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Summary 

 

Miles City, MT has recognized a need to develop a Flood Mitigation Feasibility Report for the 

Yellowstone and Tongue Rivers to assess flood risks and floodplain regulation issues.  They retained the 

consulting engineering firm of KLJ, Inc. (KLJ), to assist them in determining feasible alternatives to 

decrease flood risk and reduce the regulation burden on the community. Recently there has been 

increased pressure from the community to develop a solution to ease the financial burden for residents 

of Miles City and the surrounding areas of Custer County, who are mapped in the SFHA. Consideration 

was given to alternatives that would remove the affected properties from the SFHA. The major effort of 

this study was centered on the area, looking downstream along the rivers,  contained by the right 

overbank of the Tongue River from the golf course north to the confluence of the Tongue River and the 

Yellowstone River, the left overbank of the Tongue River from the Old Milwaukee Railroad Bridge to the 

confluence of the Tongue River and the Yellowstone River, and the right bank of the Yellowstone River 

from the water plant to the eastern city limits, a distance of approximately 5.5 miles. 

The results of this report indicate there is significant risk of flooding, principally induced by ice jams at 

the confluence of the two rivers and just downstream of the eastern city limits. However, multiple 

solutions to mitigate and minimize flood risk and reduce the regulation burden are identified as feasible 

possibilities. The alternatives producing the highest cost benefit (in relation to reduced flood insurance 

premiums) as well as having the largest decrease of flood risk, are structural flood control projects along 

the right bank of the Tongue and Yellowstone Rivers as well as the city water plant. The most current 

modeling of the two rivers was completed by the United States Army Core of Engineers (USACE), which 

was reported in the 2007 FIS.  This model was obtained by KLJ, and multiple structural flood control 

elements were added for each proposed structural alternative to assess upstream, downstream, and 

floodway impacts. The Plan developed by this report contains recommendations for channel 

improvements, hydraulic structural improvements and flood control levee embankments.  

This study is intended to be of a preliminary nature.  A broad overview and preliminary structural 

analysis of levee and floodwalls, as well as hydraulic structures was performed to determine if the 
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alternatives were feasible.  This report is intended to give high level cost, schedule, and scope of the 

feasible alternatives. 

 KLJ has laid out five alternatives, with each alternative having varying degrees of benefits and costs. The 

five alternatives reviewed by KLJ give the City a broad range of potential options to consider to alleviate 

regulation economic burdens as well as potentially decreasing the risk of severe flooding. 

1 Introduction 

A Flood Mitigation Feasibility Report for Miles City and surrounding developed areas of Custer County 

was conducted by KLJ. This flood mitigation study involved assessing the flood mitigation need, 

identifying a range of flood mitigation alternatives, conducting a screening of alternatives and soliciting 

public involvement and input.    

1.1 Study Area  
Miles City, MT is located at the confluence of the Yellowstone and Tongue Rivers in Custer County, 

eastern Montana as shown in Exhibit 1 in Appendix 1. The Yellowstone River has its headwaters at Yount 

Peak in the Absaroka Mountain Range outside the southeast boundary of Yellowstone National Park. It 

then flows northeasterly through Montana and into North Dakota to its confluence with the Missouri 

River in McKenzie County, as shown in Exhibit 2 in Appendix 1. The Tongue River is a tributary to the 

Yellowstone, whose headwaters start in the Big Horn Mountains in Wyoming. The Tongue River flows 

north through eastern Montana until meeting with the Yellowstone River at Miles City. The principal 

area of focus for the study is shown in Exhibit 3 in Appendix 1. While the Study is centered on Miles City, 

areas upstream and downstream were considered to assess impacts of the proposed alternatives. 

1.2 Historic Notes 

The USGS and USACE have documented a long history of flood events at Miles City. There have been 19 

recorded flood events since 1882, with eight being major floods resulting in documented property and 

infrastructure damage. The two most damaging floods occurred in 1929 and 1944, and the high water 

marks are indicated in Exhibit 4 in Appendix 1. In 1936, an embankment was constructed by the WPA to 

protect against a flood equal to the 1929 peak (Department of the Army U.S. Army Engineer District, 

Omaha, 1978). Additional embankments were added by local interests in 1950 and 1974 as well. 

However, during the 1944 flood, the WPA embankment failed and was overtopped and undermined in 

multiple locations as indicated in Exhibit 7 Appendix 1. It is estimated that the damages from the 1944 

flood event were equivalent to $3.3 million in current dollars. In 1948, the “Study of the Yellowstone 
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River Basin and its Tributaries” was prepared by the USACE. Within the report, the USACE recommended 

a local flood protection project at Miles City due to the extreme risk of ice jam flooding at the 

confluence of the two rivers. Documents show that public support for the project could not be gained, 

and the USACE subsequently placed the project in an inactive status in 1961. In 1969, the USACE 

initiated a restudy due to renewed local interest. The restudy was completed in 1974 and reaffirmed the 

authorized levee plan from 1948. An update to the 1974 restudy was completed in 1979, and the USACE 

began design on a flood protection project. Additionally, in 1979 FEMA published its FIS and issued Miles 

City’s first effective FIRM which indicated a large portion of the community as being in the 100-year 

floodplain and approximately 80% of the community contained in the 500-year floodplain. Exhibit 5 in 

Appendix 1, shows the historical FIRM. The effective FIRM map was changed in 2010 due to updated 

river hydraulics and better topographic maps. A comparison shows that the historic FIRM has less 

inundation during a 100-year flood event, than the current FIRM, as found in Exhibit 6 in Appendix 1. 

With the implementation of the new FIRM, Exhibit 6 in Appendix 1, all mortgage lending to property 

indicated in the SFHA was required to have a flood insurance policy through the NFIP. Even though the 

embankments along the river provide some level of flood protection, they fail to meet federal 

requirements for levee embankments and are not considered when mapping the 100-year floodplain.  

As the USACE progressed with its design in 1979 to construct certified federal levees, Miles City was 

unable to acquire the proper ROW for the project, and in 1983 the USACE placed the project in inactive 

status. Additional efforts to engage the USACE have occurred between 1983 and 2013, but for various 

reasons the project remains inactive.  Appendix 2 shows the effective FIRM’s for Miles City and its 

surrounding areas. 

 In 1996, the USACE, at the request of the City, surveyed the WPA embankment and local extensions to 

determine if the existing embankment could be included in the Public Law 84-99 Rehabilitation 

Assistance Program. This program provides funding from the federal government to repair flood control 

structures after a flood event. However, due to numerous design deficiencies noted by the USACE, the 

existing embankments were determined to be ineligible.  

The USACE completed revisions to the effective FIS in 2007. The revisions included new BFE and flood 

boundaries developed using composite probability including ice-affected flow conditions on the 

Yellowstone and Tongue Rivers. The embankments in Miles City cannot be certified in accordance with 

FEMA’s requirements, and they were not considered as providing protection from the base flood. 

Subsequently, FEMA utilized the 2007 Flood Insurance Study to update the effective FIRM map which 
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caused additional areas that had not been in the SFHA to now be included. This change, as well as the 

changing NFIP flood insurance rates, has created a current state of public discontent in regards to flood 

control and flood insurance. This discontent has led to the commission of this Flood Mitigation 

Feasibility study in order to provide accurate and up-to-date information to the local flood control 

committee. With this information, the committee will be able to make an informed recommendation to 

the Miles City Council for an alternative to increase public safety and decrease the negative effects of 

floodplain regulations and flood insurance upon the community.  

1.3 Historic Flooding 
Miles City, experiences flooding events regularly, as it lies at the confluence of two large, perennial 

rivers. Based on data from the USGS, during the past five years, the Yellowstone River has risen above 

flood stages on five separate occasions. Flooding events have been well-documented as cited in the 

2007 Flood Insurance Study.  All costs are expressed in historic dollar figures.    

         Past Floods 

Major floods have occurred in Miles City in the following years: March 1882, March 1888, 

March 1892, February 1899, June 1918, March 1928, March 1929, and March 1944. Fairly 

complete information is available on the floods of 1929 and 1944, but no known records of 

earlier floods are available other than newspaper accounts, old photographs, and verbal 

accounts of longtime residents. Minor floods have occurred in Miles City in March 1904, 

May 1909, March 1912, and September 1923. The records on minor floods are incomplete 

and studies of flood damages are based on old photographs, newspaper accounts, and 

verbal accounts of residents. In the history of all past floods, available information 

indicated that loss of life due to floods has not been encountered at Miles City.  

 

Flood of March 1882 

The only record of the major flood of 1882 is a photograph hanging in the Olive Hotel in 

Miles City. This shows water flowing through Main Street at an estimated depth of two 

feet and considerable deposits of heavy ice at the intersection of Main and 5th Streets. 

This would indicate that the major portion of the then existing town was inundated with 

estimated damages of $2,500. There is a little doubt that an ice jam at the mouth of the 

Tongue River was the cause of the flood. 

Floods of March 1888, March 1892, and February 1899 

There are no factual records of these major floods. An estimate of the flood damages 

based on pictures of these floods, topography of the city, and development of the city gives 

the following flood damage estimates. March 1888-$5,000, March 1892-$10,000, and 

February 1899-$30,000. Newspaper accounts mention water flowing down Main Street 

which indicates a flood of somewhat smaller magnitude than the area flooded in March 

1882. All three floods were caused by ice jams at the mouth of the Tongue River.  
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Flood of March 1904 

On March 10, 1904 an ice jam at the mouth of the Tongue River backed water up Main 

Street to as far as 8th Street intersection, damaging a few frame business buildings and 

flooding a number of homes. The reported damages resulting from this minor flood are 

$5,000.  

 

Flood of May-June 1909 

The minor flood of 1909 resulted from snowmelt in the mountains and rains in late May 

and early June. The Tongue and Yellowstone Rivers were at flood stages, but no damages 

were reported in newspaper accounts so it was assumed the extent of damages was 

approximately $2,000 caused by flooding of a few homes on “The Island.” Newspaper files 

indicated that previous to the flood stage of the Yellowstone, Miles City had anticipated a 

serious flood with extensive damages.   

Flood of March 1912 

A minor flood caused by an ice jam and high water in the Tongue River Valley was reported 

in March 1912. Very little damage was reported at this time. The estimated amount of 

damage for this flood was $1,000 resulting from the inundation of several basements.    

 

Flood of June 1918 

The major flood that occurred during June 1918 was caused by a rapid melting of snow in 

the mountains resulting in extremely high water in the Yellowstone River. The water 

overflowed its banks into the old channel of the Tongue River and inundated 

approximately 85 buildings on “The Island” and the area adjacent to the old Tongue River 

Channel. Damages to personal property, buildings, and extra living costs to families forced 

to leave their homes was estimated to have been $20,000.  

 

Flood of September 1923 

Heavy rainfall in the upper Tongue River Basin caused high water in the Tongue River 

which resulted in a minor flood. Very little damage was reported. The area flooded was on 

“The Island” and was of shorter duration than the flood of 1918. Estimated damages of 

$5,000 caused by flooding of basements and some low buildings on “The Island” were 

reported.    

 

Flood of March 1928 

An ice jam formed in the Yellowstone River in March 1928 and caused a major flood over 

the area of “The Island” and the area adjacent to the old Tongue River Channel. The water 

in most places did not reach the first floors but did flood all basements and damaged 

foundations. The area inundated in this flood is the same as in the flood of June 1918. With 

144 residences damaged in the 1928 flood and 85 residences damaged in the flood of June 

1918 at an estimated $20,000, it is therefore estimated that the damages of this flood 

were approximately $38,000. 
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Flood of March 1929 

During January and February of 1929, severe cold weather was experienced at Miles City, 

and ice formed to a depth of about 51 inches on the Yellowstone River. The weather 

moderated around March 1, and rains up to 0.5 inch fell throughout the Tongue River 

Valley between March 1 and March 5. An ice jam formed at the mouth of the Tongue River 

against the thick ice still in place on the Yellowstone River. The resulting flood was of major 

proportions with water backed up a mile southeast of the Northern Pacific Railway About 

50% of the better residential area south and east of Northern Pacific Railway was 

inundated. The water rose to a depth which covered the first floor of buildings on “The 

Island” and low ground were reported flooded to the depth of the eaves. The area between 

the Northern Pacific and CMSP & PRR was flooded as far as 4th Street. There were 

approximately 300 residences, a church, and a large school building flooded. The 

estimated damage from this flood is $51,600 including damages to residences, buildings, 

pavements, sewers, and all public property. The city water pumphouse was reported 

sheared off by ice cakes in this flood.   

Flood of March 1944 

Rapidly melting snow in the lower reaches of the Tongue River in March 1944 caused the 

ice to break up and gorge against firm ice on the Yellowstone. Ice gorged on 19 March 

1944 along the Yellowstone from a point below State Highway #22 Bridge to the mouth of 

the Tongue River. The levee built in 1936 was to protect against a flood equal to the 1929 

flood intensity. Backwater from the ice jam flowed around the north end of the levee 

inundating “The Island” area. The water continued to rise, reaching a crest on  March 20th  

causing four breaks in the existing levee. Water also flowed through a 222 foot gap in the 

levee which was never finished because of right-of-way difficulties. The following areas 

were inundated before flood waters receded: city park, ball park area including large cabin 

camp, area from 4th Street to Tongue River, area from River Street to old Tongue River 

Channel, small areas on the east side of old channel on Tongue River, and “The Island.”  

The flooded area of the city is about the same as for the flood of 1929 except the 

residential district east of the Northern Pacific Railway was not flooded in 1944, as the ice 

jam was concentrated further down the Yellowstone River. Sandbags placed on the CMSP 

andPRR. spur on 3rd Street prevented inundation of the business district as crest elevations 

brought the water just to the rails of the spur. During the ice jam, the water rose as much 

as 38 inches an hour. The breakup of ice in the Yellowstone River was facilitated by the 

dropping of approximately fourteen 250 pound demolition bombs on the downstream end 

of the ice jam. Damages consisted of flooded basements and first floors of houses, flooded 

business property, settling of pavement cracked floor at water plant, inundated county and 

state highway shops and yard, damage to levee, cost of evacuation and relief of families. A 

survey of Miles City by Fort Peck District showed that 206 residences, seven businesses, 

and one small farm were damaged at an estimated cost of $103,900. (Engineers U. A., 

2007) 

Additional Floods have occurred in 1949, 1971, 1972, 1974, 1978, 1979, 1994, 1995, 2003, 2004, 2007, 

2008, 2011 and 2012.  
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Figure 1: 1881 Flood in Miles City, Montana (Montana's Flooded Past, 2011) 

 

Figure 2: 1944 Flood in Miles City (Montana's Flooded Past, 2011) 
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Figure 3: Garfield School 1944 (Montana's Flooded Past, 2011) 

 

Figure 4: Ice Jam 1944 (Montana's Flooded Past, 2011) 
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Figure 5: Pleasant Street Flooding 1944 (Montana's Flooded Past, 2011) 

 

Figure 6: Milwaukee Railroad Bridge 
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Figure 7: Eroded BNSF railroad embankment during the flood of 2011 (Fitzgerald, 2011) 

 

Figure 8: Road overtopped with water near Miles City during the flood of 2011 (Hartman, 2011) 
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Figure 9: Yellowstone River flooded during the flood of 2011 (Hartman, 2011) 

 

 

2 Flood Vulnerability 
Miles City, MT is located within the natural floodplain at the confluence of the Yellowstone and Tongue 

Rivers. Drainage basin characteristics for each river vary significantly. For example, the Yellowstone 

drains an area of approximately 48,000 mi2 while the Tongue collects drainage from approximately 

5,000 mi2. The Tongue River is controlled by reservoirs while the Yellowstone flows uncontrolled. The 

State of Montana updated its Multi-Hazard Mitigation Plan and Statewide Hazard Assessment in 

November (Division, 2014) 2010. This plan accumulated historic data on flooding within Miles City as 

well as projected the economic and social effects of a 100-year flood event. Statistics from the State 

Hazard Mitigation Plan are contained in the discussion below.  

