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EXECUTIVE SUMMARY 

Ameren is proposing to construct Millcreek BESS development, which encompasses approximately 

40 acres of mainly agricultural land located in Lincoln County, Missouri. The site is bounded by 

Highway 61 to the east, Millcreek Church Road to the west, and Mill Creek to the south. The location 

of the proposed development is shown below in Figure 1. 

Figure 1: Millcreek BESS Project Location 

The purpose of this drainage study is to provide the results of the onsite and offsite drainage analysis 

and to estimate the 100-year inundation depths at the Millcreek BESS site under existing conditions. 

This report describes the methodology used to perform this analysis and determine existing drainage 

patterns. 

Drainage patterns were determined from a two-dimensional (2-D) hydrologic and hydraulic analysis 

using the U.S. Army Corp of Engineers’ Hydrologic Center River Analysis System (HEC-RAS) version 

6.6.  

Expected flooding for the 100-year, 24-hour storm event was modeled for the Millcreek BESS site. 

Flooding depths were calculated for existing terrain conditions in the project area. Results from the 

model show that a majority of the onsite areas experience water depths of less than 1 foot and select 

onsite areas reach up to two feet in depth. Areas that experience depths near two feet are generally 

confined to channelized flow. The model setup and results can be viewed in the exhibits in the 

Appendix A. 
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1 INTRODUCTION 

1.1 PROJECT BACKGROUND  

Kimley-Horn was retained by Ameren to conduct a hydrologic and hydraulic analysis for the proposed 
Millcreek BESS Site. The project area is located in Lincoln County, MO, about 1.5 miles east of 
Whiteside, MO (Figure 1). The proposed development is located between Highway 61 to the east, 
Millcreek Church Road to the west, and Mill Creek to the south. The purpose of this report is to provide 
the results of the onsite and offsite drainage analysis for existing conditions. 

1.2 S ITE DESCRIPTION  

The project site is approximately 40 acres located in Lincoln County, MO. The site is primarily 

agricultural land. From the NRCS (Natural Resources Conservation Service) Web Soil Survey 

database (Figure 6), the majority of onsite soils are hydrologic soil group C and D.  

Onsite and offsite site topography is shown in (Figure 2) with 10-ft and 20-ft contours developed from 

publicly available Digital Elevation Model (DEM) data and surveyed topography data. Elevations range 

from approximately 494 to 930 feet for the model area.  

The site is shown on FEMA Flood Insurance Rate Map (FIRM) Panel 29113C0090D (Figure 7), dated 

September 29, 2010. The site is mapped as FEMA Special Flood Hazard Area (SFHA) Zone X, which 

indicates areas of minimal flood risk. Further downstream, there is a FEMA SFHA Zone A present, 

associated with Mill Creek.  Zone A SFHAs indicate areas where FEMA has identified a flood risk in 

the 100-year floodplain, but Base Flood Elevations (BFEs) have not been developed.  

2 ENGINEERING METHODOLOGY 

Existing onsite and offsite drainage patterns were determined by a two-dimensional (2-D) hydrologic 

and hydraulic analysis (Figure 3). The 2-D analysis boundary extends beyond the project site to 

capture both onsite and offsite runoff that impacts flood patterns on the site. Boundary conditions were 

set along the sides of the 2-D analysis boundary where runoff enters and exits the analysis. Publicly 

available LiDAR data with 1-meter grid cell size was obtained from the USGS National Map and was 

used as the base terrain for the 2-D analysis. Site specific topographic survey was obtained and 

incorporated into the public LiDAR to perform the subsequent drainage analysis. 

2.1 MODEL SELECTION 

To model the runoff and drainage patterns during a 100-year rainfall event, a 2-D hydrodynamic model 

was used. Specifically, the U.S Army Corp of Engineers’ Hydrologic Center River Analysis System 

(HEC-RAS) version 6.6 was used to perform the 2-D analysis.  

