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Case Study

Abstract: The FieldSed is an inexpensive portable device for performing an image-based soil particle size analysis. The process, which
includes the image analysis, is referred to as SedImaging (short for sediment imaging). The FieldSed was used for an investigation of
Kalamazoo River sediments to generate over 100 particle size distributions (PSDs). Core samples taken from the river were tested in a
nearby field lab. When necessary, samples were processed prior to testing in the FieldSed to remove particles greater than 2.0 mm and
those finer than 0.075 mm. Doing so was necessary to ensure the efficiency of the current SedImaging method. A small number of specimens
was selected for quality control testing to determine the reproducibility of SedImaging results. This testing also involved sieve analyses in
ascertaining the agreement between SedImaging and sieving results. The control test results presented in this paper demonstrate that the
FieldSed is a promising device that can rapidly, accurately, and repeatedly determine particle size distributions in field labs for geotechnical

and geoenvironmental applications. DOI: 10.1061/(ASCE)GT.1943-5606.0002421. © 2020 American Society of Civil Engineers.

Introduction

As part of a geoenvironmental investigation of the Kalamazoo
River in Southwest Michigan (Fig. 1), river sediment samples were
collected and analyzed to map river bedforms. The goal of the
testing program was to rapidly obtain accurate particle size distri-
butions (PSDs) to delineate areas for more detailed subsequent
mapping of fine sediment bedforms in the Kalamazoo River. To
this end, the testing and analysis were performed using the first
field application of Ohm and Hryciw’s (2014) SedImaging (short
for sediment imaging) method for a particle size analysis. A field
laboratory, shown in Fig. 2, was established near the Kalamazoo
River for the program. The laboratory was enclosed and had elec-
tricity and water but was without temperature control or an oven to
dry the soil specimens. Over 100 collected sediment core samples
were tested to determine their PSDs. The soils consisted mostly of
fine sands with varying percentages of silt and clay.

The field laboratory utilized new portable hardware for Sed-
Imaging. Known as the FieldSed, the system prepares soil specimens
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for photographing and their ensuing image-based particle size
analysis. The field method does not require ovens or sieve shakers
and eliminates the need to ship specimens to distant geotechnical or
analytical commercial laboratories. As such, FieldSed can provide
PSDs of sands within hours of a sample collection. This paper de-
scribes the FieldSed system and presents typical results of the field
tests and additional highly controlled tests performed at the Univer-
sity of Michigan (UM) on a select number of Kalamazoo River
sediment specimens. The additional testing at UM was used to
evaluate the repeatability of the FieldSed test and the agreement
of the results with traditional sieving.

FieldSed System

SedImaging involves sedimenting a soil specimen through a col-
umn of water to sort the particles by size and photographing the
deposited soil column. An image analysis then produces the spec-
imen’s PSD. Ohm and Hryciw (2014) showed that SedImaging is
an efficient alternative to a sieve analysis. However, the laboratory
hardware used by Ohm and Hryciw for SedImaging—in this study
referred to as LabSed—is large, heavy, and practically immobile.
Therefore, Ventola and Hryciw (2019) developed FieldSed, a light-
weight field-portable version of the hardware for SedImaging.
Fig. 3 shows the FieldSed system and the location of the camera
relative to the soil column. A captured image of the soil is analyzed
incrementally using an algorithm based on the Haar wavelet trans-
form (HWT). Unlike many image analysis techniques (Buscombe
2008; Tutumluer et al. 2000; Graham et al. 2005; Kozakiewicz
2018; Masad and Button 2000; Kuo and Frost 1996; Nie et al.
2015; Guida et al. 2017), the HWT method does not size each
soil particle individually. Instead, the HWT method analyzes the
spatial distribution of pixel greyscale intensities within small 256 x
256 pixel subareas of the image. A particle size for each subarea is
determined using a universal calibration between a sieve-defined
particle size and a wavelet index defined by Shin and Hryciw
(2004). Thousands of areas in the image are analyzed, and the
computed particle sizes are sorted from largest to smallest to
form a volume-based PSD. Hryciw et al. (2015) detail the HWT
image analysis method for particle sizing and generating PSDs.
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Fig. 1. Kalamazoo River and the project’s testing locations. (Map data
© 2020 Google, Image Landsat/Copernicus, Image NOAA.)

