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transport back to the mainland. Samples from Grand Isle (designated “GI””) were collected similarly.
Grand Isle samples were collected near the swash zone, from surface to approximate 16-inch depth at
approximately 29°13.131° N, -90°00.563* W. All samples were transported by personal vehicle to the
UNO geotechnical laboratory. Figures 3.2 and 3.3 show the author preparing to embark to Isle Grande
Terre from Grand Isle and the sample collection site at Isle Grande Terre, respectively.

Figure 3.2. The author preparing to embark from Grand Isle to collect representative beach
samples from Isle Grande Terre, 8 July 2017 (Photo credit: Ms. Rhea Miner)

Figure 3.3. Sample collection site at Isle Grand Terre
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Ocean Springs, Mississippi, beach samples (designated “OS”) were collected 31 July 2017 from
surface to approximate 12-inch depth at approximately 30°40.353” N, -88°82.636° W. Samples were
collected in Ziploc© bags and transported to the UNO geotechnical laboratory. Gulf Shores, Alabama,
samples (designated “GS”) were collected by a friend of the author who was visiting Gulf Shores.
Latitude and longitude of the Gulf Shores samples were not recorded. Samples were collected in a plastic
sand castle mold and transported to the UNO geotechnical laboratory.

Material considered representative of typical southeastern Louisiana dredged silt and clay used
for marsh fill applications (designated “DM”) was excavated by shovel 27 February 2018 from ground
surface to approximate 3-feet depth near 30°00.358° N, -90°26.396° W. Samples were stored in sealed
plastic buckets and transported by personal vehicle to the UNO geotechnical laboratory. To create a more
homogeneous soil mass for laboratory evaluation, all DM samples collected were emptied onto a vinyl
tarp in the geotechnical laboratory. The material was then mixed and reworked by hand to homogenize
the DM samples. Once the material was satisfactorily homogenized, it was stored in sealed plastic
buckets.

3.2 Geotechnical Characterization Tests

3.2.1 Grain Size Analysis

All materials were evaluated for particle size distribution. Particle size distribution was evaluated
using the dry sieve method. Samples were oven-dried and were then introduced to a series of sieves with
sieve aperture decreasing from top of the series of sieves to the bottom of the series of sieves, with a pan
below the sieve with the smallest screen opening. American Society for Testing and Materials (ASTM) D
422 Standard Test Method for Particle-Size Analysis of Soils recommends using a specific series of sieves
that range from 75-mm diameter to 75-micron diameter. Because materials evaluated were predominantly
sand and smaller-sized, most analyses were completed using the No. 18 (1 mm), No. 35 (0.5 mm), No. 40
(0.425 mm), No. 50 (0.297 mm), No. 60 (0.25 mm), No. 80 (0.177 mm), No. 100 (0.149 mm), No. 120
(0.125 mm), No. 140 (0.105 mm), No. 200 (0.075 mm), and No. 230 (0.0625 mm) sieves. Because of
large diameter particles in the OS samples, OS analyses included the No. 4 (4.75 mm) and No. 10 (2 mm)
sieves. These sieve schedules allowed particle size characterization according to both the Wentworth and
the Unified Soil Classification System (USCS) particle-size characterization systems. Additionally, this
sieve schedule allowed for a more acutely refined definition of particle size than the sieve schedule
recommended by ASTM D 422. The stack of sieves was shaken using a mechanical sieve shaker for
approximately 15 minutes, and the mass of soil retained on each sieve and in the pan was recorded.
Considering the masses recorded of retained soil on each sieve, a grain size distribution plot of percentage
of the sample finer by weight versus grain size diameter was developed. Figure 3.4 shows the mechanical
sieve shaker and sieves configuration. Figure 3.5 presents an example of a grain size distribution curve.
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Figure 3.5. Example percent finer by weight versus grain size distribution plot, GS samples
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As noted above, all grain size analyses were evaluated considering both the Wentworth and
USCS particle-size characterization system. Similarly, grain size was reported in both millimeters and
dimensionless phi scale. Mean grain size, standard deviation, skewness, and coefficient of kurtosis were
quantified according to Folk (1974), using the phi scale for all samples with less than 5% passing the No.
230 sieve. USCS coefficient of curvature (C¢) and coefficient of uniformity (C,) were calculated for all
samples with less than 10% passing the No. 230 sieve. All samples were classified using USCS
procedures. Folk and USCS equations are provided below. Table 2 presents an example of a grain size
distribution data and calculations table while Table 3 presents an example summary table of sample
characterization according to the USCS, Wentworth, and Folk.

