HFnerl Ligt ol @ l.lr-llart| |ng1tlil||@ Cataloy ‘ consl. | Ua | Calalog | Coidt | e |
ilng.) | fIne.) | Faelor |Mn. | Gas | Waler | 300880 | Gas | ‘Waler | 355U | A | DC Mamber Rel.i | Ustng | Wumber | Rel.®@ | Ustng | AC | DE
NORMALLY CLOSED (Cosed wher de-mergized), HBR o FTFE @ Seang
ERE R EEREE - W | 0 ~ %0 || @mina | F | @ |Eemial F | @ |64 | EF
ERIEEEN N EENEE - W n O EE N - | TER
T | B8 | @ | 5 | @M |8 | T | % | Wa | 10 |0 || EAwen | @ | o - R
I I R R N - - —[TE | - | Emne | W | o - - | -
EEREREEEEREE - W | 0 T [T || Emiia | F | @ |Eenial | @ |GAF | EF
FERENEEEEREE - W | N N E R E - - [T EF
| 84 | 4 |0 | 1@ |8 | TE W n N A - - [ Eaear | 0 | @ || EF
| 8 | 4 |5 | @ | 1w | T | 1% | Wm | 1w |60 |1 | Emee | @ | o - N EEEE
T 84 | 4 |5 | am [ 9w | @n - - —[TE ] - | e | 80 | o - S AL
W W | 1[5 ] - | m - | m N E R - - S A IE EE
| 89 | 45 |0 | W [1Wm | 1% ] N A - - -~ | Ee@E | 70 | @ || NEF
T W | £ |5 | 1% [1= | T | w0 | @ e [0 |10 EAwenm | @ | o - R
ER NN EEREE - W | N N R - [T | NEF
Fa | @4 | 65 | 5 | 2 |18 | p | i | @B | 125 [0 || Edmma | N6 | o - R
| W | 6 |0 | - - - W0 | @0 | @ | - | % |eemma | WF | - - N EL
T | w4 | 6 |0 | 3w [0 | @0 - - ~ [m0| - [anmmmat| WF | @ - - —[TEAF| -
T 1 |2 [0 ] - - - W | o [ [T [ eewema | W0 | - | & | W0 | - | - | %6W
T 1 |12 [0 18 | 1% | 7% - - T |Mm| - | emewea | A0 | e | EWees | &0 | e || -
T 1 | 18 [ 5 | 18 | i | W0 | 1% | @6 | 125 |80 || Edmand | 20 | o - - B
T 1 |12 | 0| 3m | 2= | w8 - - ~ |m0| - | enoanm g | 47 | w - N ERG
T [ 1 [ 125 [0 3 | 300 | @0 - -  [TE | - | emiAe | WP | - - S AL
T iE ]| & [0 - - - 6 | a0 a0 N EEE N - N ED
T 1@ | 5 | 0| 18 | 1% | 7% - - T || - | s | 40 | w - S EEEE
R EN R L B R N D EE N L - R
T | 114 | 225 | 0 | - - - W | 0 a0 [T [ eememey | @0 | - - N EL
Ti | 114 | 225 |0 | 180 | 1% | 7% - - ~ (M| - | e | 40 | @ - | -
Ti | 114 | 225 | 5 | 18 | 180 | W0 | 7 | 6 | 1% ||| EiweE | W0 | @ - R
N N R EEN EER D ENE] B0 |0 | 150 EAwGIm | AF | ® - R
BHEEN RS EEN EE ENE] 0 [0 |[130| EAMGiH | AF | @ - R
RORMALLY GPEN (0pan Whet de-enerized), NBR Sealing (PR Dlsc-Aal0er, amcapt 43 noved)
T B8 | 3 [0 | W [1® | T8 | 1% | W a0 W00 EAwGrE | @0 | # - W] EF
R EE A T D e D - | NEF
| s | 4 |0 | @ | 1w | 1% | 1% | 1 I EREEENEEE D - - [ | EF
| e | @ [0 | 1@ |8 | | 1% | 8 N R ED - - R N LR
T | 8 | 4 |5 | @@ |0 | @@ | @m0 | @a | % | 60|16 |EwEiEas| W0 | - T[] EF
| @4 | 65 | 0 | 1@ |18 | T | 1% | 1% N e N L - - 0| TIEF
T | | 3 |0 | W | m | | 1% | a0 | a0 | 15 - - S A ECE N LR
T | W |85 |5 | - - - =0 | W0 | @0 | - 18| samenE | @0 | e - - | - | WeF
I I I I R R - - W] - | emiE | %0 | e - | -
T 1 |13 |0 1@ | 1% | s - - ~ || - |sommiaw| M0 | e - B EDRE
T 1 [ [5] - - - R I I L R - N
T 1 | 12 [ 5| 8@ | % | 7% - - T[] - | @mia | 40 | w - S EEE
T 1@ | 5 |0 18 | 1% | 1% - - N R EEE R D - S EEEE
T[] B 5 - - - B L R - - [Wer
T 118 | 15 | 5 | 18 | 150 | 7% - T (M| - | Emia | @0 | w - S EEEE
T |1 [ 225 [0 | 18 [ 1% | 1% - - (M0 | - [somEdaw| %0 | @ - S ELARE
T |14 | 225 |5 | - - - EN N EE R E L EE D - - [Wer
Ti% | 114 | 223 | 5 | 180 | 150 | 7% - - T M| - | Emie | 60 | e - G
R EEN N - - I N G - - [Wer
T (1| & |5 | 18 | 1% | 7% - - N R EEEEN EE D - S EEEE
BHEEI R - - Bl E R O R D - 1 - [Wer
AHEES S EER - - T[] - | @AW | 6 | ® - EEEE

