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SALT RIVER & MARK TWAIN LAKE 

Structures Inventory and Inundation Study: Project Report 

 

I. Executive Summary 

A. Background 

During the summer of 2008 widespread flooding occurred within northeast Missouri in and 

around Mark Twain Lake and the Salt River. Due to this event and its impacts, and 

considering that similar events could occur again in the future, the Mark Twain Regional 

Council of Governments (MTRCOG) decided to commission a project to help hazard planners 

understand the potential extent and impacts of high-water events around the lake and river. 

The primary goals of the project were: 

  

1. Create map layers for use within a Geographic Information System (GIS) that depict 

the areas in and around Mark Twain Lake that are at risk of inundation caused by 

high water levels within the lake. 

2. Create GIS map layers representing estimated flood extents within the Salt River 

corridor based on water release rates from the Clarence Cannon Dam.  

3. Create a GIS map layer containing the location of all the built structures at risk of 

flooding within the areas around Mark Twain Lake and the Salt River corridor.  

 

To meet the three goals mentioned above, MTRCOG contracted with KC Mapping & GIS 

(KCMG) in August 2012 to assist the data and mapping requirements defined in the project 

goals. KCMG completed this data development and mapping work three months later in late 

October.  

At the completion of the data development portion of this project, KCMG was asked by 

MTRCOG to develop this report which documents the contents of the project datasets and 

the processes used to create them.  

B. Study Area 

Described in general terms, the study area lies within the central portion of northeast 

Missouri and covers parts of Audrain, Monroe, Pike, Ralls, and Shelby counties. The two 

prominent land features within the region, which provide the focus for this study, are Mark 

Twain Lake and the Salt River which flows out the east side of the lake then follows a sixty-

six mile route from the Clarence Cannon Dam to the Mississippi River. 

 

From the larger region of the general study area, a specific area of interest (AOI) was 

defined and used as the focus of analysis and mapping. This AOI is based on the areas 
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directly surrounding Mark Twain Lake and within the Salt River corridor which are at risk of 

flooding from high water events associated with the lake and the river. 

C. Input Data  

Several sets of input data were used to assist the creation of the GIS data layers built to 

meet the project goals. These inputs were used for a variety of uses such as constructing 

terrain models, estimating inundation zones, and conducting the structures inventory.  

 

In total three sets of imagery data were used to assist the structures inventory, three sets of 

digital elevation models were used to assist the generation of inundation scenarios around 

the lake, and a set of eight preexisting flood scenario maps were used to digitize the 

estimated areas of inundation within the salt river corridor. Along with these initial data 

products, a small handful of other data inputs were used during the project. The input data 

used in this project are described in Section IV of this report.   

D. Project Methodology  

A mix of methodologies and data processing techniques were used to generate the three 

sets of project data associated with this project.  

 

The structures inventory was performed using a systematic workflow that involved 

thoroughly reviewing all areas of the AOI using three sources of aerial imagery. As the 

imagery was reviewed, structures were marked and their types classified with the assistance 

of a classification guide.  

 

The lake inundation scenarios were created by pulling together three separate sets of digital 

elevation models (DEMs) from existing sources, and then extracting areas from within the 

DEMs that were at or below specific elevations. The outputs of this process were then 

converted into nine GIS layers each of which represented an area of inundation defined for 

a specific lake level. 

 

The river inundation scenarios were created by aligning a set of pre-existing flood scenario 

maps to other existing GIS data. After aligning the input maps to existing sources, the 

inundation boundaries contained in the maps were digitized using GIS editing tools. The end 

result of this process was eight new GIS layers, each of which represents an estimated area 

of inundation within the Salt River as caused by a specific release rate from the Clarence 

Cannon Dam.  

 

More information about the methodologies and processes used to create the data products 

associated with this project is contained in Section V of this report. 
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E. Project Data Review 

KCMG created three sets of GIS data to support the goals of this project; one set containing 

the structures inventory, a second containing the lake inundation scenarios, and a third 

containing the river inundation scenarios. All of the data sets were delivered to MTRCOG as 

vector feature classes (GIS layers) stored within a single geodatabase (a geodatabase is a 

specialized type of database for storing geographic data).  

 

The results of the structures inventory were delivered to MTRCOG as a single GIS layer. In 

total 8,179 structures are contained within the layer. The structures are stored as point 

locations, and each point is linked to a unique ID, a type classification, and its latitude and 

longitude values. The five most common types of structures identified in the inventory 

include houses (2,042), medium-sized barns and buildings (1,363), small-sized barns and 

buildings (1,226), R.V. pads (986), and silos (375).   

KCMG generated nine GIS layers that represent the estimated areas inundated by Mark 

Twain Lake at specific lake levels. The levels were defined at five-foot intervals of elevation 

ranging from 600’ to 640’ above mean sea level (msl). One GIS layer was created to 

represent each 5-foot interval in lake elevation. The inundation boundaries are stored as 

polygons, and each polygon is also linked to area calculations describing the total square 

miles and total acreage of the inundation scenario. 

Eight inundation scenarios for the Salt River corridor were created by KCMG. Each of the 

scenarios is stored in a separate GIS layer representing the estimated area of inundation 

along the Salt River from the Clarence Cannon Dam to the Mississippi River this is associated 

with specific water release rates from the dam. The layers represent release scenarios 

ranging from 20,000 to 90,000 cfs and are defined at intervals of 10,000 cfs. Within each 

layer the boundaries of the inundation zones are stored as polygons and each polygon is 

linked to area calculations describing the total square miles and total acreage of the 

inundation scenario. 

More information about all three sets of data mentioned in this section is provided in 

Section VI of this report.  

F. Analysis  

KCMG conducted four separate analyses using the three data products created to meet the 

goals of this project. These analyses were conducted to both demonstrate how the data can 

be used in a practical context and to generate some initial information to assist hazards 

planning. Three of the analysis scenarios examined the potential impacts high-water events 

pose to structures, roads, and populations, while the fourth analysis examined the 

combined risks to populations, structures, and roads. 
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The analysis of potential impacts to structures was performed separately for the areas 

around the lake and the river. The analysis involved determining which structures lie within 

each inundation scenario. In both cases, the results showed that the number of structures 

impacted tends to rise linearly and in accordance to rising water levels. For the areas around 

the lake, the structures most prone to inundation were associated with recreation, such as 

boat ramps, and parking lots. For the areas within the river corridor the structures most 

prone to inundation tended to be associated with agricultural activities.  

For the analysis of road impacts, KCMG mapped then calculated how many linear miles of 

road lie within the total area of inundation defined within the AOI. To do this, the highest 

inundation scenario defined for the areas around Mark Twain Lake and the Salt River 

corridor were combined then overlaid with a roads layer. In total, sixty-one linear miles of 

roads were identified within areas prone to inundation. 

The population analysis was performed to estimate the total population and settlement 

patterns within the AOI. Because much of the AOI contains structures and facilities 

associated with recreational activities, analysis was also performed to identify locations 

likely to house temporary populations of recreationalists. Based on this analysis, KCMG 

estimates the population of the AOI at 3,568 persons. It was also shown that population 

density within the AOI tends to conform to the distribution of cities and villages, and that 

the areas likely to house the highest number of recreationalists are located around the lake 

but especially within the areas near to and surrounding the Clarence Cannon Dam. 

In the final analysis, KCMG conducted a series of map overlays to estimate which areas 

prone to inundation within the AOI also have the highest combined density of population, 

structures, and streets. The results of this analysis showed that the general area with the 

highest combined risk occur near the center of the project AOI approximately thirteen miles 

downstream from the Clarence Cannon Dam near a point where State Highways A and H 

intersect.  

 

More information about each of these analysis processes is provided in Section VII of this 

report.  

G. Summary 

The data development work described within this report occurred between September 1 

and October 31 of 2012. During this time three primary sets of data were generated, the 

structures inventory, the inundation scenario data for Mark Twain Lake, and the inundation 

scenario data for the Salt River Corridor.  

 

The analysis summaries performed using the data developed for this project indicate that 

the highest number of structures prone to inundation within the AOI lie within the river 

corridor and upstream within the tributaries that feed Mark Twain Lake. Reflective of the 
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most common land uses within the AOI, the primary types of structures at risk for flooding 

directly around the lake are mostly associated with recreational activities, while those at risk 

for flooding within the Salt River floodplain are mostly agricultural and residential 

structures.  

 

II. Project Introduction: Background and Goals 

The Salt River winds through the southern portions of northeast Missouri. As it does, it provides 

a valuable resource to agriculture, industry, residents, and recreationalists. Approximately sixty-

five miles upstream from the river’s confluence with the Mississippi is the Clarence Cannon 

Dam.   

The Clarence Cannon dam was built by the US Army Corps of Engineers (USACE) in 1983. The 

dam provides flood control for the USACE and is also a local source for hydroelectric power.  

