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Introduction

This report documents the collection, analysis, and results of the June through August
2015 maintenance dredging water quality monitoring for the Waukegan Harbor
Approach Channel and Advance Maintenance Area. These data were collected as
required and satisfy the conditions stated in the Section 401 Water Quality Certification
C-0280-14 issued by the Illinois Environmental Protection Agency (Appendix A).
1.1

Project Description

Waukegan Harbor is located in Waukegan, Illinois approximately 40 miles north of
downtown Chicago, Illinois. The U.S. Army Corps of Engineers Chicago District is
responsible for all maintenance dredging within the federal navigation channel of
Waukegan Harbor. The Approach Channel and currently defined Advance
Maintenance Area have been dredged on a regular basis since 1996. The sediment in
this area is primarily littoral drift sand from north of the harbor. Figure 1 shows the
harbor location; Figure 2 shows the limits of the dredging area in the harbor approach
and adjacent advance maintenance area.
1.2

Dredging Activities

Waukegan Approach Channel maintenance dredging began on June 8 and continued
through August 21, 2015. A total volume of 123,400 cy was mechanically dredged. All
of the sediment for the 2015 Waukegan Approach maintenance dredging was placed
south of the harbor, by split-hull barge, in the shallow littoral zone shown in Figures 3
and 4.
Summer 2015 had highly variable weather and generally higher winds than normal. This
resulted in a higher than normal number of weather shut-down days, when dredging
could not occur. There were two times when only 1 sampling event was conducted
during the week, due to weather and a lack of dredging. Those weeks were the week of
June 28 – July 3, and the week of August 23 – 29. The field logs (Appendix B)
document the lack of sampling due to weather impacts and a lack of dredging.
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Figure 1: Harbor Location
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Figure 2: Waukegan Approach Channel and Advance Maintenance Area Limits
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2
2.1

Water Quality Monitoring During Dredging
Water Quality Monitoring Methods

Background water samples were taken for 5 days during the week before dredging
started. These sample locations are shown on Figure 3. Once dredging began,
samples were taken twice a week, except for week 4 of dredging (around 6/30) and
week 11 of dredging (around 8/20). During those two weeks, only one sample was
taken because the dredging operation was shut down most of those weeks due to high
waves and poor weather. Sediment disposal samples were taken at four distances
(800’ south of the disposal location, 400’ south, 400’ north, and 1000’ north of the
disposal location), and at the water surface and at mid-depth. Figure 4 shows the
sediment placement locations that were monitored; the monitoring locations for each
sample are included in the field logs in Appendix B.
Water samples were taken from just below the water surface and from mid-water
column depth using a Kemmerer water sampler. The Kemmerer was decontaminated
between uses by cleaning with a biodegradable phosphate-free detergent and rinsing
with deionized water. Sample bottles were purchased as sterile bottles and were not reused. Samples were collected into 8 ounce or 500 mL plastic bottles for transportation
to the laboratory. Samples for ammonia were preserved with sulfuric acid; samples for
hardness were preserved with nitric acid, and samples for the remaining analytes were
unpreserved. Samples were analyzed for hardness, chloride, temperature, pH, sulfate,
ammonia, phosphorus, total dissolved solids and total suspended solids. Sampling
events were documented in field logs. Field logs and chains of custody are included in
Appendix B with the analytical data.
2.2

