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Abstract 
 
 

 This thesis addresses the performance of erosion control products using the Auburn 
University Stormwater Research Facility ASTM D6459 rainfall simulators. Five products were 
tested for the ALDOT project Evaluation of ALDOT Erosion Control Practices using Rainfall 
Simulation. The Cover factors (C-factors) for jute, jute with polyacrylamide (PAM), jute with 
gypsum, ProMatrixTM hydro mulch, and EarthGuardTM EDGETM pellets were found to be 0.35, 
0.45, 0.12, 0.42, and 0.45, respectively. Data from previous testing was compared. No product 
types differed significantly at the 2 in./hr (5.1 cm/hr). Hydro mulches performed mostly 
similarly with some failing to meet their minimum C-factor criteria. PAM was highly effective at 
the 2 in./hr (5.1 cm/hr) but failed similarly to the hydro mulches at higher intensities. Gypsum 
performed similarly to erosion control blankets. Additionally, PAM testing for residual runoff 
concentration using a spectroscopic method with centrifuging found high concentrations (>100 
mg/L in some samples). Finally, in partial fulfillment of the ALDOT project Evaluation of ALDOT 
Erosion Control Practices using Rainfall Simulation on Various Soil Types and Slope Gradients, six 
new rainfall simulators were constructed, including literature review, soil testing and selection, 
design and modeling, grading, and assembly.  
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CHAPTER 1: INTRODUCTION 
 
1.1 MOTIVATION AND IMPORTANCE 
 

Sediment pollution from construction stormwater runoff poses a significant source of 

contamination to water bodies. Construction activities such as clearing and grading strip land of 

its protective vegetative cover, leaving bare soil vulnerable to raindrop impact forces and 

overland flow forces which dislodge and transport the soil particles. While seemingly less 

innocuous than other pollutants such as heavy metals, sediment harms water bodies for the 

following reasons (Ryan 1991). An increase in turbidity causes a decrease in sunlight 

penetration which can both decrease temperature and stymie aquatic plant growth, which is 

problematic since aquatic plants represent the bottom of the food chain and provide habitats 

to many animals. Recently, over 500 manatees have starved to death in Florida because the 

increased turbidity of their lagoons has restricted seagrass growth (Anderson 2021). The 

reduced visibility can inhibit predator’s ability to find food as well. Severe sediment 

concentrations can infiltrate fish gills, making breathing and swimming more difficult. Excess 

sediment deposition raises channel depths which increase the risk of flooding. It can also alter 

flow patterns and clog up catch basins and drains. Other pollutants like heavy metals can bond 

with fine soil particles which then carry them into receiving waters. For construction sites, these 

pollutants can include hydrocarbons used in fuel and oil, and residual material waste from 

concrete, paint, and others. Construction runoff contains by far the greatest concentration of 

sediment pollution as compared to all other sources of nonpoint source pollution, releasing 

600,000 tons (544,310 metric tons) of sediment into water bodies in the U.S. each year (EPA 

2008) or between 20 and 200 tons per acre, up to 1,000 times greater than undisturbed soil.  
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Due to the impacts of construction sediment pollution, in 1990 a Clean Water Act (CWA) 

revision began to require construction sites disturbing five or more acres of land to take 

substantial measures to reduce erosion and sedimentation pollution stemming from site 

(Illinois Environmental Protection Agency [EPA] 2002). In 2003, this requirement was increased 

to include construction sites disturbing more than one acre. The National Pollutant Discharge 

Elimination System (NPDES), created with the original CWA in 1972, currently requires 

contractors managing such sites to obtain coverage under the state’s Construction General 

Permit (CGP) through submission of a comprehensive Stormwater Pollution Prevention Plan 

(SWPPP).  The SWPPP is site-specific and must detail all practices used to manage and mitigate 

sediment pollution from site stormwater runoff. The requirements are even more stringent for 

construction occurring in or near waters, wetlands, streams, and those waterbodies that have 

certain total maximum daily loads (TMDLs) or are considered a revered or pristine waterbody. 

Failure to adequately adhere to the approved SWPPP may result in hefty EPA fines. In fact, in 

2008 four homebuilders were fined $4.3 million dollars for CWA violations due to sediment 

pollution (EPA 2008). Figure 1.1 illustrates some consequences of poor construction erosion 

control. It depicts scenes from the 7,000-ac (2,833 ha) Chatham Park development in Chatham 

County, North Carolina after a two-year, 24-hour storm event in February 2020 (River Issues, 

2020). Not only did the polluted water ultimately drain into the nearby Haw River, but the 

incident sparked public outcry and delayed construction by revocation of at least one 

developer’s sediment control permit. Many civil engineering problems have environmental, 

economic, and social consequences, and construction stormwater is no exception.  
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(a) Stormwater runoff from Chatham Park, North Carolina 

  

(b) Flooding of the Haw River from Chatham Park (c) A sediment-laden stream resulting in a $10,000 
fine 

FIGURE 1.1: Consequences of Construction Site Erosion, Chatham Park, North Carolina (River 
Issues 2020) 

1.2 OBJECTIVES AND OUTLINE OF PROJECT 

 The following presents an overview of the goals of the project coupled with an  
 
outline of how those goals are achieved and documented in this thesis.  
 
1.2.1 Objectives 
 

 The primary objective of this research was to assess performance of various 

erosion control products designed for slope applications in construction using ASTM D6459 
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Standard Test Method for Determination of Rolled Erosion Control Product (RECP) Performance 

in Protecting Hillslopes from Rainfall-Induced Erosion. While numerous studies have been 

performed evaluating erosion control product performance, very few have done so using ASTM 

standard guidance. The primary motivation of this research was to aid in assessing best 

practices for reducing slope erosion on construction sites for the Alabama Department of 

Transportation (ALDOT). The products tested were selected from their Approved Product List 

(APL). The hope is that through uncovering new information about product performance under 

different conditions, the project can assist in the adoption of optimal erosion control 

techniques, aid in NPDES compliance, and reduce pollution in receiving water bodies. The 

research conducted for this thesis is part of two ongoing projects at the Auburn University - 

Stormwater Research Facility (formerly the Erosion and Sediment Control Testing Facility), an 

outdoor research laboratory created in partnership with the Highway Research Center at 

Auburn University and ALDOT to evaluate products and practices for better stormwater runoff 

management. The first project, referred to as Phase I and entitled Evaluation of ALDOT Erosion 

Control Practices using Rainfall Simulation, called for testing 14 various erosion control 

products and practices on an ASTM D6459 rainfall simulator constructed at the facility for that 

purpose. The second project, referred to as Phase II and entitled Evaluation of ALDOT Erosion 

Control Practices using Rainfall Simulation on Various Soil Types and Slope Gradients, aims to 

take testing a step further by evaluating two temporary and two permanent erosion control 

practices/products on three different soil types (clay, loam, and sand), two different slopes (3:1 

and 4:1), with and without topsoil and under standard and longevity analysis. Twelve additional 

ASTM-D6459 rainfall simulators are to be constructed at the AU- Stormwater Research Facility 
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for this purpose. The work conducted for this thesis encompasses the last five products tested 

under Phase I, includes additional residual testing for polyacrylamide (PAM) that was requested 

by the project advisory committee at ALDOT, and begins the construction of the twelve 

additional simulators needed for Phase II.  

1.2.2 Research Tasks 
 
 To meet the research objectives, the following tasks were performed. Phase I testing 

was concluded by evaluating five additional products on the ASTM rainfall simulator: 

ProMatrixTM hydro mulch; jute matting; jute with PAM; jute with gypsum; and EarthGuardTM 

EDGETM hydro mulch pellets. Residual PAM detection was performed through spectroscopic 

analysis of centrifuged runoff samples. Absorbance readings were compared to those of a 

calibrated solution to estimate PAM concentration. Phase II construction tasks accomplished 

included soil testing and selection, pump selection, catch basin design, sprinkler assembly, 

electrical assembly, re-grading, construction of one fully operational plot, construction of five 

additional plots awaiting water supply, re-stabilization, and preliminary calibration. 

1.3 Organization of Thesis 
 
 The thesis is organized as follows. Chapter 1 opens with an overview of the importance 

of proper erosion control at construction sites, laying the groundwork for the relevance of the 

results of the project. It also includes a background of the Evaluation of ALDOT Erosion Control 

Practices using Rainfall Simulation projects, situating the work of this thesis within Phases I and 

II and reviewing the precise tasks accomplished. Chapter 2 details five products tested as part 

of Phase I on the existing ASTM D6459 rainfall simulator. Sections 2.1 - 2.4 discuss Phase I work 

performed as part of this thesis. They include a brief review of the fields of rainfall simulation 
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and erosion control products, describe the methods and procedures of ASTM D6459, and 

presents the test results of jute, jute with PAM, jute with gypsum, ProMatrixTM Engineered 

Fiber MatrixTM hydro mulch and EarthGuardTM EDGETM pellets. It also describes small-scale 

gypsum testing to aid in gypsum type selection. Sections 2.5 – 2.8 analyze all Phase I test results 

including those obtained before this thesis.  They present bare soil results complied over all 

control tests and comments on any deviations. Then, results obtained during this thesis are 

compared to previous Phase I testing results as well as to manufacturer results. Differences in 

available methods to obtain C-factor are briefly discussed as well as differences between C-

factor and Soil Loss Ratio (SLR). Chapter 3 concerns the residual PAM testing requested by the 

research advisory committee. It opens with an overview of the functions and impacts of PAM as 

well as methods used for aqueous detection, then discusses the detection method selected for 

the study, and finally dives into the results of residual testing including residual testing of an 

alternate PAM application technique and mulch applications. Chapter 4 summarizes 

construction of the new rainfall simulators. It begins with a discussion of literature relevant to 

the project including soil types in Alabama, the interaction of erosivity and soil properties, the 

interaction of erosivity and slope, and rainfall simulator calibration methods. It also details 

design information such as hydraulic modeling, describes soil selection data and results, 

denotes progress made on construction, and presents preliminary calibration data. Lastly, 

Chapter 5 concludes by recapping tasks and results, presenting some key implications, and 

suggesting avenues for future work, emphasizing recommendations for Phase II and beyond.  
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CHAPTER 2: ASTM D6459 RAINFALL SIMULATOR TESTING 
 
2.1 INTRODUCTION 
 
 This chapter opens with a brief review prior research related to rainfall 

simulation. The opening section also summarizes the varieties of erosion control products and 

how they are typically tested. The chapter then presents the parameters of the ASTM D6459 

rainfall simulator and details the procedures used in testing. It then reviews the products tested 

and the results, including results of supplementary small-scale testing. It contains a comparison 

of these results to results obtained from prior Phase I testing, specifically comparing C-factors, 

and a comparison of all bare soil results. It ends with a discussion of various alternative 

methods used to obtain C-factor.  

2.1.1 Rainfall Simulation 
 
 Rainfall simulators are used to study hydrologic processes on land or soil including 

erosion, infiltration, sediment transport, and runoff. They may be used to model land use 

changes and hydrologic processes, to evaluate the effects of tillage, crop management, or 

erosion control practices, or to study means of erosion (Ries et. al 2009). Simulators may be 

unpressurized (drop-forming) or pressurized (nozzle) (Bubenzer 1979, Pall et. al 1983) as 

illustrated in Figure 2.1. Drop-forming systems rely on gravity to generate drops. In such 

systems, water accumulation on a surface such as a needle or capillary tube overcomes the 

surface tension to break free and fall to the testing surface with an initial zero velocity. These 

simulators produce uniform drop size distributions that tend towards the high range of drop 

size (0.23 in. [6 mm]) but require a former from a height of greater than 6 ft (2 m) for drops 

over 0.04 in. (1mm) in diameter to obtain terminal velocity (Boxel 1998). Nozzle style simulators 
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generate a spray by passing pressurized water through the shape features of the nozzle. These 

simulators are more widely used and can generate a greater variety of rainfall characteristics.  

  

(a) Drip forming rainfall simulator (Naves et. al 
2020) 

 

(b) Pressurized nozzle rainfall simulator (Yosuf et. al 
2017) 

FIGURE 2.1: Types of Rainfall Simulators 

The goal in rainfall simulation is for the simulated rainfall to mimic natural rainfall. Thus, 

the macro-parameters of intensity and uniformity, and the micro-parameters of drop size 

distribution, mass distribution, velocity, and kinetic energy, should be targeted to imitate 

natural rainfall as closely as possible (Regmi and Thompson 2000, Elbasit et. al 2015). There is 

no uniform standard for rainfall simulation design in literature. Rather, durations and intensities 

are either selected to most closely reflect a geographical area of interest (for example Chouksey 

et al 2016, Kato et. al 2009), to most closely reflect a possible worst-case scenario (detailed in 

Dunkerley 2008) or are selected with no rationale given (for example, Paterson et. al 2011). 

Uniformity and drop size distribution should generally fall within certain targets regardless of 

duration and intensity. The Christiansen Uniformity Coefficient (CUC), a dimensionless number 

between 0 and 1 that describes the spatial uniformity of measured rainfall amount, for natural 
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rainfall in southern Australia was measured to be over 0.95 (Kathiravelu et. al 2014) and a study 

in China found values above 0.99 (Liu et. al 2017) in natural rain. While typical rainfall 

simulators cannot achieve CUCs in these ranges, it is generally desirable to obtain a CUC above 

0.70 (de Sousa Junior et. al 2017) or 0.80 (Lora et. al 2016). For drop size distribution, many 

natural rains have a D50 (size at which 50% of the raindrops have a smaller diameter) between 

0.08-0.10 in. (2.0-2.5 mm) (Sousa et. al 2017) with a mean diameter less than 0.06 in. (1.5 mm) 

(Assouline et. al 1997) and a maximum diameter of 0.28 in. (7.0 mm) (Yakubu et. al 2014). 

These size parameters typically increase with increasing intensity, as does the corresponding 

mass and terminal velocity. Kinetic energy, the sum of the energy transferred to the soil surface 

as a result of raindrop impacts, may then be calculated using the raindrop size and fall velocity 

(Lassu et. al 2015). Many studies have attempted to determine kinetic energy as a function of 

storm intensity (Van Dijk et. al 2002, Kathiravelu et. al 2014) and rainfall simulator projects 

sometimes select one of these proxy relationships to determine kinetic energy from their storm 

intensity rather than run through a more complex calibration process.  

2.1.2 Erosion Control Testing and Products 
 
 The National Transportation Product Evaluation Program (NTPEP) is a program of the 

American Association of State Highway and Transportation Officials (AASHTO) whose purpose is 

to provide consistent and streamlined evaluation of products and materials used by 

Departments of Transportation. NTPEP recognizes three classes of accepted ASTM testing 

related to erosion control (NTPEP 2015). Index tests examine material properties of erosion 

control products such as specific gravity (ASTM D792), water absorption (ASTM D1117), light 

penetration (ASTM D6567), tensile strength (ASTM D6818), thickness (ASTM D6525) and mass 
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per unit area (ASTM D6475 and D6566). Bench-scale or small-scale tests are available for slope 

erosion/runoff (ASTM D7101) using a drip-style rainfall simulator, channel erosion/channel 

shear (ASTM D7207), and vegetation enhancement for RECPs (ASTM D7322). Finally, two large-

scale tests are available: one for slope erosion (ASTM D6459,) utilizing a nozzle-style rainfall 

simulator, and one for channel erosion (ASTM D6460). NTPEP stresses that bench-scale tests 

should not be used for design purposes or in conjunction with calculations such as the Revised 

Universal Soil Loss Equation (RUSLE). Rather, they are best suited for quality control in 

detecting product variations and for a quick, informal benchmark of product performance.  In 

the same vein, ASTM D7322 Standard Test Method for Determination of Rolled Erosion Control 

Product (RECP) Ability to Encourage Seed Germination and Plant Growth Under Bench-Scale 

Conditions (ASTM 2013) states that the test method should “not be interpreted as indicative of 

field performance” and that is it “not intended to replace full-scale simulation or field testing”. 

Thus, in terms of accepted erosion testing standards, the work done at the time of this thesis 

conforms to the only AASHTO recognized standard for measuring and evaluating slope erosion 

control products at a design scale, ASTM D6459.  

 Most erosion control products are applied to cover the surface of disturbed soil, 

especially on slopes, to protect soil from the kinetic energy of falling rain and thus prevent the 

soil detachment which starts the erosion process. Erosion control products for slopes typically 

fall into four broad categories (Tyner et. al 2011): mulches, rolled erosion control products 

(RECPs), hydraulically applied erosion control products (HECPs), and soil conditioners.  Non-

product-based practices could include bulldozer tracking or diversion structures, but these are 

not addressed in this thesis. Figure 2.2 presents photo examples of each product type. Mulches 
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are layers of organic material typically composed of straw or wood chips. Mulches may be 

installed with a tackifying agent to bond the loose material together or may be crimped to 

depress them into the ground. RECPs are woven blankets or netting that contain material such 

as coir, jute, straw, excelsior (i.e., wood shavings), plastic, or other interstitial material. They are 

rolled out onto the soil surface and installed with pins or staples. RECPs typically fit into one of 

five types according to the Erosion Control Technology Council (ECTC n.d.) and described in 

further detail by the South Carolina Department of Transportation (SCOT 2011): Type 1 have 

ultra-short-term longevity lasting three months or less, Type 2 have longevity lasting up to 12 

months and contain a tackifier, Type 3 last up to two years and are considered a stabilized 

mulch matrix (SMM), products lasting up to three years are considered Type 4 and contain a 

bonded fiber matrix (BFM), and permanent products with a special engineered fiber matrix 

(EFM) are considered Type 5. A bonded fiber matrix (BFM) is a specific type of HECP that 

contains elongated fibers designed to facilitate plant growth and soil bonding. HECPs are also 

further divided with a letter designation indicating the maximum design slope. HECPs utilize 

equipment to spray a mixture of water, organic fiber, and bonding agent/tackifier onto the soil 

surface. The mixture quickly hardens into an absorbent covering as it dries and may be applied 

with seed or other additives in the wet mix.   

Unlike the previous products described, soil conditioners are not intended to protect 

slopes via absorption of the kinetic energy of water. Rather, they are intended to chemically 

alter soil properties to make the soil itself more erosion resistant. They may improve infiltration 

or soil structure and are often used in conjunction with other erosion control practices or 

products. Compost is a common organic conditioner used because increasing organic matter in 
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soil improves infiltration, strengthen soil structure, and reduces runoff and erosion (Faucette 

et. al 2005). Synthetic biopolymers such as those composed of lignin, cornstarch, and others 

(Soo Lee et. al 2013) and biochar (Soo Lee et. al 2015) have also be used. Polyacrylamide (PAM) 

is a common inorganic conditioner, an absorbent polymer whose acrylamide chains form a 

protective coating over the soil when wet. Gypsum is another inorganic conditioner, used 

extensively in agriculture and often combined with PAM (Akbarzadeh et. al 2009), which 

increases infiltration and helps flocculate fine particles (Miller 1987) and reduce sediment loss 

(Ben-Hur et. al 1992). Polysaccharides also help reduce runoff and sediment loss (Lu et. al 

2018), as does zeolite (He and Huang 2001). Soil conditioners may be applied hydraulically, via a 

broadcast spreading device, by hand, or mixed with other erosion control products (ECPs).  

  

(a) Mulch (Brian Faulkner) (b) RECP (Oklahoma State University 2021) 
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(c) HECP (Mike Perez) 
 

(d) Soil conditioner (Gypsoil® 2021) 

3FIGURE 2.2: Erosion Control Examples 

2.2 MEANS AND METHODS 
 
 The rainfall simulator used in this project is located at the Auburn University Stormwater 

Research Facility, formerly the Auburn University Erosion and Sediment Control Testing Facility. 

The Stormwater Research Facility, seen in Figure 2.3, is a 10-acre outdoor research lab 

dedicated to erosion and sediment control practice evaluation. The facility was originally 

constructed in 2009, and in 2020 during the course of this thesis, underwent a 7-acre expansion 

to accommodate the new rainfall simulators, new channelized testing, and space for future 

projects. The facility has housed testing on inlet protection practices, ditch check practices, 

lamella settlers, skimmers, sediment barriers, sediment basin parameters, rainfall simulators, 

and more. Training and outreach opportunities are held regularly, and the facility also provides  
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independent, third-party product testing.  

4FIGURE 2.3: Auburn University Stormwater Research Facility 
 

The rainfall simulator used in this section, depicted in Figure 2.4, conforms to ASTM 

D6459-19 Standard Test Method for Determination of Rolled Erosion Control Product (RECP) 

Performance in Protecting Hillslopes from Rainfall-Induced Erosion (ASTM 2019). It consists of 

an 8 ft (2.4m) wide by 40 ft (12.2m) long test bed inclined on a 3H:1V slope. The test slope 

contains 1.5 ft (0.5m) deep loam soil that has been sifted, tilled, graded and compacted to 90% 

± 10% of standard Proctor optimum. The ASTM standard specifies compaction percentage for 

building the slope, but only specifies to “lightly compact with a turf roller” for rebuilding 

between tests. Therefore, the compaction range given above was deemed a satisfactory range 

in absence of other information. The soil contains 48% sand, 41% silt, and 11% clay, with a 

Plasticity Index of 5. Ten sprinkler risers standing 15 ft (4.6 m) tall and powered by electric 

solenoid valves supply water at a rate of 2.0 in./hr (5.1 cm/hr), 4.0 in./hr (10.2 cm/hr), or 6.0 

in./hr (15.2 cm/hr). Over the course of this thesis the simulator underwent official ASTM 

certification from the Geosynthetic Institute, consisting of an inspection, document review, and 

 

 

(a) Training event at original area (Mike Perez) (b) Expansion area during construction (Billur Kazaz) 
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bare soil demonstration, becoming only the second D6459-conforming facility in the nation 

with third-party ASTM approval.  

 

5FIGURE 2.4: Existing ASTM D6459 Rainfall Simulator at the Auburn Stormwater Research 
Facility (Wes Donald) 

 
2.2.1 Slope Preparation 
 
 Prior to conducting a simulated rainfall experiment, the slope undergoes a preparation 

process. First, the slope is allowed sufficient time to dry after the previous test, returning to 

approximately optimum moisture content. Then, the slope is hand-tilled with shovels to a 

depth of at least 4 in. (10 cm) and the clumps raked out and an even grade achieved with stiff 

rakes. Next, fresh loam soil is added to replenish soil lost through the previous test, and the plot 

is graded more precisely by screeding with a straight rod as seen in Figure 2.5(a). This 

replacement soil is sifted in a mechanical sieve with 0.25 in. (0.64 cm) openings prior to 

placement on the plot. Then, to compact the newly placed soil, a 4 ft (1.2 m) turf roller is rolled 

up and down the plot using a winch, with three passes on the right side, three passes on the left 

side, and two passes in the middle. Drive cylinder compaction testing is performed on three 
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locations selected with a random number generator – one from the top third of the plot, one 

from the middle third, and one from the bottom third. Figure 2.5 depicts some of the process. 

(a) Grading the slope 
 

(b) Drive cylinder testing 

 
(c) Roller compaction (Faulkner 2020) 

 

6FIGURE 2.5: Slope Preparation Examples 

Per ASTM D 2937 Standard Test Method for Density of Soil in Place by the Drive-Cylinder 

Method (ASTM 2010), compaction is determined through the following equations. The wet 

density is first found using Equation 2.1: 

 𝑝!"# =
𝑀$ −𝑀%

𝑉𝑜𝑙  

 
(2.1) 
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Where M1 is the mass of the soil and cylinder, M2 is the mass of the cylinder, and Vol is the 

volume of the cylinder. Dry density is determined through Equation 2.2: 

 
𝑝&'( =

𝑝!"#
1 − 𝑤

100
 

 
(2.2) 

Where pdry is the dry density and w is the water content, determined through Equation 2.3: 

 
𝑤 =

𝑀&'( −𝑀!"#

𝑀&'(
 

 
(2.3) 

Where Mwet is the moist weight of the soil sample and Mdry is the same sample after drying in a 

microwave to a constant weight. With the dry density, unit weight is determined through 

Equation 2.4: 

 
𝛾&'( = 62.4 ∗ 𝑝&'( 

 
(2.4) 

Provided that 𝛾&'( and 𝑝&'( are in US standard units. Percent compaction is then taken as the 

fraction of dry unit weight over the maximum dry unit weight as determined through Proctor 

compaction testing. The max dry density for the loam soil was 96 lb/ft3 (1,538 kg/m3).  

2.2.2 Testing  
 

The ASTM D6459-19 simulation entails three 20-min. storm events run back-to-back for 

a total of one hour. The first event constitutes a rainfall intensity of 2.0 in. (5.1 cm) per hour, 

the second at 4.0 in. (10.2 cm) per hour, and the last at 6.0 in. (15.2 cm) per hour. The water 

supply for this simulator is a nearby retention pond. There is a brief two- to three-minute pause 

between events to allow for reading of rain gages. Runoff samples are collected every 3 

minutes in an 8-oz (237 mL). Runoff from the 2.0 in./hr (5.1 cm/hr) and 4.0 in./hr (10.2 cm/hr) 

intensities is funneled separately into holding tanks, and runoff from the 6.0 in./hr intensity is 

funneled directly into the catch basin at the base of the slope. Wind readings are taken prior to 
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testing with an anemometer, and if greater than 1.0 mph (1.6 km/hr) and less than 5.0 mph (8.0 

km/hr), wind curtains are drawn to break any interference. Testing is not performed in wind 

speeds greater than 5.0 mph. Figure 2.6 illustrates the runoff management process. 

(a) Funnel for sample collection (b) Runoff from each intensity pumped to separate 
holding tanks 

 

7FIGURE 2.6: Testing Procedure Examples 
2.2.3 Analysis 
 
 After testing, the runoff samples are taken to the lab and analyzed for Total Suspended 

Solids (TSS) according to ASTM D5907 Standard Test Method for Filterable Matter (Total 

Dissolved Solids) and Nonfilterable Matter (Total Suspended Solids) in Water (ASTM 2013), and 

turbidity according to ASTM D7315 Standard Test Method for Determination of Turbidity Above 

1 Turbidity Unit (TU) in Static Mode (ASTM 2017). Because of the high sediment content, 0.8-0.4 

oz (25-12.5 mL) of sample may be used for TSS analysis to avoid straining the vacuum pump. A 

turbidity meter is used to determine turbidity and is re-calibrated before each lab session. To 

measure sediment loss, runoff in each holding area is kept stationary for at least 24 hours to 

allow sufficient settling of the sediment. Then the supernatant is carefully pumped from the 

top, and the sediment scooped out by hand into buckets and weighed. Several moisture 
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samples are taken to determine the moisture content of each strata of settled sediment. Often 

sediment at the bottom of the tanks contains less water content than the top, so each moisture 

sample is paired with the appropriate layer for analysis. To isolate the total sediment weight, 

the moisture content is subtracted out of the total weight of each strata.  

 The primary objective of ASTM D6459 testing is to ascertain the cover factor, or C-

factor, for each product tested. The Revised Universal Soil Loss Equation (RUSLE), described by 

Renard et. al 1997 and Renard et. al 1991, is employed for this purpose. RUSLE was developed 

from the Universal Soil Loss Equation (USLE) using improvements in isoerodent mapping 

technology in the 1980s. The purpose of both equations is to predict soil loss from certain 

predictive factors. RUSLE is given by Equation 2.5 

 𝐴 = 𝑅 ∗ 𝐾 ∗ 𝐿𝑆 ∗ 𝐶 ∗ 𝑃 (2.5) 
 
Where A is soil loss in tons per acre per year, R characterizes the erosive potential of the rainfall 

in hundreds of foot-ton-inches per acre per hour and is called the rainfall erosivity factor, K 

characterizes the erosive properties of soil in ton-acre-hours per hundred foot-tons per inch 

and is called the soil erodibility factor, LS characterizes the erosive potential of the geography 

and is called the length-slope factor, C characterizes the erosive resistance of ground cover and 

is called the cover-factor, and P characterizes the erosive resistance of land management and is 

called the practice factor. LS, C, and P are dimensionless. For the purpose of this analysis, P is 

always set equal to 1.  

 Researchers often use a nomograph described in Renard et. al 1991 to obtain the K-

factor. However in this method a new K-factor is determined for each product using its bare soil 

control. This can help capture changes in moisture or stockpile conditions in real time. To 
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obtain K-factor from a bare soil test, C-factor is set equal to 1 representing no erosion control 

practice applied to the plot. LS-factor is obtained by selecting from a series of equations based 

on geometric properties of the study area. For slopes less than 9%, S is given by Equation 2.6 

 S= 10.8𝑠𝑖𝑛𝜃 + 0.03 (2.6) 
 
Where q is the angle of the slope. And for slopes greater than 9%, S is given by Equation 2.7 
 
 S= 16.8𝑠𝑖𝑛𝜃 + 0.05 (2.7) 
 
L is calculated using Equation 2.8 
 𝐿 = (

𝜆
72.6)

) 
(2.8) 

 
Where 72.7 is the standard plot length (feet) used to develop RUSLE, l is the horizontal  
 
projection of the slope length, and m is a slope-length exponent calculated using Equation 2.9 
 
 𝑚 =

𝛽
1 + 𝛽 

(2.9) 

 
b is a function of slope angle given by Equation 2.10  
 
 

𝛽 =
𝑠𝑖𝑛𝜃
0.0896

3.0(𝑠𝑖𝑛𝜃)*., + 0.56  
(2.10) 

 
A is calculated from sediment loss in the units given above, and R is calculated using Equation 

2.11 

 𝑅 = 𝐸𝐼-* (2.11) 
 

Where E is the kinetic energy obtained from calibration testing and I30 is the maximum 30-

minute intensity as prescribed by the ASTM standard. K may then be solved for.  

The obtained K-factor is used in the RUSLE equation for the subsequent three product 

tests. When the average A-factor from all product tests is used along with the R-factor obtained 
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through the actual observed rainfall rather than the calibrated rainfall, C-factor may then be 

solved for. This is the “average” C-factor method. A second method is to plot the C-factor 

against the measured R-factor for each intensity across each test and, using the resulting 

trendline, report the C-factor that corresponds to the theoretically optimal R-factor. This is the 

“regression” C-factor method. In some cases, in previously tested Phase I products, the 2 in./hr 

results substantially skewed the trendline. In these instances, the 2 in./hr results were simply 

eliminated from the analysis. All reported overall C-factors in the Results section are taken from 

the regression method to be consistent with industry reporting (Sprague 2018), although a 

discussion of the differences is presented later. Any C-factors for individual tests were obtained 

using the average method, since creating a regression of C-factor against R-factor of all previous 

results is not possible when analyzing an individual test.  

2.2.4 Products and Applications  
 
 Five products were tested on the ASTM rainfall simulator as part of the work of this 

thesis. Jute matting was tested first as a control benchmark for the PAM, which was to be 

installed in conjunction with the matting. Then, PAM with jute was tested. ProMatrixTM 

Engineered Fiber Matrix (EFM)TM hydro mulch by Profile Products LLC was also tested. Two 

additional products approved by the advisory committee remained, both hydro mulches. 

However, there was substantial difficulty in obtaining them. One manufacturer had supply 

chain difficulties in getting the product to Alabama, and the other decided to refrain from 

having the product tested at all. Alternatives of interest were presented to the ALDOT advisory 

committee, and two innovative products were selected: EarthGuardTM EDGETM pellets by LSC 

Environmental Products, LLCTM, a hydro mulch in dry, pelletized form that can be applied 
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without water yet intended to provide the same coverage and function of a hydraulically-

applied wet mulch; and gypsum, a soil amendment that has been extensively used in 

agriculture to control erosion but not in construction to date.   

2.2.4.1 Jute Matting Product and Installation 
 
 The jute matting used was manufactured by L&M Supply Company in Willacoochee, GA 

and consisted of 70-75% open area, 0.43 in. x 0.71 in. (11mm x 18mm) mesh size, 0.24 in. (6.0 

mm) thickness, and 450% absorption capability by weight. Jute was the first erosion control 

blanket technology available, and theoretically works when the open weave serves as a system 

of thousands of small check dams, trapping sediment (Theisen 1992). The matting was applied 

to the bare soil and secured with 6 in. (15.2 cm) sod staples. “Reverse trenching” was used to 

begin installation at the top of the slope, whereby a 6 in. by 6 in. (15.2 cm by 15.2 cm) trench 

was created, the matting was placed inside the trench, and then the soil was replaced and 

compacted. The matting was then overlapped on top of the trench and allowed to continue 

down the slope. One vertical seam down the middle of the test slope was overlapped 6 in. (15.2 

cm) and stapled every 12 in. (30.4 cm). The remainder of the matting was stapled every 12 in. 

(30.4 cm) at the edges of the plot and once per yard in the field. Details are shown in Figure 2.7. 
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(a) Reverse trench preparation 
 

(b) Overlap in the center of plot 

8FIGURE 2.7: Jute Installation 

2.2.4.2 PAM Product and Installation 
 

For the main three PAM iterations, polyacrylamide was applied directly onto the soil at a 

rate of 25 lb/acre (28 kg/ha), a rate determined through recommendation from a technical 

statement from the manufacturer (APS 2002). The PAM product used was Applied Polymer 

Systems Silt Stop® 715, selected from the 700 series through jar testing performed by the 

manufacturer with a sample of the loam soil from the plot. The charge of clay particles coupled 

with surface area and pH of soil all influence ideal product type and dose (Deng 2006).  Silt 

Stop® 715 is a dry, white, granular powder. Jute matting was then applied on top of the soil and 

secured with 6 in. (15.2 cm) sod staples as an additional erosion control measure, typically 

recommended with PAM. Then, one additional test was run utilizing an alternative application 

method. In this method, the jute matting was installed first and then the PAM sprinkled on top 

rather than on the soil, at the same application rate. This “PAM-on-matting” method was 

intended to simulate “soft-armoring” installation technique, commonly used in industry, where 
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the polymer intertwines on the mesh openings of the jute to aid the check dams in trapping 

sediment, rather than acting directly on the soil. 

2.2.4.3 ProMatrixTM Engineered Fiber MatrixTM 

 
ProMatrixTM EFMTM is a bonded fiber matrix hydro mulch manufactured by Profile 

Products LLC. The product contains 77% thermally processed wood fibers, 18% binders 

(polysaccharides, biopolymers and water absorbents), 2.5% crimped interlocking fibers and 

2.5% micropore granules. It was installed at a rate of 3,000 lb/ac (1,361 kg/ha) onto the test 

plot. The correct application rate was determined by testing different numbers of passes of the 

sprayer over 2 ft by 4 ft (61 cm by 122 cm) sheets of plywood placed at the same angle as the 

plot. The product was then scraped of the sheets and weighted. The number of passes selected 

corresponded to the sheet matching the appropriate application rate. A 300-gal (1,136 L) 

TurfMaker® 800 mechanical hydro seeder was used for the installation depicted in Figure 2.8. 

While manufacturer recommendations are to mix 60 lb (27.2 kg) dry mulch per 100 gallons (379 

liters) water, a ratio of 150 gal (568 L) was used instead due to prior experience with workability 

of the TurfMaker®. One 50 lb (22.7 kg) bundle was shredded and agitated for at least 30 

minutes per installation. After agitation, the product was sprayed evenly from the opposite 

direction onto the plot.  
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9FIGURE 2.8: TurfMaker Hydro Seeder 

2.2.4.4 Gypsum Product and Installation 
 
 The gypsum product selected was calcium sulfate dihydrate, or “agricultural” gypsum, 

manufactured by USA Gypsum®. The product is a white dry powder of 85% purity at 35 lb/ft3.  

The gypsum was applied evenly in dry form directly to the soil at a rate of 4,461 lb/ac (5,000 

kg/ha) as commonly encountered in the literature (Miller 1987, Yu et. al 2003). Jute matting 

was then installed on top of the gypsum, secured at the top of the slope with the reverse 

trenching technique, and anchored with sod staples at a minimum of one per yard.  

2.2.4.5 EarthGuardTM EDGETMPellet Product and Installation 
 

EarthGuardTM EDGETM Pellets are a dry, pelletized form of EarthGuard® Fiber MatrixTM 

hydro mulch manufactured by LSC Environmental Products, LLCTM (previously manufactured by 

Terra Novo, Inc.). The product is intended to be utilized in applications where a hydraulically 

applied mulch product may be desired, but water is scarce or logistics are unfavorable. The 

pellets are composed of wood fiber with 1% PAM/sodium acrylate soil stabilizer and have 

1400% moisture-holding capacity. Figure 2.9 illustrates the product. Pellets were spread by 

hand directly onto the slope at a rate of 3000 lb/ac (1,361 kg/ha). The product was activated by 

spraying with a hose until just wet and then allowed to dry before testing commenced. 

 



 26 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

10FIGURE 2.9: EarthGuardTM EDGETM Pellets 

2.3 Results and Discussion 
 
 Results for each of the five products tested are presented as compared to their bare soil 

control tests in the following format: general parameters, TSS/turbidity, photo documentation, 

and RUSLE information. A discussion comparing the results of the soil amendments to their 

control condition (jute) is included.  

2.3.1 Jute Matting Results 
 
 Table 2.1 presents basic data from the jute testing, including total rainfall depth, 

compaction, and soil loss, comparing it to the bare soil control test performed immediately 

prior to jute testing. Table 2.2 presents the Cover-factor, with the results from each individual 

tests using the average method reported alongside the “Overall” results obtained through the 

regression method. Figure 2.10 offers a turbidity, measured in Nephelometric Turbidity Units 

(NTU), and TSS comparison to the bare soil control, with bare soil represented by the solid line 

and jute by the dashed line, and Figure 2.11 presents photo documentation. Test 2 

½” 
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demonstrated much higher than normal rainfall because of one outlier gage at the 4 and 6 

in./hr. The K-factor was 0.28. 

