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KENNEBEC SEDIMENT STUDY -
INTRODUCTION

In 1975, the U.S. Arm& Corps of Engineers (COE) dredged sections of
the IOWer'Kénnebec River, dispésing of the dredged materlal in a scour
basin approximately 1.8 miles downstream. Subsequently, local clammers
claimed that the dredging caused siltation on the.flatS, and had an
adverse effect on the clam harvedt. In‘Harch 1980,. the COE proposed
ancther dredging project in the lowver Kemnebec River estuary. Approval
by the Board of Environmental Protection was made subject to the
condition that a monitoring program-ﬁe carried out simultaneously with
the dredging to evaluate the effects of the dredging and disposal
operations on the clam flata. The Bigelow Laboratory was contracted to
carry out such a program and this report presents the results of the

study.
METHODS

In consultation with the Maine Department of Marine Resources
(DMR), five flats were selected for sampling. They were selected on the
basis of having commercially viable clam populations and to insure a
distribution of sampling sites throughout the potentfally affected area.
At each flat upper and lower stations were located in the intertidal

zone making a total of 10 stations (Fig. 1). The impact of dredging at
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these stations was evaluated by both sediment flux and granulometric
analyses.

Sédiment flux was measured by the method of Gordon (persomal
2

communication). At each station a 15-20 cm pit was dug and a 0.2 m

plate placed in the bottom, levelled and buried. The plates were marked

by two stakes placed 3 m from two sides of the plate at right angles to

each other. Plates were buried at stations 1-6 on October 2, 1981, and

at stations 7-10 on October 3, 1981. The level of the sediment over the
plate was measured with a steel rod. The average of ten randomly placed
probes was taken as the observation. |

A 6.5 cm corer was used t&kcéllect a4 6-10 Eﬁ’déép sediment sample
near each station. A sample of the dredged matérial was also collected.

- .

The stations were sampled according to the following schedule:

1} 3 days prior to disposal (Dcﬁ. 5)

2) 1 day prior to disposal (Oct, 7)

3) The second day of disposal ({(Oct. 9)

4) The fourth day after the start of dredging (Oct. 12)
5) 1 day after cessation of disposal (Qect. 29, 30)

6) 1 week after cessation of disposal (Nov. &)

Except for the fifth sampling, which was split between two
consecutive low tides, all the stations were sampled during the same low
tide.

The grain size data provided by the COE and the sediment depth data
were entered and processed by the University of Maine Computer Center

through the Bigelow Laboratory Computer Center. The mean, sorting



Falin

coefficient and skewness were computed for the grain size data using
standard formulas presented in Folk, 1968. The sediment depth data were

analyzed using 3 factor ANOVA (analysis of variance).

RESULTS

The results of the sediment depth‘sampling are shown in Table 1.
The net change in sediment depth over the course of the study, as shown
by the difference between the average of the dquég'of all the stations
on the first and last sampling dates, was a decre;se of .50 inches.
Plotting the observations for each station (Fig. 2) shows that the
decrease was spread falrly even across both the stations and the
sampling dates. Station 2 ig an exception;.sediment-depth decreased
from 5.01 incheé to 3.05 inches. On the lower edge of a sand flat, this
station probably sustained the highest energy input of all the stations
sampled in this study. It equilibrated rapidly and exhibited different
characte;istics such as ripples and wave marks, on successive sampling
dates. The upper station on this flat is protacted by 2 small sand bar
and showed little variation.

Although each station showed a net dectrease in sediment depth, all
except station 7 showed an increase at some p&int during the gtudy,
None of the stations showed an lncrease over two consecutive sampling
dates. While the changes in sediment depth are statistically
significant (see Appendix A) for all the stations between all sampling
dates, these changes and the net loss could have been caused solely by

natural causes, such as the spring and neap tidal cycle, annual



(" Table 1. Sediment depth measurements for Kennebec River estuary samples.
Flat Station Sampling Date . Sediment Depth (inches) Standard Deviation

1 1 10-5 3.79 0.30
1 T 10-7 3,88 0.32
1 1 10-9 3.68 T m
1 1 10-12 | 3.63 0.33
1 1 10-29 3.76 ©0.27
1 S 114 3.56 o 0.14
1 2 10-5 5,01 . 1.31
1 2 10-7 ™ 4,50 e 0.33
1 2 10-9 4.36 t 0.33

e 1 2 10-12 4.16 0435
1 2  10~29 5.0 - 0.35
1 2 . 11-4 3.05 0.27
2 3 10-5 3.63 ' 0.13
2 3 10-7 3.56 0.25
2 3 10-9 3.8 . . 0.26
2 3 10-12 N 0.17
2 3 10-29 | 3.71 0.13
2 3 11-4 3.44 0.21
2 4 10-5 5.81 0.18
2 & 10-7 5.60 0.18
2 4 10-9 5.58 0.21
2 A 10-12 5.66 ' ' ~0.34

