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Abstract

Newman, D.J., D.R. Perault and T.D. Shahady. 2006. Watershed development and sediment accumulation in a small 
urban lake. Lake and Reserv. Manage. 22(4):303-307.

The ever-increasing development of watersheds has raised the importance of assessing and mitigating the environ-
mental impacts on water bodies located within disturbed areas. The removal of natural landcover can increase soil 
erosion and runoff along creeks and rivers, leading to heavier sediment build-up in ponds and lakes and to reductions 
in water quality and impoundment capabilities. For this paper, we described the possible impact from urbanization 
on sedimentation within a small lake. Landcover maps from two different time periods were compared against lake 
depths to assess relationships between development and sediment buildup. By understanding the mechanisms po-
tentially leading to the ultimate loss of this lake, it is hoped that remediation strategies to reduce future degradation 
may be developed.
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Managing freshwater ecosystems requires an understanding 
of many complex processes, one of the most important being 
sedimentation (Thornton 1990). A rapidly flowing stream 
burdened with sediment may enter a still body of water 
such as a reservoir, dissipating its energy as flow slows, and 
depositing its sediment load (Salas and Shin 1999). When 
outflow of sediment from reservoirs is less than inflow (as 
is often the case), the reservoirs may act as sediment traps 
(Baxter 1977, Fan and Morris 1992). Although such traps 
may improve downstream aquatic environments by remov-
ing suspended solids along with pollutants, within the bodies 
of water themselves ecological relationships are disrupted, 
aesthetic qualities are diminished, and general water qual-
ity is degraded (Brugam 1978, Cohen et al. 1993, Waters 
1995). In addition, as reservoirs become filled with sedi-
ment, their capacity for water storage decreases. Mahmod 
(1987) estimated a decrease in worldwide reservoir storage 
by 1% per year due to sedimentation, as approximately 20 
billion tons of sediments are deposited in river channels and 
in reservoirs yearly (Mousavi and Samadi-Boroujeni 1998). 
This loss of storage capacity from sedimentation diminishes 
reservoir benefits including flood control, water supply, and 
recreational opportunities (Hotchkiss and Huang 1995).

Exposure of bare soils and increased impervious cover in 
urban areas augment problems of watershed erosion and 

downstream sedimentation (Douglas 1976). With the removal 
of ground cover that normally dissipates the energy of a heavy 
rain, runoff and erosion often increase as precipitation may 
now exceed the decreased ground infiltration rate (Krenisky 
et al. 1998). Such urbanization may increase annual sedi-
ment loads by as much as 50% (Nelson and Booth 2002), 
with developed areas contributing up to 14 times the loads 
of suspended sediment as forested watersheds (von Guerard 
1989). Construction sites, in particular, can increase soil 
erosion and raise the amount of sediment found in a stream 
far above natural levels (Wolman and Schick 1967, USEPA 
1997, Faucette et al. 2004).

In this paper, we build upon previous in-lake research (Perault 
et al. 2005) and correlate loss of storage capacity in College 
Lake to increases in development throughout its watershed. 
We first generated land-use maps of the region for two time 
periods, 1971 and 2002, to assess its degree of urbanization 
over the past few decades. We then measured and mapped 
water depths and sediment accumulations in the lake itself for 
those same times. By qualitatively developing a relationship 
between changing land-use and water quality, this informa-
tion may be useful to managers attempting to address sedi-
ment buildup resulting from upstream development.
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Materials and Methods
Study Area
College Lake is a small reservoir built in 1934 impounding 
Blackwater Creek, the primary drainage through the City 
of Lynchburg, Virginia, and a tributary of the James River 
and ultimately the Chesapeake Bay. The entire Blackwater 
Creek watershed has a drainage area of just over 3900 ha 
and encompasses adjacent counties consisting primarily 
of forest and agricultural land uses. Within the Blackwater 
Creek watershed, the College Lake drainage consists of 
approximately 517 ha and is considered urbanized (>50% 
development) with its few remaining forested areas under 
development pressure. When built, the lake surface area 
was approximately 18 ha with a maximum depth of almost 
9 m (Carico et al. 1973). The original (1934) watershed to 
reservoir ratio was 29:1.

Over the years, College Lake has served as an interceptor of 
sewage during extreme precipitation and resulting stormwater 
events. Such occurrences have dramatically decreased since 
the 1980s as the City of Lynchburg began implementing a 
Combined Sewer Overflow Program (City of Lynchburg 
Department of Public Works 2000). With sewage overflow 
occurrences decreasing in recent years, excess sedimentation 
has become the most prominent and problematic issue. This 
has become exacerbated as construction sites in this region 
often adhere to a minimum or even poor standard of compli-
ance (Swackhammer and Shahady 2002).

Watershed Assessment
The College Lake watershed was delineated on a digital 7.5’ 
USGS quadrangle maps via heads-up digitizing in ArcView 
GIS (Environmental Systems Research Institute 2005). 
Landcover data for 1971 were then obtained from USGS 
(2005) datasets created from interpretation of aerial photos 
from the 1970s and 1980s. These datasets broadly categorize 
land use during this time into 21 categories, based on a 4 ha 
minimum mapping unit. The original 21 landcover classes 
were then aggregated into more general categories of Forest, 
Agriculture, Residential, and Commercial.