Water Quality Data Handling

Only ammonia and phosphorus measurements had “non-detectable” results, or results
less than the reporting limit. For ammonia, the reporting limit was 0.01 mg/L as N. In
general, substitution of the reporting limit for censored data is the recommended
method when the percent censoring is low and the data are not normally distributed.
(USACE, 1995) A value of 0.005 mg/L as N was used in the data analysis for nondetectable data. For Phosphorus, the reporting limit was 0.002 mg/L as P. A value of
0.001 mg/L as P was used in the data analysis for non-detectable phosphorus results.
The laboratory experienced systematic difficulties achieving phosphorus measurements
below the originally required reporting limit of 0.001 mg/L. An explanation of the
difficulties is included in Appendix B with the analytical results. Some low level
ammonia, phosphorus and also total suspended solids (TSS) data were flagged “J” by
the laboratory, indicating that these results were below the method quantitation limit and
were estimated. The values reported by the laboratory for all flagged results were used
for the data analysis as reported. No other data transformations or adjustments were
made.
Statistical calculations were conducted using Analyse-It® version 3.90.7, which is a
Microsoft Excel add-on package. All of the data subsets were verified to have a nonWaukegan Approach Channel
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normal distribution, although the skewness varied, which is not uncommon for left
censored environmental data (USACE, 1995). Because of the non-normal distribution,
the comparison of groups was done using the Wilcoxon-Mann-Whitney and the KruskalWallis tests. The null hypothesis for the Wilcoxon-Mann-Whitney test is that the
difference between the means of the populations is zero. The null hypothesis for the
Kruskal-Wallis test is that the medians for the populations are the same. A significance
level of 0.05 (5%) was used to test the null hypothesis.
Data sub-sets were compared systematically. First, each data sub-set was compared
to the background data (combined dataset). The purpose of this comparison was to
determine if any of the data sub-sets were significantly different from the background
conditions. If the data sub-set is not different from the background data, then there is
no impact being demonstrated from the sediment placement operation, no impact from
seasonality, weather or uncontrolled factors, etc.
Subsequently, the data were compared for upstream verses downstream differences.
That is, the upstream 400’ surface data were compared to the 400’ downstream surface
data, the 800’ downstream surface was compared to the 1000’ upstream surface, and
so on. Again, the purpose was to determine whether the sediment placement was
impacting the results. A plume of poor quality water originating from the sediment
placement operation would be demonstrated as a difference in water quality between
locations.
A final analysis was to compare the mid-depth data sub-sets to the surface data subsets. If sediment placement was having an impact and producing a plume, one would
expect differences between the shallow and deeper measurements (since the plume
sinks as it expands outward from the deposition site because the material is
simultaneously settling).
The data sub-sets for each parameter and location were used in the evaluation. The
results are discussed by water quality parameter, below. Unless otherwise stated, the
same analyses were used for all water quality parameters.
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Figure 3: Background Sample Locations

Dredging limits are shown in red; sediment placement limits are shown in yellow.

Waukegan Approach Channel
2015 Water Quality Monitoring

6

Figure 4: Sediment Disposal Locations Used for Monitoring
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2.3

Water Quality Monitoring Results

2.3.1 Hardness
Hardness data (in mg/L as CaCO3) were collected as a general water quality indicator;
there is no water quality standard for hardness. The summary statistics for the data subsets are given in Table 1. A scatter plot of the data is shown in Figure 5. The two
background data sub-sets were similar (populations were not different at a 1%
significance level using the Kruskal-Wallis test) and were combined into one data subset for comparison to the other data sub-sets.
Table 1: Hardness Data Descriptives

Population
Background water surface
Background mid-column
Combined background
400’ downstream water surface
400’ downstream mid-column
800’ downstream water surface
800’ downstream mid-column
400’ upstream water surface
400’ upstream mid-column
1000’ upstream water surface
1000’ upstream mid-column

Range

Mean

Median

136 – 146
126 – 148
126 – 148
114 – 140
119 – 143
117 – 137
116 – 138
117 – 140
116 – 144
118 – 142
120 – 139

