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A4-1 GENERAL 
A4-1.1 Purpose of Engineering Appendix 
This Engineering Appendix, a consolidated effort between Memphis, New Orleans, and Vicksburg 
Districts, presents the design assumptions and assessment of alternatives for flood control in the 
Mississippi River Alluvial Valley, Mississippi River Mainline Levees (MRL) Project. The purpose of 
this Engineering Appendix is to document the results of the engineering and environmental 
conditions in order to establish project alternative measures and recommendations that would 
minimize adverse impacts to the environment with the implementation of the proposed improvements to the 
MRL.     The Mainline Levee System is an integral part of the overall Mississippi River and 
Tributaries Project (MR&T). The Mississippi River Commission (MRC), created by Congress in 
1879, is responsible for accomplishment of work on the MR&T Project. After the 1973 flood, the 
MR&T Project Design Flowline was refined (see SEIS II Section 1.4) to include a new project 
flood flowline, the Refined 1973 Project Design Flood Flowline (amended in 1996) that enables 
levee deficiencies along the main stem levee to be identified.  

The proposed work includes addressing 69 miles of deficient levees and floodwalls within the 
Memphis District, 49 miles of deficient levees within Vicksburg District, and 123 miles of 
deficient levees and floodwalls within New Orleans District.  This work consists of 143 work 
items proposed for construction; 35 items in the Memphis District, 16 in the Vicksburg District, 
and 92 in the New Orleans District. 

The MR&T Project is extensive in scope and involves a number of Tributary basins and related project 
reports in all three districts. The Final Environmental Impact Statement for Mississippi River and 
Tributaries Projects, dated February 1976, lists and discusses various project reports that are pertinent to 
the MRL portion of the overall project. This document was placed on file with the Council on 
Environmental Quality on April 8, 1976.  Subsequently, USACE supplemented the 1976 EIS with 
Supplement No. 1, Mississippi River and Tributaries Project, Mississippi River Mainline Levee 
Enlargement and Seepage Control of 1998 (1998 SEIS).  The 1998 SEIS also references project 
reports that provide additional information about the MR&T Project. 

A4-2 HYDROLOGY/HYDRAULICS 
A4-2.1 Description of Mississippi River Basin and Project Area 
The Mississippi River has the third largest drainage basin in the world, exceeded in size only by the 
watersheds of the Amazon and Congo Rivers. It drains 41 percent of the 48 contiguous states of 
the United States.  The basin covers more than 1,245,000 square miles, includes all or parts of 
31 states and two Canadian provinces, and roughly resembles a funnel which has its spout at the 
Gulf of Mexico. Waters from as far east as New York and as far west as Montana contribute to 
flows in the lower (main stem) river. 

The main stem Mississippi River channel below Cairo, Illinois, carries runoff from about 
922,000 square miles of drainage area concentrated at Cairo by the upper Mississippi and Ohio 
Rivers. Between Cairo and the Gulf of Mexico, the Mississippi River system flow is augmented 
by runoff from about 324,000 square miles of intervening drainage area. 
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The lower alluvial valley of the Mississippi River is a relatively flat plain of about 35,000 square 
miles bordering the river. The area would be overflowed during times of high water if not for 
man-made protective works. This valley begins just below Cape Girardeau, Missouri, is roughly 
600 miles in length, varies in width from 30 to 125 miles, includes parts of seven states--
Missouri, Illinois, Tennessee, Kentucky, Arkansas, Mississippi, and Louisiana, and extends to 
the Gulf of Mexico. 

The project area includes the portion of the basin extending from Cape Girardeau, Missouri, south 
to Head of Passes, Louisiana, at the Gulf of Mexico. The flood plain area is confined on the west 
by levees and high ground and on the east by levees and the Loess Hills which follow the Ohio and 
Mississippi Rivers from the vicinity of Cairo, Illinois, to below New Orleans, Louisiana. Besides 
the Upper Mississippi and Ohio Rivers, other major tributaries within the project area are the 
St. Francis River, Obion-Forked Deer River, Arkansas/White, River Red River, Yazoo River, and 
Big Black River. Precipitation occurring within project boundaries produces runoff which 
reaches the Mississippi River main stem via the above-named major tributaries or via minor 
drainage ways. The Mississippi River in its lower valley flows through one of the most fertile 
regions on earth. The area is noted for its highly productive agricultural economy. It has also 
become industrialized. 

A4-2.2 Description of Mississippi River Basin and Project Area 
A4-2.2.1 Morphology 
As is typical of streams flowing through alluvial valleys, the Lower Mississippi River over time 
has developed a highly sinuous course, creating numerous meander loops and bends. It has also 
shifted its channel from time to time so that parts of the alluvial plain have been reworked many 
times, thus contributing to the complexity of the soil structure and hydrology of the area. This 
meandering has also produced a number of oxbow lakes. 

Flooding in the lower alluvial valley usually occurs in the winter and spring (first six months of 
the calendar year). This is a result of the spring rains and the melting of the snow pack in the 
Upper Mississippi River basin. However, in recent years, increased precipitation during summer 
months has resulted in prolonged flood events that extend well into the summer 

An extensive system of stream gages has been installed on the Mississippi River and its 
tributaries. The period of record for the older gages extends back into the 1800's. At certain 
gages discharge measurements have been made over a span of many years, permitting estimation 
of discharge as a function of stage at these locations. Selected gages in the project area are shown 
in Table A4-1. Gages in Table A4-1 used in this study for statistical analysis of wetlands by 
hydrologic criteria are noted, along with the period of record used in the study. 
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Table A4-1. Project Area Gages 

Gage Location 
River 
Mile 
AHP 

Corps 
Dist. 

**** 

Data Type 
S=Stage 
D=Disch 

Used in Wetland 
Determination 

X=Used 

Study Period of 
Record 

*** 

Cape Girardeau (Upper 
Miss) 52.1* MVS s X 1962-2018

Cairo (Ohio) 2.0** MVM s X 1962-2018

Hickman 922.0 MVM S,D X 1962-2018

New Madrid 889.0 MVM s X 1962-2018

Caruthersville 846.4 MVM s X 1962-2018

Osceola 783.5 MVM s X 1962-2018 

Memphis, Beale 735.9 MVM s 

Memphis WB 734.7 MVM S,D X 1962-2018

Helena 663.1 MVM S,D X 1962-2018

Rosedale 592.2 MVK s X 1962-2014

Ark City 554.1 MVK S,D X 1962-2018

Greenville 531.5 MVK s X 1962-2018 

Lake Providence 487.2 MVK s X 1962-2018

Vicksburg 435.7 MVK S,D X 1962-2018 

St. Joseph 396.4 MVK s X 1962-1996

Natchez 363.3 MVK S,D X 1962-2018

Knox Landing 313.7 MVN s X 1962-2018

Tarbert Landing 306.3 MVN S,D 1962-2018

Red River Landing 302.7 MVN s X 1962-2018

Baton Rouge 228.4 MVN s X 1962-2018 

Donaldsonville 175.4 MVN s X 1962-2018 

Reserve 138.7 MVN s 1962-2018 

Carrollton (New Orleans) 102.8 MVN s X 1962-2018

West Pointe A La Hache 48.7 MVN s X 1962-2018 

Venice 10.7 MVN s 1962-2018
* on Upper Mississippi River, miles above mouth of Ohio River
** on Ohio River, miles above mouth of Ohio

(mouth of Ohio River is at Mile 953.8 
AHP) 

*** Additional data available. The period of record was limited based on the effects of 
cutoffs and changes in operation of Old River Control Structure on river flowlines. 

**** MVS-St. Louis District, MVM-Memphis District, MVK-Vicksburg District,    
 MVN-New Orleans 
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Examples of the range of discharges and elevations in the project area are presented in Tables 
A4-2 and A4-3. 

Table A4-2. Maximum and Minimum Discharges for Selected Gages 

Location 
Maximum 

Discharge (1000 
CFS) 

Year 
Minimum 

Discharge (1000 
CFS) 

Year 

Hickman 2100 2011 69 1936 

Memphis 2213 2011 78 1936 

Helena 2310 2011 81 1936

Arkansas City 2472* 1927 88 1939 

Vicksburg (Bridge) 2278** 1927 94 1936 

Natchez 2046 1937 100 1936 

Tarbert Landing 1977 1937 85 1939 
* Estimated
** Estimated assuming no crevasses
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Table A4-3. Maximum and Minimum Elevations for Selected Gages 

Gage Location 
Max 

Gage 

Maximum 
Elev. 

Ft, NGVD 
Year Min Gage 

Minimum 
Elev. 

Ft, NGVD 
Year 

Difference in 
Elev. 

Ft 

Cape Girardeau 48.0 352.6 1993 0.6 305.4 1909 47.2 

Cairo 59.5 330.0 1937 -1.0 269.5 1871 60.5 

Hickman 51.5 316.2 1937 -0.7 264.1 1988 52.1 

New Madrid 48.0 303.5 1937 -1.5 254.0 1988 49.5 

Caruthersville 46.0 281.5 1937 -0.1 234.8 1939 46.7 

Osceola 50.9 260.3 1937 -10.3 199.1 1988 61.2 

Memphis 48.7 232.6 1937 -10.7 173.2 1988 59.4 

Helena 60.2 201.9 1937 -4.2 137.5 1988 64.4 

Arkansas City 60.4 157.1 2011 -5.1 91.6 1936 64.3 

Vicksburg (Bridge) 57.1 103.3 2011 -7.0 39.2 1940 63.0 

Natchez 61.8 79.4 2011 -1.7 15.6 1940 59.7 

Knox Landing 63.1 63.1 1983 8.2 8.2 1956 54.9 

Red River Landing 63.4 63.4 2011 2.9 2.9 1895 58.0 

Baton Rouge 47.3 47.3 1927 -0.1 -0.1 1894 47.4 

Carrollton Gage 
(New Orleans) 

21.3 21.3 1922 -1.6 -1.6 1872 22.9 

A4-2.3 History of Flood Control and Mississippi River Flooding 
A4-2.3.1 Overview 
The Mississippi River has always been a threat to the security of the valley through which it 
flows.  The need for more substantial Federal participation in improvements of the river for 
navigation and flood control was generally recognized by 1879. The necessity for coordination 
of engineering operations through a centralized organization was apparent. That year, on 
June 28, Congress established the Corps of Engineers Mississippi River Commission (CEMRC), 
which had as its assigned duties"... to take into consideration and mature such plan or plans and 
estimates as will correct, permanently locate, and deepen the channel and protect the banks of the 
Mississippi River; improve and give safety and ease to the navigation thereof; prevent 
destructive floods; promote and facilitate commerce, trade, and the postal service." 

The first survey performed under the CEMRC occurred during 1879-1880. The survey revealed a 
system of levees for the most part constructed along the top of the natural levees of the river. 
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The flood of 1916 resulted in passage of the first Flood Control Act, approved March 1, 1917. This 
act authorized the construction of levees for the control of floods and affirmed the policy of local 
cooperation. 

The flood of 1927 was the most disastrous in the history of the lower Mississippi River Valley. 
This disaster awakened the national conscience to the dire need for flood control in the lower 
valley. Out of it grew the Flood Control Act of 1928, which committed the Federal Government 
to a definite program of flood control. The present project dates from that act. 

The act of 1928 authorized the expenditure of $325,000,000 for construction of a Federal project 
to provide flood control in the alluvial valley of the lower Mississippi River from Cairo, Illinois, 
to Head of Passes, Louisiana, and navigation from Cairo to New Orleans, Louisiana. 

A4-2.3.2 Flood Control Measures 
The Mississippi River Levees are designed to protect the alluvial valley from extreme flood 
events by confining flow to the leveed floodway, except where it enters the natural backwater 
areas or is diverted intentionally into the floodway areas. The mainline levee system, comprised 
of levees, floodwalls, and various control structures, is approximately 1,600 miles long. 

When major floods occur and the carrying capacity of the Mississippi River leveed channel is 
exceeded, additional conveyance through the Birds Point-New Madrid Floodway and relief 
outlets through the Atchafalaya Basin Floodway, Morganza Floodway, and Bonnet Carre 
Floodways are utilized as well as the storage capacity of flat lowlands at the junctions of 
tributaries with the Mississippi River. These and other tributary areas, commonly referred to as 
backwater areas, are in effect mid-river reservoirs that store water during major floods. They 
may be protected from lesser floods by levee systems that are overtopped by the major floods. 
The backwater levees are designed to overtop prior to the project flood peak such that the storage 
made available in a timely fashion will reduce the level of the Project Design Flood (PDF), thus 
resulting in lesser levee grades along the mainline levee. 