Fig. 2. Field laboratory for testing the Kalamazoo River sediments.
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Fig. 3. FieldSed: (a) side view; and (b) front view. (Reprinted from
Ventola and Hryciw 2019, © ASCE.)
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Fig. 4. FieldSed components: (a) base and positioning dowels;
(b) positioning bracket unlocked; and (c) locked. (Reprinted from
Ventola and Hryciw 2019, © ASCE.)

(c)

The analysis is the same for images collected by FieldSed as it is for
LabSed.

A comparison of the LabSed and FieldSed hardware was pro-
vided by Ventola and Hryciw (2019), so only the most important
FieldSed details are presented in this study. The system consists
of a lightweight water-filled 25 mm x 25 mm x 1.8 m (1 in. x
1 in. x 6 ft) transparent acrylic sedimentation column. The column
is sealed at its base by a square-sectioned hard rubber stopper.
The stopper rests on the aluminum base shown in Fig. 4(a). The
column’s verticality is ensured by two 6 mm (0.2 in.) diameter
metal dowels protruding upward from the base [Fig. 4(a)] and the
U-shaped positioning bracket shown in Figs. 4(b and c¢). The rubber
stopper has four precisely machined holes on its underside to ac-
commodate the metal dowels. The entire column containing soil
and water can be manually rotated in 90° increments after unlock-
ing the bracket and lifting the column off the dowels. As such, all
four sides of a sedimented soil may be photographed.

A soil specimen is introduced into the top of the sedimentation
column using a 25 mm (1 in.) diameter, 455 mm (18 in.) long
acrylic cylindrical presorter tube [Fig. 5(a)]. The purpose of the
presorter tube is to break up any soil clumps that may be present
in the soil as well as to instantaneously release the specimen into
the sedimentation column. If necessary, the presorter may also be
used in a prewashing step, which will be discussed subsequently in
this paper. The presorter is open on one end and has a vacuum
quick-release plug on the other.
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Fig. 5. Presorter: (a) overall system; (b) presorter vacuum-sealed by
rubber membrane; and (c) soil held in the tube by vacuum after the
membrane is removed.

An 85 +15 g soil specimen is funneled into the presorter
through the open end, and the tube is filled between 80% and
90% with water. The open end of the tube is sealed with a thin
rubber membrane; the membrane is pushed slightly into the tube,
thereby creating a vacuum seal [Fig. 5(b)]. The soil and water are
vigorously mixed. The presorter is then inverted so that the
membrane-sealed end is on the bottom. and the sand is allowed
to settle atop the inwardly recessed membrane. Coarse-grained soil
particles come to rest atop the membrane in about 10-15 s. The
rubber membrane is then slipped off the presorting tube. Because of
the vacuum, the soil does not fall out of the opened tube [Fig. 5(c)].
The tube is transferred to the top of the sedimentation column
[Fig. 6(a)]. The presorter’s rubber plug [Fig. 5(a)] is then removed,
which rapidly releases the soil-water mixture into the sedimentation
column [Fig. 6(b)]. The particles are sorted by size while settling
and, in a matter of minutes, come to rest at the bottom. The speci-
men is then photographed on all four sides.

Because of its light weight, the FieldSed can be transported and
used at remote field locations, on construction sites, and in other
nontraditional laboratory settings. Even more beneficial, the low
cost of the sedimentation tubes allows many of them to be em-
ployed simultaneously for parallel specimen preparation. Thus,
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Fig. 6. Soil specimen release from the presorter: (a) prior to release;
and (b) several seconds after release.

the time for soil sedimentation does not cause a bottleneck in a
testing program, particularly when many soil specimens are to
be tested. This portability and rapid testing throughput are not pos-
sible with many of the other available two-dimensional (2D) image
analysis methods, particularly those in which noncontacting soil
particle assemblies are required (Damadipour et al. 2019; Kumara
et al. 2012; Altuhafi et al. 2013; Maiti et al. 2017; Zhang et al.
2012). The FieldSed sedimentation tubes can be set up in a separate
rack, as shown in Fig. 7. The soil specimens are released into the
columns while in the rack. Once sedimentation is complete, the
columns are individually placed into the FieldSed positioning sys-
tem, quickly photographed, and then retumed to the rack or emp-
tied. The concurrent sedimentation of numerous specimens greatly
increases the efficiency of SedImaging via the FieldSed.

