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ABSTRACT 

L-Lake w p  created in 1985 to function as a 
once-through cooling water reservoir for L-Reactor at the 
Savannah River Site. The lake must be artificially 
maintained by pumping water from the Savannah River- 
at a significant annual cost. When L-Reactor was 
permanently shut down, studies were initiated to examine 
the ecological impact of a controlled L-Lake drawdown. 
An important part of these studies involved using GIS to 
develop a surface elevation model of the L-Lake floor 
based on side-scan sonar bathymetry data. The surface 
elevation model was validated by comparing computed 
lake volumes with engineering data acquired when the 
lake was filled. The surface model finally was used to 
determine the lake bottom slope and to estimate the spatial 
extent of the lake at various water levels. 

I. INTRODUCTION 

The Savannah River Site (SRS) covers some 310 
square miles and borders the Savannah River in South 
Carolina, as illustrated in figure 1. For more than 40 
years, SRS produced materials for the U.S. Department of 
Energy (DOE) to support the nation’s nuclear weapons 
stockpile and nondefense programs. Construction began 
on the site early in 1951, and represented the largest single 
construction job ever undertaken in the United States at 
the time. In less than five years, all major facilities-five 
reactors, two chemical separations facilities, laboratory 
and test reactor facilities, a heavy water extraction plant, a 
nuclear fuel. and target fabrication facility, and waste 
management facilities-were completed.’ 

L-Lake, located in the southern third of SRS, was 
created in 1985 by impounding the headwaters along the 
middle reach of Steel Creek (see figure 2). The lake was 
created to mitigate thermal .damage to the original Steel 
Creek floodplain caused by secondary cooling water 
discharge from L-Reactor. L-Lake is approximately 7,000 

David L. Dunn 
Westinghouse Savannah River Company 
Building 773-42A, Room 230 
Aiken, SC 29808 
dave.dunn@srs.gov 
(803) 725-5338 

Figure 1. Location of the Savannah River Site 

meters in length, with an average width of 600 meters 
(1,200 meters at its widest point) and a maximum depth of 
20 meters near the dam. The lake covers approximately 
425 hectares and has a capacity of approximately 31 
million cubic meters. 

Steel Creek provides insufficient flow to 
maintain the lake at full pool; therefore, water is pumped 
from the Savannah River-at a substantial annual cost-to 
artificially maintain the lake level. L-Reactor was 
permanently shut down in 1992 because the end of the 
Cold War brought about a change in the nation’s policy 
toward continued production of a large and diverse 
nuclear weapons stockpile. As a result of the shutdown, 
the SRS River Water System (RWS), which provides 
water to maintain GLake, was identified as excess 
infrastructure. Studies subsequently were undertaken to 
evaluate the environmental impact of shutting down the 
RWS and drawing the lake down over a 10-year time 
period to restore the original Steel Creek channel and 
floodplain. 
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The Final Environmental Impact Statement for the 
Shutdown of the River Water System (RWEIS) identified 
three alternatives for disposition of the RWS, including 
maintaining the system and the lake at full pool (no-action 
alternative), shutting down and maintaining the RWS, and 
shutting down and not maintaining the RWS.' To support 
the Record of Decision (ROD) in choosing one of the 
three alternatives specified in the RWEIS, an evaluation 
was undertaken to (1) determine the lake bottom surface 
structure and slope, and (2) assess whether standing pools 
of water will be left as the lake is drawn down. This 
evaluation process utilized GIs analysis and was based on 
L-Lake bathymetric data provided by the U.S. Army 
Corps of Engineers, Waterways Experiment Station? 

Lake floor slope will be a critical variable in the 
selection of appropriate vegetation for the revegetation of 
the lake floor. In addition, the GIS slope model will be 
used to assess lake floor stability and surface erosion 
potential. Finally, isolated, standing pools of water that 
may remain as the lake level recedes will slow 
revegetation efforts-and may present an ecological 
hazard to endangered species inhabiting the area. 
Identification of these isolated pools using GIS is very 
important to developing plans to mitigate them prior to 
drawing the lake down. 

An important factor, which complicated the 
evaluation of the proposed L-Lake drawdown, is the 

presence of cesium-I37 and cobalt-60 contamination in 
the original Steel Creek floodplain and stream channel. 
This contamination, resulting from leaking fuel elements 
in the L-Reactor spent fuel storage pool, was present in 
the Steel Creek floodplain prior to L-Lake excavation. 
During lake construction, cleared vegetation debris and 
contaminated sediments were disposed of in vegetation 
waste piles and large waste units located near the 
floodplain. Identification and reclamation of these waste 
areas will be a costly aspect of the proposed GLake 
drawdown. Because of the high cost of reclaiming these 
areas, DOE has elected to postpone further consideration 
of a gradual L-Lake drawdown until the year 2000. 

11. METHODOLOGY 

Bathymetric data was collected as a series of track 
lines spanning the length of L-Lake, as illustrated in figure 
3. Each of the track lines consists of lake depth data taken 
at horizontal intervals of approximately 1.5 meters. A 
total of 27,436 point measurements were made, and these 
data were imported into Arcfinfo@ as a point coverage. 
Arc/Info@ is a professional GIS software package 
developed by the Environmental Systems Research 
Institute. 

