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ABSTRACT

Erosion and Sediment Control (ESC) activities in construction sites are very significant as a
means to mitigate environmental impacts on nearby bodies of water. Sediment basins are one
technique used to prevent discharge of sediment-laden flows; they operate on the principle of
providing quiescent flow conditions that favor sediment settling. Settling conditions can be further
improved with the addition of high-rate strategies such as lamella settlers. Such settlers have
been used successfully in water purification and wastewater treatment but have not yet been
tested or used in the context of ESC applications. This report presents results collected in a
laboratory-scale experimental investigation that involved a direct comparison between the
effectiveness of traditional and high-rate (lamella) settlers in decreasing the turbidity of sediment-
laden flows. The investigation included various repetitions in which inflows with turbidity levels, in
the range of 1000 NTU were introduced to a tank that contained both a traditional (control) settler
and a high-rate (lamella) settler. Samples collected in the outlets of the settling units indicated
turbidity levels 5 to 12 times lower in effluent from the high-rate settler in comparison with the
effluent from the traditional (control) settler. The level of total solids (TS) from the high-rate settler
was 3.5 times lower than that of the traditional settler. Results from particle-size distribution
measurements indicated that the high-rate settler captured a wider range of particles sizes:
Whereas the traditional settler captured particles 67 [Im and larger, the lamella settler captured
particles sizes as small as 22 [Im. Such results show the great potential of this technique and
point to the need for additional investigations on a larger scale that mimic conditions found on

construction sites.
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Chapter 1

INTRODUCTION

1.1 IMPORTANCE OF SEDIMENT CONTROL IN CONSTRUCTION SITES

Erosion and Sediment Control (ESC) is a key activity in construction sites, which are among the greatest
sources of disturbed soil particles that eventually end up in water bodies and lead to various negative
environmental impacts. Construction activities disturb areas, remove vegetative cover, and expose soils to
runoff, thus becoming an important source of pollution. Construction sites have measured erosion rates of
approximately 20 to 200 tons per acre per year (Pitt et al. 2007). Construction operations may increase
sediment yields by as much as 10,000 times in comparison with runoff from natural, undisturbed sites
(Haan 1994).

Various natural biological processes may be impacted by high-turbidity, sediment-laden flows. High
turbidity levels in water bodies affect habitats, water quality, temperature, and pollutant transport and cause
sedimentation in downstream receiving waters (EPA 2009). As consequence, turbidity levels in stormwater
runoff discharged from construction sites are regulated by state agencies. Acceptable levels vary across the
United States, and the State of Alabama stipulates that “in no case shall turbidity exceed 50 nephelometric
turbidity units (NTU) above background. Turbidity levels caused by natural runoff will be included in
establishing background levels” (ADEM 2013).

Meeting such turbidity discharge requirements
is a challenging task on roadway construction sites.
Research has shown that runoff turbidity from such
sites can reach levels on the scale of thousands of
NTU (Logan 2012). In addition, increased scrutiny by
environmental groups provides additional motivation
for developing improved sediment control techniques,
particularly in sensitive watersheds. Figure 1.1
illustrates the significant impact sediment-laden
discharge from a roadway construction site can have
on nearby water bodies when sediment control
practices are not deployed or are not functioning

properly. Such impacts have provided the motivation

for the proposed research, which promotes the use of

Figure 1.1 : Sediment plume resulting from

road construction runoff (Clark et al. 2012) high-rate settlers to enhance the ability of sediment

basins to trap sediments, as outlined below.



1.2 SEDIMENT CONTROL STRATEGIES

One response to the problem of sediment generation in construction sites has been the development of
sediment control techniques. The purpose of these techniques is to capture suspended sediment, thereby
reducing turbidity levels in runoff, and to control turbidity levels of effluent discharged from construction sites
into natural water bodies. These techniques can be divided into the categories of perimeter control
techniques and runoff retention techniques, and this research focuses on the latter type.

Various best management practices (BMPs) related to sediment control in construction sites are
described in the EPA’s National Pollutant Discharge Elimination System (NPDES) documents. Some
sediment controls are located at the down-gradient boundaries of the construction site and are commonly
referred to as “perimeter controls” (Minnesota PCA 2013). ASWCC (2009) and EPA (2012) provide
examples of perimeter control BMPs that include silt fences, brush barriers, compost filter berms/socks, and
vegetated buffers, among other technologies.

Runoff retention techniques involve the prevention of sediment-laden flows from leaving
construction sites or efforts to reduce the sediment content of flows prior to discharge. Examples include
sediment traps and sediment basins. Sediment traps consist of small impoundments, usually installed in
drainageways or other points of discharge from disturbed areas, which allow sediment to settle out of
construction runoff (EPA 2006). These traps have an effective lifespan of around 24 months and are useful
only for drainage areas smaller than 5 acres. Sediment basins are used in drainage areas larger than 5
acres and are designed to slow the velocity of runoff, thus creating enhanced conditions for sedimentation
to occur. The overarching idea is to generate quiescent conditions so that sediment particles settle to the
bottom of the basins and are not transported in the outflow from the basin. Logan (2012) has presented a
comprehensive study on sediment basins. Typically, sediment basins are rectangles with a length 2 to 4
times larger than their width. Depth values range from 2 to 5 feet, with side slopes in the range of 3H:1V to
2H:1V. Over the years, improvements have been made to basin designs that have increased their sediment
removal effectiveness. Examples of such improvements include (McLaughlin 2006; McLaughlin and Jarrett
2008; McLaughlin and McCaleb 2010):

e The addition of a forebay/sump at the upstream end to facilitate settling of coarser sediment
e Internal baffles used to calm runoff and create a more even flow distribution

e The use of dewatering techniques based on skimmers that selectively discharge from the upper
layers of the flow, which theoretically contain water with the least amount of sediment

e the use of flocculants such as polyacrylamide (PAM) to bind small particles together and enhance
the capture of smaller soil particles (silt and clay)
An example of the sediment basin standard employed by the Alabama Department of Transportation
(ALDQOT), which features all these improvements, is presented in Figure 1.2.
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Figure 1.2 : Design characteristics of a sediment basin as specified by ALDOT (2013)

