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THE EFFECTS OF DREDGING ON THE CHEMICAL
CHARACTERISTICS OF THE GRAND RIVER

Brian J. Eadle, Gerald L. Bell, Richard L. Chambers,
John M. Malczyk, Edward A. Stankevich, and Albert L. Langston

During spring 1977, water was sampled in the Grand
River, which runs through the State of Michigan, to es-
timate the increased loads of polluting and enriching
substances caused by dredging the river channel near its
mouth at Lake Michigan. Results indicate that sedimen-
tary material disturbed during the dredging process is
carried out to the lake. On an annual basis, the 1in-
crease in loading is approximately 1 percent for all
variables measured; however, during the period of dredg-
ing (about 1 week), the increases are approximately 30
percent. The effects of these events on the nearshore
ecology are not known at present.

1. INTRODUCTION

As part of a continuing investigation of the influence of the Grand
River on the nearshore of southeastern Lake Michigan, a Lagrangian study
consisting of near-river-mouth samples collected adjacent to a moving drogue
was conducted on April 6, 1977. During the perlod of sampling, the river was
being dredged by the U.S. Army Corps of Engineers. The main objectives of
the study were to determine the magnitude of the release of polluting and
enriching substances during the dredging operation and to estimate their
impact on the lake.

The Grand Riyer, which flows 420 km through a drainage basin of approx-
imately 14,000 km™, empties into Lake Michigan at Grand Haven, Mich. (fig.
1). 1In terms of volume of flow, it is the largest river emptying into the
lake. The harbor at Grand Haven has z minimum draft of 6.4 m to the railroad
bridge. Above Spring Lake a 2.4 m deep channel extends 28 km upstream. The
river outflow 1s channeled into Lake Michigan through a breakwater extending
approximately 400 m offshore.

1GLERL Contribution No. 203.
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Figure 1.--Grand River drainage basin.

A record of flow measured at Grand Rap}ds, Mich., by the U.S. Geological
Survey (1377) shows a 51-year mean of 100 m /s, with a range from 10.8 m™ /s
to 1530 m”/s from a total ggged area of 12,691 km~. The flow guring the 1977
water year ranged from 19 m /s to 240 m™ /s and averaged 63.7 m™/s. Daily
flows during the period of study are summarized in table 1. A consideration
of the ratio of the total drainage area to the gaged area suggests that these
flow values should be increased by a factor of 1.13 to arrive at a realistic
value for the flow rate at Grand Haven. This approach is used by the Lake
Hydrology Group of the Great Lakes Environmental Research Laboratory (GLERL)
(R. N. Kelley, personal communication).



Table l.--Grand River daily flow at Grand Rapids, Mich., and adjusted datly
flow at Grand Haven, Mich., 1977

Grand 3Rap ids, Grand 3Haven s Grand 3Rap ids, Grand 3Han.ren s
Date m /s m /s Date m/s m /s
March 28 127.7 143.8 April 2 171.3 192.9
March 29 146.4 164.8 April 3 179.2 201.8
March 30 165.1 185.9 April 4 190.3 214.3
March 31 176.4 198.6 April 5 192.0 216.2
April 1 169.9 191.3 April 6 187.7 211.4

1.1 Dredging Operations

Dredging operations were conducted April 4-11, 1977, by the U.S.

Army Corps of Engineers. Using the Hopper Dredge Hains, they cleared the
navigation channel between the mouth of the south channel and the turning
basin west of the railroad bridge. Spoils from this operation were pumped
into a confined area north of the river near the Verplanks Coal and Dock Co.
(fig. 2, table 2). Operation reports do not indicate any overflow-discharge
from the hoppers during dredging (D. L. Billmeier, personal communication).
This study was conducted on April 6 while the Hgins was above the confluence
of the north and south channels.
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Figure 2.--Station locations and position of dredge at start of drogue run.
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Table 2.--Station locationa

Cruise Station Latitude Longitude Cruise Station Latitude Longitude

|l—a .
=)