Impounded by the dam are the waters of Mark Twain Lake, an important recreational resource 

within the region. 

During the spring and summer of 2008, a weather pattern characterized by above normal rates 

of precipitation settled in over the region that drains into Mark Twain Lake and the Salt River. 

The heavy and consistent rains over this period saturated the region’s watersheds, rivers, and 

lakes. Adding more trouble to the mix were the remnants of Hurricane Dolly which moved into 

the area during the last days of July.  

Figure II-1: This map from the National Weather Service shows the total amount of 

precipitation received in the Upper-Midwest during July 2008. As the map shows, the 

northeast portion of Missouri received extreme amounts of precipitation during this period. 

Source: National Weather Service http://www.crh.noaa.gov/lsx/?n=07_30_2008. 
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The heavy rain from Dolly’s remnants raised Mark Twain Lake to historic highs and in response 

to the high water, and the additional runoff coming into the reservoir from Dolly’s remnants, the 

USACE increased the outflow from the dam. The increase pushed more water into the already 

swollen Salt River causing widespread flooding along its route to the Mississippi River.  

 

The 2008 flooding along the Salt River and the associated land inundation around Mark Twain 

Lake put thousands of acres of farmland under water, damaged property, and disrupted daily 

life for many local residents and businesses.  The event affected multiple jurisdictions and pulled 

together local, state, and federal agencies during the response. 

Because of the widespread impacts caused by the flooding and the multijurisdictional nature of 

the event, the Mark Twain Regional Council of Governments (MTRCOG), with its role as the 

regional planning agency for the area, decided to commission a project to estimate the general 

extent of inundation that occurred during the 2008 flooding and to perform a comprehensive 

inventory of the built structures within and near to the areas flooded. The idea for this project 

was formalized into the following three goals:  

1. Create map layers for use within a Geographic Information System (GIS) that depict 

the areas around the reservoir at risk of inundation during high water events. 

2. Create GIS map layers from existing sources that represent inundation scenarios 

along the Salt River based on flow rates from the Clarence Cannon Dam.  

Figure II-2: Photo of flooding along the upper reach of the Salt River. Image date: July 31, 

2008. Image Source: Mark Twain Regional Council of Governments. 
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3. Create a GIS map layer containing the location of all the built structures at risk of 

flooding along the Salt River corridor and around Mark Twain Lake.  

MTRCOG contracted with KC Mapping & GIS (KCMG) in August 2012 to develop the GIS layers 

mentioned in the three goals listed above. The three datasets were completed by KCMG and 

delivered to the regional council in October 2012.  

At the completion of the data development portion of this project, KCMG was asked by 

MTRCOG to develop a report that documents the contents of the project datasets and the 

processes used to create them. 

With the above points in mind, this report begins by briefly examining the project’s study area. 

From there, the report describes the inputs and methodologies used to build the project data 

followed by a summary description of each dataset created during the project. The final section 

of this report presents the results of some initial analyses performed with the project data.  

 

III. Study Area  

The geographic area investigated for this project can be broken down into two parts—a larger 

part (or, general study area) that lies within portions of northeast Missouri, and a smaller part 

within it that comprises a specific area of interest. These two parts are treated separately within 

this section. 

A. General Study Area 

Described in general terms, the study area lies within the central portion of northeast Missouri 

and covers parts of Audrain, Monroe, Pike, Ralls, and Shelby counties. Several small cities and 

villages also dot the area, including Perry, Monroe City, New London, and Louisiana.   

The study area is within a mostly rural region that consists of agricultural tracks of land, small 

cities, and recreational areas. The two prominent land features within the region, which are also 

the focus of this study, are Mark Twain Lake and the Salt River which flows out the east side of 

the lake then follows a meandering path along a sixty-six mile route from the Clarence Cannon 

Dam to the Mississippi River just north of the city of Louisiana, Missouri.  
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General Study Area 

Figure III-1: The general study area. The general study area lies within the south portion of northeast Missouri 

around the area of Mark Twain Lake and the Salt River. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Area of Interest 

For the purposes of this project and the discussions in this report, a specific area of interest 

(AOI) was defined from the larger extent of the general study area. This AOI is defined from the 

areas directly surrounding Mark Twain Lake and the Salt River that are at risk of flooding from 

either high water events within the lake or from high volume releases from the Clarence Cannon 

Dam. 

During the early stages of the project, the extent of the reservoir and the 100-year flood zone 

along the Salt River were used to define the initial AOI. As work progressed, and the areas of 

inundation were clarified through analysis and mapping, the AOI boundaries were refined to 

encompass or include all the areas within, or near to, the inundation zones defined during this 

project. 

The finalized AOI spans fifty miles along its east-west axis, and twenty-eight miles along its 

north-south axis. In total, it covers 324 square miles. It defines the bounding area for the 

structures inventory as well as for the analyses described in Section VII of this report.  
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Project AOI  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Hydrology in the AOI 

As previously mentioned, two of the prominent features on the landscape within the AOI 

are the Salt River and Mark Twain Lake. These two hydrologic features, one manmade and 

the other natural, sit within the lower portion of the Upper Mississippi River Hydrologic 

Region of the United States. This large swath of area covers nearly 190,000 square miles and 

drains a significant portion of the upper-Midwest’s runoff into the Mississippi River.  Within 

this expansive region, the project AOI falls within the Mississippi-Salt Hydrologic Sub-Region, 

which, at a larger scale, is broken down into the three basin watersheds that overlap the 

AOI, the North Salt, South Salt, and the Salt basins.  

 

 

 

Figure III-2: The project area of interest (AOI) is outlined in red in this map.  
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Mark Twain Lake and the Salt River receive water from several tributaries within the three 

local watershed basins. In the western half of the AOI, the three tributaries include the 

North Fork Salt River, Middle Fork Salt River, and South Fork Salt River. In the eastern half of 

the AOI several other smaller tributaries flow into the northern and southern portions of the 

lake and into the Salt River.  The following map shows the primary tributaries of Mark Twain 

Lake and the Salt River. 

 

Watershed Basins Overlapping the AOI 

Figure III-3: Primary watershed basins overlapping the AOI. The map on the right shows the 

three watershed basins that overlay the AOI. The map on the left depicts the hydrologic 

region and sub-region that encompass these three watershed basins. (The project AOI is 

highlighted in light yellow in the map on the left.) 

Mark Twain Lake – Primary Tributaries 

Figure III-4: The primary tributaries of Mark Twain Lake and the Salt River. (The 

project AOI is outlined in light red.) Background map source: Esri. 
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2. Land Cover in the AOI 

The land cover in the AOI reflects the rural environment of northeastern Missouri and the 

presence of Mark Twain Lake and the Salt River. Based on 2005 land cover data provided by 

the Missouri Resource Assessment Partnership, a simple summary analysis indicates that 

most of the area is covered by deciduous forest, grassland, cropland, or open water. Beyond 

these top four types, the remaining land covers make up a much smaller percentage within 

the area. Figure III-5 shows the breakdown of land cover types within the AOI. 

 

 

3. Total Population and Population Distribution within the AOI 

The estimated 2010 population of the AOI is 3,568. Generally speaking, the population 

density across the AOI is relatively low with denser populations occurring within the small 

cities that dot the region. This pattern is illustrated below in Figure III-6. 

 

 

 

 

 

Figure III-5: Land cover summary for the proect AOI. Land cover source: 

Missouri Resource Assessment Partnership, 2005. 
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It is important to note that the population pattern depicted here represents resident 

locations at the time of the census, but that the number of persons within the AOI likely 

fluctuates upward during the seasons when recreational activities are heaviest, an issue 

which is addressed again in the analysis portion of this report. 

 

IV. Input Data  

Several sets of input data were used to assist the creation of the GIS data layers built to meet 

the goals of this project. These inputs were used for a variety of uses such as constructing 

terrain models, estimating inundation zones, and conducting the structures inventory.  

 

This section contains brief descriptions about the input data used within the project. Following 

each description, a short set of summary points is provided for each dataset. The information 

contained in the summary points is described below in Table IV-1. 

 

Summary Item Description of Contents 
Source Information about the original source of the data. 

Provider Identification of the agency that provided KCMG the data. 

Currency The time period in which the data was created, or is current to. 

Resolution The pixel size of the raster data.  

Maximum Scale Maximum scale at which the dataset should be used.  

Coordinate System Definition of the input data’s coordinate system. 

Used for Short note about how the data was used within the project. 

 

Population Distribution within the AOI 

Figure III-6:  Population distribution within the AOI. Data source: US Census Bureau. 

 

Table IV-1: Input data summary points. 
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A. Imagery 

Imagery products provided by the State of Missouri, the USDA Farm Service Administration, and 

Microsoft were used within this study. Each of these three sets of imagery have their own 

strengths and weaknesses, and, with this in mind, KCMG incorporated the three imagery 

products into a workflow that drew on their respective strengths. These three imagery products 

are described below in more detail.  