1.3 LIMITATIONS OF SEDIMENT BASINS

Field measurements reported by Logan (2012) indicate that inflows into sediment basins may have turbidity
levels in excess of 1,000 NTU, and after some intense rain events may reach levels higher than 25,000
NTU. Measurements taken from sediment basins outflows demonstrated that turbidity levels within the
basin dropped, in some cases, to levels in the hundreds of NTU. However, these data indicate that
sediment basins are not always completely effective in bringing effluent standards to compliance levels.
Difficulties associated with the operation of these basins are diverse and, according to Logan (2012),
include:

a) Insufficient storage volumes in sediment basins

b) Issues related to inadequate flocculant selection and application, with flows exceeding the flow-rate
limit established by the floc log manufacturer

c) Overtopping of baffles when flow depth is excessive
d) Difficulty in maintaining proper soil stabilization across construction slopes and thus generating very
large sediment loads in the inflows within basins
As the main purpose of enhancing water quality through the use of sediment basins centers on the
settling of particles, any effort to improve these basins should focus on developing means to improve
settling mechanisms. It is of great importance that a range of sediment particles associated with high
turbidity reach the bottom of the basin prior to the point where the basin outflow will draw it toward the
discharge and into the receiving water body. Therefore, there must be enough time for such particles in the
runoff to settle out. The smaller the fraction of fine particles present in the runoff, the more time is required



for settling in order to reduce outflow turbidity to acceptable levels. However, in many cases the area
available for installation of the sediment basins is very limited, thus preventing ideal conditions for sediment
removal.
There are different mechanisms by which the retention of sediment and the reduction of turbidity
can be improved in sediment basins:
a) Reduce vertical distance that sediment particles need to travel until they settle
b) Prevent short-circuiting of flows in sediment basins
c) Reduce or prevent flow eddies and vorticity related to turbulence, which have the potential to cause
particle re-suspension

d) Deploy flocculant appropriately

Improvements a, b and ¢ can be achieved with the adoption of high-rate settlers, which is the focus
of this research work.



Chapter 2

LITERATURE REVIEW

21 HIGH-RATE SETTLERS
High-rate settlers offer a means to significantly increase the available settling area in sedimentation units,
reduce vertical travel for particles, and create an ordered flow pattern. This process involves the use of
parallel surfaces in the tank, often plane panels that are referred to as lamellas.

IS TE These settling surfaces (e.g. parallel

plates) are deployed in such a way that inflow

flow is oriented along them. The spacing

between panels is narrow, thereby reducing the

A)Sub-optimal sediment removal from an undersized sediment basin . . . .
Nl vertical distance (from feet-scale into inch-scale)

C letely clarified outl . .
e that a sediment particle must travel before

\4 settling. These panels help direct flow orientation
in the basin, which in turn reduces the short-
(8) Enhanced sediment removal from a high rate settler unit within a basin circuiting that can contribute to sediment

7\ 3 Clarified removal failure. Additionally, the narrow spacing

between panels that produce the generally low
velocity of flow in sediment basins creates

laminar flow conditions. Laminar flows do not

irops to bottor produce turbulent eddies, and this effect in turn

Figure 2.1 : Schematic of traditional settling unit

used in a sediment basin and an alternative based
on high-rate lamella settlers common approach is to position the panels or

decreases re-suspension of settled particles. A

surfaces at an angle (usually 60 degrees off
vertical) to facilitate particles sliding from the plate to the bottom of the basin. Figure 2.1 provides a
comparative schematic of sediment particle trajectories in an undersized sediment basin and in a basin that
has a high-rate settler deployed within it.

The technology for high-rate settling was first proposed in the 1970s for use in industrial and
residential wastewater treatment and in water purification plants. To date, however, this technology has not
been used to remove sediment from runoff at construction sites. Several different geometries have been
proposed for settlers appropriate to basins on construction sites. As illustrated in Figure 2.2.(A), one version
directs inflows along longitudinally oriented plates, with settled sediments being captured at the plate
underneath and eventually directed to the settler bottom. Figure 2.2(B) presents another approach in which
the flow is directed upward over the plates, with sediment also being captured between plates and sliding to
the bottom of the basin.
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2.2 KNOWLEDGE GAP

flow orientation

As pointed out by Montgomery (1985), a lamella-
based high-rate settler can remove sediment as effectively
as a traditional settler using only one-tenth of the area. This
can be a key factor for roadway construction sites with space
constraints. The following example illustrates the space-
saving arrangement offered by high-rate settlers when
compared to traditional sediment ponds. Figure 2.3 illustrates
a sediment basin containing three upward-flow lamella
settlers (dimensions of 6 x 8 x 10 ft°), with boards 4.6 ft long
and 6 ft wide placed at an angle of 60 degrees and spaced
every 2 in. This arrangement could potentially remove silt-
sized particles/flocks (0.2 mm and larger) from peak runoff
inflows of 1.2 ft*/s with a required plan area of 180 ft>. Under
identical conditions, a traditional sediment pond design would
require an area of 1,450 ft? (8 times larger) to settle the same
amount of sediments, showing the advantage of high-rate
settlers.