A4-2.3.3 Major Historical Mississippi River Floods 
The Mississippi Valley is subject to frequent and severe floods. Major floods on the Lower 
Mississippi River may result from flooding on the Upper Mississippi River, or the Ohio River, or 
both, augmented by contributions from other major tributaries of the Lower Mississippi River. 
The flood season on the Mississippi River is usually from the middle of December through July. 
Major floods on the Ohio River generally occur between the middle of January and the middle of 
April. Major floods from the Upper Mississippi and Missouri Rivers usually occur between the 
middle of April and the last of July; from the Arkansas and White Rivers between the first of 
April and the end of June. 

The floods of 1913 through 1997 were described in the 1998 SEIS I, and will not be 
included in this report. The major floods which have occurred since 1997 are described in 
the following paragraphs. 
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Flood of 2008. 

This high water event was caused by a combination of massive amounts of melting snow from 
the winter thaw and large amounts of rainfall. The conditions that contributed to the 2008 flood-
fight began to develop during the winter months. Snowfall was much above normal across a 
significant portion of the Midwest north of the Ohio River. Snowfall was four to six times above 
average from eastern Iowa to eastern Wisconsin. Wisconsin received record snowfall amounts 
resulting in a record snowpack for the state. At the end of February, Madison, WI had 
accumulated 89.8 inches of snow, smashing the previous seasonal snowfall record of 76.1 inches 
of snow in the winter of 1977-1978. Rockford, IL had accumulated 66.1 inches of snow by the 
end of February, making this the second snowiest season on record. The winter of 2007-2008 
was the 18th snowiest season in Chicago with 50.9 inches of snow measured at Chicago O'Hare 
Airport. At the end of February, 4 or more inches of snow blanketed the northern two-thirds of 
the region. This snow pack began to rapidly melt in late February which triggered higher river 
stages in early March. 

Heavy rains throughout south central Missouri and southern Illinois during March 08 caused 
flooding along the MR&T system in Missouri and Illinois.  The Central Mississippi River valley 
received above normal precipitation from 17 March through 20 March due to a slow-moving 
frontal boundary that propagated from the Southern Plains to the Ohio River valley. Several low 
pressure systems developed along the front and advected warm, moist air from the Gulf of 
Mexico across the Central Mississippi River valley, which resulted in heavy rainfall throughout 
the region. Missouri, Illinois, and Arkansas received the greatest amounts of rainfall with 
maximum precipitation totals ranging from 12 to 13 inches. The heavy rain across the Central 
Mississippi River valley lead to flash flooding and river flooding during the remainder of March. 
To compound the excess runoff from the Central Mississippi River valley, another heavy rain 
event from 4 April through 5 April deposited 2 to 3 inches of rainfall across the Lower 
Mississippi River valley. Repeated rainfall events continued throughout the months of April and 
May, resulting in major flooding on small tributaries and filled much of the flood control storage 
within USACE reservoirs.  

The numerous heavy precipitation events during March and April 2008 increased stages along 
the Mississippi River at Arkansas City, Greenville, Vicksburg, and Natchez. As a result, all four 
stations began to experience significant rises in stages in March. Greenville was the first station 
to exceed it Phase I flood stage on 26 March, followed by Arkansas City and Natchez on 
29 March, and Vicksburg on 31 March. All four stations continued to experience rises in stage 
throughout April. On 6 Aril, Natchez exceeded its Phase II flood stage, followed by Greenville 
on 7 April, Vicksburg on April 12, and Arkansas City on 13 April. During the high water event, 
Arkansas City crested at 45.4 feet (NGVD) on 16 April, Greenville crested at 57.4 feet (NGVD) 
on 17 April, Vicksburg crested at 50.9 feet (NGVD) on 20 April, and Natchez crested at 
57.0 feet (NGVD) on 24 April. On 26 April and 2 May, Arkansas City fell below its Phase II and 
Phase I flood stages, respectively. Greenville fell below its Phase II flood stage on 28 April and 
its Phase I flood stage on 4 May. Vicksburg fell below its Phase II flood stage on 1 May and its 
Phase II flood stage on 8 May. Finally, Natchez fell below its Phase II and Phase I flood stages 
on 6 May and 18 May, respectively. Overall, the Mississippi River between Arkansas City and 
Natchez was above Phase I or Phase II flood stage for 54 days during 2008. 
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The New Orleans District Emergency Operations Center (EOC) activated from 14 March to 
21 May 2008 in response to rising Mississippi River levels due to heavy rains and snow received 
during March over the basin. The event impacted the Mississippi River and Tributaries Project 
(including the Atchafalaya Basin) in southern Louisiana. The MR&T Project saved 425,000 
acres from inundation in Louisiana. 

The Bonnet Carre’ Spillway was operated for the first time in 11 years. The spillway located 
28 miles above New Orleans, on the east bank, is the southernmost floodway in the MR&T 
system. It can divert a portion of the river's floodwaters via Lake Pontchartrain into the Gulf of 
Mexico, thus allowing high water to bypass New Orleans and other nearby river communities. 
The structure’s maximum rated capacity is 250,000 CFS through 350 bays. The first spillway 
bays were opened on April 11, 2008 after approval from the President of the Mississippi River 
Commission. The Bonnet Carre’ Spillway maximum discharge rate was 160,000 CFS via 
160 bays that were open on 22 April 2008. The process of closing the bays started on 1 May and 
the final bays were closed on 8 May. The operation of the spillway reduced the stage at New 
Orleans from approximately 17.7 ft NGVD to 17.0 ft NGVD.  

The Old River Control Complex, which is located approximately 80 miles north of Baton Rouge, 
was built to prevent the Mississippi River from changing its course to the Atchafalaya River. The 
Complex was operated as normal during the flood, maintaining the 70/30 flow distribution 
between the Mississippi and Atchafalaya Rivers at the latitude of Old River. At the crest of the 
flood the complex was diverting 481,000 cfs from the Mississippi River to the Atchafalaya 
River; 170,000 cfs through the Sidney A. Murray Jr. Hydroelectric Station, 170,000 cfs through 
the Low Sill Structure and 141,000 cfs through the Auxiliary Structure. The Old River Control 
Complex is designed to pass 620,000 cfs to the Atchafalaya River during a project flood.  

Flood of 2011. 

The Mississippi River flood in 2011 resulted in significant and damaging floods after a frontal 
boundary separating cool, dry winter air, and warm, moist Gulf of Mexico air stalled over the 
central United States. Typically, the frontal boundary separating the two air masses migrates 
northward with the retreat of cool, winter air during spring. However, from April to May 2011, 
the frontal boundary stalled, creating severe weather and significant flooding from heavy rainfall. 
In fact, the Middle Mississippi and Ohio River valleys received nearly 300 percent of normal 
precipitation during April, with states such as Arkansas and Missouri receiving up to 20 inches 
of rainfall. Although the heaviest rain occurred over the Middle Mississippi and Ohio River 
valleys, the Upper Mississippi River valley maintained extremely wet soil conditions and 
experienced heavy snow during the start of the year, resulting in substantial runoff amounts. 
Additionally, snowmelt was delayed due to colder than normal temperatures, which allowed the 
high water, normally attributed to snowmelt, to coincide with high water, normally attributed to 
April rains. Consequently, excessive runoff from the Upper Mississippi River valley only 
compounded the heavy rainfall in the Middle Mississippi River valley during April. During May, 
the Lower Mississippi River valley experienced one of the most damaging floods as record-
setting flows continued south towards the Gulf of Mexico. 
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The large amount of snow melt and precipitation that occurred during April and May produced 
record-breaking flows and stages at the confluence, nearing the project design flows on the 
Mississippi and Ohio Rivers. The flood of 2011 was the largest flood of record at Cairo and 
produced the highest flows ever recorded from Cairo to Helena. The stages seen at Cairo 
triggered the activation of the Birds Point New Madrid Floodway (BPNMF) to alleviate stress on 
the MR&T system and other projects adjacent to and upstream of the Floodway. The Frontline 
Levee provides protection to a grade equivalent to 62.5 feet on the Cairo gage, except for the 
fuseplug sections which provide protection equivalent to 60.5 feet on the Cairo gage. The 
Setback Levee provides authorized protection to a grade equivalent to 65.5 feet on the Cairo 
gage. Full loading of the Setback Levee occurs during operation of the BPNMF during a Project 
Design Flood. The 1965 FCA provides for operation of the BPNMF when floods reach 58.0 feet 
and are projected to exceed 60.0 feet on the Cairo gage. 

For the Project Design Flood (PDF), the BPNMF operational design contains three crevasses. 
The Inflow Crevasse is 11,099 feet in length and Inflow/Outflow #1 and Inflow/Outflow #2 are 
each 5,500 feet in length. The BPNMF is designed to convey about 550,000 cfs of the total PDF 
of 2,360,000 cfs. In 2011, about 9,400 feet of the Inflow Crevasse was operated on 2 May 2011 
at 21:02 CST by artificially crevassing the top 11 feet of that portion of the upper fuseplug. This 
event conveyed approximately 400,000 cfs through the BPNMF. Following the breaching of the 
Inflow Crevasse, Inflow/Outflow #1 and #2 were breached on 5 and 3 May 2011, respectively. 
Due to lack of explosive material, Inflow/Outflow #1 did not operate properly but eventually 
created a crevasse that was only 690 feet long. At Inflow/Outflow Crevasse #2, 4,500 feet of the 
total 5,500 feet detonated. The activation of the floodway is estimated to have reduced the 2011 
peak stage at Cairo by approximately 1.3 feet. Because the BPNMF is only operating during 
major floods such as the 1937 and 2011 events, it is estimated that the frequency of operation or 
overtopping of the Frontline Levee is approximately 1/80 ACE. The flood of 2011 holds the 
highest stage record at Cairo of 61.7 feet and saw 122 days above flood stage (Figure A4-1). 
Additionally, Cairo was above Phase I flood stage for 48 days and above Phase II flood stage for 
33 days during 2011. Cairo exceeded its Phase I flood stage from 8 March through 26 March and 
again from 20 April through 20 May. Cairo exceeded its Phase II flood stage from 13 March 
through 22 March and again from 24 April through 18 May. The crest date for the 2011 flood at 
Cairo, IL was on 2 May 2011. Memphis, TN had a maximum stage of 48.0 feet (the second 
highest stage on record) and experienced 45 days above flood stage. Memphis, TN was above its 
Phase I flood stage for 25 days and above its Phase II flood stage for 22 days during 2011. 
Memphis, TN surpassed its Phase I floods stage from 29 April through 24 May and its Phase II 
flood stage from 30 April through 22 May. At Helena, AR the maximum stage reached 56.5 feet 
(fourth highest stage on record) and was in flood stage for 33 days. Helena, AR remained above 
its Phase I flood stage for 27 days, from 30 April through 27 May, and above its Phase II flood 
stage for 23 days, from 2 May through 25 May. 
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Figure A4-1.  2011 Memphis District Ohio and Mississippi River Stages 

Stages along the Lower Mississippi River, at Arkansas City, Greenville, Vicksburg, and Natchez, 
were already relatively high as excessive runoff from the Upper Mississippi River increased 
stages during March 2011 (Figure A4-2). Then, continuous, heavy precipitation events during 
April and May exacerbated the flooding, resulting in stages increasing dramatically at Arkansas 
City, Greenville, Vicksburg, and Natchez. On 29 April, the Mississippi River at Arkansas City 
and Greenville exceeded their Phase I flood stage thresholds; whereas, the Mississippi River at 
Vicksburg and Natchez exceeded their Phase I flood stage thresholds on 1 May. Not even a week 
later, Arkansas City and Greenville surpassed their Phase II flood stage thresholds on 5 May. 
Then on 6 and 7 May, the Mississippi River at Vicksburg and Natchez exceeded their Phase II 
flood stages. Arkansas City crested at 53.1 feet (NGVD) on 16 May, Greenville crested at 
64.2 feet (NGVD) on 17 May, and Vicksburg and Natchez crested at 57.1 and 61.8 feet 
(NGVD), respectively, on 19 May. The flood of 2011 produced the second highest stage on 
record at Greenville and the highest stages on record at Vicksburg and Natchez. Although the 
flood of 2011 involved significantly high stages, the high water receded relatively quickly. The 
Mississippi River between Arkansas City and Natchez was above Phase I flood stage or Phase II 
flood stage for only 53 days in 2011, and by the end of June, all four stations were below their 
Phase I flood stages. 
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Figure A4-2.  2011 Vicksburg District Mississippi River Stages 

The majority of New Orleans districts flood gauge records were nearly matched by the 2011 
flood event. They ranked in second, or third, with the 1927 flood or the 1973 flood being the 
record holder for most metrics.  

