: ' WSRC-MS-96-0731
(L opF-970607--

Benchmarking WASP5 with Data from the 1991 K-Reactor
Tritiated Aqueous Release Incident(U)

by
K. F. Chen
Westinghouse Savannah River Company

Savannah River Site
Aiken, South Carolina 29808

19980407 015

A document prepared for AMERICAN NUCLEAR SOCIETY 1997 ANNUAL MEETING at Otlando, FL, USA from

6/1/97 - 6/5/97.
DOE Contract No. DE-AC09-89SR18035 : R

This paper was prepared in connection with work done under the above contract number with the U. S.
Department of Energy. By acceptance of this paper, the publisher and/or recipient acknowledges the U. S.
Government's right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper,
along with the right to reproduce and to authorize others to reproduce all or part of the copyrighted paper.

[ 9%

asrrs

WSTRIBUTION OF THIS DOCUMENT 1S UNLINMITE




DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its-use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

This report has been reproduced directly from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and Technical Information,
P.O. Box 62, Oak Ridge, TN 37831; prices available from (615) 576-8401.

Available to the public from the National Technical Information Service, U.S. Department of
Commerce, 5285 Port Royal Road, Springfield, VA 22161.




Benchmarking WASP5 with Data from the 1991 K-Reactor Tritiated Aqueous
Release Incident

Kuo-Fu Chen
Westinghouse Savannah River Company
Aiken, SC

The Savannah River Site (SRS) has upgraded its aqueous emergency response
capability to model the transport of pollutants released from SRS facilities
during normal operation or accidents through onsite streams to the Savannah
River. The transport and dispersion modules from the U. S. Environmental
Protection Agency (EPA) WASP51 model were incorporated into the SRS
emergency response system, called the Weather INformation and Display
(WIND) System. WASPS5 is a water quality analysis program that simulates
surface water pollutant transport, using a finite difference method to solve the

advective transport equation.

Observed tritium concentrations in the SRS streams and the Savannah River
from an accidental release from K-Reactor, one of the SRS nuclear material
production reactors, were used to benchmark the new model. Although all SRS
reactors have since been deactivated, this release of tritiated water occurred
between December 22 and 25, 1991, through the K-Reactor secondary cooling
water discharge2. Analyses of reactor discharge water suggested the leak
began sometime during December 22. The leak was positively identified and

isolated on December 25.

Following the release, tritium concentrations were tracked and measured as
the tritiated water flowed from the K-Area outfall into Indian Grave Branch
and Pen Branch, through the Savannah River swamp, past the mouth of Steel
Creek, and down the Savannah River. The measured tritium concentrations
at Steel Creek, Highway 301, Becks Ferry and Abercorn Creek were used for
benchmarking. Figure 1 depicts the route traveled by the tritiated water.

The river system model includes Indian Grave Branch, part of Pen Branch,
part of Steel Creek, and the Savannah River, as shown in Figure 1. The reach




from Point 1 to Point 2 in Figure 1 was divided into 38 segments, each with a
cross-sectional area of 11.33 m2. The reach from Point 2 to Point 3 is in the
swamp area and was divided into 22 segments, each with a cross-sectional
area of 197.14 m2. The Savannah River from 30.5 km downstream from the
New Savannah Bluff Lock and Dam to 14.5 km upstream from Fort Pulaski
was divided into 489 segments, each with a cross-sectional area of 278 m2. All
model segments are 500 m in length. The cross-sectional areas of the reaches
were estimated from the Manning Equation using the measured flows and the
elevations obtained from the topographic maps. Figure 2 shows the schematic
for the finite difference model.

The required inlet conditions are the Savannah River flow at Segment 1, the
Pen Branch flow at Segment 54, and the Steel Creek flow at Segment 551.
Daily averaged flows from December 22, 1991, to January 22, 1992, for the
Savannah River, Pen Branch and Steel Creek were obtained from the U.S.
Geological Survey Water Resources Data in South Carolina3.

It was estimated that 5,700 Curies of tritium were released between
December 22 and 25, 19912. The model assumed that the release started at
12:00 noon on December 22, 1991 and was isolated at 12:00 noon on December
25, 1991 with a release rate of 1,900 Curies per day. This corresponds to a
total release of 5,700 Curies of tritium in three days. The tritium was released

at Segment 72.

A comparison of the model results with measured concentrations shows that
the model overestimates the peak concentrations at Steel Creek, Highway
301, Becks Ferry and Abercorn Creek by 3, 3, 9 and 15%, respectively, and
underestimates the transport times of the concentration peak at Steel Creek,
Highway 301, Becks Ferry and Abercorn Creek by 37, 25, 18 and 20%,
respectively (Figure 3). The discrepancies in the travel time could result from
uncertainties in the initial release time. The oscillations in measured tritium
concentrations at Abercorn Creek shown in Figure 3.D are caused by tidal
cycles, which were not modeled in this study but will be included in future
models.




The new SRS aqueous emergency response model (incorporating the WASP5
components) accurately simulates both the timing and the magnitude of the
maximum tritium concentration. This demonstrates that the code can
perform well both for emergency response and other engineering or safety

analyses.
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Fig. 2 Model Schematics (Not to Scale)
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Fig. 3 Model Results
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