Although high-rate settling is an established technology in wastewater treatment and water purification,

there are some important open questions regarding its use in the context of sediment control in construction

sites. These questions may be summarized as follows:

a) What is the effectiveness of high-rate settlers when compared with traditional settlers in reducing

the turbidity of sediment-laden flows?

b) How consistent is sediment removal by high-rate settlers (e.g., are results repeatable)?

c) What are the concentration and particle-size distribution of sediments suspended in water flows

being discharged from high-rate settlers, and how do these compare with flows discharged from

traditional settlers?



Chapter 3

OBJECTIVES

In order to address the identified knowledge gaps, an experimental investigation conducted a direct
comparison of the turbidity removal performance between a traditional settler and a high-rate, lamella-
based settler. Sediment-laden flows were generated and directed into an experimental apparatus that
included the essential features of a sediment basin. A physical model was constructed to allow for a side-
by-side evaluation of how much turbidity reduction was attained with each settling approach. Frequent
water sampling allowed for the determination of turbidity levels at selected intervals in the apparatus.
Samples were used to determine characteristics of the soil in suspension in the sediment-laden flows.
These characteristics included measurement of the total solids concentration (mg/L) and determination of

the particle-size distribution at selected locations in the apparatus.



Chapter 4

METHODOLOGY

The research objectives of this work were met using an experimental program that involved physical model
studies that included the essential features of traditional and high-rate settler units. Turbidity levels in
samples collected from the apparatus were measured and compared, with several repetitions being
performed to ensure consistency in the results.

Additional non-systematic tests were performed on samples obtained from the high-rate settler that
included the use of polyacrylamide. Finally, tests were conducted to characterize the concentration of solids

in suspension (Total Solids) and the particle-size distribution at selected points of the apparatus.

4.1 EXPERIMENTAL PROGRAM
The core of the experimental research work was as follows:
1. The construction of an experimental apparatus that would allow a side-by-side evaluation of
traditional vs. high-rate settler approaches
2. The systematic testing of turbidity removal in sediment-laden flows directed into the apparatus
conducted at selected points in the apparatus during the course of each experimental run
The following subsections detail the development of the experimental apparatus, the experimental
procedure and test conditions, and the corresponding data analysis.

4.1.1 Experimental apparatus

The experimental apparatus consisted of an acrylic tank that allowed for observation of the flow and a
water-recirculation system comprised of pumps, pipes, tubing, valves, and other hydraulic connections.

Figure 4.1 presents the general layout of the apparatus. A 1.5-in diameter, PVC connection line
brought tap water to two identical white tanks, each with a 55-gallon capacity. These tanks were used to
store the water that was pumped into the acrylic tanks and were the site at which soils were added to the
apparatus. Two pumps were installed in each tank. One pump agitated the water in the tank and thereby
kept the added soils in suspension. The second pump discharged the sediment-laden flow into the acrylic
tank, with the flow being metered by a differential-pressure flow meter linked to a handheld manometer, as
shown in Figure 4.2.



Figure 4.1 : General layout of the experimental apparatus used in this investigation

Figure 4.2 : Pressure-differential flow meter used to measure sediment-laden flows into the acrylic
tank



Each tank was constructed with 2-in-thick clear acrylic panels 8-ft long, 4-ft high, and 1-ft wide and was
divided into three main compartments. An 11x12-in forebay at the upstream end received the sediment-
laden flow from the white tank. The lowest portion of the forebay had two openings, each linking to two 7-ft
long, 4-ft high, 5.5-in wide settling tanks. These tanks were separated by a thin acrylic plate and connected
to the upstream forebay through manifolds created using 2-in PVC pipes with various Y2-in diameter sharp-
edged orifices. The manifold distribution for the lamella tank was oriented horizontally, discharging upward
at the bottom portion of the tank. The manifold distribution for the traditional settler was vertical, at the
upstream end, and discharged horizontally, thereby mimicking the flow supply that would be anticipated in
traditional settler inlets. These two settlers discharged outflows at the opposite end of the tank, where a
gutter was fitted. Figures 4.3 and 4.4 present a lateral and a longitudinal view of the acrylic tank
components. Lamella panels were spaced every 1-in and were placed at an approximate angle of 60
degrees to horizontal. These panels, made of 1/8-in acrylic, were too flexible, so the angle was not uniform,
as indicated in Figure 4.3.

The underlying idea behind this apparatus configuration was to represent longitudinal sections of a
traditional settler and an upward high-rate, lamella settler. An important feature of this geometry is that it
allowed for a direct comparison of the turbidity removal achieved by these settling alternatives. Figure 4.5
shows both tanks discharging flows after settling at the downstream gutter. As shown, the outflows still
contain sediment load.

Figure 4.3: Lateral view of the acrylic tank (lamella settler in front). Forebay is located at the right
end of the figure, and settled flow discharged at the left end of the system

10



Figure 4.4: Longitudinal view from the downstream end of the acrylic tank with two settlers (lamella
settler is in the right). Forebay is located in the opposite end

Figure 4.5: Tank discharge during typical experimental runs with sediment-laden flows

11



4.1.2 Experimental procedure and parameters

It is important to note that, because of the innovative nature of these tests, they are not standardized. Thus,
the experimental procedures required corrections during the initial stages of the research in order to create
test conditions that could be considered representative.

