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Executive Summary 
  
Background 
 The Bohemia Spillway is located in Plaquemines Parish on the east bank of the Mississippi River 
about 35 miles southeast of New Orleans, LA (river miles 45 to 33).  The upper end of the spillway is at 
the terminus of the main-line levee that is part of the Mississippi River and Tributaries (MR&T) project of 
the U.S. Army Corps of Engineers and ends 11.8 miles downriver at Bayou Lamoque.  The spillway has a 
broad elevated river bank (natural levee) that slopes gently to the marsh and to Breton Sound. 
 In the 1920’s Mississippi River stages at New Orleans were becoming higher and more 
threatening, and so the Bohemia Spillway was authorized in 1924 by the Louisiana State legislature for 
the purpose of creating a river flood relief outlet and reducing flood risk to New Orleans.  The Bohemia 
Spillway was completed in the Fall of 1926 by the Orleans Levee District with the removal of the artificial 
Mississippi River levees, and remarkably just two months before the onset of the Great Flood of 1927.  
Because the removal of the artificial river levees in 1926; henceforth, during high-water, river water 
flows across the spillway’s banks into the adjacent forest and wetlands.  In the aftermath of the Great 
1927 Flood, relief outlets were finally accepted as an essential to flood management of the Mississippi 
River, in no small measure due to the State’s prescient vision of the Bohemia Spillway.   The period of 
“levees only” policy of the Corps was suddenly over by the summer of 1927, during which innumerable 
recommendations were made for additional flood relief outlets such as the Bohemia Spillway.  By 1931, 
the Bonnet Carré Spillway was built and became operational as the first federally constructed relief 
outlet in Louisiana.   
 This report is a comprehensive description of the Bohemia Spillway including historical 
information, background information and research conducted by LPBF during the Mississippi River flood 
of 2011.  The report broadly discusses the impact on adjacent wetlands of 87 years of the Bohemia 
Spillway functioning as a relief outlet by overflowing its banks, and suggests new insights into the 
natural processes of geologic model of overbank flooding.   
 
History 
 Prior to 1926 there were several small communities that had permanent residence along the 
natural levee with plantations, rural homes, cemeteries and fishing villages extending the length of the 
spillway.  Nestor was one of the most significant communities in the area.  By the early 1900's, these 
communities were suffering from hurricane flooding, which destroyed small artificial levees and 
exacerbated flood vulnerability.  The Orleans Levee District acquired approximately 33,000 acres of land 
by transfer from the state, purchasing and expropriation to create the Bohemia Spillway.   Some of these 
communities, such as Empire moved to the west bank, and others disbanded by individuals simply 
moving elsewhere.   
 In the 1930's the Potash and Cox Bay oil and gas fields were discovered and the Orleans Levee 
district received royalties from the oil and gas production.  In 1984, the heirs of the original land owners 
in the Bohemia Spillway won a law suit, and the state legislature transferred ownership of original 
private lands back to the heirs of the original private land owners. The Orleans Levee District still retains 
ownership of some land in the Bohemia Spillway.   Although land ownership has changed, artificial river 
levees were never re-built and therefore the Bohemia Spillway still functions as a relief outlet and 
reduces river stage of the Mississippi River. 
 
LPBF Research Program 
 Due to the removal of the artificial river levees in 1926, the Bohemia Spillway provides a truly 
unique opportunity to investigate a long-term response of wetlands to discharge of the Mississippi River 
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by processes that emulate the natural process of seasonal overbank flow.  Because the Bohemia 
Spillway may be instructive to coastal restoration, LPBF has been investigating the Bohemia Spillway 
since 2007.  This work now spans two significant flood events in 2008 and 2011.  In 2010, LPBF surveyed 
the Bohemia Road elevation through Bohemia Spillway.  In 2011, extensive hydrologic surveys were 
conducted.  During the 2011 survey, data collection included: vibracore analysis, vegetative mapping, 
geomorphic and image analysis, hydrologic surveys during high and low water, hydrologic modeling and 
land change analysis.   
 