At the crest of the flood, the complex was diverting 671,000 cfs from the Mississippi River to the 
Atchafalaya River; 131,000 cfs through the Sidney A. Murray Jr. Hydroelectric Station, 
307,000 cfs through the Low Sill Structure and 233,000 cfs through the Auxiliary Structure. The 
Old River Control Complex is designed to pass 620,000 cfs to the Atchafalaya River during a 
project flood.  

Both the Morganza and Bonnet Carre diversion structures were operated. Morganza was 
operated 14 May 2011 to 27 June 2011, with a peak flow of 180,000 cfs. This was the second 
time Morganza had been used for flood management. Stages downstream at Morgan City 
reached the 2nd highest elevation recorded at 10.33’, coming 0.1 ft shy of the record elevation in 
1973, the only other time Morganza was operated. Bonnet Carre was operated 9 May 2011 to 
20 June 2011, with a peak flow of 316,000 cfs. This exceeded the maximum design flow of the 
spillway by 66,000 cfs, no major issues were experienced and showcased Bonnet Carre can 
perform beyond its intended design.  
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Flood of 2015/2016. 

A multi-day heavy rainfall event deposited copious amounts of rainfall across the Lower 
Mississippi River valley from 21 October 2015 through 27 October 2015. The heavy rainfall 
event was associated with a stationary frontal boundary that extended across the southeastern 
United States and allowed tropical moisture to stream into the region ahead of the upper level 
system. States such as Arkansas, Louisiana, and Mississippi received up to 12 inches of rainfall. 
Soon after, a squall line of heavy rain and severe thunderstorms propagated over the southeastern 
United States from 23 December 2015 through 26 December 2015, which deposited up to 5 
inches of rainfall across the Lower Mississippi River valley. These back to back heavy rain 
events caused flooding along the Lower Mississippi River that began in December 2015 and 
lasted throughout January 2016. 

As a result of the above average precipitation across the Upper and Middle Mississippi River 
basins, December 2015 was, at the time, the wettest winter on record in the continental United 
States. Precipitation was near average for the greater portion of the Ohio River basin, but the area 
near the confluence of the Ohio and Mississippi rivers saw above average precipitation. These 
rains resulted in a brief high crest at Cairo on 4 January 2016 with high water receding by mid-
January. The 2016 flood produced the seventh highest stage, 56.1 feet, at Cairo and saw 34 days 
above flood stage (Figure A4-3). Additionally, Cairo remained above its Phase I flood stage for 
23 days, from 29 December 2015 through 13 January 2016, and above its Phase II flood stage for 
11 days, from 30 December 2015 through 10 January 2016. Memphis, TN and Helena, AR 
experienced stages that were at or outside the top 20 stages per period of record at both locations 
and the days above flood stage were minimal. 

Figure A4-3.  2015-2016 Memphis District Ohio and Mississippi River Stages
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The heavy rainfall during December 2015 prompted rises along the Mississippi River between 
Arkansas City and Natchez (Figure A4-4). Greenville exceeded its Phase I flood stage on 
2 January 2016, Arkansas City exceeded it Phase I flood stage on 3 January 2016, and Vicksburg 
and Natchez exceeded their Phase I flood stages on 4 January. Stages on the Mississippi River 
continued to rise quickly, and the Mississippi River at Greenville exceeded its Phase II flood 
stage on 9 January. Natchez exceeded its Phase II flood stage on 10 January, and Arkansas City 
and Vicksburg exceeded their Phase II flood stages on 11 January. Soon after, Arkansas City 
crested on 12 January at 44.3 feet, NGVD, Greenville crested on 13 January at 56.2 feet, NGVD, 
Vicksburg crested on 15 January at 50.2 feet, NGVD, and Natchez crested on 18 January at 
56.7 feet, NGVD. Arkansas City then fell below its Phase II flood stage on 15 January and its 
Phase I flood stage on 24 January. Greenville fell below its Phase II flood stage on 18 January 
and its Phase I flood stage on 24 January. Vicksburg fell below its Phase II flood stage on 
21 January and its Phase I flood stage on 27 January. Natchez fell below its Phase II flood stage 
on 28 January and its Phase I flood stage on 1 February. Overall, the Mississippi River between 
Arkansas City and Natchez remained above Phase I flood stage for 26 days during 2016. 

Figure A4-4.  2015-2016 Vicksburg District Mississippi River Stages 

In the New Orleans District, river stages rose above and fell below the Major flood stage of 56 ft 
at Red River Landing on 9 January and 29 January, respectively. It peaked on 16 January 2016 at 
60.57 ft. The Bonnet Carre Spillway was operated for a total of 23 days, this was the second 
shortest opening of BCS with 210 bays open and a maximum flow of 203,000 cfs. 
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Flood of 2018. 

During February 2018, an upper level high pressure developed over the eastern United States and 
an upper level low pressure system developed over the western United States. This synoptic 
weather pattern resulted in frontal boundaries stalling over the Mississippi and Ohio River 
valleys. The stalled fronts produced substantial amounts of precipitation over the Middle and 
Lower Mississippi River valleys, with some basins in these regions receiving almost 400 percent 
of normal precipitation during the month of February. 

During February 2018, the Lower Mississippi River valley received more than 8 inches above 
normal monthly precipitation. As a result, the Mississippi River at Arkansas City, Greenville, 
Vicksburg, and Natchez began to experience rises in stage. Arkansas City exceeded its Phase I 
flood stage on 3 March and did not fall below its Phase I flood stage until 23 March. Greenville 
also exceeded its Phase I flood stage on 3 March and did not fall back below its Phase I flood 
stage until 24 March. Vicksburg exceeded its Phase I flood stage on 3 March and continued to 
experience rises in stage, until it exceeded its Phase II flood stage on 12 March. Vicksburg fell 
below its Phase II flood stage on 21 March and its Phase I flood stage on 27 March. Natchez 
exceeded its Phase I flood stage on 2 March and its Phase II flood stage on 8 March. Natchez fell 
below its Phase II flood stage until 27 March and briefly fell below its Phase I flood stage from 1 
April through 7 April, before stages once again exceeded its Phase I flood stage on 8 April. Due 
to continuous heavy rain events, Natchez remained above its Phase I flood stage until 9 May. 
During the 2018 flood event, Arkansas City and Greenville both crested on 14 March at 42.9 feet 
(NGVD) and 54.8 feet (NGVD), respectively. Vicksburg crested at 49.9 feet (NGVD) on 
15 March, and Natchez crested at 57.0 feet (NGVD) on 17 March. The Mississippi River 
between Arkansas City and Natchez remained above Phase I or Phase II flood stage for 68 days 
during the 2018 flood event. 

This event ranks 10th  highest flows on record at 1,444,000 cfs. It was close enough that 
Morganza’s operation was looking probable and preparations to operate were discussed. 
However, the need to operate was not realized. 

The 2018 flood event was significant enough to necessitate the operation of the Bonnet Carre 
Spillway. The spillway was operated for 23 days, tying the second shortest on record in 2016. 
The spillway performed as designed, passing a maximum flow of 196,000 cfs with 183 bays 
opened. 

Flood of 2019. 

The Mississippi River flood of 2019 was not the product of a single heavy precipitation event. 
From January through July, heavy rainfall events were frequent. In fact, the first seven months of 
2019 were the wettest start of any year for the United States in the twentieth century, with some 
areas receiving anywhere from 4 inches to 20 inches above normal precipitation. Unfortunately, 
the steady spring rainfalls throughout the Mississippi River valley occurred subsequent to an 
abnormally wet winter, which resulted in soils remaining completely or nearly saturated and  
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above normal stream flow persisting during the spring months. Then anomalously warm 
temperatures during the months of May and June prompted rapid snowmelt across the Upper 
Mississippi valley that, in conjunction with more rainfall, exacerbated and prolonged the 
flooding in the Middle and Lower Mississippi River valleys. Overall, flooding along the Lower 
Mississippi River began as early as 8 January and significant falls in stage did not occur until 
July. 

The flood of 2019 broke numerous crest records and is the longest flood on record for both 
consecutive and cumulative days above flood stage between Cairo and Helena (Figure A4-5). 
The flooding between Cairo and Helena resulted from above normal precipitation in the Upper 
Mississippi and Ohio River valleys and rapid snow-melt. In fact, the precipitation in the Upper 
Mississippi and Ohio River basins was recorded as the highest ever from June 2018 to July 2019. 
Then increased frost depths in the Upper Mississippi and Missouri Basins, combined with above-
average precipitation resulted in almost 100 percent runoff from the rain on snow, which resulted 
in a historic flood event along the Missouri River and Upper Mississippi River. This large 
amount of flooding from the Missouri, Upper Mississippi River, and Ohio River basins resulted 
in an extensive flood event below the confluence of the Ohio and Mississippi rivers. The peak 
stage at Cairo, IL reached 56.5 feet (third highest on record) with 193 total days above flood 
stage. Flooding was consecutive for 156 days at Cairo, IL. Cairo remained above its Phase I 
flood stage for 65 days and above its Phase II flood stage for 30 days throughout the spring of 
2019. The crest of the 2019 flood at Cairo, IL was on 1 March 2019. Flooding in the Upper 
portion of the LMR quickly leveled off with a peak stage of 41.4 feet at Memphis, TN (ninth 
highest on record) and 49.6 feet at Helena, AR (ninetieth highest on record).  

Figure A4-5.  2019 Memphis District Ohio and Mississippi River Stages 
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On 22 February, the Mississippi River at Arkansas City reached a Phase I flood stage of 
38.58 feet (NGVD), before increasing to a Phase II flood stage of 44.27 feet (NGVD) on 
5 March, and eventually cresting on 12 March at 22.71 feet (NGVD) (Figure A4-6). On 
20 February, the Mississippi River at Greenville reached a Phase I flood stage of 49.21 feet 
(NGVD). Greenville then continued to experience rises in stage and obtained a Phase II flood 
stage of 55.32 feet (NGVD) on 3 March. On 12 March, the Mississippi River at Greenville 
crested at 56.28 feet (NGVD). The Mississippi River at Vicksburg reached a Phase I flood stage 
on 20 February of 44.11 feet (NGVD) and continued to experience rises in stage, obtaining a 
Phase II flood stage of 49.23 feet (NGVD) on 2 March. Vicksburg then crested on 13 March at 
51.41 feet (NGVD) and remained in a Phase II flood stage for the rest of March. The Mississippi 
River at Natchez obtained a Phase II flood stage of 53.42 feet (NGVD) on 26 February and 
crested at 57.86 feet (NGVD) on 12 March. The Mississippi River at Arkansas City, Greenville, 
Vicksburg, and Natchez remained above Phase I and II flood stages from February through July, 
with all four stations not falling below flood stage until August. Overall, Arkansas City and 
Greenville were above Phase I flood stage for 126 and 137 days, respectively. Vicksburg was 
above Phase I flood stage for 162 days and Phase II flood stage for 89 days. Natchez was above 
Phase I flood stage for 208 days and Phase II flood stage for 150 days. 

Figure A4-6.  2019 Vicksburg District Mississippi River Stages

4-16



The flood of 2019 broke numerous crest records and is the longest flood on record for both 
consecutive and cumulative days above flood stage at and below Red River Landing. 
Precipitation in the Upper Mississippi and Ohio River basins was recorded as the highest ever 
from June 2018 to July 2019. There were two separate peak flood events. This resulted in the 
operation of Bonnet Carre Spillway twice within one year, the first time this had ever happened. 

Although Morganza Spillway was not operated for this flood event, the spillway was put into a 
10 day opening process public notice. This notice allows parties to prep for the flood which 
includes; capping oil wells, moving cattle, and equipment. All forecasts showed that river stages 
would be on the cusp of needing to operate. However the need to operate never materialized.  

For Bonnet Carre, the first opening required 206 total bays open to relieve the swollen 
Mississippi downstream. The peak flow calculated was 213,000 cfs diverted to Lake 
Pontchartrain. Bonnet Carre would continue to operate for 44 days. Closing was accomplished, 
however issues with control while setting needles at higher stages became a concern, to 
implement a closing stage restriction.  

The second opening was accelerated due to heavy local rainfall in excess of 8 inches along the 
lower Mississippi. Below is the forecast for that day. This event pushed for the scheduled 
opening to happen Friday 10 May 2019 instead of Monday 14 May 2019 as anticipated early that 
week. This is the first time local rainfall has impacted the operation of Bonnet Carre Spillway.  
Due to the severity of rainfall, 60 bays were opened that Friday, in total the second event would 
see 168 bays open. With a maximum calculated flow of 163,000 cfs. The opening on 10 May 
2019 would be the longest continuous opening for the Bonnet Carre Spillway beating the 
previous record of 75 by three days. Combined the spillway for the flood event of 2019 was 
opened 122 days. 

