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ABSTRACT

FEATURES OF BURDEN POND DAM

Burden Pond Dam is a small, old dam located on a tributary of the
Lower Hudson River, NY. The lake has filled up with sediments. There
is an increasing interest to remove the dam. Quantity and quality of the
lake sediments are assessed by bathymetry surveying and core/grab
sampling. Gravel and sand appear in the upper part of the lake, whereas
sediments in the lower part exhibit layered structures with sand on the
top and sand, silt and clay in the bottom. It is estimated that about
35,550 m3 may be eroded to downstream if the dam is removed. The
sediments are enriched with nutrients and metals. PCBs and pesticides
were not found in significant quantities, but mercury is a hazard
concern with the sediments.

Burden Pond Dam is a small, old dam on the Wynants Kill Creek, a
tributary of the Lower Hudson River, NY, USA. The Wynants Kill
Creek is just 23 km long, but it falls some 260 m, notably down the
steps of three shale overthrusts (Harris and DeBlois, 2005). The Burden
Pond Dam was constructed in 1942 to provide waterpower for
industries nearby. It is made of masonry and stonework (Fig. 1). It is
5.2 m high and 49 m long. It drains an area of 88 km2. The dam had a
normal surface area of 76,890 m2, and a capacity of 188,723 m3. Now
the reservoir has completely filled with sediments (Fig. 2), and is used
only for recreational purposes.
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INTRODUCTION
In the last century, particularly since the 1940s, the U. S. has built a
large number of dams for flood control, power generation, water supply,
recreation and so on. There are over 5,500 dams in New York State
alone. Some of these dams have reached their design life. Because of
population growth and land-use changes through time, the
impoundments are filling up with sediments, some structural
components have deteriorated, safety regulations are stricter, and the
hazard classification has changed for some dams (Bennett and Cooper,
2000). There is an increasing focus on the decommissioning and
removal of older dams, to reduce the flood risks they impose and
reconnect the aquatic habitats downstream and upstream (Alderson and
Rosman, 2014). However, before any rehabilitation strategy is designed
and implemented, the quantity and quality of the sediments impounded
by those dams should be assessed to determine the potential hazards if
the sediments are reintroduced into the environment.
The objective of the present study was to conduct a field campaign and
laboratory analysis to investigate the quantity and quality of sediments
deposited in the reservoir of Burden Pond Dam on a tributary of the
Lower Hudson River, NY. The deposited sediment volume and size
compositions were obtained. The chemicals, such as nutrients, heavy
metals (e.g., mercury, chromium, cadmium, zinc), and PCBs/pesticides,
absorbed on the fine sediments were analyzed. The collected data and
derived results can be used for future studies on the feasibility of
removing the dam and the potential impacts on the downstream stream
water quality and habitats.

Fig. 1 Photo of Burden Pond Dam
The Burden Pond has two branch channels, which meet at the dam site
(Fig. 3). The main stream, Wynants Kill Creek, is the left branch. The
right branch is small and heavily vegetated. The right branch is divided
into upper and lower parts by a barrier or knickpoint (possibly a beaver
dam). The upper part of the right branch is difficult to access due to
dense vegetation and a narrow channel near the knickpoint.

FIELD SURVEYING AND SAMPLING
A field campaign was conducted in July 21-23, 2015. It was typical
summer weather, sunny with short temporal showers. Eighteen crosssections were measured using a Total Station. Fourteen cross-sections
were located on the main stream, and four on the right branch (Fig. 3).
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layer structures. Core E was 0.66 m deep, located at the right branch.
Core D was 0.89 m deep, located at a deep pool on the thalweg of the
main channel. Core B was 0.36 m deep, located at the main channel.
In addition, in shallow, poorly sorted areas (sites G, H and I), grab
samples were collected using a shovel and stored in buckets. Those
samples represent only bed surface layer. They might lose some fine
particles due to the shallow riffle flow, but care was taken to minimize
such loss.