1. 2007 leaf-off imagery 

 A set of imagery collected by the State of Missouri that is commonly referred to as the 

‘2007 leaf-off imagery’ was the primary set of aerials used during the structures inventory 

and other mapping activities associated with the project. It has a resolution adequate for 

identifying structure locations, but its primary benefit is that it was captured during winter 

and early spring while leaves were off the trees. This ‘leaf-off’ aspect of the imagery made it 

easier to identify and mark the location of structures existing within wooded areas.  

 

2007 Leaf-Off Imagery—Summary points: 

 

 Source: State of Missouri and the United States Geological Survey. 

 Provider: Missouri Spatial Data Information Service (MSDIS). 

 Imagery Currency: Winter and early spring, 2007. 

 Resolution: 2-foot. 

 Coordinate system: NAD 83, UTM Zone 15 North. 

 Used for: Structures inventory and general mapping. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2007 Leaf-Off Imagery Sample 

Figure IV-1: 2007 Leaf-off imagery 

sample. 
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2. 2010 NAIP Imagery 

Imagery from the 2010 National Agricultural Imagery Program (NAIP) was used as a 

secondary imagery source during the structures inventory. Its primary use was for cross 

referencing all areas of the AOI to more current ground conditions. This product has a 

relatively low resolution (1-meter) compared to the other imagery used for this project. The 

NAIP imagery is a leaf-on product, which means that structures within wooded areas are 

obscured within the imagery.  

 

2010 NAIP Imagery—Summary points: 

 

 Source: United States Department of Agriculture: Farm Service Administration 

(USDA FSA) 

 Provider: Missouri Spatial Data Information Service (MSDIS). 

 Imagery Currency: Summer 2010. 

 Resolution: 1-meter 

 Coordinate system: NAD 83, UTM Zone 15 North. 

 Used for: Structures inventory and general mapping. 

 

 

3. Microsoft Bing Maps Aerials 

Microsoft’s Bing Maps Aerials product was used as a third imagery source during the 

structures inventory. Because of its relatively current capture date and the clarity of the 

imagery at large scales (i.e., up close) it was used to assist the classification of structures 

after they were identified on either one of the other two imagery products. 

 

2010 NAIP Imagery Sample 

Figure IV-2: 2010 NAIP imagery sample. 
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Microsoft Bing Maps Aerials—Summary points:  

 

 Source: Microsoft Corporation, Bing Maps. 

 Provider: Imagery was streamed directly into Esri’s ArcGIS Desktop Software. 

 Imagery Currency: Precise dates are unknown, but based on comparisons with 

known sources within the AOI, it is current, or more current than, 2010 ground 

conditions.  

 Resolution: Resolution varies depending on location and view scale.  

 Coordinate System: WGS 1984 Web Mercator (auxiliary sphere) 

 Used for: Structures Inventory. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Elevation Data 

A mix of elevation data was used within this study to generate inundation scenarios around 

Mark Twain Lake. The mix included a combination of high-resolution one-meter digital elevation 

models (DEMs) for the western two-thirds of the lake, and lower resolution ten-meter DEMs for 

the eastern third of the lake area.  The following subsections briefly outlines the three elevation 

products used in this study. 

1. 1-Meter DEMs from the Central Missouri Counties Project 

The one-meter DEMs from the Central Missouri Counties project were produced from LIDAR 

data captured during November and December of 2011. (LIDAR is a technology used, among 

other things, to create very accurate elevation data through the use of advanced laser 

technology.) The DEMs generated from this project have the advantage of being derived 

from an extremely detailed source that is suitable for creating two-foot elevation contours 

and, as such, were an excellent fit within the process used to estimate inundation around 

Microsoft Bing Maps Aerials Sample 

Figure IV-3: Bing Maps Aerial Sample. 
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Mark Twain Lake. The DEMs from this project cover only the central portions of Mark Twain 

Lake, this extent is identified below in Figure IV-4. 

 

Central Missouri Counties Project DEMs—Summary points: 

 

 Source: USACE St. Louis, through contract with Surdex. 

 Provider: Missouri NRCS State Office. 

 Currency: November-December 2011. 

 Resolution: 1-meter. 

 Coordinate System: NAD 83, UTM Zone 15 North. 

 Used for: Generation of inundation data around the central portions of Mark Twain 

Lake. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. 1-Meter DEMs from the Long-Branch and South-Fork-Salt-Creek Watersheds Project 

The one-meter DEMs from the Long-Branch and South-Fork-Salt-Creek watersheds project 

were produced from LIDAR data captured during December of 2010. Like the elevation 

products from the central Missouri project, these DEMs were derived from a highly detailed 

and a highly accurate source, but, in this case, only covered the western portions of Mark 

Twain Lake. 

 

Long-Branch and South-Fork-Salt-Creek Watersheds Project DEMs—Summary points: 

 Source: USDA Natural Resources Conservation Service (NRCS) in Missouri through 

Contract with Photo Science, Inc. 

1-Meter DEMs - Central Missouri Project  

Coverage Area & Sample 

Figure IV-4: Central Missouri LIDAR Project—extent of DEMs overlapping 

the AOI (left), and a sample view of a DEM from this project (right).  
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 Provider: Missouri NRCS State Office. 

 Currency: December 2010. 

 Resolution: 1-meter. 

 Coordinate System: NAD 83, UTM Zone 15 North. 

 Used for: Generation of inundation data around the western portions of Mark Twain 

Lake. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. 10-Meter DEMs  

The ten-meter DEMs used in this project were originally created as part of the 1 to 24,000 

scale national hydrography data provided by the Missouri Resource Assessment Partnership 

and the United States Geological Survey (USGS). This lower resolution product was used 

only where there was not existing coverage of the one-meter DEM products previously 

described in this section.   

 

10-Meter DEMs—Summary points: 

 Source: Center for Agricultural, Resource and Environmental Systems (CARES) and 

USGS. 

 Provider: Missouri Spatial Data Information Service (MSDIS). 

 Currency: 1971. 

 Resolution: 10-meter. 

 Coordinate System: NAD 83, UTM Zone 15 North. 

1-Meter DEMs-Long Branch & South Salt Creek Watersheds Project  

Coverage Area & Sample 

 

Figure IV-5: Long Branch and South Salt Creek Watershed LIDAR 

Project—extent of DEMs overlapping the AOI (left), and a sample view of 

a DEM from this project (right). 
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 Used for: Generation of lake inundation data in the areas where one-meter DEMS 

were not available.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C. Release Scenario Maps 

A set of existing flood scenario maps was used in this project to create GIS layers showing 

inundation along the Salt River Corridor. The original set of eight maps was provided to KCMG 

by the MTRCOG, who in turn received the maps from the USACE. The maps represent the 

estimated areas of downstream inundation expected from specific release rates from the 

Clarence Cannon Dam. They have the advantage of being fairly easy to work with, but the 

disadvantage of representing the inundation scenarios at a small scale of approximately 1 to 

100,000.  

As a total set, the maps represent inundation scenarios for water releases from the Clarence 

Cannon Dam at volumes ranging between 20,000 to 90,000 cubic feet per second (cfs). The 

individual maps were created at intervals of 10,000 cfs. For example there is a map showing the 

scenario for 20,000 cfs, one for 30,000 cfs, and so on.  

Seven of the eight input maps depict inundation along the full route of the Salt River from the 

Clarence Cannon Dam to the Mississippi River. However, the input map showing the 90,000 cfs 

scenario only shows inundation for the upper and central portions of the river corridor. 

Release Scenario Maps—Summary points: 

 Source: USACE 

 Obtained from: MTRCOG 

10-Meter DEMs: Coverage Area & Sample 

Figure IV-6: 10 Meter DEMs—extent of DEMs overlapping the AOI (left), 

and a sample view of a 10-meter DEM (right). 
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 Currency: 2008 

 Maximum Scale: Approximately 1 to 100,000 

 Coordinate system: not provided. 

 Used for:  Generation of inundation map data along the Salt River corridor. 

 

 
 

 

 

D. Facility Data 

An existing set of facility data was used to assist the structures inventory. The facility data was 

made available to KCMG by Talley Consultants, who generated the data as part of their work on 

disaster mitigation plans for several counties within the general study area. The dataset contains 

facilities which have importance to disaster response and mitigation efforts and includes 

structure types such as fire stations, civic buildings, shelters, and group quarters. This dataset 

was used by KCMG during the project to cross-reference the structures data being inventoried 

against secondary sources.  

Facility Data—Summary points: 

 Source: Talley Consultants. 

 Obtained from: Talley Consultants. 

 Currency of data: Ralls and Pike county facilities, 2009; Audrain and Monroe county 

facilities,2011. 

 Maximum Scale: not provided. 

 Coordinate system: NAD 83, UTM Zone 15 North. 

 Used for: Assisting structures inventory and general mapping.  