Mean Grain Size = M(p

Standard Deviation = g, =
Coefficient of Skewness =
Coefficient of Kurtosis = B, =
Coefficient of Curvature = C, =

Coefficient of Uniformity = C, =

_ (P16 + P50 + Pga) [1]
3
_ (P84 — P16) n (995 — ¢s) [2]
4 6
_ P16+ g4 — 2(Ps0) | Y5+ Pos — 2(@sp) [3]
2(¢ga — P16) 2(¢95 — ¢s)
Pos — Ps [4]
2.44(¢75 — ¢25)
D 2
_ (03) o
(D10Ds0)
Dso
Dyg [6]

Table 2. Example grain size distribution data and calculations table

Test Specimen- GS Cunmlative
Total Mass (g) - 2419.9
US. | Sieve Mass | Percent
Sieve | Opening | Retained | Finer
No. (om) @ (%) mm 0]
18 1 5.85 99.76 D | =1 _
35 0.5 119.61 | 94.81 Dy | 052 | 094
40 | 0425 | 27145 | 8357 Dg | 043 | 1.22
50 | 0297 | 116517 | 3532 Dy | 040 | L31
60 0.25 413.86 | 18.18 Dg | 036 | 146
80 | 0177 | 40298 | 130 Ds | 034 | 157
100 | 0149 | 30.09 0.25 Dy, | 028 | 182
120 | 0125 4.91 0.05 Dy | 027 | 190
140 | 0.105 0.74 0.02 Dy | 024 | 206
200 | 0075 0.23 0.01 Dy | 021 | 222
230 | 00625 | 0.3 0.01 D; | 019 | 238
Pan — 0.17 Mean Grain 5ize] 033 | 162
Total Mass | _2415.09 Std Deviation  — .45
Percent Loss:|_ 0.20% Skewness]  — 0.02
Cy:| L69 |Kutosis] — LOL
C.:| L03 | Uscs SP
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Table 3. Example USCS, Wentworth, and Folk grain size analysis summary table

P GS Conmlative
Test § ] Percent Compesition Summary
us. Sieve
Steve | Opeming | TUSCS Y Wentworth %
No. (o)
18 1 ) V_Coarse Sand 0.24
35 | 05 | MM ) 1643 | [CoaseSmd | 495
40 0425
50 0297 Mediim Sand | 18.14
60 0325
80 0177 .
100 0.149 ;lii 83.56 Fine Sand 0.03
120 0125
140 0.105
200 0.075 V. Fine Sand 0.01
230 | 0.0625 |..
a — -Sl.lt & Clay| 0.01 —Sand e
Folk (1974) Qualitative Summary
Sorting: Well Sorted
Skewness: Near Symmetrical
Kimtosis: Mesokurtic

3.2.2 Specific Gravity

Specific gravity was calculated in general accordance with ASTM D 854 Standard Test Methods
for Specific Gravity of Soil Solids by Water Pycnometer for all samples considered for marsh fill
applications. Because specific gravity is the ratio of soil solids density to water density, this test compares
the volume of a known mass of soil to the mass of an equivalent volume of water at standardized
temperature. A 500 mL pycnometer was used for all analyses. The mass of the empty pycnometer was
recorded. The pycnometer was then filled approximately two-thirds full with distilled water and set on a
constant temperature plate heater at 140°C for at least two hours to remove any air remnant in the distilled
water. The sample was allowed to cool in a Styrofoam cooler overnight. The pycnometer was then filled
with previously de-aired water to the 500 mL mark, and the mass and temperature (temperature A) of the
pycnometer with 500 mL of only de-aired water were recorded. These measurements create the mass and
volume of water to which the mass and volume of soils solids will be compared. Sufficient water is
removed from the pycnometer to allow the addition of a known mass of test soil to the pycnometer. The
mass of test soil may be determined by adding oven-dried soil (ASTM D854 Method B) or by adding a
moist soil slurry and oven-drying the solution at the conclusion of the test (ASTM D854 Method A). Both
methods were employed for this research. The process of filling the pycnometer two-thirds full and
heating on a constant temperature heat plate for at least 2 hours at 140°C was repeated to de-air the water
plus soil sample. The pycnometer and water plus soil sample were allowed to cool overnight in a
Styrofoam cooler. Previously de-aired water was added to the water plus soil mixture to attain 500 mL of
solution. The mass and temperature (temperature B) of the 500 mL of de-aired water and soil solution is
recorded. The mass and volume of soil solids are related to the mass and volume of water through the
equation below, where G is specific gravity, Ms is mass of oven dried soil solids, Mypwa is the mass of the
pycnometer and de-aired water at temperature A, and M,,wss IS the mass of pycnometer, soil, and water at
temperature B. A standardizing factor, K, provided in Table 2 of ASTM D 854, standardizes specific
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gravity calculated at the end-of-test temperature to 20°C. Figure 3.6 shows testing equipment used for
specific gravity calculations.