4 9 43.062° 86.237° ' 5 10 43.059°  86.245°
4 7 43.072° 86.236° 5 11 43.064°  86.236°
4 8 43.067° 86.235° 5 12 43.058° 86.247°
5 1 43.076° 86.221° 3 13 43.060° 86.242°
5 2 43.069°  86,236° 5 14 43.070° 86.236°
5 3 43.067°  86.235° 5 15 43.068° 86.236°
5 4 43.064°  86.236° 5 16 43.067°  86.235°
5 5 43.062°  86.238° 5 17 43.067° 86.235°
5 6 43.060°  86.242° 5 18 43.066° 86.235°
5 7 43.070° 86.236° 5 19 43.064° 86.236°
5 8 43.076° 86.221° 5 20 43.061°  86.240°
5 9 43.067°  86.235° 5 21 43.059°  86.245°

2. METHODS

A Lagrangian experiment was theoretically designed to sample from a
moving parcel of water adjacent to a drogue. Small (40 cm x 80 cm) cruciform
drogues set at 3 m to mid-vane were deployed one at a time approximately 50-m
astern of the Hains while the dredge was moving upstream opposite the Power
and Light Company plant. Periodic samples at each drogue were taken at the
surface by bucket and at a depth of 5 m in 5-liter Niskin bottles while
operating from 2 6.7-m launch. The water samples were taken to a dockside
laboratory for analysis within 1 h of collection. Surface temperatures were
recorded with a bucket thermometer.

The samples were analyzed for soluble reactive, total dissolved, and
total phosphorus, ammonia, nitrate, total dissolved and total Kjeldahl
nitrogen, chloride, sulfate, silica, specific conductance, and total sus-
pended materials (American PHA, 1971). Selected samples were analyzed for
pH, Eh, alkalinity, and dissolved oxygen. Particle size analysis was per—
formed on an HIAC, which measures numbers of particles in five size cate-
gories (2-4, 4-8, 8-16, 16-32, and 32-60 microns). These samples were
Prescreened at 60 microns. Samples vacuum filtered through Gelman A/E glass
fiber filter pads, which retain materials greater than approximately 1
micron, were designated the "dissolved" fraction.



Turbidity measurements were performed with an HACH Turbidimeter, Model
2100A. The instrument was calibrated to HACH permanent latex turbidity
standards and periodically rechecked for instrument drift. The results
were reported in nephelometric turbidity units (NTU's). Total suspended
materials were determined by vacuum filtering a measured volume (>500 ml)
through preweighed Gelman A/E glass fiber, 47-mm diameter filters.
Specific conductance was determined with an Industrial Instruments
Conductivity Bridge, RC-19. Two separate analyses were made on each
sample and the results expressed in micromhos at 25°C, Measurements of pH
and Eh were made with Beckman and Orion digital meters. Phenolphthalein
and total potentiometric alkalinity determinations were made by titrating
100-ml water samples with standard acid (H.S0,) to the endpoints of 8.2 and
4.5, respectively. Chloride concentrations were determined by standard
addition and an Orion chloride specific ion electrode. Dissolved oxygen
determinations were made by the Winkler method. Nitrogen and phosphorus
forms were determined on a Technicon AutoAnalyzer 1T by the manufacturer's
recommended procedures. Trace metals were measured by atomic absorption
(graphite furnace equipped) and carbon by the Oceanography International
wet oxidation process.

2.1 Confidence Limits

The precision achieved in measuring selected variables is shown in
table 3.

2.2 Sediment Characteristics

The physical and chemical data summarized in tables 4 and 5 were
provided by the U.S. Army Corps of Engineers, Detroit District (S. Jacek,
personal communication). During our sampling period, dredging was being
conducted between thelr stations A, B, and C (fig. 3), which are composed
of fine-grained silts. The volume of material dredged from the channel and
the location of its subsequent disposal is shown in table 6. Samples from
the same regions were analyzed by the Envirommental Protection Agency (EPA)
(table 5). They were less than 30 percent solids and had very high
concentrations of organics, nutrients, and iron.

Our Lagrangian experiments were designed to determine if the dis-
turbance of these highly enriched sediments due to dredging increased the
chemical load to the lake.