Figure IV-7: Sample Image of Release Scenario Map used within the 

project. The area estimated to inundate is highlighted in orange on the 

map.  
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E. Roads 

Road data was used in this study as a reference map and also as an input within the analysis 

work presented at the end of this report. The roads layer originated from the Missouri 

Department of Transportation (MoDOT). It is a statewide dataset containing a comprehensive 

inventory of roads and highways maintained by county, state, and federal agencies.  

Roads—Summary points: 

 Souce: Missouri Department of Transportation (MoDOT) 

 Obtained from: MSDIS 

 Currency of data: Current to 2005 ground conditions. 

 Maximum Scale: Not provided. 

 Coordinate System: NAD 83, UTM Zone 15 North. 

 Used for: General mapping and as an input for analysis. 

 

 

 

 

Facility Data Overview Map 

Figure IV-8: Facility data provided by Talley Consultants symbolized with red dots.  
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V. Project Methodology  

KCMG created three GIS data products to support the project goals outlined in Section II of this 

report. Those products include GIS layers representing an inventory of structures within the 

project AOI, inundation scenarios for Mark Twain Lake, and inundation scenarios for the Salt 

River.  This section of the report details the methodology and processes used to create these 

three GIS data products. 

A. Methodology of Structures Inventory  

In accordance to the goals set out for the project, and per the contract with MTRCOG, the 

requirements for the structures inventory were to mark the location of each structure visible on 

the 2-foot leaf-off imagery, assign it a unique ID, and store it as a point within a new GIS layer. 

As a further step, KCMG also classified the type of each structure point.  

 

To manage the workflow, a grid of regularly sized cells was laid over a map of the AOI. The 

technician then reviewed the study area cell by cell. Cells were shaded after they had been 

reviewed and any structures within them mapped. This process allowed KCMG to track the 

progress of the inventory and create a systematic review process. It also ensured that the full 

extent of the project AOI was inventoried while reducing the possibility that the same locations 

were accidently reviewed more than once. 

 

 

 

 

MoDOT Roads 

Figure IV-9: A sample map showing the MoDOT roads data within the 

general study area.  
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During the inventory process the GIS technician reviewed the imagery within each cell of the 

workflow grid. Any structures identified within a cell were marked using GIS software, and 

stored as a point within a GIS layer. Upon marking a new structure location, the technician also 

determined, as best as they could from the imagery, what type of structure it was (barn, house, 

silo, etc.) and assigned this classification to the point. To help the technicians determine what 

type of values to assign to a structure, a set of classification rules was used. The complete list of 

the structure types and the associated classification rules used during the inventory are 

contained within Appendix A. 

 

The inventory was performed using Esri’s ArcGIS Desktop software and at a view scale of 1 to 

2,400 (1” = 200’). During the process, each structure was viewed on the three separate imagery 

products used in the project, first from the 2007 2’ leaf-off imagery, then from the 2010 NAIP 

imagery, and finally as it appears on Microsoft’s Bing Maps Aerials. The three separate imagery 

products were used for the following reasons: 

 

1. The 2007 leaf-off imagery permitted the identification of structures within wooded and 

non-wooded areas, the ability to confirm the existence of structures to a specific time 

period, and, in many cases, the ability to determine the structure’s type. 

2. The 2010 NAIP imagery was used to find any structures in the AOI that had been built or 

removed since the capture of the 2007 leaf-off imagery.  

3. The Bing Maps Aerials were used to assist the classification of the structure types. 

At the end of the inventory process all of the points in the structures layer were assigned a 

unique ID and their respective latitude and longitude values.  

Structures Workflow Grid 

Figure V-1: Structure workflow grid. The workflow grid shown in this map 

was used to guide work and track progress during the structures 

inventory. 
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B. Methodology used to Generate Mark Twain Lake Inundation Layers 

KCMG created a set of nine inundation layers for the areas in and around Mark Twain Lake. 

These layers were created at five-foot intervals ranging from a lake level of 600’ to 640’ above 

mean sea level (msl). The basic methodology used to generate the inundation layers involved 

the following three steps: 

 

 Step 1-Aggregation of the elevation data. 

 Step 2-Extracton of specific elevation ranges from the input data. 

 Step 3-Conversion of the extracted elevation data into new GIS layers.  

 

During the first step to create the lake inundation layers, individual DEM tiles were merged into 

larger mosaics. To understand this, think of a tiled floor as it is being built. The floor tiles start as 

individual pieces that are all the same size which are then put together to form the continuous 

flooring. Here the process was much the same, except the tiles in this case were individual 

DEMs, each of which covered a small portion of the AOI. Using this process to merge the DEM 

tiles, three large elevation mosaics were created from each of the original sets of DEMs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After aggregating the DEMs, the second step was to extract all the areas within each of them 

that were at or below nine predefined lake levels. These lake levels, as mentioned before, were 

set at five-foot intervals ranging from 600’ to 640’ above msl. Esri’s ArcGIS Desktop software 

was used to perform these extractions. Essentially the GIS analyst created a query using GIS 

tools that, described in the most basic way, said, ‘Find all the areas within this DEM that are at 

or below a specific elevation, and then create a new layer from it.’ A query like this was run 

against each of the three DEM mosaics created in the previous step for each lake elevation 

scenario between 600’ and 640’ above msl. 

 

Figure V-2: Merging DEMs, before and after. The image on the left shows a set of DEMs 

before they were merged; notice that the outlines of the DEM tiles are visible within this 

set of data. The image on the right contains the DEMs after they were merged into a 

single file; in this case notice the tile boundaries are no longer there. 
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The third and final step in the process to create the lake inundation layers involved merging the 

three outputs for each lake elevation scenario into single map layers. Before merging the 

outputs, the areas where they bordered were precisely identified and the overlaps were 

removed in a process commonly referred to as edgmatching. After the edmatching was 

completed, the GIS software was used to merge the inputs into single layers. At the end of this 

step, there was one GIS layer for each of the nine predefined lake levels, and each layer spanned 

the total area estimated to inundate at its respective lake elevation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

After each new lake inundation layer was created, calculations were run against it using GIS 

software to create an estimate of the total square miles and total acres of the lake at the 

respective elevation defined for that layer. These values were then added to the layer’s 

attribute table, which means they can be referred to as needed when the layer is used within 

GIS software.  

C. Methodology used to Create the River Inundation Layers 

To create the inundation scenario layers along the Salt River corridor, KCMG digitized the set of 

flood scenario maps described in Section IV-C. The work to digitize these maps involved two 

primary steps. Step one was to align the input maps to their real world locations, a processes 

commonly referred to as georeferencing. After the maps were georeferenced, the second step 

involved converting the flood boundaries shown on the maps into functional GIS layers.  

 

To georeference the input maps, KCMG identified and marked nineteen locations within the AOI 

that were visible on both the input maps and the 2007 leaf-off imagery. These points 

Figure V-3: Merging elevation extractions: The map on the left shows the three areas extracted separately 

from the DEM mosaics for a lake level of 605’ above msl. The map on the right shows the result after the 

three inputs were ‘edgematched’ and merged. 
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(sometimes referred to as ‘links’) were then used with the GIS software to align the inputs maps 

to the 2007 imagery.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After georeferencing the input maps, KCMG converted the inundation zones shown on the maps 

to GIS data. This conversion was done by adding an input map into GIS software, then using the 

software’s editing tools to trace the flood zone boundaries shown on it. As the boundaries were 

traced they were stored in a new GIS layer—a process referred to as digitizing. At the end of the 

digitizing process, one new GIS layer existed for each of the eight inundation scenarios depicted 

in the input maps provided to KCMG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure V-4: The link locations used to georeference the input flood scenario 

maps to the 2007 leaf-off imagery.  

 

Georeferencing Links 

Figure V-5: Map digitizing. The images above show a portion of an inundation zone on an input map before 

(left) and after (right) it was digitized. 
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As was done at the end of the process to create the lake inundation layers, the total square 

miles and acreage values were calculated and stored with each river inundation scenario. 

 

VI. Project Data Review 

In the previous section, the project methodologies and processes used by KCMG to create the 

lake and river inundation scenarios and the structures data were described. Once those 

processes were completed the outputs were delivered to MTRCOG as feature classes stored 

within a single project geodatabase. (A ‘feature class’ is the technical term for a GIS layer, while 

a geodatabase is a type of database built specifically to store geographic data such as feature 

classes.)  

This section continues from where the previous left off by providing a brief summary about each 

of the three primary data products created by KCMG  to meet the project goals. Each 

description within this section concludes with a set of summary items that provide basic 

metadata about the dataset. These summary items are outlined below in Table V1-1. 

 

 

 

 

 

 

 

 

 

A. Structures Data  

KCMG identified 8,179 unique structures within the project AOI. These structures are stored 

individually as points within a GIS layer. For each structure point, the following attributes are 

stored with it: a unique ID, its type, its latitude, and its longitude.  