The procedure for comparing the traditional and high-rate settling alternatives was simplified by
creating conditions for steady sediment mass intake in the apparatus. An inflow rate of 0.60 L/s was used in
all experiments, which corresponds to 0.021 ft*/s per unit foot of a sediment basin, a value of magnitude
comparable to inflow rates measured in a Franklin County sediment basin (Logan, 2012).

Soils used in all tests were obtained from a construction site near Birmingham, Alabama, and were
passed through a no. 4 sieve. A mass of 2 kg of soil was added to 265 liters of water volume in the white
tanks, producing a soil concentration of around 7,400 mg/L. During the test, sediment was added at a rate
of 800 g every 3 minutes to preserve the original sediment concentration in the white tanks during the
experimental runs. However, as the TS test results later demonstrated, a large fraction of these sediments
(by mass) remained in the bottom region of the white tanks despite the use of recirculation pumps and thus
were not pumped into the acrylic tank. Only the finer particles in these soils were eventually pumped to
settling units.

The procedure used in the experiments is described below:

1. Following a cleanup to remove sediments, the white tanks were filled to the 265 L mark, with 2

kg of soils added.

A recirculation pump was started to keep the soils in these tanks in suspension.

Tap water was added to the white tanks at an average flow rate of 0.60 L/s.

Immediately following the addition of the tap water, a second pump was started and pumped
0.60 L/s of flow from the white tanks to the forebay of the acrylic tank, which was initially empty.
This flow addition marked the start of the clock for each experimental run.

5. Turbidity measurements were performed in samples collected from the white tanks at about

every 3 minutes during experiments;

6. The water level gradually increased in the acrylic tank and eventually reached the overflow

points of the two settler units (traditional and lamella settlers) at the same time.

7. Samples for the turbidity characterization were collected from the forebay at a frequency of

every 60 seconds and at each settler unit every 30 seconds.

8. After about 15 minutes of discharge time in the settling units, tests were concluded and all

pumps were stopped.

9. All collected samples were analyzed with a calibrated turbidity meter to assess turbidity

variation over time.

10. Experiments were repeated six times under these same conditions to ensure consistency of the

results.
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4.1.3 Experimental data analysis

All samples collected were analyzed with a LaMotte 2200we turbidity meter, which can measure turbidity
values up to 4000 NTU/AU. Two readings per sample were performed and results compared for
consistency; when consistent results were averaged, a third reading was performed. Results from all this

data collection were entered into a spreadsheet so that the various repetitions could be compared.

4.2 NON-SYSTEMATIC EVALUATIONS

4.21 Experiments involving addition of Polyacrylamide

In some of experiments, polyacrylamide (PAM) was added to the apparatus as a means to improve turbidity
reduction. Soil and water samples were sent to Applied Polymer Science, Inc. (APS) for analysis. Based on
the soil characteristics, APS provided us four floc log blocks (type 706b) that were adequate for promoting
the settling of fine particles in the water-soil suspension. Appendix A presents results from APS study on
the soils used in this investigation.

In the experiments in which PAM was used, the recirculation line between the two reservoirs was
fitted with a wire cage that enclosed the PAM block at the discharging end of the line. This cage held the
floc blocs as the pumped water flowed around them, thus ensuring extensive contact between the water-soil
suspension and PAM. This soil-water-flocculant mix was then pumped into the acrylic tank and passed
through the forebay and the two settling units, essentially following the same procedure outlined before.

4.2.2 Soil characterization studies

As a means of further characterizing the performance of the two settling systems, two additional tests were
conducted on the soils present in the samples collected during a typical experimental run:

a) Total solids (TS) tests: Four samples were collected at: 1) the white tanks; 2) the acrylic tank
forebay; 3) the outlet of the traditional settler; and 4) the outlet of the lamella settler. TS for these
locations were determined by weighing the amount of solids present in a 50 mL sample. The
procedure involved weighing a porcelain plate, filling it with the 50-mL sample volume, evaporating
the water in an oven and completely drying the residue, and then weighing the plate with the
residue. The TS concentration equals the difference between the weight of the plate with the
residue and the weight of the plate without it. Procedure details are presented in APHA (1992).

b) Particle size distribution (PSD) of soils in water suspension: The soils used in experiments
contained a significant fraction of fine particles that remained in suspension during experimental
runs. Particle-size distributions for the suspended soils were obtained by sending the sediment-
water samples to the Headwater Resources testing facility in Taylorsville, Georgia. The samples
collected at the forebay and at the outlets of the traditional and the high-rate settler units were
analyzed by a HORIBA LA-920 particle size analyzer. Using laser diffraction, PSD can be derived
using Mie theory. The equipment used is capable of providing PSD characterizations to soil sizes

from 0.02 um to 1 mm (clay to sand sizes).
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5.1

The turbidity results in the white tank and forebay were steady in the range of 1000 NTU. This consistency
was made possible by the strategy of adding soil gradually, leading to only slight fluctuations of 10 percent

to 15 percent

recorded in the acrylic tank forebay, albeit with smaller fluctuations, as indicated in Figures 5.1 t0 5.7.