Table 3.--Analytical precision (coefficient of variation, pércent}

Variable Unit Standards Samples
Nitrate-nitrogen (NO_-N) PPB 4 5
Ammonia nitrogen (NH3-N) PPB 5 8
Total dissolved

Kjeldahl nitrogen (TDKN) PPB 5 -
Total Kjeldahl nitrogen (TKN) FPB 5 7
Phosphate phosphorus (PO4—P) PPB 5 5
Dissolved total

phosphorus (DTP) PPB 2.5 -
Total phosphorus (TP) PPB 2.5 4
Dissolved organic carbon (DOC) PPB 3 5
Total organic carbon (TQC) PPB - 5
Sulfate (SOA) ) PPB 5 -—
S5ilica (510,) PPB 3 -
Total alkalinity (TALK) mg/l CaCO3 2 2
Dissolved oxygen (D.O.) mg/1 - 5
Disgolved oxygen Percent sat. - 5
Chloride (Cl1) mg/1l 5 5
Specific conductance (S.

Cond.) Micromhos at 25°C -— 3
Digsolved iron (D Fe) PFB 6 7
Total iron (T Fe) PPB - 7
Dissolved copper (D Cu) PPB 5 9
Total copper (T Cu) PFB - 7
Dissolved lead (D Pb) PPB 5 5
Total lead (T Phb) FPB - 4
Dissolved nickel (D Ni) PPB 5 5
Total nickel (T Ni) PPB - 4
Dissolved manganese (D Mn) PPB 2 2
Total manganese (T Mn) FPB —_ 4
Dissolved chromium (D Cr) PPB 4 4
Total chromium (T Cr) PPB - 6
Particle counts Coun&s/ml - 5
Particle surface area ca”f1 - 5
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Figure 3.--Bottom sediment sampling by EPA in 1972 and the U.S. Army Corpe
of Engineers in 1977,

Table 6.--Dredged volume ( ms) and disposal areas

Disposal Area April 1977 Average Annual

Open Lake 4,765 22,900

Confined 9,412 53,500
Total 14,177 76,400
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3. RESULTS AND DISCUSSION

River current velocity, determined by timing drogues, varied from 53
cm/s behind the dredge to a minimum of 9 cm/s near the river mouth and
averaged 22 cm/s for the three drogue experiments. The higher initial
velocity was attributed to a combination of Propeller thrust and increased
flow through a somewhat restricted channel in the 0.4-km reach upriver from
the mouth of the south channel.

Our three experiments were initiated within approximately 50 m of the
dredge as it began its run upstream (fig. 2)., The distance from drogue
release to the river mouth was approximately 2,500 m. At a flow rate of 22
cm/s (v800 m/h), materials disturbed by the dredging would reach the lake
within 3 h.

The data for all three experiments are included (table 7). oOur
interpretation will deal primarily with the first drogue since results of
the second and third experiments are similar to those of this first one.

To get an estimate of background (non-dredge influenced) variability,
we analyzed the river for selected metals and nutrients for 10 days prior
to the experiment.. Figure 4 shows that the trace metal concentrations
remained nearly constant as did the Kjeldahl nitrogen. Significant vari-
ability was noted in the phosphorus levels, especially the particulate
fraction. On the day of the drogue experiments, two samples (stations 1,
8) were collected at the bridge, upriver of the dredge operations. This
was done at the beginning of drogue runs 1 and 2.

3.1 Transport of Particulate Matter

The water was turbulent behind the dredge and fine particulates as
well as plant fragments were brought to the surface. There was an increase
in turbidity as expressed by both NTU and total suspended materials (TSM)
in this area (fig. 5), Peaking within 0.4 km of the dredge and approaching
river background within 1 km. The same pattern holds for all three drogue
experiments. Comparing these results with those in figure 6, which illus-
trates particulate surface area for the same samples, shows that the
surface samples are much less perturbed than those taken at 5>-m depth,
(Approximate water depth 1is 8 m.) Both horizons recover rapidly, the
surface returning to near background while the deeper region remains
somewhat elevated in concentration.

11
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Figure 5.--Total suspended matter and turbidity along the first drogue track.