SIZE COMPOSITION OF LAKE SEDIMENTS

Fig. 2 Photo of the lake (looking upstream)

Sieve analysis was conducted to determine the size compositions of the
collected sediment samples. The sieve analysis gives only the sizes
above 0.052 mm. Table 1 summarizes the characteristic sizes of all the
sites. The sites are arranged from upstream to downstream, not in
alphabetical order. Cores at sites I, H, J, G and L consisted of mainly
gravels and some sands, whereas cores at sites B and M were
dominated by sands. Cores at sites A, F and C exhibited layered
structures, with an upper layer of sands and a lower layer of sand, silt
and clay. Cores D, K and E were dominated by finer sediments, which
consisted of sand, silty and clay. The sediment size along the main
stream shows a tendency of downstream fining, varying from gravel
bed at the upper end of the lake to sand bed at the lower end.
For a small reservoir like the Burden Pond with a nearly constant pool
water level, coarser sediments usually deposited in the upper end of the
lake and finer sediments transported to the deep pool area in the lake
and deposited there in the initial period of reservoir deposition. As time
went on, the coarser sediment deposit wedge at the upper end of the
reservoir migrated downstream towards the dam and covered the finergrained bottom layer. Thus, a distinct layered structure formed in the
pool area near the dam.

Fig. 3 Locations of cross-sections (lines) and sediment samples (+)
Sediment deposits at thirteen sites were sampled. Eleven sites were
located on the main stream, and two sites were on the right branch (Fig.
3). Samples from sites A, B, C, D, E, F, J, K, L and M were collected
using an AMS multi-stage sludge and sediment sampler. The sampler
can collect cores of 5 cm in diameter and up to 1.2 m in depth. The
collected sediment samples were stored in jars for sieving analysis and
in small plastic and glass bottles for chemical analyses.
Core samples at sites A, F and C exhibited distinct layer structures. The
core at site A was 0.53 m deep, located near the dam. Its top layer was
a soft, less compacted layer of a few inches in depth, and the layer
below was sandy and compacted. Below the sandy layer there were
finer sediments. However, because the core did not reach the deep
bottom layer, the layer structure below the core depth was not obtained
through this study. The same situation occurred for the core at site F,
which was close to site A, but on the other side of the bar separating the
main stream and right branch. The core at site F was 0.77 m deep. Its
top layer had a sandy layer of about 0.2 m and the rest consisted of
finer sediments. Site C was located on the bank of the main stream.
The core at site C was 0.9 m deep. Its top layer had coarser sediments
and the bottom layer was of finer sediments. For these three sites,
separate samples were collected from the distinct layers.
Core samples of sites B, J, L, M, K, D and E did not exhibit distinct

Table 1 Characteristic sizes and compositions of lake sediments
Sampling
d50
Standard
Clay &
Sand
Gravel
sites
(mm)
deviation silt (%)
(%)
(%)
I
10.48
6.06
0.55
23.64
75.81
H
8.63
7.02
3.15
25.68
71.18
D
0.11
38.36
61.64
0.00
J
8.25
5.58
0.78
28.31
70.91
G
14.51
7.15
4.70
14.82
80.48
C (Coarse)
4.26
6.07
4.15
34.85
61.00
C (Fine)
0.29
26.16
68.92
4.92
K
0.20
24.21
71.88
3.91
L
5.05
4.70
1.34
28.52
70.14
B
0.57
2.63
1.33
81.81
16.85
M
1.59
4.95
0.65
52.89
46.46
A (Coarse)
0.56
2.92
3.46
80.48
16.06
A (Fine)
0.07
48.55
51.45
0.00
E
0.19
28.65
68.13
3.22
F (Coarse)
0.28
1.96
6.30
90.21
3.49
F (Fine)
0.09
37.64
62.36
0.00

POSSIBLE SEDIMENT EROSION UPON DAM REMOVAL
The possible sediment erosion amount if the dam is removed was
estimated using the measured bathymetry and core depths. Fig. 4 shows
the longitudinal profiles of average bed and thalweg elevations along
the main stream. One can see that the deepest location in the pond is at
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cross-section (CS) 10. The average bed slope is almost flat or even
negative in the reach between the dam and CS 10. It is about 0.83%
between CS 10 and 12, showing this reach is very likely the upper end
of the reservoir deposit wedge.
Because the core sampler used in this study could reach only up to a 1.2
m depth, the possible erosion depth in the lower part of the pond could
not be detected from the core depths. The upmost core was located at
site D, between CS 10 and 11, where the core depth was 0.9 m below
the bed. Because site D was located at the upper part of the sediment
deposit wedge, the core depth can be a good estimate of the erodible
layer thickness at that location. Using this information and assuming a
straight slope starting from the dam toe, the longitudinal profile of the
hard bottom of the pond is estimated as shown in Fig. 4. This straight
hard bottom profile intercepts the current bed profile near CS 13. Thus,
the erodible layer thickness at each cross-section is obtained by
subtracting the current average bed and the hard bottom. The estimated
hard bottom has a slope of 1.4%, which is larger than the 0.83% slope
between CS 10 and 12. This hard bottom slope is assumed to be valid
in the right branch channel, and thus used to estimate the erodible layer
thickness there.