[ 2 4 10-29 5.41 0.21

2 4 L1-4 5.46 0.20
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Flat Station Sampling Date

Standard Deviation

3
3
3

5
5
]

10-5
10-7
10-9
10-12
10-29
11-4
10-5
10-7
10-9
10-12
10-29
11-4
10-5
10-7
10-9
10-12
10-30
11-4
10-5
10~7
10-9
10-12
10--30
11~4
10-5

10-7

Sediment Depth (inches)

6.73

6.73
6.79
6.64
6.39
6.46
6.21
5.80
6.09
5.94
5.53
5.74
4.89
4.85
4.78
4.79
4.55
4.51
5.60
5.28
5.46
4,98
5.26
5.41
7.06

1.06

0.32
0.38
0.31
0.27
0.14
0.18
0.37
0.33
0.26
0;37
0.32
0.35
0.45
0.31
0.35
0.27
0.2}
0.19
0.26
0.29
0.21
0.49
0.30
C.17
0.37

0.31



Flat Station Sampling Dat;e Sedim‘ent Depth (inches) Standard Deviation
5 9 : 10-9 6.96 0.31

5 9 10-12 7.16 _ 0.21

5 | 9 10-30 6.91 0.24

5 9 -4 . 6.71 o 0.29

5 10 - 10-5 . 5.61 | 0.22

5 10 10-7 5.39 0.35

5 10 “ 10-9 5.26 0.22

5 10 10-12 5.43 - _ 0.35

5 10 10-30 5.30 o ©0.23

S P

5 10 114 - 5.00 0.38



Sediment Depth (inches)
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ercsional and depositionAI cycles, changes in run-off and storms. The
sediment depth déta, thefefore, shows that tﬁe dredging and disposal
operations did not increase sedimentation of the flats.

Comparison of the graln size data also provided no evidence of
disposition of dredge disposal on the clam flats (Table 2). The mean
grain size of the sample of dredged material (.85 ¢) was not in the
fange of sediments from the flats (1.92 to 6.17 ¢). Furthermore, the
dredged material was well sorted; only station 2, from the sand flat,
was as well sorted. The skewness, whiéh measures the degree of
asymmetry of grain size distribyt}on, shows'tha; the dredged material

was skewed toward coarser materlals while the clam flat sediments were

skewed toward finer materilals.
DISCUSSION

Deposition of sediments is a complex function of waves, currents,
tides and characteristics of source material, Relatively high energy
input, produced by run-off, wind and tides, keeps larger particles in
suspension, whereas smaller particles settle out at lower energy levels.
Mud flats, by definition, éra sedimentary structures made up of small
_particles and generally occur along low énergy shores 1In protected
inlets and estuaries. Therefore, the processes which form the flats
preclude the deposition of coarse materials which settle out before they
reach the backvaters of the mud flat. The results of the study support
the conclusion that the dumping of a limited amount (53,278 cubic yards)
of coarse grained sediments at the disposal site did not affect the

ongoing processes of deposition on downstream mud flats sampled. It is
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Table 2. Sediment type, sorting and skewness for Kennebec River estuary samples.

Sampling Sediment type

Flat Station date (from mean) Sorting Skewness
1 1 10-5 very fine sand poorly sorted near symmetrical
1 1 10-7 very fine sand poorly sorted near symmetrical
1 1 10-9 very fine sand poorly sorted - near symmetrical
1 1 10-12 very fine sand poorly sorted near symmetrical
1 1 10-29 very fine sand poorly sorted near syrmetrical
1 1 11-4 very fine sand poorly sorted near symmetrical
1 1 10-5 medium sand moderately well sorted fine-skewed
1 2 10-7 fine sand moderately well sorted near symmetrical
1 2 10-9 medium éand moderately well sorted near symﬁetrical
1 2 10-12 fine sand moderately‘ﬁéil”sorted near symmetrical
1 2 10-29 medium sand moderately well sorted near symmetrical
1 2 11-4 medium sand well sorted . fine-skewed

i2 3 10-5 very fine sand poorly sorted fine-skewed
2 3 10-7 coarse silt poorly sorted strongly fine-skewed
2 3 10~9 coarse silt poorly sorted strongly fine-skewed
2 .3 10-12 mediym silt very poorly sorted strongly fine-skewed
2 3 10-29 very fine sand poorly sorted strongly fine-skewed
2 3 11-4 coarse silt poorly sorted fine-skewed
2 4 10-5 very fine sand poorly sorted strongly fine-skewed
2 4 10-7 very fine sand poorly sorted strongly fine-skewed
2 4 10-9 very fine sand poorly softed strongly fine-skewed
2 4 10-12 very fine sand poorly sorted strongly fine-skewed
2 4 10-29 very fine sand poorly sorted strongly fine-skewed
2 4 11-4 very fine sand moderately sorted fine-skewed A
3 5 mediuvm silt poorly sorted strongly fine-skewed