Runoff was estimated based on a direct rainfall method wherein the model applies the 100-year rainfall 

directly to the 2-D grid mesh. The model then simulates rainfall transformation to runoff and routes the 

runoff across a 2-D grid. 
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Within the project site, the majority of ponding remains close to the tributary channels. A majority of 

the ponding on the site is less than 1.0 foot; however, flood depths within channelized areas can close 

to 2.0 feet. Areas near Mill Creek show can reach deeper depths, with the intersection of Mill Creek 

and Millcreek Church Road reaching depths higher than 7 feet to the west of the project site.  
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

30066 Gorin silt loam, 2 to 5 
percent slopes

C 20.9 0.1%

30068 Gorin silt loam, 5 to 9 
percent slopes, 
eroded

C 26.6 0.1%

34018 Moniteau silt loam, 0 to 
3 percent slopes, 
rarely flooded

C/D 202.4 0.5%

36020 Kennebec silt loam, 0 to 
2 percent slopes, 
occasionally flooded

C 126.9 0.3%

50008 Keswick silt loam, 5 to 9 
percent slopes, 
eroded

D 5,915.5 14.3%

50009 Keswick silt loam, 9 to 
14 percent slopes, 
eroded

C/D 3,724.3 9.0%

50058 Mexico silt loam, 0 to 2 
percent slopes

D 1,412.1 3.4%

50059 Mexico silt loam, 1 to 4 
percent slopes, 
eroded

D 2,950.6 7.1%

60003 Menfro silt loam, 9 to 14 
percent slopes, 
eroded

B 199.5 0.5%

60015 Goss gravelly silt loam, 
9 to 14 percent 
slopes, eroded

C 7.3 0.0%

60028 Weller silt loam, 5 to 9 
percent slopes, 
eroded

D 0.5 0.0%

60031 Winfield silt loam, 9 to 
14 percent slopes, 
eroded

C 1.8 0.0%

60066 Brevator loam, 14 to 30 
percent slopes

C 1,632.8 3.9%

60072 Bucklick silty clay loam, 
14 to 20 percent 
slopes, eroded

C 455.1 1.1%

60073 Bucklick silty clay loam, 
5 to 9 percent slopes, 
eroded

C 756.7 1.8%

60074 Bucklick silty clay loam, 
9 to 14 percent 
slopes, eroded

C 1,413.3 3.4%

Hydrologic Soil Group—Lincoln County, Missouri, and Pike County, Missouri MillCreek_2DMA_buffer_WebMercat
or

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/21/2026
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Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

60081 Crider silt loam, 14 to 20 
percent slopes

C 373.6 0.9%

60084 Crider silt loam, 5 to 9 
percent slopes, 
eroded

C 922.4 2.2%

60086 Crider silt loam, 9 to 14 
percent slopes, 
eroded

C 1,245.2 3.0%

60103 Gasconade-Rock 
outcrop complex, 9 to 
70 percent slopes, 
very stony

D 1,426.1 3.4%

60112 Goss very gravelly silt 
loam, 14 to 45 percent 
slopes

C 97.0 0.2%

60120 Goss-Gasconade-
Brussels complex, 9 
to 70 percent slopes, 
very stony

C 4,534.5 10.9%

60126 Hatton silt loam, 2 to 5 
percent slopes

D 3,630.2 8.8%

60129 Hatton silt loam, 5 to 9 
percent slopes

D 2,821.2 6.8%

60165 Menfro silt loam, 2 to 5 
percent slopes

C 236.8 0.6%

60168 Menfro silt loam, 5 to 9 
percent slopes, 
eroded

C 787.4 1.9%

60244 Winfield silt loam, 5 to 
10 percent slopes, 
eroded

C 8.4 0.0%

64040 Weller silt loam, 
terraces, 2 to 5 
percent slopes

D 69.2 0.2%

66001 Dameron silt loam, 0 to 
2 percent slopes, 
frequently flooded

C 286.0 0.7%

66014 Haymond silt loam, 0 to 
3 percent slopes, 
frequently flooded

B 331.1 0.8%

66077 Dameron silt loam, 0 to 
3 percent slopes, 
occasionally flooded

C 34.8 0.1%

66116 Haymond silt loam, 0 to 
2 percent slopes, 
occasionally flooded

B 92.7 0.2%

66135 Dameron silt loam, 1 to 
4 percent slopes, 
occasionally flooded

C 586.1 1.4%

Hydrologic Soil Group—Lincoln County, Missouri, and Pike County, Missouri MillCreek_2DMA_buffer_WebMercat
or

