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ABSTRACT: This study looks at the spatial pattern of sediment deposition in the East

Branch of the Waterbury Reservoir. This research is part of a larger project incorporating

the entire Waterbury reservoir in a study of land-use change and the effect on

sedimentation. Sedimentation information is useful because construction within the

watershed could cause significant impact to the area. Reservoirs contain a record of land-

use change and storm events within the sediment. The study of this sediment can

76 sediment cores were taken in transects alongdetermine information about the area.

the East Branch of the Waterbury Reservoir. Using field information and computer

analysis, a pattern of sediment thickening downstream was seen. Bulk density

information was also taken from nine sample sites along the reservoir. However, no

pattern was found in the bulk density information. Sand layers were evident in a majority

of the cores, which means there was a large hydrologic event that occurred after the

construction of the dam. The information found in this study contains information about

how sediment deposition affects the watershed of the Waterbury Reservoir.
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INTRODucnON:

The construction of a dam for storage, power, or recreation can cause significant

effects to the downstream area as well as to the flow conditions of natural streams inside

and downstream of the artificial lake (Johnson, 2002). Flow regulation by dams has

disrupted the natural cun-ent of most rivers and has altered the processes that sustain

biodiversity (Johnson, 2002). The construction of dams has reduced the transport of

nutrients resulting in severe affects to food web structures (Conley et aI, 2000). The dam

itself often blocks sediment, resulting in a diminishing storage capacity. If the reservoir

fills with sediment, flooding can occur and further affect the area. The land-use and

environmental history of the drainage basin influences the rate of erosion, which leads to

sedimentation in reservoirs. Several methods, such as coring and stratigraphic analysis,

Cesium-127 dating, and mineral magnetic techniques can help date the sediment and

determine how fast the reservoir is filling. The reservoir itself acts as a sediment yield

record for determining the erosion rates of the area.

Thousands of dams have been constructed allover the United States for flood

control, storage, and power. The New England water resources region has the highest

density of dams in the country. which is a legacy of the regions long history of mill-dams

(Graf, 1999). The reservoirs behind the dams provide a record of sediment yield for the

impounded basin. Sediment cores taken within semi-enclosed aquatic basins can provide

a historical record of land-use within the watershed (MeCray et aI, 2001). The sediment

record can be studied in order to gain an understanding of how sediment yield has varied

over time (Ambers, 2001).
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My research project explored the patterns of sediment deposition in a flood

control reservoir located in northwestern Vemlont. This paper reviews relevant literature

on sedimentation studies in lakes, ponds and reservoirs and outlines the methodologies

and results of my study.

F AcroRS AFFEcrING EROSION RATES:

Sediment deposits in lakes, ponds or reservoirs can be used to estimate sediment

yields and reconstruct changing patterns of sediment sources in response to

There is a relationship between land-use change, soil erosion,environmental changes.

and sediment yield. The sediment deposits accumulating in lakes contain both the

material that originated in the water body and the material derived from external sources,

such as sediment eroding from the surrounding drainage basin. A variety of techniques

can be used to trace the origins of the eroded materials and that information can be used

to interpret recent environmental changes. Other methods can be used to date the

material to coincide with environmental changes (Foster and Walling, 1994).

The land-use history of an area, such as agriculture, grazing, or forestry practices

can affect the rate of erosion within the watershed and quantity of sediment deposited in a

lake, pond or reservoir (Foster and Walling, 1994). In a study in England, Foster and

Walling (1994) found that surface material from pasture areas represented the dominant

source of deposited sediment in a reservoir. They attributed sediment deposition to an

increase in livestock and grazing intensity after World War II. Because of this, a pattern

of sediment yield for the life of the reservoir can be constructed and a clear trend of

increasing sediment yield is apparent in the reservoir. It was found that the sediment was

predominantly from the slopes of the basin and had been mobilized from pasture areas
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(Foster and Walling, 1994). Walling (1999) determined that forest clearing after 1968

accounted for a 1.8 fold increase in the sediment load of a reservoir. In small basin

studies, it has been found that there is an increase in sediment production after

clearcutting, and road building. Unpaved logging roads are also significant sediment

sources (Ambers, 2001). The relationship between land-use and sedimentation can

significantly impact the storage capacity of a basin.