10-5
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Sampling Sediment type

Flat Station date (from mean) Sorting '~ Skewness
3 5 10-7 - medium silt poorly sorted strongly fine-skewed
3 5 10-9 medium silt poorly sorted strongly fine-skewed
3 5 10-12 coarse silt poorly sorted strongly fine-skewed
3 5 10-29 medium silt poorly sorted strongly fine-skewed
3 5 11-4 nedium silt poorly sorted ' strongly fine-skewed
3 6 10-5 medfum silt poorly sorted strongly fine—skewed
3 6 10-7 medivm silt poorly sorted strongly fine-skewed -
3 6 "16—9 medium silt poorly sorted fine-skewed
3 6 10-12 medium silt poorly sorted .strongly fine-skewed
3 6 10-29 . medium silt very poorly serted “strongly fine-skewed
3 6 11-4 medium silt , Poorly sorted strongly fine-skewed
4 7 10-5 medium silt ) poorly sorgzd?-.i : - strongly fine-skewed
4 7 10-7 medium silt poorly sorted strongly fine-skewed

L4 7 10-9 -. medium silt poorly sorted - - strongly fine-skewed
A 7 10-12 medium silt very poorly sorted strongly fine-skewed
4 ? 10-30 medium silt poorly sorted _ strongly fine-skewed
4 7 11-4 medium silt very poorly sorted strongly fine-skewed:
4 8 10-5 coarse silt poorly sorted fine-skewed
4 8 10-7 coarse silt poorly sorted fine-skewed
4 8 10-9 coarse silt poorly sorted fine—skewed
4 8 10-12 coarse silt poorly sorted strongly fine-skewed
& 8 10-30 coarse silt poorly sorted fine-skewed
4 8 11-4 coarse silt poorly sorted strongly flae~-skewad
5 9 10-5 £ine silt poorly sorted strongly fine-skewed
5 9 10-7 fine silt " poorly sorted \ fine-skewed
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sample.of dredged material coarse sand

moderately well sorted

e m

,} Sampling Sediment type

Flat Station date (from mean? Sorting ' Skewness
5 9 10-9 fine silt poorly sorted strongly fine—skewed .
5 ‘9 10-12 fine silt very poorly sortéd fine-skewed
5 . 9 10-30 Fine silt poorly sorted strongly fine-skewed
S 9 11-4 fine silt poorly sorted fine-skewad
5 10 10-5 mediun silt very poorly sorted fine—-skewed
5 10 10-7 medium siit poorly sorted strongly fine-skewed
5 10 10-9 medium silt poorly sorted strongly fine-gkewed
5 10 10;12 mediuvm silt very poorly sorted strongly fine-skewed
5 10 10-30 medium silt poorly sorted strongly fine~skewed
a 10 11-4 medium silt poorly sorted strongly fine-skewed

coarse-skeved
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not possible, however, to draw the conclusion that the dumping of finer
sediments or of a much gfeater volume of coarse sediments would also
have little or no effect. |

While the study did not focus on the fate of dredged material
dumped at the disposal site, it is apparent from the hydrodynamic
features of the dispasal site that the newly debositgd material is
scoured away. The rate of scour from the dumpsite, anﬁ the point and
time of subsequent deposition of the material are unknown, but it seems
likely from the results of this study that coarser grained sedimentary
structures, such as Popham Beach or offshore sand bars, and not the clam
flats, may be réceiving the sediment.

While the sampling desipgn ﬁi;ved to be accaégzéuand cqnsistént in
detecting changes in sediment depth, and was appropriate for this
limited study, a more comprehensive program would be need;d to assess
the effect of dredging and disposal operations in general on the
naturally operating sediment transport regime In the Kennebec estuary.
A thorough understanding of this regime would be a sound basis for
predicting the effects of different types of dredging projects involving
a range of spoil amount and type.

Such a study might incorporate the following aspects: 1} more
frequent sampling over a longer period of time to determine naturally
occurring variation in sediment, 2) determination of upstream sediment
input, 3} subtidal sampling, 4) sampling of a control estuary, 5)
labelling of spoils with ra&ioactive isotopes or dyés, and subsequent

downstream sampling to detect the pathways and ultimate deposition of

spoils, 6) determination of the lethal dose of sediment for clams.
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Results of a comprehemsive study would enlighten decision making on
Kennebec estuary dredging‘proj;cts. It.is likely, for example, that a
point in the annuval sediment cycle could ge determined as the most
appropriate time for dredging and disposal. Information could be
pro#ided which would be ugeful not only in protecting the estuarine

environment but also in predicting the l1ife span of the dredged channel,
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