139.2
139.2
139.2
127.3
129.2
128.5
127.8
128.5
129.5
129.4
128.4

138.0
141.0
138.5
128.0
128.5
130.5
128.0
130.0
130.0
128.5
129.0

Standard
Deviation
4.0
8.9
6.5
8.0
7.5
7.2
5.7
7.0
7.3
7.0
5.1

Variance
15.7
79.7
42.4
64.6
55.9
51.9
32.2
48.7
53.5
48.8
26.5

The comparison of populations failed to find any statistically significant differences
between the various groups. None of the data sub-sets were significantly different from
the background hardness. There were no differences between upstream and
downstream data sub-sets, nor between surface and mid-column data sub-sets. Based
on the data collected and on the data comparisons made, it is concluded that the
sediment placement operation had no impact on water hardness in the area of the
placement operation.
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Figure 5: Hardness Scatter Plot
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2.3.2 Chloride
The chloride standard for Lake Michigan is 12 mg/L. Only one individual sample had a
concentration less than the water quality standard; on August 4, 2015 the 400’
downstream water surface sample had a concentration of 11.9 mg/L. All of the
remaining water quality samples had chloride concentrations greater than the water
quality standard. Table 2 shows the summary statistics for each of the sub-populations.
Figure 6 shows a plot of the data. The two background data sub-sets were similar
(populations were not different at a 1% significance level using the Kruskal-Wallis test)
and were combined into one data sub-set for comparison to the other data sub-sets.
Table 2: Chloride Data Descriptives

Population
Background water surface
Background mid-column
Combined background
400’ downstream water surface
400’ downstream mid-column
800’ downstream water surface
800’ downstream mid-column
400’ upstream water surface
400’ upstream mid-column
1000’ upstream water surface
1000’ upstream mid-column

Range

Mean

Median

14.4 – 16.1
14.6 – 16.4
14.4 – 16.4
11.9 – 20.5
12.8 – 16.1
12.3 – 18.7
12.4 – 17.8
12.5 – 17.9
12.5 – 17.2
12.9 – 17.7
12.6 – 17.5

15.14
15.34
15.24
14.57
14.06
14.16
14.27
14.34
14.24
14.04
14.10

15.00
15.40
15.20
14.20
13.80
14.10
13.75
14.20
13.90
13.80
14.05

Standard
Deviation
0.67
0.73
0.67
1.91
0.97
1.55
1.48
1.33
1.35
1.25
1.13

Variance
0.45
0.54
0.45
3.65
0.94
2.41
2.19
1.78
1.82
1.57
1.27

The comparison of populations failed to find any statistically significant differences
between the various groups. This finding is visually apparent in the scatter plot in Figure
6; the chloride concentrations are quite consistent on any given monitoring day,
although the data show variation between days. None of the data sub-sets were
significantly different from the background chloride. There were no differences between
upstream and downstream data sub-sets, nor between surface and mid-column data
sub-sets. Sediment is typically not considered to generally be a source for chloride nor
to be a reservoir for chloride releases. Chloride in fresh waters typically originates in
upland anthropogenic sources such as roadways (road salt). Based on the data
collected and on the data comparisons made, it is concluded that the sediment
placement operation had no impact on chloride concentrations in the area of the
placement operation.
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Figure 6: Chloride Data Scatter Plot
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2.3.3 pH
pH data were collected as a general water quality indicator; there is no water quality
standard for pH. The pH data were collected in the field at the time of sampling. The
summary statistics for the data sub-sets are given in Table 3. A scatter plot of the data
is shown in Figure 7. The two background data sub-sets were similar (populations were
not different at a 1% significance level using the Kruskal-Wallis test) and were combined
into one data sub-set for comparison to the other data sub-sets.
Table 3: pH Data Descriptives

Population

Range

Background water surface
Background mid-column
Combined background
400’ downstream water surface
400’ downstream mid-column
800’ downstream water surface
800’ downstream mid-column
400’ upstream water surface
400’ upstream mid-column
1000’ upstream water surface
1000’ upstream mid-column

6.98 – 7.71
6.83 – 7.99
6.83 – 7.99
7.21 – 8.20
7.28 – 8.32
7.29 – 8.50
7.26 – 8.41
7.27 – 8.33
7.24 – 8.41
7.30 – 8.51
7.08 – 8.53

Mean
7.342
7.576
7.459
7.570
7.592
7.603
7.583
7.638
7.648
7.650
7.591

Median
7.410
7.660
7.515
7.555
7.515
7.550
7.560
7.590
7.540
7.575
7.520

Standard
Deviation
0.344
0.483
0.414
0.280
0.324
0.311
0.314
0.323
0.385
0.345
0.383

Variance
0.118
0.233
0.171
0.078
0.105
0.097
0.099
0.104
0.148
0.119
0.146

The comparison of populations failed to find any statistically significant differences
between the various groups. None of the data sub-sets were significantly different from
the background pH. There were no differences between upstream and downstream
data sub-sets, nor between surface and mid-column data sub-sets. Based on the data
collected and on the data comparisons made, it is concluded that the sediment
placement operation had no impact on water pH in the area of the placement operation.