Summary of Floods. 

Historically, the Mississippi River valley floods most often in the spring months, but recent 
trends indicate floods are occurring more frequently and are lasting well in to the summer 
months. Maximum observed discharges at key stations on the Mississippi River for the floods of 
1999 through 2019 described above are presented in Table A4-4 and Table A4-5, with maximum 
stages presented in Table A4-6. Additionally, Bonnet Carre and Morganza operations are 
presented in Tables A4-7 and A4-8. 

Table A4-4. Maximum Discharges for Selected Floods 1999-2019 

Gage Location 
Maximum Discharges (1000 CFS) 

Years 
2008 2009 2011 2016 2017 2018 2019 

Hickman 1411 1295 2100 1516 1338 1404 1502
Memphis WB 1426 1290 2213 1561 1377 1552 1671 
Helena 1553 1413 2130 1553 1417 1528 1620
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Table A4-5 (Cont.) 

Gage Location 
Maximum Discharges (1000 CFS) 

Years 
2008 2009 2011 2016 2017 2018 2019 

Arkansas City 1,990 1,512 2,290 1,820 1,650 1,750 1,815 
Vicksburg 1,810 1,565 2,300 1,860 1,628 1,773 1,882
Natchez 1,949 1,601 2,220 1,941 1,592 1,770 1,871
Tarbert Landing 1,456 1,277 1,619 1,415 1,222 1,444 1,445 

Table A4-6. Maximum Discharges at Tarbert Landing for Selected Floods 1927-2020 

RANK YEAR 
RED RIVER LANDING TARBERT LANDING BONNET CARRE' MORGANZA 

STAGE (FT., NGVD) DISCHARGE (CFS) * OPERATED OPERATED 

1 1927 61.02 1,779,000 YES NO 

2 2011 63.13 1,619,000 YES YES 

3 1945 59.89 1,520,000 YES NO 

4 1973 58.20 1,498,000 YES YES 

5 1997 61.30 1,480,000 YES NO 

6 1983 60.40 1,470,000 YES NO 

7 2008 60.71 1,456,000 YES NO 

8 1950 57.19 1,456,000 YES NO 

9 2019 61.88 1,445,000 YES NO 

10 2018 61.09 1,444,000 YES NO 

11 1937 58.99 1,436,000 YES NO 

12 1979 59.06 1,419,000 YES NO 

13 2016 60.57 1,415,000 YES NO 

14 2020 61.35 1,346,000 YES NO 

15 2009 57.89 1,277,000 YES NO 

16 2017 57.72 1,222,000 NO NO 
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Table A4-7. Maximum Stages for Selected Floods 1999-2019. 

Table A4-8. Bonnet Carre Historical Operations 

Bonnet Carre' Openings 

Year Opening Date # of days open # of bays max flow 

1937 30-January 48 285 211,000 

1945 23-March 57 350 318,000 
1950 10-February 38 350 223,000 
1973 8-April 75 350 195,000 
1975 14-April 13 225 110,000 
1979 18-April 45 350 191,000 
1983 20-May 35 350 268,000 
1997 17-March 31 298 243,000 
2008 11-April 31 160 160,000 
2011 9-May 42 330 316,000 
2016 10-January 22 210 203,000 
2018 8-March 22 183 196,000 
2019 27-February 44 206 213,000 
2019 10-May 78 168 163,000 

2020 3-Apr 28 90 81,000 

Gage Location 

Maximum Stages (Feet) 

Years 

2008 2009 2011 2016 2017 2018 2019 

Cape Girardeau 42.3 38.9 46.1 48.7 

Cairo 53.8 51.0 61.7 56.1 52.1 54.8 56.5 

Hickman 47.7 44.7 54.2 49.4 45.8 47.2 49.1 

New Madrid 41.4 39.1 48.3 43.0 39.7 41.9 42.9 

Caruthersville 40.8 38.3 47.6 42.6 39.4 40.9 42.4 

Memphis 37.7 34.7 48.0 39.5 35.9 39.4 41.4 

Helena 47.0 43.7 56.5 48.0 44.7 47.4 49.6 

Arkansas City 45.4 40.4 53.1 44.3 42.1 42.9 44.7 

Vicksburg 50.9 47.6 57.1 50.2 48.5 49.9 51.5 

Natchez 57.0 54.4 61.8 56.7 54.9 57.0 57.9 

Red River Landing 60.7 58.1 63.4 60.7 57.7 61.2 62.0 

Baton Rouge 43.2 40.9 45.0 43.3 40.6 43.8 44.2 

New Orleans 17.0 16.6 17.4 17.1 16.5 17.0 17.3 
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Table A4-9. 2011 Morganza Operation 
Date Computed Flow in cfs Date Computed Flow in cfs 

5/14/2011 21000 6/6/2011 41000

5/15/2011 96000 6/7/2011 24000

5/16/2011 158000 6/8/2011 15400
5/17/2011 170000 6/9/2011 7400
5/18/2011 180000 6/10/2011 7300
5/19/2011 179000 6/11/2011 7048
5/20/2011 179000 6/12/2011 6736
5/21/2011 178000 6/13/2011 6428
5/22/2011 175000 6/14/2011 6125
5/23/2011 173000 6/15/2011 5708
5/24/2011 160000 6/16/2011 5301
5/25/2011 140000 6/17/2011 4960
5/26/2011 121000 6/18/2011 4571
5/27/2011 120000 6/19/2011 4086
5/28/2011 119000 6/20/2011 3620
5/29/2011 109000 6/21/2011 3270
5/30/2011 98000 6/22/2011 2931
5/31/2011 97000 6/23/2011 2514
6/1/2011 86000 6/24/2011 2119
6/2/2011 76000 6/25/2011 1827
6/3/2011 65000 6/26/2011 1549
6/4/2011 64000 6/27/2011 1360

6/5/2011 61000

A4-2.4 Hydrologic and Hydraulic Analyses for Environmental Study 
Water surface elevations are not likely to be affected by the proposed projects. It is a reasonable 
assumption for pre- and post-project elevations used in habitat evaluations to be the same. In 
order to assess environmental impacts associated with raising the levees or reducing seepage 
underneath the levees, hydrologic and hydraulic analyses were conducted to identify wetlands as 
well as waterfowl and terrestrial habitat. After the areas were identified, changes associated with 
project construction were identified.  Water surface elevation or flowline impacts due to the 
proposed projects will be evaluated for each project as they progress to the design phase. 

A4-2.4.1 Hydrologic Criteria and Statistical Computations 
Two types of hydrologic evaluation were performed for the study to facilitate environmental 
analyses. 

A4-2.4.1.1 Waterfowl Habitat 
Waterfowl feeding habitat is defined as areas that are inundated by up to 18 inches of water. The 
Mississippi River stages generally increase during the waterfowl season of 1 November to 28 
February. Mean monthly stages increase by 10 or more feet at most gaging locations during this 
period. The maximum and minimum stages during the winter waterfowl season were determined 
by the computer program ENVIRO-DUCK. The ENVIRO-DUCK program was initially 
developed by the Vicksburg District with the cooperation of the Fish and Wildlife Service 
(FWS). It was based on a food energy model developed by the FWS. ENVIRO-DUCK was later 
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updated and modified by Dr. Mickey Heitmeyer for the Memphis District. As input the program 
requires the beginning and ending dates of the waterfowl season, and the period-of-record to be 
used in the analysis. The program also requires a stage-area curve, which it uses to calculate the 
daily acres inundated (resting) and the daily acres of feeding habitat. Using this information the 
program calculates the daily resting and feeding acres available, sums these for each year, and 
calculates the average acres available during each year. The program also calculates the annual 
mean, minimum, and maximum stages during the waterfowl season. Finally, it calculates the 
mean, minimum and maximum stages during the entire period-of-record during the waterfowl 
season. 

The areal extent of available waterfowl habitat was determined with the FESM flood mapping 
tool. Water surface profiles for the minimum and maximum stages were used to map the upper 
and lower bounds of the waterfowl habitat. The NASS crop cover for 2018 for the seven states in 
the study area were merged into a single coverage, and clipped to the project area. The FESM 
tool produces a TIFF file. The maximum extent TIFF file was converted to a polygon file, which 
was then used to clip the NASS crop layer to produce the land-use of available waterfowl 
habitat. 

A4-2.4.1.2 Terrestrial Habitat Evaluations 
To identify areas for terrestrial habitat evaluations the elevation equaled or exceeded 5, 10, 25, 
50, 75, 90, and 95 percent of the time annually (annual exceedence duration) for the period of 
record was computed. The elevations were determined by the SAS UNIVARIATE program. The 
5, 10, 25, 50, 75, 90 and 95 percent elevations were determined for each of the 25 gage locations. 
The SAS UNIVARIATE program computed this duration intervals for each year, each decade, 
each month, and each season. 

The mean annual 50 percent duration interval was used to determine mink habitat. The mean 
50 percent duration elevation provided a water surface profile for the FESM mapping tool to 
represent where permanent water sources were located throughout the landscape. 

Wood ducks breed in the spring (March-May); therefore, the 75 percent duration during the 
spring season was used to determine available wood duck habitat. This duration elevation across 
the 25 gage locations provided a water surface profile which was used by the FESM mapping 
tool to determine the areal extent of wood duck habitat. 

A4-3 DESIGN ASSUMPTIONS FOR PROPOSED WORK ITEMS 
A4-3.1 General 
The purpose of the MRL SEIS II is to provide a full and fair discussion of environmental impacts 
associated with the currently identified authorized remaining work required to complete the 
MR&T MRL Feature, and shall inform decision makers and the public of the reasonable 
alternatives which would avoid or minimize significant adverse environmental impacts 
associated with the project, or even enhance the quality of the human environment on the MRL 
through implementation of the project in a more environmentally friendly way.  

The basis of design for the 143 Work Items described in SEIS II were prepared separately for 
each district by design professionals, utilizing team members with expertise in Engineering 
(Geotechnical, Civil, Hydraulic, and Structural), Relocations, Real Estate, Environmental, and 
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Cultural Resources. Individual districts implemented different design strategies to recommend 
the preferred design solution required to address the MRL deficiencies for each of the individual 
Work Items. Each of the 3 districts utilized data on hand, relying on past MRL design 
experience, performance data obtained during past flood events, and, when available, 
geotechnical or topographical survey data.  The purpose of this section is to identify the 
assumptions made and the methodology used when estimating the extents project limits, 
estimated quantities required, and Right-of Way (ROW) requirements, and for all Work Items 
included in the MRL Supplemental Environmental Impact Statement (SEIS) II. 

A4-3.2 Work Item Identification 
Over the past twenty years since the finalization of the 1998 SEIS, USACE has determined that 
various sections (reaches) of the mainline levee system are deficient in varying amounts, and that 
certain remedial measures need to be undertaken at these locations to control seepage and to 
raise and stabilize the levee to protect the MAV against the PDF and maintain the structural 
integrity of the MRL system.  

Through evaluation of information and data obtained from levee inspections, seepage analyses, 
research, studies, and engineering assessments, USACE has concluded that certain levee reaches 
do not meet the federally-authorized design grade due to effects from various changed 
conditions, including, but not limited to consolidation of levee materials, subsidence, and 
changes in river conditions and survey datums over time. Additionally, advances in geotechnical 
mapping, data collected from recent high water events, and subsequent seepage analyses that 
have taken place since the finalization of the 1998 SEIS, have revealed the need for additional 
seepage control measures and the construction of other authorized project features to protect the 
structural integrity and stability of the MRL system.   

In 2017, USACE completed a risk-assessment of all known deficient segments of the MRL, 
including both unconstructed Work Items assessed in the 1998 SEIS and remaining deficiencies 
that had been identified since the 1998 SEIS was published. These levee segments were 
prioritized based on risk, which is a measure of the likelihood and consequences of uncertain 
future events. In this case risk was represented by a levee breach resulting from an overtopping 
or underseepage issue that would be addressed by an MRL construction item. The consequences 
of a breach at each construction item location were represented by loss of life estimates 
developed during USACE levee risk assessments for each levee segment, with some adjustment 
to account for the proximity of population centers to specific construction items within each 
levee segment. The likelihood of a breach at each construction item location was estimated using 
processes consistent with the USACE Levee Risk Screening Tool, with some adjustment to 
better incorporate the vast amount of performance data available for the MRL systems.  