1 TABLE 2.1: Jute Matting Data Summary 
Parameter Bare Soil  Test 1 Test 2 Test 3 

Rainfall Depth, in. (cm) 4.1 (10.4) 3.9 (9.9) 4.6 (11.7) 4.3 (10.9) 
Percent Compaction (%)  77.2 88.6 77.0 87.9 

Moisture Content (%) 24.4 23.7 22.4 16.3 
2 in./hr Soil Loss, lb (kg) 21.6 (9.8) 3.7 (1.7) 2.1 (1.0) 5.3 (2.4) 
4 in./hr Soil Loss, lb (kg) 704 (319) 119 (54) 175 (79) 109 (50) 
6 in./hr Soil Loss, lb (kg) 1,386 (629) 419 (190) 1,009 (458) 736 (334) 

 

  

(a) Turbidity (b) TSS 
 

11FIGURE 2.10: Jute Matting Turbidity and TSS Summary 

 
2TABLE 2.2: C-Factor Jute Matting 

Test 1 0.29 
Test 2 0.44 
Test 3 0.37 

Overall 0.35 
Standard Deviation 0.08 
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(a) Prior to testing 
 

(b) Post-testing 

12FIGURE 2.11: Jute Matting Photos 

The jute matting reduced TSS and turbidity in runoff as compared to the control and 

reduced overall sediment loss. However, the degree was less as with the other rolled erosion 

control products tested with the rainfall simulator. C-factors were for other RECPs tested were 

0.05, 0.14, and 0.12 for Curlex I®, S150®, and ECX-2TM, respectively (Faulkner 2020). Rills were 

observed forming under the matting during testing, while the matting adhered to other 

portions of the soil appearing to help keep it in place. The jute results provide a benchmark for 

the PAM and gypsum results. 

2.3.2 ProMatrixTM Engineered Fiber MatrixTM Results  
 
 ProMatrixTM EFMTm results are presented below. Table 2.3 presents the main results 

including soil loss results, Table 2.4 presents C-factor information, Figure 2.12 presents a TSS 

and turbidity comparison, again with the solid line representing the bare soil, and Figure 2.13 

presents photos of the plot before and after testing. The K-factor was 0.37. 
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(a) Turbidity 
 

(b) TSS 

13FIGURE 2.12: ProMatrixTM EFMTM Turbidity and TSS Summary 
 

 

 

 

3TABLE 2.3: ProMatrixTM EFMTM Data Summary 
Parameter Bare Soil Test 1 Test 2 Test 3 

Rainfall Depth, in.(cm) 3.7 (9.4) 4.1(10.4) 3.7 (9.4) 3.4 (8.6) 
Percent Compaction (%)  83.6 81.7 77.0 80.4 

Moisture Content (%) 20.3 19.8 22.4 17.3 
2 in./hr Soil Loss, lb (kg) 66.8 (30.3) 0.1 (0.1) 0.0 (0.0) 0.8 (0.4) 
4 in./hr Soil Loss, lb(kg) 1,035 (469) 221 (100) 120 (55) 55 (25) 
6 in./hr Soil Loss, lb (kg) 1,283 (582) 1,000 (454) 673 (305) 713 (323) 

 

4TABLE 2.4: C-Factor ProMatrixTM EFMTM 
Summary  

Test 1 0.41 
Test 2 0.32 
Test 3 0.36 

Overall 0.42 
Standard Deviation 0.04 
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(a) Prior to testing 
 

(b) Post-testing 

14FIGURE 2.13: ProMatrixTM EFMTM Photos 
 

The EFMTM reduced TSS and turbidity as compared to the control, but the effect was 

greatly reduced or eliminated during the 6 in./hr (15.2 cm/hr) simulation. It can also be seen 

from Table 2.4 that the magnitude of the soil loss difference decreased in the 6 in./hr (15.2 

cm/hr) portion of the test. This is the portion of the simulation where the rills seen in Figure 

2.13(b) began to form and the mulch began to detach from the soil in large quantities. The 

performance of this hydro mulch was comparable but slightly improved over other hydro 

mulches tested, with a C-factor of 0.42 compared to an average C-factor of 0.51 for all other 

prior hydro mulches. The failure at 6 in./hr (15.2 cm/hr) was typical of previous mulches tested.  

2.3.3 PAM Results 
 
 The results shown in Tables 2.5 and 2.6 include results from the fourth trial where PAM 

was installed utilizing the soft-armoring technique. The photos in Figure 2.15 appear similar to 

the jute photos in Figure 2.11 because the jute matting is the primary  
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 visual feature of the installation – the PAM itself is not visible from an appreciable distance 

underneath the matting. The PAM tests displayed high variability in measured rainfall. 

Variability will be discussed later. The K-factor was 0.26. 

5TABLE 2.5: PAM Data Summary 
Parameter Bare Soil  Test 1 Test 2 Test 3 Test 4 

Rainfall Depth, in. (cm) 3.8 (9.7) 4.1 (10.4) 3.6 (9.1) 3.3 (8.4) 4.6 (11.7) 
Percent Compaction (%)  80.1 85.2 77.7 77.0 79.2 

Moisture Content (%) 14.8 20.5 18.0 22.4 18.3 
2 in./hr Soil Loss, lb (kg) 62.7 (28.4) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
4 in./hr Soil Loss, lb (kg) 667 (303) 130 (59) 139 69 121 
6 in./hr Soil Loss, lb (kg) 1,022 (464) 1,176 (533) 1,095 (497) 581 (264) 564 (256) 

 

 

 
6TABLE 2.6: C-Factor PAM Summary 

Test 1 0.62 
Test 2 0.78 
Test 3 0.33 
Test 4 0.34 

Overall (First 3) 0.45 
Standard Deviation (All) 0.22 

 

  

(a) Turbidity 
 

(b) TSS 

15FIGURE 2.14: PAM Turbidity and TSS Summary 

0

50

100

150

200

250

300

350

0 10 20 30 40 50 60

Tu
rb

id
ity

 (1
,0

00
 N

TU
)

Time (min)

0

50

100

150

200

250

300

350

0 10 20 30 40 50 60

TS
S 

(1
,0

00
 m

g/
L)

Time (min)



 32 

 
2.3.4 Gypsum Results 
 
 Table 2.7 presents a summary of the basic gypsum data and Table 2.8 presents the C-

factor information. Gypsum with jute substantially reduced TSS and turbidity as depicted in 

Figure 2.16 with the solid line representing the bare soil data and the dashed line representing 

gypsum. The post-testing photos in Figure 2.17, as compared to those in Figures 2.10 and 2.14, 

indicate qualitatively improved performance and reduced soil loss. It was noted, as with PAM, 

that when using soil conditioners, care must be taken between tests to remove at least several 

inches of soil from the plot before rebuilding. It is possible that gypsum had accumulated in the 

soil by the third test despite large quantities of soil removal, resulting in improved sediment 

loss. Gypsum also displayed variability in measured rainfall. The K-factor was 0.24. 

(a) Prior to testing 
 

(b) Post-testing 

16FIGURE 2.15: PAM Test Photos 

7TABLE 2.7: Gypsum Data Summary 
Parameter Bare Soil  Test 1 Test 2 Test 3 

Rainfall Depth, in. (cm) 4.3 (10.9) 3.4 (8.6) 3.7 (9.4) 4.0 (10.2) 
Percent Compaction (%)  79.5 81.5 73.5 90.2 

Moisture Content (%) 16.7 16.7 17.1 19.2 
2 in./hr Soil Loss, lb (kg) 13.8 (6.3) 1.8 (0.8) 2.0 (0.9) 0.7 (0.3) 
4 in./hr Soil Loss, lb (kg) 629 (285) 33.5 (1.4) 10.2 (4.6) 13.7 (6.2) 
6 in./hr Soil Loss, lb (kg)  1234 (560) 246 (112) 119 (90) 72 (33) 



 33 

 

 

 

 

 

 

   

(a) Turbidity 
 

(b) TSS 

17FIGURE 2.16: Gypsum TSS and Turbidity 

8TABLE 2.8: C-Factor Gypsum Summary 
Test 1 0.23 
Test 2 0.08 
Test 3 0.05 

Overall 0.12 
Standard Deviation 0.09 

 
 
 

 
 
 

(a) Prior to testing 
 

(b) Post-testing 

18FIGURE 2.17: Gypsum Test Photos 
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2.3.5 EarthGuardTM EDGETM Pellet Results 
 
 Table 2.9 presents summary data info for the EarthGuardTM EdgeTM pellet testing, Table 

2.10 presents C-factor information, Figure 2.18 presents a TSS and turbidity comparison to the 

bare soil, represented by the solid line, and Figure 2.19 presents before and after photos of 

testing. The pellets are marketed as a hydro mulch in pelletized form, an easier application 

method for the same performance as the hydraulically applied mulch of the same name. During 

the 6 in./hr intensity, the pellets experienced an average of 480 lb (263 kg) of sediment loss, 

whereas the ProMatrixTM hydro mulch experienced much more loss (786 lb [357kg]) at that 

intensity. The C-factor demonstrated a modest improvement over the other hydro mulches as 

well, and Figure 2.16(b) shows fewer catastrophic rills than Figure 2.10(b). It is suspected that, 

because the fibers are pelletized, that they contain a higher amount of binder than traditional, 

loose hydro mulches. As per a conversation with an EarthGuardTM sales rep, the binder is also 

intended to be a soil conditioner, improving soil structure and infiltration and aiding vegetation 

establishment. Therefore, it is possible that the chemicals in the binder aided in soil retention, 

even though the coverage area was sparse. The K-factor was 0.24. 

9TABLE 2.9: EDGETM Pellets Data Summary 
Parameter Bare Soil  Test 1 Test 2 Test 3 

Rainfall Depth, in. (cm) 3.8 (9.7) 3.5 (8.9) 3.9 (9.9) 3.8 (9.7) 
Percent Compaction (%)  78.3 91.8 81.7 81.5 

Moisture Content (%) 18.7 18.5 17.0 20.7 
2 in./hr Soil Loss, lb (kg) 17.6 (8.0) 21.8 (9.9) 9.2 (4.2) 1.2 (0.5) 
4 in./hr Soil Loss, lb (kg) 353 (160) 149 (68) 93 (42) 118 (53) 
6 in./hr Soil Loss, lb (kg) 1,237 (561) 328 (149) 521 (236) 589 (267) 
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(a) Turbidity 
 

(b) TSS 

19FIGURE 2.18: EDGETM Pellets TSS and Turbidity 

 
 
 

 

 

 

 

20FIGURE 2.19: EDGETM Pellets Test Photos 

 

10TABLE 2.10: C-Factor Pellets Summary 
Test 1 0.38 
Test 2 0.38 
Test 3 0.45 

Overall 0.46 
Standard Deviation  0.04 

  

(a) Prior to testing 
 

(b) Post-testing 
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2.3.6 Comparison of Soil Amendments 
 
 The following section summarizes and compares the soil amendment tests: the jute 

control, the PAM with jute, and the gypsum with jute. Table 2.11 shows key collected data and 

Figure 2.20 presents water quality information and a summary of runoff volume.  

11TABLE 2.11: Comparison Data Summary 
Parameter Summary – 
Average over 3 Tests Jute PAM with 

Jute 
PAM Soft-
Armoring 

Gypsum 
with Jute 

Rainfall Depth, in. (cm) 4.3 (10.9) 3.6 (9.1) 4.6 (11.7) 3.7 (9.4) 
Percent Compaction (%)  84.5 80.0 79.2 81.7 

Moisture Content (%) 20.8 20.3 18.3 17.7 
2 in./hr Soil Loss, lb (kg) 3.7 (1.7) 0.0 (0.0) 0.0 (0.0) 1.5 (0.7) 
4 in./hr Soil Loss, lb (kg) 134 (60) 112 (51) 121 (55) 19 (7) 
6 in./hr Soil Loss, lb (kg) 721 (327) 951 (431) 564 (256) 145 (66) 

 

 

(a) Turbidity Summary 
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(b) TSS Summary 
 
 

 

(c) Runoff Volume Summary 
 

21FIGURE 2.20: Water Quality and Runoff Comparison, Soil Amendments 
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Gypsum and PAM both reduced runoff more than the jute throughout the test. Both 

products are marketed as improving infiltration, and based on the results both products were 

successful at doing so.  

The gypsum demonstrated the best water quality of all three conditions as evidenced by 

significantly lower turbidity and very significantly lower TSS than jute. The PAM exhibited lower 

turbidity than jute only during the first half of testing. However, turbidity climbed after about the 

halfway point and was comparable to the jute for the rest of the test. Similarly, PAM exhibited 

lower TSS than the jute only during the 2 in./hr (5.1 cm/hr) simulation, but actually exhibited a 

higher average than the jute only for the remainder of the test. The PAM with soft armoring 

technique appeared to perform better than the PAM-on-soil from a water quality standpoint for 

the 2 in./hr (5.1 cm/hr) simulation, but then performed worse than the PAM-on-soil and jute for 

the 6 in./hr (15.2 cm/hr) simulation. These results suggest that the protection PAM offered at the 

low intensity gave way quickly when the intensity increased, possibly causing flocculated, heavy 

soil particles to become dislodged and appear in large quantities in the runoff. The effects were 

more pronounced when PAM was not applied directly to soil. It is important to note that all PAM 

water samples demonstrated a high degree of flocculation. However, samples brought back to 

the lab were agitated just prior to analysis in order to obtain a representative specimen. Settling 

time of the sediment was not measured. Thus, there may be an important aspect of runoff quality 

improvement due to PAM, namely, improved settling time of sediment in the runoff, that was 

not captured in these results.  

While PAM had an overall higher C-factor than gypsum, at the 2 in./hr level it reduced 

sediment loss significantly more than both the control condition and the gypsum, the only 
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product to produce no soil loss whatsoever at that intensity. As PAM becomes wet, the polymer 

chains unfold and form a protective coating over the soil. Gypsum by contrast simply dissolves 

into the soil and reacts with the minerals. Thus, while overall PAM performed worse than the 

gypsum, at the 2 in./hr level it appeared to be performing as intended and prevented substantial 

sediment loss. It seems that as the soil became oversaturated after the 2 in./hr test, PAM’s 

protective coating failed and it began to exhibit catastrophic soil loss. Soil loss from PAM was so 

similar to the bare soil condition at these intensities that formal analysis was required to ascertain 

whether soil loss was statistically significantly different. The p-values indicated in Table 2.12 

indicate that for these intensities, PAM did not significantly improve sediment loss. Furthermore, 

the C-factor was greater than the jute alone. While surprising, this is not necessarily 

unprecedented. Ai-Ping 2011 found that as PAM application rate increased, soil loss and soil 

concentration in runoff increased as well. Similarly, Babcock and McLaughlin 2013 found that 

adding PAM to straw increased sediment loss as compared to straw alone. Tumsavas and Kara 

2011 found an ideal PAM application rate that was lower than the maximum application rate 

tested. Ai-Ping posits that the seal formed on the soil led to a decrease in permeability and a 

corresponding increase in runoff and detachment. They also note that increased water viscosity 

at the soil surface can increase hydraulic drag and carry away more particles. When PAM’s seal 

is performing properly, it protects soil from these effects. However, if the seal becomes 

compromised, these effects become active and rapid deterioration can occur. Inadequate 

contact time prior to wetting may prevent PAM from forming a complete seal, and the PAM in 

this study had minimal contact time with soil before testing. A conversation with the 

manufacturer revealed that pre-wetting the soil to activate the polymer would have been 
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advisable, and that using a higher application rate for the design intensity would have also aided 

in forming a proper seal. McLaughlin et. al 2014 note that steep grades or high rainfall can flush 

PAM from slopes, and both are used in ASTM D6459. Any of these variables could have 

compromised PAM’s seal and led to its breakdown. It is probable that PAM performs better under 

different conditions, but the parameters of the D6459 simply reveal the limits of its performance. 

12TABLE 2.12: Statistical Summary Comparing PAM to Jute 
Standard Deviation 4 in./hr (lb) 38 
Average Soil Loss 4 in./hr (lb) 112 

T-Statistic 4 in./hr 0.00 
p-value 4 in./hr 0.50 

Standard Deviation 6 in./hr (lb) 300 
Average Soil Loss 6 in./hr (lb) 749 

T-Statistic 6 in./hr 0.47 
p-value 6 in./hr 0.36 

 

2.4 SMALL SCALE GYPSUM TESTING  

 Gypsum is a soft mineral composed of calcium sulfate, CaSO4, bonded with water. It is 

used in the agricultural industry as a fertilizer and is a component of many materials such as 

plaster and drywall. Typically, gypsum is mined but it may also be produced as a by-product of 

coal power plant production (flue-gas or synthetic gypsum) or a by-product of phosphate 

fertilizer production (phosphogypsum). Gypsum has been used in agriculture for over two 

centuries as a fertilizer– it is a source of sulfur and calcium, and the calcium additionally 

counteracts the toxic action of aluminum on plant roots (Chen and Dick 2011). Gypsum is also 

relied upon in agriculture to improve soil structure, improve infiltration, and reduce sediment 

loss through erosion (Fisk 2019). However, gypsum has not been explored much for soil 

management in the construction industry despite its low cost and wide availability. It was 



 41 

decided as the final product in Phase I to test gypsum with jute as an erosion control product 

for potential use in construction. 

 Following the work of Przepiora et. al 1997 who tested gypsum for use in sediment 

basins, two gypsum products were considered for large-scale ASTM testing. Agricultural 

gypsum, or calcium sulfate dihydrate, has the formula CaSO4*2H2O and is marketed for use in 

agriculture. Molding plaster, or calcium sulfate hemihydrate, has the formula CaSO4*0.5H2O 

and is marketed for use in materials. A third type of gypsum, phosphogypsum, which is a by-

product of phosphorous fertilizer production, was not considered for use due to radioactive 

pollution concerns (EPA 2021).  

2.4.2 Methods 
 
 First, a modified jar test was performed to determine which product promoted greater 

flocculation. Three beakers were filled with 8.45 oz (250 mL) of water and 1.7 oz (50 g) of soil 

each. This soil-to-water ratio approximated a common soil ratio suggested by average 

TSS/turbidity found in previous tests. Gypsum was added to two of the beakers at a rate of 0.10 

oz (2.8 g) each, and one beaker contained no gypsum. The gypsum dosage was designed to 

approximate the dosage applied to the plot minus an allowance for some remaining on the 

plot. After mixing for five minutes, the solutions were allowed to settle. Photos and turbidity 

measurements were taken after 5, 10, and 20 minutes of settling. Turbidity samples were 

drawn from the top of the solutions. Three iterations of the test were performed. 

 Next, two small scale plots were constructed measuring 1.75 ft by 3.75 ft by 3.5 in. 

(53.3cm by 114.3cm by 7.6 cm). Each plot was hand compacted with three in. of the same loam 

soil used for large-scale testing. The plots were placed on the large-scale 3:1 slope to mimic the 
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same angle, and they were fitted with a funnel and bin to catch rainfall. A single rain gage was 

placed near the plots to measure rainfall. One plot was treated with agricultural gypsum and 

the other with molding plaster. The gypsum was applied by hand at a rate of 2,677 lb/ac (3,000 

kg/ha) and then jute matting was placed on top and secured with shortened sod staples. Figure 

2.21 illustrates the testing setup.  The storm simulation was run for one hour in the same 

manner prescribed in the ASTM standard and used throughout this thesis. Three iterations of 

the test were performed.  

 

 

  

 

 

 

 

 

 

 

 
2.4.3 Results 
 
 Results of the modified jar test and small-scale simulation are presented in the following 
  
discussion as well as the final product decision.  
 

 

Sprinkler 

Collection 
Buckets 

Test Plots 

Funnel 
System 

Rain Gauge 

22FIGURE 2.21: Small Scale Testing Setup for Gypsum 
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2.4.3.1 Jar Testing Results 
 

 Table 2.13 summarizes the modified jar test results. Notably, the gypsum increased the 

turbidity as compared to the control, which was the opposite of expected. This could be due to 

the gypsum itself contributing to more turbidity. In both turbidity and settling time, the 

agricultural gypsum performed more ideally than the plaster, settling faster and reducing 

turbidity more. This contradicts the results of Przepiora et. al 1997 who found that the plaster 

promoted settling more than the agricultural gypsum. The primary difference could be the soil 

used. The Przepiora used soil with a higher clay concentration than used here, and as with 

other flocculants, behavior may differ based on soil type.  

13Table 2.13: Modified Jar Test Turbidity Results 
Treatment Avg. Initial Avg. 5 min Avg. 10 min Avg. 20 min 

Control (NTU) 131,563 150 121 51.0 
Agricultural (NTU) 138,682 273 152 75.7 

Plaster (NTU) 130,467 403 218 119 
 

   
(a) Control 5 min (b) Agricultural 5 min (c) Plaster 5 min 
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(d) Control 10 min (e) Agricultural 10 min (f) Plaster 10 min 

 

   
(g) Control 20 min (h) Agricultural 20 min 

 
(i) Plaster 20 min 

23FIGURE 2.22: Modified Jar Test Example Images 

 
2.3.4.2 Small Scale Rainfall Simulation Results 
 
 Table 2.14 summarizes the results for the small-scale rainfall simulation for both gypsum 

products. The agricultural gypsum resulted in less sediment loss, less total runoff, and lower 

average turbidity and average TSS as depicted in Figure 2.23 than the plaster. Figure 2.24 

displays photo documentation during testing. Little change was observed in the appearance of 

the bench scale simulators during the test. However, while re-dressing the plots between tests 

it was observed that the soil in the plot treated with agricultural gypsum was noticeably wetter 
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and heavier than the soil in the plot treated with molding plaster, suggesting that the 

agricultural plot exhibited higher infiltration.  

14TABLE 2.14: Small Scale Simulator Results, Gypsum 

Parameter 
Test 1 Test 2 Test 3 

Ag.   Plaster Ag.   Plaster Ag.  Plaster 
Rainfall Depth, in. (cm) 2.9 (7.4) 2.7 (6.9) 3.0 (7.6) 

Total Sediment Loss, oz (kg) 59.0 
 (1.7) 

145.0 
(4.1) 

139.8 
 (4.0) 

172.6 
(4.9) 

163.8 
 (4.6) 

166.6 
(4.7) 

Total Runoff, gal (L) 4.6 (17.4) 7.6 (28.8) 7.2 (27.3) 8.3 (31.4) 8.2 (31.0) 8.5 (32.2) 
Average Turbidity 6 in./hr (NTU) 4,936 9,734 6,971 7,320 6,021 6,405 

Average TSS 6 in./hr (mg/L) 409 563 390 424 403 464 
 

 

(a) Turbidity Summary 
 
 

 

(b) TSS Summary 
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(c) Runoff Volume Summary 
 

24FIGURE 2.23: Water Quality and Runoff Comparison, Gypsum Types 

 
 

  

(a) Pre-test plot agricultural gypsum 
 

(b) Pre-test plot molding plaster 
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(c) Post-test plot agricultural gypsum 
 

(d) Post-test plot molding plaster 

25FIGURE 2.24: Visual Comparison, Bench Scale Gypsum Plots 
 

Because the agricultural gypsum resulted in lower turbidity and faster settling time in 

the modified jar tests, and less sediment loss, less runoff, and lower turbidity and TSS during 

the small-scale rainfall simulation than the molding plaster, it was decided to use the 

agricultural gypsum for in full-scale ASTM D6459 testing as part of Phase I. 

2.5 BARE SOIL CONTROL DATA 
 
 After Phase I testing was complete, it was desired to review and analyze all results, 

including those obtained prior to the work of this thesis (Faulkner 2020). The goal was to make 

full use of Phase I data and to uncover any useful patterns or insights. The first task was 

compiling and reviewing all bare soil control data. The purpose was to both ascertain the 

consistency of the control and to possibly offer information that could be used as a proxy for a 

control in a future informal, quick product test not intended for reporting. Accurate bare soil 

tests are essential in determining accurate C-factors for products. However they are also highly 
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labor intensive to conduct and may not be worthwhile to run if a test is ever desired that is not 

intended for a full product evaluation. 

 For the five bare soil tests performed in this thesis, the average K-factor was found to be 

0.27. For the prior six bare soil tests (excluding straw because it was conducted on a slightly 

different soil type), the average K-factor was 0.28, and the overall standard deviation was 0.05, 

all indicating consistency in the K-factor. However, sediment loss, turbidity, TSS, and runoff 

displayed high variation. The standard deviations for sediment loss were up to 25% of the 

average, for turbidity they were up to 62% of the average, for TSS they were up to 57% of the 

average, and for runoff they were up to 69% of the average. It is expected to have high 

variability on a large-scale simulator because the extent of any differences that might occur on 

a small scale are magnified, so to some extent the standard deviations are not necessarily 

unanticipated. In addition, these factors are not normalized by the R-factor, which accounts for 

variability in actual measured rainfall from the design rainfall. This normalization is the reason 

that K-factor can be very consistent while individual results are much less so. This also 

illustrates the advantage in using RUSLE to analyze rainfall data – the reported C-factor is 

accurate despite inevitable variances in individual test conditions. However, if narrower 

variability in sediment loss, turbidity, TSS, and runoff are desired in the future, factors that may 

help include effective stockpile management to ensure consistent soil properties, assigning the 

same undergraduates to perform the same tasks during each test to ensure consistent 

methods, and possibly narrowing the acceptable window in tolerated deviations compaction 

and moisture readings before testing. Figure 2.25 presents the box-and-whisker plots.  
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(a) Average sediment loss 
 

(b) Average turbidity 

  

(c) Average TSS (d) Average cumulative runoff 
 

 

(e) Average K-factor 
 

 26FIGURE 2.25: Bare Soil Metrics Distribution 
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2.6 COMPARISON TO PREVIOUS PHASE I RESULTS 
 
 In this section, the five products tested as part of this thesis are compared with the 

results of 11 previous products tested as part of Phase I. Conclusions are then drawn regarding 

product comparison. The complete list of products tested as part of Phase I is as follows: loose 

wheat straw, crimped wheat straw, wheat straw with tackifier, Curlex I® blanket by American 

Excelsior®, S150® blanket by EroNetTM, ECX-2TM blanket by East Coast Erosion Control, Soil Cover 

with Tack hydro mulch by Profile Products LLC, TerraWoodTM with Tacking Agent 3® hydro 

mulch, EcoFibreTM hydro mulch by Triton Environmental, ProMatrixTM hydro mulch by Profile, 

EarthGuardTM EDGETM pellets by Terra Novo, jute, gypsum with jute, and PAM with jute. The 

straw tests were conducted prior to the full adoption of the ASTM procedure. One difference 

was the soil type – it was tested on a sandy loam instead of a loam. The other was the data 

measuring procedure – rainfall and sediment data was only available for the overall test, not for 

the discretized intensities. This made calculation of C-factors for the intermediate intensities 

impossible, so only a soil loss ratio (SLR) was found. In the following comparisons of C-factor, 

therefore, the straw tests were eliminated. 

2.6.1 Overall Product Performance at 2 in./hr (5.1 cm/hr) 
 
 When all products testing during Phase I, including products tested before the work of 

this thesis, were compared, it was observed that the C-factors at the 2 in./hr (5.1 cm/hr) were 

very similar. An ANOVA was performed to determine whether the C-factors at that level indeed 

statistically differed among the products. Table 2.15 presents the results. As evidenced, at the 

95% confidence level, the C-factor at the 2 in./hr (5.1 cm/hr) simulation did not statistically 

differ among products, with a p-value of 0.16. The average C-factor among all products at this 
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level was 0.03. This implies that both the hydro mulches and soil amendments were as effective 

as the high-end erosion control blankets in protecting the slope from erosion at that intensity. 

The 2 in./hr (5.1 cm/hr) intensity is approximately the 5-year storm in Auburn, Alabama, the 

location of testing (NOAA Atlas 14), situated in one of the states which receive the highest 

precipitation rates in the country. Therefore, under some temporary or low-intensity design 

circumstances, from purely a performance standpoint, hydro mulches and soil amendments 

prevented as much sediment loss as erosion control blankets.  

15TABLE 2.15: ANOVA Overall Results 
2 in./hr 4 in./hr 

F-stat 1.66 F-stat 14.89 
p-value 0.16 p-value 1.37x10-7 

 

2.6.2 Hydro Mulch Differences  
 
 Performance among products began to differ at the 4 in./hr (10.2 cm/hr) level. An 

ANOVA for the 4 in./hr (10.2 cm/hr) tests revealed a significant difference between means of C-

factors of each product at the 95% confidence level, with a p-value of 1.37x10-7. To determine 

where the difference occurred, the hydro mulches were isolated for an ANOVA, and at the 95% 

confidence level it was found that their C-factors significantly differed from the rest of the 

products, as seen in the left-hand column of Table 2.16, with a p-value of 0.01. However, after 

eliminating the ProMatrixTM and EarthGuardTM EDGETM which appeared to have a much lower 

C-factor than the others, the significance disappeared at the 95% level, with the p-value 

increasing to 0.35. Mulch product performance did not significantly differ at the 6 in./hr (15.2 

cm/hr) level for a 95% confidence level either, with a p-value of 0.36. Thus, among hydro mulch 

products were tested ranging from Type 1 through Type 5, the significant performance 
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difference found was the improved performance of the ProMatrixTM which is a Type 4, and the 

EDGETM which is a Type 5, at 4 in./hr (10.2 cm/hr), which was to be expected, but these higher-

end products did not deliver at the highest intensity.  

16TABLE 2.16: ANOVA Mulch Results 
Mulches 4 in./hr (10.2 

cm/hr) 
Mulches 4 in./hr (10.2 cm/hr) Without 

ProMatrixTM and EDGETM 
Mulches 6 in./hr (15.2 

cm/hr) 
F-stat 6.87 F-stat 5.14 F-stat 2.3 

p-value 0.01 p-value 0.35 p-value 0.12 
 
2.6.3 Performance Compared to Published Standards 
 

Table 2.17 lists the maximum allowable C-factor for the product type that the HECP 

belongs to, taken from the ECTC HECP specs, and the published C-factor from either the 

manufacturer or the ECTC specs. The average C-factor for each intensity and the total C-factor 

for the product calculated using the regression method from this testing are presented as well. 

The values that meet the manufacturer published guidelines are highlighted in italics. As 

evidenced, four of the five mulches met the manufacturer published data during the 2 in./hr 

(5.1 cm/hr) simulation, and only two out of five met them overall. While the EDGETM appeared 

to fall the shortest of its minimum standard, it tested as the highest performing product during 

the forceful 6 in./hr (15.2 cm/hr) portion. This is because the qualifications for the Type 5 

category are the most stringent and it would have passed if it had been marketed as a Type 2 

product. The pellets are included in the HECP analysis because they are marketed as the 

equivalent product for the traditionally applied hydro mulch of its same name. 
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17TABLE 2.17: HECP C-Factor Comparison 

Product Category Type 1 (Soil 
Cover) 

Type 2 (Eco-
FibreTM)  

Type 2 (Terra 
WoodTM) 

Type 4 
(ProMatrixTM) 

Type 5 
(EarthGuardTM 

EDGETM Pellets) 
Max Allowable C-

Factor 0.75 0.50 0.50 0.10 0.02 

Published C-Factor Discontinued 0.55* 0.50* 0.05** 0.01** 
Tested C-Factor, 2 

in./hr 0.02 0.02 0.05 0.00 0.13 

Tested C-Factor, 4 
in./hr 0.47 0.47 0.62 0.17 0.29 

Tested C-Factor, 6 
in./hr 0.45 0.55 0.54 0.44 0.42 

Overall C- Factor 
using Regression 0.46 0.55 0.53 0.42 0.46 

Note: * = Information from manufacturer      ** = Information from ECTC 
 

There is some opacity surrounding testing method in manufacturer data for HECPs. The 

ECTC language reads “Acceptable large-scale test methods may include ASTM D6459, or other 

independent testing deemed acceptable by the engineer”. One manufacturer indicated that 

large-scale testing was conducted at Utah Water Research Laboratory (UWRL), who tests on a 4 

ft by 20 ft (1.2m by 9.1m) plot containing 12 in. (30.5 cm) matrix of sandy loam soil at varying 

rainfall intensities and varying tilting slopes at only a 70% of Proctor optimal for one hour (Utah 

Water Resources). The SCDOT approves the D6459, the Utah State Protocol, which is 5 in./hr 

(12.7 cm/hr) at a 2.5:1 slope for 60 minutes, or the TTI Protocol, which is a 2:1 slope at 3.5 

in./hr (8.9 cm/hr) for 3-30 minute periods, to be substituted for ASTM D6459. While these 

standards are similar, dimensions of test plot substantially affect results due to the 

development of erosion patterns permitted by the length, and these are not always specified. 

The New England Transportation Consortium cites the difficulty of finding ASTM D6459 labs as 

the reason for not utilizing it to verify products (Long and Demars 2004). The Consortium 

suggests that, due to the economic infeasibility of constructing and operating large-scale 
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rainfall simulators, the best thing for industry stakeholders is to just utilize whatever lab is most 

readily available to them, regardless of parameter details.  

Tables 2.18 and 2.19 compare the RECP and straw results to industry results. The RECP 

manufacturer data is taken either from the manufacturer or from the ECTC specs. The 

maximum C-factor requirements are listed as designated by the product’s Type. The Curlex I ® 

was a Type 2C made of excelsior fiber, the ECX-2TM was a Type 2D made of a double-net 

excelsior, the S150® Type 3B was made of a double-layer straw, and the jute matting, a heavy, 

open-weave mat, was not classified. C-factor values which meet the minimum requirements 

are highlighted in italics. While no products met the requirements overall, the raw magnitude 

of discrepancy was much smaller than that of some of the HECPs. The published straw data is 

taken from a comparable study performed at TRI/Environmental in 2013, the other GSI-

accredited ASTM D6459 laboratory. The straw data compares SLR rather than C-factor, a 

comparable metric. The obtained SLRs closely match the TRI 2013 study.  

 
 

18TABLE 2.18: RECP C-Factor Comparison 
Product Curlex I® ECX-2TM S150® Jute 

Max Allowable C-
Factor 0.01 0.05 0.10 N/A 

Published C-Factor 0.018** 0.04** 0.118* N/A 
Tested C-Factor, 2 

in./hr 0.02 0.03 0.05 0.02 

Tested C-Factor, 4 
in./hr 0.04 0.10 0.11 0.19 

Tested C-Factor, 6 
in./hr 0.05 0.12 0.14 0.37 

Overall C- Factor using 
RUSLE 0.05 0.12 0.14 0.35 

Note: * = Information from manufacturer    ** = Information from ECTC 
 
 



 55 

 
 

TABLE 2.19: Straw Soil Loss Ratio Comparison19 

Product Type Loose Straw Straw with 
Tack Crimped Straw 

Published C-Factor 0.06-.0.20* 0.17** 0.34** 

Tested Soil Loss Ratio 0.21 0.14 0.26 
Note: * = Information from Virginia Transportation Research Council  

** = Information from TRI/Environmental 
 

2.6.4 Soil Amendment Performance 
 
 Since PAM and gypsum have no published C-factor that could be identified, and are less 

commonly used products, it was desired to compare their performance to the more popularly 

categorized ECPs. Based on visual inspection of the data, the PAM and hydro mulches displayed 

similar C-factors to each other, and the gypsum and RECPs (excluding jute) displayed similar C-

factors to each other. A simple two-tailed T-test was performed to determine any differences 

between the means at the 4 in./hr (10.2 cm/hr) and 6 in./hr (15.2 cm/hr) iterations, since at the 

2 in./hr (5.1 cm/hr) iteration all products had already been shown to be identical. For the PAM 

and hydro mulches, the p-value tested as significant at the 95% significance level as seen in 

Table 2.20. The difference disappeared at the 6 in./hr (15.2 cm/hr) level. Thus, PAM performed 

better than hydro mulches at 4 in./hr (10.2 cm/hr) with a C-factor of 0.20 versus 0.40. For the 

gypsum and RECP comparison presented in Table 2.21, neither T-test yielded significant results 

at the 95% level, indicating that gypsum with jute performed comparably from an erosion 

control standpoint to standard erosion control blankets.  

20TABLE 2.20: PAM vs. Mulch T-Test Results 
4 in./hr (10.2 cm/hr) 6 in./hr (15.2 cm/hr) 

T-stat 2.08 T-stat -0.50 
p-value 0.05 p-value 0.62 
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21TABLE 2.21: PAM vs. Mulch T-Test Results 
4 in./hr (10.2 cm/hr) 6 in./hr (15.2 cm/hr) 

T-stat -1.68 T-stat 0.23 
p-value 0.12 p-value 0.82 

 
2.6.5 Cover Factor and SLR 
 

Cover factor and soil loss ratio (SLR) are often used interchangeably in rainfall 

simulation. The SLR is calculated as the proportion of soil loss from a treatment condition to soil 

loss at a control condition. Often, the soil loss ratio is the only parameter reported. The C-factor 

is different in that it incorporates the soil loss ratio plus more information about environmental 

conditions into its reflection of how the described practice impacts soil loss, as described in 

Equation 2.5. Using the C-factor rather than the SLR for reporting rainfall simulation results has 

the added benefit of being weighted by the observed rainfall amount on each test, ameliorating 

the effect of variability in rainfall on deviations in performance. C-factor is also weighted by the 

simulator geometry (LS-factor) and the soil conditions (K-factor). Thus while C-factor did change 

with storm intensity based on the erosion control product’s interactions with the test 

environment, it can theoretically be interpreted as being more broadly applicable to more 

situations than SLR. Table 2.22 presents comparisons of the average SLR in each test to the 

overall C-Factor as determined with the regression method. If the values differed, a simple two-

tailed T-Test was performed between the SLRs for each individual test and the C-factors for 

each individual test, to determine whether the means were the same. The list of p-values for 

these cases confirms that none were low enough to conclude that the means differed at the 

95% level. While some pairs of means appear very different, such as the jute, the small n for 

each category (n = 3 for all except for PAM with n = 4) and the variability still rendered the 
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difference non-significant. Thus, in this analysis, SLR and C-factor can be said to describe soil 

loss performance in a comparable manner, and additionally, the SLR from the straw may be 

compared to the C-factors obtained for the other products with more confidence.  