Specimen Prewashing

Currently, SedImaging by FieldSed works best for coarse-grained
soils with particle sizes ranging from 2.0 mm (No. 10 sieve open-
ing) to 0.075 mm (No. 200 sieve opening). A prewashing procedure
may be used to determine the percentage of soil mass outside of this
range. The prewashing effectively removes particles larger than
2 mm and smaller than 0.075 mm, without specimen-drying, prior
to using the FieldSed.

The first step of the prewashing involves a visual inspection of a
specimen for particles larger than 2.0 mm. If the specimen does
appear to have larger particles, it is washed over a No. 10 sieve.
The material retained on the sieve is air- (or hot pan) dried, and
the dry weight (W, 10) is recorded. While the material retained
on the No. 10 sieve is drying, the remainder of the specimen is
transferred to the presorter. Once the soil is in the presorter, water
is added to a marked height. The tube with the specimen and
water is weighed (W,..). Next, the presorter is sealed, and the soil-
water mixture is vigorously agitated for several seconds. Following
agitation, the user sets the tube upright, allowing the coarser
particles to begin settling. After around 30-90 s, the tube is un-
sealed, and the suspended fines-water mixture is carefully poured
over a No. 200 sieve. The material passing the No. 200 sieve can
be retained for other laboratory testing (e.g., Atterberg limits) if
desired.
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Fig. 7. FieldSed parallel testing hardware: (a) sedimentation columns in a testing rack (reprinted from Ventola and Hryciw 2019, © ASCE); and

(b) a technician preparing many sedimentation columns.

Clean water is added to the presorter, and the agitation process
is repeated several times until the water in the tube is observed
to be relatively clear after agitation. After the final pour over
the No. 200 sieve, any material retained on the sieve is carefully
retumed to the tube. The presorter is filled with clean water to
the marked height, and the weight of the tube and its contents is
again recorded (W ). The material that remains in the tube is the
weight of the specimen portion having particle sizes between 0.075
and 2.0 mm (Wy, 200.-No.10)- This material is then released into a

FieldSed column and, following sedimentation, is photographed.
A HWT-based PSD is generated for this portion of the specimen;
the curve is later adjusted to reflect the portions of the original
specimen that were retained on the No. 10 sieve (W, 1) and that
passed the No. 200 sieve (W .y, 200)- The total dry weight of the

specimen (W ary) is

Wigatdy = Wano.10 + Wano.10 (1)

| A representative 85 + 15 g soil specimen is collected.

[

v

v

Specimen contains particles
> 2.0 mm (No. 10 sieve).

Specimen does not contain
particles > 2.0 mm (No. 10 sieve).

v

Specimen is washed over a No. 10
sieve. Material retained on the sieve
is air- (or hot pan) dried and
weighed.

¥

r

Specimen (without particles > 2.0 mm) is funneled into the presorter. The tube is
filled with water to a fixed height. The presorter with the specimen and water is
weighed. The weight of solids is computed using Eq. 2.

v

Specimen in the presorter is agitated several times. After each agitation, the
specimen is allowed to settle for several seconds, and the suspended fines-water
mixture is poured over a No. 200 sieve (0.075 mm). The process is repeated until

the water in the tube is noticeably clearer. Any material retained on the No. 200
sieve is returned to the presorter, the water level is brought back to the
predetermined height, and the total weight of the presorter, water, and specimen |

is taken again. The percentage of fines is computed using Eqg. 5. /'

v

Material in the presorter is released into the FieldSed sedimentation column. The
particles sort and settle at the base of the column and are photographed. The
images are analyzed via the HWT-method and a PSD is generated.

Specimen
prewash
/
I
\_,_ Sedimaging
via FieldSed
>

'

The HWT-based PSD is adjusted for any material removed during prewashing
and the final grain size distribution is produced.

Fig. 8. SedImaging by FieldSed summary diagram.
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where

GS X (Wpre — Wiuhe)

WNo.10 = (GS — K) (2)
WNo.200No. 10 = Gs Eg:il ;)Winhe) (3)

Wano.200 = Wano. 10 — Wo.200-No. 10 (4)

where Wy 4ry= total dry weight of the soil specimen (g); W..no. 10 =
weight of material retained on the No. 10 sieve (g); W y,. 10 = Weight
of material passing the No. 10 sieve (g); Gy = specific gravity of
solids at 20°C; W, = weight of presorter, water, and soil specimen
before agitations (g); Wy = weight of presorter filled just with
water (g); K = water temperature correction coefficient [Table 2
in ASTM D854-14 (AS’IM 20].4]3)], WNo.Zm-No. m = WClghI of
material between the No. 200 and No. 10 sieves (g); W = weight

a)
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Percentage Finer (%)

b)

of presorter, water, and soil specimen after agitations (g); and
W oNo.200 = weight of material passing the No. 200 sieve (g).