Waukegan Approach Channel
2015 Water Quality Monitoring

12

Figure 7: pH Scatter Plot
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2.3.4 Temperature
Temperature data, in oC, were collected as a general water quality indicator; there is no
water quality standard for temperature. The temperature data were collected in the field
at the time of sampling. The summary statistics for the data sub-sets are given in Table
4. A scatter plot of the data is shown in Figure 8. The two background data sub-sets
were similar (populations were not different at a 1% significance level using the KruskalWallis test) and were combined into one data sub-set for comparison to the other data
sub-sets. Two data points in the sub-population of data collected 400’ downstream, middepth of the water column and the 400’ upstream, mid-depth of the water column, which
stand out in Figure 8 were not rejected as outliers and were included in the data
analysis.
Table 4: Temperature Data Descriptives

Population

Range

Background water surface
Background mid-column
Combined background
400’ downstream water surface
400’ downstream mid-column
800’ downstream water surface
800’ downstream mid-column
400’ upstream water surface
400’ upstream mid-column
1000’ upstream water surface
1000’ upstream mid-column

10.2 – 14.2
8.5 – 13.7
8.5 – 14.2
14.8 – 27.1
7.28 – 26.7
13.9 – 26.9
13.7 – 26.3
13.4 – 26.8
13.1 – 26.4
14.8 – 26.8
14.2 – 26.2

Mean
12.58
11.52
12.05
21.60
20.74
21.41
20.79
21.40
20.82
21.57
20.90

Median
13.10
12.10
12.6
21.00
21.35
20.50
19.55
20.35
19.50
20.45
19.85

Standard
Deviation
1.81
2.22
1.99
3.96
4.96
4.09
4.03
4.06
3.97
3.79
3.89

Variance
3.27
4.92
3.95
15.71
24.56
16.69
16.24
16.49
15.74
14.34
15.17

The temperature data in Figure 8 show an increasing trend over the course of the
dredging activities. This effect is directly related to the time of the year; background
water quality monitoring started in early June when the water was still cool, and
dredging was completed in late August when seasonal warming had occurred. The
temperature may also be a factor in the variability and trends shown in other water
quality parameter results, since for example algal and plant activity is greater in warm
weather and that activity can affect nutrient concentrations. Temperature as a factor in
other water quality monitoring results was not investigated further and data were not
corrected or adjusted for temperature effects in any way.
In spite of the increasing trend of the temperature, the populations were compared to
determine if there were indications of impacts from dredged material placement. There
were no statistically significant differences between the data populations; depth and
upstream/downstream showed no differences. Based on the data collected and on the
data comparisons made, it is concluded that the sediment placement operation had no
impact on water temperature in the area of the placement operation.
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Figure 8: Temperature Scatter Plot
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2.3.5 Ammonia
The ammonia data had the largest fraction of non-detectable results. In the background
measurements, two of five surface water and two of five mid-column samples were nondetectable (40% censored). In the other subsets, the number of non-detectable
samples varied from 3 out of 20 to 6 out of 20 (15 – 30% censored). Although this is a
fairly large proportion of non-detectable results, the fraction of non-detectable data were
not so large as to render the data unusable. In general, substitution of the reporting
limit for censored data is the recommended method when the percent censoring is low
and the data are not normally distributed. (USACE, 1995) The reporting limit for
ammonia was 0.01 mg/L. Because the data distribution is not normal and based on the
amount of censoring, non-detected data were substituted with one half of the detection
limit for the statistical analysis (0.005). The data descriptives below (Table 5) include
the use of one half of the detection limit (0.005) for all censored data.
Four high values were identified as possible outliers [more extreme than 1.5 times the
IQR (inter-quartile range)]. These measurements were isolated high values that were
not reflected in multiple sub-populations; two outliers each were found in the 400’
downstream mid-water column depth and the 400’ upstream mid-water column depth.
The outliers were not found on the same monitoring dates. It is not possible to say
whether these high values represent real but localized variations in the lake, due to
biological activity or anthropogenic impacts for example, or whether they are not
representative. Ammonia has multiple sources and sinks in nearshore Lake Michigan.
Sources include plant decay, upland run-off (fertilizers and other non-point sources),
and sewage (septic leakage, beach uses, combined sewer overflows or other point
discharges). Sinks include biological transformation of ammonia to nitrate, nitrite or
nitrogen gas, and uptake by bacteria and plants.
The ammonia standard for Lake Michigan is 0.02 mg/L as N. Lake Michigan has a
varying ammonia concentration, dependent on a number of natural and anthropogenic
factors. The ammonia data collected for this study were similar in that concentrations
varied widely with some individual samples showing high concentrations. Figure 9a
shows the total data set, while Figure 9b shows only the lower values on a more
detailed scale. The red dashed line in Figure 9b indicates the water quality standard.
The 4 individual samples showing high concentrations were removed from this
comparison. The ammonia concentration in natural waters can vary widely over time,
due to multiple factors such as biological uptake, decay of dead plants and animals, and
upland discharges (non-point run-off, combined sewer discharges).
Because several outliers were identified but the presence of these high values was not
consistent throughout the sub-populations, the data were analyzed two ways: with the
outliers included and with the outliers eliminated.
The two background data sub-sets were similar (populations were not different at a 1%
significance level using the Kruskal-Wallis test) and were combined into one data subset for comparison to the other data sub-sets.
Waukegan Approach Channel
2015 Water Quality Monitoring