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
2.7 DIFFERENCES IN METHODS FOR CALCULATING C-FACTOR 

 
 The average method and the regression method for calculating C-factor can produce 

slightly different results. In addition, results can vary with which R-factor input is used. In this 

report the theoretically optimal R-factor obtained in calibration testing of 182.02 is used for the 

regression method in calculating overall C-factor. The actual measured R-factor for the test is 

used in the average method in calculating C-factor for each individual intensity. This measured 

R-factor does not exactly align with the theoretical R-factor due to variations in measured 

rainfall in each test. Therefore, either R-factor could be used with either method. According to 

22Table 2.22: SLR vs. C-Factor 
Products SLR C-Factor p-value 
Straws    

Loose Straw 0.21 N/A N/A 
Crimped Straw 0.26 N/A N/A 

Straw with Tack 0.14 N/A N/A 
RECPS    

Curlex I® 0.05 0.05 ---- 
ECX-2TM 0.12 0.12 ---- 

S150® 0.14 0.14 ---- 
Jute 0.41 0.35 0.70 

HECPs    
Soil Cover 0.49 0.46 0.54 

Eco-FibreTM 0.55 0.55 ---- 
TerraWoodTM 0.55 0.54 0.59 

ProMatrixTM 0.39 0.38 0.83 
EDGETM Pellets 0.38 0.38 ---- 

Soil Amendments    
PAM + Jute 0.55 0.45 0.81 

Gypsum + Jute 0.09 0.12 0.76 
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Sprague 2018, who uses ASTM D6459 at TRI Environmental, Inc. to evaluate erosion control 

products using the regression method, the advantage to using the theoretical R-factor in the 

regression method is that it allows inter-product comparison at the same point in the storm 

event. Therefore, for the regression method, reporting the C-factor at the same point each time 

(R=182.02) does indeed yield the best benchmark for comparison. For the average method, 

measured average soil loss is used for the A-factor in the RUSLE equation and this can vary with 

measured rainfall. Therefore, since measured soil loss depends on testing conditions, A-factor 

should be paired with the actual observed testing conditions, or actual observed R-factor, when 

calculating results. Table 2.23 presents C-factors as obtained from different methods. It 

includes a column that describes the C-factor as a result of averaging the C-factors of the 

individual tests. This is a slightly different method than taking the overall global average, 

although as evidenced and as expected it yields very similar results with the exception of PAM. 

Differences that arose between the average method using the theoretical versus measured R-

factor are due to differences between these metrics. Differences that arose between R-factor 

inputs within the same method illustrate the importance of using the most applicable one. In 

each case where the average and regression methods differed, with the exception of PAM, the 

average method using the measured R-factor was closer to the regression method than the 

average method using the theoretical R-factor, confirming that measured R is preferable to use 

in this case. In fact, this is the technique used in calculating C-factor for the individual tests. In 

the two products which displayed the greatest differences, that is the ProMatrixTM and EDGETM, 

the differences were likely due to having one outliers on reported rainfall. The presence of 

outlier was confirmed by comparing the data point to the first quartile of all rainfall 
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measurements in this thesis. On occasions with very low measured rainfall, the flexible hose 

that delivered water from the pump to the simulators was replaced with a new line which 

increased pressure to the system and alleviated subsequent low measurements.  

Since C-factor varied with intensity, the C-factor as reported from the regression 

method is likely a more desirable indicator of product performance than the C-factor as 

reported from the average method. In fact, the regression method already makes use of the 

average method because it relies on the averages of each individual test to build its model. It 

therefore already incorporates all averages obtained in the three product tests. It furthermore 

benchmarks to the theoretical R-factor, which as already stated compensates for differences 

that occurred between design and measured rainfall. By contrast, the C-factor as obtained from 

the average method is the more correct indicator of product performance on that particular 

series of tests. The inconsistency in all PAM results in Table 2.23 is almost certainly due to 

unreliability in performance between tests– test 2 had a 6 in./hr C-factor of 0.78, much higher 

than the minimum test of 0.33. The problems with PAM testing have been discussed previously. 

It is also possible that some residual PAM was left on the test plot which reduced the final C-

factor reading, although the amount would have been marginal. 
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2.8 CONCLUSION 
 
 This chapter reviews the work done as part of Phase I testing. It includes an overview of 

the ASTM D6459 method used at the Stormwater Research Facility and an overview of the 

products used and their installation. It also includes an overview of the small-scale gypsum 

testing performed to aid in product selection. It compiled bare soil data to determine any 

consistencies or inconsistencies. It was found that while the K-factor was very consistent, 

sediment loss, turbidity, TSS, and runoff varied considerably, likely due to not being tied to a 

normalized R-factor. The chapter also includes a comparison of these results’ C-factors to C-

factors obtained during all previous Phase I testing (Faulkner 2020) in order to draw conclusions 

about how overall product types performed in comparison with one another, and how products 

within the same product type performed as compared with one another. Results suggest that 

jute matting performed worse than other RECPs, that PAM as applied in this study prevented 

23TABLE 2.23: C-Factor Method Comparison with Different R-Factors  

Products 
Average 
Method, 

Theoretical R 

Average 
Method, 

Measured R 

Average of 
Individual 

Tests Method 

Regression 
Method, 

Theoretical R 

Regression 
Method, 

Measured R 
Soil Amendments      

PAM with Jute 0.49 0.51 0.57 0.45 0.43 
Gypsum with Jute 0.09 0.10 0.12 0.12 0.12 

RECPS      
Curlex I® 0.05 0.05 0.05 0.05 0.06 
ECX-2TM 0.12 0.12 0.12 0.12 0.12 

S150® 0.14 0.14 0.14 0.14 0.15 
Jute 0.41 0.37 0.37 0.35 0.39 

HECPs      
Soil Cover 0.46 0.45 0.45 0.45 0.45 

Eco-FibreTM 0.55 0.55 0.55 0.56 0.56 
TerraWoodTM 0.54 0.54 0.54 0.53 0.53 

ProMatrixTM 0.33 0.37 0.37 0.42 0.36 
EDGETM Pellets 0.33 0.40 0.40 0.42 0.42 
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significant sediment loss at 2 in./hr but then began to fail in a statistically identical fashion to 

the hydro mulches, that gypsum as applied in this study performed similarly to the RECPs 

(excluding jute), that the EDGETM pellets performed well even though the coverage area 

appeared less than that of traditional HECPs and that the Type 4 and 5 hydro mulches improved 

sediment loss at 4 in./hr but all hydro mulches failed at 6 in./hr. Finally, the chapter compares 

C-factor calculation methods including the use of the two R-factors and concluded that the C-

factor as reported with the regression method is the best indicator of product performance as 

compared to other ASTM D6459 tests, but that the C-factor as calculated with the average 

method is the best indicator of product performance as obtained on that particular test.  
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CHAPTER 3: PAM RESIDUAL TESTING 
 
3.1 INTRODUCTION 
 
 This chapter presents the detection method and results for residual PAM analysis in 

runoff from the ASTM D6459 simulator. The following introductory section reviews relevant 

literature to aqueous detection of PAM in construction stormwater. It details PAM’s interaction 

with soil, discusses its potential impacts on the environment, and surveys residual detection 

methods available. 

3.1.1 Effects on Soil and Environment 
 

PAM carries many benefits related to soil stabilization and erosion control. It was first 

used in agriculture in the USA, where it was shown to reduce soil loss and increase infiltration 

(Lentz 2015, Trout et. al 1995, Peterson et. al 2007). PAM also acts as a flocculant when added 

upstream of sediment basins, reducing turbidity by up to 88% (Trout et. al 1995) and total 

suspended solids (TSS) by up to 75% (Peterson et. al 2007). As a flocculant, PAM bonds with the 

slightly charged fine clay fraction of soil (McLaughlin et. al 2007) which increases these small 

particles’ weight and stability (Flangan et. al 2003) and therefore settleability. As a soil 

amendment, the slightly charged PAM molecule increases hydraulic conductivity as well as 

infiltration (Xiong et. al 2018), resulting in decreased runoff. The polymer chains unfold when 

wet forming a protective seal on the soil. In addition, PAM contributes to coarse aggregate 

stability when it penetrates into void spaces, increasing mean weight diameter of the coarse 

fraction thereby increasing stability (Levy and Miller 1999).  

 While PAM has numerous benefits, excessive quantities in runoff may be undesirable. 

PAM is demonstrated to be very safe for aquatic life, such as minnows, trout, and mussels 
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(Herth et. al 2015, Seybold 1994, Buczek et. al 2017). Toxicity does vary by product and 

exposure time however, with LC50, or concentration resulting in 50% fatality of the sample, was 

as low as 14.1 mg/L for a 96-hr exposure to water fleas (Biem and Biem 1994).  Even with a high 

LC50 typical with most organisms such as over 1,000 mg/L, the metric fails to capture any health 

effects on the sample, nor does it account for concentrations with death rates lower than 50%. 

A principal concern for any flocculant application is the effect on water viscosity. For PAM, 

viscosity noticeably increases at concentrations starting at 50 mg/L, which can pose a challenge 

to small aquatic life.  PAM may also flocculate food sources and reduce the density of algae 

species (Weston 2009). It degrades at a rate of 10% per year in soil (Entry et. al 2002) due 

mostly to ultraviolet exposure, and degradation can lead to more of the release of monomer 

amide (AMD), the toxic component which does not adsorb (Guezennec et. al 2015), than was 

originally present (Xiong et. al 2015). Finally, heavy metal ions such as Chromium (IV) have been 

demonstrated to adsorb to PAM molecules. While this benefits downstream water quality, it 

also leads to possible accumulation of heavy metal pollution in soil (Wisniewska et. al 2018). 

PAM has also been shown to absorb organic pollutants from animal-based agriculture such as 

coliform (Sojka and Entry 2000), again benefitting downstream water quality but having an 

unknown effect on soil. Thus, while PAM is typically safe and has multiple environmental 

benefits, very high or prolonged doses in runoff should generally be avoided. Therefore, it is 

important to ensure that PAM concentrations in stormwater runoff leaving construction sites 

are low, which require methods for testing PAM residuals. 
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3.1.2 Residual Detection  
 

The best detection method for aqueous PAM depends upon the application scenario 

and especially upon possible interference sources. Table 3.1 summarizes the primary detection 

methods and their suitability for construction stormwater. Most were developed for the 

wastewater treatment industry. Detection methods fall into four broad categories: (1) chemical 

(N-Bromination), (2) physical (viscosity measurement, flocculation), (3) chemical-physical 

(polarography), and (4) special methods (such as radioactive tagging). The turbidimetric method 

(Kang et. al 2014) was developed specifically for detection at construction sites, but it yielded 

inconsistent results when attempted for this study due to probable interference from the 

retention pond source water. This method detects concentration in soil samples by diluting 

them with deionized water, centrifuging, dosing with Hyamine, and reading the turbidity of the 

supernatant. The samples obtained in this study are already a combination of soil and water 

from the retention pond which has much different properties than deionized water, including 

conductivity and organic matter content. The impurities are thought to interact with the 

Hyamine, rendering results invalid. Indeed, the sediment and water impurities were the 

primary challenge in finding a suitable detection method.  
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24TABLE 3.1: Detection Methods and Construction Suitability 

Method Procedure Overview Suitability for Construction 
Stormwater? 

Radioactive Tagging (Lu and Wu 
2003) PAM is labeled with C-14 or Tritium Small scale detection and sensitive 

to tagging unwanted material 

Total Organic Carbon (TOC)  (Lu and 
Wu 2003) 

Very popular method where PAM is 
analyzed as carbon. It is 

decomposed and then measured as 
TOC 

Inappropriate for any amount of 
organic matter (OM) or inorganic 

carbon ions 

Colloid Titration (Mocchiutti and 
Zaruttini 2007) 

Titrate with a cationic indicator such 
as Polydiallyldimethylammonium 

using a color indicator and/or 
spectrometry 

Good candidate 

Turbidimetric (Kang et. al 2014) 
Change in turbidity (NTU) before 

and after reaction with a suspension 
agent correlates with dosage 

Possibly subject to OM interference 

Flocculation Measurement (Lu and 
Wu 2003) 

Measure speed of settling flocs by 
transmittance change Subject to OM interference 

Viscosity Measurement (Jung et. al 
2016) 

Surface tension angle and viscosity 
(using a Brookfield viscometer) 

correlate to dosage 

Small scale samples are taken and 
highly sensitive 

Size Exclusion Chromatography 
(SEC)(Lu et. al 2003) 

Polymer gel column filters PAM 
from interferences Good candidate 

Spectrometry (Momami and Ormeci 
2014) 

Absorbance or emittance spectra 
correlated with dosage Selected for use 

Amide Hydrolysis with Ammonia 
Detection (Lu and Wu 2003) 

Hydrolysis releases ammonia from 
the PAM chain and is detected by a 

number of methods 

Prohibitive equipment and expertise 
for application. Subject to OM 

interference 

N-Bromination (Lu and Wu 2003)  

A unique method using a series of 
reaction with bromine to create a 

starch that is passed through 
spectrometer 

Subject to OM interference. 
Prohibitive equipment for 

application 

Polarography (Betso and McLean 
1976) 

Current response vs. voltage are 
obtained at different PAM doses  

Prohibitive materials and equipment 
for application 

 
When looking specifically at construction and rainfall simulators, only a few small-scale, 

low-intensity projects have attempted to detect concentrations of PAM in runoff. A study by 

McLaughlin et. al 2014 used 3.3 ft by 1.6 ft (100cm by 50 cm) plots at 5% slope and a rainfall 

intensity of 3.3 in./hr) (8.3 cm/hr) in conjunction with ultra-high performing erosion control 

blankets and found runoff concentrations on the order of 6-17 mg/L, although it is unclear 
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whether this was measured in the runoff or in the captured sediment. Sadeghi et. al 2016 used 

plots of 5.4 ft2 (0.5 m2) at a 20% slope and a rainfall intensity of 2.8 in./hr (7.2 cm/hr) and found 

concentrations around 10 mg/L, using a spectroscopic method similar to the one used in this 

study. 

3.2 MEANS AND METHODS 
 
 PAM was applied to the ASTM D6459 slope with jute matting at a rate of 25 lb/ac (28 

kg/ha) as advised in a manufacturer statement (APS 2002) and tested in accordance with ASTM 

D6459 procedures. The same 8 oz. (0.23 L) runoff samples used for TSS/turbidity were also 

analyzed for residual concentration. Later, samples from the ProMatrixTM hydromulch and the 

EarthGuardTM EDGETM pellets were analyzed for residual concentration. 

3.2.1 Residual Analysis 
 

This study aimed to select a detection method based on four main criteria: (1) free from 

organic matter interference, (2) robust to high sediment concentrations, (3) displaying a high 

upper detection limit, and (4) accessible for others in the construction industry. The concern 

over organic matter interference was due to the fact that the source water for testing was a 

small retention pond containing algae and other aquatic life.  The concern over sediment 

concentrations stemmed from the fact that the runoff samples from the ASTM D6459 simulator 

typically contain high amounts of soil and the soil must not interfere with measuring methods. 

The concern over detection limit was that some methods are highly sensitive and can only 

detect very small concentrations, which may not be adequate for the quantities anticipated. 

Lastly, the concern over accessibility was that the method be replicable to other site conditions 
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such as varying soils and water sources so that others may easily adapt it for further 

construction research. 

The spectroscopic method following Momami and Ormeci 2004 was selected for use as 

the detection method in this study. This method fulfills the stated research objectives: (1) it is 

not sensitive to organics, (2) sediment interference can be eliminated through centrifuging, (3) 

it can detect higher concentrations if needed, and (4) it may be adapted to varying site 

conditions such as different soil types, sediment concentrations, or water properties. In this 

method, solutions of PAM at known concentrations were passed through a UV-Visible spectrum 

spectrometer and absorbance was measured from 200 nm to 750 nm, the breadth of the 

ultraviolet and visible spectrum. A regression relationship was then established between PAM 

concentration and absorbance at 200 nm from these calibration samples. The 200 nm was 

specifically selected for comparison because it represented the greatest magnitude of 

difference between samples as per the example of Momami and Ormeci. The concentration 

from an unknown sample could then be estimated from its measured absorbance using the 

regression relationship. Calibration samples were prepared with source water and PAM at 

concentrations of 120, 90, 60, 40, 20, and 0 mg/L. Absorbance at 200 nm was plotted and a 

linear relationship obtained with an R2 value of 0.99. Figure 3.1 illustrates absorbance curves at 

these values and also plots absorbance vs. concentration at 200 nm. The regression equation 

obtained from Figure 3.1 was used to estimate concentration of test samples by using 

measured absorbance and solving for concentration.  
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27FIGURE 3.1: Calibration Curves 

3.3.2 Validity Analysis  
 

Centrifuging was used to remove sediment from runoff samples from the ASTM plot, 

isolating the runoff, before spectrometer analysis. Samples were centrifuged at 1,200 relative 

centrifugal force (RCF) for 10 minutes to remove sediment and then only the supernatant was 

run through the spectrometer. Figure 3.2 depicts the centrifuging process.  
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28FIGURE 3.2: Centrifuging 

The following two paragraphs address the validity of the results with centrifuging. The 

first concern is that soil removal must be complete for accurate PAM detection, in other words, 

there should be no soil interference remaining after centrifuging. To determine if residual soil 

interference affected results, turbidities were compared between calibration samples and 

supernatant of field samples. The average turbidity of 56 field samples was 8.6 NTU with a 

standard deviation of 4.2, and the average turbidity of nine calibration samples was 8.4 NTU 

with a standard deviation of 2.3. There was a weak correlation between concentration and 

turbidity, with a correlation coefficient of -0.3, suggesting that the flocculant tended to reduce 

background turbidity but not consistently. A simple T-test between the calibration and field 

samples yielded a T-statistic of 0.87 and a corresponding p-value of 0.39. Because there is not 

sufficient evidence that the turbidities of the field samples and the calibration samples differed 

at the 95% confidence level, it is not believed that soil interference was a concern in the 

analysis. Removing soil interference is a significant advantage of this method because some 

samples were so sediment-laden that they contained up to one-part soil per four parts solution 

by weight.  

 
 
 

 
 
 

(a) Eppendorf machine 
 

(b) Sediment removal post-centrifuge 
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The second concern that the centrifuging process may remove some PAM from solution 

along with the soil, artificially reducing its measured concentration. To determine if centrifuging 

removed PAM from the supernatant, a solution was prepared with 100 mg/L PAM and 

deionized water, and its absorbance read at 200 nm in the spectrometer. Then the sample was 

centrifuged and the supernatant was read again. A simple T-test between the raw and 

centrifuged samples yielded a T-statistic of 2.78 and a corresponding p-value of 0.12. Thus, at 

the 95% confidence level, there was not sufficient evidence that the means between the 

centrifuged and raw samples differed and therefore it is not believed that centrifuging PAM out 

of solution was a concern.  

A reading at 2 mg/L was added to the blank calibration solutions to determine whether 

a detection limit might be valid at that level. A simple T-test between the means of the 

absorbances at 200 nm of the 0 mg/L and the 2 mg/L sample yielded a t-statistic of 8.83 and a 

corresponding p-value of 4.5E-4. It can be concluded that the detection limit of this method was 

very reliably at maximum 2 mg/L. Only one sample reading of 52 was below this limit. 

3.3 RESULTS AND DISCUSSION 
 

 This section reviews and discusses the primary PAM-on-soil method results, the PAM-

on-matting (“soft-armoring”) results, and results from residual testing of two hydro mulch 

products not part of the original scope but investigated due to strong visual evidence of 

polymer in the runoff.  

3.3.1 Primary Testing 
 
 The average estimated concentration over the three trials is plotted in Figure 3.3. The 

first recorded absorbance value corresponds to observance of first runoff. An increase in 
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concentration occurred immediately after first runoff was observed at approximately 12-15 

minutes into the test, too large to be measured using the absorbance values constructed during 

calibration without extrapolation. The concentration was extrapolated at nearly 200 mg/L 

during trial 3. There was a subsequent decrease in concentration until about halfway through 

the test or minute 30, when concentration appeared to steadily fluctuate between 20-60 mg/L. 

The phenomenon of high initial concentration echoed the first flush effect, where the first 

appearance of stormwater runoff contains the highest concentration of contaminants washed 

away from the ground surface. Then, as runoff persisted, concentration decreased. 

Furthermore, the first runoff/high concentration points corresponded to a period of no 

observed sediment loss. Figure 3.4 compares average PAM concentration to average TSS, a 

metric used as a proxy for sediment loss, throughout the test. As PAM concentration decreased  

and the slope lost its protective coating, sediment loss increased.  

29FIGURE 3.3: Estimated PAM Concentration over Time 
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Twelve out of 52 samples displayed high (>100 mg/L) concentrations. Visual 

observations during testing confirmed the likely presence of high PAM concentrations. 

Sediment-laden runoff from the plot during PAM testing had a noticeably frothy, soap-like 

quality, documented in Figure 3.5. Residue clung to surfaces and equipment after draining and 

heavy bubbles formed at the surface. These features were highly unusual in runoff and clearly 

indicated presence of some foreign substance. The blank PAM solutions prepared for 

calibration also displayed a thin, soapy film when agitated and tended to form slight lather at 

the surface, although to a much lower extent that the highly disturbed runoff.  

Because sediment loss in this experiment was so high, it was likely that a high 

percentage of the applied polymer bonded to the soil ended up in the runoff. An expected 

concentration could be hypothesized based on total runoff volume generated from each test 

and amount of PAM applied to each test. Table 3.2 displays the amount of PAM applied, the 

runoff generated from the test, and the PAM concentration expected if all PAM washed into 

the runoff. It also provides an estimate of the percentage of PAM from each test that appeared 

 
 
 
 

30FIGURE 3.4: PAM Concentration vs. TSS 
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in runoff, as opposed to remaining in the soil, by dividing the observed concentration by the 

expected concentration anticipated if all PAM washed into the runoff. As evidenced from the 

table, roughly half on average of product appeared in runoff.   

 
 

25TABLE 3.2: Runoff and Expected Concentration If All PAM Appeared in 
Runoff 

Parameter Test 1 Test 2 Test 3 Avg. 

PAM applied to slope, g (oz.) 84 (3.0) 84 (3.0) 84 (3.0) 84 (3.0) 

Total runoff from test, L (gal) 687 (181) 787 (208) 935 (247) 803 (212) 

Expected concentration if all PAM (100% 
runoff) appeared in runoff, mg/L 122 107 90 106 

Actual average concentration from test, mg/L 55 52 61 56 

Percent of applied product observed in runoff  45% 49% 68% 54% 

  

(a) Runoff after 6 in./hr test with suds at water 
surface 

(b) Runoff funneled from 4 in./hr simulation with 
soapy film 
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Several explanations exist for the higher concentrations found than in the two previous 

studies. As discussed previously, there were several factors that compromised the integrity of 

the ability for PAM to form a complete seal on the test plot. Low contact time, lack of pre-

wetting, and an intense storm on a steep slope all may have contributed. In fact, the total 

intensity called for over the 1-hr D6459 simulation represents approximately the 500-yr storm 

in the testing location of central Alabama (NOAA Atlas 14). Also as discussed previously, in 

hindsight the application rate was likely suboptimal. PAM dosing is much more difficult to do on 

slopes than on, for example, sedimentation basins. Even with jar testing, conditions such as soil 

type, slope, rainfall, and more can interact in such ways that make exact optimal dosing 

sometimes difficult. By contrast, in the sedimentation basin example, typical doses are low (1-5 

mg/L) (McLaughlin et. al 2016), based on design volume (Johnson et. al 2015), and introduced 

in ways to maximize mixing, thus making ideal dosing easier. When these factors compromise 

the protective seal, PAM’s impact on soil infiltration and water viscosity can lead to increased 

erosion, and indeed in these experiments PAM increased sediment loss as compared to the 

 

(c) Residue remains after draining runoff 
 

31FIGURE 3.5: Evidence of High Concentrations in Plot Runoff 
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control. Since the other two studies experienced effective PAM performance, most of the PAM 

probably remained on the plot in its seal rather than deteriorating and washing off as it did 

here. Therefore, the high concentrations are likely the result of poor performance.  

3.3.2 Soft Armoring Testing 
 
 The soft-armoring application was evaluated to determine if altering the application 

technique could ameliorate the effects of the high residual concentration. Figure 3.6 compares 

the average concentration in the first three trials (PAM on soil) to the concentration observed 

in the fourth trial (PAM on matting). The PAM on matting, like the PAM on soil, displayed the 

highest concentration right after first observed runoff due to the “first flush” effect. However, 

there was a noticeable absence of high (>100 mg/L) concentrations, and concentrations up until 

minute 50 were consistently lower than the direct-to-soil technique. It is possible that when 

PAM percolated to the soil from the matting, it was released into the soil/runoff matrix at a 

more prolonged, sustained rate. However, concentrations from minute 50 to the end of the 

test were higher than the direct-to-soil technique. It is possible that by that point in the test, 

the direct-to-soil PAM had become depleted and so began to read lower concentrations. A 

more robust analysis could be performed with a triplicate test of the alternative technique. 

Further analysis could run longer tests or multiple tests in succession to see if either application 

method leads to sustained concentrations over time and whether the total discharge differs 

after taking time into account. Overall, it is not immediately clear which method may be more 

desirable, because although the PAM on matting avoided the high (>100mg/L) concentrations, 

it may also lead to more sustained concentrations.  
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32FIGURE 3.6: PAM Concentration Comparison Between Techniques 

3.3.3 Mulch Testing 
 

Many mulches utilize PAM or other polymers as binders, and there is a potential that 

excess binder could appear in runoff when these products are exposed to rain events. The 

spectroscopic method cannot be used to detect excess binder concentration in runoff because 

binder formulas are proprietary and thus reliable calibration samples cannot be created. 

However, some preliminary results can shed light on whether detecting excess polymer binder 

concentrations in mulch or other products should be a worthwhile avenue for future research.  

Samples from the two hydro mulches tested as part of the work of this thesis were 

centrifuged and placed in the spectrometer. The ProMatrixTM by Profile is a hydraulically 

applied hydro mulch with a guar-based binder. Guar is a traditional popular binding agent and is 

biologically derived (Wood 2014). The EarthGuardTM EDGETM pellets were also examined. 

EDGETM contains a PAM-based binder with sodium acrylate, a polymer with similar impacts on 
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soil properties as PAM (Chen et. al 2016). Similar visual phenomena to the PAM runoff were 

observed and are depicted in Figure 3.7. A high degree of froth formation occurred with the 

ProMatrixTM guar-based mulch runoff, and a moderate degree of froth formation along with a 

soapy film was observed with the EDGETM PAM-acrylate-based runoff. Figure 3.8 depicts 

absorbance curves of the ProMatrixTM and pellets, respectively. While no conclusion can be 

made as to the exact concentration of the products due to a lack of knowledge of the precise 

composition, elevated absorbance levels as compared to the absorbance spectra of the 0 mg/L 

blank sample given in Figure 3.1 suggest the presence of PAM or other polymers in the runoff. 

These preliminary results indicate that excess binder concentration in runoff from mulches 

used in erosion control is a concern and certainly one that merits further investigation. 

  

(a) Hydromulch residue on pump (ProMatrixTM) (b) Bubble formation in basin (EDGETM) 
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(c) Froth formation in runoff (ProMatrixTM) (d) Froth remains after pumping runoff 
(ProMatrixTM) 

 
 
 

 

33FIGURE 3.7: Visual Runoff Observations from Mulches with Binders 
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3.4 CONCLUSION 
 
 In summary, residual concentrations of PAM with jute, tested on the ASTM D6459 

rainfall simulator, were determined using UV-Visible spectroscopy. This experiment 

represented the first large-scale residual testing of the product. The samples were centrifuged 

to remove soil interference. High (>100mg/L) concentrations were detected especially at first 

runoff. As concentrations decreased, soil loss increased. The high concentrations may be 

attributable to a variety of factors related to decreased PAM performance. More testing is 

recommended for erosion control products containing appreciable amounts of biopolymer or 

inorganic polymer since evidence supports residual binder concentrations in runoff. 

  

 

(b) EDGETM Pellets 
 

34FIGURE 3.8: Absorbance Curves of Mulches 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

200 220 240 260 280 300 320 340

Ab
so

rb
an

ce

Wavelength (nm)

1 3

6 10

13 15

18



 80 

CHAPTER 4: NEW RAINFALL SIMULATOR CONSTRUCTION 
 
4.1 INTRODUCTION 
 
 This chapter presents information relevant to the work of construction the additional 

rainfall simulators as called for in Phase II. This introduction reviews literature related to 

Alabama soils, effects of soil properties and slopes on erosivity, and rainfall simulator 

calibration methods. Then design elements for the new simulators are discussed, including 

spatial dimensions, sprinklers, water supply, and electrical system. The soil selection process is 

reviewed, including results and final soil selections. Finally, all accomplished construction tasks 

are documented.  

4.1.1 Soil Types in Alabama 
 
The state of Alabama is divided into six different soil areas, each featuring a more 

prominent soil type (Mitchell 2008). Figure 4.1 depicts the soil types geographically across the 

state. The uppermost portions of the state are designated Limestone Valleys and Uplands and 

derive from weathered limestone. Huntsville and portions of Birmingham are located in this 

region. The surface layer is usually gravelly silt loam. The higher elevation regions descend from 

sandstone or shale deposits and are named the Appalachian Plateau. The topsoil is silty loam 

and remainder of the Birmingham area is situated in this region. The Appalachian Plateau gives 

way to the Piedmont Plateau, descended from granite, hornblende, and mica. The top layer of 

this soil is usually a silty loam. The Coastal Plain, consisting of remnants of fluvial or marine 

deposits, features sandy loam topsoil and covers the largest geographic area of the state, 

including Mobile and Tuscaloosa. The Blackland Prairie region, so-called because of the dark 

color of the topsoil, is clayey. Montgomery is situated in this region. The Major Floodplains and 
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Terraces lie along Alabama’s rivers and feature soil formed by the nearby alluvial deposits, the 

topsoil of which may be sandy loam or silty clay loam. Finally, the Coastal Marshes and Beaches 

lie along the Mobile River and the coast. They occur at or only slightly above sea level and may 

contain a variety of conditions. They are typically poorly drained and mucky.  

 

35FIGURE 4.1: Soil Map of Alabama (Mitchell 2008) 

The official state soil of Alabama is the Bama Soil, recommended by the Professional Soil 

Classifiers Association of Alabama, the Alabama Soil and Water Conservation Committee, and 

the Alabama Association of Conservation Districts in 1996 and adopted by the legislature the 

following year (Bama series 2014). Bama soil occurs in the Coastal Plain region and is yellow red 

Soil Legend 
= Limestone Valleys and Uplands 
= Appalachian Plateau 
= Piedmont Plateau 
= Blackland Prairie 
= Coastal Plain 
= Major Floodplains and Terraces 
= Coastal Marshes and Beaches 
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and slightly acidic. The soil type of the Ap and E horizons - the layers that comprise the topsoil - 

are fine sandy loam (United States Department of Agriculture [USDA] 1998)  

Table 4.1 summarizes the soil areas in Alabama according to the USDA, the soil types 

occurring in those areas, and significant considerations of each. The upcoming Phase II ASTM 

D6459 testing on different soil types will yield helpful information for different areas of the 

state. The data from the sand will most closely apply to the southern area of the state including 

Mobile. The data from the loam will most closely apply to the Bama soil found in much of the 

state. The data from the clay will most closely apply to the soil in the Blackland Prairie including 

Montgomery. A lack of knowledge on how erosion control products perform throughout the 

diverse soils of Alabama was a primary motivation for ALDOT’s sponsorship of Phase II, so 

understanding which results are most relevant for which regions is important. 

26TABLE 4.1: Alabama Soil Regions (USDA 1998) 

USDA Soil Region USDA Topsoil Classification Significant Notes 
Limestone Valleys and 

Uplands Gravely silt loam Huntsville, some of 
Birmingham 

Appalachian Plateau Silty Loam Birmingham, Hoover 
Piedmont Plateau Silty Loam Eastern part of state 
Blackland Prairie Clay Montgomery, "Black Belt" 

Coastal Plain Sandy Loam Central and South, Bama Soil 
Major Floodplains and 

Terraces 
Sandy Loam or Silty Clay 

Loam Along rivers 

Coastal Marshes and Beaches Varies Small areas  
 

4.1.2 Erosivity on Different Soil Types  
 
 Various studies have sought to determine which soil property has the greatest influence 

on a soil’s erosion potential. A Jacobs et. al (2011) study of streambed erosion used a flume 

which generated flow at the surface of a bed of various soil types. The study found that 
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cohesion as measured by plasticity index had the most significant effect on erosion as 

compared with factors such as shear strength or water content, with more cohesive soils 

exhibiting most resistance to erosion. The strong relationship between plasticity index and 

erosion corroborated two earlier studies from 1959 and 1995. A rainfall simulator study on 20 

soils by Verhaegen (1984) found a positive correlation between erosion losses and sand content 

and a negative correlation between aggregate stability (WSA), water content at saturation, 

cohesion as measured during experimentation with a handheld Torvane, and silt content. Luk 

(1979) studied wash and splash erosion using a rainfall simulator on four soils and three 

gradients from 3 to 30 degrees. The soil properties of wet aggregate stability and organic 

carbon content were the strongest predictors of erosion. Sand and clay content were only 

sometimes significant predictors. Organic carbon not only absorbs water, but it also causes soil 

to be more aggregate-stable. This is one reason that compost is a widely used soil amendment, 

since as it breaks down it adds organic carbon to the soil underneath. Sodium content has been 

shown by Singer et al (1982) to adversely affect soil erodibility due to its ability to disperse 

organic matter, through experiments with the same soils at different sodic contents. A study by 

Ekwue (1990) confirmed that organic matter reduced aggregate breakdown and splash 

detachment. Sand and clay content either displayed insignificant correlation or correlated at 

lower p-values than the organic matter. Sand is often associated with greater erosion and clay 

with less. A rainfall simulator study by Ekwue and Harrilal (2010) measured erosion on three 

different soil types and found that the soil with the least sediment loss was neither the sandiest 

(a sandy loam) nor the clayeyist (a clay), but the soil in between – a clay loam. The authors 

suggest that its clay content at 30.6% was enough to produce the cohesion required to resist 
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erosion, while still allowing enough sand content to promote adequate infiltration. A study of 

streambank erosion by Wynn and Mostaghimi (2006) confirmed that soils with the widest range 

of grain size standard deviations, especially those containing substantial percentages of both 

sand and fines, displayed the highest critical shear stress, a parameter directly inversely 

proportional to streambank erosion rate. The authors suggest that fine particles fill in the voids 

of the larger particles, which shields them from the hydraulic forces responsible for erosion.  

 The K-factor nomograph illustrates some of the most important soil properties for 

erosion, and also illustrates the reason for inconsistent results in the literature for sand and 

clay. K-factor in RUSLE is commonly determined through a nomograph (Renard 1991), even 

though a different method was used in this study. The factors significant to erosivity in the 

nomograph are percent silt, percent sand, organic matter content, soil structure, and 

permeability. All other things equal, an increase in silt results in higher erosivity, an increase in 

organic matter results in lower erosivity, and an increase in permeability results in lower 

erosivity. An increase in sand content leads to an increase in erosivity and the effect may be 

compounded depending on the overall soil structure. However, an increase in sand content is 

also typically associated with higher permeability which may offset the increase in erosivity. 

Clay content is not captured directly in the nomograph, but if the soil texture on the whole is 

fine, erosivity decreases. At the same time, clay is associated with decreased permeability 

which increases erosivity again. Thus, the precise effects of sand and clay may be complicated 

by soil properties generally associated with each. The nomograph may be seen in Figure 4.2 
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Bryan (2000) points out that interrill and rill erosion may interact with soils differently 

due to their differing hydraulic processes. Interrill processes are propelled by raindrop energy, 

and soil detachment occurs in this stage. Raindrop energy can profoundly affect overland flow 

hydraulics, which at beginning stages, is usually supercritical with depths that vary greatly and 

may frequently be discontinuous. Soil surface properties are most important in shaping the 

erosive processes in interrill erosion. These properties include clay mineralology, aggregate 

stability, and presence of gravel. Clay mineralogy was shown to impact erodibility in a rainfall 

simulator study on 19 soils by Stern et al (1991). Soils with even small amounts of smectite, the 

expandable clay mineral notorious for swelling, displayed more soil loss than soils that were 

only kaolinite or illite. Aggregate stability may be influenced by cementing agents in the soil 

 

36FIGURE 4.2: K-Factor Nomograph for RUSLE (USDA 1991) 
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such as humic acids, electrostatic bonding among clay particles, electrolytes, diffuse double 

layer charges, microbial muscilage, minerals, frost action, compaction and shrinkage. Rill 

erosion, by contrast, is mostly impervious to raindrop energy since it occurs over concentrated 

flow whose depth protects the soil from rain impact. Most studies have linked hydrologic 

processes, rather than soil properties, to the development of rill erosion. High shear velocity of 

flow, high stream power (energy dissipation of the flowing water against the surface, a function 

of slope and volumetric flow rate), and high Froude number are hydrologic variables associated 

with greater rill erosion.  

 Just as soil properties affect erosion, erosion can in turn affect soil properties. 

Hydrologic groups are used in hydrologic modeling and designate soils from classes A-D based 

on their runoff potential and capacity to hold water. Larson et al (1985) evaluated the effect of 

soil removal through erosion on upper limit water capacity and available water capacity and 

found that both tended to decrease with increasing soil removed. The effect was sometimes so 

pronounced that it caused soils to change hydrologic groups. Soil downslope of an eroded area 

can become enriched with increased clay content, increased nutrient content, and increased 

organic matter (Kuhn 2007) due to selective transport of fine particles in erosion. 