The fines percentage of the specimen (Pg,,), which is used for
both the Unified Soil Classification System (USCS) and AASHTO
soil classifications, is

P = (YNo2w) | 400 5)
W iotal dry

Fig. 8 summarizes the steps in the complete testing procedure
for SedImaging by FieldSed that was used for the Kalamazoo River
sediment grain size analyses. It includes sample prewashing, Sed-
Imaging via the FieldSed, and the final PSD generation using the
HWT-based method and prewashing results.

The time needed for prewashing varies from specimen to speci-
men. Soil specimens with a larger percentage of fines will require
more agitation cycles. With some practice, technicians develop a
feel for the wait time needed between agitation cycles and the re-
quired number of cycles. The procedure is flexible and forgiving;
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Fig. 9. SedImaging results using the FieldSed: (a) Specimen C; and (b) Specimen D.
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if the suspended fines-water mixture is poured too soon, particles
larger than 0.075 mm are retained on the No. 200 sieve and simply
retumed to the presorter. Secondly, not all of the fines must be
removed during prewashing. As will be shown in a subsequent
example, the HWT-based image analysis (when used on images
having sufficient magnification) will detect silt particles. Thus, a
specimen’s fines percentage found using Eq. (5) could be adjusted
if additional fines are detected by the HWT-method. Yet, it is im-
portant to note that prewashing is an important practical step in
SedImaging. By removing most of the fines, especially clay-sized
particles by prewashing, the sedimentation times in the FieldSed
columns are greatly reduced.

Field Laboratory and Testing Program

The field laboratory, shown in Fig. 2, was set up by Wood Envi-
ronment and Infrastructure Solutions, Inc., in a pole bam next to the
Kalamazoo River in southwestern Michigan. At the field lab, 118
specimens were selected from sediment cores and analyzed using
SedImaging by FieldSed. Without the need for oven-drying, the
soil specimens could be tested quickly after their delivery to the
field lab. With more time needed to test those that contained larger
percentages of fines, the entire testing procedure detailed in Fig. 8
takes between 15 and 35 minutes per specimen. Factors unrelated
to the SedImaging test, including work conditions and weather
delays, as well as conflicts with technicians’ time, resulted in
average testing times in the field being longer than those reported
previously.

As part of the broad field-testing program of the river sediments,
seven samples were taken from separate sediment cores for a qual-
ity control investigation. Each sample was homogenized, and an
approximately 85 g specimen was tested in the field laboratory.
After imaging, the specimen tested in the FieldSed was carefully
collected and sent to the Geotechnical Engineering Laboratory at
the University of Michigan (UM). There, it was retested using a
sister FieldSed system. This was done to evaluate the repeatability
of FieldSed results obtained by different technicians under different
environmental and lighting conditions. The remaining untested
homogenized sample was also sent to UM.

Medium Sand Fine Sand Silt/Clay

100

90
80+
70
60 -
50 -

40 -

Percentage Finer (%)

30+
20

10 —.Sedlmaging”
® Sieve : :
5 1.0 0.1 0.05
Particle Size (mm)

[S1=}

Fig. 10. Specimens A and G PSDs of the material tested in the
FieldSed.

Additional SedImaging tests were also performed on specimens
taken from previously untested bag materials sent to UM. As with
the specimens tested in the field lab, about 85 g of each UM lab
sample was tested according to the procedure in Fig. 8: it was
prewashed (if necessary) and then tested by FieldSed. This second
set of SedImaging tests was performed to evaluate the repeat-
ability of the entire testing procedure, including prewashing. The
remainder of the bag material sent to UM was sieved according to
ASTM C136/C136M-14 (ASTM 2014a). This was done to evalu-
ate the repeatability of sample splitting and prewashing. Finally, all
SedImaging results by FieldSed were compared to sieving for
each soil.