16

Table 5: Ammonia Data Descriptives (includes outliers)

Population

Range

Mean

Median

Background water surface
Background mid-column
Combined background
400’ downstream water surface
400’ downstream mid-column
800’ downstream water surface
800’ downstream mid-column
400’ upstream water surface
400’ upstream mid-column
1000’ upstream water surface
1000’ upstream mid-column

0.005 – 0.0224
0.005 – 0.0212
0.005 – 0.0224
0.005 – 0.0341
0.005 – 0.210
0.005 – 0.0334
0.005 – 0.0351
0.005 – 0.0323
0.005 – 0.231
0.005 – 0.0425
0.005 – 0.0425

0.0136
0.0146
0.0136
0.0181
0.0320
0.0172
0.0193
0.0170
0.0352
0.0182
0.0196

0.0102
0.0105
0.0102
0.0150
0.0189
0.0155
0.0194
0.0163
0.0177
0.0153
0.0167

Standard
Deviation
0.00544
0.00605
0.00162
0.00822
0.0460
0.00713
0.00834
0.00651
0.0548
0.00969
0.00996

Variance
0.000030
0.000037
0.00003
0.000068
0.0021
0.000051
0.000070
0.000042
0.0030
0.000094
0.000099

The comparison of populations failed to find any statistically significant differences
between the various groups, regardless of whether the outliers were included in the
analysis or not. None of the data sub-sets were significantly different from the
background ammonia. There were no differences between upstream and downstream
data sub-sets, nor between surface and mid-column data sub-sets. Based on the data
collected and on the data comparisons made, it is concluded that the sediment
placement operation had no impact on ammonia concentrations in the area of the
placement operation.
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Figure 9: Ammonia Scatter Plot
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2.3.6 Phosphorus
The phosphorus data included some non-detectable results. The reporting limit that the
laboratory was consistently able to achieve was 0.002 mg/L. Samples which had nondetectable results are reported as 0.001 mg/L (the originally required reporting limit) for
the data analysis. Only two individual samples had non-detectable results, and those
samples were from separate sub-populations (1 out of 20, or 5% censored.) Table 6
gives the data descriptives, and Figure 10 shows a scatter plot of the points.
The water quality standard for phosphorus in Lake Michigan is 0.007 mg/L. The red
dashed line in Figure 10 indicates the water quality standard. Approximately 1/3 of the
results were above the water quality standard, including all of the background (predredging) measurements. The data are very scattered, and the scatter reflects the
multiple sources and sinks of phosphorus in the near shore Lake Michigan environment.
Sources of phosphorus include wastewater discharges (including stormwater and septic
system discharges), upland run-off from fertilized areas, animal waste input including
shore bird waste, and phosphorus releases from endogenous decay or death of
microbes, algae, plants and animals in and near the water. Sinks of phosphorus include
microbial and algal growth; these sinks are more pronounced in warmer water and
during sunny days when these aquatic organisms grow rapidly (phosphorus is used in
the energy cycle and is uptaken during rapid growth stages.) This may explain the
general decreasing trend in phosphorus concentrations during the period of
measurement. Over the approximately three month monitoring period, the water
warmed from around 12oC to around 25oC.
A number of the high values were identified as possible outliers [more extreme than 1.5