2.1 Physical Flood Risks 
Flooding becomes a risk when communities develop within natural floodplains. If floodplains remained 

undeveloped, only the most significant and rare events would cause major damage. Flood risk also 

depends on numerous physical features and local conditions specific to Miles City. Some of the major 

local conditions that increase the risk of flooding include: 
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 High incidence ice jam locations 

 Bank erosion/water velocity 

 Geomorphology 

 Snow melt and precipitation 

 Floodplain encroachment 

 

2.1.1 Ice Jamming 
Ice jamming occurs when there are prolonged cold periods followed by warm periods that cause the ice 

to break up on a flowing body of water and restrict the flow of water within a channel. The restriction 

causes water to back up behind the ice jam at possibly rapid rates. According to the State Multi Hazard 

Mitigation Plan, Montana has 1,473 recorded ice jams, the most of any lower 48 state. The plan also 

states that Miles City has the most recorded ice jams (45 in recorded history) of any city in Montana.  

This means Miles City has the highest recorded number of ice jams in the contiguous United States. 

Figure 10  a graph depicting Montana’s top ten cities for ice jams.  

Figure 10: Top Ten Cities in Montana for Ice Jams 

 

Frequent ice jams have been observed on both the Tongue River and the Yellowstone River. The 

locations indicated on Figure 11 are the most common areas for ice jamming to occur. The confluence of 

the Tongue and the Yellowstone Rivers presents the highest threat. Many instances of the Tongue River 
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ice breaking up before the Yellowstone have been observed. This causes the Tongue River ice to block 

up against the Yellowstone River ice and cause the water surface to rise quickly upstream of the 

confluence. An additional location is the area just downstream of Miles City where the bedrock shelf 

causes the river channel to widen and shallow. Within this area, the water velocity and depth of the 

Yellowstone reduces and allows ice to slow down and restrict flow. The flow restriction causes a backup 

of water along the Yellowstone and upstream on the Tongue. The Highway 59 bridge over the 

Yellowstone also has had reported ice jamming issues. All these locations pose significant concern when 

analyzing the potential flood risk for Miles City.  

Figure 11: Vulnerability Map 

 

2.1.2 Bank Erosion and Floodplain Encroachment 
In 1913, the Tongue River Channel through Miles City was shortened approximately 3 miles by the 

elimination of some bends and the construction of a cut-off to a new point of the existing confluence 

with the Yellowstone River. These channel improvements, which were accomplished by the Milwaukee 

Railroad in conjunction with the City, tend to lower open water stages on the Tongue River but have 

little effect on ice jam floods. The old Tongue River channel can be seen in Figure 12. 
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Figure 12: Old Tongue River 

 

 

After the elimination of the original channel, the city developed in the floodplain up to the extent of the 

right bank of the Yellowstone. When the WPA embankment was constructed, Exhibit 7 in Appendix 1, 

the river channel was constricted by it. This effectively narrowed the river channel and focused the river 

into a smaller space, which causes the floods to rise faster, reach greater heights, have a greater 

velocity, and reach downstream areas faster than if the river were left to its natural floodplain. The 

resultant increase in velocity raises the potential that bank erosion and embankment damage can occur.  

These effects were observed and documented during the 1944 flood event. Several areas of the WPA 

embankment suffered breaches and damage which resulted in the inundation of the old Tongue River 

Channel and surrounding neighborhood. The USACE also has documented damages through the history 

of the existing embankments. “There are several instances where the levee has been undercut and 

eroded throughout its lifetime” (Department of the Army U.S. Army Engineer District, Omaha, 1978). 

Exhibit 7 in Appendix 1, shows the locations and the resulting flood damage to the embankment. 
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Future flood mitigation alternatives should consider proper bank stability, erosion protection or 

expansion of the floodway adjacent to Miles City. Additionally, north of the Highway 59 Bridge, a 

significant portion of the western bank of the Yellowstone River (approximately seven acres of land) 

sloughed off into the river in the summer of 2011. A narrow portion of the river’s channel became even 

narrower. Due to the bank slough constricting the river channel, increasing velocities, caused the levee 

damage that can be seen in Exhibit 7 in Appendix 1. The damaged area in Exhibit 7 is shown as red, 

where the slough had occurred, this can be better seen in Figure 13 and Figure 14 below.  These 

deposits not only restrict the flow capacity of the river and increase velocity, but are also areas that 

cause ice jams. The first image is an aerial photograph from the Yellowstone River Corridor Study, taken 

in 2011. The second is a photograph taken in 2013 from the USDA, as part of the NAIP. As evidenced by 

the 2013 image, the landmass is slowly eroding away, but continues to block a significant portion of the 

river channel. A sandbar is forming as well. Water velocities will remain high during periods of flooding 

for as long as the river is constricted between the landmass and the existing embankment. It is likely 

that the existing embankment will need to be repaired in this location more often than other locations.  

Figure 13: 2011 Aerial Image of Riverbank Failure (Yellowstone River Corridor Study, 2011) 
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Figure 14: 2013 Aerial Image of Riverbank Failure (NAIP 2013) 

 

2.1.3 Geomorphology 
Miles City is located in the glaciated Missouri Plateau region of the Great Plains Physiographic Province.  

This region is characterized by broad, terraced river valley and relatively high inter stream 

uplands which have been progressively dissected and eroded by drainage courses. Overburden 

materials in the river valleys are primarily recently deposited alluvial clay, silt, sand and gravel 

deposits. Bedrock is the Fort Union formation of Paleocene age, consisting of sand stone, 

siltstone and clay shale. (Department of the Army U.S. Army Engineer District, Omaha, 1978) 

A review of the USGS Soil Survey also indicates that the soil under Miles City consists of varying 

formations of silt, sand and gravel deposits (Service, 2014).   
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These soils have high hydraulic conductivity which allows for groundwater to move and equalize very 

quickly. This has been observed by the large amount of homeowners with basements experiencing 

seepage during high rainfall events and flooding.   

Generally, given the soil types, there is a high probability of under seepage that occurs under the 

existing embankments. This results in a higher risk of embankment failure from erosion of soil, also 

known as “soil piping” of the underlying soils.  

Existing soil bore data was also collected by the USACE but cannot be found due to a building fire where 

the data was located. This data is referenced in a USACE report discussing proposed levee design: 

Forty-six exploratory borings, ranging in depth from 10 to 40 feet, were drilled along the 

proposed site. Most borings were drilled through the existing levee fill through a relatively 

impervious natural surface soil blanket. Overburden materials from the borings were primarily 

alluvial clay, silt, and sandy gravel. Lean clay, gravelly clay, or clayey silt deposits we 

encountered at the surface in the majority of the borings. The gravel in the underlying aquifer 

ranged in size from fine to course. Although no cobbles or boulders were seen in the borings, 

they may be present in this stratum. Free water was encountered in most borings. The depth to 

water varies from 2 feet to 15 feet. Eight borings were drilled to bed rock. The depth to rock 

varied from about 15 feet to 35 feet. (Department of the Army U.S. Army Engineer District, 

Omaha, 1978) 

KLJ received 13 boring samples from the MDT that were taken along the Tongue River during the Main 

Street bridge reconstruction. See Appendix 3 for logs of the 13 borings. The bore samples were taken 

from a relatively small area along the Tongue River, as they were used for a bridge project. The borings 

show the soil mainly consists of clayey silt, silty sand, coarse sand and gravel, above the bedrock of silt 

stone and sandstone.  

KLJ also performed six additional soil bores at locations indicated in Exhibit 8 in Appendix 1, to 

independently verify the solid substrate. The logs of these borings can be seen in Appendix 4. The soil 

classification matches the information reviewed by the USACE and the MDT and substantiates 

comments received during the first public meeting and from discussions with contractors and residents 

in Miles City regarding the large amount of seepage during river flood events.  
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Generalized soil conditions were developed for representative sections along the river banks. The upper 

40 feet of borings were reviewed to determine the soil type; this was anticipated to be the primary zone 

of influence for levees and structures (non-bridge structures). The generalized soil profiles were divided 

among the seven types as listed: sand, sandy gravel, gravelly sand, silt, sandy silt, siltstone and 

sandstone. A typical soil bore consisted of either fill or topsoil followed by some type of silty soil, such as 

sandy silt, silty clay, silty sand, silt and clayey silt. The silt layer was then followed by a layer of sand and 

then gravel. Finally the bed rock was reached and was either siltstone or sandstone. The depth of the 

bores ranged from 5.9 feet to 131.9 feet deep, with an average of 51.3 feet. The water table depth 

ranged from 9.8 feet to 24 feet. Based on high hydraulic conductivity of sandy material, under seepage 

is a primary concern within the river bank area. Without control, under seepage in pervious foundations 

beneath levees may result in excessive hydrostatic pressures beneath an impervious top stratum on the 

landside; sand boils (caused when water pressure wells up through sand) and piping of material beneath 

the levee itself can occur. Under seepage problems are most acute where a pervious substratum 

underlies a levee, and extends both landward and riverward with a relatively thin top stratum on the 

landside of the levee. Principal seepage control measures that can be used to mitigate under seepage 

are cutoff trenches, riverside impervious blankets, landside seepage berms, pervious toe trenches, and 

pressure relief wells.  

2.1.4 Snow Melt and Precipitation 
Precipitation and flow monitoring have been studied in detail in both the FIS, Yellowstone River and 

Tongue River at Miles City, Custer County, Montana (USACE 2007) and the Stream Flow Statistics for 

Unregulated and Regulated Conditions for Selected Locations on the Yellowstone, Tongue, and Powder 

Rivers, Montana 1928-2002. Most of the flooding issues within the city occur during the spring 

snowmelt runoff combined with ice jamming. Historically, the flooding problems associated with the 

June snowmelt from the higher elevations in the basin have been minimal; however, the combination of 

June snowmelt paralleled with a high rainfall has the potential for serious flooding and should be 

recognized. 

2.1.5 Vulnerable Infrastructure 
Based on the current FIRM, schools, nursing homes hospitals, businesses and residential homes would 

potentially be inundated during a 100-year flood. Infrastructure locations are displayed in Exhibit 9 in 

Appendix 1.  

In the event of a flood, emergency measures may need to be taken to protect these buildings in order to 

provide continuous service. Flood hazard data was obtained from FEMA-generated Hazus analysis of 
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flooding in Custer County. The flood scenario was for a simulated 100-year flood, and FEMA estimates 

approximately $16,000,000 worth of damage to the existing building stock with a majority of the 

damage occurring within Miles City (Division, 2014). There are also numerous state facilities (i.e. Fish, 

Wildlife & Parks, Labor & Industry) within the Miles City flood hazard zones that are vulnerable to flood 

damages and losses, with an approximate cumulative economic value of $5,500,000 (Division, Mt.gov, 

2014).  

3 National Flood Insurance Program 
In 1968, the NFIP was designed to reduce future flood 

losses through local floodplain management and to provide 

protection against potential losses through flood insurance 

for property owners.  

As part of the NFIP, FIRMs are developed to show 

properties located within a SFHA. SFHAs are defined as the 

area that will be inundated by the flood event having a 1-% 

chance of being equaled or exceeded in any given year. The 

1-% annual chance flood is also referred to as the base 

flood or 100-year flood. The mapped area for the 1-% annual chance flood is commonly referred to as 

the 100-year floodplain. Miles City, MT has effective FIRMs, and currently there are approximately 3,650 

parcels contained within the SFHA.   

3.1 Local Flood Insurance Impacts 

Flood insurance premiums can be a significant impediment to the continued growth of a city. Excessive 

premium costs will discourage new businesses and residents from purchasing land in the floodplain. The 

cost of premiums has been increasing, and will continue to rise. On July 6, 2012, the Biggert-Waters 

Flood Insurance Reform Act of 2012 was signed into law. The main driving point of the Biggert-Waters 

Act was the extension of the NFIP until September 30, 2017. This law also amended the National Flood 

Insurance Act of 1968 and the FDPA of 1973. The Biggert-Waters Act slowly phases out flood insurance 

subsidies by incrementally increasing premiums until they reach the full actuarial cost. This will affect 

the Pre-FIRM (a building for which construction or substantial improvement occurred on or before 

December 31, 1974, or before the effective date of an initial FIRM) Zone A, “grandfathered”, and PRP EE 

polices and the Post-FIRM (a building for which construction or substantial improvement occurred after 

“100-Year Flood” is a shorthand 

expression for a flood that has a 1 in 

100 chance of being exceeded in any 

given year. This may also be expressed 

as the 1% annual chance exceedance 

flood, or “1% annual chance flood” for 

short. Similarly, a 200-year flood has a 

1 in 200 (or 0.05%) chance of being 

exceeded in any given year. 
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December 31, 1974, or on or after the effective date of an initial FIRM, whichever is later) PRP EE 

polices. However, in spring 2014, Congress passed the HFIAA which reversed some of the changes to the 

NFIP introduced by the Biggert-Waters Act. The HFIAA provides refunds for people who have had large 

flood insurance rate increases due to the sale or purchase of a home; it also caps the average annual 

premium increase at 18% and allows subsidies for insurance rates that are based on current flood maps. 

Miles City, MT currently stands as the largest flood insurance policy holder in the state. The community 

represents approximately 23% of all flood insurance policies within Montana. Approximately ninety-one 

percent of the policies in Miles City are single family policies. This is consistent with the Montana 

statistics, where the state average is 87%. The total number of insurance policies in place for Miles City 

as of December 2013 is 1,312. These are polices that are within city limits; there are also numerous 

policy holders in surrounding developed areas of Custer County. Based on preliminary analysis, a new 

levee system may have the potential to remove almost all parcels in the floodplain that it would protect. 

The current annual premiums, the policies holders within Miles City pay, is approximately $625,000 per 

year for flood insurance premiums. The numbers are calculated by data obtained from FEMA, and 

averages are shown in Table 1. 
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Table 1: Average Miles City Flood Insurance Rates 

Miles City, MT Flood Insurance Policies as of December 2013 

Policy Type : Single Family  Policies Pre-FIRM Annual Premium Polices Post-FIRM Annual Premium 

ZONE A 316  $               723.00 11  $                670.00  

Grandfather  126  $               176.00  23  $                342.00  

PRP EE 581  $               346.00  48  $                383.00  

PRP  79  $               311.00  6  $                365.00  

Total  1102  $        476,239.00  88  $          35,810.00  

Policy Type : 2-4 Family Policies Pre-FIRM Annual Premium Polices Post-FIRM Annual Premium 

ZONE A 9  $               868.00  0  N/A  

Grandfather  9  $                  71.00  2  N/A  

PRP EE 14  $               344.00  4  N/A  

PRP  1  $               414.00  1  N/A  

Total  33  $          13,681.00  7  N/A  

Policy Type : Other 

Residential  Policies Pre-FIRM Annual Premium Polices Post-FIRM Annual Premium 

ZONE A 4  $               577.00  1  N/A  

Grandfather  1  N/A  1  N/A  

PRP EE 2  N/A  1  N/A  

PRP  1  N/A  1  N/A  

Total  8  $            2,308.00  4  N/A  

Policy Type : NON-

Residential  Policies Pre-FIRM Annual Premium Polices Post-FIRM Annual Premium 

ZONE A 25  $            1,348.00  4  $                544.00  

Grandfather  25  $            1,963.00  6  $                407.00  

PRP EE 5  $            1,113.00  4  $                884.00  

PRP  0  N/A  0  N/A  

Total  55  $          88,340.00  14  $            8,154.00  

Total Polices  1,312 

Total Annual premiums for Miles City $ 624,532.00  

 



 

22 | P a g e  

Table 1 above shows the number of polices broken down by policy type (e.g. Single Family, Non-

residential, etc.). These are split into two categories: the Pre-FIRMs and the Post-FIRMs. Pre-FIRM is a 

building for which construction or substantial improvement occurred on or before December 31, 1974 

or before the effective date of an initial Flood Insurance Rate Map (FIRM). Post-FIRM is a building for 

which construction or substantial improvement occurred after December 31, 1974 or on or after the 

effective date of an initial Flood Insurance Rate Map (FIRM), whichever is later. They are then further 

categorized by policy classifications: Zone A, Grandfathered, PRP EE and PRP. In Miles City, the 

overwhelming majority of policies are single family homes, Pre-FIRM. The rates for these could increase 

in the future depending upon changing federal regulations. This could be a substantial increase in total 

yearly premiums. If a proposed flood control project were to move forward and provide protection from 

the 100-year or 500-year event, the premiums that Miles City residents pay would be significantly 

decreased and the requirement for mandatory flood insurance policies would be waived.   

