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1.0 Introduction

The Missouri River is a large, flowing water body and daily flow at the Labadie Energy Center (LEC) is
estimated to range between 25 and 332 billion gallons per day, depending upon the river stage. In contrast,
during low river flow conditions, average daily groundwater flow into the river is a fraction (estimated to be
163,000 gallons or 0.0006%) of the receiving water body. This ratio of flow is referred to as a "dilution factor"
and is useful when assessing the relationship between smaller and larger water bodies. Set forth below is a
calculation of a dilution factor based on specific criteria and assumptions delineated in Section 1.6.

1.1 Low River Conditions

Washington Gauge

Washington Gauge
Elevation (Feet

Missouri River
Elevation at the

St. Charles Gauge

St. Charles Gauge
Elevation (Feet

Missouri River
Elevation at the St.

Height (Feet Above | Above Mean Sea | Washington Gauge | Height (Feet Above | Above Mean Sea |Charles Gauge (feet
Date Gauge) Level) (feet MSL) Gauge) Level) MSL)
1/13/2015 17:00 1.21 457.27 458.48 7.92 413.47 421.39

Notes:

1) feet MSL - feet above mean sea level.
2) Information on the Washington Gauge available at https://waterdata.usgs.gov/usa/nwis/uv?06935450.

3) Information on the St. Charles Gauge available at https://waterdata.usgs.gov/mo/nwis/uv?site_no=06935965.
4) 1.21 is the lowest gauge height for the Missouri River since October, 2014. This date is used because prior
to this date no publicly available flow data was collected at the Washington Gauge.

Missouri River
Elevation at the

St. Charles Gauge
Elevation (Feet

Distance Between
Washington and St.

Distance from

Estimated Missouri

Washington Above Mean Sea Charles Gauges Missouri River Washington Gauge | River Elevation at
Gauge (feet MSL) Level) (River Miles) Gradient (feet/feet) | to LEC (River Miles) | LEC (feet MSL)
458.48 421.39 39.1 0.00018 10.0 449
Notes

1) Estimated Missouri River level calculated by subtracting the gradient of the Missouri River multiplied by the
distance from the Washington Gauge (in river feet) from the Washington Gauge elevation.

1.2 Aquifer Discharge Length and Area

Description Value [Units
Estimated length of discharge zone 9,200 |[feet
Estimated top of discharge zone (low river level) 449 [feet above mean sea level
Estimated bottom of discharge zone (Bedrock) 365 [feet above mean sea level
Estimated thickness of discharge zone (Top - Bottom) 84 feet
Estimated area of discharge zone (length x thickness) 772,800 [feet’
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1.3 Groundwater Properties
Description Symbol Value Units
C\;/ee”r:)ge Hydraulic Conductivity (CCR Rule Monitoring K 63 feet/day
Average Groundwater Gradient (from GMP) I 0.0004 |[feet/feet
Effective Porosity (from GMP) n 35 %
Average linear groundwater velocity (V=KI/n) V 0.08 feet/day
1.4 Groundwater Discharge
Description Symbol Value Units
Average linear groundwater velocity Vv 0.08 feet/day
Estimated Discharge zone area A 772,800 feet?
Effective Porosity (from GMP) n 35 %
Estimated total GW Discharge (Q=V*A*n) Q 21,851 feet3/day
1.5 Missouri River Flow
Description Value Units
Estimated low Missouri River Conditions
(1/13/2015) 449 feet above mean sea level
Corresponding Discharge from
Washington Gauge (1/13/2015) 39,700 feet®/sec
Seconds per Day 86,400 seconds/day
Estimated low Flow Daily Discharge 3
(Average Discharge * seconds per day) 3,430,080,000 feet’/day

Washington Discharge data from https://waterdata.usgs.gov/usa/nwis/uv?06935450.

1.5 Dilution Factor

Description Values Units
Estimated Total Daily Groundwater Dischal 21,851 feet’/day
Estimated Daily Groundwater Discharge 163,457 gallons/day
Estimated Daily River Flow 3,430,080,000 feet’/day
Estimated Daily River Flow 25,658,782,042 gallons/day
Estimated Dilution Factor (River / GW) 156,975 or >100,000 Unitless
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1.6 List of Conservative Assumptions Used

1) Calculations are based on estimated flow rates under low flow river conditions. As an example, low flow
values used for Labadie Energy Center are from January 13, 2015 which is the lowest value since October
2014. Using river flow averages would greatly increase the dilution by an order of magnitude. Missouri River
data is available at https://waterdata.usgs.gov/nwis/uv?site_no=06935450.

2) To simplify the calculations, the alluvial aquifer was assumed to consist of higher permeability sands,
resulting in conservative (higher) estimates of groundwater discharge.

3) The calculations do not take into account any dilution from the alluvial aquifer itself. The river locally
recharges the aquifer at varying rates depending on river stage. In addition, on a near continuous basis,
groundwater flows from the bedrock aquifer into the shallow alluvial aquifer. All of these sources increase
dilution within the alluvial aquifer.

Although these calculations use conservative assumptions which would serve to increase the dilution factor
ratio, the calculated value for the dilution factor has been rounded down. This dilution factor ratio represents a
worst case scenario and actual dilution factors are likely greater.
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