Sediment data may also be used to confirm evidence of past disturbances and to

determine whether the rate of erosion is "normal" or "accelerated." Sediment qualities

can be linked to specific events in the basin such as deforestation or early farming

(Dearing, 1991). "Accelerated" erosion can occur because of the way the surrounding

land was used in the past. For example, increased livestock and grazing intensity can

increase erosion and runoff into the reservoir (Foster and Walling, 1994). Present day

sediment loads are 21.6 times higher than in the recent geological past and human

activity is one explanation for this increase (Walling 1999). A study by Owens and

Walling (2002) concluded that land clearance, cultivation, population growth, and

technological advances have accelerated erosion. The rates of soil erosion on agricultural

land in the United Kingdom have increased over the past 100 years. This reflects the

growth in the amount of land under cultivation and the intensification of farming

practices (Owens and Walling, 2002). In a study by McIntyre (1993), long term land-use

and reservoir sedimentation were quantified and linked. In this case, reservoir

sedimentation had decreased over time because of the conversion of fields to perennial

pastures. When the abandoned fields with bare soil areas were reduced by natural

vegetation it caused a decrease in sediment yield. 70% of the sediment was deposited in
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the first 20 year period of the reservoir and then rapidly decreased over time as the land

use changed (Mcintyre, 1993)

Lake sediments preserve a record not only of land-use history but also of

hydrological events. Several studies have shown that sediment yield changes recorded in

lake sediments were related primarily to precipitation history, rather than gradual

environmental change (Royall, 2000; Ambers, 200 1). Lake sediments have also been

used to interpret long-term storm history of a region. Several studies in New England

have indicated that the condition of a watershed at the time of a storm may strongly

influence the amount of erosion that occurs (Brown et ai, 2000). It was determined in a

study by Brown et a1 (2000) that the cause for deposition of the coarser, more teITestrial

inputs to a basin in northern Vermont is runoff triggered by hydrologic events.

APPROACHFS TO STUDYING DEPOS110N IN RESERVOIRS:

There are several different methods to document and analyze sediment deposition

in lakes, ponds, and reservoirs. Coring methods are widely employed to study lake

sediments. Cores were taken from basins and visually studied in projects by Ambers

(2001) and Panis (2001). In a study by Ambers (2001), eight sediment cores were

collected and subjected to detailed study in order to obtain information about variations

in the sediment yield of the watershed. Each core represented the total thickness of the

lake sediment at its sampling location, as determined by the presence of either pre-lake

soil or an impenetrable rock layer at the base of the cores.The stratigraphy was

described in detail. Another 40 cores were taken from a variety of locations to detennine

the average density and organic matter content. A study by Parris (2001) used 23

sediment cores from small basins in order to determine the history of storms and hillslope
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erosion in New England. The cores contained discreet, terrestrially derived, inorganic

deposits identified by physical changes in the sediment including visual observation, loss-

on-ignition, and grain size analysis.

In a study by Souch and Sloymaker (1986), methods for the assessment of the

variability of sediment accumulation in small ponds were done without measuring

chemical attributes of the cores. The cores were extracted and the stratigraphy was

studied. The volume of the sediment accumulated was determined through a

combination of core, probe, and survey data. Total sediment volume in the ponds was

calculated by using different grid sizes and offsets and comparing values calculated with

those determined for the 2x2 meter grid. Assumptions were also made about the

This method both under andgeometric shape of the accumulated sediment body.

overestimated the volume in order to fall somewhere in the middle. It also avoids error

because the shallow, elliptical nature of the sediment body in the lake has no regular

pattern of accumulation about a single center of deposition (Souch and Sloymaker, 1986).