A simple visual analysis of the final structures layer indicates that the areas with the highest 

densities of structures include the western portion of the AOI along the Middle Fork Salt River 

near the City of Paris, and along a wide corridor that extends from the city of Perry north along 

State Highway J to areas just north of the Clarence Cannon Dam.  

 

 

 

Summary Item Description of Item 
Description A brief description about the dataset and its contents. 

Data Type The GIS data model used to store the data.  

Source Data The primary inputs used to produce the dataset. 

Coverage Area The geographic extent of the layer. 

Coordinate System The layer’s coordinate system. 

Maximum Scale The maximum scale at which the data should be used. 

Usage Notes Notes regarding the limitation of the layer and the disclaimers 
assigned to it. 

Table V1-1: Summary items of input datasets.  

 



29 
KC Mapping & GIS, December 2012 

 

 

 

 

 

 

 

 

 

 

 

 

During the inventory, fifty unique types of structures were identified within the AOI. The most 

common types were residential homes and small- to medium-sized barns. The table below lists 

the ten most common types of structures within the AOI; a full accounting of all fifty structure 

types is located within Appendix A.  

 

  

 

Structure  
Type 

Total 
Structures 

Percent of 
Total 

House 2042 25.0% 

Medium 
Barn\Building 

1363 16.7% 

Small 
Barn\Building  

1226 15.0% 

R.V. Pad 986 12.1% 

Silo 375 4.6% 

Animal Pen 362 4.4% 

Mobile Home 345 4.2% 

Large 
Barn\Building 

287 3.5% 

Water Crossing 167 2.0% 

Parking Lots 95 1.2% 

Structure Locations within the AOI 

Figure VI-1: Structures locations within the AOI. The blues dots in map represent the completed set of structures 

mapped by KCMG.  

 

Table V1-2: Summary of top ten structure types. 
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Structures Layer – Summary Points: 

 Description: A GIS point layer containing 8,179 structure locations within the project 

AOI. 

 Stored as: Geodatabase point feature class. 

 Built from: 2007 and 2010 imagery products.  

 Coverage area: Project AOI. 

 Coordinate System: UTM ZONE 15 North, NAD 83 

 Maximum Scale: 1 to 2,400. 

 Usage notes: All points within the layer have been verified using both 2007 and 2010 

imagery sources. While KCMG trusts the accuracy of this layer when used at the 

appropriate scales, KCMG makes no claim, warranty, or guarantee regarding its overall 

accuracy or currency. 

B. Lake Inundation Layers 

KCMG generated nine GIS layers that represent the estimated areas inundated by Mark Twain 

Lake at specific lake levels. The levels were defined at five-foot intervals of elevation ranging 

from 600’ to 640’ above mean sea level (msl). One GIS layer was created to represent each 5-

foot interval in lake elevation. 

At the lowest level of 600’ above msl, the estimated area of inundation is approximately twenty-

five square miles. At the highest estimated level of 640’, this zone of inundation jumps 

significantly to sixty-four square miles. As one can see by the map shown below, the area 

estimated to inundate when the lake reaches full capacity has substantial impact upstream into 

the tributaries that feed the lake. 
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It is important to again note that three different sources of elevation data were used as inputs 

to create the lake inundation layers. Two of these elevation sources consisted of high resolution 

1-meter DEMs, and the third source was a relatively low resolution set of 10-meter DEM 

products. The high-resolution products were used to generate the inundation scenarios for 

approximately the western two-thirds of the AOI around the lake; the lower-resolution DEMs 

were used for the eastern third of the lake area and for a small area in the northwest portion of 

the AOI.  

The result of using two different DEM resolutions for inputs to create the lake inundation layers 

is apparent when the GIS layers are examined at relatively large scales. For example, the 

inundation boundary lines created with the 1-meter DEMs are very detailed and follow very 

Mark Twain Lake Inundation Scenario: 640’ above msl 

Figure VI-2-Mark Twain Lake inundation map. In this map, the area shown in dark blue 

represents the estimated flood scenario for Mark Twain Lake at a lake level of 640’ above msl; 

the area in lighter blue is the inundation extent estimated at 600’ above msl. Background map 

source: Esri. 
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closely to the true contours of the terrain. On the other hand, the lines generated with the 10-

meter products tend to appear jagged and to loosely conform to the underlying terrain. The 

general implication of this is that when examining the boundary lines defined from the higher-

resolution product you can assume that, at best, they are accurate to plus or minus one meter 

of their real-world location, whereas the lines defined from the 10-meter DEMs are at best plus 

or minus 10-meters of their actual ground location.  

The complete inventory of the Mark Twain Lake inundation layers created and delivered for this 

project is provided in the following summary table. The table also includes the total estimated 

area of inundation calculated for each GIS layer. 

Layer Name Notes Estimated Area 
Inundated 

mt_level_600 Lake inundation at 600’ above msl 24.99 sq. mi. 

mt_level_605 Lake inundation at 605’ above msl 28.34 sq. mi. 

mt_level_610 Lake inundation at 610’ above msl 32.24 sq. mi. 

mt_level_615 Lake inundation at 615’ above msl 36.07 sq. mi. 

mt_level_620 Lake inundation at 620’ above msl 40.22 sq. mi. 

mt_level_625 Lake inundation at 625’ above msl 42.74 sq. mi. 

mt_level_630 Lake inundation at 630’ above msl 45.82 sq. mi. 

mt_level_635 Lake inundation at 635’ above msl 57.2 sq. mi. 

mt_level_640 Lake inundation at 640’ above msl 64.34 sq. mi. 
  

Mark Twain Lake Inundation Layers – Summary Points: 

 Description: A set of GIS layers representing the estimated extent of Mark Twain Lake at 

nine specific lake elevations. 

 Stored as: Geodatabase polygon feature classes. 

 Built from: A combination of 1-meter and 10-meter DEMs. 1-meter DEMs were used for 

the western two-thirds of the lake area, 10-meter DEMs were used mostly for the 

eastern third of the lake area. 

 Coverage area: Areas directly surrounding Mark Twain Lake at risk of inundation from 

high-water events. 

 Coordinate System: UTM ZONE 15 North, NAD 83 

 Maximum Scale: 1 to 24,000.  

 Usage notes: The boundaries contained in these layers represent estimations and 

therefore should not be used within any legal context whatsoever, or to precisely 

delineate or mark the location of flood boundaries. While KCMG trusts the accuracy of 

these layers when used at the appropriate scales, KCMG makes no claim, warranty, or 

guarantee regarding the overall accuracy or currency of these layers.  

 

 

 

Table V1-3: Summary of Mark Twain Lake inundation scenarios. 
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C. River inundation scenarios  

KCMG created eight inundation scenarios for the Salt River corridor by digitizing the source 

maps provided by MTRCOG. Each of the eight inundation layers created represents an estimated 

area of inundation along the Salt River from the Clarence Cannon Dam to the Mississippi River 

caused by a specific release rate from the dam. The release rates digitized range from 20,000 to 

90,000 cfs and are defined at intervals of 10,000 cfs.  

 

 

 

 

 

 

 

 

 

 

 

 

As noted previously in section IV-C, the input data for the 90,000 cfs scenario only included 

information for approximately the western two-thirds of the river corridor. Because of this, the 

layer created for the 90,000 cfs scenario is split into two zones. The western zone represents 

those areas digitized from the information available for the 90,000 cfs scenario map, while the 

eastern portion missing from the 90,000 cfs scenario maps was replaced with the boundaries 

defined from the 80,000 cfs scenario. The location where this split occurs is clearly visible within 

this GIS layer, and separate sets of area calculations were generated for each zone. Figure VI-4 

delineates the boundary between these two zones in the 90,000 cfs scenario layer. 

 

 

 

 

Salt River Inundation: Release Rate = 80,000 cfs 

Figure VI-3: Salt River corridor inundation map. In this map, the area outlined in dark blue represents the area of 

inundation estimated for a release rate from the Clarence Cannon Dam of 80,000 cfs. Background map source: Esri. 
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The complete inventory of the Salt River inundation layers created and delivered for this project 

is provided below in Table V1-4. The table also includes the total estimated area of inundation 

calculated for each GIS layer. 

Layer  
Name 

Notes 
Estimated Area 

Inundated 
sr_20000_cfs Inundation at a release rate of 20,000 cfs 

(cubic feet per second) 
39.90 sq. mi. 

sr_30000_cfs Inundation at a release rate of 30,000 cfs. 46.77 sq. mi. 

sr_40000_cfs Inundation at a release rate of 30,000 cfs. 50.02 sq. mi. 

sr_50000_cfs Inundation at a release rate of 30,000 cfs. 51.77 sq. mi. 

sr_60000_cfs Inundation at a release rate of 30,000 cfs. 53.34 sq. mi. 

sr_70000_cfs Inundation at a release rate of 30,000 cfs. 54.06 sq. mi. 

sr_80000_cfs Inundation at a release rate of 30,000 cfs. 54.54 sq. mi. 

sr_90000_cfs Inundation at release rate of 90,000 cfs. 55.30 sq. mi.* 

  

 

Salt River Inundation Layers—Summary Points: 

 Description: A set of GIS layers representing the estimated extent of downstream 

flooding along the Salt River corridor caused by specific release rates from the Clarence 

Cannon Dam.  