Bohemia Spillway Geomorphology 
 The Bohemia Spillway is 11.8 miles long and approximately three miles wide.  Three segments of 
the artificial levee are still present in the spillway totaling about 1/2 mile in length.  The spillway landform 
can generally be thought of as a linear ridge with an asymmetric profile that is flatter toward the marsh 
and steeper toward the river.  The peak of the ridge is the crown of the natural levee with a narrow 
swath of forest that transitions into marsh moving away from the river towards the bay.  Superimposed 
on this natural terrain are man-made features such as the Bohemia Road, oil and gas canals, borrow 
pits, and navigation canals.  The Bohemia Road runs along the crest of the natural levee and is often the 
controlling elevation for Mississippi River flood waters.  Elevations along the road ranged from ten feet 
at on remnants of the artificial levee, and four to eight feet on the natural levee.   
 Natural geomorphic features in the Bohemia Spillway include six internal drainage sub-basins 
which drain rainfall off the natural levee.  They include small bayous and tidal channels part of the 
integrated drainage network.  The water flow may be driven by tides, rainfall or river flood events, with 
water flowing generally from the river toward Breton Sound except for incoming tidal flow.  
 Manmade geomorphic features include segments of the artificial levees, navigation canals ,such 
as the  Back Levee Canal, oil and gas canals, diversion conveyance canals, pipeline canals, borrow pits 
and borrow canals, trenasses, which are small canals that common in the spillway.  The trenasses were 
likely built for trapping, drainage or logging.  Gullies are present which are ephemerally flowing, 
erosional channels formed by the interaction of oil and gas canals and the natural levee.   
 An extraordinarily rare occurrence for coastal Louisiana is observed in the Bohemia Spillway in 
which some canals segments have been re-claimed by marsh simply due to the processes associated 
with the flow of river water through the spillway.  Other evidence of wetlands resilience are observed 
and discussed in the land change section of the report. 
 
Hydrology 
 Historic discharge through the Bohemia Spillway was analyzed.  It was reported that during the 
1927 flood (but prior to the breach at Caernarvon), the first year of flow through the Bohemia Spillway, 
the discharge was 310,000 cfs.  This is comparable to flow through the Bonnet Carré Spillway, but the 
Bohemia flow was over 11.8 miles rather than 1.5 miles along the river.   Other reported discharges and 
LPBF’s discharge measurements since 2007 were used to develop rating curves with historic stage at the 
Pointe a la Hache gauge.  The historic gauge data for both Carrollton and Pointe a la Hache gauges 
revealed that the peak of the Mississippi River has decreased over time in the region.  Estimates of 
discharge through the spillway were calculated using three time periods; 1926-1940, 1940-present and 
discharge through Mardi Gras Pass since it breached to the river in March, 2012.  Based on this analysis, 
it appears that the early period from 1927 to 1940, the maximum annual discharge in the top 50% 
highest water years through Bohemia Spillway was 205,000cfs to 310,000cfs.  After 1940 to the present, 
the discharge in the top 50% highest water years appears to 45,000cfs to 75,000cfs with the highest 
discharges occurring the in the early part of this time period.  This lower discharge is likely the result of 
lower stage in part due to the operation of the Bonnet Carré Spillway after 1937, but may also be due to 
a reported silting of the Bohemia spillway that was reported early in its history.  We estimate that 
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currently, under the normal range of river stage that the Bohemia Spillway, peak annual flow is likely to 
30,000 to 50,000 cfs.   
 In 2011, the Mississippi River experienced an historic flood due to extreme rains and snow melt 
in the watershed.  To study the flood in the spillway, LPBF conducted an overbank flow survey by 
collecting depth, velocity and direction of flow measurements along Bohemia Road the length of the 
spillway.  Areas that were dry or had very little water during the flood were noted since flow 
measurements could not be taken at those locations.  Measurements were taken at 317 points along 
the Bohemia Road.  Peak discharge occurred on May 17, 2012 at 7.57 feet at Pointe a la Hache.  The 
Bohemia Road was divided into reaches based on similar characteristics and discharge rates were 
calculated using the above measurements on a reach by reach basis.   During the flood, two major 
breaches in Bohemia Road were observed, one near the Bohemia Diversion (box culverts) at the north 
end of the spillway and one further south.  Measurements of the dimensions of the breaches were 
taken and a discharge rate was calculated.  Also discharge was calculated for five culverts that exist in 
the spillway.  Adding all the discharges together, we estimate that during the 2011 flood the peak 
discharge through the Bohemia Spillway was 30,000 to 50,000 cfs.  A river flow survey using ADCP in the 
Mississippi River adjacent to the spillway was also conducted and found a discharge of 15,000 to 45,000 
cfs through the spillway.   
 We identified six different hydro-geomorphic classifications in the spillway using the data 
collected during the hydro-survey, observations and geomorphic analyses.  The six classifications are: 
natural levee/bayou drainage with the Back Levee Canal present, trenasses and Back Levee Canal 
present, oil and gas canals with spoil banks, constructed hydrologic feature (culverts and conveyance 
canals), road blocking and deflecting drainage and artificial levee.   
 
