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PREDICTING SEDIMENT AND CESIUM-137 TRANSPORTED TO OFFSITE DURING
EXTREME FLOODS

Yixing (Steve) Baol

ABSTRACT

This paper presents the methods and results of a research project for predicting contaminated
sediment transport from Oak Ridge Reservation to offside under potential extreme flood
conditions. A computer model, Hydrologic Simulation Program –FORTRANE (HSPF), was
calibrated and validated for White Oak Creek watershed using a five-year data. The model was
then used to quantifi the effects of a potential 100-year flood event in terms of the sediment
transport and 137CSmovement. Results from computer simulation showed that during a 100-year
flood event the watershed and channel bed became the major sources of the 137CS.A 100-year
flood event may result in 3.2 Ci of the total annual release of ‘37CSwhich is six times of the
averaged annual release observed during a five-year time period.

INTRODUCTION

Over a period of 50 years, the operation of and waste disposal activities at Oak Ridge National
Laboratory have resulted in an accumulation ofcesium-137 (137CS)and other radionuclide o W4
contaminants that are bound to sediments distributed along the floodplain of the White Oak Creek
(WOC) basin. The White Oak Creek basin area is about 16 km2 with 80% forest, 10% riparian,
and 10°/0developed area such as buildings, roads, and parking lots. Slope of the primary
channels is in a range from 1/1000 to 4/1000. Prediction of the mobilization and transport of
sediment-bound ‘37CSduring extreme flood events is critical in order to assess the potential
exposure risk to the public. The modeling task faces three challenges. First, the extreme flood
event (100-year flood) needs to be simulated based on limited onsite observed data of
precipitation and stream flow. Second, it is required to account for both nonpoint sources of 137CS
from hill slopes including an old earthen dam site which is typically storm induced due to the
surface soil erosion and point sources of ‘37CSinflux from the Non-Rad Waste Water Treatment
Facility discharges. Third, the upstream of weirs, the channel bed, and White Oak Lake in the
system can serve as source or sink depending on the channel flow, sediment and 137CS
concentrations.

METHODS

A comprehensive, continuous watershed model, Hydrologic Simulation Program-Fortran (HSPF),
has been modified and applied to the WOC basin to simulate various hydrological processes,
sediment transport, and movement of ‘37CS(Clapp et. al. 1996, Bicknell et. al. 1993). Four
pervious land segments (subdivisions of the watershed) that are connected through seven channel
reaches represent WOC basin in the HSPF model (Figure 1).Because a large number of
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parameters are required in HSPF modeling, a major effort in the modeling processes is the
calibration by adjusting calibration parameters to make simulation results and measured values
agree as closely as possible. A model was developed to automate the calibration processes by
combining an expert system and a nonlinear optimization technique. The expert system
component represents a collection of experiences of HSPF modeling and watershed
characteristics. The nonlinear optimization component automates the process of determining
values of calibration parameters by minimizing the absolute difference in streamflow between the
observed and simulated values. This automated hydrologic calibration model dramatically
reduced the time required for calibration process and improves the modeling results significantly.
Over a five-year period, the simulated flow discharge closely matches with the observed vaIues at
the White Oak Dam. A goodness-of-fittest with zero intercept on the linear remession relates the
simulated and observed-flows over a period of five years with coefficient of determination of
0.955.
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Figure 1. Schematic Sketch of the Model Elements Representing White Oak Creek
Watershed

Two scenarios were analyzed in White Oak Creek watershed modeling. The first scenario was to
simulate for a five-year period of 1990-94 using onsite real data such as precipitation and
evaporation time series to understand system characteristics of White Oak Creek basin in terms of
watershed hydrology, surface soil erosion, sediment transport, contaminant fate, and channel bed
interactions. The second scenario was to quantifi the effects of a potential 100-year flood event
and the sediment transport and 137CSmovement under the extreme flood condition. Three steps
were needed for simulation under this scenario: 1) estimation of peak flow of extreme (100-year)
flood, 2) selection and modificati& of storm event which resulted in 100 year flood, 3)
simulation of flow, sediment and 137CSreleased to offsite under the extreme flood conditions.

;- RESULTS
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Figure 2 shows an example of results of simulated and observed suspended sediments and ‘37CS
concentrations at upper White Oak Creek (7500 bridge, immediate below the lab complex),
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middle White Oak Creek (White Oak Creek Weir), and basin outlet (White Oak Dam) during
March 23, 1993 storm. As shown in the figures, model unlier simulates the peak suspended
sediment concentration by 30°/0and under simulates peak 137CSconcentration by 100% at upper
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Figure 2. Comparison of simulated and observed suspended sediments and
CS-137 during March 23, 1993 storm in White Oak Creek basin
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WOC during the storm. The trend of both suspended sediment and 137CSconcentrations at upper
WOC closely match with the observed values. The simulated peak time for suspended sediment
and 137CSconcentrations also matches the observed peak time. At middle WOC, the simulated
sediment concentration and 137CSconcentration closely match the observed values. The observed
suspended sediment concentration at WOD seems to be more attenuated and delayed in time.

Overall, the observed 137Csconcentrations at all three locations during the storm are in a range
comparable with simulated results. The baseline simulation results indicated that the bed
sediment erosion occurred at upper WOC but not dramatically; sediment deposition occurred at
White Oak Lake; and significant 137CSinput was from upper WOC channel bed erosion during
the storm. The simulated annual reIeases of ‘37CSto off-site locations matched data within a
factor of 2 for 1990-94.

An adjusted November 27, 1973 hourly rainfall intensity data at NOAA Oak Ridge station was
super imposed to replacing March 23, 1993 storm to simulate the potential 100-year flood. The
simulated peak flow for the potential 100-year flood is 81.4 m3/s (2,875 cfs).

The change of 137CSconcentration during a storm depends on rate of changes in flow and
suspended sediment concentration, and sources of sediments. ‘37CSconcentration increases at the
beginning of the 100-year storm because the stream flow starts to increase significantly to
mobilize the sediment-bound ~37Csmainly in the bed of channel and lake. In this stage both
suspended sediment concentration and stream flow remain relatively low magnitude. As flow
increases, the flow rate increase is greater than the increase of sediment concentration. Newly
eroded non-contaminated sediments from Melton Branch Creek watershed enter the lake and mix
with previous deposited contaminated sediments. Therefore, the 137CSconcentrations decrease
dramatically at the earlier rising limb of flood hydrography.*37CSincrease again as flood reaches
to peak at the beginning of descending limb when significant sediment erosion occurs at
channel/lake beds and hill slope contributed sediment concentration reach to its peak. Significant
*37CSis released to the off-site during a short time.

The results from extreme-flood simulation showed that during a 100-year flood event the
watershed and channel bed became the major sources of the 137CS.The total annual release of
137CSto offsite with 100-year flood event was 3.2 Ci V.S.0.4 Ci for a normal year without 100-
year flood. The peak concentration of 137CSwas about 1960 pCi/g and maximum flux of *37CS
was 0.99 Ci/hour during the extreme flood event.
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