The turbidity results for the samples collected from the high-rate lamella and traditional settlers
presented marked differences. As indicated in Figure 5.1, the turbidity levels measured at the outlet of the
lamella tank oscillated from 44 to 117 NTU, with an average of 73 NTU. The traditional settler initially
presented similar results, but from the fourth sample (taken at 2 minutes) onward, the results began to
oscillate. By the 4.5-minute mark, the results averaged 702 NTU, with a maximum at 765 NTU and
minimum of 606 NTU. The results from the traditional settler outlet are labelled “Control Outlet” in the charts

and tables that

Turbidity (NTU/AU)

Figure 5.1:

Chapter 5

EXPERIMENTAL RESULTS

TURBIDITY RESULTS

turbidity levels during typical experimental runs. The same levels of turbidity were also

¢ Lamella Outlet

B Control Outlet
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Turbidity results from samples collected at the white tank, the forebay, and the two

settling unit outlets during a typical experimental run, 1% repetition

14



To assess the consistency of these results, conditions were repeated six times, and the same general trend
was observed. The results from repetitions 2 through 7 are presented in Figures 5.2 to 5.7.
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Figure 5.2: Turbidity results from samples collected at the white tank, the forebay, and the two

settling unit outlets during a typical experimental run, 2" repetition
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Figure 5.3: Turbidity results from samples collected at the white tank, the forebay, and the two

settling unit outlets during a typical experimental run, 3™ repetition
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Figure 5.4: Turbidity results from samples collected at the white tank, the forebay, and the two
settling unit outlets during a typical experimental run, 4" repetition
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Figure 5.5: Turbidity results from samples collected at the white tank, the forebay, and the two

settling unit outlets during a typical experimental run, 5™ repetition

16



2048 4

X
1024 - ><><><><><><><><><><><><><><><><><
X
" X

T S L
_ 512 -
E)
g
=)
= # Lamella Outlet
- 256 -
Z ® Control Outlet
3
) Tank
2

128 - + X Forebay
.
[
[ [ ]
Wem ¢ o -
* * *
64 - . et ~ %
.
*
*
32 T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45
Time (min)

Figure 5.6: Turbidity results from samples collected at the white tank, the forebay, and the two
settling unit outlets during a typical experimental run, 6" repetition
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Figure 5.7: Turbidity results from samples collected at the white tank, the forebay, and the two

settling unit outlets during a typical experimental run, 7" repetition
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Average turbidity results from all repetitions are presented in Table 5.1 below, along with the ratio
between the turbidity levels measured in the traditional (control) settler unit and in the high-rate lamella
settler unit. Turbidity levels were much reduced in the high-rate settler, by a factor ranging from 5 to 12

times.
Table 5-1: Average turbidity results from experiments

Average Average Average Std. deviation Average Std. deviation Control /
Repetition turbidity turbidity at turbidity at of turbidity at turbidity at of turbidity at Lamella
number white tank forebay control outlet | control outlet | lamella outlet | lamella outlet turbidity
(NTU/AU) | (NTU/AU) (NTU/AU) (NTU/AU) (NTU/AU) (NTU/AU) ratio (%)

1 941 933 559 265 73 23 766%

2 935 906 628 276 7 15 885%

3 912 1035 687 114 77 12 892%

4 853 942 715 255 67 22 1067%

5 851 854 351 273 67 18 524%

6 979 995 479 258 69 16 694%

7 740 863 695 165 55 5 1264%

Figure 5.8 presents a photo that shows the differences in the outflow turbidity from both settling

units. The lower level of turbidity produced by the lamella settler is readily apparent in the sample on the

left.

Figure 5.8: Samples collected at the outflow points of the lamella settling unit (left) and the
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5.2 TURBIDITY RESULTS — PAM ADDITION

Turbidity results were collected at the same locations in experiments in which PAM blocs were used. As

expected, turbidity results were greatly reduced in the whole apparatus because of the addition of the

flocculant.
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Figure 5.9 Turbidity results from samples collected at the white tank, the forebay, and the two
settling unit outlets during an experimental run with PAM

Figures 5.9 presents a typical result for the turbidity levels measured in the apparatus during tests
involving the addition of PAM. In this chart, the initial time marks the moment when overflow was detected.
Turbidity levels for the white tank were in the range of 25-217 NTU, and between 35 and 103 NTU for the
forebay. The results for the traditional settling apparatus ranged from 37 to 107 NTU, with an average of 64
NTU, whereas for the lamella tank the results ranged from 13 to 27 NTU, with an average of 20 NTU.
Among those experimental repetitions that included flocculant use, turbidity results were in average 2.1 to
3.3 times smaller for the high-rate lamella settling unit when compared to the traditional (control) settling
unit. These results, though, are merely indicative. A more thorough investigation of the PAM high-rate
settler is needed to obtain a more precise assessment.

5.3 SOIL CHARACTERIZATION RESULTS

For experimental run number 7 (with no added PAM), samples were taken at the same four points at which

turbidity was measured to determine TS and PSD. The measured values for TS were much smaller than the

19



original 7,400 mg/L measurement obtained from the soils originally added to the tanks. This result indicates
that a large soil mass remained at the lowest portion of the white tanks. PSD results showed that only soil
sizes smaller than 0.15 mm remained in suspension and were responsible for the 1000 NTU turbidity levels
measured in the tests. Results for TS are presented in Table 5.2.

Table 5-2: Total solids (TS) results from a sample collected in experimental run 7

Location Total solids (mg/L)
White tanks 1,694
Forebay 1,148
Control outlet 606
Lamella outlet 170

PSD was determined for three locations: the white tanks and at the outlets of each of the settling
units; results are presented in Figure 5.10. The top portion of the figure presents the PSD for the white
tanks and shows that the particles sizes ranged from fine sands (d=150 um) to clay particles (d=0.2 um),

giving an indication of how very fine were the soils used in this investigation.
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Figure 5.10: Particle size distribution (PSD) for the soils in the samples collected in the white tanks
(top chart) and the outlets of the settling units (blue=lamella, red=control).
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PSD results for both settler outlets present very interesting insights into the differences between the
soils present in the samples. The traditional settler results (PSD red bars) show that this strategy was
effective in removing fine sands from the inflow, with particles in the range of 125 um to 67 um being
captured. This range should be linked to the difference in the TS results measured in the forebay (1,694
mg/L versus 606 mg/L) shown in Table 5.2. However, the full range of silt-sized particles (d=65 um to 3.8
um) remained in the sample, accounting for 86 percent of the particles detected by the laser diffraction
process. Such silt particles could settle provided conditions were adequate and time was sufficient. Thus, if
both the size of the traditional settler unit and time that the suspension spent in it were increased, more silt
particles could have been captured and turbidity would be reduced further.