Figure 3. L-Lake Side Scan Sonar Track tines 



Triangulated irregular network (TIN) interpolation 
then was used to develop a surface model of the L-Lake 
floor, using the bathymetric data and the L-Lake 
shoreline. TINs were chosen to create the surface model 
because they are best suited to represent spatially 
heterogeneous data and because they can be used to 
incorporate features such as breaklines and clipping 
polygons directly into the interpolation process. In 
addition, TINs exactly honor the original data points in 
the interpolation. The L-Lake shoreline represents a 
geographic feature with a constant elevation of 57.9 
meters mean sea level (MSL) and was used in the TIN 
process as a hard breakline. Use of the hard breakline 
ensures that the TIN surface model will not extend beyond 
the shoreline spatial boundary and that the elevation along 
the shoreline will be a constant 57.9 meters. 

The TIN surface model of L-Lake was used to create 
a gridded surface with a grid cell-size resolution of 5 
meters. The grid was created using linear interpolation to 
compute a single elevation value for each grid cell. 
Because the original data are separated horizontally by an 
average distance of approximately 1.5 meters, the 5-meter 
grid cells represent a weighted average approximation to 
the original data such that the original data points are not 
honored exactly as they are in the TIN model. 

An evaluation of the grid surface model indicated 
anomalous elevation results at several localized areas on 
the lake floor, prompting an evaluation of the original 
bathymetric data. The original data was examined using 
ArcAnfoB LATTICESPOT to determine the elevation of 
each original bathymetric data point projected onto the 
surface grid. A residual then was computed by taking the 
difference between the measured depth and the depth 
interpolated from the surface grid with LATTICESPOT. 
The resulting difference was normalized using the 
maximum elevation change across the surface. 
Examination of the normalized residual values indicated 
several hundred spurious data points either with zero 
depth values or with depth values indicating large vertical 
discontinuities on the L-Lake floor. Because of 
vegetation and other debris, some spurious data results are 
to be expected when performing acoustic imaging of a 
water body. The anomalous values were removed from 
the original data, and new TIN and grid models were 
created. These new models again were evaluated against 
the original data and were determined to have provided an 
accurate representation of that data. 

The L-Lake bottom surface TIN model was validated 
by comparing L-Lake volume calculations derived from 
the TIN model with volume measurements taken when 

L-Lake was filled in 1985. As the lake was filled, an 
orifice flow meter was used to determine the lake in-flow 
as a function of time. The flow rate measurements then 
were time-integrated to determine the lake volume at 
specified time increments. L-Lake water level 
measurements also were taken so that volume as a 
function of water level could be determined. These 
volume measurements, reported as a function of LLake 
level in meters MSL, have an estimated uncertainty of 
+lo%. Calculations were performed using the ArchfoB 
VOLUME algorithm to determine the lake volume as a 
function of lake level and are illustrated in figure 4, along 
with the measured values and associated error estimates. 
As can be seen, the L-Lake volume derived from the TIN 
model is in good agreement with the measured data, 
providing verification that the model provides a 
reasonable representation of the L-Lake floor. 

111. RESULTS 

The 5-meter grid model of the L-Lake floor was used 
to evaluate the lake floor slope and to determine whether 
isolated standing pools of water will remain as the lake is 
drained. Gridded representations of the L-Lake floor 
elevation and slope are provided in figures 5 and 6, 
respectively. Standing pools of water, if created during 
lake drawdown, will slow efforts to revegetate the lake 
floor as the water level subsides-and may present an 
ecological hazard to endangered species inhabiting the 
surrounding area. Grids representing the spatial extent of 
the lake surface at incremented lake levels of one meter 
were created using the ArcViewB Spatial Analyst 
Extension to locate potential pools of standing water. 
Significant pools of standing water were identified at lake 
levels ranging from 42 to 53 meters MSL. The lake 
essentially will be drained when its level reaches 
approximately 37 meters MSL. 

The L-Lake floor slope model, illustrated in Figure 6, 
indicates that for most of the lake floor, the surface slope 
is less than 5 degrees. Significant areas of surface slope 
exceeding 5 degrees exist near the original Steel Creek 
stream channel and near the lake shoreline. Many small 
areas with surface slope values exceeding 10 degrees are 
present. These areas may represent mounds created 
during vegetation clearing for the lake when vegetation 
debris was bulldozed into piles and covered with soil. 
Surface slope is an important factor in determining the 
best types of vegetation for revegetating the lake floor 
after the lake drawdown is completed. 
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Figure 4. Comparison of L-Lake Measured and Calculated Volume 
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IV. CONCLUSIONS 

Bathymetric data was successfully used to create an 
accurate representation of the L-Lake floor as verified by 
measured lake volume reported as a function of lake level 
elevation. Both TIN and grid models were used to 
construct surface models of the L-Lake floor, and these 
models subsequently were employed to determine the lake 
floor slope and to evaluate the potential for the creation of 
standing pools of water during lake drawdown. Results 
indicate that significant pools of standing water will be 
created as the lake level is lowered. 
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