Resulis

Fig. 9 shows images and PSD results for two of the seven quality
control specimens photographed using the FieldSed. They do not
include any material removed during prewashing. The specimen in

Medium Sand Fine Sand  SilvClay

: : —Field

90 . - - Field-Repeat
- : —Lab

80 | ® Sieve
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Fig. 11. Specimen A: (a) verification PSDs; (b) field; (¢) field-repeat;
and (d) lab photographed FieldSed sides.
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Fig. 9(a) (referred to as Specimen C in the set of seven quality con-
trol tests) is an example in which the HWT-based PSDs of the four
photographed sides are nearly identical. However, occasionally,
differences are observed between the four images, which warrants
the development of a single combined PSD. Fig. 9(b) shows Speci-
men D that, among the seven control specimens, has the largest
difference between its four images. Specimen D’s Sides 1 and 2
contain slightly less of the coarsest particles than do Sides 3
and 4. This is reflected in the specimen’s four PSDs. The PSDs
are all similar in shape but are slightly shifted horizontally from
one another, with Sides 1 and 2 reporting smaller percentages of
medium sand than Sides 3 and 4.

For both Specimens C and D, the data from all four sides are
combined into one total PSD and are plotted as the black lines in
Figs. 9(a and b). The specimens were also sieved according to
ASTM C136/C136M-14, and the results are shown by the solid
circles. For both specimens, excellent agreement between the com-
bined PSD and sieve is observed. Regardless of the variations be-
tween the four images of a specimen photographed in the FieldSed,

Medium Sand

Fine Sand Silt/Clay
| N S - |
—Field

100
90
80 ® Sieve .
70 |
60 -
50

40

Percentage Finer (%)

30+
20+

10

25 1.0 0.1 0.05
Particle Size (mm)

(a)

(b) () (d)

Fig. 12. Specimen B: (a) verification PSDs; (b) field; (c) field-repeat;
and (d) lab photographed FieldSed sides.

combining the particle size data into one composite PSD tends to
yield an accurate representation of the specimen. Composite PSDs
were used throughout the quality control investigation, and when
necessary, were adjusted for any material that was removed by
prewashing.

Fig. 10 shows the PSDs for the coarsest (A) and the finest (G) of
the seven quality control specimens. Like those in Fig. 9, the PSDs
in Fig. 10 reflect only the material that was photographed with the
FieldSed and excludes any soil that may have been removed by
prewashing. These two specimens were also sieved according to
ASTM C136/C136M-14, and the results are plotted for comparison
to the SedImaging PSDs. The excellent agreements suggest that
SedImaging by FieldSed should also provide PSDs comparable
to those obtained by sieving for gradations between Specimens
A and G.

Figs. 11-17 contain the complete PSDs for the seven control
specimens. For each, the PSDs generated from the SedImaging’s
HWT image analysis method are compared to sieve data. Unlike
those in Figs. 9 and 10, the HWT-based PSDs are now adjusted
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T o ! ST
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Fig. 13. Specimen C: (a) verification PSDs; (b) field; (c) field-repeat;
and (d) lab photographed FieldSed sides.
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Fig. 14. Specimen D: (a) verification PSDs; (b) field; (c) field-repeat;
and (d) lab photographed FieldSed sides.

for the material removed during prewashing. The PSDs of the spec-
imens photographed in the field are referred to as Field, while
Field-Repeat are the PSDs of the same specimens retested in the
UM laboratory. The percentage of fines used to create the Field-
Repeat PSD curves were taken from the original Field test data be-
cause the fines had already been removed during the original field
tests and were no longer available. Lab refers to the additional spec-
imens taken from bags and tested fully (including prewashing) at
UM. Sieve is the sieve data of the remaining bag material not tested
by SedImaging that was sent to UM. Each figure also includes three
images, one of the Field specimen sides, one of the four Field-
Repeat sides, and one of the four sides from Lab.

Table 1 summarizes various PSD characteristics, including Dy,
Cy., and the corresponding USCS group name for each of the qual-
ity control tests. The table also includes the specimen percentages
that were removed by prewashing (if applicable). Using bar graphs,
Fig. 18 compares the percentages of each specimen that fall within
four particle size ranges: coarser than 2.0 mm (coarse sand or
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Fig. 15. Specimen E: (a) verification PSDs; (b) field; (c) field-repeat;
and (d) lab photographed FieldSed sides.

gravel), 2.0-0.425 mm (medium sand), 0.425-0.075 mm (fine
sand), and finer than 0.075 mm (silt/clay).