PSD measurements for the lamella settler outlet (blue bars) shows that particles of d=22 um and
larger were fully captured. This result indicates that this method captured a significant fraction of the silt
particles present in the water-sediment suspension. The smaller range of particle sizes that remained in
sample should be linked with the TS difference found in the traditional settling unit (170 mg/L versus 606
mg/L). Moreover, 37 percent of the particles detected with the laser diffraction process were clay particles,

which could not be removed unless a coagulation/flocculation process was added. The results are a strong

indication of the more effective settling produced by the lamella settler, even without the addition of PAM.

These results confirm the better performance of a lamella settler of the same dimension as a traditional
settler under the same sediment loading conditions.
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Chapter 6

CONCLUSIONS AND RECOMMENDATIONS

The experimental research achieved its objectives of assessing the ability of a high-rate lamella settler to
improve turbidity reduction in sediment basins. This finding is relevant, as it may demonstrate a new
alternative for transportation agencies and other developers who are presented with restricted available
areas for the implementation of sediment basins. In summary, the investigation indicated that:

1. Turbidity measurements were generally consistent in all selected sampling stations over all
experimental repetitions.

2. Turbidity values were comparable between the white tank and forebay but decreased at the settler
outlets, as expected.

3. The lamella settler unit decreased the average turbidity values by a factor of 5 to 12 times in
comparison with the values produced by the traditional settling unit; in terms of TS measurements
the solid discharge from the lamella settler was 3.5 times smaller.

4. PSD measurements showed that a wider range of particle sizes was captured with the lamella
settler unit when compared with the traditional settler. This result is consistent with the theory of
high-rate settling and is linked with the TS results obtained for the same samples.

Future work should be directed toward investigating the efficiency of lamella settlers at larger
scales, mimicking more closely conditions that are anticipated at construction sites. These investigations
should consider the benefits of high-rate settlers used in association with other well-established
technologies for turbidity reduction, including the use of porous baffles and polyacrylamide.
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APPENDIX A

Floc Log analysis report from Applied Polymer Systems
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APPENDIX B

PSD results from Headwater Resources HORIBA LA-920 equipment

e — Tayloreville, Gu, 20178
Fhone 770-684.0103
RESOURCES

wow v ey dwnlers com

Mluterials Testing & Wesoarch Focdlity
' ZEREH Hwy LI W
e

Filename 12749TS
Sample Name “"White Tank"

i : Clrculati oel 13
Material iClay @ 1200 NTU i o Speee 2
m ber :Samual Ginn C of E Laser T : 00.6(%)

um ¥ H .
Test or Assay. Number ;zug Lamp T% : 96.7(%)

Cale. Level ;30
i R.R.Index :150a0401
Variance @ 714,27(um’ )

Sample Preparation

[Form of Distribution :Standard

L, 5.0, ¢ 26.7259(um)

Distribution Base  Volume [w] : B2.7527

Sampling Times :10 Geo, Mean : 20.938B(um)
Chi-2 1 0.105748

SP Area: 60117’ fom’ )

Median 1 24.9234(um) ES0.0 (pm)-  100,000{%:)

Mean 1 32.2061(pm) 3000 (o). 100.000¢%)
Mode  : 47.9620{pm) :
Span @ 26173 150,0 (pm}- 99.866(%)

75.00 (ur)-  92.007(%)
45.00 (pm)-  72.576(%)