times the IQR (inter-quartile range)]. Because these values most likely reflect real
variations in the phosphorus concentration due to biological activity, anthropogenic
inputs, etc., they were not removed from the dataset. In most cases, several populations
had possible outliers at the same time, indicating that these were not isolated findings or
random measurements, but in fact represent real variations in the conditions in the lake.
The two background data sub-sets were similar (populations were not different at a 1%
significance level using the Kruskal-Wallis test) and were combined into one data subset for comparison to the other data sub-sets.
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Table 6: Phosphorus Data Descriptives

Population
Background water surface
Background mid-column
Combined background
400’ downstream water surface
400’ downstream mid-column
800’ downstream water surface
800’ downstream mid-column
400’ upstream water surface
400’ upstream mid-column
1000’ upstream water surface
1000’ upstream mid-column

Range
0.009 – 0.0225
0.0087 – 0.0280
0.0087 – 0.0280
0.00283 – 0.0218
0.00312 – 0.0159
0.00224 – 0.0101
0.0010 – 0.0293
0.00356 – 0.0210
0.00210 – 0.0166
0.00283 – 0.0287
0.001 – 0.0152

Mean

Median

0.0169
0.0200
0.0184
0.00745
0.00634
0.00607
0.00744
0.00768
0.00742
0.00903
0.00657

0.0188
0.0240
0.0199
0.00615
0.00506
0.00569
0.00513
0.00608
0.00598
0.00745
0.00614

Standard
Deviation
0.0057
0.0086
0.00705
0.00462
0.00329
0.00210
0.00674
0.00442
0.00438
0.00633
0.00300

Variance
0.000032
0.000074
0.00005
0.000021
0.000011
0.000004
0.000045
0.000019
0.000019
0.000040
0.000009

The comparison of populations failed to find any statistically significant differences
between the various groups. None of the data sub-sets were significantly different from
the background phosphorous. There were no differences between upstream and
downstream data sub-sets, nor between surface and mid-column data sub-sets. Based
on the data collected and on the data comparisons made, it is concluded that the
sediment placement operation had no impact on phosphorous concentrations in the
area of the placement operation.
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Figure 10: Phosphorus Scatter Plot
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2.3.7 Sulfate
The sulfate standard for Lake Michigan is 24 mg/L. The red dashed line in Figure 11
indicates the water quality standard. The water quality monitoring data had widely
scattered sulfate results, both above and below the water quality standard. Sulfate has
many sources both natural (dissolution of minerals in soils) and anthropogenic (deicing
materials, wastes), and the widely varying concentrations may reflect upland impacts to
the nearshore water quality. Table 7 shows the summary statistics for each of the subpopulations. Figure 11 shows a plot of the data. The two background data sub-sets
were similar (populations were not different at a 1% significance level using the KruskalWallis test) and were combined into one data sub-set for comparison to the other data
sub-sets.
Table 7: Sulfate Data Descriptives

Population
Background water surface
Background mid-column
Combined background
400’ downstream water surface
400’ downstream mid-column
800’ downstream water surface
800’ downstream mid-column
400’ upstream water surface
400’ upstream mid-column
1000’ upstream water surface
1000’ upstream mid-column