4 FEMA Levee Accreditation Requirements 
For the levee to be recognized as providing the 1-%-annual-chance level of flood protection on NFIP 

maps, protection systems must meet, and continue to meet, the minimum standards set forth in Title 44 

of the CFR Section 65.10 for the following three categories: 

 Design 

 Operation 

 Maintenance 

4.1 Design Criteria 
For levees to be recognized by FEMA, evidence must be provided that adequate design and sound 

engineering practices have been followed. Minimum requirements for the following categories must be 

met 

a. Freeboard 

b. Closures 

c. Embankment protection 

d. Embankment and foundation stability 

e. Settlement 

f. Interior drainage 

 



 

23 | P a g e  

4.2 Operation Criteria 
A formal plan of operation, including specific actions and assignments of responsibility by individual 

name or title, must also be developed for each system. Minimum requirements for the following 

categories must be met in the operation plan: 

a. Documentation of flood warning system 

b. Formal plan of operation 

c. Periodic operation of closures 

d. Internal drainage plan, including manual backups 

e. Periodic inspections 

4.3 Maintenance Criteria 
A formal plan of maintenance must be officially adopted, and a copy of the plan provided to FEMA by 

the owner of the levee system. Minimum requirements for the following categories must be met: 

a. Activities to be performed 

b. Frequency of their performance 

c. Person, by name or title, responsible for their performance 

4.4 Levee Certification 
If appropriate documentation is certified by a Registered Professional Engineer to show that a levee 

system meets these three categories, FEMA will "accredit" the levee system and will revise the effected 

FIRM panel to show the impacted area landward of the levee system as having a moderate flood risk. 

FEMA will label the levee-impacted area as Zone X (shaded). Flood insurance is not mandatory in Zone X 

areas. 

5 Coordination and Input 

Stakeholders had opportunities to provide input several times throughout the Feasibility Study. 

Meetings, emails, phone conversations, a project website, email newsletters, press releases and written 

communication were all utilized as a conduit between stakeholders and KLJ throughout the process of 

the study. Much of the daily contact was on an informal basis, including obtaining data and sharing 

information. Press releases, media briefings, public meetings and major agency briefings were handled 

via a more formal process.  

5.1 Miles City  

The primary stakeholders for this Study are the residents of Miles City and the surrounding community. 

Throughout the Study, KLJ coordinated with Miles City public works staff, the Flood Control Committee, 
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The Mayor and General Council. The public input process, as part of the Miles City Flood Control project, 

is a critical component in reaching a realistic, feasible and palatable long-term solution for the 

community. Public input has been actively sought, through multiple mediums, on an ongoing basis 

throughout the duration of this study. 

5.2 Project Website 
A project website was established as a primary communication tool and platform to allow the public 

access to maps, reports and other important project-related content. The website also features a 

comments section where site visitors can express their opinions on the flood assessment study. A 

slideshow of Miles City photos was also compiled and shared on this site. This site has been updated as 

additional project information has become available and will continue to be updated as the project 

progresses (see Figure 15 for website example). For further information on the project website, visit 

www.milescityfloodassessmentstudy.com. 

Figure 15: Miles City Study Website 
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5.3 Press Release 
In preparation for the initial Miles City Flood Assessment Study public input meeting, the following press 

release was drafted and published in the Miles City Star. This method of public communication was used 

to access and educate the largest Miles City audience in regard to the March 6, 2014 public meeting. 

Figure 16: Press Release 
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5.4 Informational Flyer 
In addition to the press release discussed above, an informational flyer was also produced and 

distributed to raise awareness of the March 6, 2014 public input meeting. This promotional piece, Figure 

17, was shared around the community and resulted in helping to generate an outstanding turnout at the 

public input meeting. 

Figure 17: Informational Flyer 
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5.5 Public Input Meeting 
The initial Miles City Flood Assessment Study public input meeting was designed to serve as a discussion 

platform, through which engaged residents had the opportunity to voice their questions, concerns and 

suggestions for the project moving forward. The meeting began with a welcome from Council president 

and Flood Control Committee Chairperson, John Hollowell, followed by a brief project introduction from 

Floodplain Administrator Sam Malenovsky. Carl Jackson, Joel Paulsen and Molly Sullivan of KLJ then 

proceeded to lead the meeting participants through a facilitated discussion on the project purpose, 

technical details of the study and possible pending federal policy implications. 

Given the diverse areas impacted in Miles City, ward breakout sessions were held following the general 

session outlined above. This meeting format allowed for a free-flow discussion amongst residents, 

community officials and the KLJ consulting team. 

Following the ward breakout sessions, all participants regrouped as a whole for a final question and 

answer session. KLJ had several city and ward maps available at the public input meeting to facilitate 

conversations throughout the evening. 

City staff and KLJ consultants were pleased by the overwhelming turnout and general success of this 

initial Miles City Flood Assessment Study public input meeting. A follow-up meeting was held in 

September 2014 to present the findings of the Miles City Flood Mitigation Feasibility Report and hone in 

on details relating to potential next steps in the flood risk mitigation process.  The result of the public 

input meetings indicated that there was overwhelming support from the community to address the 

flood insurance and flood risk issues in Miles City. 

6 Data Collection 
This section summarizes the data collected and used in the development of Miles City Flood Mitigation 

Feasibility Report. 

6.1 Past Reports 
The USACE produced several reports regarding improving the existing levee protecting Miles City. The 

most detailed report was published in 1978. The Phase I General Design Memorandum No. MY-1 was 

the equivalent of a pre-engineering report. A levee alignment was selected from several alternatives, 

and cost estimates were included. The report published in 1978 essentially reaffirmed previous reports 

that analyzed the flooding concerns in Miles City. The levee was initially constructed as part of the WPA 

in 1936 (Department of the Army U.S. Army Engineer District, Omaha, 1978). In 1949, Congress 

approved a levee project to protect Miles City via USACE Section 204 procedures (Department of the 
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Army U.S. Army Engineer District, Omaha, 1978). This project was placed in inactive status due to a lack 

of local interest. A restudy report was ordered in 1969 and completed in 1974. The reports produced by 

the USACE show that the construction of a new levee system along the Tongue and Yellowstone Rivers 

have a benefit to cost ratio that is greater than one. That is, the monetary value of the benefits of the 

levee are greater than the monetary costs of the levee system. The data and concepts contained in the 

reports produced by the USACE were used as a starting point for this Study.  

6.2 Hydraulic Models 
The USACE’s HEC-RAS (river modeling software) model of the Yellowstone and Tongue Rivers at Miles 

City was used to estimate water surface elevations throughout the corridor. The consultant team 

obtained a copy of the model and subsequently rebuilt and calibrated it in order to analyze the effects 

of the alternatives considered in Section 8.  

6.3 As-Built Drawings 
Utility drawings, showing water and sewer locations, were obtained from Miles City and used to 

evaluate infrastructure impacts from the alternatives. Other critical infrastructure drawings obtained 

include Miles City street plans, and plat maps within the community.  

6.4 Geographic Information System (GIS) 
The majority of the digital information for the Project is in GIS format. ERSI’s ArcMap 10.1 mapping 

software was used to display and analyze the data. Property information including boundaries, property 

identification numbers, and ownership information was obtained from Miles City. The dataset included 

parcel information which was used to approximate properties impacted by project alternatives. A table 

of affected properties was intersected with the City Assessor’s property valuation table to compute 

property acquisition costs through the city. LiDAR surveys of the City and County were used as 

preliminary elevations during project development. This was used in place of field surveying due to cost 

restriction for the feasibility study. For complete design of any flood control alternative, a higher level of 

accuracy for elevations will need to be obtained. 

6.5 Geotechnical Analysis 
The purpose of the geotechnical analysis was to provide reasonable geotechnical parameters for the 

preliminary design of project features. The geotechnical analyses included a review of the existing 

geotechnical conditions found along the project alignment; evaluation of typical soils and properties; 

evaluation of seepage at levees and structures; evaluation of slope stability and settlement of levees; 

and settlement of the floodwalls, closure structures and pump stations. This analysis provided useful 

information for the preliminary analysis of under seepage controls at levees and floodwalls and for cost 
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estimating of foundations. The geotechnical design and recommendations are based on available 

information provided during initial review of the project alternatives and not considered detailed 

enough for final design. Further investigation and detailed review is required for final design of all of the 

levees and structures discussed. Additional geotechnical information will allow for design of the project 

features based on conditions at each of the particular locations. 

7 Model Hydrology and Hydraulics 

7.1 Hydrology 

For this study, all hydrology and associated peak flows were taken from the 2007 FIS Study, produced by 

the USACE and published by FEMA. 

Flows used in the USACE model were determined by using USGS flow gages. Within Miles City, there is a 

flow gaging station located on the Yellowstone River approximately 0.8 miles downstream of the 

confluence of the Tongue River and several hundred feet upstream of the State Highway 59 Bridge. The 

Tongue River gaging station is immediately downstream of the Interstate 94 Bridge. 

7.1.1 Yellowstone River 

Seventy-three years of record were used to determine discharge-frequency estimates for the 

Yellowstone River. The LP-III method was followed to determine peak discharges. Peak flows from a 

USGS gaging station located  in Sidney, MT were used to supplement Miles City data and extend the 

period of record following the procedures established in, Guidelines For Determining Flood Flow 

Frequency published by the US Department of the Interior  (Survey, 1981).  

Seasonal discharge-frequency curves were also developed for the Yellowstone River. This was necessary 

since peak flood stage caused by ice may exceed peak stages caused by higher summer flows without 

ice. Peak flows were separated into ice-affected (winter) and non-ice-affected (summer) groupings. 

Mean daily flows with an instantaneous peaking factor of 1.05 were used to determine both seasonal 

curves. Peaking factors are determined by comparing highest recorded flows with the daily mean flows. 

Finally, a summer and winter composite discharge-frequency curve was generated that takes into 

account peak flows from both the ice-affected and non-ice-affected conditions. The composite looks at a 

probability of the summer vs. winter flooding. The all season record flows without regard to which 

season they occur in. The extension then also uses data from the downstream gage to extend the period 

of record. 
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USACE determined the peak flows as shown below in Table 2. From their analysis, the USACE 

determined that the 17B Extension of Record discharge-frequency curve should be used for analysis of 

the Yellowstone River, as it most accurately reflects historical flow data.  

Table 2: Yellowstone River Hydrology from FIS 

Flood Event 
Summer 

(cfs) 
Winter 

(cfs) 

Summer and 
Winter 

Composite 
(cfs) 

All-Season 
(cfs) 

17B 
Extension of 

Record 
(cfs) 

2-Year 52,300 14,900 55,000 51,000 54,200 

5-Year 67,409 24,200 70,000 66,300 70,300 

10-Year 76,000 31,900 82,000 75,400 81,800 

20-Year 83,300 40,700 91,000 83,600 91,000 

50-Year 91,700 54,400 100,000 93,400 101,000 

100-Year 97,500 66,700 105,000 100,000 111,000 

500-Year 109,000 104,000 125,000 116,000 128,000 

 

7.1.2 Tongue River 

The method of analysis to determine peak flows in the Tongue River was similar to the procedures used 

to determine discharge-frequency curves for the Yellowstone River. The Tongue River has 66 years of 

record for analysis. The LP-III method was again used to generate the discharge-frequency curves.  

Ice-affected and non-ice-affected conditions were analyzed using average daily peak flows with an 

instantaneous peaking factor of 1.31 as recommended by the USACE. The LP-III method was followed for 

the seasonal discharge-frequency curves, and a composite discharge-frequency curve was developed.  

USACE determined the peak flows as shown below in  

Table 3. From their analysis, the USACE used the All-Season discharge-frequency curve for further 

analysis, as it matched historical flows most accurately. 
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Table 3: Tongue River Hydrology from FIS 

Flood Event 
Summer 

(cfs) 
Winter 

(cfs) 

Summer and 
Winter 

Composite 
(cfs) 

All-Season 
(cfs) 

2-Year 2,750 1,590 3,610 3,350 

5-Year 4,970 3,970 6,180 6,080 

10-Year 6,600 6,240 8,610 8,270 

20-Year 8,250 9,220 10,900 10,700 

50-Year 10,500 14,500 16,000 14,200 

100-Year 12,200 19,500 20,000 17,200 

500-Year 16,400 65,900 33,000 25,400 

 

7.1.3 Coincident Analysis 

The USACE also evaluated the effect of simultaneous peak flows occurring on the Yellowstone and 

Tongue Rivers. Based on USACE analysis, the peak events area correlated. The coincidental flows 

experienced in the Yellowstone are shown below in  

Table 4. This occurs when the Tongue River is experiencing its peak flow, as determined above. The 

analysis showed that the coincidental flows are less than the calculated Bulletin 17B extended flows; the 

USACE did not use them for the FIS and we did not consider them further for any future analysis.  
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Table 4: Coincident Yellowstone River Flow from FIS 

Flood Event 
Summer 

(cfs) 
Winter 

(cfs) 

17B Extension of 
Record 

(cfs) 

Coincidental with 
Tongue Peak 

(cfs) 
2-Year 52,300 14,900 54,200 26,900 

5-Year 67,409 24,200 70,300 43,700 

10-Year 76,000 31,900 81,800 54,900 

20-Year 83,300 40,700 91,000 65,500 

50-Year 91,700 54,400 101,000 78,800 

100-Year 97,500 66,700 111,000 88,500 

500-Year 109,000 104,000 128,000 110,000 

 

7.1.4 Stage-Frequency Analysis 

Though peak flows tend to occur during the non-ice-affected summer conditions, peak stages will 

typically occur during the ice-affected winter conditions. This is due to ice blocking a significant portion 

of the river channel that otherwise would be used for conveyance. Table 5 below displays the stage-

frequency curves for ice-affected and open-water conditions. For comparison, the flood stage for the 

Yellowstone River occurs at 10 feet (USGS, 2014). 

Table 5: Winter versus Summer Peak Stage on Yellowstone River from FIS 

Flood Event Ice-Affected Yellowstone 
River Stage 

Open-Water Yellowstone 
River Stage 

5-Year 12.4 12.5 

10-Year 15.6 13.6 

25-Year 18.7 14.5 

50-Year 20.9 15.1 

100-Year 23.3 16.0 
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7.1.5 Model Flows 

The flows selected for final modeling are a combination of river gage hydrology and statistical analysis. 

As shown on previous page, the peak summer flow is greater than peak winter flows; however, it does 

not accurately represent the 100-year peak stage. In order to remedy this, a composite flow profile was 

generated. This was accomplished by analyzing the probability of exceedance of a given stage, based on 

winter and summer stage-frequency curves. Once the composite stage-frequency curve was developed, 

flows were matched to the 100-year stage. This increased the 100-year flow used for stage analysis in 

the Yellowstone River from 111,000 cubic feet per second to as much as 160,000 cubic feet per second. 