Simultaneously, the upslope portions experiencing erosion have shown decreased clay content 

(Du and Walling 2011), decreased nutrient content, and decreased organic matter (Heckrath et. 

al 2005). 

 In summary, the expectations regarding erosion on the sand, loam, and clay soils in the 

new Phase II simulators may not be absolutely straightforward. The precise expected erosivity 

of the sand, loam, and clay soils according to RUSLE could be predicted by the K-factor 
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nomograph as seen in Figure 4.2 if all soil properties in the nomograph were measured. In the 

literature, cohesion (PI) appeared to be the strongest predictor of erosion, but clay mineralogy, 

organic carbon content, and aggregate stability also played a role which were not measured for 

the Phase II simulators. Sand and clay content were sometimes significant in the literature but 

sometimes not. Sand particles are heaviest and create more void space to increase infiltration, 

but they lack cohesion. Clay particles are the most erodible due to small size and result in low 

permeability, but display high cohesion. Silt particles are most erodible, and soils containing 

many sizes offer greater erosion protection. The complication is illustrated by the offsetting 

effects of particle size versus other typically associated soil properties in the K-factor 

nomograph. 

4.1.3 Erosivity on Different Slopes 
 

Intuitively, an increase in slope leads to greater erosion due to an increase in water 

velocity over the area, causing increased soil particle detachment and decreased infiltration. 

However, to what degree erosion may be expected to increase, which types of erosion may be 

expected and when, the combinatory effects of slope, soil properties, and hydrologic 

properties, and the existence of any potential critical thresholds are all debated in the 

literature. 

 This study uses the RUSLE equation, which presents a commonly accepted mathematical 

relationship between slope and expected soil loss. The relationship differentiates between 

slopes less than and greater than 9% and soil loss is modeled as a linear function of the sine of 

the slope angle. These relationships have already been described in Equations 2.6 - 2.10. 

However, a Liu et al (1994) used 19 large-scale plots using three different soils in China at 
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slopes ranging from 8.3 to 53.4 percent in combination with natural rain events to study soil 

loss. The study found a divergence in soil loss patterns starting at around 25% grade and 

proposed a new relationship denoted in Equation 4.1 that holds for grades above 25%: 

 
Noting that the RUSLE equation was not developed using data from steep grades, Nearing 

(1997) proposed a slope factor relationship to be used for any slope, depicted in Equation 4.2, 

that both closely approximates the RUSLE and incorporates the Liu et al. (1994) data for steeper 

slopes: 

 
A Fu et al (2011) rainfall simulator study of steep, short (50 cm) slopes from 9 to 100 percent 

found an increasing soil loss with slope up until a maximum of 58%, followed by a decrease. The 

authors explain that runoff also began to decrease after a maximum slope value, which may 

help explain the decrease in sediment loss.  

Use of either of these formulas in this study would have increased S, thereby increasing 

the LS-factor, thereby decreasing K-factor calculated from the control test. The higher LS-factor 

and lower K-factor would offset one another in the RUSLE calculations so it is difficult to predict 

the net impact. To determine the precise effects, Equation 4.3 was applied to obtain an 

updated S. With a 3:1 slope equivalent to 18.48 degrees, the new S from the Liu et. al study 

would increase from 5.361 to 5.967. The new LS-factor would increase from 2.86 to 3.21. Table 

4.2 presents the resulting impacts on C-factor. While the K-factor always decreased, the 

reported C-factors as reported to two significant figures either did not change or changed by a 

maximum of 0.01. Even though the updated method for finding S may be more accurate, the 

 𝑆 = 21.91𝑠𝑖𝑛𝜃 − 0.96 (4.1) 

 𝑆 = −1.5 +
17

1 + exp	(2.3 − 6.2𝑠𝑖𝑛𝜃) 
(4.2) 
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impact on final results was negligible. The new S as calculated by the Nearing 1997 method was 

5.560, and so can be expected to make an even smaller impact.  

27TABLE 4.2: S-Factor Method (Liu et. al ) and Impact on C-Factor 
 Old K New K Old C, 

Average 
New C, 

Average 
Old C, 

Regression 
New C, 

Regression 
Jute 0.27 0.24 0.37 0.37 0.35 0.35 
Gypsum 0.22 0.20 0.10 0.11 0.12 0.12 
PAM 0.26 0.23 0.51 0.51 0.45 0.45 
ProMatrixTM 0.38 0.34 0.37 0.37 0.42 0.42 
EDGETM 
Pellets 

0.23 0.20 0.40 0.41 0.46 0.46 

Soil Cover 0.33 0.30 0.46 0.45 0.45 0.46 
Eco-FibreTM 0.29 0.26 0.55 0.55 0.56 0.56 
TerraWoodTM 0.31 0.28 0.54 0.53 0.53 0.53 
Curlex Iâ 0.23 0.21 0.05 0.05 0.05 0.05 
ECX-2TM 0.24 0.22 0.12 0.13 0.12 0.12 
S-150â 0.27 0.24 0.14 0.14 0.14 0.14 

 

The same Ekwue and Harrilal (2010) rainfall simulator study referenced in the previous 

section also tested erosion on different slopes. The authors measured infiltration, runoff, and 

soil loss from a sandy loam, a clay loam, and a clay on grades of 9, 15, 21, and 30 percent. By 

contrast with the findings detailed in the previous paragraph, they found nearly linear 

relationships between each parameter and slope percentage for each soil type, indicating that 

erosion increased at a constant rate with each percentage increase in slope rather than 

suggesting the existence of any critical threshold.  In their study on a silty clay loam, Grosh and 

Jarrett (1994) used a rainfall simulator to test slopes ranging from 5 to 85 percent in grade and 

also found that soil loss increased linearly with increasing grade up to 85%. A flume simulation 

on 6 gradients ranging from 3.5 to 46.6 percent, and flow discharges from 0.07 to 0.76 gal/min 

(0.25 to 2.9 L/s) performed by Zhang et al (2002) found that the impact of slope on erosion, 
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measured by detachment rate, increased with increasing slope. More specifically, the following 

relationship given by Equation 4.3 was obtained  

 𝐷. = 5.43 ∗ 10/𝑞%.*0𝑆$.%1 (4.3) 
 
Where Dc is the detachment rate in kg/(s*m2), q is the flow discharge and S is the slope  
 
percentage. Flow velocity was impacted by both slope gradient and flow discharge, among  
 
others. The combined effect was found to be as in Equation 4.4 
 

 𝐷. = 6.20 ∗ 𝑉0.$% (4.4) 
 
Where V is flow velocity in m/s. Thus, erosion was found to be related to both slope and  
 
velocity through a power relationship. 
 

Quansah (1981) studied erosion in terms of detachment, measured by taking the mass 

of soil present on splash guards that lined soil trays subject to rainfall simulations. The study 

examined sand, clay loam and clay and considered the effects of soil, rainfall intensity, and 

slope ranging from 0 to 14 percent. An ANOVA found that the soil, slope, and the interaction 

between soil and slope were significant with a p-value of 0.001. As found previously, the clay 

loam exhibited the least detachment, likely because it contained the most variety of soil 

particles, the clay exhibited the second least since it was most cohesive, and the sands 

exhibited the most detachment. However, the significance of the interaction term indicates 

that the degree of increase in detachment as slope increased did vary with soil type, although 

the magnitude of the change was small. The clay exhibited the greatest magnitude of increase 

in detachment with slope, with an exponent of 0.27, and the sand the least with an exponent of 

0.13. The Ekwue and Harrilal (2010) study also found differential effects of slope when 

combined with soil properties. The slope effect on soil loss was greatest with the sandiest soil 
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and least with the clayeyer soil, whereas the effect of runoff on soil loss was greatest with the 

clayeyest soil and about equal for the other two soils. 

4.1.4 Rainfall Simulator Calibration Methods 
 
 Rainfall simulator calibration refers to the process of determining and adjusting the 

major parameters of the droplet output in order to better ensure comparability across studies 

and verify conformance to design. These parameters include rainfall intensity, uniformity, drop 

size distribution, and kinetic energy. Rainfall intensity and uniformity may be determined by 

installing and monitoring a series of rain gages over the test area. Drop size distribution and 

kinetic energy are more difficult to ascertain, and a variety of methods have been introduced to 

establish them.  

 The primary method to determine uniformity is the Christiansen’s Uniformity Coefficient 

(CUC), introduced in 1942, which is utilized in this study. It is described by Equation 4.5 

 
Where n is the number of reading instruments placed on the rainfall distribution area where 

each instrument theoretically represents a geographically equal area of rainfall. The CUC 

weights the readings at each of these equal areas by the overall mean. Maroufpoor et. al 2010 

describe other methods used. The results from the assorted methods vary with field conditions, 

especially with wind speed, and it is unclear whether they provide significantly different results 

than the CUC. Wilcox and Swales 1947 utilized standard deviation in their calculation of 

uniformity, given in Equation 4.6 

 𝑈 = 100 ∗ (1 −
𝜎
𝜇) (4.6) 

 
𝐶𝑈𝐶 = 100 ∗ (1 −

∑ |𝑥2 − 𝜇|3
24$
∑ 𝑥23
24$

) (4.5) 
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Where U represents uniformity. Hart and Reynolds 1965 utilized Equation 4.7 based on 

numerically integrating the normal distribution function with uniformity between 0.7 and 1.0 

 
Other researchers utilized either only the lowest or highest quarter of observations in their  
 
calculations to capture the most variable portions of the data.  

 The oldest drop size distribution test utilizes a stain method instead, whereby a filter 

paper treated with dye is placed in the rainfall, and the resulting colored drops that form on the 

paper may be measured and counted (Best 1950). Another early test was the flour pan test, 

developed by Wilson Bentley in1904 and adapted by Laws and Parsons 1943. The test calls for 

one 1 in. (2.5 cm) deep, screeded pans of flour to be exposed in the rain or rainfall simulation 

briefly, with the theory that the pellets formed in the dough correspond roughly to the sizes of 

the raindrops that made them. In the oil method, described by Eigel and Moore 1983, STP and 

mineral oil are mixed to form a low density, high-viscosity suspension which envelops any 

raindrops that come into contact with its surface, allowing them to retain their size and shape. 

The drops are then photographed and counted. More recent research, however, has employed 

disdrometers, or instruments designed specifically to measure drop size, instead of manual 

means. Disdrometers are available that operate by optics, displacement, or acoustics (Chowdry 

et. al 2017). Singh et. al 1999 employed computer visual analysis to digitally capture drop size 

diameter, and Elbasit et. al 2010 used piezoelectric sensors which translated acoustic vibrations 

generated by the raindrop into voltage signals. A common disdrometer is the Laser 

Precipitation Monitor (LPM) (Lanzinger et. al 2006). LPMs and other optical disdrometers 

 𝐶𝑈 = 100 ∗ (1 −
0.798𝜎
𝜇 ) (4.7) 
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typically measure the duration of blocked light on a diode as corresponding to the diameter of a 

raindrop, as the drop passes through a steady beam of light (Johannsen et. al 2020, King et. al 

2010).  

 Once drop size distribution is obtained, total kinetic energy can be calculated. 

Calculations convert raindrop size to raindrop mass, and then use fall height to calculate 

velocity. Aggregating the results over each raindrop absorbed over the duration of the 

simulation into the basic kinetic energy relationship KE = 1/2mv2 yields the total kinetic energy. 

Different methods of predicting terminal velocity from drop size, which may depend on fluid 

properties such as viscosity and metrological variables such as air temperature and pressure, 

are primarily responsible for the differences in the literature for kinetic energy predictions (van 

Dijk 2002). Typically, the kinetic energy obtained from rainfall simulation is lower than that of 

natural rain (Dunkerly 2008) by up to half (Marcos et. al 2000) due to higher variability of drop 

size in simulation and tendency to an overall smaller drop size distribution. To compensate, 

researchers sometimes increase intensity to beyond what is normal for their geographic area, 

or simply conduct an experiment knowing that erosivity at the given intensity will be lower than 

a comparable naturally occurring rain event (Kuhn 2007). Increasing intensity may be a 

problematic approach because it entails a corresponding increase in overland flow, which may 

inadvertently impact observed erosion patterns. Perhaps this is one motivation for the 

unusually high intensity called for in ASTM D6459. Kinetic energy of natural events across the 

world only varies only slightly by region, and always tapers as the event continues due to 

ponding and increasing ground flow (Kathiravelu et. al 2014).  
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4.2 DESIGN ELEMENTS 

 
 The following section outlines select design elements for the Phase II rainfall simulators. 

The placement and construction of the sprinkler system was essentially copied from the 

existing Phase I simulator to minimize calibration. This section details the following aspects: 

spatial features and dimensions, sprinkler configuration, water supply, and electrical 

components. 

4.2.1 Spatial Features and Dimensions 
 
  The Phase II simulators are situated in the new 7-acre expansion area of the Auburn 

University Stormwater Research Facility, and their precise locations are illustrated in Figure 4.3. 

To aid in initial earthmoving and grading, the spatial dimensions of the plots were entered into 

AUTO-CAD. In keeping with the existing simulator design, the eight side sprinklers were placed 

five ft (1.5 m) from the edge of their corresponding plots with four equally spaced on either 

side of the plot. One additional sprinkler was placed at the top of the plot and one at the 

bottom, both ten ft (3.1 m) from the edge of the plot. Plots were placed in pairs, with one sand, 

one clay, and one loam pair on each grade (3:1 and 4:1). Each pair of plots shares one row of 

four sprinkler risers to conserve lumber costs and space. Between every other plot, 16 ft (4.9 m) 

of space was left in order to allow passage of the skid steer, giving each plot equipment access 

for easier rebuilding between tests. It was decided to pursue wind curtains with supports made 

out of used telephone poles, which are sturdy and available for free from the local power 

distributor. Figure 4.4 depicts a CAD drawing of the 3:1 slopes. The blue dots represent 

sprinkler risers, the yellow rectangle represents the skid steer with accurate dimensions, the 
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blue squares represent the catch basins at the base of the slopes, and the brown dots represent 

proposed wind curtain support locations.  

 
 
 
 

37FIGURE 4.3:  AU-Stormwater Research Facility Expansion Proposal with Rainfall Simulator 
(Perez et. al 2019) 

 

38FIGURE 4.4: Plan View Layout of 3:1 Slopes 
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4.2.2 Sprinkler Configuration 
 
 As in the previous design, Nelson Irrigation sprinklers were used for the water droplet 

distribution. The S-S3000PC 190-degree circle spinner was selected in consultation with the 

Nelson representative as the updated equivalent of the existing parts, and the same #21 

turquoise nozzle and 6 psi pressure regulator were paired with it. A supply tree made of 0.75 in. 

(1.9 cm) galvanized steel pipe was connected to create a total of 15 ft (4.6 m) of fall height for 

the sprinklers. The galvanized apparatus included a 0-100 psi pressure gage, and the base 

connected to 0.75 in. (1.9 cm) rubber hose which connected to the water supply. Ten sprinklers 

were required per plot, as arranged in Figure 4.4 above. Rather than assembling 120 sprinklers 

to be in place permanently around every single plot, it was decided to make them portable to 

save on cost and time. To this end, only two full sets of sprinklers (twenty) were actually 

assembled and strapped to two full sets (twenty) of 4 in. by 4 in. (10.2 cm by 10.2 cm) lumber 

posts. To make the assembly portable, permanent 4 in. by 4 in. (10.2 cm by 10.2 cm) PVC 

sleeves were placed in augured holes in the ground at the location of each sprinkler around 

each plot, plumbed, and compacted around with fine gravel. The sleeves extended about a foot 

(0.3 m) above grade. Posts may be slid in and out of the permanent PVC sleeves as needed and 

sprinklers moved with them. Figure 4.5 depicts the sprinkler head assembly and sleeve design. 
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39FIGURE 4.5: Sprinkler Head and Sleeve Design 

4.2.3 Water Supply 
 
 The first plot was constructed with permanent underground 3 in. (7.6 cm) PVC pipe 

surrounding the perimeter as water supply, with a stub out to connect to a 3 in. (7.6 cm) 

flexible hose attached to a high-pressure pump. Five stub outs from underground connected to 

the 0.75 in. (1.9 cm) flexible hose delivering water to the sprinklers. It was with this assembly 

that preliminary calibration was established. However, a new plan for the remainder of the 

plots was developed with the motivation to simplify water delivery and save on material costs 

and labor. This system will consist of a high-pressure pump at the upper storage pond depicted 

in Figure 4.3 and one permanent underground PVC delivery pipe running at the base of all 

simulators. Twelve stub outs, one at the base of each plot, will allow sprinklers to connect to 

the delivery pipe via long runs of 0.75 in. (1.9 cm) flexible hose. Shutoff valves at each plot will 

serve to contain water supply to only the plot in operation. The shutoff valve will then allow 

pressure relief into the lower storage pond post testing.  

  

(a) Sprinkler head assembly (b) Permanent PVC sleeves plus 4x4 post example 
(with temporary red caps) 
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This system was modeled in EPANET 2.0 in order to properly gage whether the current 

high-pressure pump in use at the facility was the correct size for the new system. The model is 

illustrated in Figure 4.6. Each sprinkler was modeled as a node with base demand 1.87 gpm 

(6.97 L/m) as obtained from Nelson Irrigation, the sprinkler manufacturer. The hour-long 

rainfall simulation was then modeled as pattern with 1x base demand for 20 minutes, 2x base 

demand for 20 minutes, and then 3x base demand for 20 minutes. The operation of any plot 

can be modeled by opening and shutting the shutoff valves in the model depicted by the 

butterfly symbols. The pipes were modeled with their correct lengths and dimensions, and 

elevations for each node and pipe as well as the reservoir and outfall were obtained with the 

Total Station. The pump curve corresponding to the existing (currently used) NorthStar high-

pressure pump was obtained from the manufacturer and input into the model.  

 

40FIGURE 4.6: EPANET 2.0 Model of Rainfall Simulators 

 
Model calibration was performed by adjusting pipe roughness values, selecting the head 

loss formula used, varying the emission coefficient for each sprinkler, and varying loss 

coefficients at bends and valves. The goal of calibration was to model the successful operation 
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of Plot 1, with nodes showing the approximate pressure ranges observed in the field during 

preliminary calibration. The Hazen-Williams head loss formula was selected as the best fit, and 

roughness values selected were 150 for PVC pipe, 140 for flexible rubber and 120 for galvanized 

steel (Rossman 2000). Loss coefficients in pipes ranged from 0 to 7 depending on expected 

number of bends and were set to 0.2 for all gate valves. After trial-and-error, an emission 

coefficient of 1.15 was selected for each sprinkler node, representing a modest variation of 

output at each sprinkler with available pressure. Pressures in the model were extremely 

sensitive to emission coefficient values, were slightly sensitive to head loss formula used, and 

were not sensitive at all to roughness values or loss coefficients.  

 Pressures as obtained in the model for Plots 1 and 12 (plots closest to and furthest from 

the water source) are given in Table 4.3 for each rainfall intensity. To verify proper operation of 

Plot 12 when it was “turned on”, it was confirmed that no demand interfered with the model 

from inactive sprinklers, that flow was shut off to inoperable areas, and that flow was properly 

channeled through the main supply pipe. Node 1 represents the sprinkler at the lowest 

elevation and Node 6 represents the sprinkler at the top of the slopes, at the highest elevation. 

Pressure decreased in the system as elevation increased. The pressure drop in the model was 

greater than the pressure drop observed during preliminary calibration. The drop observed 

during calibration was between 2-6 psi, but the drop predicted in the model was up to 13 psi. 

This is not a concern provided that enough pressure remains in each sprinkler for its successful 

operation. However, if during calibration, less rainfall is observed at the top of the slope, 

measures should be taken to increase pressure to the top sprinklers. The measure suggested 

here is to increase the diameter of the flexible hose. The new design calls for the supply to the 
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base of each sprinkler from each plot’s primary water hook-up to consist of a 0.75 in. (1.9 cm) 

rubberized hose, whereas the previous design delivered supply to the base of each sprinkler 

connecting using a 3 in. (7.6 cm) PVC pipe. If rainfall at the top of the new slopes is too sparse, a 

larger diameter hose could aid in water delivery. To illustrate, when the diameter of the final 

delivery line was changed from 0.75 in. (1.9 cm) to 3 in. (7.6 cm) in the EPANET model for Plot 

1, the pressure drop from low to high elevation shrunk to around 3-5 psi as seen in Table 4.4. 

Another observation of note is that pressures at Plot 12 were slightly higher in the model than 

at Plot 1, despite utilizing an additional 234 ft (71 m) of delivery pipe. The reason is likely that 

Plot 12 is 2.6 ft (0.8 m) lower in elevation than Plot 1. Thus, it is not predicted that there will be 

any concerns regarding pump suitability for the longer plot reaches, and the existing pump is 

likely satisfactory.   

28TABLE 4.3: Pressures at Sprinklers as Designed (EPANET 2.0) 

Plot 1 Pressures Plot 12 Pressures 

2 in./hr 4 in./hr 6 in./hr 2 in./hr 4 in./hr 6 in./hr 
Node psi Node psi Node psi Node psi Node psi Node psi 

1 57.4 1 46.5 1 34.6 1 60.4 1 51.5 1 42.9 
2 54.5 2 43.2 2 31.0 2 57.8 2 48.5 2 39.6 
3 52.0 3 40.6 3 28.3 3 55.2 3 45.7 3 36.6 
4 49.8 4 38.2 4 25.8 4 52.8 4 43.1 4 33.8 
5 47.6 5 35.9 5 23.5 5 50.5 5 40.7 5 31.3 
6 44.6 6 32.6 6 20.2 6 47.5 6 37.3 6 27.6 
7 47.6 7 35.9 7 23.5 7 50.5 7 40.7 7 31.3 
8 49.8 8 38.2 8 25.8 8 52.8 8 43.1 8 33.8 
9 52.0 9 40.6 9 28.3 9 55.2 9 45.7 9 36.6 

10 54.5 10 43.2 10 31.0 10 57.8 10 48.5 10 39.6 
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29TABLE 4.4: Pressures at Sprinklers with 
Increased Supply Diameter (3 in.) 

2 in./hr 4 in./hr 6 in./hr 
Node psi Node psi Node psi 

1 62.7 1 54.2 1 46.0 
2 62.2 2 53.7 2 45.5 
3 61.1 3 52.6 3 44.3 
4 60.0 4 51.5 4 43.3 
5 59.0 5 50.5 5 42.3 
6 58.9 6 49.9 6 41.7 
7 59.0 7 50.5 7 42.3 
8 60.0 8 51.5 8 43.3 
9 61.1 9 52.6 9 44.3 

10 62.2 10 53.7 10 45.5 
 

4.2.4 Electrical Components 
 
 As in the existing simulator, the new sprinklers turn on and off via the use of solenoid 

valves. With the portable design of the new sprinklers, a portable electrical system was 

required to supply power to the solenoids. For this, a single control box was constructed and 

wired with ten receptacles for 7-wire trailer hitch plugs. Three toggle switches located at the 

bottom of the box control the solenoids to the three sprinklers located on each riser. The 

control box can be moved from plot to plot, and the male ends of the 7-wire trailer plugs were 

wired to the sprinklers, which can be plugged in and unplugged. Figure 4.7 depicts the portable 

control box.  
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41FIGURE 4.7: Electrical Controls 

4.3 SOIL SELECTION AND DATA 
 
 This section details the extensive soil selection process and includes brief results of all 

soils tested.  

4.3.1 Selection Criteria and Testing Process 
 
 The ASTM D6459 standard permits three soil types: sand, loam, and clay. ASTM D6459 

defines each soil type with a grain size distribution and plasticity range as reproduced in Table 

4.5. The standard provides no references to outside classification systems such as USGS – it 

solely relies on the criteria listed in Table 4.5. Soil sources were sought which conformed to 

each of the three categories listed in the standard. Sources investigated included local borrow 

pits, local trucking company stockpiles, and local construction sites. Figure 4.8 presents all 

geographical locations in the state of Alabama plus Columbus, Georgia from which samples 

were taken for this project, marked with stars. In total, twenty-six samples were processed over 

eleven separate sites in nine locations. The period of investigation last approximately one year. 
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During that time, when stockpiles remained active, new samples were taken after six months to 

capture any changes in composition that may have occurred. In such cases the most recent data  

is presented.  

 

 

 

 

 

 

 
TABLE 4.5: Typical Grain Sizes and Plasticities (ASTM D6459). 
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 The soil analysis procedure was as follows. First, all samples, except the silica and 

masonry sand samples, underwent a wet sieve on the No. 200 sieve. Typically, 3.5 oz (100g) of 

sample was used. The sample was saturated with water and the excess was poured into the No. 

200 sieve. The sample was continuously rinsed and the water decanted onto the sieve until the 

water became clear. The No. 200 sieve was rinsed as well. Then, the remaining sample plus the 

sieve were oven dried, and the mass remaining from both the sample and from the matter 

retained on the No. 200 were taken as the coarse fraction of the sample. Second, this coarse 

42FIGURE 4.8: Regions of Soil Sampling (Geology.com) 
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fraction was subjected to a dry sieve analysis according to ASTM C136 Standard Test Method 

for Sieve Analysis of Fine and Coarse Aggregates (ASTM 2014). From both the wet and dry sieve 

processes, a grain size distribution (GSD) of the fraction of the sample coarser than 0.003 in. 

(0.075mm) (fines) could be obtained. If this initial GSD potentially matched up with the ASTM 

standard given in Table 4.5, the analysis continued. Typically, the wet and dry sieve were both 

repeated a minimum of twice, unless a clear initial finding eliminated the sample from 

contention, for example if the D100 was clearly too small. 

 For samples with a potential initial fit, the third step was a hydrometer analysis on the 

fraction passing No. 200 following ASTM D7928 Standard Test Method for Particle-Size 

Distribution (Gradation) of Fine-Grained Soils Using the Sedimentation (Hydrometer) Analysis 

(ASTM 2017). Typically, at least two repetitions of the hydrometer analysis were performed. 

Concurrent with the hydrometer analysis, the fourth step was finding the liquid limit, plastic 

limit, and plasticity index using ASTM D4318 Standard Test Methods for Liquid Limit, Plastic 

Limit, and Plasticity Index of Soils (ASTM 2019). Again, typically a minimum of two repetitions of 

the plasticity index test were performed per sample. After hydrometer analysis was complete, 

the grain size distribution was plotted alongside the ASTM distribution for the soil type it most 

closely matched. The goal was to obtain a soil whose GSD fit within the upper and lower 

bounds of the ASTM GSD, and whose plasticity index fell within the bounds presented. Figure 

4.9 presents photos of the hydrometer and Casagrande tests.  
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(a) Hydrometer Tests 
 

(b) Casagrande Liquid Limit Test 

43FIGURE 4.9: Soil Testing Examples 
 

Only if soils met all GSD and plasticity criteria were they considered for the final analysis 

step, the standard Proctor compaction test conforming to ASTM D698 Standard Test Methods 

for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400ft-lbf/ft3(600 kN-

m/m3)) (ASTM 2012). The Proctor was performed on the final accepted soil for use in each 

category of sand, loam, and clay. The purpose was to find the soils’ maximum dry density for 

use in percent compaction calculations during future testing and to be able to provide a 

benchmark for compaction during slope construction. Photos of the final soils selected for sand, 

clay, and loam after extrusion from the Proctor mold are presented in Figure 4.10. Six data 

points were collected to construct the curve for each soil.  
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(a) Preparing the cylinder for extrusion (b) Clay core 
  

(c) Loam core 
 

(d) Sand core 

44FIGURE 4.10: Proctor Compaction 
 

In addition to matching the ASTM standard, the GSD was used to classify each soil 

according to the USDA Soil Texture Triangle. The Triangle classifies soils relative to three 

categories of soil particle size: Sand as defined by particles with diameters ranging from 0.08in. 

to 0.002 in. (2mm to 0.0625 mm), silt between 0.002 in. and 0.00008 in. (0.0625 mm and 

0.002mm), and clay less than 0.00008 in. (0.002mm) (USDA 2012). Each classification is defined 

by the percentage of sand, silt, or clay particles that comprise it. The Soil Texture Triangle is 

shown in Figure 4.11. 
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45FIGURE 4.11: Soil Texture Triangle (USDA 2012) 

4.3.2 Sand Testing and Results  
 

 Seven samples were tested for potential sand fit. Three samples were from the coastal 

plains soils region of Alabama: one sample was from a borrow pit in the Mobile area and two, 

one with a slightly more red color and one slightly more tan, from a pit in the Dothan area. The 

rest were artificial: one a milled silica product from the US Silica plant in Hurtsboro, one a 

concrete sand from Thompson Carriers in Opelika, and two different sandy materials from M 

and M Trucking in Auburn. One additional sample originally tested for loam fit the sand GSD, 

but contained too much plasticity to qualify. Because samples were difficult to find locally, and 

ultimately the sample that did work was expensive to truck, a masonry sand/topsoil blend from 

M and M was considered but ultimately rejected due to a potential plasticity concern. The 

mixture had been designed to fit the sand GSD criteria with a ±16% margin of error for both 

components during field mixing. Ultimately, only the red-hued sample from the Dothan area 

both fit the GSD and tested as non-plastic and so was selected for use. Figure 4.12 presents the 
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results for the sand testing, showing the GSD as compared with the ASTM standard and listing 

the USDA classification and plasticity index. The ASTM upper and lower bounds are depicted by 

dashed lines and the soil GSD is depicted by the solid line. Also presented in Figure 4.13 are 

photos demonstrating the failure of the selected soil at the plastic limit test, verifying the soil’s 

nonplasticity, and presented in Figure 4.14 is the soil’s Proctor compaction curve.  

 
 

(a) GSD Thompson Sand 
USDA: Sand 
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(b) GSD M and M Tan Sand 
USDA: Sand 

Plasticity: Nonplastic 
 

 

(c) GSD M and M White Sand 
USDA: Sand 

Plasticity: Nonplastic 
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(d) GSD Mobile Sand 
USDA: Sand 

Plasticity: Nonplastic 
 

 
(e) Dothan Area Tan Sand 
USDA: Sand or loamy sand 

Plasticity: Nonplastic 
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(f) Dothan Area Red Sand 
USDA: Sand or loamy sand 

Plasticity: Nonplastic 
 

(g) US Silica Sand 
USDA: Sand 

Plasticity: Nonplastic 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.00.11.010.0100.0

Pe
rc

ne
t P

as
sin

g

Particle Diameter (mm)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.00.11.010.0100.0

Pe
rc

ne
t P

as
sin

g

Particle Diameter (mm)



 113 

 

(h) Sand/Topsoil Blend 
USDA: Sand 
Plasticity: 3 

 

46FIGURE 4.12: Soil Testing Results for Sands 

 
  

(a) Drier soil crumbled 
 

(b) Wetter soil smeared 

47FIGURE 4.13: Plasticity Failure Demonstration 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.00.11.010.0100.0

Pe
rc

ne
t P

as
sin

g

Particle Diameter (mm)



 114 

 

48FIGURE 4.14: Proctor Compaction Curve, Sand (Max Dry Unit Weight 133.2 pcf) 
 
4.3.3. Loam Testing and Results 

  
Fifteen sample were tested for loam fit, most in the immediate area surrounding the 

AU-Stormwater Research Facility. Two samples were obtained from borrow sources less than 

three miles from the facility, one from a construction site in Lee County, two from Columbus, 

Georgia, two from borrow sources south of Montgomery, three from the facility expansion 

construction, and five from a trucking company in Auburn. Two primary problems were 

encountered when pursuing a loam source: either soils in the area typically classified as a sandy 

loam, with one or more parameters fitting just slightly outside of requirements, or soils tested 

as highly colloidal and failed to obtain a D15 during hydrometer analysis. The detection limit of 

the hydrometer test is 0.00008 in. (0.002mm), so samples whose D15 fell below that threshold 

were impossible to reliably classify without more sophisticated measures. Even if a D15 were 

obtained the minimum D15 requirement for loam is 0.00004 in. (0.001mm) so these soils would 

have failed the ASTM criteria regardless. One sample from Columbus met the GSD for loam but 
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tested slightly too plastic, and one sample from local carrier Thompson Trucking met the GSD 

but was not plastic enough. Another soil matched closely but was not immediately selected due 

to a high presence of gravel. During the window of soil testing, the AU-Stormwater Research 

Facility underwent an expansion, a portion of which accommodated the new construction of 

Phase II of the ALDOT Rainfall Simulator project. Two excavated strata were sampled during 

construction, one in the dam area and one from spoils from a retention pond. The sample from 

the dam area tested as loam but was not set aside due to lack of quantity. Later, after 

earthmoving was complete and plot construction was set to commence on the plots for Phase 

II, samples were taken in situ from the new rainfall simulator areas. Five replicates were taken 

from the area and all fit the ASTM loam criteria. Thus, it was decided to leave the soil in place 

for the loam plots. Spoil material from the plot construction, namely from re-grading, plot 

excavation, and basin excavation, was set aside in stockpiles for later use in testing. Figure 4.15 

presents the loam testing results in the same style as Figure 4.12, and Figure 4.16 presents the 

compaction curve. 
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(a) M and M Trucking Tan Stockpile 
USDA: Sandy clay loam 
Plasticity: Not tested 

 
 

(b) M and M Trucking Red Stockpile 
USDA: Sandy Loam 

Plasticity: Not tested 
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(c) M and M Trucking Stockpile No. 1 
USDA: Not known 

Plasticity: Not tested 
 

 

(d) M and M Trucking Stockpile No. 3 
USDA: Sandy Loam 

Plasticity: 3 
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(e) M and M Trucking Stockpile No. 4 
USDA: Sandy Loam 

Plasticity: Not tested 
 

 

(f) Pro-South Excavation Tan Sample 
USDA: Sandy clay loam 
Plasticity: Not tested 
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(g) Pro-South Excavation Red Sample 
USDA: Sandy clay loam 

Plasticity: 5 
 

 

(h) Lee Road, Columbus 
USDA: Not known 

Plasticity: Not tested 
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(i) Red Clay, Columbus 
USDA: Silt loam 

Plasticity: 9 
 

 

(j) Thompson Stockpile 
USDA: Silt loam 

Plasticity: 0 
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(k) Thompson Borrow Source 
USDA: Silt loam 

Plasticity: 5 
 

 

(l) Budweiser Site 
USDA: Sandy clay loam 

Plasticity: 7 
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(m) Facility Expansion Dam 
USDA: Sandy loam 

Plasticity: 8 
 

 

(n) Facility Expansion Retention Pond 
USDA: Sandy loam 

Plasticity: Not known 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.0010.0100.1001.00010.000

Pe
rc

ne
t P

as
sin

g

Particle Diameter (mm)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.0010.0100.1001.00010.000

Pe
rc

ne
t P

as
sin

g

Particle Diameter (mm)



 123 

   
 

 

(o) In Situ Sample from Facility (Upper area plot 5) 
USDA: Loam 
Plasticity: 8 

 

49FIGURE 4.15: Soil Testing Results for Loams 

 

 
50FIGURE 4.16: Proctor Compaction Curve, Loam (Max Dry Unit Weight: 100.3 pcf) 
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4.3.4. Clay Testing Results 
 
 Three samples were tested for potential clay fit. All were from the Blackland Prairie soils 

region of Alabama, from sites close to the Montgomery area. All were highly plastic, and the 

soil selected was from the grey-white vein that runs throughout the Blackland Prairie region 

known as “prairie”. Because all soils were so fine grained, three repetitions of the hydrometer 

test were performed for each. Figure 4.17 presents the clay testing results. Figure 4.18 presents 

the Proctor compaction curve.  

 

 

(a) Holly Henley Site Clay 
USDA: Clay 

Plasticity: 40 
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(b) Stone Martin Site Clay 
USDA: Clay 

Plasticity: 40 
 

 

(c) Stone Martin Site Prairie 
USDA: Silty Clay/Clay Border 

Plasticity: 23 
 

51FIGURE 4.17: Soil Testing Results for Clays 
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52FIGURE 4.18: Proctor Compaction Curve, Clay (Max Dry Unit Weight: 92.0 pcf) 
 
4.4 CONSTRUCTION METHODS AND RESULTS 
 
 This section describes the construction process for the Phase II simulators and all 

progress that was made as part of the work of this thesis. 

 Earthmoving commenced at the AU-Stormwater Research Facility expansion area in July 

2020 under the direction of Dr. Mike Perez, Dr. Wesley Donald, and Blake Whitman. After initial 

earthmoving was complete, simulator construction could commence, but the degree of 

outstanding Phase I tasks prohibited focusing on construction exclusively until March 2021. It 

was decided to focus on completion of one trial plot, referred to as Plot 1, before proceeding 

with the remaining eleven. This “trial plot” allowed best methods and processes to be identified 

before replication. Indeed, several major design parameters and processes were altered after 

lessons learned on the trial plot. The flow chart presented in Figure 4.19 was created to aid in 

sequencing construction tasks on Plot 1, from earthmoving to preliminary calibration. Plumbing 
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tasks are listed in blue, soils tasks in pink, electrical tasks in yellow and sprinkler assembly tasks 

in grey. 