Range

Mean

Median

26.7 – 29.3
25.7 – 29.6
25.7 – 29.6
23.8 – 28.1
23.4 – 28.3
22.9 – 28.9
22.7 – 28.1
23.5 – 28.4
22.3 – 30.0
22.9 – 30.3
22.3 – 29.1

27.8
27.4
27.6
25.9
25.7
25.9
25.9
25.7
25.6
25.8
25.6

27.6
26.5
27.2
26.0
25.9
25.8
26.0
25.5
25.8
25.7
25.4

Standard
Deviation
1.17
1.66
1.37
1.46
1.60
1.76
1.69
1.56
1.84
2.03
1.76

Variance
1.38
2.74
1.89
2.15
2.56
3.09
2.87
2.44
3.39
4.13
3.10

The comparison of populations failed to find any statistically significant differences
between the various groups. None of the data sub-sets were significantly different from
the background sulfate. There were no differences between upstream and downstream
data sub-sets, nor between surface and mid-column data sub-sets. Based on the data
collected and on the data comparisons made, it is concluded that the sediment
placement operation had no impact on sulfate concentrations in the area of the
placement operation.
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Figure 11: Sulfate Scatter Plot
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2.3.8 Total Dissolved Solids
Total Dissolved Solids (TDS) is a measure of the total ion concentration of a water,
including dissolved nutrients, minerals, and dissolved organic compounds. In general,
fresh waters have lower TDS concentrations than saline waters and wastewaters. The
TDS standard for Lake Michigan is 180 mg/L. The water quality monitoring data had
scattered TDS results, both above and below the water quality standard. Some
individual measurements were quite low, however these data were not excluded from
the analysis as outliers and all of the sub-populations experienced the low
measurements at the same times. The field logs and laboratory quality control
information do not reflect abnormal occurrences for these monitoring days, so that a
systematic error was ruled out as an explanation for the low values. These low
measurements likely reflect real variations in the quality of the near shore waters, due to
biological activity, wind and current driven mixing, and upland impacts.
Table 8 shows the summary statistics for each of the sub-populations. Figure 12 shows
a plot of the data. The red dashed line in Figure 12 indicates the water quality standard.
The two background data sub-sets were similar (populations were not different at a 1%
significance level using the Kruskal-Wallis test) and were combined into one data subset for comparison to the other data sub-sets.
Table 8: Total Dissolved Solids Data Descriptives

Population
Background water surface
Background mid-column
Combined background
400’ downstream water surface
400’ downstream mid-column
800’ downstream water surface
800’ downstream mid-column
400’ upstream water surface
400’ upstream mid-column
1000’ upstream water surface
1000’ upstream mid-column

Range
176 – 194
154 – 196
154 – 196
74 – 214
72 – 216
78 – 206
80 – 206
64 – 226
82 – 222
100 – 212
92 – 208