’.-".(!01 —_— ——————— a1 (.0
- -__-L
2 4 . —
= T S
= 4 | ~
2 « 1 8
=4 1 t 4 E
o
0.0 : *'F'F-r]m'l'ﬂm . 1111 0.0
0,020 0,100 1.000 10.00 1000 1000 2000
. i Diameler {um)
No. Diameter Under % | Mo. Diameter Under % No. Diameter Under % |MNo. Diameter Under %
1 0022 0000 0.000( 23 0.445 0.000 0.000 45 B.6816 2,667 18,388 67 174.616 0.103 100.000|
2 0.026 0000 0.000] 24 0.510 0.000 0000 46  10.097 3.207 2150568 200,000 0.000 100.000
3 0.029 0.000  0.000| 25 0.584 0111 011147  11.565 3705 25209 65 229.075 0.000 100.000
4 0.034 0000  0.000| 28 0669 0147 0258 48 13246 4.071 20.370| 70 262376 0.000 100.000
5 0.039 0.000 0.000| 27 0.766 0.198 0456 49 15172 4272 3384271 300518 0.000 100,000
& 0.044 0,000 0.000( 28 0877 0.314 0770 50 AT.37T  4.356 37908 72 344.206  0.000 100,000
T 0.051 0.000 0.000 28 1005 0443 1213 51 19904 4409 4240873 384.244 0,000 100.000
] 0.068 0.000 0.000| 30 1451 0514 1727|852 22797 4510 46.916| 74 451.556 0.000 100,000
g 0.067 0000  0.000] 31 1.318 0.546 2273 53 26.111 4684 51610/ 75 517.200 0.000 100.000
10 0076 0000 0.000) 32 1510 0683 2856 54 29907 4.9480 66.550| 76 502387 0.000 100.000
1 0.067 0000 0.000 33 1729 0.625 3.481)55 34256 6231 61.792| 77T  674.504 0,000 100.000
12 0100 0.000 0.000] 34 1981 0658 413956 39234 5484 6727678 TITA41  0.000 100.000
13 0415 0.000 0.000| 35 2.269 D.696 4.835|57 44,938 5643 7291979 880116  0.000 100.000
14 0431 0000  0.000 36 2.58% 0.740 657558 51471 5644 78,563( 80 1019515 0.000 100.000
15 0150 0.000 0.000| 37 2976 0.788 6.363| 59  58.953 5415 B3STT| 81 1467.726 0.000 100.000
16 0472 0000 0.000 38 3409 0.843 7.206| 60  67.523 4889 B8.867| 82 1337461  0.000 100.000
17 0187 0.000 0.000| 39 3905 093 813761 77339 4059 92.825( 83 1531.914 0.000 100.000
18 0.226 0000 0.000 40 4472 1.047 9183 62  BA.583 3023 O5.948( 84 1754813 (C.000 100.000
18 0.256 0.000 0.000] 41 5122 1.210 10.383| 63 101.460 1.977 57.525| 85 2000060 0.000 100.000
20 0.296 0000 0.000 42 5.BET  1.431 11.824 |64 116210 1124 99.049
21 0.33% 0.000 0.000 43 6720 1738 13563| 65 133103 0.569 99.638
22 0.38% 0.000 0.000) 44 7697 2158 15721\ 66 152.453 0,258 99.897

HGRIB‘A LA—gzﬂ Tor Wirdows{ TRy [ WET{LA-220)] YWer.3.25

LA-RZ0 system for Windows

25



Tatarewille, €. S01TH
Fhone 7T0-6G84-0102
RESOURCES

wowr W P et & rs clim

Belsvie pianls “losting & Rescardy Fac ity
E A TH50 Hwy 113 8W
6_—-_

Filename 1275075
:iﬂ?;lﬂﬂm "Contral” Circulation Speed :3

a :Clay @ 800 NTU Uiitra sonic :OFF
ﬁ:ﬁmhr :Samual Ginn C of E Laser T% D 95.5(%:)
o . Number :2?50 Lamp T IR TE Y]

Calc. Lewvel ;30
Sample Preparation : R.R.Index 15040401

Wari = T4 H
Form of Distribution “Standard ariance 59.744(um’

A 5.0, o B.9ET2(um)
Distritastion Base  :Volume o . 727184

ing Times :10 Geo, Mean @ 9.7212(um)
Samgling Chi-2 @ 0.035431

S Area s 11345(ar jont )

Median 1 12.2833(um) :850.0 (um)-  100.000({%)
Mean  : 13.8292{um) 300.0 {um)-  100.000(%)

Span 1 20481 75.00 {um)-  100.000¢%:)
45,00 (UM} 99.087(%)
Q.0 T —————— — WD,
- 3 a
1 r —
o | g
- 1 ]
& | ER
g [ i
o . E| -
_: | H‘H’/ IH
0.0 —""'_‘—HH-H ARERRRREI U e : 0
0020 0100 1000 110,040 1000 1000 2000
Diameter {(pm)
S ) R AR . :
[Nﬂ. Diameter Under % Mo. Diameter Under % [No. Diameter Under % |MNo. Diameter Under %/

1 0.022 0000 0.000 23 D445 D154 0.263 | 45 B.A16 4408 3I5107| 67 1T4616 0000 100000
2 0026 0000 0.000 24 0.510 0.212 0475 46 10.087 5364 40471 68 200000 0.000 100.000
3 0029 0000 0000 25 0.5B4 0D.286 0.781 | 47 11.565 8.349 46.81%| 68 228076 0.000 100.000
4 0.034 0000 0.000 26 0.669 0.38% 1,150 48 13.246 7463 65639683 70 26Z.3ITE 0.000 100.000
5 0.039 0000 0000 27 0768 0.532 1.682| 49 16,172 7.827 61810 71 200518 0.000 100.000
] 0.044 0000 0.000 28 0.BTT 0718 2401 50 17377 T.665 69266 V2 344206 0.000 100.000
T 0.051 0000 0.000 28 1.005 0OBTS 3276 51 19.904 7.269 7653573 394.244 0,000 100.000
L] 0058 0000 0.000 30 14151 0886 4.242( 52 22.79T 6.536 B30T0| 74 451.556 0.000 100.000
L) 0.067 0.000 0000 31 1318 1052 5283 53 26,111 5.526 BB.58T| 75 517.200 0.000 100.000
10 0076 0.000 0.000 32 1510 1479 6472|654 29907 4328 9292476 592387 0.000 100000
1 0.087 0.000 0.000 33 1.728 1.2 7T.784 | 55 34.255 3.081 96005 77 67E.604 0.000 100.000
12 0100 0.000 0.000 24 1081 1416 9.200) 58 39.234 1964 97.969( 78 TTTA41  0.000 100.000
13 0115 0.000 0.000 35 2.26% 1.506 10.706| 67 44938 1112 98.081| 79 690116 0.000 100.000
14 0131 0.000 0.000 36 259% 1606 12312\ 58 51471 0560 99.641| B0 1019.515 0.000 100.000
15 0.450 0000 0000 37 2.976 1.690 14.001| 59  58.953 0.253 96.894 81 1167.725 0.000 100.000
16 0172 0.000 0.000) 38 3409 1766 1575760  67.523 0106 100.000| 82 1337.481 0.000 100.000
17 0.187 0.000 0.000] 39 3005 1.848 17.606 | 61 77.33%  0.000 100.000) 83 1531914 0.000 100.000
18 0.226 0.000 0.000| 40 4472 1986 19.591| 62 BA.683 0.000 100.000| 84 1754.613 0.000 100.000
19 0.256 0000 0.000| 41 5122 2187 2177863  101.460 0.000 100.000| 85 2000000 0.000 100.000
20 0.296 0000 0.000| 42 5.867 2476 24.254) 64 116.210 0.000 100.000
21 0.33% 0.000 0.000] 43 6720 2908 27162 65 133103 0.000 100.000
2 389 0109 0108 44 7697 3538 30.700| 66 1524563 0.000 100.000
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I Toxlorswille, Gio. SDLTH
RESOURCES Vhame TTH-ERA-LILZ