Bohemia Spillway Land Change: 1932-2010 
 Bohemia Spillway is an exception in southern Louisiana because it does not have high rates of 
land loss.  To obtain land loss rates two data sets were used.  The USACE data set covers land loss from 
1932 to 2001 and tends to map land loss due to canal construction accurately but does not seem to 
capture land loss due to shoreline erosion.  The USGS data set covers loss from 1932 to 2010 and tends 
to capture shoreline land loss accurately but does not capture loss due to canal construction and this 
data set also include areas of land gain.  For the Bohemia Spillway, the USACE data set demonstrates 2.5 
square miles of loss and the USGS data set demonstrates a net land loss of 2.99 square miles.  Since the 
two data sets capture different areas of loss (although there is some overlap) a hybrid data set was 
created by merging the two data sets.  When the two data sets were merged there was a total loss of 
3.4 square miles, showing that both data sets individually underestimated the rates of land loss in the 
region.  In the Bohemia Spillway, most of the land loss occurred during the time period of 1973 to 1975 
and 1956 to 1973.  Much of this loss is due to the construction of canals.  The USGS data set indicated 
that there was 1.08 square miles of land gain in the Bohemia Spillway.  However, there is also some land 
gain that has occurred that can be observed but is not quantified be the USGS data set.  There are areas 
where canals have been filled in as well as areas where new emergent marsh vegetation can be seen 
encroaching into the oil and gas canal, effectively narrowing the canal.  The latest data show almost 
negligible rates of loss. 
 
2010 Bohemia Spillway Vegetation Survey 
 To survey the vegetation on the Bohemia Spillway and on the ground transect survey was 
completed as well as an assessment through aerial photography to classify habitats on a broad scale.  
Both the transect survey and the aerial assessment revealed that general vegetation patterns are similar 
along the length of the spillway.  Near the river, on the natural levee, there is a forest community which 
grades into a very narrow line of scrub/shrub community which then grades into brackish marsh and 
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then a vast area of salt marsh.  In general, the forest is a black willow community along the river edge 
grading into a oak/hackberry mixed forest higher on the natural levee.  In some areas, especially 
towards the southern end of the spillway the invasive species, Chinese tallow dominates.  In total, 13 
tree species were found.  There are 3,164 acres of forest or 13% in the spillway.  In general, the marsh 
community was more diverse in fresh areas and the brackish marsh and salt marsh were typical Spartina 
patens and Spartina alterniflora communities, respectively.  In the salt marsh community the rush 
Juncus roemerianus also dominated at times.  In total there 11,420 acres marsh in the Bohemia Spillway 
or 49%, of which, 8,520 is salt marsh.  Fresh and intermediate marsh together only comprise 59 acres of 
the spillway.   
 