The 2002 landcover map was generated from combining 
data from the Virginia Gap Analysis Project (1999) and the 
City of Lynchburg’s zoning map, originally compiled for 
Lynchburg’s regional stormwater management plan (AMEC 
2004). The GAP data had a spatial resolution of 30 m while 
the resolution of the City’s zoning data varied by parcel (land 
ownership) size. These datasets’ landcover classes were gen-
eralized into the same four categories as used for the 1971 
data. Finally, the landcover maps from both time periods 
were clipped to the extent of the College Lake watershed, and 
changes in landcover between the two dates were assessed. 
To better address changes in landcover potentially having the 

greatest impact on erosion and sedimentation, we repeated 
the change assessment for riparian areas – lands within 100’ 
of streams – as suggested by Virginia’s Department of Con-
servation and Recreation (2003).

Lake Mapping
Profiles of College Lake itself were created for the same two 
time periods, 1971 and 2002. For 1971, a map showing water 
depths measured by soundings taken at nearly 400 locations 
across College Lake was obtained from an unpublished 
research project (Ramsey and Carico personal communica-
tion). This map was scanned, brought into ArcView GIS and 
georectified. Data from these water depth points were then 
used to run a spatial interpolation and generate bathymetric 
contours for the entire lake. Mean water depths were also 
calculated across the lake.

For the 2002 lake profile, both water and sediment depth 
data were collected using a marked PVC pipe and a Garmin 
E-Trex Legend GPS unit. At each of 508 locations, the pipe 
was lowered to the lake bottom to measure water depth, then 
pushed through the sediment to the firm substrate below, 
providing sediment depth. Bathymetric contours were again 
generated, describing both water and sediment depths across 
the entire lake for this time period. Finally, 2002 mean water 
depths were compared to 1971 depths. Due to a lack of sedi-
ment data in 1971, only comparisons in water depths could 
be made between the two time periods.

Results
Watershed Assessment
All four land use categories were found in abundance in both 
1971 (Fig. 1a) and 2002 (Fig. 1b). The primary difference 
between the two time periods is the shift from a predomi-
nantly Residential watershed in 1971 to a more Commercial 
watershed in 2002 (Table 1). This reflects the increased 
development throughout this region. The increase in Com-
mercial coverage came at a cost primarily to the Residential 
category, with the amount of both Forest and Agriculture 
lands remaining relatively unchanged.

Limiting this assessment to only riparian areas revealed a 
similar pattern (Table 2). Commercial again increased dra-
matically (more than tripling), again at a cost to primarily 
Residential. In this analysis, both Forest and Agriculture 
declined as well, all of which reinforces the urbanization 
trend in this region, as well as indicating a lack of riparian 
protection.
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Lake Mapping
When College Lake was originally created in 1934, it was 
estimated to be approximately 18 ha in size, with a watershed 
to reservoir ratio of 29:1. In 1971, the lake area was 12.13 
ha, with a 42:1 watershed to reservoir ratio, and having ap-
proximately 265,000 m3 of water in storage capacity. By 
2002, the area of the lake had decreased to <8 ha, smaller 
than half its original size. This decease in area more than 
doubled the watershed to reservoir ratio from its original 29:1 
to approximately 68:1. In addition, the 2002 storage capacity 
of the lake was estimated to be about 96,000 m3, having lost 
approximately 169,000 m3 in storage capacity since 1971.

In 1971, College Lake had a defined channel from the inlet of 
Blackwater creek to the dam, with the deepest water depths 
in the lake’s center (Fig. 2a). By 2002, the lake had lost its 
channel near the headwaters and had generally lost depth 
throughout the entire lake (Fig. 2b). On average, the lake lost 
almost 1 m of water depth between 1971 and 2002, going 
from 2.18 m to 1.27 m, respectively. Maximum depths also 
decreased, from approximately 8 m in 1971 to <6 m in 2002, 
both of which were less than the original 1934 maximum 
depths of nearly 9 m.

Table 1.-Percentage of landcover types for the College Lake, 
Virginia, watershed in 1971 and 2002.

 1971 (%) 2002 (%)

Forest 21.2 20.8

Agriculture 17.2 15.6

Residential 48.6 31.6

Commercial 13.0 32.0

Table 2.-Percentage of riparian (100’ buffer) landcover types for 
the College Lake, Virginia, watershed in 1971 and 2002.

 1971 (%) 2002 (%)

Forest 26.4 20.0

Agriculture  18.8 14.4

Residential 45.4 36.6

Commercial 9.4 29.0

Figure 1.-Landcover across the College Lake Watershed, Virginia, 
in 1971 (a) and 2002 (b).

Figure 2.-Water depths across College Lake, Virginia, in 1971 (a) 
and 2002 (b) (adapted from Perault et al. 2005).
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1991) and better managing stormwater and runoff issues, in 
this case addressing and mitigating the sources of sediment, 
regardless of land use or ownership. Such a solution moves 
beyond political boundaries and constraints, working instead 
from a perspective defined by nature. Ultimately, the resto-
ration of College Lake, as with other urban reservoirs, will 
come only with an understanding of processes and impacts, 
both natural and anthropogenic, occurring across its entire 
watershed.
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