The peak flow passing through the Tongue River likewise increased from 17,200 to as much as 37,000 

cubic feet per second. To be clear, the 100-year flows are not 160,000 or 37,000 on the Yellowstone and 

Tongue Rivers.  Rather, those are the flows that result in the equivalent 100-year flood stages that 

should be produced with concurrent 100-year flows and ice jams. The corresponding gage heights for 

the 100-year flows are 2356.6 (Yellowstone) and 2369 (Tongue).  

7.2  Hydraulics 

The Hydrologic Engineering Center’s River Analysis System (HEC-RAS) model was used to analyze 

inundation along the Yellowstone River, the Tongue River and through Miles City.  

7.2.1 Model Geometry 

The HEC-RAS model is divided into five reaches: one for the Yellowstone, one for the Tongue, and three 

to model the three different hypothetical breaches in the Tongue River embankment. The locations of 

the breaches in the embankment were chosen by the USACE to represent theoretical worst case 

scenarios. Three breaches were selected because the embankment from the two railroads that pass 

through town (Transco Railway Products and Burlington Northern Santa Fe) act as quasi-levees, dividing 

the city into three areas. Surveyed cross-sections were used to determine channel geometry and flow 

paths.  

7.2.2 Model Scenarios 

Seven different analyses were done to determine the floodplain and floodways in Miles City. Five 

analyses determined the floodplain, and two determined the floodways. Two of the floodplain scenarios 

modeled the Tongue and Yellowstone Rivers with their embankment intact, and three scenarios 

modeled the Tongue River with its embankment breached.  
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7.2.3 Model Flows 

For the purpose of the FIS, the 100-year flow is the most significant event. Floodplains and floodways 

are delineated based on the 100-year event. As discussed before, flows through the Yellowstone and 

Tongue Rivers were artificially increased in order to match the composite stage-frequency curve. These 

higher flows were used in the FIS to determine the floodplain and floodway. Flow through the 

Yellowstone varies from 130,000 to 160,000 cubic feet per second, and flow through the Tongue varies 

from 30,000 to 37,000 cubic feet per second. 

7.3 Feasibility Study Modeling  
The FIS hydrology was retained in this study. However, the FIS flows do not provide the stage discharge 

curve used by the USACE due to the heavy influence of ice. As the alignment of a potential levee 

changes, it is necessary to revisit this step in the hydrology & hydraulic analysis. In a procedure similar to 

the methodology the USACE used, the given river gage hydrology was modified to simulate higher stages 

due to ice blockages. However, artificially increasing flows in order to match given river stages would 

only reflect the existing conditions. To more accurately model proposed modifications, the depth of ice 

cover was altered to match the profile generated from the USACE HEC-RAS model that produced the FIS 

and FIRMs. Since the 100-year flow rate and depth of ice coverage is independent of channel geometry, 

any modifications can be made without recalibrating flow to match river stages.  

The ice thickness varied from cross-section to cross-section, ranging from zero feet to as many as five 

feet. On average, 0.22 feet of ice was added to the Yellowstone, and 2.69 feet of ice was added to the 

Tongue. The new profile generated from the ice-affected hydrology matched the final FIS profile at each 

cross-section to within 0.5 feet. On average, the new hydrology increased the river profile by 0.04 feet. 

Two miles were added to the upstream end of the Yellowstone River in order to determine the effects of 

levee improvements. Additional cross-sections were determined from terrain data obtained from the 

USACE Yellowstone River Corridor Study. Flow was assumed to be constant; there are no significant 

tributaries between the most upstream end of the USACE model, and the additional two miles. USACE 

determined roughness coefficients were used for both in channel flow and overbank flow. No additional 

culverts or bridge crossings were modeled. Differences between the existing conditions and proposed 

conditions were considered negligible or non-existent two miles upstream of Miles City. This suggests 

that reconstructing a new levee may have little to no effect on the land upstream of Miles City, but 

further model refinement will be needed to confirm this. 
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8 Flood Mitigation Alternatives 

KLJ put together five alternatives that will allow the City to choose the one they feel best meets their 

needs. Each alternative, with the exception of Alternative #1, will provide varying degrees of relief from 

flood insurance premium costs, and the last two alternatives will significantly decrease the risk of flood 

damage in Miles City. KLJ has also provided recommendations on what we feel provides the greatest 

cost to benefit ratio. 

8.1 Alternative #1 Do Nothing 
If it is determined that all other proposed alternatives either do not address the City’s concerns, or are 

too costly, the City may choose to not pursue additional flood mitigation measures. Flood insurance 

premiums would need to be paid, and emergency flood fighting and repair measures to the existing 

embankment should be expected. Miles City, collectively, is currently paying more than $600,000 

annually for flood insurance (see Section 3.0 for additional information regarding flood insurance). The 

majority of these policies were first established prior to the most recent FIRM being approved. As the 

majority of the pre-FIRM policies are based upon a lower water surface elevation contained in the 

previous FIRM, it should be expected that insurance rates will increase dramatically when replacement 

policies take effect. Ultimately, FEMA is moving toward having all flood insurance rates set to the full 

risk rate over time. Based on the Biggert-Waters Reform Act of 2012, which has since been amended by 

the HFIAA of 2014, flood insurance policies that are paying below full-risk premiums may increase 

annually by more than 15%. Figure 18 displays a 15% annual increase for Miles City’s $600,000 worth of 

flood insurance premiums. After five years the insurance premiums will have reached their approximate 

full actuarial rates; by this time the insurance costs have more than doubled, with the total amount 

leaving the city annually exceeding $1.2 million.  

KLJ recommends that taking a no action approach should be a non-alternative due to the continued 

financial hardship for the residents of Miles City. Additionally, the magnitude of the flood risk as 

described in the effective FIRM is extremely significant. With more than 75 % of the City contained 

within the floodplain, the risks seem too high to consider taking no action.  
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8.1.1 Opinion of Probable cost 
Figure 18: Potential Annual Flood Insurance Premiums Leaving Miles City, Based on 10 Percent Increase in Annual Premiums 

 

 

8.2 Alternative #2 LOMAs 

A LOMA is an official amendment, by letter, to an effective NFIP map, LOMAs establish a building’s 

location in relation to the SFHA. LOMAs are issued because a property has been inadvertently mapped 

as being in the floodplain, but is actually on natural high ground above the BFE. LOMAs may be used if 

the City decides to forgo an accredited levee project. Certain parcel owners would be able to apply for 

LOMAs in areas they feel have been misrepresented by the effective FIRMs. As seen in Exhibit 10 in 

Appendix 1 (Map of LOMAs), the current number of effective LOMAs is 165. There is potential for more 

LOMAs relieving some homeowners of the need for flood insurance. In order for a LOMA to be granted, 

an elevation certificate must be prepared for the property, and the structure in question. The certificate 

must be certified by either a Professional Engineer, or a Licensed Land Surveyor (Federal Emergency 

Management Agency, 2013). Once the elevation certificate is obtained, the LOMA procedure is relatively 

straightforward. If FEMA determines elevation of the lowest ground adjacent to the structure is higher 

than the floodplain elevation, a letter will be issued that will waive the flood insurance requirements for 

the owner of the buildings. If the full parcel is surveyed and shown to be higher than the BFE, then the 
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full parcel can be removed. LOMAs could be applied as a temporary measure to alleviate the burden of 

flood insurance while a larger project is pursued, or LOMAs could be applied in conjunction with a larger 

project. However, while LOMAs may be effective for a small number of people, they will not solve the 

larger problem of having an uncertified levee.  

8.2.1 Letter of Map Amendment Issues 
A LOMA is a letter from FEMA stating that an existing structure or parcel of land - that is on naturally 

high ground and has not been elevated by fill - would not be inundated by the base flood. The number 

of parcel owners this will help is relatively small and the burden of flood will still be a possibility even 

with a LOMA. 

Certain areas of the FIRM map have a significant number of LOMAs issued by FEMA. It appears that 

additional LOMAs may be granted for the same areas. Exhibit 10, in Appendix 1, shows the locations of 

the current effective LOMAs and the areas within the City with the possibility of future LOMAs. These 

locations were estimated using the best publically available LiDAR data. It should also be noted that a 

LOMA is no guarantee of not paying flood insurance; the lender still has discretion to require flood 

insurance.  

8.2.2 Opinion of Probable cost 
The cost of pursuing LOMAs would be minimal to the City; it would be the responsibility of the owner of 

the property to pay for the required elevation certificate necessary for a LOMA. An official elevation 

certificate costs anywhere from a few hundred to one thousand dollars for the certificate alone, and 

another several hundred for the surveying firm to process the LOMA paperwork.  

8.3 Alternative #3 Letter of Map Change by using 2D model  

8.3.1 The Current FEMA Model 

The current FEMA floodplain map for Miles City was developed by the USACE using the HEC-RAS. This 

model takes great care to consider the interaction of the Yellowstone and Tongue Rivers including ice 

jams. The model also considers levee failures of the existing uncertified Tongue River levees. Flows from 

these levee failures consist of high peak flows that generally flow to the northeast across the city where 

the flow must accrue enough to overtop the Yellowstone River levee prior to returning to the river 

system. Separate failure locations along the Tongue River are run in roughly parallel directions toward 

the Yellowstone River resulting in most of the city being placed in the 100-year floodplain. The BFE 
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resulting from these separate failure locations within the model causes steps from one failure channel 

to the next, resulting in large variability in BFEs. 

8.3.2 The Evolution of Modeling Techniques and Why It Matters 
With the evolution of computer power has also come an ability to more accurately model complex 

water systems. A typical river has a single flow path, however, when that water leaves the river and 

crosses overland to another river, its path is subject to engineering judgment. The engineer often had to 

decide the path and model the impacts. If multiple parallel paths exist, this can lead to inconsistent 

results between the paths. Recent developments in modeling, in the form of two dimensional models, 

allow for the software to choose the path and to even change over time. This provides a more accurate 

and consistent answer. In floodplain mapping, this may make a significant difference in the map. 

8.3.3 One vs. Two Dimensional Modeling  

The early HEC-RAS model software could only model a steady state flow, which is a flow that does not 

change over time. The Miles City model, as well as most FEMA models, are constructed in this manner. 

The current software can model a full hydrograph, or the dimension of time. However, it can still only 

model one dimension of space. Put simply, the engineer decides the centerline of the river or overland 

flow path. Water will not flow left or right but only along the designated path. Water is generally not 

allowed to freely flow between parallel paths. In addition, if the path chosen is incorrect, the actual flow 

of the water will also be incorrect. The two dimensional model solves this problem. Similar to HEC-RAS, 

it can model the full hydrograph or dimension of time. But unlike HEC-RAS, it models the full floodplain 

as a network of grid cells. This allows water to take any direction from one cell to an adjacent cell. In a 

real sense, the water chooses its path based on topography and obstructions placed in the floodplain. If 

allowance is made for time, the path taken can change over the course of the flood. 

8.3.4 Modeling Complex Flow Paths  
To achieve the full power of the two dimensional (2D) model, river and overland models are merged. 

This is done within the XPSWMM software produced by XP Solutions. The river model is created within 

HEC-RAS. Cross-sections are trimmed at the edge of the floodplain or other natural high ground. The 

model is imported into XPSWMM. The floodplain surface is then added as well as the active grid 

network to create overland portion of the model. The two are then connected by an interface line which 

allows water to flow freely between the two models. Once water enters the overland model, it is 

allowed to take any path necessary to return to the river systems. XPSWMM is approved by FEMA for 2D 

modeling of floodplains. 
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8.3.5 Sample Two Dimensional Model of Miles City 

A sample model was created for Miles City. This model was created solely to demonstrate the 

complexity of flow paths in Miles City. This model was similar but not exactly like the FEMA model. 

Additional flow was added to the Tongue River to ensure it would overflow the embankment and spill 

east into the city. Inundation west of the Tongue River was largely ignored. Figure 19 is a map showing 

the area of flow over time. The flow is shown as color-coded arrows. Blue arrows represent the initial 

overflow as the flood begins. Green arrows represent the areas of flow near the peak of the flood. Black 

arrows represent the flood after the peak, but while water is still spilling over the embankment. This 

example is based on overflow of the Tongue River embankment and not an embankment breach. As 

such, the flows and inundation areas are smaller than predicted by the USACE in the current FEMA map. 

However, the flows do help to illustrate the power of the 2D model to show anticipated flood routes. 

Areas of flooding include old oxbows and the old river channel near the Yellowstone River. These are 

areas that residents would expect flooding to occur and validates the power of the 2D model. 

8.3.6 Modeling Embankment Breaches 

As stated above, Figure 19 does not represent an embankment breach. As part of a remapping process, 

it would be necessary to map levee breaches.  
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Figure 19: Model of Tongue River Overtopping Levee 

 

Note: this is a sample model intended only to show that flow paths in Miles City are complex. Do not assume this shows a 

proposed floodplain. 

A breach would be modeled by causing a portion of the existing embankment to rapidly erode to ground 

level. These breaches would cause high peak flows and areas of greater inundation. However, it is 
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expected that flow paths would still naturally turn north towards the low areas of town rather than 

northeast as predicted by the current HEC-RAS model. 

8.3.7 Assumptions and Limitations 

Inherent in the modeling are several assumptions and limitations. It is not practical to completely redo 

the flow frequency distribution which governs the amount of flow in the river for a current event. Nor is 

it practical to redo the stage flow downstream boundary condition created by the USACE to simulate ice 

jam conditions. Finally, the three breaches assumed by the USACE would still be modeled. All of these 

assumptions provide an initial flow in the river, a downstream tail water condition and a flow through 

the city. However, the 2D model would still remap the areas of inundation that occur due to these 

embankment breaches. The 2D model, although more detailed than the 1D model, still has limitations. 

Water will flow from grid cell to grid cell; thus, the size of the grid cell will dictate the precision of the 

mapping. It is anticipated that grid cells will be approximately 100 feet by 100 feet in size which is 

sufficient to map the inundation while maintaining a stable model. It will also be necessary to extend the 

model upstream to capture any areas of impact due to any changes made by the city. 

8.3.8 Which FEMA Process 

With the new 2D mapping, either a LOMR or a PMR would be required. The difference lies in the extent 

of the map changes. The first changes a portion of the map, and the second replaces the current map 

altogether. Guidelines and Specifications for Flood Hazard Mapping Partnersi states that a PMR is 

required if more than one FIRM panel is covered, significantly more area will be mapped into the 

floodplain, or if increases to the BFEs are expected. It is anticipated that the scope of the 2D modeling 

would cover multiple FIRM panels, thus requiring a PMR. Apart from the question of 2D modeling, a new 

certified levee system near the existing alignment would raise BFEs on the rivers meeting the third 

condition. In that case, a PMR would be required. 

 

8.3.9 Physical Map Revision Process (Diagram) 

The attached figure provides a flow chart for determining if a PMR will take place 
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Figure 20: Flood Hazard Mapping Work Flow 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FEMA Receives map 

update request and 

performs initial review 

Corporate limit or map 

nomenclature changes 

only  

Mapping Partner obtains 

additional information if required 

and completes technical review   

Guidelines and Specification for Flood Hazard Mapping Partners [April 2003] 

LOMA or LOMR-F is 

correct response   

More than six affected 

FIRM panels    
BFEs increase BFEs are being added    

SFHA and/or BFEs in question 

are on property other than 

requester’s or communities 

Increased risk is contained by 

flood-control structures 

(detention basins, dams, 

levees or channel 

modifications) 

Revision corrects 

mathematical and 

measurement errors in 

original analysis depicted on 

effective FIRM 

Mapping partner initiates processing of PMR 

Decision-making Process for Community- 

initiated Map Update Requests 

Key:  
BFE Base Flood Elevation 
FIRM Flood Insurance Rate Map 
LOMA Letter of Map Amendment 
LOMR Letter of Map Revision  
LOMR-F Letter of Map Revision Based on Fill 
Mapping Partner Flood Map Production Coordination Contractor 
MNUSS Mapping Needs Update Support System  
PMR Physical Map Revision  
SFHA Special Flood Hazard Area 

 



 

43 | P a g e  

8.3.10 Physical Map Revision Process 

Regardless of the ultimate format, LOMR or PMR, the process begins with a decision by the City on the 

alternative. When sufficient detail is ready, a CLOMR will be sent by the city to DNR and FEMA. This will 

start the process and the decision of the ultimate process. It is expected the PMR process will be used, 

but FEMA may decide on the LOMR process. The CLOMR action will cause a decision on the process to 

take place. After completion of the work, a LOMR or PMR will be submitted. After technical review 

(typically 90 days on a LOMR, longer on a PMR), the map returns to the community. A 90-day appeal 

process is initiated. Upon completion of those 90 days and answering of all technical questions, the map 

can be adopted. It is expected the overall process will be one year or more. 