G, = M [7]

Mppr - (MppwsB - Ms)

Figure 3.6. Pycnometer and constant temperature burner used for specific gravity testing

3.2.3 Atterberg Limits

Atterberg limits were calculated in accordance with ASTM D 4318 Standard Test Methods for
Liquid Limit, Plastic Limit, and Plasticity Index of Soils for all plastic soils considered for marsh fill
applications. Atterberg Limits include the plastic limit and the liquid limit of a plastic soil which are
defined as the moisture content at which the soil begins behaving as a plastic and the moisture content at
which the soil begins to behave like a liquid, respectively. The plasticity index is defined as the difference
of the plastic limit from the liquid limit, which is representative of the magnitude of the range of moisture
content that the soil will behave plastically. Atterberg limit testing is completed only on the portion of a
soil sample that passes the No. 40 (0.425 mm) sieve. Accordingly, oven dried soil samples were sieved,
and the portion retained on the No. 40 sieve was discarded for Atterberg limit testing. The plastic limit is
determined by adding sufficient water to an oven dried sample that when the moist sample is rolled to a
1/8" inch thread, the thread begins to lose its cohesiveness and crumble. A trial and error approach was
employed to achieve the desired thread size and accompanying loss of cohesion. Moisture content of the
1/8" inch thread was determined as specified in the following section and reported as the plastic limit. No
fewer than two samples were evaluated for each plastic limit determination, and the plastic limit reported
was the average of the two or more iterations of the test. To define liquid limit, a liquid limit device and
grooving tool are used. A liquid limit device employs a hand crank to lift a circular, concave dish filled
with soil to a height of 10 mm before releasing the dish to fall to the base of the device, thus creating a
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standardized, consistent energy applied to the dish per blow of the dish to the base. The dish is filled with
soil and smoothed. The liquid limit grooving tool is used to remove a 2 mm-wide section of soil at 60°
side slopes through the centerline of the dish. The liquid limit is defined as the moisture content at which
25 blows of the liquid limit device will close a 12.7 mm length of the removed soil. A trial and error
approach was employed to identify moisture content that yielded 15 to 35 blows to close the groove. No
fewer than 3 moisture content and liquid limit device blows were evaluated for each liquid limit
determination. To determine the liquid limit, moisture content (ordinate) was plotted against liquid limit
device blow count (abscissa), and a linear trendline was fit to the dataset. The formula of the line was
determined, and the liquid limit was defined as the y-axis value when blow count equal to 25 was input as
the x-value of the formula defining the dataset linear trendline. The plastic limit was then subtracted from
the liquid limit to yield plasticity index, and plasticity index was plotted on the USCS plasticity chart to
classify the fines composition of the sample tests. Figure 3.7 shows equipment used for Atterberg limit
determination. Figure 3.8 provides an example of a liquid limit determination plot while Table 4 provides
an example of liquid and plastic limit calculations, and Figure 3.9 presents an example USCS plasticity
chart.

a

Figure 3.7. Equipment used for determining Atterberg limits including liquid limit device, grooving
tool, and 1/8" inch rod
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Table 4. Example plastic limit and liquid limit calculation table