A risk index was calculated for each construction item by multiplying the adjusted loss of life 
number by the estimated annual likelihood of breach. This risk index was used to develop a 
preliminary risk ranking. A final risk ranking was developed by the prioritization team based 
upon the preliminary ranking as well as other factors from the USACE levee risk assessment, 
such as whether or not the addressed failure mode was identified as a risk driver during the 
USACE levee risk assessment, the USACE district’s assessment of the validity of the risk 
ranking for items within their area of responsibility, and how effectively a proposed MRL 
construction project would reduce overall risk. 
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The districts have collectively identified a total of 143 additional Work Items located in 
numerous reaches of the MRL system that were not identified in the 1998 SEIS and require the 
construction of remedial measures necessary to control seepage and/or raise and stabilize 
deficient sections of the existing levees and floodwalls.  The 143 Work Items constitute the 
proposed action for this SEIS II. 

A4-3.3 Proposed Types of Work 
The proposed 143 Work Items are summarized into the following categories: levee 
enlargements, floodwall deficiencies, slope flattenings, seepage berms, and relief wells. Some 
Work Items contain multiple deficiencies (e.g., grade deficiency and seepage issues) in need of 
being addressed. 

 Levee enlargements are conducted in locations where the existing levee is not at the
authorized grade. Depending on the location of the project, these raises may occur on the
landside, riverside, or straddle the existing levee section. There are 101 Work Items
containing grade deficiencies averaging approximately 2 feet in height.

 Floodwalls, typically located in urban settings, have stability concerns or height
deficiencies that need to be addressed. There are 22 Work Items requiring floodwalls
with grade deficiencies or in need of stabilization.

 Flattening the slopes of the levee can reduce the chances of levee slides along those
reaches of the MRL that are experiencing recurring slides and in need of repairs beyond
ordinary operation and maintenance. There are 7 Work Items in need of slope flattening.

 Seepage berms are constructed on the landside of the levee using impervious soils to
reinforce existing top stratum and to reduce underseepage pressure near the toe of the
levee. Upon construction, berms are turfed and mowed to prevent erosion or
encroachment of undesired vegetation. There are 14 Work Items in need of seepage
berms.

 Relief wells are vertically installed wells consisting of a well screen surrounded by a
filter material designed to prevent in-wash of foundation materials into the well. Relief
wells intercept underseepage and provide a controlled outlet for the water while
minimizing material transport underneath the levee. There are 12 Work Items that are in
need of relief wells.

The following sections discuss the methodology used in planning the 143 Work Items that were 
included in the SEIS II. 

A4-3.3.1 Levee Enlargements 
All of the known levee height deficiencies that have been identified within the 3 USACE 
Districts since the SEIS I were considered for inclusion in this document. Only Work Items with 
height deficiencies greater than 1’ were considered for construction.  

A4-3.3.1.1 Memphis District 
The levee crown survey used for this effort dates from 2009. This survey included an elevation 
shot on the levee crown roughly every 20-30 ft. At each elevation shot, the surveyed elevation 
was compared to the authorized grade for the levee at that location to determine whether or not 
the levee needed to be raised. These authorized grade values were interpolated between 
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individual points spaced roughly every levee mile. At each location where the surveyed levee 
crown elevation fell below the interpolated authorized grade elevation, an attempt was made to 
estimate the gravel and earthwork quantities that would be required to raise the levee up to 
authorized grade. The levee raise was assumed to be a “one sided” raise as shown below in 
Figure A4-7. To simplify the calculations, it was assumed that the levee crown would be 
widened by 5 ft as part of the levee raise and that the levee itself was 25 ft tall with a 6 inch layer 
of gravel on the crown.  
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Figure A4-1. Assumed Geometry for Levee Raise

𝑋 𝐸𝑥𝑖𝑠𝑡𝑖𝑛𝑔 𝐶𝑟𝑜𝑤𝑛 𝑊𝑖𝑑𝑡ℎ 

𝑋′ 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝐶𝑟𝑜𝑤𝑛 𝑊𝑖𝑑𝑡ℎ 

∆𝐻 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝐿𝑒𝑣𝑒𝑒 𝑅𝑎𝑖𝑠𝑒 

∆𝑋 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝐸𝑥𝑖𝑠𝑡𝑖𝑛𝑔 𝑇𝑜𝑒 𝑡𝑜 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑇𝑜𝑒 

∆𝐻 𝑆 𝑋′ 𝑋  

 15 𝑓𝑡 𝑖𝑛 𝑚𝑜𝑠𝑡 𝑐𝑎𝑠𝑒𝑠  

35 𝑓𝑡 𝐻𝑎𝑢𝑙 𝑅𝑜𝑎𝑑  𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑆𝑡𝑎𝑔𝑖𝑛𝑔 

Based on these assumptions, the required footprint for a generic levee raise (H < 3 ft) was 
estimated to be roughly a 50 ft wide strip along the levee toe for the entire length of the raise 
(measured parallel to the levee centerline). The earthwork and gravel quantities were estimated 
using the average end area method. 

Based on these assumptions, the required footprint for a generic levee raise (H < 3 ft) was 
estimated to be roughly a 50 ft wide strip along the levee toe for the entire length of the raise 
(measured parallel to the levee centerline). The earthwork and gravel quantities were estimated 
using the average end area method. 

A4-3.3.1.2 Vicksburg District 
For the only known potential deficiency in Mississippi, MRL Item 443-L, the MS Delta LiDAR 
data was used to create an existing ground surface. Using both aerial imagery and contours 
produced by the LiDAR surface, the apparent line of protection was identified and compared to 
the authorized grade.  

For reach of deficient levee that was examined in Louisiana, the Morville-Blackhawk Reach, the 
2009 National Levee Database Centerline survey was used. The centerline shots from the NLD 
survey were used to create a 3D linear feature in CADD. A comparative geometry report was 
then created relating the elevation and offset of the 3D feature to the existing baseline. This 
allowed the team to establish an existing elevation at every 100’ baseline station. The report was 
pulled into excel, and standard excel tools were used to compare the elevations to the authorized 
grade. Numerous reaches with deficiencies greater than 1’ were identified and divided into 
projects. 
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A4-3.3.1.3 New Orleans District 
Landside shifts were assumed, wherever possible.  If not, a straddle was assumed, and finally a 
flood side shift would be assumed if neither a landside or straddle enlargement were feasible.   

A4-3.3.2 Seepage Remediation 
Historical flood performance data and seepage analyses were used to determine if seepage 
remediation measures were anticipated for each Work Item. In order to perform seepage 
analyses, borings or cone penetrometer test (CPT) at or near the project site are required. Where 
borings or CPTs were not available, historical performance data governed the decision making 
process. Specifically, if seepage had been observed at a location during past flood events, it was 
assumed that seepage remediation measures would be warranted in the future when soil borings 
and CPTs were collected.   

A4-3.3.2.1 Memphis District 
All of the seepage remediation projects included in MVM were assumed to be relief well 
projects, as is typical in the Memphis District. The typical center-to-center spacing for MVM’s 
relief wells ranges from 50 ft up to roughly 300 ft. Therefore, the total length of each seepage 
remediation project was divided by an estimated average well spacing of 200 ft to determine the 
approximate number of wells required for each project. Each well was assumed to be 100 ft in 
total length. Relief well projects typically generate small quantities of spoil (from the collector 
ditch), so no borrow requirement was included for these projects.  

A4-3.3.2.2 Vicksburg District 
Where it was determined that seepage remediation was needed, seepage berms were typically 
preferred over relief wells due to project life expectancy and recurring maintenance costs 
associated with relief wells. When seepage berms were recommended, they were assumed to be 
300’ wide, 6’ thick at the levee toe, 3’ thick at the berm crown, and have a 1:100 slope. These 
dimensions represent the most conservative seepage berms used within the Vicksburg District. 
None of the projects included the extensive borings and lab testing data needed to precisely size 
the seepage berms needed, and therefore it is likely that the design solution recommended for 
construction will vary from the conservative assumptions used in this exercise.  

For the project sites in Mississippi, borings were available and a seepage analysis was performed 
for each site. The historical flood performance was also analyzed and compared to the results of 
the seepage analysis. Where seepage remediation was proposed, seepage berms were used where 
it was possible. There were several instances where homes or major roadways were too close to 
the levee to allow a 300’ seepage berm to be constructed. Relief wells were used for seepage 
remediation in these locations. In areas where 300’ seepage berms were currently in place, relief 
wells were added to increase the seepage remediation capacity.  

For the project sites in Louisiana, soil borings were not available for most of the proposed 
project locations. Historical flood performance was used to assume the need for seepage 
remediation measures for these locations. Seepage berms were used extensively for seepage 
remediation due to their long service life and lack of maintenance cost. Relief wells were also 
used in reaches where environmental constraints such as homes and industrial apparatuses were 
present. 
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A4-3.3.2.3 New Orleans District 
In the New Orleans District, it was assumed that seepage berms would be installed where 
conditions allowed.  In these locations, the PDT estimated a 200’ wide berm with a height of 
approximately 3’ above existing ground level, as is typical in the New Orleans District.  In areas 
where berms were not feasible, relief well spacing of 150’ was assumed. 

A4-3.3.3 Slope Flattening 
Areas with recurring levee slides require measures beyond ordinary operation and maintenance 
repairs.  In these locations, the slopes of the levee would be flattened to reduce the chances of 
slide recurrence. There are 7 Work Items in need of slope flattening, all of which occur in the 
Memphis District.    

A4-3.3.3.1 Memphis District 
For levee slope flattening projects, a simple “infinite slope” analysis was used to estimate the 
factor of safety against sliding: 

𝐹𝑆
tan 𝜑
tan 𝛽

Where 

𝐹S= Factor of safety against sliding 

𝜑 = Friction angle for clay soil under drained (i.e. long term) loading 

𝛽 = Angle of levee slope = 𝑡𝑎𝑛  

? 
 

Analyzing shallow levee slides using this approach assumes that the slide resulted from a fully 
drained loading condition in a clay embankment. In other words, the excess pore water pressures 
generated by the application of the load (in this case, the weight of the levee slope itself) have all 
had sufficient time to dissipate. Thus, the clay in the levee loses its apparent cohesion as the 
negative porewater pressures dissipate over time, and its shear strength becomes completely 
dependent on friction along the slip surface. Figure 31 in WES Technical Report 3-604 provides 
a useful correlation between plasticity index (PI) and drained friction angle (φ’) for clay soils. 
Based on these values, the friction angle of a fully drained clay may be expected to vary from 
about 32° down to 18° as the PI increases. However, back-analysis of shallow slides that have 
occurred on MVM’s levees in the past indicates that these friction angles may sometimes drop to 
values as low as 11°. These extremely low friction angles are most likely due to the effects of 
water that has infiltrated the slope and saturated the material along the slip surface. Levees built 
from high plasticity clays (CH) tend to develop large cracks during the dryer months as the clay 
loses moisture and begins to shrink. These cracks may then serve as conduits to allow water from 
either rainfall or flood events to find its way down below the surface of the levee slope. Thus, 
levee constructed from CH materials have both a lower drained friction angle and a greater 
tendency to allow water to saturate the levee slope through shrinkage cracks.   
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For levee slopes where shallow slides have already developed, FS may be assumed to be 1.0. In 
the worst cases, the friction angle (φ’) of the clay in the levee slope may be as low as 11°. Thus, 
the factor of safety for a levee slope with an existing shallow slide may be written as: 

1.0  
tan 11°
tan 𝛽

Where 

𝛽 = The angle of the existing (pre-failure) levee slope 

Based on Table 6.1b in EM 1110-2-1913, the required FS for a levee slope under Long Term 
(i.e. fully drained) loading is 1.4. So, in order to bring a 1V:3H (𝛽0 = 18.4°) levee slope with a FS 
of 1.0 up to the required FS of 1.4, we will need to flatten the slope (i.e. reduce 𝛽0 down to 𝛽1). 
Using the equation for the FS of an infinite slope, we can express this as: 

1.4 1.0  
tan 𝜑
tan 𝛽

tan 𝜑
tan 𝛽

 

1.4 1.0  
tan 𝜑 tan 𝛽 tan 𝜑 tan 𝛽

tan 𝛽 tan 𝛽

1.4 1.0 tan 𝛽 tan 𝛽  tan 𝜑 tan 𝛽 tan 𝜑 tan 𝛽  

1.4 1.0 tan 𝛽 tan 𝛽  tan 𝜑 tan 𝛽 tan 𝛽  

1.4 1.0
tan 𝜑

 
tan 𝛽 tan 𝛽

tan 𝛽 tan 𝛽
 

For any given slope, the angle of the slope, 𝛽, can be expressed as 𝛽 = 𝑡𝑎𝑛
 

 as shown in

Figure 2 below: 

Earthen slopes are frequently described in terms of their horizontal length per foot of vertical 
rise, such as 1V:3H. Therefore, assuming V = 1 ft, the expression can be simplified to 𝛽 = 

𝑡𝑎𝑛
 

. Substituting this expression into the equation developed above yields:

   β            V 

      H 
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1.4 1.0
tan 𝜑

 

1
𝐻

1
𝐻

1
𝐻 𝐻

 

1.4 1.0
tan 𝜑

𝐻 𝐻
𝐻

𝐻 𝐻
𝐻

1.4 1.0
tan 𝜑

 𝐻 𝐻  

Based on the infinite slope equation noted above, 𝑡an𝜑 = 𝑡an𝛽 for any slope having a factor of 

safety of 1.0. Also, 𝑡an𝛽 =  as shown above. Therefore, substituting this expression into the 

equation above yields: 

1.4 1.0
1
𝐻

 𝐻 𝐻  

Simplifying this equation yields a generalized relationship for the change in 𝐻 required to 
increase the FS from 1.0 to some higher value of 𝐹SReq: 

𝐹SReq × 𝐻0 = 𝐻1 

For example, if a 1V:5H slope failed (i.e. reached FS = 1.0) and it was to be repaired and brought 
up to a FS of 1.4, the 1V:5H slope would need to be flattened out to 1V:7H. The Memphis 
District has observed persistent shallow slope failures in slopes as flat as 1V:5H. Therefore, to 
simplify the process of estimating the required footprint for the slope flattening projects included 
in this SEIS, it was assumed that the “H” value of every slope would be increased by 2. The 
levee height, H in Figure A4-8 below, was assumed to be 25 ft.  