8.3.11 Currency of Data 

Data for the project submitted to FEMA must be within the past seven years. LiDAR from the 

Yellowstone Study is 2007. Worst case scenario would require update of this data. 

8.3.12 Opinion of Probable cost 

2D modeling is more labor intensive than 1D modeling. There are also additional data requirements for 

2D modeling. In order to pursue 2D modeling, new bathymetry (river soundings), and potentially new 

LiDAR will be required in order to meet federal requirements for floodplain mapping. Construction and 

calibration of the model will take more effort than a 1D model would have, and it should be expected 

that if 2D modeling is pursued, the process for new maps to be accepted by FEMA may be a drawn out 

process.  

Table 6: LOMA OPC 

Survey (1D/2D) River Modeling Est. Days Est. Cost 

Survey to extend river cross-sections upstream two miles 5 $15K 

Reacquisition of LiDAR of project area, LiDAR collection* 1 $35K 

Reacquisition of LiDAR of project area, survey control* 6 $12K 

Reacquisition of river topography* 8 $25K 

Subtotal 18   $87K 

Survey Internal Drainage Est. Days Est. Cost 

Survey of storm sewer system 20 $48K 

Construction of internal drainage map 6 $7K 

Subtotal 26 $55K 

Integrated 1D/2D Mapping Est. Days Est. Cost 

Model Creation and Calibration 50 $60K 

Embankment Failures 10 $12K 

Alternatives 10 $12K 

Inundation Mapping 10 $12K 

Subtotal 80 $96K 
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Internal Drainage Modeling Est. Days Est. Cost 

Creation of Internal Drainage Network 20 $24K 

Coincidental Hydrology  2 $2.4K 

Troubleshooting and Final Model 8 $9.6K 

Inundation Mapping 5 $6K 

Subtotal 35 $42K 

FEMA Submittals Est. Days Est. Cost 

Initial CLOMR Submittal 5 $6K 

PMR Submittal 15 $18K 

Resubmittals, response to FEMA 15 $18K 

Delivery of final maps and documents 5 $6K 

Subtotal 40 $48K 

Total 199 $328K 

 

8.3.13 Anticipated Timeline  
Upon completion of survey, base model completion and calibration should take three months. 

Alternatives, if any, will be an additional two weeks per alternative. Internal drainage will be concurrent 

with river modeling. Inundation mapping will be one month. Initial submittal to FEMA will be one 

month. FEMA review and resubmittals will be approximately four months. This will allow for preliminary 

mapping to be available in approximately nine months. Assuming a 90-day appeal process, the expected 

time frame until final map adoption would be approximately one year.  

It is uncertain what percent of properties would be affected by this map change. Additional preliminary 

modeling would be required to achieve any valid estimation. 

8.4 Alternative #4 Reconstruct Levee System 100-Year flood 

This alternative is the reconstruction of the City levee system following a similar alignment to the 

existing levee system. Final design will determine the ultimate alignment; however, the levee would be 

offset from its current position due to geotechnical parameters. This offset will also aid in lowering the 

river velocity within the channel to mitigate damage to the west side of the levee. Tentative alignment is 

shown in Figure 21. 

 



 

45 | P a g e  

Figure 21: Preliminary Levee Alignment 

 

Approximately 60 parcels will be impacted by the new levee. However, it is not likely that all 60 houses 

will need to be purchased and demolished; it is more likely a significant number of easements will need 

to be acquired to provide space for the levee while reducing the number of homes that would be 

relocated.  The potential flood risk in Miles City is very high due to unique physical and seasonal 

features, KLJ recommends a levee be designed for at least the 100-year flood. However, changing 

governmental regulations, potential changes to levee certification standards, i.e., BFE changing, can all 

lead to a future 100 year BFE that is higher than the effective FIRM map of today.  With this in mind, KLJ 

strongly recommends the 500-year flood as the basis for the freeboard of any proposed levee. Both the 

100 year and the 500 year levee options represent a significant cost to the community, both for the 

construction and the annual maintenance cost after construction has been completed. However, it 

addresses all the pending issues. Of the five alternatives represented, only options #4 and #5 provide 

certified flood protection and removal of structures from the SFHA. Both 100-year and 500-year 

alternatives were analyzed, and designing for the 500-year flood results in an additional one to two feet, 

in terms of levee height, when compared to constructing a levee designed to 100-year flood event.  
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8.4.1 Proposed Future Flood Mitigation Alignments and Typical Cross-Section 

In order for a levee to meet FEMA requirements in terms of flood protection, it must meet certain 

design criteria established in CFR Section 65.10. The most important criteria, in terms of affecting design 

and quantity of materials required, are 

 Freeboard 

 Closure Structures 

 Embankment Protection 

 Interior Drainage 

A levee designed to minimum certification standards must have three feet of freeboard at the base 

flood. That is, the crown of the levee must be at least three feet higher than the BFE. Closure structures 

occupy a relatively small area of the levee, and thus will not have a significant effect on the quantities of 

fill material used to construct the levee. Embankment protection will consist of either riprap, or 

concrete armor to prevent undercutting and erosion during periods of high flow. Finally, interior 

drainage is concerned with managing the seepage of water below the levee during high river stages, and 

dealing with runoff from rain events during outfall closure. Under seepage is a concern that must be 

addressed, because saturated soils have a fraction of their dry, compacted strength. Without designing 

to control under seepage, the risk of levee failure increases substantially. 

For our preliminary design a typical cross-section of the levee was determined by calculating the BFE, 

adding three feet of freeboard, and offsetting the current levee by approximately 75 feet landward. A 

10-foot wide crown width was assumed, with a 4:1 side slope. An additional 15 feet of access right-of-

way was also included on the landward side; this must be provided to ensure access for emergency 

flood fighting measures.  

The typical levee cross-section, showing the average riverward and landward heights, may be seen in 

Figure 22. Based on meeting the existing BFE, the tallest portion of the levee will be approximately 

halfway between the Tongue and Yellowstone confluence and the wastewater treatment facility. 

Measured from the river side it will be approximately 17 feet tall. On average the entire levee system, 

measuring from the riverside height of the levee, will be slightly more than 11 feet tall.  

On average, the proposed levee will be approximately 1.5 feet higher than the existing embankment. 

Based on the existing BFE, it appears the only locations that the existing levee meet or exceed the three-

foot freeboard requirements are the areas immediately adjacent to the highway and railroad bridges, 
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where they tie into the higher ground of the embankment. The levees surrounding the water treatment 

plant just barely meet the BFE and are deficient in meeting freeboard requirements. The levees 

surrounding the wastewater treatment facility do meet and exceed freeboard requirements; 

additionally, preliminary review of the bore samples show that the levees most likely will not meet the 

seepage criteria for levee certification. Therefore, for our analysis purposes we did not account for 

alteration/modification. Replacement of the existing embankment at that location was considered.  

The typical section of the levee includes a toe-drain on the landward side of the levee to collect water 

that seeps under the levee. Without controlling under seepage, sand boils will develop, which could 

result in localized flooding, erosion or even levee failure. The toe-drain could be either tied into the 

existing storm sewer system, or will be collected and conveyed to a lift station. Further investigation will 

be needed when examining the possibility of connecting toe-drain to existing storm sewer, this can be 

done during project design. Landward berms were not considered as an under seepage control 

mechanism, as the minimum suggested width of an under seepage berm is 150 feet, based on USACE 

standards (US Army Corps of Engineers, 2000).  

8.4.2 Cumulative Hydraulic Impacts   

Offsetting the new levee from the current embankments alignment will allow for a wider area of 

conveyance. This will result in lower water velocity in the vicinity of the levee. This will cause less 

erosion and undercutting, leading to a lower likelihood of levee failure, and lower repair and 

maintenance costs. Based on a preliminary model of the theoretical levee, upstream and downstream 

hydraulic effects of the new levee (in terms of water surface elevation) are negligible within a mile of 

Miles City. Channel velocities are reasonable, and should not increase erosion either upstream or 

downstream.  

8.4.2.1 Bridge Analysis 

The bridges along the Tongue and Yellowstone Rivers will require a hydraulic analysis of the state-

owned and adjacent railroad bridges to verify that the hydraulic characteristics (freeboard, water 

surface elevation, water velocity, scour, etc…) are not impacted by the proposed levee system. Exhibit 

11, in Appendix 1, shows the locations of bridges that will need to be analyzed. Due to the level of detail 

obtained within this study, the hydraulic analysis has not been determined for the bridges; the bridges 

will require further analysis. We assumed a low level of detail to account for the bridge 

modification/replacement if required. The addition to the cost is under line No. 27, Item Bridge 

Modifications/ Replacement in Appendix 5 Levee cost estimates. 
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8.4.3 Existing Embankment   
Miles City’s existing earthen embankment systems have been maintained and added to since 

construction in 1936 by the WPA. During a flood in 1944, the embankment failed in several locations. 

USACE “Analyses of the levee height and structural condition have shown that it is inadequate in both 

respects” (Department of the Army U.S. Army Engineer District, Omaha, 1978). The public has access to 

the river on areas through certain portions of the embankment’s length; however, a majority of the 

embankment was constructed on privately owned land, and public access to the river is prohibited.  

8.4.4 Preliminary Design of Levee  
The typical levee cross-section developed for the project is shown in Figure 22. The levee cross-sections 

must have a minimum side slope of at least 3 horizontal to 1 vertical (3H: 1V). A 3:1 slope is the steepest 

slope that can be conveniently traversed with conventional mowing equipment and walked during 

inspections. For our preliminary design purposes we assumed a 4:1 side slope. The width of the levee 

crown depends primarily on roadway requirements and future emergency need that would provide 

access to normal maintenance operations and flood fighting operations. Minimum widths of 10 to 12 

feet are commonly used with wider turnaround areas provided at specified intervals; these widths are 

about the minimum feasible for construction using modern heavy earthmoving equipment and should 

always be used for safety concerns. The project levee height through Miles City and surrounding areas 

averages approximately 11 feet, including a minimum of 3 feet of freeboard for the design flood event. 

The average levee foot print will be approximately 98 feet, this will change depending on the 

topography. The typical levee layout also includes a clear zone (30 to 150 feet) beyond the landside toe 

of the levee for seepage control measures, inspection and maintenance access. The preliminary 

engineering also took into consideration the levee and channel bank stability. The proposed levee 

alignment was designed using a 75-foot offset between the riverside toe and the river channel. The 

levee offset will vary based on changes incorporated during project design. 
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Figure 22: Typical Levee Cross-Section 

 

8.4.5 Levee Seepage Analysis  
The levee seepage analysis is a very 

important part of the levee design process, because groundwater levels have significant effect on the 

levee’s stability. The high rates of seepage 

can result in levee boils (sand boils), or 

internal erosion of soils in the foundation 

or toe on the landside of the levee. This 

can jeopardize the integrity of the levee or 

lead to levee failure. Preliminary levee 

seepage analysis shows that the pervious 

soils conditions along the river channel 

may cause significant seepage issues, and 

preventative measures for levee seepage 

will be necessary. The preventative measure recommend by the USACE was the use of “landside berms”, 

along with “relief wells” and a “pump station.” Upon preliminary analysis by KLJ, we assumed the use of 

landside berm incorporated with perforated pipe surrounded by sand drain to allow flow to pipe, with 

relief wells and a pump station used to calculate preliminary design cost. Seepage analysis will need to 

be more thoroughly conducted during the project design, to determine the most practical and cost 

effective design.  

8.4.6 Structural Design  
The preliminary structural engineering for this study consisted of stability analyses and size estimating 

for major structures and components for features identified for the project. Structural features include 

floodwalls, closure structures (roadway) and interior drainage structures. 

Figure 23: Sand Boil Example Due To High Seepage Rate 
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The objective of structural engineering was to determine the feasibility of design in order to establish 

enough preliminary design analysis to develop quantities for a baseline cost estimate. The detailed 

design of these features was not developed for this report. For features such as floodwalls, pump 

stations and closure structures, the overall sizes, lengths and cost were determined from previous 

project experience of similar arrangement. 

8.4.6.1 Floodwalls 

The floodwalls would be used as a barrier for flood flows where space constraints prevent the use of 

levees. For the purpose of determining floodwall costs, a standard reinforced-concrete cantilever T-wall 

was assumed for this project. This is the most common type of flood wall, and was the consideration for 

our design.   

The cross bar of the T serves as a base and the stem serves as the water barrier. When 
founded on earth, a vertical base key is sometimes used to increase resistance to 
horizontal movement. If the wall is founded on rock, a key is usually not provided. Where 
required, the wall can be supported on piles. A sheet pile cutoff can be included to 
control under seepage or provide scour protection for the foundation. T-type walls may 
be provided with a horizontal or sloped base. (Engineers D. o., 1989) 
 

Cantilever T-type flood walls have a shallow-footing base slab and a vertical stem extending above 

ground to the design water elevation (including three feet of freeboard). Due to material along the river 

bank being pervious, a steel sheet pile cutoff is assumed along the upstream edge of the heel of the 

base slab, extending into the foundation to control seepage along with a toe-drain along the toe side of 

the levee as seen in Figure 24. 

8.4.6.1.1 Floodwall Seepage 

Uncontrolled seepage below rigid structures, such as floodwalls, can lead to instability and failure of 

structure. Under seepage beneath floodwall structures will need to be analyzed in detail during the 

design phase to define the steps needed to determine the critical seepage, developed from the head 

conditions representing the minimum base length of the foundation.  

Additional preventative measures such as steel sheet pile cutoffs along with toe drain and trenches on 

the landside edge of the levee may also need to be incorporated into the design in order to collect the 

water and route into a seepage collection system as illustrated in Figure 24. 
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Figure 24: Typical T-type Floodwall Cross-Section 

 

 

8.4.7 Interior Flood Risk Reduction System Assessment 

The interior drainage of the Miles City storm water system does not appear to be sufficient, and would 

need to be redesigned to provide sufficient drainage as stated by USACE: 

The Interior drainage structures on the existing levee are not of proper design or 

adequate size. The interior drainage structures on the new levee would be considerably 

larger and more efficient. Improved interior drainage would mean less ponding, and a 

reduction in the threat of vector-borne diseases. The non-Federal interest would also be 

required to retain existing ponding areas behind the levee for temporary storage of 

interior storm runoff during flood stages on the Tongue and Yellowstone Rivers. 

(Department of the Army U.S. Army Engineer District, Omaha, 1978) 

 

Preliminary assessment of the project’s need for internal drainage infrastructure focused on the sizing of 

pump stations for the interior 1-percent-annual-chance rain event and assumed simultaneous design 

flows in the Yellowstone and Tongue Rivers (i.e., blocked gravity outfalls). Internal drainage must be 
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addressed with the construction of a new levee in order to prevent flooding from large precipitation 

events coinciding with periods of high flow on the river. Internal drainage will consist of the levee’s 

groundwater seepage system, urban storm sewer system, natural channels, stormwater ponds and lift 

stations. These components should be optimized to work together to provide adequate storage volume 

and discharge capacity to prevent internal flooding and prevent SFHA from being mapped internal to the 

levee system.  