This method shows the importance of the determination of the three dimensional

geometry of lake sediments, volume, density, and mass calculation. A study by Dearing

(1991) has also employed a different method to determine the amount of accumulation of

sediment in reservoirs. However, Dearing used chemical, radiometric, magnetic, and

microfossil properties to detennine the quality of sediment in order to infer the source of

the deposited materials. After doing this, sediment qualities can be linked to particular

events in the basin such as deforestation or early fanning (Dearing 1991).

One of the most widely used methods is Cesium-13? dating to measure soil

erosion and sediment accumulation rates. Cs-137 is a unique tracer for studying erosion
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and sedimentation. Radioactive fallout in the form ofCs-137 has been deposited across

the landscape from atmospheric nuclear tests and has absorbed onto soil particles (Ritchie

and McHenry 1990). However, the Cs-137 technique can only be used with sediment

deposited since 1954, the year that fallout was first deposited in measurable amounts.

Dating with Cesium is also useful because periods of higher fallout can be related to

dates during aboveground testing and periods of lower fallout can be related to

moratoriums on testing and the Test Ban Treaty (Ritchie and McHenry 1990).

Magnetic susceptibility is another common method used for dating. It is a

measure of the concentration of magnetic minerals in a substance. These cotrelate

sediment sequences from different parts of the lake by visual comparison of the magnetic

profiles (Royall 2000). Mineral magnetic signatures can also be used to distinguish

topsoil and subsoil material (Foster and Walling 1994).

Collectively, these studies show that lakes, ponds and reservoirs can be used as a

record of basin sediment yield. This record can detect land-use change over time or the

presence of any past hydrologic events. The purpose of this project is to document the

deposits of sediments in the East Branch of the Waterbury Reservoir. My analysis

explores the stratigraphy and spatial patterns evident in the deposits and looks for

evidence of storm events in the deposits. A companion study (Janow, 2003) estimates

basin sediment yield from the same data set. This research is part of a larger project

incorporating the entire Waterbury reservoir in a study of land-use change and the effect

on sedimentation.

:MElliODS:

STUDY AREA:
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The study area consisted of the East Branch of the Waterbury Reservoir in

Waterbury, Vemlont. It is located a quarter mile west of State Route 100. The

Waterbury Reservoir is the ninth largest water body in the state of Vernlont (Waterbury

Reservoir, 2003) with a drainage area of 16.9 km"3 (Green Mountain Power Corporation,

1999). The reservoir was formed by an earth fill dam completed by the United States

Army Corps of Engineers in the summer of 1937 for flood control and storage of water

for power (USGS, 1997). From late spring to early fall the reservoir is maintained to a

surface area of 860 acres and a maximum depth of 100 feet. The surface area is reduced

to between 250 and 300 acres in the winter to prepare for spring snowmelt (Waterbury

Reservoir, 2003). During the collection of data (summer and fall 2002), the reservoir was

drained to allow work to be done on the dam. The bottom was exposed and a stream was

running through it. The reservoir sediment was a deep brown, saturated, clayey material.

FlEW SAMPUNG AND LAB ANALYSIS:

Sediment cores were taken from 76 sites in the East Branch of the Waterbury

Reservoir. Each of the 76 cores taken were visually studied and logged. Each core

represented a complete thickness of lake sediment, either by hitting pre-reservoir

sediment or the presence of the old streambed. Cores were taken from the approximate

center of the reservoir off Reservoir Road in transects ranging from 1 to 295 meters. The

coring process involved using a one-meter gauge auger with a one-meter handle and

pushing it down into the sediment. The core was open on one side in order to see the

material. A GPS was used to record the location of each site. Once the core was

extracted, the stratigraphy of the sediment was visually described and logged. To the best

of our knowledge, evidence of significant sand layers were noted. The smallest was
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approximately 4cm so anything thicker was considered significant. Each core represented

a complete thickness of the reservoir sediment, as determined by the presence of pre-lake

material or a rock layer. The thickness of the post reservoir sediment was detennined by

visual character and noted

Nine sediment samples from random sites were preserved in bags and taken to the

lab in order to perform a bulk density analysis. The samples were baked at 105 degrees

Celsius overnight and then weighed in a pre-tared pan to detennine dry mass (m) of the

sample. Core volume (v) was determined by multiplying length of the post-reservoir

sediments in the core by the cross-sectional area of the auger. Bulk density (p) of each

sample was calculated as p = m/v.