o 6 pel on Al 1 pl on Watar,

@ Wale provided wih PTEE main disc.

i ale Includes Litem (G.E rademark) plston
@ Latier T denoles dlaphragm conk
@ O Sakly Snubal Vilve @ General Purpoze Valve.
Reter fo Engnecang Secfon (Approva) for defsl

lan; “F" dencles pleln conelrucion

@ Wikes nid avalable with EI]]']Sl[ﬂpl'D:f ancimEunes.

& O 50 hertz samvica, the walt rating forihe 6.1F sokmkd Is 8.1 walts,
@ AC canslnichon akso fes PA ‘!Iﬂl'l].

m Mo dbsc-okder.

 Sialnless seel disc-holgar,

+ MIEE Nava sokenoid munkad vartzal and upright.

Solenoid Valve (b)
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. Fulyeﬁ Spray Nozzles * Wide Angle Square Spray

Small Capacity

[

FULL CONE NOZZLES

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

" PERFORMANCE DATA

‘ " DESIGN FEATURES

Wide angle square spray FullJet

nozzlas feature a solid cone-
shaped spray pattarn with a

square impact area and spray

angles of 93° to 1107,

Their uniform spray distribution

of medium to large drops is

the result of the unigue FullJet
nozzle vana design, exacting
intemal proportions, and praci-
sion machining. The nozzles are
ideal for installations raquiring
uniform coverage of rectangular
and/or square areas.

Nozde ity "
Inlet Capacity Orifice E:;E' Igallnlsjlinancrﬁinme] gpnrgalg
om | | B |
BEPTIM) Dia.* 5. ?. '|EI_ 15_ EU_ 313_ 40_ ﬂﬂ_ ﬂﬂ_ 5_ 10_ B:I.
psi psi opsi opsi opsi opsi opsi psi psi | psi psi psi
174 14050 1417 mE 1.0 12 14 17 1.9 23 26 al 3.5 |° 1m= .
17Ws0 158" m¥ 1.3 15 1.7 20 23 28 ER a7 42 o 1o1° s
20Wsa a7 |y 1.5 17 20 24 7 a2 a7 44 5.0 LU R a4
a8 24W50 188" my 1.8 21 24 24 a3 33 4.4 53 6.0 o4 1oe a8
ZIWsa 208" Jog 2.0 23 27 32 a7 44 50 5.9 6.7 LU R @
0Wsn A9 Jog 22 28 an 3k 41 43 55 6.6 1.5 o4 nos 10
3EWS0 234 Jz5 28 an 15 42 48 a7 f.4 .7 07 o4 1os 10
12 40Ws1 2807 Jz5 30 a4 40 18 54 6.5 T4 a8 100 ] 104 110e 102
45W50 250" a4 3.3 a5 45 5.4 .1 13 03 94 LI I (1T S (1 S [
50WS1 268" 56 a7 13 50 ] . a1 9.2 1o 1285 | 1 noe e

* Fareign matte r with maximum diameteras listed can pass through nezzle without cogging.