 

It is likely that existing lift stations will either need to be renovated or replaced. It is estimated that four 

lift stations along the levee will be necessary to handle the coincidental precipitation event. The size and 

cost of the lift stations will be governed by required discharge rates. Lift station cost could be minimized 

by providing additional stormwater storage area. This would allow for smaller pumps to be used. For the 

purposes of this report, it was assumed that the existing Old Tongue River Channel would be re-graded 

in a way to minimize localized flooding along the old river bed as well as the use of the old wastewater 

lagoons. In order to compensate for the storage that was removed, a large stormwater pond would 

need to be constructed somewhere near the wastewater treatment facility, and the old lagoons would 

provide an inexpensive option for retention. This would likely result in one large lift station to handle the 

majority of the runoff from Miles City and three smaller lift stations that would handle smaller, localized 

areas as well as the potential to collect water from the levee’s groundwater seepage system. Pending 

soil boring results, the excavated material from the proposed stormwater pond within the Old Tongue 

River Channel may be used as borrow material to construct the levee system.  

8.4.8 Borrow Sources 
An office review of available topographic, soil and geological maps, aerial photographs, historical boring 

logs and well data, and information on existing engineering projects was made as part of the project. 

This data was used to establish a starting point for future detailed borrow source investigations and to 

provide a basis for estimating costs associated with obtaining borrow for levee construction. An 

extensive investigation into potential borrow sources is beyond the scope of this report. Borrow source 

investigation will be a key component of future final design tasks. A summary of potential borrow 

sources is discussed in the paragraphs below. 

 

Preliminary geotechnical bore data shows portions of the existing levee may be able to be used as on-

site borrow due to the content of this material. The existing levee use is dependent on further 

inspection of geotechnical properties of the levee material. Potential borrow sources generally consist of 
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existing pits within the area, but new sources are also proposed. It should be noted that the potential 

borrow sources identified are preliminary in nature and a detailed subsurface investigation consisting of 

test pits, soil borings and lab testing will be required to characterize and quantify available materials. In 

addition, environmental and cultural resource clearance may be needed to be obtained, along with any 

easements or ownership required to secure use of the site. Areas best suited as borrow sites are current 

farmland, upland pastures and areas with little vegetation (i.e. wooded, brushy or heavy vegetation). 

Figure 25 shows proposed borrow sites that were listed in USACE 1978 Phase I general design study 

(Department of the Army U.S. Army Engineer District, Omaha, 1978). The borrow site located near the 

wastewater treatment plant has potential to not only be used as a borrow pit, but also as a detention 

pond for stormwater runoff during times of high river levels. Pending further geotechnical analysis, this 

source would save money due to location of borrow and serve as second use of depleted borrow area, 

once the project is completed. The extra saving for the dual usage was not included in the OPC due to 

the unknown nature of the available material at this proposed borrow location; therefore, if this option 

is viable the cost will adjust accordingly.  
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Figure 25: Proposed Borrow Sites 
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Other potential borrow sites can be seen in Exhibit 8 in Appendix 1 , showing the various soil types 

around Miles City. These soil types are from the SCS/NRCS soil hydro group classifications. The map 

areas of potential interest will be the purple areas, consisting of Marvan silty clay, Maris silty clay and 

Marvan-Vanda silty clay. These soils have a hydro group classification of D, meaning they have a very 

low infiltration rate.  Exhibit 8, in Appendix 1, shows there is a potential for secondary improvement to 

the community for the construction of a new levee. This comes by expanding the size and habitat 

diversity of Spotted Eagle Pond, this is done by excavating borrow material adjacent to the pond. The 

location of this pond is within the rectangle proposed borrow area, showing areas that may have 

acceptable material. This is one of the potential public benefits of Alternatives 4 & 5. 

8.4.9 Setback Recommendation 
The setback recommendation for the levee system is a minimum of 75 feet due to the instability and 

erosion of the right channel bank (looking downstream). This setback will alleviate constriction within 

the channel, which in turn will lower velocities. Lowering the channel velocity will reduce the channel 

embankment erosion and reduce the need for channel embankment protection (i.e. riprap). The 

reduction of embankment protection reduced project costs substantially. Further geotechnical 

evaluation will need to be performed to determine if the elimination or reduction in the embankment 

erosion control is viable.  

8.4.10 Preliminary Flood Mitigation Review-Property Set Back   
The initial review using the existing levee alignment to construct a certified levee will substantially 

impact the residents in Miles City. There are approximately 3,600 parcels within and about Miles City 

that are affected by the FEMA floodplain.  

With a certified levee, the majority of residents in Miles City will not be required to carry flood 

insurance. A preliminary look shows that the number of homes that can be removed from the FEMA 

floodplain is enough to quantify the benefits the certified levee system would have for Miles City and its 

surrounding area.  

The most significant impact of this alternative would be the reduced risk of flood damages to the 

existing development throughout the floodplain. The alternative would improve the safety and well-

being of thousands of families and hundreds of business within the 500-year floodplain. Similarly, future 

development of Miles City would have a reduced risk of flood loss.  
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The adverse impacts of this alternative include preliminary calculations that show approximately 65 

properties that will be affected by the levee construction, and approximately 60 properties that would 

still be in the preliminary floodplain. The amount of land affected by the alternative is approximately 

200 acres. This is due to the levee footprint and set back distance for structures, along with 175 acres 

that would remain in the preliminary floodplain. Figure 26 shows the affected parcels.  

Figure 26: Affected Parcels 

Without a certified levee, urban development within the existing floodplain would require flood 

proofing as high as eight feet above the natural ground surface in some areas. This will likely discourage 

commercial or residential development of this area. 

8.4.11 Opinion of Probable Cost of Levee 
This OPC is intended to provide information for consideration during decision-making and planning at 

this feasibility-level stage of the Miles City Study. After preliminary alternative evaluations and 

alignment revisions were presented during the city meetings, further design was completed and 

quantity takeoffs and real estate acquisitions have been estimated for the project. The cost estimate is 

of a level of detail intended to evaluate the feasibility of the project as defined at this time. The 

estimated costs will change based on final design and alternative selected by Miles City. 
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8.4.11.1 Basis of Cost 

The cost estimates and associated information in this section are intended to provide background 

information to understand the basis for the development of the OPC, based on the proposed alignment 

at this time. Costs are based on analysis and assumptions consisting primarily of the following: 

 Material cost quotes obtained from local suppliers. 

 Preliminary quantity estimation related to earthwork associated with levee construction. 

 Assembly of reference unit cost data from recent regional bid tabulations, similar flood risk 

reduction projects, published cost data and other typically observed costs. 

 Quantity calculations based on analysis, preliminary design and drawings included in this report. 

 Referenced categorical cost breakdowns of similar feasibility-level and EIS-level cost estimates, 

as performed by USACE and others, including more than 20 recent regional and national 

projects with relevant project scopes emphasizing flood control, levee, pump station and 

transportation work elements. 

 Acquisition costs are based on estimated pre-flood assessed values of affected properties. 

 For more defined project features, deterministic methods are used to estimate costs based on 

quantity takeoffs and estimated unit costs for assemblies and individual components. 

 For less defined project features, qualitative methods are used where project unknowns limit 

the degree to which feature quantities can be itemized, counted or measured. In some of these 

cases, allowances are included to estimate the cost typically required for such work. 

8.4.11.2 OPC Breakdown 

Preliminary cost estimates were developed for the following elements directly associated with the 

project: 

 Infrastructure modifications 

 Ecological mitigation 

 Roads, road raises, railroads and bridges 

 Channel improvements and hydraulic structures 

 Levees, floodwalls and closure structures 

 Interior flood damage reduction systems (pumping stations) 

 Recreation facilities (access points, boat ramps, access roads, foot trails, etc.) 

 Cultural resource investigations and mitigation 

Preliminary cost estimates were also developed for the following items required for the overall project, 

but not associated with specific elements: 
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 Lands and easements 

 Planning, engineering and design 

 Permitting and regulatory approvals 

 Construction management 

8.4.11.3 Project Features  

Project costs have been estimated for the following three zones: Water Treatment Plant (WTP), Waste 

Water Treatment Plant (WWTP) and Miles City. The following in Table 7 is a summary of key project 

features in these zones. This list is not inclusive. For a full breakdown of project features included in the 

OPC, see Appendix 5. 

Table 7: Project Features for Levee Zones 

Category Item Units 
WTP 

Reach1 

WWTP 
Reach1 

Miles City 
Reach1 

Total 
Project1 

Flood Risk 

Reduction 

Features 

Length of Levee Feet 4,200 7,700 20,000 32,000 

Length of Floodwall Feet 0 0 2,000 2,000 

Number of Pump 

Stations Each 0 1 3 4 

Channel 

Reconstruction Feet 0 0 14,000 14,000 

Municipal 

Infrastructure 

Sanitary Sewer Feet 0 450 0 450 

Water main Feet 0 2,100 0 2,100 

 Road  Feet 0 0 1,600 1,600 

1 Lengths are rounded to the nearest 100 feet. 

8.4.11.4 Estimated Cost 

An OPC was developed for the project in accordance with the methodology, basis of cost, cost 

breakdown and project features summarized above.  There appears to be sufficient space to utilize full 

cross section levee embankments at the WTP and the WWTP.  No Floodwalls are anticipated at these 

locations. 
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Table 8: Opinion of Probable Cost 

Cost Breakdown/Element Opinion of Probable 
Cost 

Mobilization/Demobilization   $1,940,000 

Infrastructure Modifications   $201,000 

Roads, Road Raises, Bridges, and  Railroads   $4,165,000 

Channel Improvements and Hydraulic Structures   $1,630,000 

Levees, Floodwalls and Closures  $12,100,000 

Interior Flood Damage Reduction Systems (Pumping Stations)   $1,400,000 

Estimated Construction Costs1 2 3 4  $6,000,000 

Lands and Easements5   $6,030,000 

Planning, Engineering and Design  $3,940,000 

Construction Management  $2,400,000 

Recreational Facilities $1,000,000 

Estimated Total Project Cost1 2 3 4   $37,000,000 

 1 Includes contingency (for additional information see Appendix 4). 

 2 Includes cost of all levee sections.  

3 This is a feasibility-level cost estimate based on feasibility-level design alternatives, alignments, quantities and unit prices. Costs will 

change with further design. 

4 Does not include temporal escalation costs, operation and maintenance costs. 

5Regardless of funding mechanism selected, land acquisition and easement costs will always be part of the local share of the project. 

 

8.4.11.5 OPC Considerations 

The OPC was developed based on feasibility-level designs, unit prices that are benchmarked against 

2013 and 2014 regional prices for similar construction scopes and engineering judgment. This feasibility-

level OPC is intended to correspond to a Class 4 estimate, characterized by 10-15% design completion 

(per ASTM E 2516-06 and USACE EI 01D010 9/1/97). The OPC is based on feasibility level design 

alternatives, alignments, quantities and unit prices. Costs will change with further design. A contingency 

of 20% for construction costs and 10% for lands and easements has been established for the OPC based 

on referenced projects and published references. Time-value of money escalation costs are not 

included. Operation and maintenance costs are not included.  

The OPC is a point estimate within an estimated accuracy range. The accuracy range is based on 

professional judgment considering the level of design completed, the complexity of the project, and the 

uncertainties in the project as scoped. This accuracy range is not intended to include costs for future 



 

60 | P a g e  

scope changes that are not part of the project as currently scoped, or risk contingency. Future cost 

estimates should incorporate construction schedule and time-value of money escalation and consider 

uncertainties associated with these elements. A construction schedule is not available at this time. The 

OPC is considered a feasibility-level construction estimate, and has been developed on the basis of 

similar projects and the consulting team’s experience and qualifications. The OPC will change as more 

information becomes available and further design is completed. Given the level of project definition, 

uncertainty exists related to the limited design work completed to-date including, but not limited to, 

uncertainties associated with quantities, unit prices and design detail. In general, it can be anticipated 

that as the future level of project definition increases, the uncertainty associated with these items will 

decrease. 

As the consulting team has no control over the eventual cost of labor, materials, equipment, services 

furnished by others, the contractor’s methods of determining prices, competitive bidding or market 

conditions, the consulting team cannot and does not guarantee that proposals, bids or actual 

construction costs will not vary from the OPC. 

8.5 Alternative #5 Reconstruct Levee System 500-Year 
Analysis of level of protection for the 500-year flood will have greater beneficial impact than the 100-

year flood protection. Flood protection from the 500-year flood would potentially remove Miles City 

from the SFHA Zone X on the FIRMs. Zone X areas are identified in community flood insurance studies as 

areas with moderate or minimal hazard from the principal source of flood. However, buildings in these 

zones could be flooded by severe, concentrated rainfall coupled by inadequate internal drainage 

systems. Flood insurance is available in participating communities but is not required by regulation in 

this zone. The top of levee elevation difference between the 100 and 500-year flood events is 

approximately 1 to 2 feet. While the average levee foot print (width) will be approximately 115 feet, this 

width will vary do to topography.  The benefits provided by a 500-year flood protection is considered 

the plan most preferred due to the cost versus benefit. The cost can be seen in the OPC below, and the 

benefit is the higher level of protection that will be provided for Miles City and its surrounding 

community. The majority of the levee design will not significantly change due to the relatively small 

increase in levee height from the 100-year to the 500-year flood protection. The basic construction of 

the levee for protection from a 500-year flood event will not change. However the material volumes will 

increase, due to the increased height of the constructed levee, and the levee footprint (width) will 

widen due to the increase in levee height. This larger footprint will have a greater impact on the area 
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adjacent to the levee, thus requiring an increase in the amount of right-of-way that will need to be 

acquired.  

8.5.1 Opinion of Probable Cost  
The major change between the 100-year and 500-year levee protection is the quantity of fill required for 

construction.  

This OPC is intended to provide information for consideration during decision-making and planning at 

this feasibility-level stage of the Miles City Study. After preliminary alternative evaluations and 

alignment revisions were presented during the City meetings, further design was completed and 

quantity takeoffs and real estate acquisitions have been estimated for the project. The cost estimate is 

of a level of detail intended to evaluate the feasibility of the project as defined at this time. The 

estimated costs will change based on final design and alternative selected by Miles City. 

 

8.5.1.1 Estimated Cost  

An OPC was developed for the project with the same methodology, basis of cost, cost breakdown and 

the project features summarized in section 8.4. 

Table 9 Opinion of Probable Cost 

Cost Breakdown/Element Opinion of Probable Cost 
Mobilization/Demobilization   $2,040,000 

Infrastructure Modifications   $201,000 

Roads, Road Raises, Bridges, and Railroads   $4,200,000 

Channel Improvements and Hydraulic Structures   $1,630,000 

Levees, Floodwalls and Closures  $13,000,000 

Interior Flood Damage Reduction Systems (Pumping Stations)   $1,400,000 

Estimated Construction Costs1 2 3 4  $6,900,00 

Lands and Easements 5   $6,030,000 

Planning, Engineering and Design  $4,100,000 

Construction Management  $2,500,000 

Recreational Facilities $1,000,000 

Estimated Total Project Cost1 2 3 4  $39,280,000 

 
1 Includes contingency (for additional information see Appendix 4). 

 2 Includes cost of all levee sections. 
3 This is a feasibility-level cost estimate based on feasibility-level design alternatives, alignments, quantities and unit prices. Costs will 
change with further design. 
4 Does not include temporal escalation costs, operation and maintenance costs. 
5Regardless of funding mechanism selected, land acquisition and easement costs will always be part of the local share of the project. 
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9 Environmental Consideration 
This section provides an overview of the environmental factors considered during preliminary levee 

alternative analysis. With preliminary review, the currently known environmental considerations in the 

study reach do not appear to present significant impediments to the project or project features. Due to 

the potential for the pursuit of federal funding, environmental analysis under NEPA would need to be 

completed. Due to the large size of the preliminary project alignment, interconnectivity of project areas, 

requirement of federal and state permits, potential affects on wetlands, river channel and economic 

impacts to communities, the project will require at least an EA; though it is very likely an EIS would be 

required due to the level of potential impact. The studies will need to take place because of the location 

of the project being within the 100-year floodplain. Large, complex projects such as the Miles City Levee 

Protection Project have many levels of environmental, community, historic/cultural and economic 

impacts that may be both beneficial and damaging.  