Figure A4-2. Assumed Geometry for Levee Slope Flattening

𝐻 𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐿𝑒𝑣𝑒𝑒 

∆𝑋 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝐸𝑥𝑖𝑠𝑡𝑖𝑛𝑔 𝑇𝑜𝑒 𝑡𝑜 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑇𝑜𝑒 

𝐻 𝑆 𝑆 𝑋′ 𝑋  

70 𝑓𝑡 𝑖𝑛 𝑚𝑜𝑠𝑡 𝑐𝑎𝑠𝑒𝑠 

30 𝑓𝑡 𝐻𝑎𝑢𝑙 𝑅𝑜𝑎𝑑 𝑀𝐴𝑡𝑒𝑟𝑖𝑎𝑙 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑆𝑡𝑎𝑔𝑖𝑛𝑔 
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Based on these assumptions, the required footprint for a generic levee slope flattening project 
was estimated to be roughly a 100 ft wide strip along the levee toe for the entire length of the 
slope (measured parallel to the levee centerline). The earthwork and gravel quantities were 
estimated using the average end area method as shown below in Figure A4-9.  

Figure A4-3. Estimated Earthwork Quantities for Levee Slope Flattening 

𝐴 𝐻 𝑋′ 𝑋 𝐻 ∆𝑋 𝑋′ 𝑋  

𝐴𝑠𝑠𝑢𝑚𝑒 𝑋 𝑋 5𝑓𝑡  𝑎𝑛𝑑  ∆𝑋 70 𝑓𝑡 𝑖𝑛 𝑚𝑜𝑠𝑡 𝑐𝑎𝑠𝑒𝑠  

∴ 𝐴 𝐻 5 𝑓𝑡 𝐻 70 𝑓𝑡 5 𝑓𝑡  

𝐻 5 𝑓𝑡 𝐻 65 𝑓𝑡  

37.5𝑓𝑡 𝐻  

𝐴𝑠𝑠𝑢𝑚𝑒 𝐻 25 𝑓𝑡 𝑡𝑎𝑙𝑙 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑀𝑉𝑀 𝑙𝑒𝑣𝑒𝑒𝑠  

∴ 𝐴 37.5 𝑓𝑡 25 𝑓𝑡  

937.5  

35      ) 

𝑅𝑒𝑞 𝑑  𝐵𝑜𝑟𝑟𝑜𝑤 35 1.3 𝑓𝑜𝑟 𝑠ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒 𝑎𝑛𝑑 ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔 

𝑅𝑒𝑞 𝑑 𝐵𝑜𝑟𝑟𝑜𝑤 45  

A4-3.3.4 Floodwalls 
Urban areas typically require floodwalls rather than levees to reduce impacts to residences and 
businesses.  These floodwalls can have stability concerns or height deficiencies that need to be 
addressed.  There are 22 Work Items requiring floodwalls with grade deficiencies or in need of 
stabilization.  21 of these items are in the New Orleans District and 1 is in the Memphis District. 
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A4-3.3.4.1 Memphis District 

The Cairo floodwall was the only floodwall project in the Memphis District. Because of the 
complexity and the tremendous uncertainty related to the scope of this project, a simple offset of 
100 ft on either side of the floodwall was assumed for the footprint.  

A4-3.3.4.2 New Orleans District 
Assumptions for Floodwall construction in the New Orleans District are as follows. 

 Floodwall Stability and Floodwall Overtopping assumed demolition of existing floodwall
and construction of a new floodwall.

 Walls for overtopping deficiency:
o Both T-walls and I-walls considered.
o Replacement wall sections will be along the existing alignment – no shift.
o All walls replaced with a T-wall section.
o Piles were assumed to be 60-ft long based on past experience with other recent T-

wall projects.

 Walls for stability deficiency:
o Only I-walls considered.
o Replacement wall sections will be along the existing alignment – no shift.
o I-walls will not pass a Phase 3 assessment.
o Quantities were prorated based on a replacement section at Dumaine Street

construction project.

A4-3.3.5 Quantity Computations 
The following sections discuss the general methodology in determining quantities for common 
items on the project specific quantity sheets that were used to generate the cost estimate for each 
work item. For sections that reference CADD or 3D modeling, Bentley’s MicroStation and 
InRoads SelectSeries4 software suite was used. 

A4-3.3.5.1 Earthwork Quantities 
To determine earthwork quantities for the project features identified herein, three dimensional 
CADD modeling techniques were used. As the resulting earthwork volumes were used to 
determine necessary borrow area sizes and footprints, this was the first task that was pursued by 
the design team.  

LiDAR data was first used to create a terrain model of the existing ground at the identified sites. 
In order to reduce the number of files and processing time in generating the existing surface 
models, an exclusive terrain model was not created for each site: multiple adjacent projects share 
an existing ground model.  

Levee enlargements were modeled using the roadway design tools in Bentley’s InRoads SS4. It 
was assumed that all enlargements will be made on the riverside of the existing levee. Horizontal 
geometries for the new levee centerline were assumed by offsetting the existing centerline of the 
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levee by 10’-15’. This value approximates the offset that would be required to meet the seep line 
design parameter of the MRL with a 1-2’ deficiency. Vertical geometries were developed by 
keying in the Refined 1973 MR&T Project Flood Flowline for each corresponding reach and 
adding 3’ to it to account for freeboard. A corridor was then created along the new centerline and 
the standard MRL riverside template was dropped at 20’ intervals to generate a 3D mesh. A 
standard overbuild of 0.7’ was assumed for all enlargements. Each corridor was examined to 
ensure that all design requirements were met, and quantity reports were generated. The resulting 
quantities are presented in cubic yards (CY) in the individual project quantity sheets. A sample 
corridor model cross section is shown below in Figure A4-10. 

Figure A4-4. Sample Corridor Cross Section  

This methodology results in a very precise volume calculation for levee enlargement material. 
However, it is likely that upon completion of final design surveys and additional effort on 
alignment optimization, the final enlargement quantity could be lower than the quantities shown 
herein. 

Berms were modeled using similar procedures to the levee enlargements. Berm dimensions, 
crown elevations, slopes, and limits were provided to the civil modelers by the geotechnical 
designers. All berms were modeled using the dimensions provided against an existing ground 
surface pulled from LiDAR data. Quantity reports were generated using surface to surface 
triangle volumes as well. A sample berm quantity report is shown below in Figure A4-11.The 
quantities for the berms that were modeled is also very precise, but the validity of assumptions 
about berm dimensions and locations will likely result in large changes, both increases and 
decreases, to the quantities of berm material shown herein.  

Figure A4-5. Sample Berm Quantity Report  
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A4-3.3.5.2 Access Ramps and Borrow Crossings 
Locations and counts of access ramps were determined using aerial imagery and LiDAR 
contours where possible. A typical MRL access ramp contains between 2,000 and 3,000 CY of 
material, so an average of 2,500 CY per ramp was used for estimation purposes. Borrow area 
crossings were accounted for in a similar manner. If borrow access required fill placement across 
a low area, typically an existing borrow area, a standard crossing quantity of 10,000 CY was 
included for each crossing. Two 48” pipes were also included in the quantities if existing water 
was present at an identified crossing location. 

A4-3.3.5.3 Relief Wells 
Relief well locations, spacing, and quantities were estimated by the geotechnical members of the 
PDT using well spacing and specifications typically employed in each District. 

A4-3.3.5.4 Ditch Excavation 
If the levee enlargement or berms impacted adjacent local drainage ditching, new ditching was 
included in the quantity sheet. New drainage ditch alignments were laid out in CADD around the 
berm footprint and tying back into existing drainage. If relief wells were required, nearby 
drainage was identified that could carry the flow of the relief wells away from the levee, and an 
alignment was developed that connected the relief wells to said drainage. The lengths of each of 
these alignments were then measured, and a typical trapezoidal cross section was applied. The 
assumed ditch dimensions are provided with each excavation quantity in the quantity sheets. 

A4-3.3.5.5 Proposed Borrow Area Footprints 
Once required earthwork quantities were established for an enlargement and corresponding 
berms (if required), that material requirement was converted into an acreage sufficient to provide 
the required amount of borrow material. It was assumed that 8’ of suitable material would be 
available in all proposed borrow areas, which equates to about 12,900 CY of material per AC. To 
account for losses due to clearing and grubbing, compaction, handling, unsuitable material 
discover, and site grading requirements, contingencies were added to each project’s borrow 
requirement. Because some the aforementioned losses are fixed in size, larger contingencies 
were used on smaller projects, while smaller contingencies were used on larger projects. The 
selected contingencies range from 40% on projects with greater than 500,000 CY of 
embankment material to 100% on projects with less than 150,000 CY of embankment material. 
Once size requirements were finalized, locations were selected by the PDT with input from 
engineering, environmental, cultural resource, and regulatory PDT members.  During future 
project design, the size and location of these borrow areas would be adjusted to adequately 
facilitate project construction and to incorporate landowner input or data obtained on-the-ground. 

A4-3.3.5.6 Clearing and Grubbing Footprints 
With completed footprints of the proposed levee enlargements, berms, and borrow areas, the 
PDT selected haul roads and made a combined footprint of the entire impacted area for each 
project. Aerial imagery was used to distinguish different areas within the impacted footprint that 
may require different types of clearing equipment and measured in CADD. Corresponding 
acreages are presented in the individual project quantity sheets. 
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A4-3.3.5.7 Turf Establishment 
Footprints for turf establishment were determined by measuring the footprints of proposed 
embankment discussed in previous paragraphs using CADD.  

A4-3.3.5.8 Silt Fence 
The linear footage of silt fence for each project was determined by measuring the perimeter of 
the combined footprint, which included all haul roads and borrow areas. It is common for silt 
fence to not be required around the entire borrow area, but without a case by case assessment by 
state storm water control agencies, it is difficult to conclude which sites would require silt fence 
around the entire perimeter and which ones would only require it adjacent to embankment 
construction. Therefore, the more conservative number was used to estimate project costs.  

A4-3.3.5.9 Stone Resurfacing 
Stone surfacing quantities were determined by multiplying the centerline lengths for each 
enlargement project by the standard application rate for crushed stone surfacing: 0.49 TN/lf. This 
application rate assumes a 7” thick by 16’ wide application of crushed stone and a unit weight of 
stone of 105 pcf. Since existing gravel surfacing will also have to be removed and stockpiled, the 
linear footage of the enlargement was also provided in the quantity sheets. If ramps exist on the 
project that will require replacement and resurfacing, the same application rate was used with 
assumed length of 250’ per ramp. 

A4-3.3.5.10 Demolition 
All demolition items (structures, pavement, and abandoned utilities) shown in the quantity sheets 
were identified and measured using aerial imagery and CADD. Google’s Street View was also 
used in determining additional information about demolition items where possible. 

A4-3.3.5.11 Cattle Guards 
All cattle guard replacements used to develop construction cost estimates were identified using 
aerial imagery and Google’s Street View. 