Analysis of Results

By observation of Figs. 11-17, the agreement between PSD re-
sults in Field, Field-Repeat, Lab, and Sieve tests is subjectively as-
sessed to be excellent. Any small variations between the four data
sets for each specimen can be attributed to the absence or presence
of only a few of the coarsest particles, which will cause parallel
offsets over the remainder of the PSD curves. For example, in
Fig. 12 (Specimen B), the Lab PSD is the same shape but lies
slightly to the right of the Field, Field-Repeat, and Sieve PSDs.
The Lab specimen contained slightly fewer particles (with diame-
ters larger than 1.0 mm) than the other specimens. Similar parallel
PSD curves are observed for Specimens D (Fig. 14), E (Fig. 15),
and F (Fig. 16).

J. Geotech. Geoenviron. Eng.

J. Geotech. Geoenviron. Eng., 2020, 146(12): 05020012



Downloaded from ascelibrary.org by VIRGINIA TECH UNIVERSTIY on 01/07/21. Copyright ASCE. For personal use only: all rights reserved.

Medium Sand

Fine Sand Sil/Clay
| - L | I -

100 @--
H —Field
90 - - Field-Repeat |
—Lab
80 ® Sieve I
g 70
g 60
s
g 501
i)
g 40F
=
& 30
201
10F
0 : 1 L il 1 1 i -9 @
2.5 1.0 0.1 0.05

Particle Size (mm)

(@)

) © (@)

Fig. 16. Specimen F: (a) verification PSDs; (b) field; (c) field-repeat;
and (d) lab photographed FieldSed sides.

In addition to the PSDs, it is also useful to compare size distri-
butions by specific ranges (coarse sand or gravel, medium sand,
fine sand, and fines), as shown in Fig. 18. For example, in Speci-
men B, we see nearly identical percentages of the coarsest and fin-
est particles. The only clear difference is that the Lab test suggested
8% more fine (rather than the medium) sand than did the other three
tests. This was caused by a slight undersampling of the medium
sand for use in the Lab test. The Sieve results agreed perfectly with
the Field and Field-Repeat PSDs.

Several general observations can be made by inspection of
Figs. 11-17 and Fig. 18. First, a comparison of Field and Field-
Repeat data confirm the repeatability of results by SedImaging
using FieldSed. This means that the sorting of particles during
sedimentation is both effective and repeatable. It also confirms that
the particles photographed on the four sides of the column are
representative of the material in the interior that is not in the camera
view. This is particularly apparent with Specimens A (Fig. 11) and
C (Fig. 13) in which there is exceptional agreement among the four
sets of PSD data. These seven sets of tests further illustrate the
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Fig. 17. Specimen G: (a) verification PSDs; (b) field; (c) field-repeat;
and (d) lab photographed FieldSed sides.

insensitivity of the FieldSed results in environmental changes
and, specifically, differences in ambient lighting. As seen in the
specimen photos in Figs. 11-17, the Field specimens were photo-
graphed in natural light, whereas the Field-Repeat and Lab were
photographed with overhead fluorescent lighting. The final PSDs
of these three tests were not impacted by the different lighting
conditions.

Secondly, the HWT-generated PSDs, once adjusted for material
removed by prewashing, show a strong correlation with traditional
ASTM sieve results. This confirms the accuracy of the sample split-
ting procedures used by field technicians and, more importantly, of
the prewashing method itself. The figures confirm that prewashing
does a very good job of removing the out-of-range sized particles
from the specimens prior to FieldSed testing.

Discussion

The results for Specimen G (Fig. 17) are noteworthy, as this
material contained more fines than the other specimens. According
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Table 1. Verification testing of select Kalamazoo River specimens