There will be a need for continued dialogue with the agencies and jurisdictional representatives, as well 

as the stakeholders. This will allow for additional insight on approaches to minimize the environmental 

impacts as well as in cooperating features that may lessen the impact caused by the project. This project 

has the potential to increase the social and economic values through recreational benefits like improved 

recreational access along the study reach, public boat launches, and non-motorized public access to 

stream banks. This public access to the stream bank will benefit walkers, swimmers, anglers, and other 

forms of non-vehicle recreation. The potential to increase recreational values from the existing 

conditions will need to be further evaluated during the project’s design phase.  

9.1 National Environmental Policy Act (NEPA) 
NEPA was enacted in 1970 with the purpose of requiring federal agencies to consider significant 

environmental impacts arising from projects under agency jurisdiction. Another main purpose of NEPA is 

to provide public participation in the project decision making process.  

NEPA requires that potential environmental, social and economic impacts of proposed project be 

analyzed for all major federal projects that affect “the quality of the human environment.” Most 

projects having federal participation, permitting or approval may be enough to make a project a "major 

federal action,” which can result in private projects also being required to perform a widespread 

environmental review.  

 An EA is conducted to define the project requirements, potential environmental effects and alternative 

actions. The EA provides the project information needed for evaluating the environmental impacts and 
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determining whether an EIS must be prepared. If a federal permitting agency decides that an EIS is likely 

to be required due to project scope, scale or potential impacts, an EA can be used as a scoping 

document to define the information that should be included in an EIS. 

 

9.2 Wetlands 
A preliminary office review of wetlands concluded that additional investigation of wetlands via a field 

delineation is needed. This assumption is reinforced by the USACE’s environmental statement: 

A wetland area exists near the downstream end of the proposed project along the Yellowstone 

River. This wetland is an old channel of the Tongue River, and usually has about 5 acres of 

surface area. Its primary source of water is ground water supplemented by runoff from a 

northern sector of Miles City. (Department of the Army U.S. Army Engineer District, Omaha, 

1978) 

9.3 Cultural Resources 
Cultural resources are defined as evidence of past human activity that includes pioneer homes, buildings 

or old roads; structures with unique architecture; prehistoric village sites; historic or prehistoric artifacts 

or objects; rock inscription; human burial sites; and earthworks, such as battlefield entrenchments, 

prehistoric canals or mounds. These cultural resources will need to be reviewed during the 

environmental review of the project area before construction could commence.  

10 Permitting and Regulatory Considerations 
The following sections provide a brief description of the potential permitting responsibilities for the 

Miles City Flood Protection project. Table 10 provides a brief, non-comprehensive listing of major 

permitting and regulatory considerations; there are other minor permits that will need to be acquired. 
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Table 10: Major Required Permits and Approvals 

Agency Permit Approval Reason 
Federal 

US Army Corps of Engineers 
(USACE) 

Section 404 Individual Permit Impacts to waters of the United 
States including wetlands 

Section 10 Individual Permit Impacts to navigable water 

Section 106 Consultation  
 

Condition of federal permit 
(USACE permit) 

US Fish and Wildlife Service 
(USFWS) 

Section 7 Consultation  
 

Condition of federal permit 
(USACE permit) 

Federal Emergency 
Management Agency (FEMA) 

Conditional Letter of Map 
Revision 
Letter of Map Revision 

Modifications within the 100- 
year floodplain 

Levee Certification To demonstrate that the levees 
meet 44CFR65.10 

State 

Department of Natural 
Resources and conservation 
(DNRC) 

EA  Condition of Funding  

Floodway Permitting DNRC approval requirement for 
changes to a Floodway 

Montana Department of 
Environmental Quality (DEQ) 

NPDES Construction 
Stormwater Permit 

For construction activity 
disturbing one or more 
acres 

Section 401 Certification Water quality certification 
ensures that federally permitted 
activities are in compliance with 
water quality standards 

Montana—Office of the 
Engineer 

Construction Permit Construction of levees 

Sovereign Lands Permit Project involves potential 
dredging and filling 

Montana Department of 
Transportation (MDT) 

 Working within DOT ROW 

Montana Fish, Wildlife & Park  124 Stream Protection Act Permit   Any streambed or stream bank 
alteration below the ordinary high 
water mark that is conducted by a 
government entity. 

 

10.1 Federal Agencies 

10.1.1 FEMA 
FEMA is responsible for reviewing impacts to the 100-year flood elevation. For alternatives that include 

work within the 100-year floodplain, FEMA may require completion of a no-rise certificate or a CLOMR, 

followed by a LOMR. A CLOMR and LOMR would be necessary to demonstrate that the project does not 
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increase the BFE. The placement of a levee could potentially impact BFEs and floodway boundaries. In 

this case, submittal of the CLOMR will likely trigger a request for a PMR, for which a new floodplain and 

flood way map will be required. FEMA has criteria for certifying that flood risk reduction projects 

provide a specific level of protection against the base flood event. FEMA reviews documentation 

provided by the levee owner, demonstrating that the levee has been certified by a professional engineer 

and meets current design criteria. Following a review of submitted documentation, FEMA will map areas 

protected by a levee as moderately at risk (Zone X) on FIRMs. 

10.1.2 USACE 
The USACE issues permits for work within navigable waters (i.e., below the ordinary high-water line for 

the Yellowstone and Tongue Rivers) or within jurisdictional wetlands. The USACE reviews and approves 

modifications to the existing levee system. The project described in this report will likely be considered a 

major action with the potential for significant impact on the quality of the human environment. As a 

result, the project will require USACE approval under Section 10 of the Rivers and Harbors Act of 1899 

and under Section 404 of the Clean Water Act. An environmental review will need to be conducted to 

meet the requirements of the NEPA of 1969, National Historic Preservation Act of 1966, and Council of 

Environmental Quality Regulations Endangered Species Act of 1973, Section 404 of the Clean Water Act, 

and other applicable laws and regulations. Under NEPA, applicable projects are assessed in relation to 

the environmental conditions of the area and the impact that alternatives would have upon those 

environmental conditions. It has always been the intent of the NEPA process to ensure that informed 

decision making, with respect to the environment, occurs when considering the need for a project and 

its alignment and design. The NEPA document will assess the impacts of the proposed action and 

reasonable alternatives, identify and evaluate mitigation alternatives, and discuss potential 

environmental monitoring. Coordination with responsible federal, state and local agencies; the general 

public; interested private organizations and parties; and any other affected party will assist in the 

determination of significant environmental issues and resources. The NEPA document will be a valuable 

tool to help guide and refine the design process. The information compiled will be valuable when 

completing the required Section 404. Early coordination with other agencies and the public is an 

essential part of the project development process. This coordination can help in determining the 

appropriate level of documentation required and in shaping discussion related to project purpose and 

need. It will also help in identifying the NEPA and permit requirements of other agencies, the range of 

alternatives, impacts to resources, possible mitigation measures and opportunities for environmental 

enhancement. 
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10.1.2.1 Section 404 Permitting  

Because the project involves work in navigable waters, it will also require federal permitting under 

Sections 401 and 404 of the Clean Water Act. This permitting is achieved by completing a Joint 

Application for Proposed Work in Streams, Lakes and Wetlands in Montana. This joint application goes 

to several state and federal agencies and facilitates a more timely review process than applying for 

permits from each agency separately. It is recommended that the public interest and technical 

evaluation data required for a Section 404 permit and/or a Section 10 permit be compiled concurrently 

with the technical evaluation and environmental protection compliance data required for a Section 408 

permit. This will facilitate a timely, concurrent USACE review. 

10.2 State and Local Regulatory Considerations  
A construction permit from the Montana Office of the State Engineer will need to be obtained before 

implementing the project. Local permitting considerations include municipal and county permits. Miles 

City will be responsible for acquiring all local, state, and federal licenses/permits required to comply 

with state and municipal laws, codes and regulations (road, borrow, construction, etc.), before starting 

construction activities. The contractor will need to acquire the national NPDES permit from the DEQ. 

11 Levee Certification Requirements 
The levee certification process is the technical finding for floodplain mapping purposes. To be part of the 

NFIP, there must be reasonable certainty that the levee protecting the area will contain the base flood 

(as flood being the 1 % annual chance exceedance, sometimes referred to as the 100-year flood event). 

The certification findings can be completed by a federal agency with levee design and construction 

qualifications (USACE) or by a Registered Professional Engineer. 

11.1 Roles and Responsibilities  
Miles City has jurisdiction over the floodplain and is responsible for seeking levee certification. Miles City 

may perform the certification analysis, or may request to have the technical determination done by 

others. However, the certification must be done by a Registered Professional Engineer. Levee 

certification is not done by FEMA; they are the recipients of the levee certification determination 

document as outlined in 44 CFR 65.10. If they agree with the findings, FEMA will then accredit the levee 

and the associated FIRMs will show that most of the flood hazard area is protected from a 100-year 

flood event.  
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11.2 Levee Certification Technical Guidance 
The overall approach used to define the flood hazard and the elements used when assessing the 1% 

annual chance exceedance flood. The evaluation elements will include the definition of the exceedance 

criteria, design and construction details, O&M status and plans, residual risk and emergency response 

plans. Each section in the LCR will detail references and guidance documents used, other sources of 

information and professional state-of-the-practice documents. These sections will define the elements 

to establish whether or not the levee system is in accordance with the NFIP levee system requirements. 

Below is a list of the major factors that will need to be completed in order to be considered during the 

levee evaluation process. 

 O&M Plan 

 NFIP levee system evaluation field inspection 

 Flood hazard characterization 

 Capacity exceedance/failure criteria 

 Levee height assurance determination 

 Closure structures and devices 

 Embankment protection from current or wave action 

 Seepage/under seepage analysis 

 Embankment and foundation stability 

 Settlement 

 Seismic analysis (where appropriate) 

 Construction records and quality control testing 

 Performance records 

 Major maintenance and rehabilitation 

 Interior drainage 

 Residual risk and public safety 

 Encroachments 

 Ice issues 

 Other applicable unique design criteria 
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12 Summary of Flood Mitigation Study 
Five alternatives were analyzed both quantitatively and qualitatively. Doing nothing lacks any form of 

benefit and will not address the inherent risk the flooding situation presents to life and property 

damage. LOMAs may be implemented on their own or in conjunction with a larger project. However, 

LOMAs would only benefit a small portion of the property owners within the floodplain, and the owners 

would be liable to pursue this alternative on their own. 2D modeling has the potential to remove a 

portion of properties from the floodplain by more accurately depicting the flow of a 100-year flood 

event. However, remapping using a 2D model through FEMA’s procedures has the potential to be a long, 

laborious process. Finally, constructing a new 100-year or 500-year levee will remove the majority of 

parcels out of the floodplain. However, these are by far the most expensive alternatives, and will take 

several years’ worth of design, construction, and administrative work before the levee is certified, and 

the City is removed from the floodplain.  

12.1 Expected Timeline 
Table 11 below lists the five alternatives in order of how long it is anticipated for the selected alternative 

to go into effect. Naturally, doing nothing can be implemented immediately. LOMAs are typically 

processed by FEMA within 60 days. Once a LOMA is issued, flood insurance may be immediately 

canceled. 2D modeling, as previously discussed, is significantly more labor intensive than 1D modeling. 

This statement holds true for data gathering, model construction, model calibration and model review. 

As 2D models are the exception rather than the norm, it should be expected that a 2D model for Miles 

City will take several years to construct and be approved by FEMA. Finally, constructing a certified levee 

will take several years of design, and construction, in addition to the procedures that must be followed 

for FEMA to certify a levee.   

Table 11: Expected Time to Implement Alternative 

Alternative Expected Time to 
Implement (years) 

#1 Do Nothing 0 

#2 LOMAs 1 

#3 2D Modeling 4 to 7 

#4 100-Year Certified Levee 5 to 7 

#5 500-Year Certified Levee 5 to 7 
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12.2 Benefit-Cost Analysis 

The effectiveness of the five alternatives were studied using a benefit-cost analysis. This analysis 

compares the present value of the benefits associated with the implementation of a project to the 

present value of its costs, in terms of today’s dollars. For example, when approximating future flood 

insurance premiums, both increase in policy cost and inflation rates are taken into account. The Benefit 

to Cost Ratio is a convenient tool to determine whether or not a project’s benefits are greater than its 

costs. For a project to be beneficial, its benefit to cost ratio must be greater than one. If it is less than 

one, the project is more costly than beneficial. Table 12 below shows the present values of benefits, 

costs, and the benefit to cost ratio for the five alternatives. Based on the input values selected, the new 

levee has the highest benefit to cost ratio, and thus is the project, in this instance, that has the highest 

benefit to Miles City. 2D Modeling also has a benefit to cost ratio greater than one, signifying that it too 

would have a positive effect on Miles City. However, the benefit to cost ratio for both the Do Nothing 

and LOMAs alternatives is almost non-existent. There are no benefits to the Do Nothing alternative, and 

the benefits for the LOMA alternative are insignificant when looking at the entire city.  

Table 12: Benefit-Cost Analysis for Five Alternatives 

Benefit-Cost Analysis Parameters  
Current Collective Annual Premiums $625,000.00 

Number of Flood Insurance Policies in Miles City 1312 

Average Policy Premium $476.37 

Expected Annual Rate of Increase in Flood Insurance 10% 

Annual Inflation Rate 3% 

Period of Analysis (years) 30 

    

Do Nothing  
Present Value of Benefits of Doing Nothing $0.00 

Present Value of Costs of Doing Nothing $55,258,238.36 

Benefits - Costs -$55,258,238.36 

Benefits: Costs 0.00 

    

LOMAs  
Possible Number of Policies Removed 100 

Cost per LOMA  $                     1,500  

Total Cost of LOMAs  $                150,000  

  

Present Value of Benefits of LOMAs $4,211,756 

Present Value of Costs of LOMAs $51,196,482.39 

Benefits - Costs -$46,984,726.41 

Benefits: Costs 0.08 
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2D Modeling  
Number of Policies Removed 750 

2D Modeling Cost $328,000 

Years until FEMA Approval 2 

  

Present Value of Benefits of 2D Modeling $21,567,205 

Present Value of Costs of 2D Modeling $19,347,042 

Benefits - Costs $2,220,162.42 

Benefits: Costs 1.11 

    

100-year Certified Levee  
Number of Policies Removed 1275 

Local Share of New Levee Cost $32,360,000 

Years until FEMA Approval 6 

  

Present Value of Benefits of New Levee $49,503,328 

Present Value of Costs of New Levee $38,114,910 

Benefits - Costs $11,388,417.48 

Benefits: Costs 1.30 

    

500-year Certified Levee1  
Number of Policies Removed 1275 

Local Share of New Levee Cost $33,360,000 

Years until FEMA Approval 6 

  

Present Value of Benefits of New Levee $49,503,328 

Present Value of Costs of New Levee $39,354,910 

Benefits - Costs $10,148,417.48 

Benefits: Costs 1.26 
1This benefit: cost ratio only takes into consideration insurance premiums vs. levee cost, therefore the 500-year protection appears 

to have a lower B:C ratio than the 100-year levee, which, when other factors are considered, would not be the case.  