Mean
180.8
179.2
180.0
146.5
150.9
152.5
153.5
158.4
153.6
160.0
159.6

Median
178.0
178.0
178.0
150.0
149.0
157.0
168.0
167.0
157.0
168.0
167.0

Standard
Deviation
7.6
16.1
11.9
41.6
41.5
33.6
36.3
42.9
36.6
30.7
30.1

Variance
57.2
259.2
141.3
1726.7
1724.8
1129.2
1318.7
1840.3
1337.1
940.6
905.9

The comparison of populations failed to find any statistically significant differences
between the various groups. None of the data sub-sets were significantly different from
the background TDS. There were no differences between upstream and downstream
data sub-sets, nor between surface and mid-column data sub-sets. Based on the data
collected and on the data comparisons made, it is concluded that the sediment
placement operation had no impact on TDS concentrations in the area of the placement
operation.
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Figure 12: Total Dissolved Solids Scatter Plot
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2.3.9 Total Suspended Solids
Total Suspended Solids (TSS) is a measure of the particulates in the water, which are
discrete particles that can be separated by filtration (IE, they are not dissolved). TSS
can be naturally occurring, for example when waves mix the near shore area and
resuspend sediment, or they can come from anthropogenic sources, such as upland
erosion at construction sites. The TSS standard for Lake Michigan is 15 mg/L. Although
the data collected during sediment placement were all below the water quality standard,
some of the background samples, taken before dredging began, exceeded the water
quality standard. These results likely reflect weather conditions, waves, and turbulence
in the lake during the background monitoring.
Table 9 shows the summary statistics for each of the sub-populations. Figure 13 shows
a plot of the data. The red dashed line in Figure 13 indicates the water quality standard.
All of the TSS data had detectable results. The low results (0.2 mg/L) represent
estimated values; these data were used as provided by the laboratory, with no other
data transformation or adjustment. Several of the relatively higher results
(measurements over 3 mg/L for the “during dredging data”) were identified as possible
outliers, however since multiple populations had similar responses and laboratory
reports did not indicate data quality control issues, it is felt that these results were
representative of the actual conditions in the lake, and the data points were included in
the analysis. The two background data sub-sets were similar (populations were not
different at a 1% significance level using the Kruskal-Wallis test) and were combined
into one data sub-set for comparison to the other data sub-sets.
Table 9: Total Suspended Solids Data Descriptives

Population
Background water surface
Background mid-column
Combined background
400’ downstream water surface
400’ downstream mid-column
800’ downstream water surface
800’ downstream mid-column
400’ upstream water surface
400’ upstream mid-column
1000’ upstream water surface
1000’ upstream mid-column

Range
2.4 – 18.8
2.8 – 33.8
2.4 – 33.8
0.2 – 3.8
0.2 – 2.8
0.2 – 3.0
0.2 – 3.0
0.2 – 3.2
0.2 – 3.4
0.4 – 2.6
0.4 – 3.0

Mean
10.48
15.56
13.02
1.37
1.24
1.09
1.06
1.40
1.44
1.55
1.24

Median
11.60
12.60
12.10
0.90
0.15
0.90
0.80
1.20
1.20
1.60
1.10

Standard
Deviation
6.62
12.11
9.58
1.16
0.67
0.80
0.74
0.88
1.03
0.65
0.76

Variance
43.85
146.71
91.86
1.34
0.45
0.65
0.54
0.78
1.06
0.42
0.58

Although the background data visually appear higher than the data collected during
dredging, none of the data sub-sets were significantly different from the background
TSS. There were no differences between upstream and downstream data sub-sets, nor
between surface and mid-column data sub-sets. Based on the data collected and on the
data comparisons made, it is concluded that the sediment placement operation had no
impact on TDS concentrations in the area of the placement operation.
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Figure 13: Total Suspended Solids Scatter Plot
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2.4

Water Quality Monitoring Conclusions

Based on the data collected from June 1, 2015 through August 20, 2015 immediately
before and during Waukegan Approach Channel dredging, the sediment placement in
nearshore Lake Michigan via bottom dump (split hull) barge is not causing water quality
impacts. An analysis of data collected both “upstream” and “downstream” did not
demonstrate statistically significant differences in water quality. In particular, ammonia,
phosphorus and total suspended solids (TSS) were not elevated in the area predicted
by modeling to be with in the “plume” created during sediment placement. As predicted
by modeling (and discussed in the Waukegan Approach Channel Contaminant
Determination, 2014), any materials released by the coarse grained sediment in the
approach channel readily dissipated and did not cause a measurable degradation in
water quality.

3

Future Monitoring

Water quality certification C-0280-14, issued April 24, 2015 covers the Waukegan
Approach maintenance dredging. The water quality monitoring discussed in this report
fulfills condition 5 of the certification. Because no statistically significant differences
were found between data sub-populations, no further water quality monitoring is
required at this time.
Per condition 6 of the referenced certification, sediment sampling will be conducted in
2019 or 2020. Those samples will be analyzed, including elutriate (supernatant)
samples, to determine whether future monitoring or sampling is required at that time.
USACE will continue to report the quantity of material dredged and the placement
location for maintenance dredging conducted in calendar years 2016 – 2020.
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Appendix A

Water Quality Certification C-0280-14
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Appendix B

Field Logs and Analytical Results (provided in electronic format only)
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