 Stored as: Geodatabase polygon feature classes. 

 Built from: A set of existing flood scenario maps. 

 Coverage area: Salt River corridor within the project AOI. 

 Coordinate System: UTM ZONE 15 North, NAD 83  

Table V1-4: Summary of Salt River corridor inundation scenarios. 

*This area calculation contains a combination of the 90,000 and 80,000 cfs scenarios. 

Input Divide within 90,000 cfs Scenario Layer 

Figure VI-4: In this map, the area outlined in dark blue represents the area of inundation created using the 90,000 

cfs scenario input maps; the area outlined in light blue is the area copied in from the 80,000 cfs scenario. 

Background map source: Esri. 
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 Maximum Scale: 1 to 100,000. 

 Usage notes: The boundaries contained in these layers represent estimations and were 

digitized using inputs stored at a relatively small scale. Considering the scale of the data 

and the input sources used, these GIS data layers should not be used within any legal 

context whatsoever, or used to precisely delineate or mark flood boundaries. While 

KCMG trusts the accuracy of these layers when used at the appropriate scales, KCMG 

makes no claim, warranty, or guarantee regarding the overall accuracy or currency of 

these layers.  

 

VII. Data Analysis 

This section of the report presents four analysis processes performed by KCMG using the 

inundation and structures layers created during the project. In each case, overlay analysis was 

used to evaluate or summarize specific types of risks associated with the inundation scenarios 

for Mark Twain Lake and the Salt River corridor.  

The first three analysis scenarios described in this section examine the potential impacts of high-

water events to structures, roads, and populations. The last analysis scenario examines the 

combined risks to populations, structures, and roads to produce an overall risk assessment 

within the AOI. 

The analysis summaries that follow are intended as a starting point for further research into the 

areas within the AOI most prone to the risks associated with flooding and other types of 

hazards. While KCMG is confident in the validity of the results described in this section, they are 

intended solely for planning purposes and, as such, should be treated as estimates rather than 

definitive conclusions. 

A. Flood Scenarios Structure Tabulations 

For this analysis, KCMG defined a set of spatial queries with GIS software to determine which 

structures fall within the boundaries of each inundation scenario. The analysis was first run 

against all of the inundation scenarios for Mark Twain Lake, then for those created for the Salt 

River Corridor. The result of this analysis is a set of summaries that define the total number of 

structures impacted within each scenario; and, for the highest inundation scenario generated 

for the lake and the river, the total number of each type of structure impacted.  

1. Flood Scenario Tabulations Around Mark Twain Lake  

Figure VII-1 shows the total area estimated to inundate around Mark Twain Lake when its 

level reaches 640’ above msl; it also shows the location of the structures that are within the 

inundated areas. This is the highest scenario generated for the lake, and based on it, the 

lake expands to cover approximately sixty-four square miles and impacts 123 structures.  
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As mentioned in this section’s introduction, spatial queries were used to determine how 

many structures fell within each inundation scenario. Spatial queries are a common tool 

used within GIS software that are used to select features mapped in one layer based on 

their spatial relationship to the features mapped in another layer. Table VII-1 summarizes 

the results returned by running the spatial queries against each lake inundation scenario. 

Lake  
Level 

Scenario 

Estimated 
square miles 
of inundation  

Total 
Structures  
Impacted 

600' 24.99 9 

605' 28.34 13 

610' 32.24 19 

615' 36.07 29 

620' 40.22 47 

625' 42.74 55 

630' 45.82 66 

635' 57.2 97 

640' 64.34 123 
 

 

Structures Impacted by Mark Twain Lake  

at 640’ above msl 

Figure VII-1: Structures impacted by Mark Twain lake at 640’ 

above msl. This map represents highest lake level estimated for 

Mark Twain Lake and the structures (shown as red dots) 

impacted by it. 

 

Table VII-1: Total area and total structures 

impacted by each inundation sceanrio 

generated for Mark Twain Lake. 
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Using the information contained in Table VII-1, Fig. VII-2 provides a visual summary of how 

the areal extents and number of structures impacted increase as the lake level rises.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure VII-2 depicts a linear increase in the areal extent and the number of structures 

affected as the waters rise within Mark Twain Lake. The largest areal increase occurs 

between the lake levels of 630’ to 635’ above msl, where the amount of land inundated 

increases by nearly eleven and a half square miles. A similar pattern of linear increases 

occurs with the structures, with the largest increase also occurring between the lake levels 

630’ and 635’ above msl. 

 

Table VII-2 summarizes the total number and type of structure impacted by the highest 

inundation scenario generated for Mark Twain Lake. It is important to note that not all of 

these structures would necessarily be inundated by water when the lake hits this level. For 

example, many bridges within the area are likely built above the highest elevation scenario 

generated for this project. However, it is assumed that the majority of the structures 

identified in this inventory would be impacted by waters rising to this level.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure VII-2: Total area in square miles (left graph) and total structures (right graph) inundated at each estimated 

lake level. Values along the horizontal axis represent the lake level elevation scenarios (feet above msl) 

generated by KCMG. 
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Structure Type 
Total 

Structures 

Bridges 45 

Boat Ramps 23 

Parking Lots 18 

Water Crossings 17 

R.R. Bridges 5 

R.V. Pads 5 

Park Mgt. Facilities 3 

Marinas 2 

Animal Pens 1 

Medium Sized 
Buildings\Barns 

1 

Small Sized 
Buildings\Barns 

1 

Recreation Shelters 1 

Silos 1 

 

 

 

 

The contents of Table VII-2 indicate that the majority of structures potentially impacted by 

high water around the lake are related to transportation and recreation. One interesting 

result from this summary is that no homes were identified within the inundation scenarios 

for the lake.  

2. Salt River Corridor– Areas of Inundation & Total Structures Impacted 

Figure VII-3 contains the total area estimated to inundate within the Salt River Corridor 

when release rates from the Clarence Cannon Dam reach 80,000 cfs. At this rate of release, 

the estimated area of downstream inundation covers approximately fifty-five square miles 

and impacts 281 structures. (The 80,000 cfs scenario was used in this case, rather than the 

90,000 cfs scenario because, as mentioned section VI-C, the latter only represent the 

western two-thirds of the river corridor.) 

 

 

 

 

 

 

 

 

 

Table VII-2: Total number of each 

type of structure located within the 

area estimated to inundate when 

Mark Twain Lake rises to 640’ above 

msl.  
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Visual analysis of Figure VII-3 indicates that the structures impacted by high water are 

widely distributed across the area. Unlike the structures around the lake, the structures 

impacted by flooding along the Salt River are found much deeper inside the outer 

boundaries of the areas inundated.  

Table VII-3 summarizes the total area and total number of structures impacted by each river 

inundation scenario. 

Release Rate 
Scenario 

Estimated 
square miles 
of inundation 

Total 
Structures 
Impacted 

20,000 39.90 121 

30,000 46.77 186 

40,000 50.02 205 

50,000 51.77 233 

60,000 53.34 250 

70,000 54.06 256 

80,000 54.54 281 

90,000* 55.30 307 

. 

 

 

Area of Inundation & Structures Impacted—Release Scenario 80,000 cfs 

 

Figure VII-3: Structures (shown as red dots) within the area estimated to inundate at a release rate from the 

Clarence Cannon Dam of 80,000 cfs. 

Table VII-3: The total area and number of 

structures impacted by each Salt River 

inundation scenario.  

*Contains a combination of the 90,000 and 

80,000 cfs input data 
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Using the information contained in Table VII-3, Figure VII-4 provides a visual summary of 

how the areal extents and number of structures increase as release rates from the Clarence 

Cannon Dam rise.  

 

 

 

 

 

 

 

 

 

 

 

 

The graphs in Figure VII-4 show that the largest increases in the areas impacted occur 

between the lower release rates and that the amount of increase tends to lessen (or, flatten 

out) between the higher release rates scenarios. The graph on the right side of Figure VII-4 

follows a similar pattern, with the exception of a slight jump in the number of structures 

impacted between the last three scenarios. 

