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Fire Protection Well, River Bend Station Nuclear Power Plant, St. Francisville, Louisiana 

Problem #1: Theis Equation for Distance versus Drawdown 

The extraordinary safety concerns at a nuclear power plant require that cooling water for the 
plant be from a different source than water for fire protection. At River Bend station, cooling water is 
obtained from the Mississippi River at an intake structure about a mile from the plant, where the water 
is clarified and then pumped to the plant. Groundwater from a well completed to a depth of 1,800 feet 
into the Tertiary Zone 3 aquifer is used for fire protection. 

River Bend station is one of eight nuclear power plants operated by Entergy Operations, Inc. in 
the southern and northeastern United States. River Bend station is located 24 miles north of Baton 
Rouge, Louisiana in West Feliciana Parish. The 3,300-acre site abuts the Mississippi River on the west. 
The power plant itself is located about a mile to the east on a bluff overlooking the river (Figure 3.1.1). 
River Bend station is capable of producing 980 megawatts of electricity. In 2003, it produced 7,600,000 
megawatt hours that were used by more than 2 million customers in Louisiana, Mississippi, Texas, and 
Arkansas. 

Figure 3.1.1. Location of River Bend station power plant outside of St. Francisville, Louisiana, on the 
upland adjacent to the Mississippi River. 

As part of the licensing documentation required by the U.S. Nuclear Regulatory Commission, the 
amount of drawdown produced during a fire at River Bend station in the nearest well also completed in 
the Tertiary Zone 3 aquifer has to be estimated. The Theis equation can be used to make this estimation. 

Based on performance and analysis of an aquifer test in the fire protection well, a maximum 
sustainable yield of 900 gallons per minute can be used in this calculation and site-specific values of 
transmissivity and storativity are 35,200 gallons per day per foot and 0.00072, respectively. 
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The nearest well also completed in the Tertiary Zone 3 aquifer was operated by the Crown-
Zellerbach Corporation and located 7,500 feet away, on the other (west) side of the Mississippi River 
(Figure 3.1.2). Like many similar engineering calculations, unknown values of parameters, such as the 
duration of pumping the fire protection well, are addressed conservatively by using a value that 
overestimates (in this case) the amount of drawdown in the Crown-Zellerbach well. Hence, the fire 
protection well at River Bend station was assumed to operate for the entire 40-year design life of the 
power plant.  

Questions for Problem #1: Answer the questions 1-4 in Excel file ch3_p1.xls. 

Figure 3.1.2. Schematic diagram of Crown-Zellerbach well and fire protection well at River Bend station. 

Dewatering System at River Bend Station Nuclear Power Plant, St. Francisville, Louisiana 

Problem #2: Theis Equation for Distance versus Drawdown 

As seen in Problem 1 of this chapter, the River Bend station nuclear power plant was constructed near 
the Mississippi River in Louisiana. During the six-year construction project, an excavation covering 41 
acres and up to 100 feet deep (Figure 3.2.1) was created to construct the foundation for the reactor 
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building, the cooling water towers, radwaste building, and other structures. To complete this task, the 
shallow unconfined aquifer in the surficial loess, Port Hickey silts and clays, and the Citronelle Formation 
sands and gravels had to be dewatered and the water table lowered 65 feet. A temporary dewatering 
system was installed to maintain the water table below the bottom of the excavation so that 
construction could occur under dry conditions. The dewatering system contained 44 wells (see Figure 
3.2.2) spaced around the perimeter of the excavation. Each well is approximately 145 feet deep, 
equipped with a turbine pump powered by a diesel engine and capable of pumping 700 gallons per 
minute through 12-inch diameter screen (see Figure 3.2.3). 

Figure 3.2.1 The 41-acre 100-foot deep excavation at River Bend station created for construction of the 
nuclear power plant and other structures had bench cuts at the edge of excavation. The access ramp is 
seen on the bottom left of the photograph. 
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Figure 3.2.2 Close up of bench cuts in silt material along the edge of the excavation. Three dewatering 
wells are seen along the perimeter of the excavation. 

Figure 3.2.3 One of the 44 dewatering wells surrounding the excavation at River Bend station. 
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The combined discharge from all 44 wells was released into a nearby bayou that flowed to the 
Mississippi River. The dewatering system operated during two separate construction phases over a six-
year period. The maximum combined discharge from the 44 wells was more than 22,000 gallons per 
minute (31.7 million gallons per day) but averaged about 7,700 gallons per minute (11 million gallons 
per day) (see Figure 3.2.4). 

The cones of depression from the 44 dewatering wells interfere with each other to create a 
composite cone of depression. Because drawdown is linearly additive, the size and shape of the 
composite cone of depression can be estimated using the Theis equation. The spreadsheet problem uses 
the Theis equation to predict the long-term behavior of the water table under various pumping 
scenarios (see Reference Book). Using the Theis equation is a reasonable approach to this problem that 
entails making estimates of flow system behavior several years into the future because the period of 
delayed yield in most unconfined aquifers only persists from several hours to a few days. After this short 
period of time, the long-term time-drawdown behavior can be characterized with the Theis equation 
using a value of specific yield instead of the coefficient of storage. 

Questions for Problem #2: Answer the questions 1-5 in Excel file ch3_p2.xls. 

Figure 3.2.4 Combined discharge of the 44 dewatering wells into a local bayou. 
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