Summary 
 Since 1926, the spillway has been overtopped many times with varying amounts of water 
entering the system.  The current dynamics in the Bohemia Spillway may offer a model of restoration as 
well as provide insight into historic flooding processes when the Mississippi River overflowed its banks 
into adjacent wetlands, before the construction of levees.  The Bohemia Spillway is the only unleveed 
portion of the Mississippi River from Cairo, Illinois to Venice, Louisiana on the westbank and Fort Saint 
Philip on the eastbank.  The fact that the marsh in the spillway seems to be stable and evidence of land 
gain and natural canal filling indicates that the overtopping in the spillway is restoring the landscape.   
 During the 2011 flood, it was observed that the water overtopping the natural levee was 
captured quickly by small gullies and streams and eventually canals and bayous.  Overland flow only 
occurred close to the river in the forest, reaching the marsh as channelized flow, indicating that 
sediment is not directly delivered to the marsh through the overtopping process, which was a surprising 
result.  Since the sediment was not directly delivered to the marsh, an alternative hypothesis for the 
resiliency of the marsh in this area is needed.  The LPBF proposes that the sediment is carried out into 
adjacent bays where it is stored and then is redistributed into the marsh during storms and fronts; 
however more investigation into this is needed.  The observations in the Bohemia Spillway also have 
implications for restoration activities in southern Louisiana, especially for the proposed sediment 
diversions.  The same phenomenon could occur whereby diverted water is quickly captured by a 
drainage network with little overland flow.  This could change the predicted effects of sediment 
diversions as well as the timeline for when positive effects will appear.     
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Introduction 
 
The Bohemia Spillway was created in 1926 with the removal of the artificial Mississippi River 

Levees, allowing river water to spill over the banks into the adjacent forest and wetlands during high 
water stages.  This report includes the first comprehensive description of the Spillway including 
historical information that was gathered through extensive research of historical documents, reports 
and newspaper articles.  In addition to the historical information and background information, this 
report focuses on research conducted during the Mississippi River flood on 2011, during which LPBF 
investigated the dynamics of the flood waters as they flow into the spillway, obtaining information 
about the volume of water that passes through the spillway during flood events and the fate of the flood 
water as it moved into and through the Spillway and eventually into the receiving bays.  This report 
makes an attempt to discuss the impact of the more than 80 years of the open Bohemia Spillway on 
adjacent wetlands and suggests alternatives to the classic model of the interaction of river overbank 
flooding and adjacent wetland.  There is also a short video discussing the Bohemia Spillway and the 2011 
flood available (http://www.youtube.com/watch?v=9EnkVXKkpLs).  There are ongoing studies being 
conducted in the Bohemia Spillway by LPBF, including the investigation of a newly formed Mississippi 
River distributary within the Spillway called Mardi Gras Pass.  This report will concentrate on the 2011 
flood while other reports on the Bohemia Spillway and Mardi Gras pass are and will be available at 
http://saveourlake.org/.    

 
Location 
  

The Bohemia Spillway is an un-leveed, 11.8 mile reach located in Plaquemines Parish on the east 
bank of the Mississippi River about 40 miles south of New Orleans (Figure 1).   The upriver end of the 
spillway is at the terminus of the main-line (or “front line”) levee that is part of the Mississippi River and 
Tributaries (MR&T) project of the U.S. Army Corps of Engineers.  The downriver end of the spillway is at 
Bayou Lamoque where a small local river levee extends downriver from the spillway (Figure 2).  The 
Bohemia Spillway generally lacks an artificial river levee but has river levees both upriver and downriver.  
On the opposite river bank (west bank)  the main-line river levee extends continuously from Baton 
Rouge to Venice some 25 miles further down river from Bohemia Spillway.  The Bohemia Spillway, 
therefore, is an unusual “gap” in main line (artificial) river levee on the east bank, and this is the defining 
feature of the spillway.  This gap in the levee is unique and special, because it is essentially a natural 
river outlet in what is otherwise a highly regulated river flood protection system.  The spillway does have 
a broad elevated river bank (natural levee), which is the resulting elevated topography from past 
overflow of the river over at least two centuries during which the Mississippi River occupied its present 
location (Roberts 1997).  
 