Atterberg Limits
Plastic Linmt
Can No. JCW-13| JCW-21
Mass of Can (g) 2234 | 20.81
Mass of Can + Moist Soil (g) 23.01 | 21.68
Mass of Can + Dry Soil (g) 2288 | 2149
Mass of Water (g) 0.13 0.19
Mass of Dry Seil (g) 0.54 0.68
Moisture Content (%) 24.1 27.9
Plastic Limit 26
Liquid Linut
Can No. JCW-44| A-11 |ICW-38
Number of Blows, N 22 28 18
Mass of Can (g) 2140 | 2299 | 2324
Mass of Can + Moist Soil (g) 4735 51.03 | 43.15
Mass of Can + Dry Soil (g) 4093 4421 | 3818
Mass of Water (g) 6.42 6.82 4.97
Mass of Dry Seil (g) 19.53 | 21.22 | 14.94
Moisture Content (%) 32.87 | 32.14 | 33.27
Liquid Linut 32
Plasticity Index 6

Liquid Limit Determination

34
S y =-0.1134x + 35.331
= 35 ~_ R2 = 0.9967 ]
£
o
O
o
232
5
>

31 T T T 1

15 20 25 30 35
Number of blows, N

Figure 3.8. Example liquid limit determination plot showing formula of best fit line
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Figure 3.9. Example USCS plasticity chart showing dredged material plotting as a silt (ML)

3.24 Moisture Content

Moisture content was calculated in accordance with ASTM D 2216 Standard Test Methods for
Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass for DM, RCGC, Gl,
and IGT samples. Moisture content was determined by recording the mass of a moist sample, oven drying
and recording the dry weight of the sample, and calculating moisture content according to the equation
below, where w is moisture content, My, is the mass of water in the moist sample, and Ms is the mass of
solids. Figure 3.10 shows moisture content samples at the conclusion of oven drying.

M
w =2 % 100% [8]

N

Figure 3.10. Moisture content samples at the conclusion of oven drying
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3.2.5 Organic Content

Organic content was calculated in accordance with ASTM D 2974 Standard Test Methods for
Moisture, Ash, and Organic Matter of Peat and Other Organic Soils for all samples considered for marsh
fill applications. Organic content was determined by recording the mass of an oven-dried sample, kilning
the sample at 440°C for 48 hours, and recording the kilned weight of the sample, and calculating organic
content according to the equation below, where Oc is organic content, My is the mass of water, and M, is
the mass of oven-dried solids. Figure 3.11 shows organic content samples at the conclusion of kilning.

M
0 Tk 100%
M, [9]

0, =

Figure 3.11. Organic content samples in furnace at the conclusion of kilning

3.3 Column Settling Test

Column settling tests were completed in general accordance with the recommendations of
USACE EM 1110-2-5027 for all samples considered for marsh fill applications. A column settling test
(CST) quantifies the sedimentation characteristics of a water-soil slurry by evaluating the zone and
flocculent settling characteristics of the slurry in a controlled environment over a 15 day-long test. The
column used is 80 inches tall and approximately 8 inches in inner diameter. Thirteen sampling ports are
relatively evenly spaced along the height of the column for extracting samples for turbidity and
concentration measurements. Figure 3.12 shows equipment used for the CST.
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Settling Column

-

A Sampling Ports Mixing Container

Figure 3.12. Photograph of select column settling test equipment showing mixing container,
centrifugal pump, settling column, and sampling ports (modified from Matson, 2014)

Before the CST can begin, the slurry must be prepared. For marsh design, EM 1110-2-5027
recommends preparing the slurry to the same concentration as what is anticipated to be pumped through
the dredge for the specific project being evaluated. Because this is a laboratory evaluation of the effect of
RCGC, specifically CGy, blends on the sedimentation characteristics of the blended DM and CGs slurry, a
common concentration of 100 g/L was selected for all CSTs. EM 1110-2-5027 recommends that the water
used in the CST be of the same salinity and chemical composition as the water at the project site.
However, to minimize degrees of variance in the comparative CSTs, potable tap water was used as the
water source for all CSTs. Trial and error was employed to attain the appropriate concentration for the
CST slurry. Pre-test concentrations were calculated by thoroughly mixing the slurry, extracting no fewer
than three representative samples from differing heights within the mixing container, and using the
equation below to calculate concentration in grams per liter of total dissolved solids (TDS), where Ms is
the mass of solids, G:is the specific gravity of solids, and My, is the mass of water. TDS calculations were
then averaged to determine a representative concentration of the slurry in the mixing container.

rDs (9/,) = M, 1000g [10]
L (I\G/I_:)+MW ( 1L )