COMPUTER ANALYSIS:

A geographic information system and statistical analysis software were used to

analyze the sediment data. A location map of the study area was created on ArcMap, a

PC-based GIS software, using orthophotos as a basemap. Points from an exce]

spreadsheet containing the location of the cores were imported into ArcMap to create a

point layer of sampling locations. Maps of core locations and cores with sand layers

were made using attribute data contained in the point layer. Streamflow data from a

nearby gauging station on the White River, in West Hartford, Vennont was used for

information on annual peak flows from 1938 (the construction of the dam) to the present

(peak Streamflow for Vermont, 2003). This station was used because it contains the

largest data record in Vermont on an undamed river. Points from an excel spreadsheet

containing the streamflow data were used to create a graph showing annual peak flow. A

three-dimensional map showing the thickness of the post reservoir sediment was
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constructed to visually examine any pattern of thickening sediment. MiniTab, a

statistical program. was used in order to determine if there was a relationship between

distance and sediment thickness or bulk density using a regression analysis

RFBUL TS:

This survey covered an area in the East Branch of the Waterbury Reservoir

approximately 12,000 meters long; using 23 transects (Table 1) that ranged from 1 meter

to 295 meters wide (Figure 1). Thickness of the post reservoir sediment varied from 8cm

to 162cm. Most cores contained the reservoir sediment along with sand clay-couplets of

varying sizes (Figure 2a-c). These signify the seasonal changes in the movement of

water within the reservoir and are usually attributed to deposition from turbidity currents

(Ambers, 2001). Significant sand layers were found in 45 out of the 76 cores (Figure 3)

Any core containing a coarse sand layer thicker than 4cm was considered significant.

These layers ranged in thickness and color but stood out among the fine-grained reservoir

sediment. More than half of these samples contained sand layers, which were spread out

in different locations along the study area. After the construction of the reservoir, several

large stonn events occurred but the most influential one occuned in 1974 and can be

contributed to the ubiquitous sand layer seen in 59% of the cores (fable 2) (Figure 4).

Visual inspection of the sampled points shows a distinct pattern of thickening

reservoir deposits in the downstream direction (Figure 5). This pattern is non-linear and

statistically significant (p< O.<XX>S) (Figure 6). Core thickness was highly variable,

particularly among samples taken downstream. Some of this variability is likely due to

varying core thickness across individual transects (Figure 2a-c). 35.6% of the variability

of thickness can be explained by the cubic relationship between distance and thickness.

11



This is a weak regression equation, which shows that there must be something else

affecting the variability (Figure 6).

Bulk densities of the nine samples analyzed ranged from 0.3 to 1.5 g/cmJ\3, with a

mean of 0.55 g/cmJ\3 (552.9 kg/mJ\3) (Table 3). Only one sample had a bulk density

greater than 1 g/cmI\3, and bulk density of the nine samples taken from East Branch

differed little from two samples collected near Stevenson Brook, located on the western

bank of the Waterbury reservoir. There was no spatial pattern in bulk density of the

samples with distance upstream (p=O.376) (Figure 7).

DISCUSSION:

A spatial pattern of sediment deposition was found in the East Branch of the

The thickness of reservoir sediment was shown to be increasingWaterbury Reservoir.

downstream (Figure 4 and Figure 5). Although a clear pattern was visualized, a

regression analysis of the data proved that only 35.6% of the variability of thickness

could be explained by the cubic relationship between distance and thickness. This is a

weak regression equation and means that there are other variables affecting the

There was no relationship between distance and bulk density, which meansrelationship.

that there is no spatial pattern based on the data. Since sand layers were found in a

majority of the samples, a large hydrologic event must have affected the area since the

This storm event caused a flux of sediment to be deposited inconstruction of the dam.

the area. Based on the annual peak streamflow data for the White River, several large

storm events occurred after the construction of the dam. 1973 contained the largest

A good interpretation would bedischarge (42,300 cfs) during the life of the reservoir.

that this stOml caused the sand layers found in a majority of the cores. This warrants
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further research to determine if the date of the sand layers correlates with the 1973 storm.