http://saveourlake.org/
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Figure 1: Location of the Bohemia Spillway within the Lake Pontchartrain Basin. 
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History 
 

The Bohemia Spillway area has a fascinating history that pre-dates and post-dates the physical 
creation of the spillway in 1926 by removal of main-line artificial river flood protection levees (LA Board 
of State Engineers 1926).   Prior to 1926, several small communities had permanent residence along the 
naturally elevated river bank.  A poorly maintained road, which probably dates to at least the early 
1900’s, is present the entire length of the spillway near the crest of the natural levee. Plantations, rural 
homes, cemeteries, and fishing villages extended the length of the spillway.  These communities 
constructed artificial river levees between their homes and the river to protect them from river floods.  
Apparent remnants of these river levees in the spillway indicate these were formidable levees (Figure 3).  
Historical documents reference the Grand Prairie Levee District and the Plaquemines Parish East Bank 
Levee District, which presumably had some oversight of the levees.  Nestor was one of the most 
significant communities and included a post office.   Oyster fishing was a common occupation.  In the 
early 1900’s, these communities were suffering from hurricane flooding which damaged communities 
and the river levees, exacerbating their flood vulnerability (LA Board of State Engineers 1909). When the 
levee was removed in 1926 to create the spillway, this ended permanent residence within the spillway 
(Figure 4).   
 

 

Figure 3: Segment of the pre-1926 levee still present in the Bohemia Spillway.  The river (flood side) is on the left side of the 
levee/road.  The elevation of the road bed on the levee is approximately 8 feet NAVD. 
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Figure 4: Letter from Gloria Delta Subat, a young girl who lived in the Bohemia Spillway, expressing concern with the removal 
and the levees and her family moving from the Spillway. 

 The legal and management history of the Bohemia Spillway since 1926 to the present day is 
complex and cryptic. Indicative of this complexity is the spillway has been variously referred to as 
(Figure 5):  
 
Pre-1926: 

 Grand Prairie Levee District 

 Plaquemines Parish East Bank Levee District 

 Nestor 
 

Post-1926: 

 Bohemia Spillway 

 Pioneer Spillway 

 Pointe a la Hache Outlet 

 Pointe a la Hache Relief Outlet 

 Pointe a la Hache Wildlife Management Area 

 Bohemia State Wildlife Management Area 
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Figure 5: USGS quadrangle map of the Bohemia Spillway Area.  Note the various designations. 

 The 1924 state legislature authorized the creation of the “Bohemia Spillway” by acquisition by 
the Orleans Levee District of 33,000 acres by state transfer, purchase or expropriation (La. Act No. 99 of 
1924).   This land acquisition was complex, but was completed in just two years (Wilkinson and Piazza, 
(?)1984).  Approximately half of the authorized acquisition was transferred from the state to the Orleans 
Levee District and the remaining half was either expropriated or purchased (United States Court of 
Appeals, the Fifth Circuit 2002). The removal of the levees was completed just months before the Great 
Flood of 1927 (LA Board of State Engineers 1926), and actually contributed to the flood protection for 
New Orleans (Figure 6), until the breach at Caernarvon was created, providing a larger outlet for the 
flood waters upstream of Bohemia, at which time the Bohemia Spillway contributed little to decreasing 
the river stage at New Orleans.   
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Figure 6: Graph published in 1927 just after the 1927 river flood, illustrating the purported effect on river stage due to the 
Bohemia Spillway and the subsequent artificial crevasse at Caernarvon. 