The recommended plan was considered by formulating three primary plan objectives: to reduce or 

eliminate flood damages to existing developments, to minimize the impact of any remaining flood 

hazards, and to prevent the creation of new flood hazards following implementation of the selected 

plan. When considering the alternatives, many factors were taken into account. Alternative #5 is the 

recommended choice for Miles City, MT; the benefits of this alternative are more significant than the 

other two alternatives. The majority of homes will be removed from the floodplain, and the number of 

homes with mandatory flood insurance policies will significantly decrease. The long-term effects of 

Alternative #5 will outweigh the short-term cost of the project. During design and construction of 

Alternative #5, residents may independently pursue LOMAs to reduce personal cost while the project is 

under construction. This may be a viable alternative for some citizens to decrease their immediate costs, 

as the proposed construction timeline will likely be several years. 
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12.3 Future Considerations 

When looking at Miles City as a whole, the massive number of flood insurance policies mandated is a 

symptom of the overall problem: the decertified levee. Of the five alternatives, only reconstruction of 

the levee will solve the problems; LOMAs and 2D Modeling treat the symptoms, while doing nothing 

ignores the problem entirely. If any of the three alternatives besides levee reconstruction is selected, 

flood fighting measures will continue as they have for the past 80 years. The decertified levee will 

continually need to be repaired, and Miles City is at greater risk for a catastrophic flooding event. As the 

majority of properties within Miles City are in the floodplain, new construction and renovations to 

existing structures will not be allowed without a permit, based on Montana state law. No construction 

whatsoever is allowed for properties within the floodway.  

Constructing a new levee will help mitigate risk. It is important to note that no flood control structure 

will eliminate risk entirely. The chances of failure of a new levee, however, would be significantly less 

than the current structure in place. That is not to say the new levee will be maintenance-free. In order to 

continue to benefit from the certified status, the levee must meet the minimum standards of USACE 

inspectors on an annual basis. This includes items such as, but not limited to, proper vegetation, 

functional closure devices and levee integrity, to name a few. In short, the levee must be properly 

maintained to continue, according to FEMA, to provide flood protection.  

13 Conclusion 
The USACE has evaluated alternatives for protection besides building a levee, coming to this conclusion: 

I have evaluated alternatives solutions to the flood problems at Miles City. Upstream 

reservoirs would not eliminate ice-jam flooding. Channelization of the Tongue and 

Yellowstone Rivers would cause significant adverse environmental impacts and would 

cause only a partial reduction in the threat of ice-jam flooding. Flood proofing or 

relocation of the flood plain structures would involve most of the structures in Miles City, 

would cause major social impacts, and would not be economically or socially feasible. 

(Department of the Army U.S. Army Engineer District, Omaha, 1978) 

The goal of this flood mitigation study was to review the FIRM mapping and determine if the 

appropriate protection steps can be taken to remove the at-risk properties from the 100-year 

floodplain. Information from this study will assist local decision makers, city and public in prioritization 

of the future protection needs, financial planning and public outreach. 
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To determine the flood management features necessary for acceptable flood risk reduction and to 

define the land needs and costs associated with developing a Miles City Feasibility Flood Protection 

project, the following activities were performed: 

1. Reconnaissance of the project area and research of existing geotechnical, hydrologic and 

hydraulic information, and available transportation and infrastructure engineering data 

2. Development of a preliminary project configuration including levee and floodwall alignments, 

heights and ground contact zones (footprints), incorporating measures identified as priorities by 

the stakeholders for meeting flood protection goals 

3. Identification of relevant regulatory requirements and consideration of these aspects in plan 

development 

4.  Preparation of drawings, maps and preliminary design descriptions 

5. Preparation of a Preliminary Engineering Report, including cost estimate, with sufficient detail to 

be used as the basis for a final design 

6. Solicitation of stakeholder input throughout the process 

Due to the scope of the study it is intended only as a conceptual level design. As a result, additional 

detailed design (survey, soil borings, etc.) will be required prior to implementing any of the proposed 

projects details. Any numbers used in this document are an approximate estimation for representative 

purposes, and should not be taken as finalized. 
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Miles City,
Custer
County, MT

Cabbart-Havre
loams, 0 to 35
percent slopes

Kobase silty
clay loam, 0 to

2 percent slopes

Kobase silty clay
loam, 2 to 8

percent slopes

Glendive-Havre complex,
0 to 2 percent slopes,
occasionally flooded

Glendive-Havre complex,
0 to 2 percent slopes,

nonflooded

Cabbart-Rock
outcrop-Yawdim complex,

15 to 70 percent slopes

Hanly-Glendive complex,
0 to 2 percent slopes,
occasionally flooded

Glendive fine
sandy loam, 0

to 2 percent slopes,
occasionally flooded

Delpoint-Yamacall-Cabbart
loams, 8 to 25
percent slopes

Delpoint-Yamacall-Cabbart
loams, 8 to 25
percent slopes

Cabbart-Rock
outcrop-Delpoint complex,

15 to 50 percent slopes

Kobase silty
clay loam, 0 to

2 percent slopes

Marvan-Vanda
silty clays, 0 to

4 percent slopes

Ethridge silty
clay loam, 2 to

8 percent slopes

Pinehill-Absher
complex, 2 to 15
percent slopes

Yamacall
loam, 8 to 15

percent slopes

Havre and Glendive
soils, channeled, 0
to 2 percent slopes,
frequently flooded

Cabbart-Rock
outcrop-Yawdim complex,
15 to 70 percent slopes

Marias silty clay, 0
to 2 percent slopes

Marias silty
clay, 0 to 2

percent slopes

Glendive-Havre complex,
0 to 2 percent slopes,

nonflooded

Busby fine
sandy loam, 0 to
2 percent slopes

Cabbart-Rock
outcrop-Delpoint complex, 15

to 50 percent slopes

Yamacall loam,
2 to 8 percent

slopes

Ethridge silty
clay loam, 2 to

8 percent slopes

Riverwash

Lallie silty clay, 0
to 2 percent slopes

Cabbart-Rock
outcrop-Delpoint complex,

15 to 50 percent slopes

Riverwash Lallie silty clay,
0 to 2 percent

slopes

Havre-Bigsandy loams,
0 to 2 percent slopes,

frequently flooded

Water

Glendive f ine
sandy loam, 0

to 2 percent slopes,
occasionally flooded

Marvan-Vanda
silty clays, 0 to

4 percent slopes Cabbart-Rock
outcrop-Yawdim complex,
15 to 70 percent slopes

Gerdrum-Creed complex,
2 to 8 percent

slopes

Yamacall loam,
0 to 2 percent

slopes

Kobase silty
clay loam, 0 to 2
percent slopes

Tinsley-Delpoint-Cabbart
complex, 8 to

45 percent slope

Busby fine sandy
loam, 2 to

8 percent slopes

Marias silty
clay, 0 to 2

percent slopes

Delpoint-Yamacall-Cabbart
loams, 8 to 25
percent slopes

Yamacall
loam, 2 to 8

percent slopes

Tinsley gravelly
sandy loam, 8 to

35 percent slopes

Benz loam,
0 to 8 percent

slopes

Busby-Yetull
complex, 2 to 15
percent slopes Busby fine

sandy loam, 0 to
2 percent slopes

Yamacall loam,
0 to 2 percent

slopes

Busby fine
sandy loam, 0 to
2 percent slopes

Yamacall-Birney-Delpoint
complex, 4 to 15
percent slopes

Yamacall loam,
8 to 15

percent slopes

Chinook-Kremlin
complex, 2 to 6
percent slopes

Busby fine sandy
loam, 0 to 2

percent slopes

Riverwash

Havre loam, 0 to
2 percent slopes,

rarely flooded

Havre loam, 0 to 2
percent slopes,

occasionally flooded

Delpoint-Yamacall-Cabbart
loams, 8 to 25
percent slopes

Rivra complex, 0 to
2 percent slopes,

occasionally flooded

Chanta loam,
0 to 2 percent

slopes

Harlake silty clay, 0
to 2 percent slopes,

rare ly flooded

Harlake silty clay, 0
to 2 percent slopes,

rarely flooded

Glendive-Havre complex,
0 to 2 percent slopes,

nonflooded

Marvan-Vanda
silty clays, 0 to

4 percent slopes

Cabbart-Rock
outcrop-Delpoint complex,

15 to 50 percent slopes

Yamacall loam,
0 to 2 percent

slopes

Delpoint-Yamacall-Cabbart
loams, 8 to 25
percent slopes

Benz loam, 0
to 8 percent

slopes

Havre loam, 0 to 2
percent slopes,

occasionally flooded

Miscellaneous
water

Ryell loam, 0 to
2 percent slopes,

occasionally flooded

Marvan-Vanda
silty clays, 0 to

4 percent slopes

Lallie silty
clay, 0 to 2

percent slopes

Ryell very fine sandy
loam, 0 to 2 percent

slopes, rarely flooded

Havre-Harlake
complex, 0 to 2
percent slopes,

nonflooded

Marvan-Vanda
silty clays, 0 to

4 percent slopes

Kobase silty
clay loam, 2 to

8 percent slopes

Water

Yamacall-Delpoint
loams, 2 to

8 percent slopes

Harlake silty clay, 0
to 2 percent slopes,
occasionally flooded

Badland

Badland

Lallie silty
clay, 0 to 2

percent slopes

Benz loam, 0
to 8 percent

slopes

Hanly loamy fine sand,
0 to 2 percent slopes,
occasionally flooded

Glendive loam, 0
to 2 percent slopes,

rarely flooded

Busby-Yetull
complex, 2 to

15 percent slopes

Kremlin
loam, 2 to 8

percent slopes

Degrand
loam, 0 to 4

percent slopes

Harlake silty clay, 0
to 2 percent slopes,
occasionally flooded

Havre loam, 0 to
2 percent slopes,

rarely flooded

Riverwash

Glendive loam, 0 to
2 percent slopes,

rarely flooded

Havre loam, 0 to
2 percent slopes,

occasionally flooded

Marias silty
clay, 0 to 2

percent slopes

Yamacall loam,
8 to 15

percent slopes

Ryell very fine sandy
loam, 0 to 2 percent

slopes, rarely flooded

Glendive fine
sandy loam, 0

to 2 percent slopes,
occasionally flooded

Cabbart-Rock
outcrop-Delpoint complex,

15 to 50 percent slopes

Glendive-Havre complex,
0 to 2 percent slopes,

nonflooded

Tinsley-Delpoint-Cabbart
complex, 8 to

45 percent slope

Water

Kobase silty
clay loam, 0 to 2
percent slopes

Miscellaneous
water

Delpoint-Yamacall-Cabbart
loams, 8 to 25
percent slopes

Spinekop silty
clay loam, 0 to

2 percent slopes

Busby-Blacksheep-Twilight
fine sandy loams, 8
to 25 percent slopes

Degrand
loam, 0 to 4

percent slopes

Cambeth,
calcareous-Cabbart-Yawdim

complex,
15 to 25 percent slopes

Water

Chinook fine
sandy loam, 2 to
8 percent slopes

Kobase silty
clay loam, 2 to

8 percent slopes

Kobase silty
clay loam, 0 to 2
percent slopes

Water

Chinook-Kremlin
complex, 2 to 6
percent slopes

Cabbart-Rock
outcrop-Yawdim complex,
15 to 70 percent slopes

Spinekop silty
clay loam, 0 to

2 percent slopes
Yamacall-Delpoint-Cabbart

loams, 4 to 15
percent slopes

Kremlin
loam, 2 to 8

percent slopes

Yamacall
loam, 0 to 2

percent slopes

Yamacall loam,
0 to 2 percent

slopes

Marvan-Vanda
silty clays, 0 to

4 percent slopes

Glendive-Havre complex,
0 to 2 percent slopes,
occasionally flooded

Cabbart-Rock
outcrop-Delpoint complex,

15 to 50 percent slopes

Busby fine
sandy loam, 2 to
8 percent slopes

Busby-Blacksheep-Twilight
fine sandy loams, 8
to 25 percent slopes

Busby-Blacksheep-Twilight
fine sandy loams, 8 to

25 percent slopes

Ryell very fine sandy
loam, 0 to 2 percent

slopes, rarely flooded

Cabbart-Rock outcrop-Delpoint
complex, 15 to 50

percent slopes

Delpoint-Yamacall-Cabbart
loams, 8 to 25
percent slopes

Miscellaneous water

Kobase silty
clay loam, 0 to

2 percent slopes

Water

Water

Yamacall loam,
2 to 8 percent

slopes

Sonnett-Sonnett, thin
surface, complex, 0
to 2 percent slopes

Yamacall-Delpoint-Cabbart
loams, 4 to 15
percent slopes

Yamacall-Delpoint
loams, 2 to

8 percent slopes

Glendive-Havre complex,
0 to 2 percent slopes,

nonflooded

Ryell loam, 0 to
2 percent slopes,

occasionally flooded

Glendive loam, 0 to
2 percent slopes,

rarely flooded

Cambeth-Cabbart-Rock
outcrop complex, 8

to 45 percent slopes

Miscellaneous
water

Marvan-Vanda
silty clays, 0 to

4 percent slopes

Kobase silty
clay loam, 0 to 2
percent slopes

Miscellaneous
water

Miscellaneous
water

Miscellaneous
water

Miscellaneous
water

Pinehill
loam, 2 to 8

percent slopes

Riverwash

Lonna, Cambeth, and
Yamacall soils,
gullied, 8 to 15
percent slopes

Hanly-Glendive complex,
0 to 2 percent slopes,
occasionally flooded

Delpoint-Yamacall-Cabbart
loams, 8 to 25
percent slopesTinsley-Delpoint-Cabbart

complex, 8 to 45
percent slope

Kobase silty clay
loam, 0 to 2

percent slopes

Glendive-Havre complex,
0 to 2 percent slopes,

nonflooded

Yamacall loam,
2 to 8 percent

slopes

Yamacall loam,
0 to 2 percent

slopes

Yamacall loam,
2 to 8 percent

slopes

Lonna silt
loam, 0 to 2

percent slopes

Lallie silty clay,
0 to 2 percent

slopes

Ryell very fine sandy
loam, 0 to 2 percent

slopes, rarely flooded

Yamacall-Delpoint
loams, 2 to 8

percent slopes

Cabbart-Rock
outcrop-Delpoint complex,

15 to 50 percent slopes

Riverwash

Havre loam, 0 to
2 percent slopes,

occasionally flooded

Miscellaneous
water

Marvan-Vanda
silty clays, 0 to

4 percent slopes

Busby-Yetull
complex, 2 to 15
percent slopes

Cabbart-Rock
outcrop-Yawdim complex,
15 to 70 percent slopes

Yamacall
loam, 8 to 15

percent slopes

Marvan silty
clay, 0 to 2

percent slopes

Harlake silty clay, 0
to 2 percent slopes,
occasionally flooded

Lallie silty
clay, 0 to 2

percent slopes

Yamacall
loam, 0 to 2

percent slopes

Degrand
loam, 0 to 4

percent slopes

Degrand
loam, 0 to 4

percent slopes

Tinsley gravelly
sandy loam, 8 to

35 percent slopes

Tinsley gravelly
sandy loam, 8 to

35 percent slopes

Soil Bores & Expected Soil Types µ

!> Soil Bore Locations
MDT Soil Bore Locations
Proposed Borrow Area

SCS/NRCS Soil Hydrogroup Type
Water Body
A - High Infiltration Rate
B - Moderate Infiltration Rate
B/D - Moderate to Very Low Infiltration Rate
C - Low Infiltration Rate
C/D - Low to Very Low Infiltration Rate
D - Very Low Infiltration Rate

2,000 0 2,000 4,0001,000
Feet

1 inch = 2,000 feet Exhibit 8
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Appendix 2: Effective FIRMS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
