" DIMENSIONS 2 WEIGHTS

PoRpERING INFO " MATERIALS

HH-WSQ

Nozzle
Inlat Conn. . et
NET ar Langth Dia. Waight
BSPT(Mi
14 29737 17/32" 1/2 02
38 1-316" 21437 102
12 1-38" 13018" 1-1/2 02

Based on largestheaviest version of each typa.

STANDARD SPRAY NOZILE

174 HH - $S 14WSQ

Inlst  Morde  Maarinl

Cepaciy
Conn.  Type Cade Sim

) Matarial | Mozzle Type

Matarial Cote [rmryma.
Brass {nonal -
Mild Steel | -
303 Stainless Steel 58 L]
316 Stainless Stesl | 31655 -
Polyvinyl Chloride PVE L]

Othier materials svailable upon request.

Phane 1-800-36-5PRAY, Fax 1-888-35-5SPRAY

Spraﬁng Sysrmg Co.® Outside the LS, Phone 1(630) 685-5000, Fax 1(830) 260-0042

Visit our Waeb Site: wew.spray.com, email: info@sp ray.com

Rainfall Simulator Nozzle
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veET

Raindrop Sizes

ESTIMATED M.V.D. PARTICLE SIZE-(MICRONS}-FUR STANDARD S: SARTIOLE . !
- ) . SIZE BANGE| SURJECT
(Nozzles spraying water at 10 PSIG at room temperature under labeozatory conditions) (MICRONS) ™
MEDTIAN PARTICLE
VOLUME SIZE
20 40 60 100 200 300 400 600 80O 1000 2000 3OO0 4000
| | | 1] | | [ 5000 9.88
T T T T T T T T to Heavy
2000 Rain 0.9
2000 o 0.9
WHIRLJET - - to Intenge
5 5 [0 |20] 30 4¢ 1000 Rait 1.1
SZES 5 5 |10 |20 30 40 60 120 -
. lggﬁ Moderate 2
15 e A - Rain
500 1.6
o SIZES 010206 10 20 40
1
3 500 Light 16
z o Rain
=] 100 - 11
z 80 *—o—e—8 - .
° SIZES 0102 06 10 20 40 70 o 11
a | o Mistw
u to Rain .
o 50 i
E 95’ —$o—o—-& .
SZES oiloz 06|10 |20| 40 70 50 e an
| to c
]_ 10 Fog 1020
FULLJET *——= ——o——w
SIZES ' 161 G2 G5 G101G25 H4.2 1o orv 1023
1 | | o =
1/44 2.0 red 25400
. J -
. AR 2 o 1.0 Suspended*
ATOMIZING | ™ 1J +———o— to Funes
NOZZLES | .01 i\ im air
.01 Smoke Suspended**
to
L0010 in air
M.V.0. particle size data is based on velumetric measurements where 50%
of the liquid sprayed is in drops smaller than the given number and 50% Below Molecular
of the liquid is in drops larger than the given number. L001 Dimensions -
EXMMPLE: To determine the approximate M.V.D. of a2 Duta s baned on soraying watsr under Gne Micron = 1/25400 of an inch
5010 Veejet Nozzle: Isbormtory conditions wsing Spraying 25.4 Microns = .001" (one thousandch of an inch)
1. Find 50%--geries line for Veejets. Syriema Co. Imaging Particls Anatyrer. 1000 Micrens = 1 millimeter
2. Locate--10 position in row of dots. eeBelow 0.1 mi - . nded i .
3. Resd the particle diameter directly from the scale above. below 0.1 mictons, particles are suspendes ii aic
due to molecular shock (Brownian Motion}
Answer: 940 Microns {approx.} DESCRIPTION
*hir Atomizing Nozzle particle size ranges shown are generalized only. COMPARATIVE PARTICLE SIZE SPB&YING SYSTEMS Cﬂ
for more specific information, please write Wheaton. DATA FOR SSCO SPRAY NOZILES ayﬂlﬂli “‘Wm
AND
RAIN DROP PARTICLE SIZE TAE. NORTH AVENUE AT SCHMALE ROAD WHEATON, ILL.
{10 P.5. DR.BY & S DWG. NO.
oae_ 10/29/81 13911-2
.8



Appendix 2 Rainfall Intensity -Duration-Frequency Curves for Aabama.
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RAINFALL INTENSITY 1 INCHES PER HOUR

RAINFALL INTENSITY IN INCHES PER HOUR
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(a) 2-yr, 24-hr Cumulative rainfall for the United States

T BEEAS

b

Siries

|
5.5 X r 3

(b) 2-yr, 24-hr Cumulative rainfall for Alabama
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Appendix3 Manuf acturerds SpeciWsedDaingi ons f or

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 wvariety of
opticnal nozzles, wands, extensions, quns and
booms offer extraocrdinary flexibility and productivity.
4. Compact, highly portable designs. 5. Five year
commercial warranty.