A4-4 REAL ESTATE REQUIREMENTS 
A4-4.1 General 
The estimated Real Estate requirements for the construction of the 143 proposed Work Items and 
future operation, maintenance, and repair are complex due to the various construction 
improvement methods identified within this SEIS II. The following sections discuss the 
assumptions and limiting conditions used in preparing the Real Estate cost estimates by each 
District. 

A4-4.1.1 Memphis District 
There are 35 proposed Work Items within the Memphis District. There are 7 Work Items to be 
located along the west bank of the Ohio River in Pulaski County, Illinois and Alexander County, 
Illinois. There are 6 Work Items to be located along the east bank of the Mississippi River in 
Fulton County, Kentucky, Lake and Dyer County, Tennessee.  There are 22 items to be located 
along the west bank of the Mississippi River extending from Cape Girardeau County, Missouri 
south to Phillips County, Arkansas. The Work Items consist of raising the grade of the existing  
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MRL system to control overtopping at various locations; the installation of relief wells along 
with associated drainage works to control seepage at various locations; the replacement of an 
existing floodwall in Cairo, Illinois; the construction of a levee that would extend from an 
existing floodwall to tie-in to high ground in Hickman, Kentucky; and the flattening of the 
landside or riverside of existing levees in order to increase the base width of the levee at various 
locations.  

It is estimated that 547.50 acres (total acreage to be acquired) of land outside of existing MR&T 
Project right-of-way will need to be acquired by the respective Non-Federal Sponsors for 
construction of the proposed Work Items and subsequent compensatory mitigation of 
unavoidable environmental losses. Of this total acreage to be acquired, 9.80 acres are located in 
Illinois, 0.40 acres in Kentucky, 365.30 acres in Tennessee, 78.40 acres in Missouri, and 
93.60 acres in Arkansas. The real estate interest to be acquired will be perpetual easement. 
Mitigation lands to offset environmental losses will be acquired in fee title by USACE using a 
standard USACE estate and/or purchasing of credits from available mitigation banks. It is 
anticipated that acquisition of the permanent flood control easements to be acquired will impact 
approximately 43 total ownerships. Five of the ownerships are in Illinois, 2 in Kentucky, 12 in 
Tennessee, 10 in Missouri, and 14 in Arkansas. Acquisition of any and all real estate interest to 
accommodate construction of the Work Items and provided for future operation and maintenance 
requirements will be the full responsibility of the Non-Federal Sponsor at no cost to USACE. 
Rights-of-way requirements for the construction of each Work Item will be depicted on maps 
and forwarded by USACE to the Non-Federal Sponsors for their use in acquiring the necessary 
real estate interests. 

Real Estate Cost Estimates for each separate Work Item have been prepared by USACE. 
Preparation of the each estimate was based on the following assumptions and limiting 
conditions: (a) acreages utilized for the preparation of each Work Item estimate were furnished 
by others and assumed reliable; (b) the number of ownerships impacted are only estimated and 
were determined by analyzing digital aerial imagery and noting fence lines, roads, and changes 
in land use patterns; (c) no acquisition of any additional real estate interest over the existing 
MR&T Project rights-of-way will be required; (d) the existing public road network in 
conjunction and any existing or newly acquired rights-of-way will be used to access the 
construction area of the Work Items; (e) property titles are assumed to have marketable title, free 
and clear of any or all liens or encumbrances; (f) no physical inspection of the MR&T Project 
lands to be acquired was performed.  Inspection was made by visual analysis of most current 
available aerial imagery; (g) land and damage costs were not prepared in accordance with 
provisions found in either the Uniform Standards of Professional Appraisal Practice (USPAP) or 
Uniform Appraisal Standards for Federal Land Acquisition (UASFLA) and should not be 
construed to be an accurate appraisal to determine actual market value; (h) estimates are 
predicated on the assumption that there are no potential hazardous, toxic, or radiological waste 
materials located in the proposed lands to be acquired; (i) real estate rights-of-way and fee title 
acquisition costs are based on historical data along with prior knowledge and experiences in 
acquisitions of various MR&T Project levee improvements of the same nature and scope. 
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A4-4.1.2 Vicksburg District 
There are 16 separate proposed Work Items within the MR&T Project jurisdiction of the 
Vicksburg District.  There are 5 Work Items located in the state of Mississippi and 12 in the state 
of Louisiana. In Mississippi, there are 4 Work Item are located in Bolivar County and 1 Work 
Item is located in Warren County, Mississippi. The remaining 12 Work Items are located in 
Concordia Parish Louisiana. The Work Items range from MR&T Project berm construction 
and/or enlarging an existing berm to control seepage, levee raising, installation of relief wells to 
control seepage. Several Work Items consist of a combination of levee raising, berm construction 
and/or enlarging an existing berm, or installation of relief wells.  

It is estimated that approximately 923 acres of land (total acreage to be acquired) outside of 
existing MR&T Project rights-of-way will need to be acquired by the respective Non-Federal 
Sponsors to accommodate construction of the Work Items and mitigation of environmental 
losses. Of this total acreage to be acquired, 224 acres are located in Mississippi and 699 acres in 
Louisiana. The principal real estate interest to be acquired will be perpetual flood control 
easement using a USACE standard estate. Approximately 49 acres of temporary rights-of-way 
will be required for Work Item construction and a standard USACE estate will be used by the 
Non-Federal Sponsor for acquisition of these temporary easement rights. Mitigation lands to 
offset environmental losses will be acquired in fee title by USACE using a standard USACE 
estate and/or purchasing of credits from available mitigation banks. It is anticipated that 
acquisition of the easements to be acquired will impact approximately 15 ownerships in 
Mississippi and 35 in Louisiana. Acquisition of any and all real estate interests to accommodate 
Work Item construction and provided for future operation and maintenance requirements will be 
the full responsibility of the Non-Federal Sponsor at no cost to USACE. Right-of-way 
requirements for construction of each Work Item will be depicted on maps and forwarded by 
USACE to the Non-Federal Sponsors for their use in acquiring the necessary real estate interests. 

Real Estate Cost Estimates for each separate Work Item have been prepared by USACE. 
Preparation of the each Work Item estimate was based on the following assumptions and limiting 
conditions: (a) mapping utilized in calculating acreages and estimating the number of impacted 
ownerships were furnished by others and assumed reliable; (b) ownership information, notable 
real property improvements, and existing levee rights-of-way were developed from available 
online sources, tax maps, digital aerial imagery, quadrangle maps and are only estimated; (c) no 
acquisition of any additional real estate interest over the existing levee rights-of-way will be 
required; (d) access to and within the project items will be by the use of the public road network 
in conjunction with any existing or newly acquired rights-of-way; (e) property titles are assumed 
marketable, free and clear of any or all liens or encumbrances; (f) no physical inspection of the 
project lands was performed.  Inspection was made by visual analysis of most current available 
aerial imagery; (g) land and damage cost were not prepared in accordance with provisions found 
in either the Uniform Standards of Professional Appraisal Practice (USPAP) or Uniform 
Appraisal Standards for Federal Land Acquisition (UASFLA) and should not be construed to be 
an accurate appraisal to determine actual market value; (h) estimates are predicated on the 
assumption that there are no potential hazardous, toxic, or radiological waste materials located in 
the proposed rights-of-way; (i) real estate rights-of-way acquisition costs are based on historical 
data along with prior knowledge and experiences in acquisitions of various levee improvement 
of the same nature and scope. 
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A4-4.1.3 New Orleans District 
Assumptions and Limiting Conditions under which the Real Estate cost estimates for the 
proposed Work Items within the New Orleans District were prepared are as follows: 

There are 92 Work Items within the jurisdiction of the New Orleans District, located in 
13 Parishes across the state of Louisiana. The Work Items consist of raising the grade of the 
existing MRL system to control overtopping at various locations, replacing existing floodwalls at 
various locations; the installation of relief wells along with associated drainage works to control 
seepage at various locations. Maps and acreages that are included in this DSEIS2 were furnished 
by USACE, Engineering Division at the New Orleans District.  

It is estimated that a total of 333 acres of additional perpetual right of way and 26.5 acres of 
Temporary Work Area Easement outside of the existing MR&T Project rights-of-way will need 
to be acquired by various Non-Federal Sponsors for construction of the work items.  The New 
Orleans District estimated the perpetual flood protection levee easements would be required from 
approximately 1,509 landowners and a standard temporary work area easement would be 
required from approximately 60 landowners. Mitigation lands to offset environmental losses will 
be acquired in Fee, Excluding Oil and Gas (USACE approved standard estate) and/or purchasing 
of credits from available mitigation banks.  

Real Estate Cost Estimates for each separate Work Item have been prepared by USACE and are 
based on the following assumptions and limiting conditions:  (a) mapping and acreages utilized 
in preparation of each work item estimate were furnished by others and assumed reliable; (b) the 
number of ownerships impacted are estimated using digital aerial imagery, online assessor data 
(where available) and noting apparent ownership boundaries marked by fences, roads and 
changes in land use; (c) no acquisition of any real estate interest over the existing levee rights-of-
way will be required; (d) the existing public road network in conjunction and any existing or 
newly acquired rights-of-way will be used to access the construction of the work items; (e) title 
to the property required for the project is assumed to be marketable, and the property is appraised 
free and clear of all liens and encumbrances; (f) no physical inspection of the MR&T project 
lands to be acquired was performed; (g) it is assumed that all land required for the project is free 
of hazardous, toxic and/or radioactive waste; (h) it is assumed that all work along existing 
floodwalls in the New Orleans area will avoid major improvements, and no relocations of 
businesses will be required. 

A4-5 COST ENGINEERING 
A4-5.1 General Assumptions 
The following assumptions were agreed upon by the PDT to develop a comprehensive cost 
estimate for the 143 work items and associated compensatory mitigation activities proposed in 
SEIS II.   

 Annual funding will be estimated at $35M to the MRL Program. That funding will be
divided as follows: $22.5M for the New Orleans District, $6.25M each for the Vicksburg
and Memphis Districts.

 For project scheduling purposes, a standard time of 18 months will be assumed to
complete design, real estate acquisition, and relocation portions of projects. Construction
durations will vary by project.
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 Work item naming will be correlated with adjacent river miles. For work items whose
total costs exceed projected annual funding allotments, the river mile will be used with
numerical sub-item naming utilized to specify individual items within the parent project
item (i.e. Item 500-L Phase 1, etc.).

 All three (3) Districts estimated their individual E&D and S&A percentages
independently. Based on the findings from each district, it was agreed upon that 25%
would be used for E&D and 15% would be used for S&A for the project.

A4-5.2 General Estimate Notes (For Construction Accounts 
As described in Section 4.3, proposed project designs and quantity computations were generated 
using various assumptions and on-hand data. Cost estimates have been generated for these 
proposed work items, and were derived using historical bid unit prices, cost book items, quotes, 
detailed calculations, crew-based unit pricing, etc.  Since the majority of the features involved 
earthwork, and haul distances were the main variable, M2 crews were built to produce unit costs 
for several haul distances, using the latest version of MCACES (version 4.3), with appropriate 
contractor overheads applied.  

Quantities for embankment and other major bid items were furnished by the Geotechnical, 
Structural, and Civil design team members.  Other quantities were computed by the cost 
engineer, using spreadsheets and the design data furnished.   

 Memphis District Notes:
o Levee work (grade raises & slope flattening:
 Mobilization & demobilization were entered as a lump sum, which varied,

depending on the size of the job.  Environmental protection and Silt fence were
included in each estimate, as well as aggregate surfacing for the levee roadways,
and turfing for the levee embankment.

 Borrow area clearing - Based on google earth images, the area to be cleared
appears to be only grass or fields. However, since borrow area locations are not
finalized, and some access roads may need clearing, it was assumed 25% of the
borrow area may need medium clearing.

 Embankment – Borrow area was assumed to need unwatering.  Haul distances
were estimated by using the EIS GIS Maps furnished for this study (website), put
together by MVD.

o Relief Wells:
 The number of these were computed based on an average well spacing of 200’.

The cost per well was based on historical pricing (escalated using CWCCIS
factors) in MVM, and includes ditching and all associated work w/ a well job.
The total cost for the wells is probably conservative, because seldom is an entire
study reach required to have wells.

o Flood Walls:
 Only 1 floodwall was in the MVM boundaries, and it was broken up into

3 contracts, due to assumed funding limitations.  The Cairo Floodwall was
estimated in June 2018, w/ very limited design data.  That estimate was then
escalated, and an additional cost added, in case the need for some type of deep
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foundation work was determined once detailed geotechnical information was 
available.  The additional cost was over $1500 / LF of floodwall.  It was assumed 
the old floodwall would be demolished.  See file, FLOODWALL CAIRO, CT for 
additional information. 

o General Estimate Notes:
 Labor rates used for work in MO, IL, and KY were union rates, while those in AR

and TN were what we refer to as “Valley” rates.  Union rates are the published
Davis Bacon rates for those states, and are higher than the “Valley” rates which
are usually based on typical contractor wages paid in those states.  Union rates
were taken from a recent job in MO, since that is where most of our “Union”
work is done in this estimate.  “Valley” rates were made to match MVK rates,
since they were real similar to ours anyway.