CHEMICALS ABSORBED WITH LAKE SEDIMENTS
Normally chemicals are associated mainly with fine-grained, cohesive
sediments, such as clay and silt. Thus, fine sediment samples were
collected from the pond to conduct chemical analyses. The chemicals
considered include: total nitrogen, total phosphorus, mercury, PCBs,
pesticides, and toxic metals.

Nitrogen and Phosphorus
A total of eleven samples were used to measure the concentrations of
total nitrogen (TN) and total phosphorus (TP) in the pond sediments.
One sample was from the fine sediment layer at site A. Four samples
were from site C: one from the top layer, two from the middle layer,
and one from the bottom layer. Two samples were from each of the
sites D, E and F. TN and TP were measured using the method 4500-N
Nitrogen and 4500-P Phosphorus outlined in Standard Methods (APHA,
AWWA, WEF, 2005). Table 2 shows the measured concentrations of
TN and TP in the eleven sediment samples. The TN concentration
ranges from 12.7 to 53.0 mg/g, and the TP concentration ranges from
7.4 to 270.5 mg/g. These concentrations are considerably high.
Table 2 Concentrations of total nitrogen (TN), total phosphorus (TP)
and mercury (Hg) on lake sediments

Fig. 4 Bed elevation profiles along the main stream
A very simple approach is used to estimate the future bed profile of the
cross sections. First, it is assumed that the bed will be uniformly
lowered to the hard bottom at each cross section (Fig. 5). Second, each
cross section widens by erosion on two bank slopes. The bank slope is
assumed to be 45o, except where bank erosion is restrained by hard
boundary or human interference. The bank slope of 45o is steeper than
the repose angle of noncohesive sediments, to consider the effects of
cohesive portion in the sediment deposits and vegetation on the banks.

Sample ID
A
C (Top)
C (Middle 1)
C (Middle 2)
C (Bottom)
D (Top)
D (Bottom)
E (Top)
E (Bottom)
F (Middle)
F (Bottom)

TN (mg/g)
31.8
14.9
23.3
21.5
26.1
15.1
53.0
18.0
38.4
12.7
34.9

TP (mg/g)
72.0
17.4
270.5
111.7
34.7
62.0
148.9
47.1
84.4
7.4
109.2

Hg (mg/kg)
0.29
0.76
2.24
0.39
0.23
1.16
0.048
0.17
0.48
0.18
0.21

Mercury
The eleven samples used for TN and TP were also used to measure the
concentrations of mercury in the pond sediments. Total mercury was
determined using a Milestone Direct Mercury Analyzer. The measured
concentration of mercury ranges from 0.048 to 2.24 mg/kg. The highest
concentration is found in the middle layer of site C. The top layer of
core D also has high mercury concentration. On sites E and F, the
bottom sediments of the cores have higher mercury concentration than
the upper layers.

PCBs and Pesticides

Fig. 5 Evolution of cross section (Example: CS 7)
After considering the erodible layer thickness and the evolution of cross
sections described above, the sediment erosion volumes of the main
stream and the right branch are estimated as 21,893 and 13,657 m3,
respectively. The total sediment erosion volume is 35,550 m3. Note that
because a simple method is used, this erosion estimate may have
uncertainties. However, it can be used a preliminary reference.

Four samples were used to quantify PCBs and pesticides in the pond
sediments. Two samples were from the top and middle parts of the core
at site D, and two samples from the middle and bottom parts of the core
at site C. The sample from D top represented recent sediment deposits,
while the other three samples were older deposits. The samples were
analyzed for PCB congeners, DDTs (the sum of p-p’ DDD, p-p’ DDE,
o-p’ DDT and p-p’ DDT) and OC pesticides by gas chromatography
equipped with an electron capture detector (GC-ECD, Agilent 7890A,
Palo Alto, California). Compound identification was confirmed with a
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mass spectrometry detector in electron capture negative ion mode
(GC/MS-ECNI, Agilent 7890/5975 MSD).
The measured concentrations of total PCBs and pesticides are shown in
Table 3. The PCBs include 92 congeners. The pesticide compounds
include HCB, OCS, DDE-pp, and Mirex. The total PCBs concentration
in the four samples are less than 120 ng/g (wet weight), which are not
significant. Nor are the concentrations of the measured pesticides.
Table 3 Concentrations (ng/g wet weight) of PCBs and pesticides on
lake sediments
Sample ID
C(Middle 1)
C(Bottom)
D(Top)
D(middle)