MARUYAMA
[T=T=Ta"]

| w2
COMMERGIAL
SPECIFICATIONS
HODEL MSE T4 H5@7 2EH
ENGINE Maruyama Honda
DISPLACEMENT {cc) 22.5 25.10
APPROX. WEIGHT (1bs) 18.7 16.3
TANE CAPACITY {gal} 6.1
PUMP TYPE duplex piston duplex piston
MAXIMUM VOLUME (gpm) 1.9 1.9
FRESSURE (psi} 156 156
TRANSPORT backpack barrel-top
AGITATION ligquid bypass Tiquid bypass
COMMERCTAL WARRANTY 5 year 5 year
STANDARD ACCESSORY dual head nozzle U2L gun
AA, Maruyama. extraordinary.
MARUYAMA U.5., INC. | DERTON, TEXAS | PH %48.3B3.7A488 | FX 9S48.3B3.7466
EMAIL MARUYAMAGMARUYAMA-US.COM | HWHW MARUYAMA-US.COM
Backpack Sprayer
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CANABILE

ANALITE NEP160
TURBIDITY METER
for Field and Laboratory Applications

The ANALITE NEP160 is a truly portable turbidity meter. Readings are taken by simply inserting the probe into
the steam or media to get an immediate result truly representative of the turbidity level at that point and time.
It allows for easy and fast multiple readings at a site 1o 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 line alphanumeric display.

Three probes are currently available to suit the ANALITE NEP160 display unit, the NEP260 (ISO7027 to
3,000NTU), NEP280 (retro-scatter to 30,000NTU) and the high temperature rated NEP285 (retro-scatier to
30,000NTU). Other prohes may he added 1o the range from time to time. The probes have a depth rating of
100 meters and the display unit is IP65 rated.

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

Measurements can be read directly from the display at any time or downloaded to a computer/printer through
the RS232 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 analogue output or RS232 port.

The NEP160 comes complete in a convenient carry case. The carry case can accommodate a probe with a
cable length of up to 10 meters, an ac adapter, the display unit, the RS232 cahling and the User Manual.

Turbidity Meter (a)
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Specifications:

Range: 0tz 30,000MNTU (3,000MTL limit cn Cutputs: Inbuilt LCD, analogue output and RS232

MNEP260, 50° probe) over four ranges port.

autormnatically determined. RS2Z32 Port : The R3232 port can oufput readings on
Display: 2 line, 16-character dot matrix request or at preset intervals of time from

alphanumeric liquid crystal dizplay. 1 to 99 seconds or minutes. The Notepad
Dizplayed: Turbidity (MTU} - default memory can alzo be downloaded on

Relative Turbidity Reference (NTU) request.

Relative Turbidity REL (Turbidity - Retafive 4800 baud rate, 8 bits, no panty, 1 stop bit,

Turbidity Reference) Xonf¥off protocol.

DateTime - default Dimengions: 187mm x 110mm x STmm (display unit).
Reading: Updated approximately every 1 second. 238mm x 32mm dia (probes inc gland).
Averaging penod: 0.5 second or & seconds nominal — user Weight- DCrzplay Unit 0.5kg.

selectable. 180° Probe 0.4kg with Sm lead.
Range Steps: 1 <0.1to 20NTU 90* Probe 0.4kg with Sm lead.

2 =1to 200MTU Operating Temg”: 0° to 50°C. Operating

3 =10t0 2,000MTU -10° to 60°C Storage

4 <100 to 20,000NTU Hurnidity: 0 to 90% R.H. operating
Resolution 1 002WNTU Cass Rating: IPS5 with all connectors sealed with

2 DANTU dust caps (supplied) ar probe propery

3 INTU connected and dust caps on remaining two

4 10NTU cannectors.
Repsatability: 2% * 1 digit on all ranges. Probe Rating: 100 meters water column.
Data Logging: User set for one reading every 1 to 50 Ordering Info:

saconds or minutes. All readings stored in MEP160-1-05R = MEP160 with NEP280 - 180° general

the Notepad. purpose probe.
Motepad: 100 readings each with ime and date. MEP160-2-05R  MEP160 with NEP285 - 180° hi-temp
Setup : Menu driven, including: probe.