If major construction projects begin within the watershed of the Waterbury Reservoir,

increased sedimentation might be expected. Further study on this subject would be

extremely useful to uncover more information about possible effects on the Waterbury

Reservoir.
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Table 1: Table of point names, coordinates, and thicknesses of reservoir sediment from
various locations at the Waterbury Reservoir in Waterbury, Vermont. Presence of a sand
layer in the core is indicated by an asterisk.
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Figure 3: Map of study area on the East Branch of the Waterbury
Reservoir. Location of sandlayers in the sediment stratigraphy

is shown.



Recurrence Interval
(T= (n+1) I (m»

1.97
1.91
1.86
1.81
1.77
1.71
1.67
1.63
1.59
1.55
1.51
1.48
1.44
1.41
1.38
1.35
1.33
1.3

1.27
1.25
1.23

1.2
1.18
1.16
1.14
1.12

1.1
1.08
1.07
1.05

11.03
1.02

Annual Peak Discharge

(cfs)
Recurr.nce Interval

(T= (11+1) I (m»
65

32.5
;

21.67
16.25

13
10.83
9.29

i 8.13
i 7.22
,
: 6.5
I: 5.9
Ii 5.42
Ii 5
1.[ 4.64
!I
I! 4.33
!i 4.06
I
I 382!I .
I

Ii 3.61
II! 3.42
, 3.25

3.09
2.95
2.82
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II 2.1
II 2.03

Water
Year

1986
1990
1950
1981
1991
1956
1968
1939
1979
1988
1945
1962
1983
1997
1955
1942
1971
1993
1975
1954
1999
1980
1961
1959
1957
1985
1943
1941
1963
1966
1995
1965

Annual Peak Discharge

(cfs)

Water
Year

1938
1973
1998
1976
1987
1947
1949
1952
2001
1953
1996
1982
1964
1977
1972
1992
1984
1969
1974
1989
1960
1958
1994
1948
1967
1940
1946
1944
1970
2000
1951
1978

Rank
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Rank (m)
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
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22
23
24
25
26
27
28
29
30
31
32

17600
17200
16700
16500
16500
16400
16000
15900
15400
15400
15200
15100
15100
15000
14800
14500
14300
14300
14200
13300
13000
12500
11600
11300
11100
10300
9950
9180
8920
6950
6920
4100

47600
42300
34500
34300
32600
31100
31000
29100
28800
26300
25100
24000
23300
23200
22300
21200
21100
21000
20500
20300
20200
20100
20000
19800
19500
19200
19000
18600
18500
18200
18000
17800

Table 2: Table of the annual peak ~sc~arge of the White River in Hartford, Vermont.
The peak discharges are from 193$ to ~OO1.



Annual Peak Discharge from 1938 to 2001 of the White River at
West Hartford, Vermont
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Figure 5: Map of the East Bran t showing the thickness of reservoir

sediment at eac~ sampli~g locat~ n. Bars are displace~ laterally from

the sampling locations to revent overlap (see Figure 1).
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volume (cm"3) bulk densitysample id Ilenih (cm)I mass (g)

I 455.4-- 922.9

590.7

839

839

360.8

488.3

959.8

667.8

426.2

463.1

~-

~
0.47

0.3

0.39

0.46

0.5

0.48

~
1.5

0.52

0.48 i

~
12.1

55
35.2

50
50

~
29.1 :
57.2

~
25.4
27.6
38.8

280.4
251.7

330
165.4
241.8

461
328.1
637.9

240
313

n of steve

n of steve

15.1

14.1

Table 3: Table of core data used t termine bulk density for nine sites along the East
Branch of the Waterbury Reservoi Two samples were taken from Stevenson Brook.
Mass and length are measured val s. Volume is calculated as length * the cross
sectional area of the auger (16.78 1\2). The average bulk density is 0.55 g/cml\3
(552.9 kg/mI\3).
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