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

67012 Cedargap silt loam, 1 to 
3 percent slopes, 
frequently flooded, 
cool

B 105.6 0.3%

67035 Haymond silt loam, 1 to 
3 percent slopes, 
frequently flooded

B 31.5 0.1%

67521 Cedargap silt loam, 0 to 
3 percent slopes, 
frequently flooded, 
cool

B 46.0 0.1%

99000 Pits, quarry 3.0 0.0%

99001 Water 199.6 0.5%

Subtotals for Soil Survey Area 36,714.4 88.5%

Totals for Area of Interest 41,487.2 100.0%

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

30066 Gorin silt loam, 2 to 5 
percent slopes

C 89.3 0.2%

30068 Gorin silt loam, 5 to 9 
percent slopes, 
eroded

C 108.8 0.3%

50008 Keswick silt loam, 5 to 9 
percent slopes, 
eroded

D 274.9 0.7%

50009 Keswick silt loam, 9 to 
14 percent slopes, 
eroded

C/D 88.6 0.2%

50012 Putnam silt loam, 0 to 1 
percent slopes

D 8.8 0.0%

50018 Armstrong loam, 3 to 7 
percent slopes, 
eroded

D 122.3 0.3%

50020 Calwoods silt loam, 2 to 
5 percent slopes

D 12.2 0.0%

50058 Mexico silt loam, 0 to 2 
percent slopes

D 147.9 0.4%

50059 Mexico silt loam, 1 to 4 
percent slopes, 
eroded

D 356.6 0.9%

60003 Menfro silt loam, 9 to 14 
percent slopes, 
eroded

B 12.6 0.0%

60008 Menfro silt loam, 20 to 
45 percent slopes

C 20.2 0.0%

60015 Goss gravelly silt loam, 
9 to 14 percent 
slopes, eroded

C 452.8 1.1%

Hydrologic Soil Group—Lincoln County, Missouri, and Pike County, Missouri MillCreek_2DMA_buffer_WebMercat
or

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

60031 Winfield silt loam, 9 to 
14 percent slopes, 
eroded

C 457.1 1.1%

60055 Winfield silt loam, 2 to 5 
percent slopes

C 111.4 0.3%

60066 Brevator loam, 14 to 30 
percent slopes

C 2.8 0.0%

60070 Bucklick silt loam, 9 to 
14 percent slopes

C 217.8 0.5%

60081 Crider silt loam, 14 to 20 
percent slopes

C 29.6 0.1%

60084 Crider silt loam, 5 to 9 
percent slopes, 
eroded

C 3.2 0.0%

60086 Crider silt loam, 9 to 14 
percent slopes, 
eroded

C 14.0 0.0%

60112 Goss very gravelly silt 
loam, 14 to 45 percent 
slopes

C 571.9 1.4%

60120 Goss-Gasconade-
Brussels complex, 9 
to 70 percent slopes, 
very stony

C 54.7 0.1%

60165 Menfro silt loam, 2 to 5 
percent slopes

C 66.0 0.2%

60168 Menfro silt loam, 5 to 9 
percent slopes, 
eroded

C 12.8 0.0%

60193 Minnith silt loam, 5 to 9 
percent slopes, 
eroded

C 106.6 0.3%

60212 Ranacker flaggy silty 
clay loam, 9 to 14 
percent slopes

D 49.6 0.1%

60229 Vanmeter silty clay 
loam, 14 to 35 percent 
slopes, eroded

D 137.0 0.3%

60234 Weller silt loam, 2 to 5 
percent slopes

D 0.1 0.0%

60244 Winfield silt loam, 5 to 
10 percent slopes, 
eroded

C 778.3 1.9%

64040 Weller silt loam, 
terraces, 2 to 5 
percent slopes

D 14.2 0.0%

66014 Haymond silt loam, 0 to 
3 percent slopes, 
frequently flooded

B 28.3 0.1%

Hydrologic Soil Group—Lincoln County, Missouri, and Pike County, Missouri MillCreek_2DMA_buffer_WebMercat
or

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

66078 Dameron, occasionally 
flooded-Cedargap, 
frequently flooded 
complex, 0 to 3 
percent slopes

B 173.5 0.4%

66107 Tice silt loam, 0 to 2 
percent slopes, 
occasionally flooded

B/D 18.5 0.0%

67012 Cedargap silt loam, 1 to 
3 percent slopes, 
frequently flooded, 
cool

B 85.1 0.2%

67013 Cedargap-Dameron 
complex, 1 to 3 
percent slopes, 
frequently flooded

B 75.4 0.2%

67521 Cedargap silt loam, 0 to 
3 percent slopes, 
frequently flooded, 
cool

B 69.6 0.2%

Subtotals for Soil Survey Area 4,772.8 11.5%

Totals for Area of Interest 41,487.2 100.0%

Hydrologic Soil Group—Lincoln County, Missouri, and Pike County, Missouri MillCreek_2DMA_buffer_WebMercat
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Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher
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