— Calibrafion MEP160-3-05R  MEP160 with NEP260 - ISO7027 50°

— Automatic Logging probe.

—Analogue Output range selection MNEP160R Drzplay unit onby.

— Reference Turbidity value

— Seffing date and time. All probes are supplied with 5 meters of
Sefup Memeony: | Mon volatile EEPROM. cable unless otherwise indicated at time of
Clock: Calendar clock displays date and time. onder.
GLP: Good Laboratory Practice. Al readings as

well as calibration constants are stored
together with the Time and Date and can

be recalled at any tirme.
Analogue Output: 0 — 2 volts full scale comesponding to preset
measurement range.
Output impedance 600 ohms nominal.
Power. Internal: 6V MiMH rechargeable battery.

External: 10 to 16V de, 400ma ma.

incl. NiMH Charge cument. External power

connecton is via jack plug male with 2.5mim

pin. Centre pin is NEGATIVE polarity.
Power Managt  Automafic power down perating from

batteries 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 nomal intermitient operation a full

charge may last several days.
Low balter'_.r indication pl'iﬂfb shut down. Specticalions subjert io changes wihout nolice.

Turbidity Meter (b)
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Appendix 4 Hydromulch Manufacturer Specifications
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HYDROSTRAW® BONDED FIBER
MATRIX - CERTIFICATE OF COMPLIANCE

CERTIFICATE OF COMPLIANCE

FPatents Pending
Mannfacturer: HydroStraw, LLC - 3676 W 9000N Rd - Manteno, L 60950
Tell Fraa: B00-345-1753 - Fax: E15-468- 450 - womn byd coms - infoEind com
ErdreSiram, LLO cortifies that HydraSeran™ BFM iz the follawing prop and ck
DESCRIPTION- ) Physical Characteristics
HydroStraw® Bonded Fiber Mainx Touicity Mon-Toxic
15 designed to be more cost effective ___ Applied Color Green
ﬂ:unb]anbeﬁaldcmtl;ustu:p[ﬂ}r Sufrace Tension Material will evenly disperse and
per acre than comventiomal BFM suspend when agitated in water
mmlches on diffienlt sites, slopes and
adveme soil conditines wheoe pxtn | Dt When sprayed uniformly at the
~ S ed recommended rate, the mu rs
B form an absorbent mulch cover
} } which will allow percolation of waler
The product meludes lomgz natural fibers for mascmmm and increased water infliration to the
‘matx entanglement for mproved performance. undertying soil makrx
o B . . : Solubility Mulch Fibers are non water soluble
Thanunl'nnhm nfﬁberenhnglunuﬂ mnt_m]mx:hmw:lth FH DEE 0.5
our cross linked high-strength polymer binders produce Fiber o |7
great erosion prevention and vegetation establishment
HydroStraw® Bonded Fiber Matrix in field tests has shown E&Em'ﬂm S
that the anmually renewable heat and mechamcally treated 122 SR
straw fibers m this product Improves seeds germination Bag Weight 50 lbs. - Compressed Bales |
and vepetation establishment Research has shown that Pallet 40 bags (S2W x 450 x 86H)
vegetation 15 many times better than temporary mulches 1n Full Truck 22 Pallets. 820 Bales
erpsion prevention. Thereby the ultimate goal 15 creating Packaging Moisture resistant packaging
Heat & Mechanically
HydroStraw® Bonded Fiber Matrix consists of ammally | Treated Straw Fibers™ B7.0% +-1.0%
renewable heat and mechanically treated straw fibers, (HMT™) I
environmentally safe, fibers that are biodegradable and a | CelMlose Paper Mulch 2.5% #- 1.0%
non-fonic colorant to =d © ieath Matural Fibers for Matrix _
ETeen m application. Etanaiement 10% +- 1.0%
Field tests have shown HydmoStaw® mulch protects Proprietary Tackifiers 10% +/- 1.0%
establishment as the fibers bio-degrades. (VEDM. Moisture Content 10.5% +-1.5%
Vegetation Establishment Mulch)
Mixture Hates —
Hose Work 60 Ibs per 100 gallons
Tower Work 75 Ibs per 100 gallons.
WABEANTY
HydsoSwew, LLC warmnls et it pradocts are free fom defocts and will
‘perfermn i dbated i thia Hiemtese. I our prodec dods pal mesl prodect FER] &uﬂﬂ.}ﬁtﬂﬂ
apatifications, notize of Giloe must be received wilkin 15 days of fudlure.
HydeuStrew, LLC will nol weerant that the predud will perfism wsder =1 3,500 lbs/ac
:ﬂummummyuﬂmmmw =11 4 500 Ibs/ac
Siil Moisture Retenfion 2,000 - 3,500 Ibslac
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- MATERIAL SPECIFICATION
AN ~2
HydraCX