 

53FIGURE 4.19: Construction Tasks Flow Chart, Plot 1 

For Plot 1, the underground plumbing was installed prior to plot excavation. The 

footings and PVC sleeves were also dug and installed for the sprinklers around all plots, because 

extra labor was available and the task was not predicted to interfere with later tasks. Figure 

4.20 shows a run of underground plumbing on Plot 1 and a CAD detail of the stub outs.  
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(a) Underground plumbing plot 1 
 

(b) Stub out detail 

54FIGURE 4.20: Plumbing Detail 
 

Excavation began after backfilling the plumbing. For Plot 1, a builder’s level was used to 

mark correct elevations on stakes along the plot boundary. Rough excavation was performed 

with a mini excavator, then fine grading was done by hand to a level of 18” below correct 

grade. For the trial plot, barriers composed of plywood and landscape edging were placed at 

the correct grade at the plot boundary to demarcate the soil matrix. Clay soil was then 

introduced with a skid steer in three – 6 in. (15.2 cm) lifts, graded with the excavator and then 

by hand after dumping, and compacted with a plate compactor after each lift. After the plot 

was complete, the side slopes were stabilized against erosion with a seed and fertilizer mixture 

formulated for the soil along with erosion control blankets. A 750-gallon (2,839 liter) plastic tub 

was installed below-grade for the catch basin. Figure 4.21 depicts the process. 

18” 
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(a) Plot excavated and ready for fill (b) Earth ramp for skid steer 
  

(c) Distributing soil after a lift (d) Compaction after first lift 
  

(e) Finished first plot, lower view 
 

(f) Finished first plot, upper view 

55FIGURE 4.21: Plot 1 Construction Process 



 130 

Figure 4.22 illustrates the process for construction of a later plot, one of the 4:1 sand plots.  

  

(a) Installing the second lift (b) Spreading the soil 
  

(c) Compacting the final lift 
 

(d) Finished plot 

56FIGURE 4.22: Sand Plot Construction Process 
 

For the loam plots, where the soil was left in place, approximately 18 in. (45.7cm) of soil 

was tilled with the excavator and rocks and organic debris removed by hand. Then the tilled soil 

was raked and compacted with a plate compactor. Final grade was typically approximately 6 in. 

(15.2cm) too low at the top of the plots and a few inches too high at the bottom, likely due to 

erosion since earthmoving a year prior. Therefore, prior to compaction of the in-situ soil, soil 
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was removed from the bottom of the slopes, and additional soil was added at the low locations 

taken from spoil piles from adjacent plot’s excavation. The demarcation boards were placed by 

excavating the sides of the plot with the mini excavator, placing the boards with stakes at the 

proper heights, and backfilling. After lessons learned from the trial plot, for the remaining plots 

the plywood board method of demarcating the boundaries was replaced with a series of 2x12 

boards held together with wood gusset plates for the purposes of additional rigidity, strength, 

and ease of maintaining proper dimensions. Additionally, the builder’s level method was 

replaced with the total station for increased accuracy of dimensions and elevations. Figure 4.23 

illustrates a loam plot undergoing initial preparation and also a panorama of all six 4:1 plots. In 

total, final earthmoving was completed on all six 4:1 plots as part of the work of this thesis 

including excavation, boundary demarcation, soil placement and compaction. Permanent 

erosion stabilization of side slopes was achieved on four plots, and three catch basin and French 

drain systems were installed.  

  

(a) Loam plot undergoing grading (b) 4:1 Plots – panorama during construction 
 

57FIGURE 4.23: Loam Plots and All 4:1 Plots 
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After a heavy rain, the catch basin in Plot 1 experienced tank flotation, a phenomenon 

where excess pore pressure in the surrounding soil causes an underground tank to rise out of 

the ground. It was thought that excessive runoff from the impervious area above the rainfall 

simulators, an area of approximately 180,000 ft2 (16,723 m2), contributed to the problem, so a 

small diversion channel and berm was constructed at the top of the simulator area covering 

approximately 400 linear feet (123 m) and draining into the upper retention pond. Later, 

immediately after a rainstorm, heavy flow was observed running over the rip rap channel into 

the upper retention pond, indicating that the diversion channel was effectively diverting runoff. 

In addition, to counteract any possible expansive potential of the soil, the floated tank was 

removed and a French drain system installed around its base with #57 stone, heavy-duty 

geotextile fabric, and 6 in. (15.2 cm) perforated pipe. The pipe was encased by the stone 

approximately two feet (0.6 m) below the lip of the basin and the whole assembly wrapped 

with the fabric. A 6 in. (15.2 cm) base layer of gravel was added underneath the basin and 

fabric, and the drain daylighted to grade approximately 30 ft (9.1 m) from the basin. Later, after 

running the simulator for approximately an hour and a half during a calibration run, flow was 

observed from the drain, indicating that the drain was effectively diverting runoff. It is believed 

therefore that these two measures have solved the flotation problem. Figure 4.24 illustrates 

the problem and solution. 
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(a) Tank flotation 
 

(b) Flow from daylight of French drain 

58FIGURE 4.24: Basin Flotation and French Drain Flow 
 

Permanent funnel boards for sampling and portable basin covers were created for each 

individual plot, as can be seen in Figure 4.25. A compaction setup was devised for re-

compacting slopes after testing and rebuilding, since the ASTM standard allows only a drum 

roller for this task. A cradle attachment for the skid steer was ordered that can hold a trailer 

winch. The skid steer and winch may then be situated the top of the slope to tow the four feet 

(1.2m) turf roller up and down the slope, as was done on the existing rainfall simulator. The 

setup was intended to be an improvement over the system on the existing simulator due to the 

portability. Figure 4.26 displays the setup.  
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(a) Funnel board (b) Basin cover 
 

59FIGURE 4.25: Funnel Boards and Basin Covers 
 

60FIGURE 4.26: Compaction Setup 

 
4.5 PRELIMINARY CALIBRATION METHODS AND RESULTS 
 
 Preliminary calibration was performed on Plot 1. Even though the water delivery 

configuration was changed after Plot 1 construction, the permanent underground plumbing 

supply already installed on the plot was still utilized in order to obtain a benchmark and to 

identify any potential problems. Calibration efforts were hampered by water supply problems 

in the upper retention pond. The pond began to display infiltration problems, failing to hold 

The picture can't be displayed.
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sufficient water to operate testing, especially with other high-volume demand from 

neighboring research projects. In some cases, water was pumped from the lower retention 

pond several hundred feet away through a series of hoses and pumps, but this turned out to be 

an untenable long-term solution due to too much head demand on the pumps and insufficient 

intermediate holding capacity. As required by the ASTM standard, three types of data were 

collected: intensity, uniformity, and drop size distribution.  

4.5.1 Intensity and Uniformity 
 
 To obtain intensity and uniformity, five rounds of simulations were run with 15 minutes 

at each intensity (2, 4, and 6, in./hr [5.1, 10.2, and 15.2 cm/hr]). A series of 20 rain gages were 

installed on the plot, sectioning the plot into a grid of 20 equally divided areas. Figure 4.27 

shows the rain gage configuration. Intensity was simply calculated as the average amount of 

rain measured in each gage at the end of each 15-minute period multiplied by four. Pressure 

readings were also taken at each sprinkler riser during each simulation. Uniformity was 

measured by the Christensen Uniformity Coefficient (CUC), denoted by Equation 4.5. While not 

ideal, the CUC was above 70%, the minimum typically accepted threshold, and greater than in 

some studies (for example, Kavian et. al 2019). Thus, the uniformity was considered to be 

satisfactory - however, it was much less than previously obtained uniformity in the calibration 

for the existing plot. The intensity displayed more variability than desired. Previously obtained 

standard deviations were less than 0.10 in. (0.25 cm) and the current results obviously surpass 

this. Thus, the simulators require additional verification going forward. Table 4.6 presents the 

data and compares it to the previously obtained results for the existing simulator. 
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(a) Layout for calibration 
 

(b) With additional center row 

61FIGURE 4.27: Rain Gage Layout for Plot 1 Calibration 

 
30TABLE 4.6: Preliminary Calibration Data, Intensity and Uniformity 

Current Results 
Avg. Intensity, in./hr (cm/hr) Standard Deviations, in./hr (cm/hr) Christiansen Uniformity Coefficient 

2 in./hr 2.4 (6.1) 2 in./hr 0.32 (0.81) 2 in./hr 70.6 
4 in./hr 3.9 (9.9) 4 in./hr 0.48 (1.22) 4 in./hr 77.1 
6 in./hr 5.8 (14.7) 6 in./hr 0.60 (1.52) 6 in./hr 71.0 

Previous Results  
Avg. Intensity, in./hr (cm/hr) Standard Deviations, in./hr (cm/hr) Christiansen Uniformity Coefficient 

2 in./hr 2.1 (5.3) 2 in./hr 0.04 (0.10) 2 in./hr 85.7 
4 in./hr 4.1 (10.4) 4 in./hr 0.06 (0.15) 4 in./hr 87.5 
6 in./hr 6.1 (15.5) 6 in./hr 0.07 (0.18) 6 in./hr 87.5 

 

 To gain more insight into why the intensity data may be variable, pressure readings 

were correlated with intensity for each of the five simulations. Depending on the amount of 

surface head available in the pond, pressure readings differed. For the last two rounds the 

throttle on the pump was turned up or down to determine whether power to the system 

influenced pressure and rain gage readings. A correlation coefficient was obtained relating 
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pressure and intensity. Table 4.7 presents the results. As evidenced, no correlation was found 

between pressure in the system and intensity due to the high correlation coefficients with 

inconsistent signs. This is likely due to the action of the 6 psi pressure regulators at each 

sprinkler. At the range of pressures tested here, they probably maintained a constant pressure 

at the sprinkler heads despite differences in pressure in the pipe, which is what they are 

designed to do. Minor irregularity was observed when surface head to the pump was very low 

but was difficult to quantify. To aid in future data collection, an additional row of rain gages was 

added down the center of the plot. See Figure 4.27.  

31TABLE 4.7: Correlation Between Pressure and 
Intensity 

2 in./hr (5.1 cm/hr) -0.84 
4 in./hr (10.2 cm/hr) 0.50 
6 in./hr (15.2 cm/hr) -0.31 

Overall -0.50 
 

4.5.2 Drop Size Distribution and Energy 
 
 For drop size distribution, the flour pan method was used as called for in the ASTM 

standard. In this method, regular, all-purpose flour was placed in a 10 in. (25.4 cm) aluminum 

pie pan and struck off to make a level surface. The pans were exposed to the rainfall in the 

simulation for four seconds. One sample was taken at the top third of the slope, one in the 

middle, and one at the bottom third of the slope for each of the three intensities, for a total of 

nine samples. The flour was allowed to air dry overnight and then the pellets formed by the 

water were sifted out and oven-dried at 212°F (100° C) for two hours. The hardened pellets 

were then run through a standard dry sieve analysis to separate by size, and then the number 

of pellets on each individual sieve was counted and weighed. Figure 4.27 illustrates the lab 
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analysis. Data processing for the flour pan test was as follows. Average mass per drop was 

obtained by dividing the total weight on the sieve by the number of drops in Equation 4.8 

 𝑀𝑎𝑠𝑠	𝑝𝑒𝑟	𝐷𝑟𝑜𝑝 =
𝑇𝑜𝑡𝑎𝑙	𝐷𝑟𝑜𝑝𝑠
𝑇𝑜𝑡𝑎𝑙	𝑀𝑎𝑠𝑠  

(4.8) 

 
Mass ratio for each sieve size was then be determined with Equation 4.9 

 𝑀5 = (0.038) ∗ ln\𝑊678^ + 1 (4.9) 
 
The average diameter is then given in Equation 4.10 

 
𝐷678 = _6

𝜋 ∗𝑊678 ∗ 𝑀5
!

 
(4.10) 

 
An adjusted pellet weight was found by multiplying the total weight on each sieve by its mass 

ratio, and an adjusted mass percentage was found by dividing adjusted pellet weight on each 

sieve by the aggregate adjusted pellet weight. Fall velocity was determined using the regression 

relationship in Equation 4.11, depicting the relationship between size and velocity at a height of 

15 ft (4.6 m) 

 𝑦 = −0.1667𝑥% + 1.8235𝑥 + 2.8602 (4.11) 
 
Where x represents raindrop size in mm and y represents fall velocity in m/s. For the final 

energy calculation, total rainfall mass was found by multiplying each intensity by the test plot 

area by the density of water. Then, the weight of rainfall on each sieve could be found by 

multiplying the total rainfall mass by the adjusted mass percentage. With this information, 

kinetic energy of each sieve is available from the standard kinetic energy equation in Equation 

4.12 

 𝐾𝐸 =
1
2𝑚𝑣

% (4.12) 
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Total kinetic energy, or E in the RUSLE equation, was then determined by applying Equation 

4.13, with inputs in US standard units, to each sieve and summing the results for all sieves. This 

E is the number to be used in RUSLE calculations during future product testing on the 

simulators. 

 
Table 4.8 presents the raindrop size and fall velocities and Figure 4.29 presents the size 

distribution per intensity in chart form. According to the ASTM standard, no more than 10% of 

drops should be smaller than 0.04 in. (1.0 mm) and no more than 10% greater than 0.24 in. (6.0 

mm). As evidenced by Table 4.8, the drop size distribution meets this ASTM criteria and so can 

be said to be satisfactory. The table also compares drop size results to previous results. The 

new results show a more equal distribution of drop sizes in the 2 in./hr (5.1cm/hr) and 4 in./hr 

(10.2cm/hr) intensities but a more concentrated distribution than previous in the 6 in./hr (15.2 

cm/hr). Table 4.9 presents energy information and compares it to the results of the existing 

rainfall simulator. The goal was to obtain an E similar to the one obtained previously. As 

evidenced, the energy in the 6 in./hr (15.2 cm/hr) data was substantially higher than previously 

recorded. This is mathematically related to the more concentrated drop size distribution at a 

higher diameter than the previous results. It is not believed that excess pressure or wind may 

have contributed, although it certainly could have been the case. It is also not known how much 

of a deviation is acceptable, or how accurate the first results were. The previous calibration had 

only been run once, and therefore a measure of variability or accuracy was not possible. Going 

forward it is recommended to re-do the flour pan test for at least the 6 in./hr (15.2 cm/hr) 

 𝐸 =
𝐾𝐸

𝑃𝑙𝑜𝑡	𝐴𝑟𝑒𝑎
43560

 (4.13) 
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intensity. It is also advised to repeat the entire flour pan test at least a few times to gain 

information on the typical variability of this test.  

  

62FIGURE 4.28: Flour Pan Testing 
 



 141 

 

 

 

 

32TABLE 4.8: Raindrop Size and Velocity 
Current Results Previous Results 

2 in/hr (5.1 cm/hr) 2 in/hr (5.1 cm/hr) 

Average Drop 
Size in. (mm) 

Mass 
Percentage 

Fall Velocity 
ft/s (m/s) 

Average 
Drop Size in. 

(mm) 

Mass 
Percentage 

Fall Velocity 
ft/s (m/s) 

0.20 (5.0) 6% 25.6 (7.8) 0.24 (6.1) 4% 25.6 (7.8) 
0.13 (3.3) 29% 23.3 (7.1) 0.15 (3.8) 55% 24.2 (7.4) 
0.09 (2.3) 8% 20.3 (6.2) 0.09 (2.5) 10% 20.9 (6.4) 
0.07 (1.8) 33% 18.5 (5.6) 0.07 (1.8) 19% 18.4 (5.6) 
0.05 (1.2) 12% 15.7 (4.8) 0.05 (1.2) 9% 15.8 (4.8) 
0.04 (1.0) 12% 15.0 (4.6) 0.04 (0.9) 2% 14.4 (4.4) 

4 in/hr (10.2 cm/hr) 4 in/hr (10.2 cm/hr) 

Average Drop 
Size in. (mm) 

Mass 
Percentage 

Fall Velocity 
ft/s (m/s) 

Average 
Drop Size in. 

(mm) 

Mass 
Percentage 

Fall Velocity 
ft/s (m/s) 

0.25 (6.4) 9% 25.3 (7.7) 0.21 (5.3) 10% 25.7 (7.8) 
0.13 (3.2) 31% 22.8 (6.9) 0.14 (3.5) 61% 23.7 (7.2) 
0.10 (2.5) 14% 21.0 (6.4) 0.10 (2.6) 8% 21.2 (6.5) 
0.07 (1.8) 31% 18.2 (5.5) 0.08 (2.00 11% 19.1 (5.8) 
0.05 (1.2) 10% 15.8 (4.8) 0.05 (1.2) 7% 15.8 (4.8) 
0.04 (0.9) 5% 14.4 (4.4) 0.04 (0.9) 3% 14.3 (4.4) 

6 in/hr (15.2 cm/hr) 6 in/hr (15.2 cm/hr) 

Average Drop 
Size in. (mm) 

Mass 
Percentage 

Fall Velocity 
ft/s (m/s) 

Average 
Drop Size in. 

(mm) 

Mass 
Percentage 

Fall Velocity 
ft/s (m/s) 

0.23 (5.8) 3% 25.7 (7.8) 0.23 (5.8) 9% 25.7 (7.7) 
0.14 (3.6) 60% 23.9 (7.3) 0.15 (3.7) 46% 23.9 (7.3) 
0.10 (2.5) 13% 21.0 (6.4) 0.09 (2.3) 46% 20.2 (6.2) 
0.07 (1.8) 16% 18.3 (5.6) 0.07 (1.8) 16% 18.2 (5.5) 
0.06 (1.6) 6% 16.8 (5.1) 0.05 (1.6) 17% 17.4 (5.3) 
0.04 (1.0) 12% 15.0 (4.6) 0.04 (1.0) 3% 14.6 (4.5) 
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63FIGURE 4.29: Drop Size Distribution and Intensity 

 
33TABLE 4.9: Storm Energy, Compared to Previous Results of Phase I Rainfall Simulator 

Rainfall Intensity 2 in./hr 
(5.1 cm/hr) 

4 in./hr (10.2 
cm/hr) 

6 in./hr (15.2 
cm/hr) Total 

Kinetic Energy Rainfall ft-lbf (kJ) Current 6,826 (9.3) 14,377 (19.5) 76,862 (104.2) 98,065 (133.0) 
Kinetic Energy Rainfall ft-lbf (kJ) Previous 8,729 (11.8) 17,704 (24.0) 24,266 (32.9) 50,699 (68.7) 

Total Energy E ft-tonf/acre (MJ/ha) Current 465 (3.12) 979 (6.56) 5,231 (35.1) 6,675 (44.8) 
Total Energy E ft-tonf/acre (MJ/ha) Previous 594 (3.99) 1,205 (8.09) 1,652 (11.1) 3,451 (23.2) 

 
4.6 CONCLUSION 
 
 In total, construction progress on the Phase II rainfall simulators consisted of the 

following: a literature review to guide applicability and results interpretation, design using CAD 

of the layout, dimensions, and elevations, design using EPANET 2.0 of the new delivery system, 

testing and selection of the correct soils, earthmoving and grading to construct the 4:1 plots 

including correct and compacted soils, assembly of two sets of portable sprinklers with 

receivers on each plot, creation of the electrical control system, side slope stabilization, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Drop Size Diameter in. (mm) 
 

0%

10%

20%

30%

40%

50%

60%

70%

1 2 3 4 5 6

Pe
rc

en
t o

f R
ai

nf
al

l b
y 

M
as

s

Drop Size Diameter in. (mm)

2 in./hr (5.1 cm/hr) 4 in./hr (10.2 cm/hr) 6 in./hr (15.2 cm/hr)

>  0.19 (4.76) 0.09-0.19 
(2.38-4.76) 

0.08-0.09 
(2.00-2.38 

0.05-0.08 
(1.19-2.00) 

0.03-0.05 
(0.841-1.19) 

0.02-0.03 
(0.841-0.595) 



 143 

installation of 3 catch basins and French drains, and installation of several funnel boards and 

basin covers.  

  



 144 

CHAPTER 5: CONCLUSIONS AND FUTURE DIRECTIONS 
 
5.1 INTRODUCTION 
 
 This thesis carries on the work of the large-scale rainfall simulation efforts at the Auburn 

University Stormwater Research Facility. The initial goal was twofold: to complete all previously 

funded erosion control product testing on the current ASTM D6459 rainfall simulator (wrap up 

Phase I of Evaluation of ALDOT Erosion Control Practices using Rainfall Simulation), and to 

construct and calibrate new additional ASTM D6459 rainfall simulators of different soil types 

and slopes for future testing (begin Phase II). A third goal was added along the way: to conduct 

residual testing for polyacrylamide in testing runoff. The results of this work have strong 

implications and good lessons learned for the Stormwater Research Facility’s future research in 

Phase II and beyond, so attention is paid in this chapter to implications and future directions.  

5.2 SUMMARY 
 
 The objective of this research project was to assess erosion control product and practice 

performance using ASTM D6459 rainfall simulation. The objectives were accomplished by 

conducting the tasks described below. 

Five products were evaluated on the existing ASTM D6459 slope with loam soil. First, 

jute matting was tested, installed with the reverse trenching technique, and stapled with a 6 in. 

(15.2 cm) seam overlap in the middle of the plot. Then, ProMatrixTM Engineered Fiber MatrixTM, 

a bonded fiber hydro mulch. It was applied at a rate of 3,000 lb/ac (3,363 kg/ha) at a reduced 

water-to-fiber ratio as advertised by the manufacturer. It performed slightly better than the 

three other hydro mulches previously tested on the plot. Next, Applied Polymer Systems Silt 

Stop 712 Polyacrylamide was tested. It was applied directly to the soil at a rate of 25 lb/ac (28 
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kg/ha) and covered with jute matting. The PAM with jute did not perform statistically 

significantly different than the jute alone during the 4.in/hr (10.2 cm/hr) and 6 in/.hr (15.2 

cm/hr) simulations but performed far superior in the 2.in/hr (5.1 cm/hr) simulation. It is 

believed that the protective seal washed off under the heightened intensity and the soil lost 

any protection it had, but the protection it provided prior to that point was effective.  

The last two products intended to be tested, another hydro mulch and a Miscanthus 

mulch, were unable to be obtained and so a list of innovative products was brought to the 

ALDOT advisory committee for selection. Gypsum, a soil amendment used in agriculture for 

nutrient enrichment, soil structure improvement, and soil loss prevention, was selected. Other 

erosion control research has used different types of gypsum, so the two most promising, 

calcium sulfate dihydrate and calcium sulfate hemihydrate, were subjected to small scale and 

modified jar testing to determine which one performed optimally on the loam soil. Calcium 

sulfate dihydrate, or agricultural gypsum, resulted in less turbidity and soil loss and was 

selected for large scale testing. It was applied at a rate of 4,461 lb/ac (5,000 kg/ha) with the jute 

matting and resulted in significantly less soil loss than the jute matting alone. Also selected 

were EarthGuardTM EDGETM pellets, a dry, pelletized form of the hydro mulch of the same name 

designed to expand when wet. The pellets were spread onto the soil surface at a rate of 3,000 

lb/ac (3,363 kg/ha) and performed slightly better than other hydro mulches tested which were 

applied in the traditional manner with water. It is thought that the additional binder enhanced 

infiltration and soil structure enough to improve its erosion control performance on the loam 

soil.  
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After Phase I product testing was finished, all results were compiled and analyzed. C-

factor results were aggregated with the C-factors and SLRs obtained in all previous Phase I 

testing to adequately compare performance of various product types tested. It was found that 

gypsum with jute performed comparably to erosion control blankets, that PAM with jute 

performed comparably to hydro mulches with both displaying large failures at high intensities, 

that HECP performance did not vary substantially by product at the 6 in./hr (15.2 cm.hr) 

intensity but that the two higher grade products performed somewhat better at the 4 in./hr 

(10.2 cm/hr) intensity, and that all products performed statistically identically at 2 in./hr (5.1 

cm/hr). Most products failed to meet their minimum ECTC required C-factors at the 6 in./hr 

(15.2 cm/hr) intensity and overall. It was also found that SLR and C-factor described soil loss 

performance approximately identically for the straw. When all bare soil tests were summarized 

and compared, the K-factor obtained across all tests was consistent and displayed a low 

standard deviation, whereas TSS, turbidity, and runoff displayed high variability since these 

results were not normalized to observed rainfall. A comparison of C-factor calculation methods 

indicated that C-factor reported with the regression method and the theoretical R-factor was 

the most reliable reporting metric for product comparisons, whereas the C-factor reported with 

the average method and the measured R-factor most closely reflected test-specific product 

performance and captured any potential deviations in measured rainfall from the design.  

 Residual testing was desired for the PAM with jute test to determine if PAM appeared in 

the runoff. After evaluating aqueous detection methods, a detection method was selected 

whereby the sample was centrifuged to remove soil and the supernatant placed in a 

spectrometer, which read absorbance of the sample from 200 nm to 750 nm, the UV-visible 
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spectrum. To find PAM concentration, blank samples using the pond source water were 

prepared with PAM solutions at known concentrations. The absorbance at 200 nm was then 

plotted and a linear regression of high R2 was obtained. The absorbance of each sample at 

200nm could then be compared to the regression and PAM concentration estimated. Tests 

were performed to verify that centrifuging removed all soil interference from the PAM solution, 

and that centrifuging did not remove a substantial amount of PAM from solution. Detected 

PAM concentrations were much higher than expected, over 100 mg/L for the first detected 

runoff. Concentrations were highest at first runoff and decreased over the test period, similar 

to a first flush effect. Visual observations such as excessive bubbles in the runoff confirmed the 

presence of a high amount of foreign substance. When PAM was installed on top of the jute 

matting in the soft-armoring technique, the initial spike in high (>100 mg/L) concentrations 

disappeared. Runoff from the ProMatrixTM hydro mulch and the EarthGuardTM pellets was also 

run through the spectrometer, but no firm conclusions could be drawn because the proprietary 

nature of the binder renders constructing reliable calibration curves difficult. However, 

absorbances comparable to the highest PAM absorbances were detected along with similar, if 

not more severe, visual runoff observations such as froth or surface film.  

 New construction commenced on 12 additional rainfall simulators, covering two 

different slopes (4:1 and 3:1) and three different soil types (clay, sand, and loam as defined in 

the ASTM D6459 standard). A model was made in CAD of the simulator area, and land clearing 

and initial earthmoving were executed under the direction of the Stormwater Research Facility 

staff. Soil testing was used to identify candidates for the clay, sand, and loam soils for building 

the plots. Twenty-six samples were taken over 11 different sites, including borrow pits, 
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construction sites, and local contractor stockpiles. Each sample underwent the same process, 

typically repeated twice. First, a wet sieve analysis was performed followed by a dry sieve on 

the resulting coarse fraction. If the soil still proved a promising fit to the standard, hydrometer 

analysis and liquid/plastic limit tests were performed. For the final three soils selected, Proctor 

compaction was performed to aid in verifying compaction during construction and to be used in 

future testing. Ultimately, a sand was identified from Newville, AL, a clay from Montgomery, AL, 

and a loam from in situ testing at the location of the new simulators. The first two soils were 

trucked in and the last was tilled and left in place, with construction spoils stockpiled for future 

testing.  

Sprinkler design including dimensions and parts were imitated from the existing 

simulator to minimize calibration. However, other components were redesigned to be portable 

to save on time and material costs. The sprinkler posts were designed to slide in and out of a 

series of permanent, in-ground sleeves. A single electrical control box was built with plugs that 

could accommodate the two sets of sprinklers as they are moved from plot to plot. The 

compaction method was changed from a permanent support to a portable winch basket 

attachment for the skid steer. The water delivery was re-designed from a permanent 

underground system around the perimeter of each plot that hooked up to a portable flex-hose, 

to a permanent underground supply running only along the base of every plot, with hookups at 

each plot and the sprinkler flexible hoses attaching to the hookups. This portable system has 

not been constructed; however, it has been modeled in EPANET 2.0 to verify the size and 

capacity of the supply pump and pipes. Each plot has its own permanent, underground catch 

basin with a 750-gal (2,839 L) capacity supported by a French drain system. Each plot required 
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extensive re-grading by the time actual construction commenced to reach accurate elevations 

and dimensions. In total, the six 3:1 plots were constructed over the course of this thesis, with 

four out of the six side slopes stabilized with seed/fertilizer and ECBs, three basins with drains 

constructed for those six plots, and two full sets of ten sprinklers each assembled and installed. 

Finally, a preliminary calibration was conducted on the first plot. Five fifteen-minute iterations 

of the 2, 4, and 6 in./hr (5.1, 10.2, 15.2 cm/hr) simulations were run with 20 rain gages to 

evaluate intensity and uniformity. A series of flour pan tests was also conducted to evaluate 

drop size distribution and plot kinetic energy. Water supply problems in the upper pond 

prevented more calibration from being conducted, but initial results can guide future 

calibration efforts once the permanent underground supply/portable hookups are constructed.  

5.3 IMPLICATIONS AND FUTURE DIRECTIONS 
 
 This section presents some broader significances of the work presented in this thesis. It 

outlines the significance of Phase I testing to overall rainfall simulation literature, discusses 

future recommendations for rainfall simulation testing at the facility, recaps the implications of 

the PAM residual results, details recommendations for Phase II progress especially with regards 

to calibration, methods, and variability, and finally discusses a new ASTM rainfall simulation 

standard, released during the writing of this thesis, while reaffirming the continued relevance 

of the D6459.  

5.3.1 Phase I Testing Contributions to Literature 
 

The primary benefit of Phase I testing is that the tests were conducted on a large-scale, 

standardized rainfall simulator. One of the chief shortcomings identified in rainfall simulation 

research is the lack of a consistent, replicable, accepted methodological standard (Grismer 



 150 

2012) and the ensuing lack of comparability among results (Ries et. al 2009). Virtually every 

rainfall simulation study available utilizes different parameters, and the possible variations 

include: style of drop formation, pressure in the system, simulation intensity and time, drop 

size distribution, uniformity, fall height, dimensions of plot, slope of plot, soil type and 

compaction, depth of soil bed, method of calibration, and method of assessing soil loss and 

overall performance (Yakubu and Yusop 2016). When experiments yield varying results, such 

methodological variations mean that pinpointing the source of the differences is difficult and 

validating results not possible. Thus, standardization of parameters would better ensure 

comparability. There are only two accepted standards for rainfall simulation design by ASTM 

International –but at the time this research was conducted only one of them, the ASTM D6459 

Standard Test Method for Determination of Rolled Erosion Control Product (RECP) Performance 

in Protecting Hillslopes from Rainfall-Induced Erosion, was to full field scale and labeled as 

acceptable for establishing design parameters. Auburn University operates only one of two 

accredited ASTM D6459 labs in the country by the Geosynthetic Institute (GSI).  

 Such large-scale studies (Clopper at. 2001, Li et. al 2013, Faucette et. al 2009, Tauer et. 

al 2008) can more realistically mimic erosion patterns found in the field than small-scale studies 

can, even though small-scale studies are much more abundantly available. Rill erosion begins to 

form when the shear stress of the flow exceeds the shear stress of the soil (Lei et. al 2008). A 

rainfall simulation study of a silty clay by Yao et. al 2008 found that rill initiation began between 

6.2-22.3 ft (1.9-6.8 m) from the top of the plot depending on slope. Lal 1994 recommends a 

minimum of 16.4 ft (5m) for adequate rill development, preferentially 32.8 feet (10m). Thus, 

plot lengths shorter than that range may not develop realistic erosion patterns and the results 
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may not be transferrable to the field. Indeed, erosion control testing on small-scale plots has 

been shown to overpredict product performance, generating greater reduction in sediment loss 

and more favorable C-factors, than identically calibrated field-scale plots. In a study comparing 

small (2 ft by 4 ft [0.61 m by 1.2 m]), medium (4 ft by 8 ft [1.2m by 2.4m]) and large (8 ft by 40 ft 

[2.4m by 12.2m]) rainfall simulator plots performed by Ricks 2020, the small plot under-

predicted theoretical soil loss from the RUSLE equation by 80%, the medium plot by 40%, and 

the large plot by 13%. Furthermore, when used to test hydro mulch products, the small plots 

produced C-factors that were an average 35% lower than the ones obtained from the large plot. 

Similarly, a study by Sprague and Nelson 2009 which correlated the performance of RECPs on 

bench-scale ASTM D7101 with full-scale ASTM D6459 found that the C-factors obtained in the 

small-scale test were consistently lower than those obtained in the large-scale test.  

The storm prescribed by the ASTM D6459 standard is another advantage of the Phase I 

testing results. Most rainfall simulator studies use intensities that far exceed what is typically 

found in nature and the intensities achieved in this study are no exception. However, the ASTM 

D6459 intensity increases over the course of the simulation. While the nature of the ASTM 

D6459 storm has been the subject of much criticism, it is an advantage in this thesis because it 

can uncover the scenarios where products behave similarly, and where product performance 

begins to significantly diverge. The results have particular significance when it comes to product 

selection for various design scenarios, especially selection of hydro mulches. Performance of 

hydro mulches was found to be equal to that of high-performing RECPs at the lowest intensity, 

but performance diverged at higher intensities and the hydro mulches began to catastrophically 

fail. Performance within hydro mulches at the higher intensities differed at the 4 in./hr (10.2 
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cm/hr) intensity for two products but all deteriorated the same at 6 in./hr (15.2 cm/hr). The 

comparison of soil amendments with traditional erosion control products over increasing 

intensities offered a valuable comparison as well. Soil amendments are used less often in 

construction erosion control than traditional products and are typically studied as stand-alone 

experiments in rainfall simulation literature without a side-by-side evaluation to other 

products. This renders an accurate comparison to other products difficult, but by testing both 

product types side-by-side on a standardized rainfall simulator, a confident comparison may be 

made. When combined with previous results from Phase I (Faulkner 2020), it can be seen that 

PAM with jute performed similar to the hydro mulches at higher intensities, and gypsum with 

jute compared similar to the RECPs at the higher intensities. At the lowest intensity (2 in./hr 

[5.1 cm/hr]), all products tested as part of Phase I both during and prior to this thesis, including 

straw mulch variations, performed identically as evaluated with ANOVA. Thus, product quality 

differentiation in terms of sediment loss only becomes relevant as design storms increase in 

intensity. 

5.3.2 Phase I Testing: Lessons Learned for Phase II  
 

The conclusion of Phase I testing included two soil amendment products, and the 

possibility remains open that such amendments may be tested as part of Phase II or in the 

future. Two key pieces of advice for future rainfall simulator research arose out of the work of 

this thesis regarding future soil amendment testing. First, to ensure robust testing, it is essential 

to eliminate residual product interference between tests by removing contaminated soil. 

Otherwise, the product may build up on the plot and generate a compounding affect which will 

artificially carry over into the next test. To illustrate, the runoff from the bare soil control 
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performed after the PAM analysis was observed to display characteristics indicating that it still 

contained some residual PAM (film, bubbles), even after extensive attempted removal of 

contaminated soil and rinsing of the plot, necessitation even more soil removal after the fact. 

The new ASTM D8298 Standard Test Method for Determination of Erosion Control Products 

(ECP) Performance in Protecting Slopes from Continuous Rainfall-Induced Erosion Using a Tilted 

Bed Slope (ASTM 2020) specifically states that when testing soil amendments, all soil from the 

test plot must be completely removed and replaced. The removal recommendation for future 

testing should entail removing a substantial portion of the soil from the plot after the test is 

complete and before tilling begins, up to several inches. The soil should be replaced with fresh 

soil shaken from the stockpile. This will represent more of a drain on the stockpile than the 

other products tested, and stockpile management should be planned accordingly.  

 The second recommendation is to test more than one application rate of soil 

amendments. Previous rainfall simulation studies of PAM, gypsum, or both tested a minimum 

of two and up to eight application rates (for example, Babcock and McLaughlin 2013, Sadeghi 

et. al 2016, Tumsavas and Kara 2011, Ai-Ping et. al 2010, Lee et. al 2010, Yu et. al 2003, Kebede 

et. al 2020). This study utilized only one application rate of PAM and one application rate of 

gypsum due to time and funding restrictions. To be consistent with the literature, future 

research should consider allocating enough time and funding at the outset to accommodate 

testing at least two application rates of soil amendment products. The motivation for testing 

different rates is that performance varies with application rate due to complex interactions of 

soil properties, geography, and rain event properties. While manufacturer recommendations 

are always followed, some products (like gypsum) do not have a manufacturer 
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recommendation if they are not made exclusively for the erosion and sediment control 

industry. Other amendments (like PAM) may have demonstrated ranges of effectiveness. Since 

the nature of the large-scale ASTM D6459 simulator is much more labor intensive to operate 

than the series of bench-scale studies cited in this paragraph, it is inherently more challenging 

to conduct more tests. Therefore, a plan should be made at the outset to accommodate the 

additional resources needed to test various rates.  

 The following recommendations apply to testing more generally. The variability in 

measured rainfall during Phase I testing is the primary shortcoming of the work of this thesis. 

The C-factor obtained from the regression method takes rainfall variability into account and is 

reported in this thesis with high confidence. However, the C-factor as reported with the 

average method deviated some from the regression C-factor when rainfall varied to any 

appreciable extent. This makes results look inconsistent, and regardless, rainfall should be 

match design as much as possible to maintain conformance with certification. Myriad factors 

could have been at play and should be addressed before Phase II testing commences. First, the 

simulators should be carefully calibrated. The ASTM standard calls for re-calibration yearly, but 

it is not known if this was ever performed on the simulator used in Phase I. It is recommended 

to follow calibration procedures at least yearly and more often if time permits. The reason is 

that Phase II will have many more simulators where many more complications could occur. 

Also, the pump will be used more frequently and may be more susceptible to wear and 

problems especially since it has surpassed its fifth year of service at the time of this writing.  

 and pumps and hoses maintained for consistent rainfall. Along those lines, variation could have 

been possibly ameliorated by cleaning out the pump impeller and more consistently ensuring 
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that flexible hoses were not distended from constant pressure. In fact, after the conclusion of 

Phase I testing, the pump impeller was cleaned and pump performance notably increased. 

However, it was not known to attempt this prior. Several months passed between the previous 

Phase I work and the commencement of this thesis, during which time the simulator was used 

for a different research project. It is possible that the pump became clogged in that time due to 

low water levels or that breaks occurred in the wind curtains that were not present previously. 