 Fuel rates used were those for MO average at the time of the estimate.
 The Arkansas payroll taxes and insurance provided within the M2 software was

used in the cost estimate, since AR had the most jobs in it.
 A total markup of about 31% was used for the Contractor’s Overheads.  This

includes field office overhead, home office, profit, and bond (applied in that
order).  A typical earthwork general contractor was assumed to do most of this
work, and 12% was used here to cover supervision, surveys, and miscellaneous
costs.  Home office percent was set at 9%.  Profit was set at 9%, and bond was set
at 1%.  Subcontractor’s markups were the same, w/ the exception of bond, which
was 0%, since we don’t require the subcontractors to bond.

 The project covers parts of 5 states, so an average sales tax rate was used of 8%.

 Vicksburg District Notes:
o Levee work (grade raises & seepage berms):
 Mobilization & demobilization were calculated by estimating the actual

contractor’s cost to haul the equipment, set it up, and remove from the site.
 Borrow area clearing - Based on google earth images, the area to be cleared was

determined to be grass/ fields or wooded areas to determine the amount of
clearing/grubbing work required.  In addition, where clearing and grubbing was
required for levees and berms, topsoil and organic material was removed and
hauled to the borrow area.

 Embankment – Borrow areas were assumed to need dewatering.  Haul distances
were estimated by using aerial imagery. Generally the operation at the borrow
area controlled the operation and hauling and spreading the material was modified
to match this production rate.  The main difference on each site was the number of
trucks in the hauling crews to maintain the excavation production rate.

o Relief Wells:
 The number of relief wells was computed based on an average well spacing of

200’.  The cost per well was calculated by using historical knowledge to estimate
the equipment, labor and materials need to construct a typical 100’ deep well.

o General Estimate Notes:
 Labor rates used for work in MS and LA were derived from US Department of

Labor Wage Determinations in these states and Wage Determinations from past
contracts.  Labor rates in these states are essentially the same.
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 The payroll taxes and insurance provided within the M2 software was used in the
cost estimate.

 Mark ups varied slightly because Job Office Overhead was estimated for each
prime contractor using estimated durations and cost.  Job office overhead, home
office overhead, profit, bond and Mississippi contractor’s tax, where applicable,
were applied in that order.  A typical earthwork general contractor was assumed
to do most of this work.  Home office percent was set at 9%.  Profit was set at 9%
and bond was set at 1%.  Subcontractor’s markups were the same, w/ the
exception of bond, which was 0%, since we don’t require the subcontractors to
bond.

 MVK has work items in Louisiana and Mississippi, so an average sales tax rate of
9% Louisiana.  In Mississippi contractors do not have to pay sales tax on federal
jobs but must pay a contractor’s tax on the total contract of 3.5%.

 New Orleans District Notes:
o Properties:
 Latest Labor template was used.
 Latest Equipment template was used. MII Equipment 2018 Region 03. Change

back to 2016.
 Latest Cost Book was used. 2016 MII English Cost Book
 Average of Fuel Prices Quotes for the last year.
 CMR: 2.125
 Sales Tax: 9%

o Markups:
 Field Office Overhead was calculated by taking the average of relevant MRL

jobs.
 Home Office Overhead was assumed to be 9%.
 Profit was assume to be 9%.
 Bond was assume to be 1%.
 Subcontractor was assumed to be 15%.
 Overtime: Assume a 6 day work week with a 10 hour day.

o Mobilization:
 The mobilization and demobilization cost is assume to be 5% of the cost of prime.
 The mobilization and demobilization will be calculated per contract.

o Borrow Area Development:
 Borrow areas were assumed to have a 15’ depth
 Borrow areas were assumed to have a waste depth of 2’.
 Borrow areas were assumed to have light and heavy clearing and grubbing.  Light

clearing and grubbing quantity was assumed to occur on 75% of the total borrow
area acres. Heavy clearing and grubbing was assumed to occur on 25% of the
total borrow area acres.

 Access roads were assumed to be 0.5 mile long and 20’ wide.
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 It was assumed that some light clearing would be needed in order to construct the
access road.

 The quantity unit of measure is bank cubic yards. A 1.25 multiplier was added to
the in-place quantity.

o Embankment, Compacted Fill:
 The haul distance was assumed to be an average of 10 miles. The unit of measure

for the haul item is Loose Cubic Yards. A 1.5 multiplier was added to the in-place
quantity.

 A standard protection rate of 125 Cy/hr was used.
 2 Truck wash down rack were assumed to be needed.
 Standard testing will be done to embankment material.
 Production Rate Adjustment: Most levee reaches are relatively short. Since the

reaches are short and the CY quantity is low, the production will be lowered from
average production used throughout estimate. Embankment material will be
placed in layers called lifts, and tests of individual lifts which can take a few days.
Due to these circumstances, production rate was lowered.

o Silt Fence:
 Price quote was sought from contractors within the last year. The price is an

install price.

o Clearing and Grubbing:
 The clearing and grubbing was assumed to be light. The production rate that was

used is a standard rate.

o Fertilizing, Seeding, and Mulching:
 Fertilizing, Seeding and Mulching:  Price quote was sought from contractors

within the last year. The price is an install price.
 Assumed that Lime and Sulfur Soil Amendment are needed. Lime Soil

Amendment quantity was calculated multiplying the AC quantity by 1. Sulfur Soil
Amendment quantity was calculated multiplying the AC quantity by .5. Units will
be in Tons. Fertilizing will multiply the quantity AC by 300. Units will be lbs.

o Roadway:
 Road way is 35' wide and projects with roadways would involve demo of existing

roadway and placement of prime coat, 4-in Type B asphalt, tack coat, and 2-in
Type A asphalt. Sand and Aggregate were assumed to by 1' each base.

o Floodwall:
 MVN Structures Section provided the Dumaine St. Floodwall job that was done

in 2017 as a Floodwall Template. The length of Pipe Piles, Sheet piles and the
dimensions of Stem, Base Slab, and Stabilization slab were taken from this job.
Concrete Material price was taken from historical data. Sheet piles and Pipe Piles
material prices was taken from historical data.
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 To find which jobs required Concrete Slope Pavement, structures provided the as
built drawing. Quantities was calculated between google earth and as built
drawings. If an as-built drawing did not have slope pavement, then it was not
included in the project. Concrete Material price was taken from historical data.

 Traffic Control was added as needed.

A4-5.3 Scope of Work 
The 143 proposed work items consist of seepage berms, relief wells, floodwalls, levee grade 
raises, and levee slope stabilization (slope flattening).  Estimates of the scope of work and 
quantities required were generated using the protocols described in Sections A4-4.3.  For a 
detailed description of each item of work, see Appendix 1 of the SEIS II.   

A4-5.4 Contingencies and Escalation 
Contingencies were computed using the Standard Risk Analysis (ARA) template, by a member 
of the Cost MCX recently.  The PDT met on Jan 28 - 29, 2020 to discuss and fill out the risk 
register.  See Section 4.5.8 of this report) for the Risk Report and Results of the Risk Analysis.  

No escalation was applied in the supporting M2 estimates, only in the TPCS tables, which uses 
the EM 1110-2-1304, Civil Works Construction Cost Index System factors.  

A4-5.5 Cost Account Notes (Non-Construction) 
01 Lands and Damages Feature - Real Estate Division provided information for this feature.  
Section A4-4.4 outlines how this information was derived.   

02 Relocations Feature - Relocations were primarily roadways and utilities.  Roadway paving 
was assumed for levee reaches that required a grade raise where an existing paved road sits atop 
the levee. In MVM, utility relocations were estimated as a percent of construction cost, since 
underground utilities are not visible on aerial photography, and the exact extent of the work is 
not known at this time.  This should be conservative, since levee grade raise’s and slope 
flattening’s probably won’t disturb most existing underground utilities.  In MVK and MVN 
relocations were estimated by an initial assessment of existing utilities and estimating required 
relocations cost.  These cost were estimated using historical costs. 

06 Fish and Wildlife Facilities – this cost was provided by USACE biologists and represents the 
anticipated costs of implementing the proposed compensatory mitigation plan detailed in 
Appendix 20 of SEIS II.  

11 Levees and Floodwalls – see Section A4-4.5.2 for general construction assumptions. 

30 Planning Engineering & Design (PED) - The estimated cost for this account is 25% percent of 
the total construction costs, as is typical for these type projects.  Since many of these contracts 
are similar, the rate should be fairly low.   

31 Construction Management - Construction management costs are for the supervision and 
administration of a contract and include project management and contract administration costs. 
The estimated cost for this account is 15 percent of the total construction costs as is typical for 
these type projects.  Again, this was the rate provided by the senior PM for this project. 
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A4-5.6 Schedule 
The project schedule will cover the lifecycle phases of the plan (Planning Phase, Pre-
construction Engineering and Design (PED) Phase, and the Construction Phase).  The PDT 
assumed there would be limitations on annual Federal funding, and this is what dictated the 
schedule.  While many reaches could be built in a year, Real Estate, Relocations, and Planning 
Engineering & Design, would occur before construction begins, for each contract.  After the 
PDT decided a schedule for the proposed work, the midpoint of that time span was chosen (for 
escalation purposes, in TPCS), and the prerequisite activities were assumed to be done 1 or 2 
years before that, for each construction contract.  See TPCS for actual midpoints for each feature. 

The TPCS has been computed in order to provide cost to the non-federal sponsor for each 
respective district based on the proposed Work Items within the districts. These summaries 
display incremental costs. The TPCS was developed on March 31, 2020 and includes the 
estimated costs, constant dollar costs and fully funded costs through project completion. This 
estimate supports the project scope and schedule developed in this report. The estimated total 
project cost for the recommended activities presented in the appendix is $8,949,504,000. The 
TPCS for each of the estimates prepared are presented in Section 4.5.9. 

A4-5.7 References 
References used in the development of the cost estimate and this section of the appendix, are as 
follows: 

 Cost Engineering Regulations/Guidance:
ER 1110-1-1300 26 Mar 93 Engineering and Design Cost Engineering Policy 

ER 1110-2-1302 06 Jun 16 Civil Works Cost Engineering 

EM 1110-2-6058 30 Sep 17 Civil Works Cost Engineering Manual (Draft) 

Cost Engineering Support for Smart Planning webinar (3 Apr 2014) 

 Planning/Design Regulations:
ER 1105-2-100 22 Apr 00 Planning Guidance Notebook 

ER 1110-2-1150 31 Aug 99 E & D for Civil Works Projects 
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A4-5.8 Risk Analysis for Cost Estimate 
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A4-5.9 Total Project Cost Summary (TPCS) 
The first page of the TPCS is the project summary page – it shows the total of all 3 Corps Districts, for each 
feature, or account.   The following 3 pages show a summary of costs, for each of the 3 Districts: MVM 
(Memphis), MVK (Vicksburg), and MVN (New Orleans).   

The Total Project Cost form is developed and presented with three different estimates over time: Estimated 
Cost, Project First Cost (Constant Dollar), and Total Project Cost (Fully Funded). 

Estimated Cost (TPCS columns C through F) is the current developed cost estimate which includes 
contingencies. The effective price level date for Estimated Cost is commonly reported as the previous 1 Oct 
20XX to support economic study and escalation to Project First Cost. 

Project First Cost (Constant Dollar Cost, TPCS columns G through J) is the Estimated Cost then escalated to the 
PROGRAM YEAR effective price level by applying the appropriate escalation from the CWCCIS tables.  The 
Project First Cost is the cost estimate used in feasibility reports and Chief of Engineer’s Report (Chief’s Report) 
for Congressional funding requests. 

Total Project Cost (Fully Funded with Inflation, TPCS columns L through O) is the total cost of the project.  
The inflation to midpoint of each activity is added to the Project First Cost column set.  Total Project Cost is the 
cost estimate used in Project Partnership Agreements and Integral Determination Reports.  Total Project Cost is 
the cost estimate provided to non-Federal sponsors for their use in financial planning as it provides information 
regarding the overall non-Federal cost sharing obligation. 

Abbreviations: 

WBS – Work Breakdown Structure.  Each feature has an assigned WBS number. 

CNTG – Contingency 

ESC – Escalation 
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