&
B o Extreme Slope Matrix

The Morth American Green HydraCX® Extreme Slope Matrix chall be a hydraulically-appfied matrix composed of a
patent-pending blend of mechanically processed straw fioers, reclaimed cotton plant matenia’, performance-
enhancing tackifiers, and other proprietary additves. The HydralX® requires no curng for soil ercsion protection,
and establishes an inimate bond upon application with the soil's surface to create 3 contmuous, porous, absorbent
and flexibie erosion control matrix that allows for rapid germination and accelerated plant growth. The HydraCXx®
rmu'ch is bicdegradable and consists of approximate’y 20% organic matter.

The all natural fiber mulch shall satisfy the control performance criteria set forth in the Cencdaphnia dubia, Daphnia
magna and Fimsepha’es prome’as tesis as descrbed in EPA documentation (USEPA 2002) and the Regon VI
MFDES Whaole Efluent Toxics Control Program (EFA Region Wil 1987); therefore illusirabng no significant toxicity
for the mulch.

Composition:
All components of the HydraCX® mulch shall be pre-packaged by the Manufacturer to assure material performance

and in compliance with the followng vaues. Under no circumstances will field mixing of additives or
components be accepted.

Mechanically processed Straw — 85% £ 3%
Mechanically processed Reclamed Cotton Plant Materal- 23 % £ 3%
Proprietary Hydro-Cofioid Tackifiers and Activators — 10% 2 1%

Specifications:

Content StrawReclaimed Cotton Plant Material
Packaging: 50 Ibs (23 kg) +/- 3%

Tedal Organic Matber 500

Carbon to Mitrogen Ratio: 38:1"

Moisture Content: 12% 2 3%

Calor: Natural Green

* Analys comcbaded S o repreentalive sesple i e O Ratio sy vy G single b gl
Packaging:

Bags are filled wih 50 lbs (22 kg) of materia’ and packaged i a UV and weather-resistant bag. Each past contans
40 bags or one ton with a plastc patet cover for enhanced protecton from rain and UV rays.

Manufacturing:

HydraCx* is manufactured exclusively for North American Green by Mulch & Seed Innovations, LLC, Centra,
Alabama. HydraCx® is manufactured within a set of quality guidelines established after years of product development
and rigorcus testing in varying conditions.

Application Instructions=:

1. F tank of a mechanically agitated hydroseeding machine with sufficient water to suspend sesd and
fertilizers. Add soil amendments.

2. Confinue fo add water slowly while addng HydraCX2 at 3 steady rate. Use loadng chart to determing the
proper application rates. Mix at a rate of 50 lbs of HydraCx2 per 100 galons of water.

3. Agitate for a minimum of 10 minutes after adding the last amount of water and Hydral}2.

4. Apply in 3 uniform layer from 2 opposing drections o ensure complete soil coverage. lmegular surfaces may
need slightly higher aoplcation rates to obtan adequate coverage.

5. Clean equipment properly to ensure HydraCK2 is removed from the pump, tank, and hoses.

Mot for use im channsls, swass, orofher aress witare concentraled fiows are srfcpabed, unlzss imstalzd 0 conjunchon Wit & famporany arosion
momtrsl Blanked or menanent relyiacamant mal HydrasE may be anoiled on saturstss surtacss
Cio ot alow fock ira*ic or grazing on treated arsas wrdl vegstalied, B= cautious of sippery surfaces whis apolying
Waming (00 rof slors mear an opar fame or heat souncs. Use caution wien stacking urits.
* D Instalation guide for more detailed informason regardng applcation of the Hydracx’

Updated 102008
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