The existing wind curtains contain gaps and do not extend high enough to capture the drops as 

they form, rendering them less effective.  It is highly recommended to install the wind curtains 

before Phase II testing begins, and to ensure that there are few gaps in the system and that 

coverage extends above the level of the sprinkler heads. It was furthermore discovered that the 

flexible supply hose could become distended over frequent use or if pressure was left in the 

system. After each fresh flex hose was installed, rainfall performance improved. It is possible 

that pressure was accidentally left in the system too often and affected rainfall performance 

between replacements.  

 Bare soil results were shown to be consistent with K-factor, which corrects for rainfall 

variation, but not for the other metrics (turbidity, TSS, and runoff volume). While this is not a 

main concern, it would be beneficial for these metrics to be more consistent since they are 

used as benchmarks for each individual product test. While no measure can guarantee more 

consistency due to the rainfall variability aspect, it is suggested to maintain effective stockpile 

management in order to ensure that soil properties remain the same. This task will require 

constant monitoring and maintenance of stockpiles because the stockpiles currently at the 

facility are expected to serve future testing for years in the future. Vegetative stabilization has 
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begun on the loam and clay, but ensuring that vegetative stabilization becomes complete and 

stabilizing the sand are essential tasks moving forward. In addition, it is suggested to assign the 

same undergraduate assistants to data collection and processing tasks. This will require 

additional coordination since workers have variable schedules, so having multiple workers 

competent in each task is helpful, along with possible practice only lab sessions.  

 It was noted that the literature contains updated methods to calculate the S-factor from 

RUSLE based on recent research on steep slopes. However, when the new equations were 

incorporated into Phase I data, the higher S-factor and lower K-factor offset one another, 

leading to no substantive changes in reported C-factor to two significant figures. Therefore, the 

existing method is likely adequate.  

5.3.3 PAM Residual Analysis Implications   
 

Residual PAM detection in this thesis found high (>100 mg/L) concentrations of PAM in 

runoff from the ASTM D6459 simulator. The concentrations were much higher than those 

found in the two previous bench-scale studies, and many measured concentrations exceeded 

the threshold at which PAM begins to increase water viscosity. While initially this appears to be 

cause for alarm, it is thought that the intensity of the simulation, the erodible nature of the soil, 

a possible sub-optimal application rate, and the lack of pre-wetting to activate the polymer all 

may have played a role. This was the first large-scale study conducted on residual PAM, and 

further large-scale studies are needed at different application rates, different application 

methods, and at various slopes, intensities, and soil types.  

Further large-scale studies are also merited for any erosion control product that 

contains biopolymers or inorganic polymers. Both visual and spectroscopic observations of 
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runoff from ProMatrixTM and EarthGuardTM EDGETM pellets suggested greatly elevated 

concentrations of binder in the runoff, even though exact quantification was impossible due to 

the proprietary nature of the binders. Further evaluation is needed in order to determine exact 

concentrations in mulches using methods that do not require a calibration relationship. This 

evaluation should include a review of any potential environmental concerns of the particular 

polymer, if known, to assess whether the concentrations pose a concern for receiving waters.  

5.3.4 Phase II Recommendations 
 

 As a result of observations during construction, the following may be helpful for the 

implementation of Phase II testing. Full calibration is the next task due when construction is 

complete. The preliminary calibration was difficult due to the water source problem and due to 

the necessity of waiting on wind velocity to die down to acceptable testing standard. The 

results obtained were less than acceptably consistent. The measured rainfall displayed a high 

standard deviation, higher than previously recorded, and the measured energy differed from 

that previously measured on the existing plot although the exact degree of acceptable 

deviation in this metric is not known. To aid in future calibration, it is recommended to proceed 

with the wind curtain design and installation before final calibration is attempted, to ensure no 

wind interference with results, with the curtains extending above the height of the sprinkler 

heads. The planned improvement in the upper retention pond will aid in maintaining constant 

and sufficient head on the pump and will almost certainly help with consistency, so final 

calibration should be conducted after this repair is complete. If variability continues to be 

unacceptable, it is suggested to thoroughly clean the inside of each sprinkler assembly including 

pipes and nozzles, and to ensure the cleanliness of all other plumbing, since some dirt acquired 
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during construction may lead to intermittent clogging. If any flexible hose is used, care must be 

taken to release pressure after use in order to prevent swelling and a corresponding decrease 

in system pressure. The impeller on the pump must be maintained free of obstructions, which 

has proven a challenge thus far in the sediment-laden and debris-containing supply ponds. It is 

highly recommended to create a rock bed for the intake to rest on to prevent sediment 

entrapment. It is also highly recommended to filter water used for priming the pump, since 

small debris may inadvertently be introduced directly into the pump during priming.  

 The catch basins selected contain a smooth bottom with several indentations. It can be 

easy to slip on the bottom of the basins when wet, and sediment can build up in the 

indentations. It is suggested to cover the bottom of each basin with a rough plastic or resin that 

can fill the voids and provide slip resistance. In the trial plot basin, concrete was placed in the 

indentations and the entire bottom was then sealed with commercial roofing tar. It will be seen 

when testing commences whether this is an adequate solution or whether other alternatives 

should be explored. A short tub of about 32 gal (121L) capacity was ordered to capture runoff 

from the first two intensities, but it still needs to be determined whether a larger capacity tub is 

needed. The French drains around the catch basins should be kept clear of equipment, since 

they are buried shallowly towards their termination. It is highly recommended to use the 

tracked skid steer when attempting to maneuver in between plots. The tire skid steer is wider 

and more difficult to maneuver, and the pressure of the tires tends to push soil around and 

potentially move the post sleeves. It may not be possible to maneuver the tracked skid steer 

sideways between plots, but even by remaining facing uphill the tracked skid steer can still 

provide replacement soil to each adjacent plot.  
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5.3.5 New ASTM Rainfall Simulation Standard 
 

Since the time of this research, in 2020, a new rainfall simulation standard was released, 

ASTM D8298 Standard Test Method for Determination of Erosion Control Products (ECP) 

Performance in Protecting Slopes from Continuous Rainfall-Induced Erosion Using a Tilted Bed 

Slope. The standard allows for a one-hour simulation at either 4.0 or 5.0 inches per hour, at a 

slope of either 2.5:1 or 4:1, on the same soil types as the D6459, with minimum dimensions of 

16.4ft x 3.3 ft x 1 ft. The standard appears to address one primary shortcoming of the D6459 - it 

is written to be applicable to all types of erosion control products, not just RECPs. In practice, 

ASTM D6459 labs, both certified and not certified, including the one used in this thesis, 

evaluate types of erosion control products beyond RECPs simply because it is the only standard 

available for product comparison. It is not believed such application of the standard to be 

problematic – the new D8298 also applies the similar test conditions, conditions that are very 

similar to the D6459, to all ECP types without any specification in parameters adaptations to 

different products. The only apparent difference is that the new standard contains additional 

wording to explicitly ensure the controlled application of the different types of products. For 

example, minimum installation standards for hydro mulches are stated at length, and it 

specifies to remove all soil from the plot when additives are used. The D8298 allows for two 

types of rainfall intensities, one less severe and one more severe, staying constant throughout 

the test. Thus, the new standard may be more favorable to hydro mulch evaluation, which as 

evidenced in this study exhibit lower C-factors at under less extreme circumstances. The smaller 

size may make it more accessible to operate, but still be large enough to be considered “larger-

scale”. The new standard is problematic in that it allows for variation of parameters within the 
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test, the very thing that a standard should eliminate. It also does not eliminate the most 

criticized aspect of the D6459, which is the severity of the storm, and it is possible that the 

minimum size may not allow for full rill development in all cases. However, it is encouraging to 

see a more accessible rainfall simulation standard on the market, and it is hoped that labs 

which were not able to modify to ASTM D6459 will be able to modify to this new standard, thus 

promoting uniformity and replicability in the field.  
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APPENDIX A: CHAPTER 2 SUPPORTING DATA 
Example Worksheets 

Bare Soil Summary Test Data 
Jute Matting Test Data 
ProMatrixTM Test Data 

PAM Test Data 
Gypsum Test Data 

EarthGuardTM EDGETM Pellets Test Data 
Bench Scale Gypsum Test Data 

Gypsum Jar Test Data 
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TABLE A.1: Example Moisture and Compaction Worksheet, Bare Soil 
10/14/2020 

Drive Cylinder Compaction 
Sample Location Top Middle Bottom 

Height of Soil in Cylinder (in.) 3.5 2.625 2.375 
Volume of Soil (in.3) 41.28 30.96 28.01 
Volume of Soil (ft3) 0.0239 0.0179 0.0162 

Weight of Soil and Cylinder (g) 1597 1374 1273 
Weight of Cylinder (g) 570 570 570 

Weight of Soil (g) 1027 804 703 
Weight of Soil (lb) 2.264 1.773 1.550 

Wet Density (lb/ft3) 94.79 98.94 95.62 
Dry Density (lb/ft3) 76.49 84.95 79.40 

Max Dry Density of Test (lb/ft3) 96 96 96 
Compaction (%) 79.68% 88.49% 82.70% 

Average Compaction (%) 83.62% 
Moisture 

Tare Weight Moist Soil (g) 92 85.0 93.0 
Tare Weight Dry Soil (g) 70 71.0 74.0 
Moisture Content (%) 23.9% 16.5% 20.4% 

Optimal Moisture for Test (%) 20.0% 20.0% 20.0% 
Average Moisture Content (%) 20.3% 

 

TABLE A.2: Example Sediment Loss Analysis Worksheet, Bare Soil 10/14/2020 
Parameter 2 in./hr 4 in./hr 6 in./hr 

Settling Time (hr) 24 24 24 24 24 24 24 

Total Wet Weight of Sediment (lb) 114.4 675.0 805.2 27.8 738.2 894.6 12.0 

Dry Weight (lb) 66.8 485.2 530.9 19.0 687.1 587.2 8.5 

Moisture Content (%) 171.22% 139.11% 51.67% 46.05% 107.4% 52.35% 40.94% 

Total Dry Weight of Sediment (lb) 66.8 1035.2 1282.8 
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TABLE A.3: Example TSS and Turbidity Worksheet, Bare Soil 10/14/2020 

Sample ID Time 
(min) 

Dilution 
Factor 

Turbidity 
Reading 

(NTU) 

Filter + 
Crinkle 
Dish (g) 

Dry Filter + 
Soil + Crinkle 

Dish (g) 

Turbidity 
(NTU) TSS (mg/L) 

201 0 
      

202 3 
      

203 6 76 789 1.3838 3.2968 59964 76520 
204 9 101 839 1.3983 4.9412 84739 141716 
205 12 101 873 1.3975 5.1900 88173 151700 
206 15 126 775 1.3993 6.6939 97650 211784 
207 18 201 895 1.3850 8.5739 179895 287556 
208 21 201 573 1.3824 10.4211 115173 361548 
209 24 251 200 1.3854 9.7448 50200 334376 
210 27 251 527 1.3834 11.6600 132277 411064 
211 30 251 555 1.3821 11.3194 139305 397492 
212 33 201 823 1.3876 11.4344 165423 401872 
213 36 201 600 1.3948 11.8235 120600 417148 
214 39 201 711 1.3700 9.7037 142911 333348 
215 42 201 427 1.3905 3.6591 85827 90744 
216 45 251 543 1.3836 8.2189 136293 273412 
217 48 201 632 1.3571 7.0268 127032 226788 
218 51 251 530 1.3665 6.0121 133030 185824 
219 54 201 510 1.3768 5.9619 102510 183404 
220 57 151 666 1.3870 5.4145 100566 161100 
221 60 151 645 1.3841 6.8122 97395 217124 
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TABLE A.4: Example Runoff Worksheet, Bare Soil 10/14/2020 

Intensity, 
in./hr 

Test 
Time, 
min 

Time per 
gallon, 

sec 

Modification 
Factor 

Time per 
gallon, 

min 

Runoff 
Rate, 

gal/min 

Runoff, 
gal 

Cumulative 
Runoff, gal 

Runoff 
(gal) 

2 

0 0 0.25 0.00 0.00 0.00 0.00 

102.0 

2 0 0.25 0.00 0.00 0.00 0.00 
4 0 0.25 0.00 0.00 0.00 0.00 
6 20.1 0.25 0.08 0.75 1.49 1.49 
8 8.73 0.25 0.04 1.72 3.44 4.93 

10 4.4 0.25 0.02 3.41 6.82 11.75 
12 1.81 0.25 0.01 8.29 16.57 28.32 
14 1.91 0.25 0.01 7.85 15.71 44.03 
16 1.55 0.25 0.01 9.68 19.35 63.38 
18 1.78 0.25 0.01 8.43 16.85 80.24 
20 1.38 0.25 0.01 10.87 21.74 101.98 

4 

22 4.77 1.00 0.08 12.58 25.16 127.13 

301.8 

24 3.31 1.00 0.06 18.13 36.25 163.39 
26 4.23 1.00 0.07 14.18 28.37 191.76 
28 3.31 1.00 0.06 18.13 36.25 228.01 
30 3.43 1.00 0.06 17.49 34.99 263.00 
32 3.50 1.00 0.06 17.14 34.29 297.28 
34 3.73 1.00 0.06 16.09 32.17 329.45 
36 4.55 1.00 0.08 13.19 26.37 355.83 
38 4.43 1.00 0.07 13.54 27.09 382.91 
40 5.77 1.00 0.10 10.40 20.80 403.71 

6 

42 3.03 1.00 0.05 19.80 39.60 443.32 

504.2 

44 3.35 1.00 0.06 17.91 35.82 479.14 
46 3.33 1.00 0.06 18.02 36.04 515.17 
48 3.00 1.00 0.05 20.00 40.00 555.17 
50 3.23 1.00 0.05 18.58 37.15 592.32 
52 2.97 1.00 0.05 20.20 40.40 632.73 
54 2.67 1.00 0.04 22.47 44.94 677.67 
56 3.07 1.00 0.05 19.54 39.09 716.76 
58 2.78 1.00 0.05 21.58 43.17 759.93 
60 2.61 1.00 0.04 22.99 45.98 805.90 

 

 



 179 

 

TABLE A.5: Bare Soil Data Summary (Thesis Tests Only)   
Parameter Test 1 Test 2 Test 3 Test 4 Test 5 Avg. 

Rainfall Depth (in) 3.8 3.7 4.1 3.8 4.3 3.9 
Compaction (%)  80.6% 83.6% 77.2% 79.5% 78.3% 79.8 

Moisture (%) 24.4% 20.3% 14.8% 16.7% 18.7% 19.0 
2 in/hr Soil Loss (lb) 62.7 66.8 21.6 13.8 17.6 36.5 
4 in/hr Soil Loss (lb) 667.1 1035.2 704.2 628.6 353.1 677.6 
6 in/hr Soil Loss (lb) 1021.6 1282.8 1385.8 1236.5 1233.9 1232.1 

k-factor 0.26 0.31 0.27 0.24 0.24 0.26 
 

TABLE A.6: Average TSS and Turbidity, Bare Soil Tests 
(All Data) 

Time (min) Turbidity (NTU) TSS (mg/L) 

0 1033 530 
3 13026 15834 
6 17981 28873 
9 18668 30870 

12 20563 42886 
15 37012 58041 
18 24068 72839 
21 11073 67405 
24 27489 82742 
27 28894 80028 
30 34118 80904 
33 25153 83959 
36 29615 67199 
39 18199 18678 
42 28292 55212 
45 26440 45887 
48 27639 37694 
51 21535 37210 
54 21146 32750 
57 20512 43954 
60 1292 662 
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TABLE A.7: Jute Matting Data Summary 
Parameter Bare Soil  Test 1 Test 2 Test 3 

Rainfall Depth (in) 4.1 3.9 4.6 4.3 
Percent Compaction (%)  77.2% 88.6% 77.0% 87.9% 

Moisture Content (%) 24.4% 23.7% 22.4% 16.3% 
2 in/hr Soil Loss (lb) 21.6 3.7 2.1 5.3 
4 in/hr Soil Loss (lb) 704.2 118.7 174.7 109.3 
6 in/hr Soil Loss (lb) 1,385.8 418.9 1008.5 735.9 

 

TABLE A.8: Jute Matting TSS/Turbidity Summary 
Time (min) Turbidity 

(NTU) 
TSS 

(mg/L) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
3 

      

6 2607 1772 1710 1552 24870 10706 
9 35136 28516 3712 3492 21525 10366 

12 33405 20600 10230 7316 56202 20164 
15 60878 22672 34164 19396 20604 18938 
18 61722 19924 23103 14104 66120 44538 
21 71442 26408 29631 19928 74100 66356 
24 46592 26880 29427 20844 115666 76628 
27 91708 50344 45186 41564 149745 119098 
30 90687 77492 62852 64984 150750 106300 
33 60915 40864 89587 87300 163614 131536 
36 149339 97728 103068 120600 167417 110358 
39 110148 94824 146080 171344 169676 132358 
42 79797 75892 140562 167828 134536 117946 
45 94269 97420 149625 219740 157126 120804 
48 66531 86304 169778 158336 129265 84942 
51 89270 73632 165072 158276 154365 112646 
54 107802 77172 198789 145816 84336 85660 
57 98536 66172 149946 184004 191553 89272 
60 91982 56628 183513 191964 118590 81694 
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TABLE A.9: Jute Runoff Data 
Test 1 Test 2 Test 3 

Runoff, 
gal 

Cumulative 
Runoff, gal 

Cumulative 
Runoff, gal 

Runoff, 
gal 

Cumulative 
Runoff, gal 

Cumulative 
Runoff, gal 

Runoff, 
gal 

Cumulative 
Runoff, gal 

Cumulative 
Runoff, gal 

0.00 0.00 

75.39 

0.00 0.00 

13.92 

0.00 0.00 

46.96 

0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
2.40 2.40 0.18 0.18 0.00 0.00 
7.38 9.78 0.21 0.40 0.00 0.00 
8.72 18.50 0.27 0.67 0.00 0.00 

11.41 29.91 1.25 1.92 0.95 0.95 
19.80 49.71 3.00 4.92 6.32 7.27 
8.24 57.95 3.00 7.92 10.31 17.58 

16.35 74.30 3.00 10.92 12.24 29.82 
1.09 75.39 3.00 13.92 17.14 46.96 

34.09 109.48 

198.37 

6.32 20.23 

123.14 

20.00 66.96 

234.85 

19.26 128.74 12.00 32.23 22.90 89.86 
16.00 144.74 12.00 44.23 23.30 113.16 
16.17 160.92 13.33 57.56 26.73 139.89 
20.91 181.82 13.33 70.90 21.43 161.32 
19.20 201.02 13.33 84.23 22.90 184.22 
16.88 217.90 12.00 96.23 20.00 204.22 
16.60 234.50 15.00 111.23 20.10 224.32 
18.21 252.71 15.00 126.23 29.06 253.38 
21.05 273.76 17.14 143.37 28.44 281.81 
30.53 304.29 

519.73 

20.00 163.37 

286.23 

35.29 317.11 

362.92 

49.79 354.09 24.00 187.37 33.52 350.63 
50.42 404.51 30.00 217.37 26.20 376.83 
56.60 461.11 24.00 241.37 27.09 403.91 
52.86 513.97 24.00 265.37 36.25 440.17 
49.38 563.36 24.00 289.37 31.83 472.00 
48.00 611.36 30.00 319.37 25.75 497.75 
41.67 653.02 30.00 349.37 31.75 529.50 
35.29 688.32 30.00 379.37 37.50 567.00 
29.78 718.09 30.00 409.37 30.77 597.77 
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TABLE A.10: ProMatrixTM EFMTM Data Summary 
Parameter Bare Soil   Test 1 Test 2 Test 3 

Rainfall Depth (in) 3.7 4.1 3.7 3.4 
Percent Compaction (%)  83.6% 81.7% 77.0% 80.4% 

Moisture Content (%) 20.3% 19.8% 22.4% 17.3% 
2 in/hr Soil Loss (lb) 66.8 0.1 0.0 0.8 
4 in/hr Soil Loss (lb) 1,035.2 220.7 120.2 54.9 
6 in/hr Soil Loss (lb) 1,282.8 1,000.6 673.4 712.6 

 

TABLE A.11: ProMatrixTM EFMTM TSS/Turbidity Summary 
Time (min) Turbidity 

(NTU) 
TSS 

(mg/L) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
3       
6       
9       

12 4060 6008   2253 3120 
15 3880 5296   1486 2544 
18 1232 1648 1166 748 1834 3728 
21 1132 1428 1090 1384 1542 3440 
24 1574 2112 1550 1024 2756 7656 
27 36414 31520 20582 17268 8950 15288 
30 56323 43504 20094 23356 11206 16188 
33 111936 93856 42521 50804 37434 31812 
36 104341 88380 55853 75528 43044 68344 
39 114048 67052 52217 95824 41514 90688 
42 126896 118400 81911 111808 64977 105408 
45 85184 90228 75952 129572 113135 180828 
48 133408 96272 61206 139800 85768 170012 
51 122007 100112 137410 194600 139675 224892 
54 99414 106736 116160 182752 113498 245208 
57 50434 79332 70195 178512 98252 222704 
60 99358 80540 55870 165880 85305 167520 
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TABLE A.12: PAM Data Summary 
Parameter Bare Soil  Test 1 Test 2 Test 3 Test 4 

Rainfall Depth (in) 3.8 4.1 3.6 3.3 4.6 
Percent Compaction (%)  80.1% 85.2% 77.7% 77.0% 79.2% 

Moisture Content (%) 14.8% 20.5% 18.0% 22.4% 18.3% 
2 in/hr Soil Loss (lb) 62.7 0.0 0.0 0.0 0.0 
4 in/hr Soil Loss (lb) 667.1 129.7 139.0 68.5 121.3 
6 in/hr Soil Loss (lb) 1,021.6 1,176.2 1,094.8 580.5 563.9 

 

 

TABLE A.13: PAM TSS/Turbidity Summary 
Time (min) Turbidity 

(NTU) 
TSS 

(mg/L) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
3       
6       
9       

12   29100 47436 3680 5700 
15   16500 18976 62400 34090 
18 21948 35072 15900 18024 38200 14115 
21 31977 20084 1940 2288 14700 30350 
24 23715 23008 4420 5788 14200 12525 
27 5916 22600 5430 7356 7460 13165 
30 1948.2 9472 51500 164816 73600 81610 
33 83993 114716 82000 229832 196400 106535 
36 25172 134392 100933 329296 188800 161400 
39 36449 176212 115867 230400 167600 162950 
42 42224 215312 154833 241096 173200 114595 
45 249228 281476 157667 277856 157200 135295 
48 126811 190348 144433 250344 158000 115955 
51 161068 116308 167767 300616 152000 88420 
54 97963 144972 141400 236912 169600 111530 
57 118998 132884 132533 240600 135000 99665 
60 151803 157964 120867 243552 122800 71685 
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TABLE A.14: PAM Runoff Data 
Test 1 Test 2 Test 3 

Runoff, 
gal 

Cumulative 
Runoff, gal 

Cumulative 
Runoff, gal 

Runoff, 
gal 

Cumulative 
Runoff, gal 

Cumulative 
Runoff, gal 

Runoff, 
gal 

Cumulative 
Runoff, gal 

Cumulative 
Runoff, gal 

0.00 0.00 

4.09 

0.00 0.00 

19.00 

0.00 0.00 

31.25 

0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.81 0.81 3.00 3.00 3.75 3.75 
0.88 1.69 5.00 8.00 5.00 8.75 
1.20 2.89 5.00 13.00 7.50 16.25 
1.20 4.09 6.00 19.00 15.00 31.25 
6.00 10.09 

97.57 

7.50 26.50 

101.21 

15.00 46.25 

126.58 

2.00 12.09 10.00 36.50 10.91 57.16 
7.50 19.59 8.57 45.07 12.00 69.16 

10.91 30.50 9.23 54.30 13.33 82.49 
12.00 42.50 12.00 66.30 15.00 97.49 
10.91 53.41 12.00 78.30 15.00 112.49 
12.00 65.41 13.33 91.64 12.00 124.49 
10.91 76.32 10.00 101.64 10.00 134.49 
12.00 88.32 10.00 111.64 13.33 147.83 
13.33 101.65 8.57 120.21 10.00 157.83 
10.00 111.65 

181.71 

20.00 140.21 

207.57 

24.00 181.83 

246.25 

13.33 124.99 20.00 160.21 20.00 201.83 
20.00 144.99 17.14 177.35 24.00 225.83 
20.00 164.99 20.00 197.35 24.00 249.83 
17.14 182.13 17.14 214.49 24.00 273.83 
20.00 202.13 20.00 234.49 20.00 293.83 
20.00 222.13 17.14 251.64 15.00 308.83 
20.00 242.13 20.00 271.64 20.00 328.83 
20.00 262.13 17.14 288.78 20.00 348.83 
17.14 279.27 20.00 308.78 24.00 372.83 
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TABLE A.15: Gypsum Data Summary 
Parameter Bare Soil  Test 1 Test 2 Test 3 

Rainfall Depth (in) 4.3 3.4 3.7 4.0 
Percent Compaction (%)  79.5 81.5 73.5 90.2 

Moisture Content (%) 16.7 16.7 17.1 19.2 
2 in/hr Soil Loss  13.8 1.8 2.0 0.7 
4 in/hr Soil Loss  628.6 33.5 10.2 13.7 
6 in/hr Soil Loss  1233.9 245.5 118.7 71.6 

 

 

TABLE A.16: Gypsum TSS/Turbidity Summary 
Time (min) Turbidity 

(NTU) 
TSS 

(mg/L) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
3       
6       
9       

12   29100 47436 3680 5700 
15   16500 18976 62400 34090 
18 21948 35072 15900 18024 38200 14115 
21 31977 20084 1940 2288 14700 30350 
24 23715 23008 4420 5788 14200 12525 
27 5916 22600 5430 7356 7460 13165 
30 1948.2 9472 51500 164816 73600 81610 
33 83993 114716 82000 229832 196400 106535 
36 25172 134392 100933 329296 188800 161400 
39 36449 176212 115867 230400 167600 162950 
42 42224 215312 154833 241096 173200 114595 
45 249228 281476 157667 277856 157200 135295 
48 126811 190348 144433 250344 158000 115955 
51 161068 116308 167767 300616 152000 88420 
54 97963 144972 141400 236912 169600 111530 
57 118998 132884 132533 240600 135000 99665 
60 151803 157964 120867 243552 122800 71685 
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TABLE A.17: Gypsum Runoff Data 
Test 1 Test 2 Test 3 

Runoff, 
gal 

Cumulative 
Runoff, gal 

Cumulative 
Runoff, gal 

Runoff, 
gal 

Cumulative 
Runoff, gal 

Cumulative 
Runoff, gal 

Runoff, 
gal 

Cumulative 
Runoff, gal 

Cumulative 
Runoff, gal 

0.00 0.00 

27.91 

0.00 0.00 

24.98 

0.00 0.00 

29.28 

0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
5.77 5.77 10.00 10.00 7.14 7.14 
6.25 12.02 5.00 15.00 6.25 13.39 
7.32 19.34 5.00 20.00 7.32 20.71 
8.57 27.91 4.98 24.98 8.57 29.28 
6.82 34.73 

94.95 

5.61 30.59 

88.32 

6.82 36.10 

94.95 

9.09 43.82 9.30 39.89 9.09 45.19 
8.39 52.21 9.16 49.05 8.39 53.58 
8.22 60.43 8.57 57.62 8.22 61.80 
9.84 70.26 8.63 66.25 9.84 71.64 

11.01 81.27 8.63 74.89 11.01 82.65 
10.81 92.08 10.34 85.23 10.81 93.46 
10.26 102.34 9.23 94.46 10.26 103.71 
10.34 112.68 9.16 103.62 10.34 114.06 
10.17 122.85 9.68 113.30 10.17 124.23 
14.46 137.31 

223.67 

11.65 124.95 

158.01 

14.46 138.69 

225.04 

18.46 155.77 13.48 138.43 18.46 157.15 
18.18 173.96 13.19 151.62 18.18 175.33 
18.75 192.71 13.48 165.10 18.75 194.08 
19.67 212.38 13.79 178.90 19.67 213.75 
21.05 233.43 13.33 192.23 21.05 234.80 
20.00 253.43 13.48 205.71 20.00 254.80 
21.05 274.48 13.19 218.90 21.05 275.86 
21.05 295.54 13.64 232.54 21.05 296.91 
23.08 318.61 13.79 246.33 23.08 319.99 
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TABLE A.18: EDGETM Pellets Data Summary 
Parameter Bare Soil  Test 1 Test 2 Test 3 

Rainfall Depth (in) 3.8 3.5 3.9 3.8 
Percent Compaction (%)  78.3% 91.8% 81.7% 81.5% 

Moisture Content (%) 18.7% 18.5% 17.0% 20.7% 
2 in/hr Soil Loss (lb) 17.6 21.8 9.2 1.2 
4 in/hr Soil Loss (lb) 353.1 148.8 93.2 118.1 
6 in/hr Soil Loss (lb) 1,236.5 327.9 521.3 588.7 

 

TABLE A.19: EDGETM Pellets TSS/Turbidity Summary 
Time (min) Turbidity 

(NTU) 
TSS 

(mg/L) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
3 0 0 0 0 0 0 
6 78881 44650 0 0 0 0 
9 155373 116610 0 0 0 0 

12 163815 129680 52419 92050 172659 223680 
15 126630 100860 61408 135620 120399 198640 
18 149544 101630 38986 113760 74772 114320 
21 128640 95960 32825 153890 46029 32460 
24 116379 78660 56459 109320 81405 17080 
27 122409 107560 20705 74540 34170 70800 
30 124620 127850 31209 109400 56682 21080 
33 72561 89370 15554 30080 31155 45440 
36 88038 100870 18180 80530 41406 20160 
39 101706 88260 37673 52600 26130 20540 
42 79797 102690 21715 64930 33969 61960 
45 122610 125240 25048 85790 33366 62380 
48 83616 68430 36461 49880 62310 154540 
51 111957 116230 74033 86380 95877 157920 
54 143916 78260 76457 85030 161604 125840 
57 135675 78400 86153 94060 141102 107680 
60 182709 115880 92819 97190 98490 145060 
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TABLE A.21: Bench Scale Gypsum TSS and Turbidity 
Summary 

 Average Agricultural 
Gypsum 

Average Moulding 
Plaster 

Time (min) Turbidity 
(NTU) 

TSS 
(mg/L) 

Turbidity 
(NTU) 

TSS 
(mg/L) 

3 0 0 0 0 
6 0 0 0 0 
9 0 0 0 0 

12 0 0 0 0 
15 0 0 0 0 
18 0 0 0 0 
21 0 0 0 0 
24 7601 632 7601 446 
27 7511 551 11503 1043 
30 9699 611 9721 893 
33 8952 587 9067 814 
36 7269 480 7388 696 
39 6938 440 6951 616 
42 6321 446 6736 587 
45 10308 614 10804 639 
48 9097 488 10308 583 
51 5389 361 7430 462 
54 3810 376 5871 419 
57 4148 337 6288 440 
60 4098 327 5716 422 

     
 
 
     

TABLE A.20: Bench Scale Gypsum Testing Data Summary 

Parameter 
Test 1 Test 2 Test 3 

Ag. Gypsum  Plaster Ag. Gypsum  Plaster Ag. Gypsum Plaster 
Rainfall Depth (in) 2.9 2.7 3.0 

Total Sediment Loss (g) 59.0 145.0 139.8 172.6 163.8 166.6 
Total Runoff (gal) 4.6 7.6 7.2 8.3 8.2 8.5 
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TABLE A.23: Complied Bare Soil Metrics 
 Sediment Loss (lb) Turbidity Average 

(1,000 NTU) 
TSS Average (1,000 

mg/L) 
Cumulative Runoff 

(gal) 
 2in./ 

hr 
4in./ 

hr 
6in./ 

hr 
2in./ 

hr 
4in./ 

hr 
6in./ 

hr 
2in./ 

hr 
4in./ 

hr 
6in./ 

hr 
2in./ 

hr 
4in./ 

hr 
6in./ 

hr 
Overall 
Average 

49.4 707.3 
1,301.

7 83.2 141.2 169.7 80.8 167.6 169.1 50.3 219.8 418.4 

Standard 
Deviation 

33.3 173.5 179.3 25.1 45.4 74.2 46.2 90.7 76.2 34.8 82.2 72.9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE A.22: Modified Jar Testing Turbidity Results 
 Initial 5 minutes 10 minutes 20 minutes 
 Test 1 Test 2 Test 3 Test 1 Test 2 Test 

3 
Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 

Control (NTU) 119238 123747 151704 192 160 99 100.5 219 43.7 59.6 62.1 31.3 
Agricultural 

(NTU) 119192 125584 171269 290 205 323 134 133 189 77.2 69.8 80.2 

Plaster (NTU) 119572 131596 140567 398 437 375 168 183 304 94.8 135 128 
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APPENDIX B: CHAPTER 3 SUPPORTING DATA 
 

Calibration Sample Absorbance Data 
PAM Absorbance and Concentration Data 

Soil Interference Validation Data 
Detection Limit Data 

PAM Removal Validity Data 
ProMatrixTM Absorbance Data 

EarthGuardTM EDGETM Pellet Absorbance Data 
 

 

 

 

 

 

 

 



 191 

TABLE B.1: Calibration Sample Absorbance Data, to 400 nanometers 
Wave-
length DI 0 mg/L 20 mg/L 40 mg/L 60 mg/L 90 mg/L 120 mg/L 

200 0.2128 0.553 0.5401 0.6971 0.6909 0.9558 0.9674 1.304 1.3038 1.585 1.5738 1.833 1.8293 

205 0.1923 0.5055 0.4935 0.5736 0.5704 0.7772 0.7875 1.0729 1.0749 1.1492 1.1387 1.3612 1.3587 

210 0.1768 0.4648 0.455 0.5031 0.5005 0.6578 0.6656 0.8983 0.9003 0.892 0.8817 1.0585 1.0558 

215 0.1589 0.4206 0.4123 0.4454 0.4432 0.5435 0.5476 0.7179 0.7193 0.7116 0.7032 0.8421 0.8417 

220 0.1405 0.383 0.3768 0.398 0.3969 0.4418 0.4428 0.5561 0.5545 0.5699 0.5609 0.6713 0.6705 

225 0.126 0.354 0.3497 0.362 0.361 0.37 0.3752 0.4451 0.4424 0.4602 0.4542 0.5381 0.5385 

230 0.1196 0.3425 0.3359 0.345 0.3444 0.3383 0.3387 0.3958 0.393 0.4101 0.4052 0.4772 0.4781 

235 0.1112 0.3223 0.3163 0.3223 0.3221 0.3044 0.3041 0.3468 0.3437 0.358 0.3499 0.4114 0.4113 

240 0.1 0.2926 0.2897 0.2937 0.2926 0.2695 0.2679 0.3 0.2964 0.3044 0.2969 0.3477 0.348 

245 0.0956 0.2816 0.2774 0.2837 0.2779 0.2576 0.2546 0.2822 0.2811 0.2879 0.2815 0.3277 0.3288 

250 0.093 0.2724 0.2692 0.2747 0.2706 0.2502 0.2473 0.2728 0.2728 0.2786 0.2724 0.3171 0.3173 

255 0.0888 0.261 0.2563 0.2605 0.2573 0.2385 0.2366 0.2598 0.259 0.265 0.2587 0.3011 0.3005 

260 0.0851 0.2509 0.2451 0.2477 0.2465 0.2265 0.2251 0.247 0.2466 0.2543 0.2481 0.2877 0.2873 

265 0.0814 0.2351 0.2331 0.2342 0.2339 0.2148 0.2152 0.2344 0.2337 0.2417 0.2355 0.274 0.2737 

270 0.078 0.2225 0.2217 0.2215 0.2223 0.204 0.2047 0.2221 0.2208 0.2305 0.2242 0.2609 0.2598 

275 0.0758 0.2166 0.2143 0.218 0.2151 0.1964 0.1978 0.2133 0.2115 0.2218 0.2162 0.251 0.2491 

280 0.0732 0.2068 0.2044 0.209 0.2061 0.1869 0.1891 0.2024 0.2008 0.2104 0.2063 0.2389 0.237 

285 0.0699 0.1961 0.2002 0.192 0.1948 0.1766 0.1792 0.1906 0.1897 0.1995 0.1964 0.2257 0.2244 

290 0.0656 0.1833 0.1877 0.1799 0.1826 0.1654 0.168 0.1781 0.1763 0.1881 0.1844 0.21 0.2091 

295 0.0616 0.1744 0.1732 0.1698 0.1715 0.1557 0.1584 0.1692 0.1657 0.178 0.1753 0.197 0.1968 

300 0.0588 0.1684 0.1666 0.1621 0.1624 0.1495 0.1477 0.1638 0.1585 0.1714 0.1684 0.189 0.1882 

305 0.056 0.1607 0.1587 0.1546 0.1552 0.1424 0.1384 0.1539 0.1504 0.163 0.16 0.1802 0.1783 

310 0.0539 0.1533 0.1512 0.1473 0.1502 0.1353 0.1314 0.1455 0.1419 0.1545 0.1515 0.1719 0.1701 

315 0.0528 0.146 0.1461 0.1403 0.1428 0.1285 0.1243 0.1374 0.1337 0.146 0.1446 0.1638 0.162 

320 0.0516 0.1412 0.1412 0.135 0.1379 0.1237 0.1186 0.1323 0.129 0.142 0.1382 0.1573 0.1563 

325 0.0505 0.1361 0.1361 0.1293 0.1322 0.1188 0.1135 0.1276 0.125 0.1373 0.1335 0.151 0.1507 

330 0.0492 0.1313 0.1314 0.1244 0.1243 0.1137 0.1096 0.1215 0.1204 0.1324 0.1292 0.1448 0.1438 

335 0.0478 0.1245 0.125 0.1173 0.1158 0.1084 0.1056 0.1154 0.1144 0.1277 0.1243 0.138 0.1372 