USCS soil Retained on #10  Passing #200

Specimen Test Dg (mm) Dsy (mm) Diy (mm) Dy (mm) Cy  Ce  classification sieve (%)° sieve (%)"
A Field 0.72 0.60 0.44 0.29 2.48 093 a 13 2
Field-repeat 0.74 0.63 047 032 231 093 a 13 2
Lab 0.72 0.60 0.44 0.29 248 093 a 15 2
Sieve 0.75 0.63 047 033 227 089 a — —
B Field 0.68 0.58 042 0.28 243 093 2 9 1
Field-Repeat 0.68 0.58 042 0.28 243 093 s 9 1
Lab 0.59 0.50 037 0.24 246 097 a 8 1
Sieve 0.70 0.59 0.41 0.30 233 0.80 a — —
c Field 0.46 0.40 031 0.23 2.00 091 a 5 1
Field-repeat 045 039 0.30 0.23 1.96 087 a 5 1
Lab 0.46 0.40 031 0.23 2.00 091 a 2 1
Sieve 0.50 043 033 0.24 2.08 091 2 — —
D Field 037 033 025 0.19 1.95 0.89 s 3 1
Field-repeat 037 033 025 0.19 1.95 0.89 s 3 1
Lab 0.44 038 0.29 0.21 2.10 091 a 4 1
Sieve 045 0.40 031 022 2.05 097 2 — —
E Field 0.28 022 0.16 0.11 255 083 b 11 8
Field-repeat 033 0.28 0.21 0.14 236 095 b 11 8
Lab 031 0.26 0.19 0.11 282 1.06 b 9 9
Sieve 033 0.28 0.21 0.13 2.54 103 2 — —
F Field 022 0.20 0.18 0.14 1.57 105 2 0 1
Field-repeat 0.23 0.21 0.18 0.15 1.53 094 a 0 1
Lab 0.24 022 0.19 0.15 1.60 1.00 2 0 2
Sieve 0.24 022 0.19 0.15 1.60 1.00 2 — —
G Field 0.10 0.095 0.080 0.064 1.56 100 c 0 5
Field-repeat 0.10 0.095 0.080 0.060 1.67 107 c 0 5
Lab 0.12 0.11 0.09 — —_ = c 1 12
Sieve 0.11 0.10 0.08 — —_ = c — —

“SP, poorly graded sand.
"SP-SM, poorly graded sand with silt or SP-SC, poorly graded sand with clay.

“SM, silty sand, SC, clayey sand, or SM-SC, silty, clayey sand.
4Via prewashing.

to Table 1, the field technicians removed only 5% of the fines from
their sample by prewashing. By contrast, 12% of the fines were
removed in the Lab specimen. In the Field, Field-Repeat, and
Lab FieldSed photographs, the HWT-based image analysis re-
ported additional fines in the specimens that were not removed
during prewashing. The PSD of Specimen G in Fig. 10 shows
an example of this. There, around 17% of the material tested in
the FieldSed (after prewashing) was reported as fines. The numbers
of fines recorded during prewashing and those that were noted us-
ing the HWT-based analysis were combined to yield the specimen’s
total percentage of fines, as seen in Fig. 17.

Although there was a significant difference in the number of
fines removed during prewashing between the field and at UM,
when the corresponding HWT-based PSDs were appropriately ad-
justed, the results were similar. The final HWT-based PSDs more
closely match the sieve data. As mentioned previously, this success
is attributed to the HWT method being able to detect silt particles
that remain in a specimen even after prewashing, assuming that
images are taken at sufficient magnification. While it is concluded
that the FieldSed image analysis somewhat compensates for incom-
plete prewashing, more research is needed to test the particle size
limits of the FieldSed analysis. This quality control investigation
was an early indication that silty sands and possibly sandy silts
may be characterized by SedImaging using FieldSed.
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The FieldSed and HWT results may also be immune to some
abnormalities that may arise during sedimentation. In the Field test
of Specimen C (Fig. 13), the soil particles appear to have been
deposited in two stages. This was attributed to an inadvertently
stepwise release of soil from the presorting tube. As aresult, instead
of the larger particles continuously grading to smaller particles
over the full specimen height, some of the smaller particles are
found beneath larger ones, as observed in Fig. 13(b). This was an
extremely rare occurrence in the Kalamazoo River FieldSed testing
program but is mentioned in this study because it happened to occur
in one of the control tests. Despite this unusual abnormality, the
final Field HWT-based PSD for Specimen C was in excellent agree-
ment with the other PSDs.

Conclusions

Particle size distributions were rapidly determined for numerous
sediment samples taken from the Kalamazoo River using a Sed-
Imaging test at a field laboratory. The system for sedimenting and
photographing the soil specimens is named FieldSed to distinguish
it from its larger predecessor, LabSed. The new system features
light-weight, low-cost components that allow many specimens to
be prepared and tested concurrently. Seven of the specimens were
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Fig. 18. Particle size distributions by size ranges for quality control for Specimens A through G.

chosen for a control study to evaluate the repeatability of Sed-
Imaging by FieldSed and its accuracy based on the agreement with
traditional sieving results. The control study has shown that the
test is repeatable, and the results are highly comparable to sieving
results.
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