o e dhwm e o m

Mlnte Hals Testing & Rescarch Fad lity
2650 Hwy 113 5%
6*

E;:‘::;a e 12751TS

H "Lamedlla” Circulati :

Material :Clay @ 80-100 NTU UE snlr?i‘; Speed :gFF

m"rﬂ ber 1Samual Ginn C of E Laser T% TG, 1(5%)
Lm 12751 Lamp T% : GE.1{%%)

Test or Assay. Number . 0

! Calc, Level @
Sample Preparation : R.FIndex 15020401

L : 18915(pm?
Farm of Distribution =Standard anance (prnt

. 5.0 o 4.3493(pm)
Distribution Base  Volume oV © BO.O045
Sampling Times 10 Geo. Mean 1 4.6777(pm)

Chi-2 s 007754

S.P. Area:  19358(cmi fom® )

Median : 5.6880(um) :B50.0 (pm)- 100.000(%}

Mean @ 63027 (um} 300.0 {prm)-  100.000{%:)
Mode @ 8.2557(um) 150.0 {ur)- 100.000{%:)
Span ¢ 1908 75.00 {prmd- 100.000{%:)
45,00 {um)- 100.000{%)
Q.00 - 11000
A~ E
M= q
1
E&f E _| _.l'. g g
= | 4 Y
L4 10 = 3
: . 1o
£ | S
el | i
‘Jﬁ-_l_l_l_'_l_"r' E ._'I.—i.- .- .!f’ T T - I l._l 1 T T TT T T TT E

- : y 0
0020 0,100 1000 10,00 1000 T 20000

Diameter (pm)

Mo. Diameter Undar % | Me. Diameter Under % No, Diarmeter Under % |Mo. Diameter Unler %
1 0.022 0000 0.000] 23 0.445 03200 0.442] 45 B.816 7.980 7336367 174616 0,000 100.000
2 0.026 0000 0.000 0510 0294 0736 46 10097 7.835 B1.197 |68  200.000 0.000 100.000
3 0.028 0000 0000 0.584 0444 1180 47  41.565 6793 B7.980| 6% 220075 0.000 100.000
4 0.034 0000 0.000 0.669 0687 1.847 4B  13.246 5098 093.089|70 262.376 0.000 100.000
& 0.039 0000  0.000 0.766 1.013 2880 49 15172 3313 86402| 71 300518  0.000 100.000
& 0.044 0000 0.000 0877 1.353 4213 50 17377 1901 98.303| 72  344.206 0.000 100.000
7 051 0000 0.000 1.005 1621 6834 851 19904 0991 0920473 304244 0000 100.000
8 0.058 0000 0.000 1151 1.B46 7681 52 22797 0483 99.777| T4 451.556 0.000 100.000
g9 0.067 0000 0.000 1318 2147 9828 53 26111 0.223 100.000| 75 S17.200 0.000 100.000

10 0076 0000 0.000

24

25

26

27

28

it

30

H

az 1.510 2.56% 12337 54 29.907 0,000 100.000| 76 582387 0,000 100.000
1 0BT 0000 0.000 33 1.72% 2963 15.381 55 34.255 0.000 100.000| 77 &T8.504 0.000 100.000
12 0100 0000 0.000 34 1981 2203 18.564 56 39.234  0.000 100.000| 78 TTT.49  0.000 100.000
13 0115 0000 0.000) 35 2269 3.321 21.885 57 44.838 0.000 100000 79 &50.116 0.000 100.000
14 0431 0000 0000 36 2599 3444 25320 58 51471  0.000 100.000| B0 1019.515  0.000 100.000
15 0150 0.000  0.000) 37 2876 3.566 28.895 59 58.953 0.000 100.000) 81 1167.725 0.000 100.000
16 0472 0000 0.000 38 J40% 3689 32583 60 67.523 0.000 100.000| 82 1337481 0.000 100,000
17 0497 0.000  0.000) 38 3805 3.926 36.520| B1 77.338 0000 100,000 83 1631.944 0.000 100.000
18 0.226 0.000 0.000 40 4472 4302 40822 62 BE.683 0.000 100.000| 84 1754.613 0.000 100,000
{19 0259 0.000  0.000) 41 5122 4851 4567363 101.450 O0.000 100.000( 85 2000000 0.000 100.000
20 0.286 0.000 0.000) 42 5.B6T 5.557 51.270|64 116.210 0.000 100.000
2 0.33% 0071 0901 | 43 E.720 6.542 5781365 133103 0.000 100.000
22 0.38% 0140 0,242 | 44 T.B9T T.5T0 65383 66 1652.453 0.000 100.000
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