Total
PCBs
7.87
2.44
114.3
3.2

HCB

OCS

0.0
0.0
0.0
0.0

0.03
0.0
0.0
0.0

DDEpp
0.32
0.11
6.44
0.12

the digest method here obtained a range of 0.17-3.06 mg/kg. The
overall orders of magnitude by the two measurement methods are close.
Both methods show that mercury is beyond the NY State’s Class C
threshold for contaminated sediments (NYS DEC, 2004).

CONCLUSIONS
Field campaign was conducted to assess the sediment quality and
quantity in the reservoir of Burden Pond Dam. Eighteen cross-sections
were surveyed using a Total Station. Using the measured bathymetry, it
is estimated that a total of 35,550.2 m3 may be eroded to the
downstream if the dam is removed.

Mirex
0.0
0.0
0.0
0.0

Thirteen sediment core and grab samples were collected. Sieving
analysis shows that the sediments in the upper part of the lake are
mainly gravels and sands. In the lower part of the lake the sediments
exhibit distinct layered structures with sand on the top and sand, silt
and clay in the lower layer. The sediment size along the main stream
exhibits a tendency of downstream fining.

Toxic Metals
Metals absorbed on the lake sediments were analyzed for a total of
twelve sediment samples, including one from site A, three from site C
(top, middle and bottom), three from site D (top, middle and bottom),
three from site E (top, middle and bottom), and two from site F (middle
and bottom). The sediment samples were analyzed by Microwave
assisted acid digestion (Method 3052). A total of thirty two metals were
identified, as shown in Table 4. Among these metals, Al, K, Mg, Mn,
Ba and Fe have the six highest concentrations.
Table 4 Concentrations of metals absorbed on lake sediments
Metal
Al (Alumin.)
Sb (Antim.)
As (Arsenic)
Ba (Barium)
Be (Beryll.)
Bi (Bismuth)
Cd (Cadm.)
Ca (Calcium)
Cr (Chrom.)
Co (Cobalt)
Cu (Copper)
Ga (Gallium)
Ge (German.)
In (Indium)
Fe (Iron)
Pb (Lead)

Concentration
(mg/kg)
4004 – 15226
0.0008 – 0.012
1.3 – 2.3
53.2 – 136.2
0.16 – 0.52
0.01 – 0.09
0.024 – 0.22
5.9 – 18.9
5.2 – 19.1
1.6 – 5.1
1.4 – 8.1
1.4 – 4.3
2.5 – 7.0
0.03 – 0.22
36.6 – 133.5
0.2 – 2.8

Metal
Li (Lithium)
Mg (Magnes.)
Mn (Mangan.)
Hg (Mercury)
Mo (Molybd.)
Ni (Nickel)
K (Potassium)
Rb (Rubidium)
Se (Selenium)
Ag (Silver)
Na (Sodium)
Sr (Strontium)
Tl (Thallium)
U (Uranium)
V (Vanadium)
Zn (Zinc)

Concentration
(mg/kg)
5.1 – 21.3
728 – 2082
78 – 268
0.17 – 3.06
0.08 – 0.23
2.44 – 11.5
974 – 4406
5.2 – 19.8
0.08 – 0.88
0.02 – 0.32
25.5 – 87.7
3.0 – 10.4
0.045 – 0.09
0.12 – 0.78
5.2 – 18.5
26.3 – 74.6

Note that mercury (Hg) was also measured using the Milestone Direct
Mercury Analyzer method described above. The direct analyzer method
gave the mercury concentrations ranging 0.048 to 2.24 mg/kg, while

Chemical analyses show that PCBs and pesticides are not abundant in
the lake sediments, but nutrients and some metals are. A total of 32
metals are identified, among which Al (Aluminum), K (Potassium), Mg
(Magnesium), Mn (Manganese), Ba (Barium) and Fe (Iron) are the
most abundant ones. Mercury is a hazard concern in this lake.
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