340 0.0467 0.1196 0.1197 0.1112 0.1093 0.1035 0.1028 0.1099 0.108 0.1233 0.1196 0.1318 0.131 

345 0.046 0.1152 0.1156 0.1072 0.1054 0.1006 0.099 0.1057 0.1038 0.1204 0.1153 0.1262 0.1273 

350 0.0458 0.1122 0.1138 0.1042 0.1026 0.0973 0.0952 0.1026 0.1009 0.1179 0.1131 0.123 0.1241 

355 0.0452 0.1085 0.1088 0.1008 0.0988 0.0943 0.0918 0.0997 0.0978 0.1151 0.1103 0.1187 0.1197 

360 0.0444 0.1057 0.105 0.0972 0.0956 0.0915 0.0888 0.0963 0.0934 0.1115 0.1061 0.1148 0.1151 

365 0.0442 0.1053 0.1028 0.0944 0.0917 0.09 0.0864 0.0934 0.0907 0.1081 0.1028 0.1123 0.1116 

370 0.0429 0.0997 0.0987 0.0894 0.0875 0.0847 0.0818 0.0886 0.0867 0.1039 0.0999 0.1084 0.1055 

375 0.0421 0.0978 0.0952 0.0869 0.0851 0.0843 0.0828 0.0855 0.0845 0.1013 0.0963 0.1055 0.1021 

380 0.0414 0.0956 0.0929 0.0857 0.083 0.0801 0.0802 0.0826 0.0841 0.0996 0.0943 0.1026 0.0995 
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TABLE B.2: PAM Absorbance Readings and Concentrations 
 Test 1 Test 2 Test 3 Average 

PAM 
(mg/L) 

Test 4 

Min. Absorbance PAM 
(mg/L) Absorbance PAM 

(mg/L) Absorbance PAM 
(mg/L) Absorbance PAM (mg/L) 

0          

3          

6          

9   1.0424 160 1.8778 354 257   

12   2.0875 403 2.5512 511 457   

15 1.7147 317 1.6966 312 1.5716 283 304 0.65245 29 

18 1.4084 245 1.3042 221 1.2553 210 225 0.75460 38 

21 1.3823 239 1.1772 192 1.9107 362 264 0.88465 78 

24 0.6202 62 0.8791 122 1.0971 173 119 0.77195 40 

27 1.5482 278 0.5656 49 0.8321 111 146 0.58025 23 

30 0.8293 111 0.4729 28 0.3687 4 48 0.41825 9 

33 0.8724 121 0.5345 42 0.8232 109 91 0.32660 1 

36 0.6805 76 0.553 47 0.3973 10 44 0.41415 8 

39 0.7666 96 0.6201 62 1.4329 251 136 0.53455 19 

42 0.7391 90 0.6649 73 0.7067 82 82 0.58540 34 

45 0.8804 123 1.1911 195 0.4701 27 115 0.74015 37 

48 0.8002 104 0.751 93 1.3196 225 141 0.86655 48 

51 0.7 81 0.7696 97 0.4816 30 69 0.82645 45 

54 0.5336 42 0.6084 59 0.4202 16 39 0.79905 42 

57 0.643 67 0.6592 71 0.2938 0 46 0.75300 38 

60 0.8707 120 0.674 75 0.4512 23 73 0.75260 38 

 

 

 

 

385 0.0405 0.0915 0.0905 0.0825 0.0835 0.0779 0.0756 0.0792 0.081 0.0979 0.0906 0.0984 0.0954 

390 0.04 0.0901 0.087 0.0796 0.0795 0.0753 0.0727 0.077 0.0759 0.0951 0.0877 0.0945 0.0922 

395 0.0399 0.0886 0.0851 0.0776 0.0762 0.0734 0.0701 0.0762 0.0739 0.0924 0.0861 0.0919 0.0907 

400 0.0399 0.0859 0.0843 0.0779 0.0749 0.0718 0.0684 0.0758 0.073 0.0897 0.085 0.0904 0.0894 
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TABLE B.3: Soil Interference Validation Data 
Turbidity of Centrifuged 

Field Samples (NTU) 
Turbidity of Calibration 

Samples (NTU) 
6.6 16.2 7.79 

11.5 7.74 6.95 
6.16 9.97 8.48 
7.36 13.1 7.49 
14.5 8.78 5.49 
13.6 18.1 12.3 
7.1 7.24 8.47 

7.63 4.86 6.55 
5.4 4.86 12.1 

10.9 3.76  
14.2 5.67  
9.99 6.81  
5.2 4.83  
6 2.23  

6.87 5.39  
7.59 5.66  
5.76 5.78  
7.92 4.84  
6.13 12.2  
6.94 7.55  
8.38 7.64  
12.1 14.3  
26.4 8.32  
13.7 8.75  
11.6 9.63  
8.92 6.41  
7.67 6.14  
3.75 6.72  

 

TABLE B.4: Detection Limit Data 
Corrected 2 mg/L Absorbance at 200nm 

0.5088 0.5011 0.502 
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TABLE B.5: PAM Removal Validity Data 
Corrected Centrifuged Absorbance at 200nm 

0.6327 0.6337 0.6140 
Corrected Uncentrifuged Absorbance at 200nm 

0.6166 0.6109 0.6412 
 

TABLE B.6: ProMatrixTM Sample Absorbance Data, to 400 nanometers 
Wave-
length DI Sample #3 Sample #5 Sample #6 Sample #9 Sample #12 Sample #12 

200 0.1939 2.8492 2.8461 2.7016 2.696 2.4121 1.1488 1.1493 0.6026 0.5917 0.4521 0.4851 

205 0.1747 3.0387 3.0333 2.8121 2.8076 2.2867 1.0465 1.0467 0.5569 0.5498 0.4097 0.4368 

210 0.163 3.0071 2.9997 2.5648 2.5613 1.9868 0.8888 0.8907 0.5063 0.5036 0.3644 0.3881 

215 0.1496 2.999 3.0048 2.1348 2.1371 1.6622 0.7178 0.7189 0.443 0.4431 0.3091 0.3294 

220 0.1357 2.9861 2.9889 1.8213 1.8216 1.4647 0.61 0.6108 0.3987 0.3916 0.2637 0.2802 

225 0.1235 2.9224 2.9212 1.6336 1.6336 1.3569 0.5511 0.5517 0.3698 0.3617 0.2325 0.2458 

230 0.119 2.8034 2.8043 1.5384 1.5393 1.3054 0.5238 0.5245 0.3557 0.3521 0.2187 0.2326 

235 0.1119 2.4787 2.4787 1.3736 1.3741 1.2181 0.4772 0.4777 0.3355 0.3327 0.2018 0.2131 

240 0.1013 1.9871 1.9875 1.1085 1.1075 1.0754 0.401 0.4011 0.3054 0.3076 0.1793 0.188 

245 0.0966 1.7319 1.7323 0.9696 0.9703 1.0003 0.3639 0.3638 0.291 0.2991 0.1702 0.1781 

250 0.0939 1.5941 1.5939 0.8952 0.8956 0.9574 0.3441 0.344 0.2834 0.2903 0.1648 0.1723 

255 0.0895 1.4628 1.4623 0.8239 0.8247 0.9095 0.3232 0.3231 0.2733 0.2777 0.1562 0.1641 

260 0.0861 1.3976 1.3967 0.7866 0.7869 0.8788 0.3104 0.3105 0.2666 0.2709 0.1498 0.1579 

265 0.0819 1.3835 1.3826 0.7772 0.7769 0.86 0.3023 0.3023 0.2615 0.2602 0.1431 0.1502 

270 0.0779 1.392 1.3905 0.7786 0.7785 0.8493 0.2972 0.2973 0.259 0.2523 0.1374 0.1436 

275 0.0757 1.3986 1.3967 0.7797 0.779 0.8416 0.2941 0.2938 0.2554 0.2474 0.1339 0.1396 

280 0.0732 1.3787 1.3767 0.7658 0.7658 0.8268 0.2881 0.2877 0.2495 0.2424 0.1299 0.1356 

285 0.0709 1.2917 1.2895 0.7207 0.7206 0.7964 0.2758 0.2753 0.2409 0.2378 0.1256 0.1311 

290 0.0678 1.1413 1.1397 0.647 0.6465 0.7511 0.2565 0.256 0.2303 0.2287 0.1201 0.1252 

295 0.065 1.044 1.0429 0.5998 0.599 0.7199 0.2417 0.241 0.223 0.2241 0.1156 0.1203 

300 0.0631 0.9905 0.9888 0.5734 0.5731 0.7017 0.2319 0.2311 0.22 0.2223 0.1124 0.1165 

305 0.0609 0.9326 0.9309 0.5465 0.5464 0.6828 0.2203 0.2196 0.2145 0.2176 0.1083 0.1107 

310 0.0593 0.8739 0.8723 0.5201 0.5205 0.665 0.2084 0.2081 0.2125 0.2116 0.1044 0.106 

315 0.058 0.7978 0.7965 0.4897 0.4899 0.6452 0.1961 0.196 0.2061 0.2082 0.1011 0.1038 

320 0.0569 0.7509 0.7507 0.4693 0.4696 0.6312 0.1879 0.1882 0.2059 0.2032 0.0978 0.1016 

325 0.0558 0.7071 0.706 0.4503 0.4499 0.6172 0.1802 0.1802 0.1989 0.1997 0.0955 0.0987 

330 0.0543 0.6568 0.6558 0.4275 0.4262 0.6003 0.1723 0.172 0.1935 0.1978 0.093 0.0954 

335 0.0528 0.5939 0.5929 0.3962 0.3947 0.5774 0.1618 0.1622 0.1932 0.194 0.0898 0.0914 

340 0.0515 0.5369 0.5361 0.3647 0.3643 0.5546 0.153 0.1533 0.1912 0.1931 0.0875 0.0883 
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345 0.0506 0.4969 0.496 0.3414 0.3414 0.5378 0.1466 0.1469 0.1853 0.1893 0.0858 0.0868 

350 0.0498 0.4635 0.4627 0.3217 0.322 0.5233 0.1415 0.1415 0.1854 0.1831 0.0841 0.0853 

355 0.0491 0.4282 0.4277 0.2994 0.2997 0.5078 0.1361 0.136 0.1842 0.1793 0.0824 0.0845 

360 0.0481 0.3945 0.3944 0.2789 0.2794 0.4916 0.1303 0.1304 0.1824 0.178 0.0812 0.083 

365 0.0474 0.3704 0.37 0.2649 0.2643 0.4793 0.1261 0.1264 0.1775 0.1773 0.0801 0.0811 

370 0.0466 0.3343 0.3332 0.2432 0.2426 0.4594 0.1199 0.1202 0.1712 0.1732 0.0775 0.0798 

375 0.0456 0.3126 0.3116 0.2301 0.2296 0.4468 0.1158 0.1162 0.1715 0.169 0.0758 0.0782 

380 0.0451 0.291 0.2902 0.2175 0.2166 0.4334 0.1118 0.1119 0.1747 0.1659 0.0748 0.0765 

385 0.0442 0.264 0.2637 0.2008 0.1996 0.4151 0.1063 0.1066 0.1716 0.1627 0.0731 0.0749 

390 0.0435 0.2442 0.2449 0.1882 0.187 0.4009 0.1021 0.1026 0.1672 0.1607 0.0712 0.0734 

395 0.0433 0.2309 0.2316 0.1799 0.1787 0.3916 0.0995 0.0996 0.1628 0.1596 0.0705 0.0753 

400 0.0433 0.2187 0.219 0.1724 0.171 0.3824 0.097 0.097 0.1613 0.1608 0.0703 0.0789 
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TABLE B.7: EarthGuardTM EDGETM Pellet Sample Absorbance Data, to 400 nanometers 
Wave-
length DI Sample #1 Sample #3 Sample #6 Sample #10 Sample #13 Sample #15 

200 0.0865 1.0731 1.0744 1.8218 1.8239 1.3235 1.325 0.767 0.7675 0.664 0.6672 0.5129 0.5151 

210 0.071 0.7971 0.7976 1.2973 1.2978 0.9295 0.9299 0.5638 0.5613 0.4905 0.4951 0.3833 0.3837 

220 0.0602 0.4956 0.4965 0.7742 0.7737 0.5646 0.564 0.3537 0.3521 0.3148 0.317 0.2517 0.2522 

230 0.0545 0.3597 0.3594 0.5512 0.5509 0.4134 0.4133 0.2629 0.2633 0.2379 0.2394 0.1928 0.1927 

240 0.0494 0.2486 0.248 0.3686 0.3688 0.2897 0.2889 0.1902 0.1903 0.175 0.1757 0.1454 0.1448 

250 0.0477 0.2215 0.2212 0.3196 0.3195 0.2553 0.2533 0.1685 0.169 0.1562 0.1563 0.1314 0.1314 

260 0.0453 0.2 0.2003 0.291 0.2911 0.234 0.2324 0.154 0.1535 0.1423 0.1425 0.1193 0.1196 

270 0.0423 0.1821 0.1821 0.2725 0.2727 0.2177 0.2172 0.1428 0.1424 0.1321 0.1313 0.1086 0.1087 

280 0.0414 0.1677 0.1676 0.2532 0.2537 0.2026 0.202 0.1326 0.1324 0.1256 0.122 0.1012 0.1016 

290 0.0403 0.1449 0.1448 0.2136 0.2135 0.1716 0.1718 0.1146 0.1141 0.1073 0.107 0.0902 0.0905 

300 0.0385 0.1285 0.1278 0.1853 0.1839 0.1497 0.1495 0.1007 0.1002 0.0957 0.0952 0.0811 0.0805 

310 0.0379 0.116 0.1146 0.1625 0.1607 0.133 0.1328 0.0929 0.0911 0.0872 0.0869 0.0747 0.0741 

320 0.0386 0.1054 0.1037 0.1362 0.1345 0.1164 0.1158 0.0833 0.0831 0.081 0.0809 0.0705 0.0698 

330 0.0377 0.0968 0.0953 0.1156 0.1149 0.1037 0.1033 0.0776 0.077 0.0763 0.0749 0.0666 0.0657 

340 0.037 0.0878 0.086 0.0958 0.0953 0.0908 0.0907 0.0716 0.0706 0.0708 0.0693 0.0626 0.0612 

350 0.0371 0.0835 0.0817 0.0861 0.0862 0.0852 0.0843 0.0688 0.0671 0.0679 0.0665 0.0608 0.0594 

360 0.0369 0.0799 0.0779 0.0783 0.0785 0.0798 0.0793 0.0659 0.0644 0.0645 0.0641 0.059 0.0577 

370 0.0367 0.0755 0.0741 0.0716 0.072 0.0745 0.0743 0.063 0.0613 0.0614 0.0613 0.0566 0.0562 

380 0.036 0.0718 0.0712 0.0661 0.0659 0.0697 0.0697 0.0598 0.0586 0.0584 0.0582 0.0538 0.0542 

390 0.0356 0.0676 0.0678 0.0596 0.059 0.0641 0.0642 0.0576 0.0545 0.0546 0.0546 0.0513 0.0515 

400 0.0358 0.066 0.0663 0.056 0.0557 0.0611 0.0614 0.0531 0.052 0.0529 0.0526 0.0503 0.0502 
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Final Sand Soil Testing Results 
Final Clay Soil Testing Results 

Sample Final Loam Soil Testing Results 
Plot 1 Construction Compaction Results 

Preliminary Intensity/Uniformity Results 
Flour Pan Data 
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TABLE C.1: Sand Wet Sieve Analysis Results 
Analysis #1 Analysis #2 

Original Mass (g) 200.0 Original Mass (g) 200.0 
Dry Mass (g) 166.8 Dry Mass (g) 160.03 

Fines (g) 33.2 Fines (g) 39.97 
Percent Fines 17% Percent Fines 20% 

 
 
 
 
 

TABLE C.2: Sand Dry Sieve Analysis Results 
 Analysis #1 Analysis #2 
 Mass Sieve 

(g) 
Mass Sieve 
Plus Soil (g) 

Mass of 
Soil (g) 

% of 
Original % Passing Mass Sieve 

(g) 
Mass Sieve 
Plus Soil (g) 

Mass of 
Soil (g) 

% of 
Original % Passing Sieve No. Size 

(mm) 
4 4.760 608.7 610.40 1.7 0.8% 99.2% 608.6 610.90 2.3 1.1% 98.9% 

10 2.000 487.9 501.40 13.5 6.8% 92.4% 488.2 496.30 8.1 4.1% 94.8% 
20 0.841 412.7 428.50 15.8 7.9% 84.5% 412.8 430.50 17.7 8.8% 86.0% 
40 0.420 464.1 495.80 31.7 15.9% 68.7% 464.2 502.60 38.4 19.2% 66.8% 
50 0.297 363.1 399.10 36.0 18.0% 50.7% 363.3 407.40 44.1 22.1% 44.7% 
80 0.177 487.9 525.60 37.7 18.9% 31.8% 487.8 526.60 38.8 19.4% 25.3% 

120 0.125 309.6 323.60 14.0 7.0% 24.8% 309.6 320.60 11.0 5.5% 19.8% 
200 0.075 500.7 510.80 10.1 5.1% 19.8% 500.4 507.80 7.4 3.7% 16.1% 
Pan 0.000 357.3 358.00 0.7 0.3% 19.4% 357.4 357.80 0.4 0.2% 15.9% 
Sum    161.2     168.2   

% Fines 
Missed in 
Wet Sieve 

   1.8%     1.2%   

% Lost in 
Dry Sieve    0.73%     0.84%   
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TABLE C.3: Proctor Compaction Results, Sand 
Compacted Soil - 

Sample No. 1 2 3 4 5 6 
Weight Container 

(g) 14.7 14.7 14.8 14.8 14.8 14.0 14.9 14.4 14.2 14.8 14.7 14.7 

Moist Sample 
Weight (g) 62.6 79.4 54.2 56.6 65.4 70.6 72.2 83.1 89.3 67.5 74.6 72.3 

Dry Sample Weight 
(g) 61.9 78.0 50.7 52.8 59.7 64.5 63.9 73.3 77.7 59.6 63.5 61.1 

W = Moisture 
Content (%) 1.5 2.1 9.7 9.9 12.8 12.0 17.0 16.7 18.2 17.8 22.9 24.1 

Average Moisture 
Content (%) 1.8% 9.8% 12.4% 16.8% 18.0% 23.5% 

Weight of Mold (g) 4274  4271  4271  4271  4272  4272  
Weight of 

Compacted Soil & 
Mold (g) 

5777  5857  6147  6271  6224  6134  

Weight of Wet Soil 
in Mold (g) 1503  1586  1876  2000  1952  1862  

Moist Unit Weight 
(lb/ft3) 99.4  104.9  124.1  132.3  129.1  123.2  

Dry Unit Weight of 
Compaction (lb/ft3) 97.6  95.5  110.4  113.2  109.4  99.7  

 
 
 

TABLE C.4: Clay Wet Sieve Analysis Results 
Analysis #1 Analysis #2 

Original Mass (g) 100.0 Original Mass (g) 100.0 
Dry Mass (g) 7.84 Dry Mass (g) 4.74 

Fines (g) 92.16 Fines (g) 95.26 
Percent Fines 92% Percent Fines 95% 
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TABLE C.5: Clay Dry Sieve Analysis Results 

 Analysis #1 Analysis #2 
 Mass Sieve 

(g) 
Mass Sieve 
Plus Soil (g) 

Mass of 
Soil (g) 

% of 
Original % Passing Mass Sieve 

(g) 
Mass Sieve 
Plus Soil (g) 

Mass of 
Soil (g) 

% of 
Original % Passing Sieve No. Size 

(mm) 
16 1.180 498.6 499.1 0.5 0.5% 99.5% 498.4 499.1 0.7 0.7% 99.3% 
40 0.425      463.9 465.2 1.3 1.3% 98.0% 
80 0.180 487.7 490.2 2.5 2.5% 97.0% 309.4 313.3 3.9 3.9% 94.1% 

200 0.075 499.6 501.6 2.0 2.0% 95.0% 500.1 502.4 2.3 2.3% 91.8% 
Pan 0.000 356.6 356.7 0.1 0.1% 94.9% 356.7 356.8 0.1 0.1% 91.7% 
Sum    5.1     8.3   

% Fines 
Missed in 
Wet Sieve 

   0.1%     0.1%   

% Lost in 
Dry Sieve    7.06%     5.87%   

 
 

TABLE C.6: Hydrometer Test #1 Clay 
Meniscus 
Corr. (cm) 1 Temperature Corr. 

(cm) 1 Mass (g) 50.0  

Viscosity (p) 0.009775 Specific Gravity 2.7 Temperature 
(Celcius) 21  

Time (s) Reading 
Corrected Reading 

Meniscus + 
Temperature 

Mass 
Percent 

Finer 

Effective Depth 
(L) 

Particle 
Diameter 

Percent 
Finer of 

Total 

15 53 51.0 102.0 7.9309 0.07326 97% 

30 52 50.0 100.0 8.095 0.05234 95% 

60 52 50.0 100.0 8.095 0.03701 95% 

120 51.5 49.5 99.0 8.17705 0.02630 94% 

240 50 48.0 96.0 8.4232 0.01887 91% 

480 49 47.0 94.0 8.5873 0.01347 90% 

900 46 44.0 88.0 9.0796 0.01012 84% 

1800 44 42.0 84.0 9.4078 0.00728 80% 

7200 36 34.0 68.0 10.7206 0.00388 65% 

21600 29 27.0 54.0 11.8693 0.00236 51% 

28800 26 24.0 48.0 12.3616 0.00208 46% 

86400 21 19.0 38.0 13.1821 0.00124 36% 
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TABLE C.7: Hydrometer Test #2 Clay 

Meniscus 
Corr. (cm) 1 Temperature Corr. 

(cm) -1 Mass (g) 50.0  

Viscosity (p) 0.009775 Specific Gravity 2.7 Temperature 
(Celcius) 21  

Time (s) Reading 
Corrected Reading 

Meniscus + 
Temperature 

Mass 
Percent 

Finer 

Effective Depth 
(L) 

Particle 
Diameter 

Percent 
Finer of 

Total 

15 52 52.0 104.0 7.7668 0.072507 96% 

30 51 49.0 98.0 8.2591 0.05287 90% 

60 50 48.0 96.0 8.4232 0.037754 88% 

120 49 47.0 94.0 8.5873 0.026955 87% 

240 47 45.0 90.0 8.9155 0.019421 83% 

480 46 44.0 88.0 9.0796 0.013859 81% 

1320 44.5 42.5 85.0 9.32575 0.00847 78% 

1800 42.5 40.5 81.0 9.65395 0.007379 75% 

3600 40 38.0 76.0 10.0642 0.005328 70% 

14400 35 33.0 66.0 10.8847 0.00277 61% 

28800 29 27.0 54.0 11.8693 0.002046 50% 

108000 25 23.0 46.0 12.5257 0.001085 42% 
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TABLE C.8: Hydrometer Test #3 Clay 

Meniscus 
Corr. (cm) 1 Temperature Corr. 

(cm) 0 Mass (g) 50.0  

Viscosity (p) 0.00958 Specific Gravity 2.7 Temperature 
(Celcius) 22  

Time (s) Reading 
Corrected Reading 

Meniscus + 
Temperature 

Mass 
Percent 

Finer 

Effective Depth 
(L) 

Particle 
Diameter 

Percent 
Finer of 

Total 

15 47 46.0 92.0 8.7514 0.076194 35% 

30 45 44.0 88.0 9.0796 0.054878 33% 

60 41 40.0 80.0 9.736 0.040183 30% 

120 38 37.0 74.0 10.2283 0.029123 28% 

240 35 34.0 68.0 10.7206 0.021083 26% 

480 34 33.0 66.0 10.8847 0.015022 25% 

900 33 32.0 64.0 11.0488 0.011053 24% 

1800 32 31.0 62.0 11.2129 0.007873 23% 

16200 31 30.0 60.0 11.377 0.002644 23% 

72000 30 29.0 58.0 11.5411 0.001263 22% 
 
 

TABLE C.9: Casagrande Tests, Clay 

Tin # 
Tin 

Weight 
(g) 

Tin Plus 
Moist Soil 

(g) 

Tin Plus 
Dry Soil (g) 

Mass 
Moist Soil 

(g) 

Mass Dry 
Soil (g) 

Moisture 
Content No of Blows 

Test 1-1 14.7 31.01 25.73 16.31 11.03 48% 18 

Test 1-2 13.95 31.96 26.35 18.01 12.4 45% 26 

Test 1-3 14.04 29.74 25.46 15.7 11.42 37% 45 

Test 2-1 14.76 27.87 23.63 13.11 8.87 48% 13 

Test 2-2 14.50 29.27 24.44 14.77 9.94 49% 29 

Test 2-3 14.68 24.8 21.58 10.12 6.9 47% 38 
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TABLE C.10: Plastic Limit Tests, Clay 

Tin # Tin Weight 
(g) 

Tin Plus Moist 
Soil (g) 

Tin Plus Dry 
Soil (g) 

Mass Moist 
Soil (g) 

Mass Dry 
Soil (g) 

Moisture 
Content 

Test 1-1 14.09 26.94 24.37 12.85 10.28 25% 

Test 1-2 14.67 22.83 21.28 8.16 6.61 23% 

Test 1-3 14.53 25.1 22.95 10.57 8.42 26% 

Test 2-1 14.7 24.37 22.56 9.67 7.86 23% 

Test 2-2 14.81 26.83 24.57 12.02 9.76 23% 

Test 2-3 14.54 22.07 20.68 7.53 6.14 23% 
 
 

TABLE C.11: Loams Wet Sieve Analysis Results 
Analysis #1 (Sample 1) Analysis #1 (Sample 2) 

Original Mass (g) 100.0 Original Mass (g) 100.0 
Dry Mass (g) 52.18 Dry Mass (g) 52.95 

Fines (g) 47.82 Fines (g) 47.05 
Percent Fines 48% Percent Fines 47% 

 
 

TABLE C.12: Loams Dry Sieve Analysis Results 
 SAMPLE #1 SAMPLE #2 
 Mass Sieve 

(g) 
Mass Sieve 
Plus Soil (g) 

Mass of 
Soil (g) 

% of 
Original % Passing Mass Sieve 

(g) 
Mass Sieve 
Plus Soil (g) 

Mass of 
Soil (g) 

% of 
Original % Passing Sieve No. Size 

(mm) 
8 2.350 479.6 485.6 6.0 6.0% 94.0% 479.1 481.9 2.8 2.8% 97.2% 

16 1.180 498.5 502.4 3.9 3.9% 90.1% 498.5 502.2 3.7 3.7% 93.5% 

35 0.500 464.0 475.6 11.6 11.6% 78.5%      

50 0.300 363.0 368.6 5.6 5.6% 72.9% 389.0 402.0 13.0 13.0% 80.5% 

80 0.180 487.7 498.2 10.5 10.5% 62.4% 487.8 506.5 18.7 18.7% 61.8% 

120 0.125 309.4 316.6 7.2 7.2% 55.2% 309.4 316.7 7.3 7.3% 54.5% 

200 0.075 499.8 506.2 6.4 6.4% 48.8% 500.0 507.0 7.0 7.0% 47.5% 

Pan 0.000 356.8 357.1 0.3 0.3% 48.5% 357.3 358.1 0.8 0.8% 46.7% 
Sum    51.5     53.3   

% Fines 
Missed in 
Wet Sieve 

   0.6%     1.7%   

% Lost in 
Dry Sieve    -1.32%     0.66%   
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TABLE C.13: Hydrometer Test, Loam Sample #1 
Meniscus 
Corr. (cm) 1 Temperature Corr. 

(cm) 1 Mass (g) 50.0  

Viscosity (p) 0.009775 Specific Gravity 2.7 Temperature 
(Celcius) 21  

Time (s) Reading 
Corrected Reading 

Meniscus + 
Temperature 

Mass 
Percent 

Finer 

Effective Depth 
(L) 

Particle 
Diameter 

Percent 
Finer of 

Total 

15 53 51.0 102.0 7.9309 0.073269 49% 

30 51 49.0 98.0 8.2591 0.05287 47% 

60 50 48.0 96.0 8.4232 0.037754 46% 

120 45 43.0 86.0 9.2437 0.027966 41% 

240 42 40.0 80.0 9.736 0.020295 38% 

480 36 34.0 68.0 10.7206 0.015059 33% 

900 33 31.0 62.0 11.2129 0.011247 30% 

1800 29 27.0 54.0 11.8693 0.008182 26% 

7200 25 23.0 46.0 12.5257 0.004203 22% 

21600 22 20.0 40.0 13.018 0.002474 19% 

28800 20 18.0 36.0 13.3462 0.002169 17% 

86400 18 16.0 32.0 13.6744 0.001268 15% 
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TABLE C.14: Hydrometer Test, Loam Sample #2 
Meniscus 
Corr. (cm) 1 Temperature Corr. 

(cm) 1 Mass (g) 50.0  

Viscosity (p) 0.009775 Specific Gravity 2.7 Temperature 
(Celcius) 21  

Time (s) Reading 
Corrected Reading 

Meniscus + 
Temperature 

Mass 
Percent 

Finer 

Effective Depth 
(L) 

Particle 
Diameter 

Percent 
Finer of 

Total 

15 51 49.0 98.0 8.2591 0.07477 46% 

30 50 48.0 96.0 8.4232 0.053393 45% 

60 48 46.0 92.0 8.7514 0.038483 43% 

120 45 43.0 86.0 9.2437 0.027966 40% 

240 41 39.0 78.0 9.9001 0.020465 37% 

480 38 36.0 72.0 10.3924 0.014827 34% 

900 35 33.0 66.0 10.8847 0.011081 31% 

1800 32 30.0 60.0 11.377 0.008011 28% 

3600 29 27.0 54.0 11.8693 0.005786 25% 

7200 26.5 24.5 49.0 12.27955 0.004161 23% 

14400 24.5 22.5 45.0 12.60775 0.002982 21% 

28800 23 21.0 42.0 12.8539 0.002129 20% 

86400 20.5 18.5 37.0 13.26415 0.001248 17% 

172800 19 17.0 34.0 13.5103 0.000891 16% 
 
 
 

TABLE C.15: Casagrande Tests, Loams 

Tin # 
Tin 

Weight 
(g) 

Tin Plus 
Moist Soil 

(g) 

Tin Plus 
Dry Soil 

(g) 

Mass Moist 
Soil (g) 

Mass 
Dry Soil 

(g) 

Moisture 
Content No of Blows 

Test 1-1 14.86 27.2 23.78 12.34 8.92 38% 12 

Test 1-2 13.94 25.84 22.89 11.9 8.95 33% 24 

Test 1-3 13.95 26.28 23.56 12.33 9.61 28% 43 

Test 2-1 14.79 26.37 22.78 11.58 7.99 45% 14 

Test 2-2 14.64 26.93 23.48 12.29 8.84 39% 28 

Test 2-3 14.69 26.39 23.42 11.7 8.73 34% 40 
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TABLE C.16: Plastic Limit Tests, Loams 

Tin # Tin Weight (g) Tin Plus Moist 
Soil (g) 

Tin Plus Dry 
Soil (g) 

Mass Moist 
Soil (g) 

Mass Dry 
Soil (g) 

Moisture 
Content 

Test 1-1 14.74 22.41 20.6 7.67 5.86 31% 

Test 1-2 14.61 22.36 20.49 7.75 5.88 32% 

Test 1-3 14.54 22.27 20.49 7.73 5.95 30% 

Test 2-1 14.06 23.74 21.85 9.68 7.79 24% 

Test 2-2 14.64 21.25 19.90 6.61 5.26 26% 

Test 2-3 14.67 24.8 22.79 10.13 8.12 25% 
 
 

TABLE C.17: Plot 1 Compaction Results, Post-Construction 
Sample Location Top Middle Bottom 

Height of Soil in Cylinder (in.) 2.00 2.25 2.625 
Volume of Soil (in.3) 23.59 26.53 30.96 
Volume of Soil (ft3) 0.0136 0.0154 0.0179 

Weight of Soil and Cylinder (g) 1262.2 1273.8 1385.2 
Weight of Cylinder (g) 570 570 570 

Weight of Soil (g) 692.2 703.8 815.2 
Weight of Soil (lb) 1.526 1.552 1.797 

Wet Density (lb/ft3) 111.80 101.04 100.32 
Dry Density (lb/ft3) 94.26 85.49 84.62 

Max Dry Density of Test (lb/ft3) 92 92 92 
Compaction (%) 102.46% 92.92% 91.98% 

Average Compaction (%) 95.78% 
Moisture 

Tare Weight Moist Soil (g) 106.4 102.2 113.2 
Tare Weight Dry Soil (g) 86.6 83.6 92.2 
Moisture Content (%) 18.6% 18.2% 18.6% 

Optimal Moisture for Test (%) 29.5% 29.5% 29.5% 
Average Moisture Content (%) 18.5% 
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TABLE C.18: 2 in./hr Intensity Data, Plot 1 
Rain Gauge 

Number  Test 1 Test 2 Test 3 Test 4 
Test 5 (6 
in./hr) 

1 1.0 0.5 0.4 0.7 1.6 
2 0.6 0.3 0.7 0.8 1.3 
3 0.6 0.4 0.5 0.5 1.4 
4 0.8 0.8 1.0 1 1.3 
5 0.9 0.5 0.7 0.7 1.5 
6 0.9 0.6 0.4 0.6 1.9 
7 1.2 0.3 0.6 0.7 1.7 
8 0.6 0.5 0.5 0.4 2.0 
9 0.8 0.4 0.7 0.5 1.7 

10 0.5 0.5 0.7 0.8 2.1 
11 0.8 0.5 0.4 0.8 1.8 
12 0.6 0.6 0.4 0.6 1.5 
13 0.7 0.4 0.4 0.7 1.8 
14 0.9 0.8 0.9 0.9 1.4 
15 0.8 0.6 0.8 0.8 1.5 
16 0.8 0.2 0.7 0.8 1.7 
17 1.0 0.7 0.4 1.0 2.5 
18 0.6 0.5 0.6 0.6 2.2 
19 1.1 0.6 0.5 1.1 1.5 
20 0.4 0.5 0.6 0.4 1.7 

 
 

TABLE C.19: Pressures, 2 in./hr (psi) 
Sprinkler Tree 

Number  Test 1 Test 2 Test 3 Test 4 Test 5 
1 50 48 50 40 28 
2 49 46 50 38 28 
3 49 46 50 38 30 
4 49 43 46 36 30 
5 44 44 46 36 34 
6 44 44 46 36 28 
7 46 46 50 40 32 
8 48 46 50 39 30 
9 48 47 50 40 30 

10 50 48 50 41 32 
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TABLE C.20: 4 in./hr Intensity Data, Plot 1 

Rain Gauge 
Number  Test 1 Test 2 Test 3 Test 4 Test 5 

1 2.1 1.1 1.4 1.9 1.6 
2 1.5 1.5 1.0 2.2 2.5 
3 1.3 1.0 1.4 1.5 1.7 
4 2.4 1.4 2.1 2.4 2.3 
5 2.1 1.8 1.6 1.9 3.4 
6 2.4 1.3 1.2 1.6 2.4 
7 2.6 1.4 1.0 1.6 3.6 
8 1.6 1.4 1.3 1.2 2.1 
9 2.0 1.5 1.8 1.6 2.4 

10 1.8 1.4 2.4 1.6 2.2 
11 2.0 1.0 1.7 1.5 2.4 
12 1.6 1.1 1.1 1.3 3.4 
13 1.7 0.9 1.1 2.2 2.6 
14 2.7 1.5 2.2 2.3 3.4 
15 1.3 1.6 2.0 1.8 2.9 
16 2.1 1.4 1.5 1.7 2.7 
17 2.8 0.9 1.3 1.3 2.3 
18 1.6 1.4 1.5 1.4 2.4 
19 2.4 1.0 1.5 2.0 2.0 
20 2.0 1.1 2.4 2.1 2.5 

 
 
 

TABLE C.21: Pressures, 4 in./hr (psi) 
Sprinkler Tree 

Number  Test 1 Test 2 Test 3 Test 4 Test 5 
1 40 50 50 35 30 
2 40 48 48 32 36 
3 39 48 44 32 34 
4 38 46 44 30 34 
5 38 44 44 30 36 
6 38 48 46 30 30 
7 38 50 48 34 30 
8 40 48 48 32 34 
9 40 48 50 33 34 

10 42 50 50 33 36 



 209 

 
TABLE C.22: 6 in./hr Intensity Data, Plot 1 

Rain Gauge 
Number  Test 1 Test 2 Test 3 Test 4 Test 5 

1 3.9 2.1 2.7 3.7 3.5 
2 3.0 3.5 4.1 1.6 1.7 
3 1.7 2.1 2.5 3.0 2.6 
4 4.5 2.7 3.8 4.1 4.2 
5 4.4 4.0 3.2 4.5 4.8 
6 4.2 2.6 2.0 3.0 3.6 
7 5.2 2.9 3.5 2.8 1.7 
8 3.1 2.6 2.3 2.6 2.7 
9 4.3 2.8 2.9 2.4 2.6 

10 3.7 3.0 4.3 3.4 3.4 
11 3.9 2.3 3.2 3.3 3.0 
12 3.4 2.5 2.4 3.9 4.0 
13 3.2 2.0 2.0 2.5 3.0 
14 5.1 2.8 4.2 4.4 4.1 
15 1.2 3.5 3.8 3.6 3.4 
16 4.5 2.6 2.7 3.5 3.1 
17 5.1 2.6 2.4 1.7 2.9 
18 3.3 1.7 1.7 2.5 2.5 
19 4.1 1.8 2.7 2.5 2.3 
20 4.3 2.3 3.7 3.0 3.2 

 
 
 

TABLE C.23: Pressures, 6 in./hr (psi) 
Sprinkler Tree 

Number  Test 1 Test 2 Test 3 Test 4 Test 5 
1 29 48 40 32 32 
2 27 44 44 28 34 
3 24 44 44 28 36 
4 26 42 44 26 36 
5 26 42 42 26 38 
6 24 40 44 27 34 
7 26 42 44 30 36 
8 28 46 44 28 36 
9 28 46 46 29 36 

10 30 46 46 31 38 
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TABLE C.24: 2 in./hr Flour Pan Data 

Sieve No. Sieve Size 
(mm) Sieve Weight (g) Sieve with Pellet 

Weight (g) 
Number of 

Pellets 
#4 4.760 768.4 768.6 2 
#8 2.380 477.7 478.1 16 

#10 2.000 680.4 680.5 19 
#16 1.190 483.6 484.0 152 
#20 0.841 633.6 633.7 262 
#30 0.595 474.1 474.4 355 
Pan 0.000 491.0 491.2  

Total      806 
 

Sieve Size  
Sieve Size 

(mm) Sieve Weight (g)  Sieve with Pellet 
Weight (g) 

Number of 
Pellets  

#4  4.760 768.5 768.5 0 
#8  2.380 477.6 478.4 39 

#10  2.000 680.5 680.7 35 
#14   1.190 483.6 484.5 338 
#20  0.841 633.6 634.1 430 
#30  0.595 474.2 474.5 605 
Pan  0.000 491.0 491.3  

Total    1447 
 

Sieve Size 
Sieve Size 

(mm) Sieve Weight (g) Sieve with Pellet 
Weight (g) 

Number of 
Pellets 

#4 4.760 768.5 768.7 5 
#8 2.380 477.7 478.6 64 

#10 2.000 680.5 680.8 46 
#14 1.190 483.6 484.9 372 
#20 0.841 633.6 634.0 454 
#30 0.595 474.2 474.6 733 
Pan 0.000 491.0 491.2  

Total    1674 
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TABLE C.25: 4 in./hr Flour Pan Data 

Sieve No. Sieve Size 
(mm) Sieve Weight (g) Sieve with Pellet 

Weight (g) 
Number of 

Pellets 
#4 4.760 768.6 768.7 1 
#8 2.380 477.7 478.1 39 

#10 2.000 680.6 681.0 53 
#16 1.190 424.5 425.4 361 
#20 0.841 633.7 634.0 305 
#30 0.595 474.1 474.4 501 
Pan 0.000 491.2 491.3  

Total      1260 
 

Sieve Size  
Sieve Size 

(mm) Sieve Weight (g)  Sieve with Pellet 
Weight (g) 

Number of 
Pellets  

#4  4.760 768.4 769.0 4 
#8  2.380 477.7 479.3 95 

#10  2.000 680.6 681.0 61 
#14   1.190 424.4 425.5 379 
#20  0.841 633.6 633.9 378 
#30  0.595 474.4 474.5 360 
Pan  0.000 491.0 491.3  

Total    1277 
 

Sieve Size 
Sieve Size 

(mm) Sieve Weight (g) Sieve with Pellet 
Weight (g) 

Number of 
Pellets 

#4 4.760 768.5 768.6 2 
#8 2.380 477.7 478.7 66 

#10 2.000 680.5 681.1 67 
#14 1.190 424.5 425.7 422 
#20 0.841 633.7 634.2 515 
#30 0.595 474.3 474.5 590 
Pan 0.000 491.0 491.3  

Total    1662 
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TABLE C.26: 6 in./hr Flour Pan Data 

Sieve No. Sieve Size 
(mm) Sieve Weight (g) Sieve with Pellet 

Weight (g) 
Number of 

Pellets 
#4 4.760 601.7 601.8 1 
#8 2.380 477.7 482.1 212 

#10 2.000 361.2 362.0 106 
#16 1.190 483.6 484.9 490 
#20 0.841 633.4 634.0 282 
#30 0.595 412.9 413.0 482 
Pan 0.000 355.6 356.0  

Total      1573 
 

Sieve Size  
Sieve Size 

(mm) Sieve Weight (g)  Sieve with Pellet 
Weight (g) 

Number of 
Pellets  

#4  4.760 601.6 602.1 5 
#8  2.380 477.7 483.1 220 

#10  2.000 361.2 362.3 135 
#14   1.190 483.7 484.8 400 
#20  0.841 633.6 633.9 293 
#30  0.595 412.8 412.9 305 
Pan  0.000 355.7 356.2  

Total    1358 
 

Sieve Size 
Sieve Size 

(mm) Sieve Weight (g) Sieve with Pellet 
Weight (g) 

Number of 
Pellets 

#4 4.760 601.7 601.7 1 
#8 2.380 477.7 479.7 103 

#10 2.000 361.2 362.0 110 
#14 1.190 483.7 484.7 315 
#20 0.841 633.6 633.9 225 
#30 0.595 412.9 413.0 409 
Pan 0.000 355.6 356.0  

Total    1163 
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TABLE C.27: 2 in./hr Flour Pan Calculations 
Sieve 
N

o. 
Total 

M
ass (g) 

Total 
Drops 

M
ass per 

Drop (g) 
M

ass 
Ratio 

Avg. 
Diam

eter 
(m

m
) 

Adj. Pellet 
W

eight (g) 
Adj. 