 

Table VII-4 summarizes the total number of each type of structure impacted by the highest 

river inundation scenario digitized by KCMG. It is again noted that not all of these structures 

would necessarily be inundated by water at this scenario. However, it is assumed that the 

majority of the structures identified in this scenario could be impacted in some way from 

flooding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure VII-4: Total square miles (left graph) and total structures (right graph) inundated for each release rate 

scenario digitized for the Salt River Corridor. Values along the horizontal axis in both graphs represent release 

rates in cubic feet per second from the Clarence Cannon Dam.  
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Structure Type 
Total 

Structures 
Medium Sized Buildings\Barns 57 

Small Sized Buildings\Barns 46 

Water Crossings 41 

Houses 34 

Silos 28 

Bridges 26 

Large Sized Buildings\Barns 17 

Parking Lots 13 

Animal Pens 10 

R.R. Bridges 10 

Boat Ramps 7 

Mobile Homes 6 

Large Sized Industrial Buildings 3 

Medium Sized Industrial Buildings 2 

Large Sized Commercial Buildings 1 

Dams 1 

Electrical Facilities 1 

Mobile Home Park 1 

Recreation Facility 1 

Rubbish, Debris, Materials Pile 1 

Storage Tanks 1 

 

 

 

Based on the results of this analysis, it was found that the structures at risk around the lake are 

mostly associated with recreation and transportation. Whereas the risks from flooding around 

the river pose a higher threat to structures used for agriculture, residences, and transportation.   

B. Road Impacts Analysis 

For this analysis, KCMG determined how many linear miles of road lie within the total area of 

inundation defined within the AOI. To do this, the highest inundation scenario defined for the 

areas around Mark Twain Lake and the Salt River corridor were combined then overlaid with the 

MoDOT roads data. A GIS processes known as ‘clipping’ was then used to extract only those 

portions of the roads that overlap the inundation scenarios. After the roads overlapping the 

inundation zones were extracted, summary tabulations were made from the new output data.  

The map contained in Figure VII-5 shows the portions of the roads that are overlapped by the 

highest inundation scenarios calculated for Mark Twain Lake and the Salt River Corridor.  

Table VII-4: Total number of each type of structures located 

within the area estimated to inundate when flow from the 

Clarence Cannon Dam into the Salt River reaches 90,000 cfs. 
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In total, sixty-one linear miles of roads were found to overlap the two highest areas of 

inundation estimated for Mark Twain Lake and the Salt River corridor. It is assumed that many 

of these roads are constructed on ground built up to exceed the elevations defined for the 

highest inundation scenarios, but it also can be assumed that some, if not many, of these roads, 

especially in the floodplain along the river, could be impacted by high-water events around lake 

or within the river corridor.  

This analysis also examined what types of roads overlap the inundation zones. Table VII-5 

summarizes how many miles of each road type are within the inundation zones around the lake 

and river. 

 

 

 

 

 

 

 

Portions of Roads Overlapping Inundation Zones 

 

Figure VII-5: Roads (shown in red) overlapping the highest inundation zones calculated for Mark Twain Lake and the 

Salt River Corridor.  
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Lake Roads River Roads 

Road  
Designation 

Total 
Segments 

Length 
Miles 

Road 
Designation 

Total 
Segments 

Length 
Miles 

County Road 60 7.49 County Road 47 24.58 

Missouri 
Numbered Route 

9 1.08 Missouri 
Lettered Route 

29 9.23 

Missouri 
Lettered Route 

12 0.81 Railroad 7 7.91 

US Highway 7 0.62 Missouri 
Numbered 
Route 

11 3.43 

Railroad 4 0.36 USACE 4 3.26 

USACE 5 0.30 Private Road 3 1.18 

City Street 5 0.04 Outer Road 2 0.57 

   US Highway 2 0.15 

Total Miles 10.71 Total Miles 50.29 

 

 

One key difference between the roads intersecting the inundation zones around the lake and 

river is that the average length of the road segments within the lake’s inundation zone is one-

tenth of a mile, while it is nearly a half-mile for those located within the river’s inundation zone. 

This is because the roads around the lake tend to be constrained to higher elevations and stay 

out of the flood zones, while the roads within the Salt River corridor tend to run uninterrupted 

though the relatively level and low elevations of the river plain.  

C. Population Analysis  

KCMG used 2010 population data from the U.S. Census Bureau to estimate the total number of 

persons living within the AOI. This estimation was made by summarizing the total population of 

all the census blocks whose centers fall within the project AOI. This is a common practice for 

estimating populations for irregular shaped areas that do not follow standard jurisdictional lines. 

 

The map within Figure VII-6 shows the census blocks used to calculate the estimates for this 

analysis. The shades of purple represent the relative population within each block, with darker 

shades representing higher populations. 

 

Table VII-5: Summary of road types and road miles within the inundation zones around the lake 

and river. 
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Using the blocks shown in Figure VII-6, KCMG estimated the total population within the AOI at 

3,568 persons. Knowing the total population is useful for planners, but it also very important to 

understand the distribution and relative densities of these populations.   

 

To examine population distribution and density, KCMG overlaid a grid made up of one-square-

mile cells with the Census Block data and then summarized the population within each grid cell. 

The result of this analysis, shown below in Figure VII-7, generalizes the data somewhat, but is 

very useful for examining the population patterns and densities within the AOI. 

 

2010 Census Blocks within the AOI 

Figure VII-6: The 2010 census blocks used to estimate the total population within the AOI. Darker hues 

represent higher populations. 
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As the map within Figure VII-7 shows, the population is spread somewhat evenly throughout the 

study area, with the exceptions being the small cities that dot the area where densities are 

highest.  

 

KCMG also examined the breakdown of ages within the AOI. Unlike the census blocks that were 

used to generate the population counts within the AOI, the census block group is the smallest 

geography for which the Census Bureau reports age statistics. Census block groups are much 

larger than census blocks, and because the block groups that overlap the AOI extend far beyond 

its boundaries, it is more sensible to report the percentages that each age group represents 

from the total population of these block groups rather than report the raw counts, which would 

greatly exceed the actual population within the AOI.  

 

Figure VII-8 contains the age demographics for the AOI that were created from the 2010 Census 

block groups. 

 

 

 

 

 

 

 

 

Population Distribution within the AOI 

Figure VII-7: The general population pattern and density across the AOI. Population source: US Census Bureau, 

2010 Census. 
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A unique aspect of the AOI, especially around the lake, is that it is used heavily for recreation. 

This means there is potentially a large non-resident population temporarily staying in the area at 

different times during the year. Considering this, KCMG used information from the structures 

and facility inventories to generate Figure VII-9, which depicts the areas within the AOI that 

have the highest potential for holding non-resident populations. The map was created using a 

process similar to the one used to generate the population distribution map shown above, but 

rather than summarizing the overlay grid with population values, it was summarized with the 

total number of structures and facilities that are related to recreational activities.  

Age Categories shown by Percentage 

of Total Population within the AOI 

Figure VII-8: Age 

categories shown by 

percentage of total 

population within the 

AOI. Population data 

source: US Census 

Bureau, 2010 Census 

Block Groups. 
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The map contained within Figure VII-9 was created by aggregating the following types of 

structures and facilities: boat ramps, cabins, campsites, hotels, marinas, park buildings, parking 

lots serving rec areas, playgrounds, and RV pads.  This map should not be confused with a 

population map, because the pattern it shows represents the density of structures and facilities 

that offer recreational services, not the number of persons they house. That said, the map is a 

very good indicator of where within the AOI large numbers of people may be making use of 

recreational amenities. 

D. Overall Risk Analysis 

In this final analysis, KCMG conducted a series of overlays to estimate which areas prone to 

inundation within the AOI also have the highest combined density of population, structures, and 

streets. The basic goal of this process was to estimate which areas within the AOI have the 

highest combined risk from flooding and possibly other types of hazards.  

 

During this overall risk analysis, KCMG incorporated population values, structures points, and 

road miles into common geographic units. This was done by overlaying an analysis grid over the 

AOI then summarizing the total population, number of structures, and miles of road within each 

cell—a process very similar to the one used to assess the population patterns within the AOI. 

 

During the overlay with the analysis grid, each one square-mile grid cell was assigned the total 

population, total number of structures, and total road miles found within it. The totals 

calculated for each cell, which were based on different value systems, were then reclassified 

Distribution and Density of Recreational Structures within AOI 

Figure VII-9: Distribution of recreational structures within the AOI. 
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into a common set of ranks ranging from 1 to 5, with 5 representing the highest densities. The 

breakdown of the value reclassifications for each input type is shown below in Table VII-6. 

Population 
Reclassifications 

Structures 
Reclassifications 

Roads Reclassifications 

Input: 
Total 

Persons 

Reclassified 
Value 
(Rank) 

Input: 
Total 

Structures 

Reclassified 
Value 
(Rank) 

Input: 
Total Road 

Miles 

Reclassified 
Value 
(Rank) 

1-2 1 1-2 1 10 to 1,847 1 

3-5 2 3 2 
1,848 to 
4,785 

2 

6-9 3 4-5 3 
4,786 to 
9576 

3 

10-20 4 6-10 4 
9,577 to 
15,477 

4 

21-28 5 11-21 5 
15,478 to 
26,796 

5 

 

After the input values were reclassified into the common system shown above, they were 

totaled to generate a final risk score for each grid cell. The map contained in Figure VII-10 shows 

the overlay grid symbolized by the finalized risk scores. Areas in the map not covered by a grid 

cell, represent the cells where the calculated risk score equals zero; that is, areas where there 

are no structures, no roads, and no resident populations. 