Because the water used in the CSTs was not saline, corrections for salt content were not used.
When the slurry in the mixing container yielded average TDS of 95 to 105 g/L, the sample was
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considered prepared to the appropriate concentration and ready for the CST. To achieve appropriate
concentration and distribution of the DM/CGt blended slurries, the 50/50 DM/CG+ slurry was first
blended to 50 g/L of only DM. Subsequently, the concentration was raised from 50 g/L to 100 g/L with
additions of CG;y. Similarly, the 80/20 DM/CGs slurry was prepared first to 80 g/L using DM only, and the
concentration was raised to 100 g/L with additions of CGy. To begin a CST, the slurry was thoroughly
mixed to a relatively homogenous consistency, and a ¥ horsepower centrifugal pump draws from the
bottom of the mixing container and pumps the slurry via PVC tubing into the bottom of the column. As
the slurry height in the column gets taller, the PVC tubing is extracted at a similar rate as the rise in slurry
height. When the column is full, both the zone settling and flocculent settling tests begin. Figure 3.13
shows an example of a filled column at the onset of a CST.

Figure 3.13. Example of a filled column at the onset of a column settling test

3.3.1 Zone Settling Test

The zone settling test portion of the CST consists of documenting the height of the soil-water
interface within the column at specified time intervals measured from the time the column is filled.
Timesteps for CST soil-water interface height measurements were typically 1 hour, 2 hours, 4 hours, 6
hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 168 hours, 264 hours and 360 hours. Because of
the advanced fall velocity of soil-water interface of the 0/100 DM/CGs CST, supplemental measurements
of the soil-water interface were recorded relatively continuously for the first four hours of the test.
Sediment fall velocity was quantified using the straight line portion of the zone settling curve, and soil-
water height interface was plotted as a function of time. Figure 3.14 presents an example of soil-water
interface height as a function of time from the onset of the test.
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Figure 3.14. Example of zone settling test observations of soil-water interface height plotted versus
time

3.3.2 Flocculent Settling Test

The flocculent settling test portion of the CST quantifies suspended solids in the supernatant
liquid above the soil-water interface. At the same time intervals specified for the zone settling test
measurements, a needle and 60mL syringe were used to extract samples of supernatant solution above the
soil-water interface. The needle is used to ensure the sample being collected is drawn from the center of
the settling column. Two iterations were completed to yield approximately 120mL of solution from each
of typically six ports above the soil-water interface. Both the needle and syringe were rinsed and “dry
fired” between sampling ports to clear the sampler and minimize cross contamination between ports.
Figure 3.15 shows the needle and syringe used for flocculent settling sample extraction.

Figure 3.15. Flocculent settling test needle and syringe used for sample extraction (from Matson,
2014)
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Collected samples were tested for turbidity and concentration. Turbidity is a measure of solution
opacity due to particulates in solution and is measured in Nephelometric Turbidity Units (NTU). To
measure turbidity, a Hach 2100N Turbidimeter was used. Prior to turbidity testing, the turbidimeter was
calibrated using a calibration kit of 6 samples of pre-specified turbidity. After calibration, approximately
30 mL of test sample were poured into a glass sampling vial, and the vial was inserted into the
turbidimeter. The turbidimeter then displays in NTU the determined turbidity of the sample in the vial.
Figure 3.16 shows the turbidimeter with sampling vial inserted to the measuring chamber on the left side
of the machine.

Figure 3.16. Turbidimeter used for turbidity testing (from Matson, 2014)

Concentration of flocculent settling test samples was most often calculated as total suspended
solids (TSS). Early in the test, few concentrations were determined using the TDS method described in
Section 3.3. Total suspended solids is a measure of the suspended particulates in a slurry. Unlike TDS
testing, TSS determination does not quantify the dissolved solids in the slurry. TSS was evaluated by
pouring a known volume of test solution through a clean, dry, 47mm diameter, 1-micron glass fiber filter.
The filter was placed on a porous stone vacuum apparatus to aid removal of liquid through the filter. The
soiled filter was dried to determine the mass of soil retained, and the formula below was used to calculate
TSS, where Mg is the mass of solids, in grams, and V. is the volume tested, in milliliters. Figure 3.17
shows equipment used for TSS testing of flocculent settling test samples.

7ss (9/,) = 10° (%S) [11]
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