M
ass %

 Fall Velocity 
(m

/s) 

Fall 
Velocity 

(ft/s) 

Increm
ental 

M
ass (lb) 

Kinetic 
Energy (ft-lb) 

Kinetic 
Energy (ft-

tons) 
E 

#4 
0.4 

7 
57.1429 

1.2 
5.0 

0.4615 
0.06 

7.81 
25.63 

2.0 
643.5 

0.3 
44 

#8 
2.1 

119 
17.6471 

1.1 
3.3 

2.3291 
0.29 

7.09 
23.27 

9.9 
2677.9 

1.3 
182 

#10 
0.6 

100 
6.0000 

1.1 
2.3 

0.6409 
0.08 

6.18 
20.27 

2.7 
558.8 

0.3 
38 

#16 
2.6 

862 
3.0162 

1.0 
1.8 

2.7091 
0.33 

5.62 
18.45 

11.5 
1957.6 

1.0 
133 

#20 
1.0 

1146 
0.8726 

1.0 
1.2 

0.9948 
0.12 

4.78 
15.70 

4.2 
520.4 

0.3 
35 

#30 
1.0 

1693 
0.5907 

1.0 
1.0 

0.9800 
0.12 

4.57 
14.99 

4.2 
467.2 

0.2 
32 
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TABLE C.28: 4 in./hr Flour Pan Calculations 

Sieve 
N

o. 
Total 

M
ass (g) 

Total 
Drops 

M
ass per 

Drop (g) 
M

ass 
Ratio 

Avg. 
Diam

eter 
(m

m
) 

Adj. Pellet 
W

eight (g) 
Adj. 

M
ass %

 Fall Velocity 
(m

/s) 

Fall 
Velocity 

(ft/s) 

Increm
ental 

M
ass (lb) 

Kinetic 
Energy (ft-lb) 

Kinetic 
Energy (ft-

tons) 
E 

#4 
0.8 

7                
114.2857 

1.2 
6.4 

0.9441 
0.09 

7.71 
25.31 

6.0 
1936.0 

1.0 
132 

#8 
3.0 

200 
15.0000 

1.1 
3.2 

3.3087 
0.31 

6.96 
22.83 

21.2 
5522.1 

2.8 
376 

#10 
1.4 

181 
7.7348 

1.1 
2.5 

1.5088 
0.14 

6.39 
20.97 

9.7 
2125.0 

1.1 
145 

#16 
3.2 

1162 
2.7539 

1.0 
1.8 

3.3232 
0.31 

5.55 
18.22 

21.3 
3533.6 

1.8 
241 

#20 
1.1 

1198 
0.9182 

1.0 
1.2 

1.0964 
0.10 

4.81 
15.80 

7.0 
876.0 

0.4 
60 

#30 
0.6       1451 

0.4135 
1.0 

0.9 
0.5799 

0.05 
4.39 

14.40 
3.7 

384.7 
0.2 

26 
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TABLE C.29: 6 in./hr Flour Pan Calculations 
Sieve 
N

o. 
Total 

M
ass (g) 

Total 
Drops 

M
ass per 

Drop (g) 
M

ass 
Ratio 

Avg. 
Diam

eter 
(m

m
) 

Adj. Pellet 
W

eight (g) 
Adj. 

M
ass %

 Fall Velocity 
(m

/s) 

Fall 
Velocity 

(ft/s) 

Increm
ental 

M
ass (lb) 

Kinetic 
Energy (ft-lb) 

Kinetic 
Energy (ft-

tons) 
E 

#4 
0.6 

7 
85.7143 

1.1691 
5.7629 

0.7015 
0.03 

7.83 
25.70 

10.0 
3289.3 

1.6 
224 

#8 
11.8 

535 
22.0561 

1.1176 
3.6108 

13.1872 
0.60 

7.27 
23.86 

187.3 
53288.1 

26.6 
3627 

#10 
2.7 

351 
7.6923 

1.0775 
2.5109 

2.9093 
0.13 

6.39 
20.96 

41.3 
9073.7 

4.5 
618 

#16 
3.4 

1205 
2.8216 

1.0394 
1.7759 

3.5340 
0.16 

5.57 
18.28 

50.2 
8389.0 

4.2 
571 

#20 
1.2 

800 
1.5000 

1.0154 
1.4275 

1.2185 
0.06 

5.12 
16.81 

17.3 
2444.8 

1.2 
166 

#30 
0.3 

1196 
0.2508 

0.9474 
0.7685 

0.2842 
0.01 

4.16 
13.66 

4.0 
376.5 

0.2 
26 
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APPENDIX D: MANUFACTURER SPEC SHEETS 
 

Manufacturer Spec Sheets for Erosion Control Products Tested 
Spec Sheets for Parts used in Rainfall Simulator Sprinklers 
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P.O. Box 640 
Willacoochee, GA  31650 

Phone:  800-948-7870      Fax:  912-534-6254 Date: 7-1-16 

Rolled Jute Mesh Specifications 
Subject:  Certification Rolled Jute Mesh 

Country of Origin: India
Jute mesh is not a native natural resource of America, therefor the product is imported and sold through 
distribution in the United States.  

Description 
Jute erosion control mat is woven from spun jute yarns. The mat contains about 65% open area. This completely 
biodegradable blanket is the solution to environmentally sensitive general erosion control applications requiring up to 6—
9 months of functional life. 

This letter certifies that our L&M Jute Mesh meets and/or exceeds the specifications listed below.  The average laboratory 
test values for the L&M Jute Mesh are as follows: 
Specifications 

Material Jute Mesh 
Roll size 
Roll Area 

4' x 225'  (width x length) (1.22 m x 68.6 m) 
100 SY (83.3 sq.m.) 

Open Area 70 - 75% 
Mesh size 11mm x 18mm 
Water Absorption >450% of fabric weight 
Thickness 0.25 inch (6 mm) 
Recommended shear stress 0.45 lbs./sq.ft. (22 N/sq.m) 
Recommended flow 6 fps (1.8 m/s) 
Recommended slope 3:1 
Coverage 100 Square Yards/roll 
Roll weight 92 Lbs (+/- 5%)  (500 g/m2) 
Quantity per Pallet 9 and 12 
Country origin India 

Unless otherwise noted, this certification is based on testing conducted by an independent testing laboratory.  These test results are no 
more than one year old when presented to the authorizing agent.         L & M Supply Co., Inc. issued this letter of certification to 
indicate our commitment to providing our customers with a quality product which will meet or exceed the minimum average roll 
values in accordance with the applicable American Society for Testing and Materials (ASTM) test method. 

Respectfully, 

Quinten McMillan 
L&M Supply Co., Inc. 
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Section 31 25 14.13 – Hydraulically-Applied Erosion Control 
Engineered Fiber Matrix™ 

 
 

 
GENERAL 
 
 
 
1.01 SUMMARY 
  

1. This section specifies the hydraulically-applied erosion control product ProMatrix™ Engineered Fiber 
Matrix™ (EFM™). ProMatrix EFM is 100% biodegradable, made in the United States and is composed 
of 100% recycled, thermally refined (within a pressurized vessel) virgin wood fibers, crimped 
interlocking biodegradable fibers derived from regenerated plant sources, mineral activators and 
wetting agents (including high-viscosity colloidal polysaccharides, cross-linked biopolymers, and water 
absorbents). The EFM is phytosanitized, free from plastic, and when cured forms an intimate bond with 
the soil surface to create a continuous, porous, absorbent and flexible erosion resistant blanket that 
allows for rapid germination and accelerated plant growth. The EFM performs as a Bonded Fiber Matrix 
(BFM) product and may require a 4-24 hour curing period to achieve maximum performance. 

 
2. Related Sections: Other Specification Sections, which directly relate to the work of this Section include, 

but are not limited to the following: 
 

1. Section 01 57 00 – Temporary Erosion and Sediment Control 
2. Section 02 24 23 – Chemical Sampling and Analysis of Soils 
3. Section 31 00 00 – Earthwork  
4. Section 31 91 00 – Planting Preparation 
5. Section 32 01 90.16 – Amending Soils 
6. Section 32 92 00 – Turf and Grasses 

 
1.02 SUBMITTALS 
 

1. Product Data: Submit manufacturer’s product data and installation instructions. Include required 
substrate preparation, list of materials and application rate. 
 

2. Certifications: Manufacturer shall submit a letter of certification that the product meets or exceeds all 
technical and packaging requirements and is made in the U.S.A. 

 
1.03 DELIVERY, STORAGE AND HANDLING 
 
1. Deliver materials and products in UV and weather-resistant factory labeled packages. Store and 

handle in strict compliance with manufacturer’s instructions and recommendations. Protect from 
damage, weather, excessive temperatures and construction operations. 

 
 
PRODUCTS 
 
 
2.01 ACCEPTABLE MANUFACTURER 
 

1. PROFILE Products LLC 
750 Lake Cook Road – Suite 440 



 219 

Buffalo Grove, IL 60089 
International - +1-847-215-1144 
United States and Canada – 800-366-1180 (Fax 847-215-0577) 
www.profileproducts.com 
 

 
2.02 MATERIALS 

 
1. The EFM shall be ProMatrix EFM and conform to the following typical property values when uniformly 

applied at a rate of 3,500 pounds per acre (3,900 kilograms/hectare) under laboratory conditions. 
 

Property Test Method Tested Value (English) Tested Value (SI) 
Physical    
Thickness ASTM D65251 ≥ 0.16 inch ≥ 4 mm 

Ground Cover ASTM D65671 ≥ 98% ≥ 98% 
Water Holding Capacity ASTM D7367 ≥ 1,400% ≥ 1,400% 

Material Color Observed Green Green 
Performance    
Cover Factor2 Large Scale Testing4  ≤ 0.05 ≤ 0.05 

% Effectiveness3 Large Scale Testing4 ≥ 95% ≥ 95% 
Cure Time Observed 4 – 24 hours 4 – 24 hours 

Vegetation Establishment ASTM D73221 ≥ 600% ≥ 600% 
Functional Longevity5 ASTM D5338 ≤ 12 months ≤ 12 months 

Environmental    
Ecotoxicity EPA 2021.0 48-hr LC50 > 100% 48-hr LC50 > 100% 

Biodegradability ASTM D5338 Yes Yes 
Certified BioPreferred® 

Biobased Content ASTM D6866 97% 97% 

1. ASTM test methods developed for Rolled Erosion Control Products and have been modified to accommodate Hydraulically-
Applied Erosion Control Products. 

2. Cover Factor is calculated as soil loss ratio of treated surface versus an untreated control surface. 
3. % Effectiveness = One minus Cover Factor multiplied by 100%. 
4. Large scale testing conducted at Utah Water Research Laboratory. For specific testing information please contact a Profile 

technical service representative at 800-508-8681 (US and Canada) or +1-847-215-1144 (International). 
5. Functional Longevity is the estimated time period, based upon ASTM D5338 testing and field observations, that a material can 

be anticipated to provide erosion control and agronomic benefits as influenced by composition, as well as site-specific 
conditions, including; but not limited to – temperature, moisture, light conditions, soils, biological activity, vegetative 
establishment and other environmental factors. 

 
 

2.03 COMPOSITION 
 

1. All components of the EFM shall be pre-packaged by the Manufacturer to assure both material 
performance and compliance with the following values. Under no circumstances shall field mixing of 
components be permitted. No chemical additives with the exception of fertilizer, soil neutralizers and 
biostimulant materials should be added to this product.  

 
1. Thermally Processed* (within a pressurized vessel) Virgin Wood Fibers – 77%  

*Heated to a temperature greater than 380 degrees Fahrenheit (193 degrees 
Celsius) for 5 minutes at a pressure greater than 50 psi (345 kPa) 

2. Wetting agents (including high-viscosity colloidal polysaccharides, cross-linked biopolymers, and 
water absorbents) – 18% 

3. Crimped Biodegradable Interlocking Fibers derived from regenerated plant sources – 2.5%  
4. Micro-Pore Granules – 2.5% 
 
 



 220 

2.04 PACKAGING 
 
1. Bags:  Net Weight – 50 lb (22.7 kg), UV and weather-resistant plastic film 

Pallets:  Weather-proof, stretch-wrapped with UV resistant pallet cover 
Pallet Quantity: 40 bags/pallet or 1 ton (909 kg)/pallet 

 
 
EXECUTION 
 
 
3.01 SOIL TESTING  
 
1. Soil Samples shall be taken and sent to a third-party, independent lab for analysis and in 

compliance with Section 02 24 23 – Chemical Sampling and Analysis of Soils, if applicable. 
 

2. The tests shall include analysis and interpretation of results.  
 

3. The soil testing methods used shall be compliant with recognized agronomic testing standards, as 
outlined in Section 02 24 23, for revegetation of disturbed sites. 

 
4. Soil Analysis shall include results for: 
 

1. Soil pH 
2. Soluble Salts 
3. Excess Carbonate 
4. Organic Matter 
5. Nutrient readings for: 

1. Nitrogen, Phosphorus, Potassium 
2. Magnesium, Calcium, Sodium, Manganese, Sulfur, Zinc, Copper, Iron, Boron 

6. Cation Exchange Capacity 
7. Percent Base Saturation Sodium 

 
5. ProGanics® BSM, BioPrime™, JumpStart™, Aqua-pHix™ and NeutraLime™ Dry or other 

amendments shall be specified according to Section 32 01 90.16 – Amending Soils and applied 
with the hydroseeding slurry at Manufacturer recommended rates based on soil test results. 

 
3.02 VEGETATION SPECIES SELECTION 
 
1. Once soils have been analyzed for agronomic potential and amendment recommendations, 

selection of suitable plant species for achieving sustainable growth and effective erosion control 
shall be determined by a qualified seed supplier, consulting professional and/or regulatory agency. 
Species selection and establishment shall be compliant with Section 32 92 00 – Turf and Grasses, 
if applicable. 

 
2. Site and project specific information considered for species selection shall include: 

 
1. Project Location and Planning 

1. Climate 
2. Elevation 
3. Aspect 
4. Slope/Gradient 
5. Permanent or Temporary Planting 
6. Installation Date(s) 

2. Soil Conditions 
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1. Soil Texture 
2. Soil pH 
3. Toxicities/Deficiencies noted in the previous section. 

3. Site Maintenance Requirements 
1. Mowing 
2. Irrigation 
3. Animal grazing preference 

4. Preferred Vegetation 
1. Drought Tolerant 
2. Native Vegetation 
3. Shrub Species 
4. Turf Grasses 
5. Cool Season 
6. Warm Season 
7. Blend of Cool and Warm Season 
8. Legume Species 
9. Cover Crops  

 
3.03 SUBSTRATE AND SEEDBED PREPARATION 
 

1. Examine substrates and conditions where materials will be applied. Apply products to geotechnically 
stable slopes that have been designed and constructed to divert runoff away from the face of the slope. 
Do not proceed with installation until satisfactory conditions are established. 

 
2. Depending upon project sequencing and intended application, prepare seedbed in compliance with 

other specifications under Section 1.01 B   
 
3.04 INSTALLATION 

 
1. Strictly comply with equipment manufacturer's installation instructions and recommendations. Use 

approved hydroseeding machines with fan-type nozzle (50-degree tip). To achieve optimum soil 
surface coverage, apply EFM from opposing directions to soil surface. Rough surfaces (rocky terrain, 
cat tracked and ripped soils) may require higher application rates to achieve 100% cover. Slope 
interruption devices or water diversion techniques are recommended when slope lengths (3H:1V) 
exceed 50 feet (15 m). Slope interruption intervals may need to be decreased based on steeper slopes 
or other site conditions. EFM is not recommended for channels or areas with concentrated water flow 
unless used in conjunction with a rolled erosion control product designed to accommodate the 
anticipated hydraulic conditions. Unless approved by the Manufacturer, no chemical additives with the 
exception of fertilizer, soil neutralizers and biostimulant materials should be added to this product. 
 

2. For Erosion Control and Revegetation: To ensure proper application rates, measure and stake area. 
For maximum performance, apply EFM in a two-step process*: 

 
1. Step One: Apply fertilizer with specified prescriptive agronomic formulations and typically 50% of 

specified seed mix with a small amount EFM for visual metering. Do not leave seeded surfaces 
unprotected, especially if precipitation is imminent. 

2. Step Two: Mix balance of seed and apply EFM at a rate of 50 lb per 83.3 gallons (22.7 kg/316 liters) 
of water over freshly seeded surfaces. Confirm loading rates with equipment manufacturer.  

 
*Depending upon site conditions EFM may be applied in a one-step process where all components 
may be mixed together in single tank loads. Consult with Manufacturer for further details. 
 
 Best results and more rapid curing are achieved at temperatures exceeding 60°F 

(15°C). Curing times may be accelerated in high temperature, low humidity 
conditions with product applied on dry soils. 
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3. Mixing: A mechanically agitated hydroseeding machine is strongly recommended: 

 
1. Fill 1/3 of mechanically agitated hydroseeder with water. Turn pump on for 15 seconds and purge 

and pre-wet lines. Turn pump off. 
2. Turn agitator on and load low density materials first (i.e. seed). 
3. Continue slowly filling tank with water while loading fiber matrix into tank. 
4. Consult application and loading charts to determine number of bags to be added for desired area 

and application rate. Mix at a rate of 50 lb per 83.3 gallons (22.7 kg/316 liters). 
5. All EFM should be completely loaded before water level reaches 75% of the top of tank. 
6. Top off with water and mix until all fiber is fully broken apart and hydrated (minimum of 10 minutes 

— increase mixing time when applying in cold conditions). This is very important to fully activate 
the bonding additives and to obtain proper viscosity. 

7. Add fertilizer and any other remaining amendments. 
8. Shut off recirculation valve to minimize potential for air entrainment within the slurry. 
9. Slow down agitator and start applying with a 50-degree fan tip nozzle. 
10. Spray in opposing directions for maximum soil coverage. 
 

11. Application Rates:  These application rates are for standard conditions. Designers may wish to increase 
application rates on rough surfaces. 

 
Slope Gradient / Condition English SI 

≤ 3H to 1V  3,000 lb/ac 3,400 kg/ha 
> 3H to 1V and < 2H to 1V 3,500 lb/ac 3,900 kg/h 
> 2H to 1V and < 1H to 1V 4,000 lb/ac 4,500 kg/ha 

 
For additional details including mixing ratios/loading rates for specific machine sizes and visual keys 

for proper application, please consult Profile® Application Guide for Engineered Fiber Matrix™. 
 

3.05 CLEANING AND PROTECTION 
 

1. Always flush residual slurry from hydraulic seeding/mulching equipment immediately following each 
application, at the end of each work period or when equipment will be left unattended. Compounds 
containing residual Urea, Nitrogen, Phosphorus, Potassium and other substances may form and can 
be hazardous to human health and equipment. 

 
2. Clean spills promptly. Advise owner of methods for protection of treated areas. Do not allow treated 

areas to be trafficked or subjected to grazing. 
 
3.06 INSPECTION AND MAINTENANCE 
 
1. All inspections and maintenance recommendations shall be conducted by qualified professionals 

consistent with the owner, engineer/specifier and regulatory entity(s) expectations. 
 

2. Initial inspections shall insure installations are in accordance with the project plans and 
specifications with material quantities and activities fully documented. Refer to Section 32 92 00 – 
Turf and Grasses for any additional details. 

 
3. Subsequent inspections shall be conducted at pre-determined time intervals and corrective 

maintenance activities directed after each significant precipitation or other potentially damaging 
weather or site event. 

D ENGLISH SI 
© 2020 PROFILE Products LLC. All Rights Reserved.  A copyright license to reproduce this specification is hereby granted to non-

manufacturing landscape architects, specification writers and designers. 
 

Revision Date:  06/2020 
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Applied Polymer Systems 
519 Industrial Drive, Woodstock, GA 30189 
www.siltstop.com  

 

 
APS 700 Series Silt Stop®

 

Polyacrylamide Erosion Control Powder 
 

APS 700 Series Silt Stop®
 is a group of soil specific tailored polyacrylamide co-polymer 

powders for erosion control.  They reduce and prevent erosion of fine particles and colloidal clays from 
soil into stormwater. 
 

Primary Applications 
• Mine Tailings and Waste Piles 
• Newly cleared Construction or Building Sites 
• Road and Highway construction 
• Hydroseeding and Water Truck application 

• Hand spreading and Ditch placement 
 

Features and Benefits 
• Removes solubilized soils and clay from water 
• Prevents colloidal solutions in water when applied to the soil surface 
• Will reduce soil movement during rain event on moderate slopes 
• Binds cationic metals within the soil matrix, reducing solubilization 
• Reduces pesticide and fertilizer loss during rain events 
• Reduces wind borne dust conditions 
• Increases soil permeability and water penetration to shallow plants 
• Reduces operational and cleanup costs 
• Reduces environmental risk and compliance 
 

Specifications / Compliances  
• ANSI/NSF Standard 60 Drinking water treatment chemicals 
• 48h or 96h Acute Toxicity Tests (D. magna, P. promelas, or O. mykiss) 
• 7 day Chronic Toxicity Tests (P. promelas or C. dubia) 
 

Packaging 
APS 700 Series Silt Stop® is packaged in 50 pound bags 
 

Technical Information 
Appearance: White granular powder 
Bulk Density: 40-50 lbs./cubic foot 
Percent Moisture: 15% maximum 
pH 0.5% solution :6-8 
Shelf Life: up to 5 years 

Note:  Dosage-application rates are determined on soil specific testing.  Soil polymers 
and blends should never be used without testing the soil first.  Consult your local 
distributor or send your samples to Applied Polymer Systems, Inc. 
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SUBMITTAL SHEET
USG  
Industrial 
& Specialty 
Solutions

USG NO. 1 MOULDING PLASTER 
SOUTHARD, OK
USG No. 1 Moulding Plaster is a high purity general purpose plaster that can be used in a wide variety 
of applications including architectural ornamentation and dental use. The physical properties can 
be varied depending upon the desired end use, while the use consistency can vary from a practical 
range of 63 lbs. water/100 lbs. of plaster (29 kg water/45 kg plaster) to as high as 70 lbs. water/ 
100 lbs. of plaster (32 kg water/45 kg plaster).

USG No. 1 Moulding Plaster is noncombustible. With a coe!cient of thermal conductivity (k) of 
0.25 to 4.0 depending on density and additives, USG No. 1 Moulding Plaster can help to provide a 
high degree of fire resistance. When dry, USG No. 1 Moulding Plaster is electrically nonconductive 
and makes a good insulating medium. 

Please contact your local USG Sales Representative for further assistance for specific use 
information.

Normal Consistency 63 - 70 lbs. water/100 lbs. product (29 - 32 kg water/45 kg product)

Hand Mix Vicat Set, Target 25 - 35 minutes

% Passing — 50 mesh 99% - 100%

% Passing — 100 mesh 98.5% - 100%

Compressive Strength, One Hour After Set 850 - 1250 psi (5.9 - 8.6 MPa)

Compressive Strength, Dry 1700 – 2500 psi (11.7 - 17.2 MPa)

% Expansion 0.15% - 0.20%

NOTE: The Typical Physical Properties in the above table were achieved under controlled laboratory conditions with freshly 
produced material, results may vary.

Use potable water at temperatures between 70 °F (21 °C) and 100 °F (38 °C). Because variations 
in slurry (USG No. 1 Moulding Plaster and water mixture) temperature produce variations in set 
time, it is important to keep both the USG No. 1 Moulding Plaster and water in a stable temperature 
environment prior to use. The higher the temperature of the slurry, the shorter the set time. 
Conversely, the lower the temperature of the slurry, the longer the set time.

Weigh both the USG No. 1 Moulding Plaster and the water prior to use for each mix. The water-to-
USG No. 1 Moulding Plaster ratio is critical because it governs the strength and the density of the 
final cast.

Sift or strew USG No. 1 Moulding Plaster into the water slowly and evenly. Do not drop large 
amounts of USG No. 1 Moulding Plaster directly into the water as proper soaking of the USG No. 1 
Moulding Plaster may not occur. USG No. 1 Moulding Plaster should be fully dispersed in the water 
prior to mixing. Small batches require less soaking time than large batches. See USG IG503 Plaster 
Mixing Procedures for specific soaking instructions.

Mixing USG No. 1 Moulding Plaster slurry is one of the most important steps in producing USG 
No. 1 Moulding Plaster casts with maximum strength, absorption, hardness and other important 
properties.

Mechanically mixed slurries develop uniform casts with optimal strengths. USG No. 1 Moulding 
Plaster can be mechanically mixed through both batch and continuous processes. Proper blade 
and bucket dimensions are important for obtaining the best batch mix (see USG IG503 Plaster 
Mixing Procedures for details).

Longer mixing times result in higher mold strength and shorter set times.

DESCRIPTION

TYPICAL PHYSICAL PROPERTIES

MIXING INSTRUCTIONS
MIX PREPARATION

SOAKING

MIXING
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Pulverized Agricultural Gypsum – USA Gypsum 

Description 
Spread with “Vicon” type broadcast spreaders or drop spreaders designed for 
powder. 

1. Calcium (Ca): 19% 
2. Sulfur (S): 14% 
3. Moisture: 4% 
4. Calcium Sulfate Dihydrate: 85% 
5. pH: 7.25 
6. Density per cubic foot: 35 (15.86 kg) 
7. Particle size varies from 1/4″ to dust 

Uses for Pulverized Gypsum: 

1. Agricultural Crops 
2. Lawns & Gardens 
3. Compost Additive 
4. Animal Bedding Additive 
5. Poultry Litter Amendment 
6. Soil Stabilization & Remediation 
7. As a Bulking, Solidification or Stabilization Agent 
8. Water Clarifier 
9. Industrial Products 
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Pellet form of top-rated  
EarthGuard® Fiber Matrix.
Pellet form of top-rated  
EarthGuard® Fiber Matrix.
For Hydraulic or Dry Application
This patented technology offers extraordinary erosion control protection, 
exceptional turbidity reduction and quick growth establishment, with 
fast, easy applications at a great price.

Applied hydraulically, EdgeTM’s compact and quickly expanding pellet 
makes it  simple to transport, handle, load and compared to other  
hydraulically applied erosion products, requires approximately  
50% less water to install. Possessing a +99.9% erosion control  
rating, at low application rates, makes it much more economical than 
other top tiered spray-on and blanket products.

Applied dry, EdgeTM eliminates the need for water, concerns of cold 
weather installations, and site access problems. It’s also, great for  
manual application on smaller sites when a hydraulic application isn’t 
cost effective.

Applied dry in pellet form, 
EdgeTM expands on contact 
with dew or rainfall,  
spreading both the fiber  
and EarthGuard® patented  
soil stabilizer.

LSC Environmental Products, LLC
www.LSCenv.com • sales@LSCenv.com • 800-800-7671

Requires Less:
• Water
• Labor & Time
• Material & Handling
• Application is  
 Not Temperature  
 Dependent

Outcome:
• +99.9% Erosion  
 Control Protection
• Greater Efficiency
• Excellent Results
• Increased Profits
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PART-
CIRCLE  
S3000 

SPINNER* 
#9926-001  

PART-CIRCLE  
S3030 SPINNER* 

#12650 (U3030 INCLUDED)

PC3030-1   4/17

PC

WATER APPLICATION SOLUTIONS FOR CENTER PIVOT IRRIGATION

PART-CIRCLE
NELSON IRRIGATION OFFERS SEVERAL PART-
CIRCLE OPTIONS. CHOOSE FROM THE PC-
ROTATOR®, PC-SPINNER AND PC-SPRAYHEAD. 
ALL SPRINKLERS ARE AVAILABLE IN BOTH 3000 
SERIES (WITH 3TN NOZZLE) AND 3030 SERIES 
(WITH 3NV NOZZLE). THE 3030 SERIES UTILIZES 
THE UNIVERSAL ADAPTER (U3030). 
THESE PART-CIRCLE SPRINKLERS CAN BE USED 
FOR DRY WHEEL TRACK SOLUTIONS, HOSE BOOM 
APPLICATIONS OR A SIMPLE END OF SYSTEM 
ADDITION. 
 
FOR PC-ROTATOR:  MOUNT ONLY ON A STRAIGHT RIGID DROP OR A 
HOSE BOOM UTILIZING A TORQUE CLIP AND SIDEFORCE CONTROL 
FITTING SUCH AS THE IACO HB.  

PART-CIRCLE  
R3030 ROTATOR*  

Black #12651-001 
(#40-#50 3NV Nozzle) 

Tan #12651-003 
(#24-#39 3NV Nozzle)  

White #12651-002 
(#14-#23 3NV Nozzle)  

U3030 included 

Tel: +1 509.525.7660  /  Fax: +1 509.525.7907  /  nelsonirrigation.com   /  info@nelsonirrigation.com

PART-CIRCLE  
R3000 ROTATOR* 

Black #10843-001 
(#40-#50 3TN Nozzle) 

Tan #10843-003 
(#24-#39 3TN Nozzle)  

White # 10843-002 
(#14-#23 3TN Nozzle)

PART-
CIRCLE  
D3000 
SPRAY* 
#9894-001

PART-CIRCLE  
D3030 SPRAY* 

#9894-001   
(ORDER U3030 BODY 
#12381 SEPARATELY)

 “Part numbers do not include nozzles  
or square thread adapters. PC-R3030 
and S3030 part numbers include U3030 
body. #12381 must be ordered separately 
for the PC-D3030. 
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Brass
FKM
Copper
S/S

N/C - 5.5" Lead N/O - DIN
NEMA 3

Available Voltages DC: 24V DC: 12V AC: 24V/60Hz AC: 110V/60Hz

Power 3/8" - 1" 28 W 18 W 28 W 28 W
Power 1-1/4" - 2" 40 W 30 W 40 W 40 W

Port 
Size Thread Orifice Cv Value Min PSI Max PSI Min Max

Duty 
Cycle Weight A B C D E F G

Normally Closed
3/8" NPT 5/8 4.8 0 AC145 DC115 15°F 250°F 100% 1lb 7oz 2.36" 4.00" 2.83" 2.00" 1.00" 1.96" 1.05"
1/2" NPT 5/8 4.8 0 AC145 DC115 15°F 250°F 100% 1lb 7oz 2.36" 4.00" 2.83" 2.00" 1.00" 1.96" 1.06"
3/4" NPT 3/4 7.6 0 AC145 DC115 15°F 250°F 100% 1lb 10oz 2.65" 4.25" 2.83" 2.00" 1.00" 1.96" 1.30"

1" NPT 1 12 0 AC145 DC115 15°F 250°F 100% 2lb 5oz 3.25" 4.50" 2.83" 2.60" 1.00" 1.96" 1.57"
1-1/4" NPT 1 1/4 24 0 AC145 DC90 15°F 250°F 100% 4lbs 11oz 4.00" 5.80" 3.55" 3.22" 1.00" 2.70" 1.95"
1-1/2" NPT 1 4/7 29 0 AC145 DC90 15°F 250°F 100% 4lbs 14oz 4.33" 6.00" 3.55" 3.35" 1.00" 2.70" 2.20"

2" NPT 1 7/8 48 0 AC145 DC90 15°F 250°F 100% 7lbs 5.30" 6.50" 3.55" 4.25" 1.00" 2.70" 2.66"
Normally Open

1/2" NPT 5/8 4.8 0 90 15°F 250°F 100% 1lb 9oz 2.36" 4.50" 3.50" 1.95" .80" 1.96" 1.06"
3/4" NPT 3/4 7.6 0 90 15°F 250°F 100% 1lb 13oz 2.65" 4.70" 3.50" 2.00" .80" 1.96" 1.30"

1" NPT 1 12 0 90 15°F 250°F 100% 2lb 7oz 3.20" 5.00" 3.50" 2.60" .80" 1.96" 1.57"
1-1/2" NPT 1 4/7 29 0 90 15°F 250°F 100% 5lb 2oz 4.33" 7.00" 4.50" 3.25" 1.15" 2.75" 2.25"

2" NPT 1 7/8 48 0 90 15°F 250°F 100% 7lb 8oz 5.30" 7.50" 4.50" 4.25" 1.15" 2.75" 2.75"

*Consult a chemical compatibility expert for correct seal and valve body material choice.
*Weight and dimensions may vary slightly from production.

Valve Body

Electricsolenoidvalves.com

Materials

Brass - Series Operating Temp Dimensions

Seal
Shading Ring
Hardware

Electrical
Connection Type
Protection Class IP54

The Brass - Series Semi-Direct acting, 2 Way General Purpose Solenoid 
Valves provide and on-off control of inherit liquids and gases. Suitable for 
commercial and residential applications. This valve type is gravity feed 
capable and is deal for low pressure fluid appliations. Available in sizes 
from  3/8" - 2" in both Normally Closed and Normally Open operating 
positions.

*These valves are not intended for use in medical life support, combustion, aviatiion, 
aerospace, automotive or similar applications.
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NorthStar 3 in. High Pressure Pump Curve Model No. 106471 