 

 
 

Table VII-6: Value reclassification key for population, structures, and linear miles of roads.  

 

Overall Threat Risk Map 

Figure VII-10: Threat risk map. This map depicts the relative risk from flooding and other disasters for locations 

within the AOI. It’s based on the assumption that areas with the highest combinations of population, 

structures, and roads also have the highest risk from flooding and other types of disasters.  
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The risk map contained in Figure VII-10 is based on a combination of subjective assumptions and 

quantitative processes and data defined by KCMG. While the results are only an estimation of 

risk, they provide a very reasonable overview of which areas within the AOI have the highest 

combined risks to populations, structures, and roads; and they also provide an excellent starting 

point for more focused hazards planning. One shortcoming of this analysis is that the overlay 

process did not include a fourth factor that included the total number of recreational structures 

within each grid cell.  

 

VIII. Report Summary 

The data development work described within this report occurred between September 1 and 

October 31 of 2012. During this time three primary sets of data were generated, the structures 

inventory, the inundation scenarios for Mark Twain Lake, and the inundation scenarios for the 

Salt River Corridor.  

The analysis summaries performed at the completion of the data development portion of the 

project found the highest number of structures at risk of inundation within the study area tend 

to lie within the river corridor, and upstream within the tributaries that feed Mark Twain Lake. 

Reflective of the AOI defined for this project, the primary types of structures at risk for flooding 

directly around the lake are mostly associated with recreational activities, while those at risk for 

flooding within the Salt River floodplain and the Salt River pose more risk to agricultural and 

residential structures. 

The data created for this project and the analysis summaries derived from it, provide an 

effective starting point for further hazards planning within these areas. The structures data 

created for this project is a comprehensive dataset with multiple uses. For example, it could also 

prove beneficial in assisting initial damage assessments after severe weather events, or simply 

to provide planners a better understanding about the built environment within the areas around 

the lake and the river.  

As noted earlier in this report, the inundation scenarios were built from secondary data sources 

and are intended as generalized representations that estimate the areas of inundation caused 

by high water events within the AOI. These layers do not and should not be used in any official 

or legal context to formally delineate flood boundaries, and they are not intended to be used as 

a replacement for any of FEMA’s traditional flood zone maps. This said, KCMG is confident in the 

accuracy of these datasets when used at the appropriate scales and for the appropriate uses.  

KCMG greatly appreciated the opportunity to assist the Mark Twain Regional Council of 

Governments with this project. Questions related to the project goals and directives should be 

directed to the council. That said, KCMG is also happy to respond to questions about the data 

developed and techniques used within this project.  
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Appendix A: Structures Totals and Classification Guide 

The table below contains the full set of values used to classify the structures inventoried within the 

project AOI. It also includes the total number of each type of structure inventoried and the percent of 

the total set of structures each type represents. The 'Classification Guidance' field contains the criteria 

used to assist the type classifications during the inventory process. 

Structure Type Classification Guidance 
Total 

Inventoried 
Percent 
of Total 

Animal Pen Barn or shelter surrounded by fencing, visible signs of 
animals, visible signs of livestock tracts, feed supplies 
nearby, proximity to waste ponds. 

362 

4.43% 

Apartments Multiple buildings in residential area with common 
parking, single multi store building in residential areas 
with common parking. 

13 
0.16% 

Building or barn-
large 

Building in residential or agricultural area that is greater 
than 5000 sq. feet. 287 

3.51% 

Building or barn-
medium 

Building in residential or agricultural area that measures 
1,501 to 5,000 sq. feet. 1,363 

16.66% 

Building or barn-
small 

Building in residential or agricultural area that is less 
than 1,500 sq. feet. 1,250 

15.28% 

Boat ramp Concrete pad leading into water. 30 0.37% 

Bridge Visible signs of overpass, guard rails, shadow. 90 1.10% 

Cabin small building similar to house, in park area, often 
accessed or connected to trails. 53 

0.65% 

Campsite Existence of trails leading to small cleared areas within 
woods or fields. Presence of parking spots. 70 

0.86% 

Cemetery Visible pattern of tombstones. 19 0.23% 

Church Building structure reflects presence of central nave, 
presence of steeple. 15 

0.18% 

Commercial building 
large 

Building in commercial area that is greater than 5000 sq. 
feet, associated with parking, possibly hotel and motels. 61 

0.75% 

Commercial building 
medium 

Building in commercial area that is 2,501 to 5,000 sq. 
feet., associated with parking, possibly hotel and 
motels. 

93 
1.14% 

commercial building 
small 

Building in commercial area that is less than 2,500 sq. 
feet., signs of parking, possibly hotel and motels. 49 

0.60% 

Communications Visual presence of cell tower. 13 0.16% 

Dam Visual presence of built structure holding back water. 1 0.01% 

Electrical Visible ground features represent an electrical station. 
Convergence of power lines into and out of structure. 4 

0.05% 
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Structure Type Classification Guidance 
Total 

Inventoried 
Percent 
of Total 

Gas station Exists in commercial area, presence of gas pumps, 
presence of roof in front of building, close proximity to 
road. 

5 0.06% 

Government building Existence within city centers, confirmation with 3rd 
party sources. 

9 0.11% 

Grain elevator Visual identification of large silos, adjacent to rail, close 
proximity to road. 1 0.01% 

Greenhouse Visual identification of glass or plastic roofing, rounded 
structures with rectangular pattern. 3 0.04% 

Group quarters Grouped housing with common parking lots. 1 0.01% 

Hotel, motel, inn Exists within commercial zone, elongated shapes, 
presence of parking. 3 0.04% 

House Presence of driveway, visual id of garage, visual id of 
porch roof, exists in residential area, fence line, yard 
line. 

2,042 24.97% 

Industrial building 
large 

Building in industrial area that is greater than 10000 sq. 
feet., presence of large doors 28 0.34% 

Industrial building 
medium 

Building in industrial area that is 3,001 to 10,000 sq. 
feet., presence of large doors 65 0.79% 

Industrial building 
small 

Building in industrial area that is less than 3000 sq. feet., 
presence of large doors 38 0.46% 

Marina Floating docs with multiple boat slips, parking on nearby 
shoreline.  2 0.02% 

Mine Large area of dug out land, presence of heavy 
equipment. 

2 0.02% 

Mobile home Regularly sized, narrow, rectangular structure, typically 
white roof, in mobile home park, in residential area, 
presence of a driveway. 

345 4.22% 

Mobile home park Presence of multiple mobile homes accessed from 
common roads or entrance. 2 0.02% 

Park facility Building built within a park area. 30 0.37% 

Parking Visual identification of multiple parking stalls within a 
paved areas. 95 1.16% 

Park management 
facility 

Facility used by the USACE or state park system not 
otherwise denoted as a camp site, park, or other known 
type.  

6 0.07% 

Playground Visual identification of playground equipment such as 
slides, swings, etc., located in parks. 3 0.04% 

Recreation facility Building built within a park or nature area, with 
associated parking or access from trails. 10 0.12% 
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Structure Type Classification Guidance 
Total 

Inventoried 
Percent 
of Total 

Recreation shelter Buildings in campsite, or RV parks that likely houses 
bathrooms, or are used as outdoor shelters for picnic 
tables. 

38 0.46% 

Railroad bridge Visual identification of railway crossing a bridge. 21 0.26% 

Rubbish debri Abandoned machinery and cars, trash piles, 
construction material stacks. 31 0.38% 

RV pad Concrete pad accessed by driveway existing within RV 
park or camping area. 986 12.06% 

RV park Existence of multiple RV pads accessed from common 
roads or entrance. 27 0.33% 

School Presence of playground, track facilities, or confirmation 
with 3rd party sources. 3 0.04% 

Sewer treatment 
plant 

Visual presence of waste water retention ponds, 
confirmation with 3rd party sources. 1 0.01% 

Silo Round feature, near barns and other agricultural 
structures, often silver in color. 375 4.58% 

Storage tank Round features, often white, not a silo. 17 0.21% 

Waste pond Pond with rectangular shape, surrounded by fence, 
presence of pump or aeration devices. 45 0.55% 

Water crossing Point along road where it crosses a stream or river 
without the assistance of a raised bridge, visible 
identification of culvert. 

167 2.04% 

Water tower Recognizable shape of water tower structures.  4 0.05% 

Water treatment 
plant 

Presence of round ground tanks storing clean water, 
confirmation with 3rd party sources. 1 0.01% 

 Total Number of Structures Inventoried 8,179  

 

 

 

 

 

 