There are two explanations for concentratlion decrease of the par-
ticulate matter (or surface area) below the dredge: the first 1s loss
through resettling and the second is dilution through lateral dispersion.
Under these flow conditions (20 cm/s) the 2-4-micron fraction can be assumed
to behave conservatively. Variables linearly correlated with a conservative
substance are also behaving conservatively and this is the case for the less
than 60-micron sized particles at the 5-m level, but the surface samples
showed a concave (¢n situ loss) relationship. Based on these results, our
conclusion 1s that the smaller amount of material driven to the surface
during the dredging partially resettles and undergoes aggregation or in some
other manner behaves nonconservatively, while the deeper material behaves
conservatively, 1s diluted through lateral dispersion, but flows virtually
intact into the lake. Because of the concentration differences, the
material removed from the surface could be incorporated into the deeper
layers with a marginal effect on that layer's conservative appearance.
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From the data we collected, we can only estimate the increased loading
to the lake due to the portion of the dredging operation unassociated with
disposal. Examining the TSM data at the stations 50 m astern of the dredge,
it appears that the concentration of particulate material in the samples is
approximately two to three times that above the dredge. We observed that at
this point the visible plume is less than twice the dredge width (approx-
imately 25-30 m). Then the range of the mass of particulate matter in a
plane across the river (v90 m width) 1s increased by 25/90 (28 percent) to
60/90 (67 percent). During an average annual dredging period of from 1 to 2
weeks, assuming the same flow conditions as during our experiment, the
approximate range of loading increase of particulate material is calculated
to be from 0.5 percent to 2.5 percent on an annual basis. Measurements near
the river mouth indicate the number is near the low estimate. If the
dredging were conducted under low flow conditions, even this small increase
could be reduced.

3.2 Increased Chemical Loading

Nutrient content of the sediments in the reglon of dredging (table 6)
are 1,600 to 3,000 p/m total phosphorus (TP) and 2,500 to 4,800 p/m total
Kjeldahl nitrogen (TKN) and the concentrations in the suspended material at
stations 1 and 8 (river background) averaged 3,200 p/m TP and 15,000 p/m
TKN. There was a small apparent increase in dissolved TKN and TP (~10
percent) below the dredge. It appears that an increased loading of 1
percent in the particulates (annual basis) would lead to a less than 1
percent increase in the loading of TP and TKN.

Figure 7 is a plot of the nitrogen and phosphorus data for one of the
. Lagrangian experiments. The major increase was in the particulate P and KN
some 300 m below the dredge. There was a small (50 percent) increase in
ammonia observed in the near bottom samples from bacterial decomposition of
sedimentary organic material.

The region near the dredge showed a significant oxygen reduction of
about 5 percent, but remained well above BQ percent saturated for all
samples (fig. 8). Redox potential near the freshly released sedimentary
material was also measurably lower. This was accompanied by a large in-
jection of dissolved iron (fig. 9) as expected from the work of Lee et al.
(1975). Manganese, nickel, copper, and chromium correlated significantly
{a = .01) with iron in the bottom 5-m samples. Chromium concentrations are
illustrated in figure 10. Although lead was not correlated with other
metals, it was with nutrients and organic carbon.

None of the trace metals changed concentration at a higher ratio than

the surface area of the particulates; therefore, the excess loading due to
the dredging does not exceed the 1 Percent estimate.
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Figure 10.--Total and dissolved chromium along the first drogue track.

4, SUMMARY AND CONCLUSION

In the process of dredging the channel of the Grand River (or any
channel), bottom material not collected by the dredge is disturbed, sus-
pended, and possibly transported for long distances. In this manner,
polluting and enriching substances "trapped” in the sediments are rein-
troduced into the water column and relocated.

In this study 1t 1s estimated that this dredging "leakage" contributes
approximately an increased 1 percent of the annual ioad of total partic-
ulates to Lake Michigan and not more than that amount of nutrients and trace
metals. This small amount 1s insignificant when compared to the year—to-
year variabllity in river flow and consequent load.

Although small on an annual basis, the increase can represent approx-
imately a 30-percent increase in load during the period of dredging. These
short-term loading events, similar to the spring pulse 1in river flow,
contribute to the variability and relative instability of the nearshore
region. The effects of these events on the biological community are not
known at present.
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