 In the 1930’s two oil and gas fields, Potash and Cox Bay, were discovered and the Orleans Levee 
District received royalties from the oil and gas production.   Afterward, heirs to the original land owners 
filed suit against the Orleans Levee District to reclaim land and mineral royalties (United States Court of 
Appeals, the Fifth Circuit, 2002).  Consequently, in 1984 the land acquired from private holding has been 
transferred to the heirs of the original landowners by an act of the State legislature.   
 In 1979, a small concrete low-water diversion structure and canal were constructed by 
Plaquemines Parish even though the spillway was still open to high water flow.  In 2007, the EPA 
proposed a river diversion project within the Bohemia Spillway at Nestor Canal where the river’s 
connection to the canal is as narrow as the road (<50 feet) (http://lacoast.gov/new/Projects/ 
Info.aspx?num=BS-15).  In 2012, the project was proposed to be de-authorized. Historical USGS 
quadrangle maps identify the spillway as the Bohemia State Wildlife Management Area and was under 
management by the State Department of Wildlife and Fisheries until 1991 (Figure 5).  The Bohemia 
Spillway ownership now seems to be a mix of private owners and state (Orleans Levee District).  It is 
primarily used for oil and gas activities, hunting, and fishing, but still functions as an unmanaged spillway 
outlet.   
 Three segments of the artificial river levee are still present in the Bohemia Spillway.  The total 
length of levee segments is less than ½ mile representing < 5% of the spillway.  These levees appear to 
be well engineered and often include concrete embankments on one or both sides of the levee.    The 
largest segment of original levee is ¼ mile long (~8 feet NGVD) is shown in Figure 3.  It is noteworthy 
that during 2011 flood, the levee segments were not overtopped, indicating that if the all of the levees 
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had not been removed in 1926, they would likely still preclude flow through the Bohemia Spillway even 
now.   
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Timeline 
 
 A timeline of activities, legislation and environmental events that affected the Bohemia Spillway 
from the 1840's to the present is shown below: 
 
1840’s  

 By the late 1840's Bohemia Plantation is a functioning sugar plantation on the east bank of the 
Mississippi River south of New Orleans (Murray 1872) 

1844  

 Mississippi River floods New Orleans, Carrollton Gauge 14.51 feet (Davis 1993) 
1846  

 Lower Mississippi River at flood stage (Elliot 1932) 
1848  

 Hurricane (Lopez 2003)  

 Man-made Mississippi River cutoff (Winkley 1977) 
1849  

 Mississippi River floods New Orleans - Carrollton Gauge 15.2 feet (Elliot 1932; Davis 1993) 

 Federal passage of the Swamp Lands Act of 1849: grants "swamps and overflowed lands" to 
Louisiana and encourages agricultural "reclamation" by levees and drainage (Wilkinson and  
Piazza (?) 1984; Colten, 2000) 

 State of Louisiana re-routes Atchafalaya River past the Raccourci Cut-off, enhancing discharge 
on the Atchafalaya River (Partnership et al. 1999) 

1850  

 Lower Mississippi River at flood stage - Carrollton Gauge 13.8 feet (Elliot 1932) 
1851  

 Major flooding due to excessive rains in Iowa (NOAA 2011) 

 Lower Mississippi River at flood stage -  Carrollton Gauge 15.4 feet (Elliot 1932) 
1852  

 Hurricane (Ludlum 1966) 
1854  

 Lower Mississippi River at flood stage - Carrollton Gauge 14.7 feet (Elliot 1932) 
1855  

 Hurricane (Ludlum 1966) 
1856  

 Hurricane (Ludlum 1966; USACE 1972; Din 1988) 
1858  

 Bell and LaBranche crevasses open (De Bow 1859) 

 52 Miles of Great Northern Railroad track flooded (Odum 1961) 

 Carrollton Gauge. 15.1 feet (Elliot 1932) 

 The Mississippi River remains at its maximum for 87 days (Wiltz 1874) 
1859  

 The Mississippi River remains at its maximum at Vicksburg for 129 days (Wiltz 1874) 

 Bonnet Carré crevasse open - 17 miles of railroad flooded, Carrollton Gauge 15.6 feet (Elliot 
1932; Odum 1961; Davis 1993) 

1862  

 Lower Mississippi River at flood stage - Carrollton Gauge 15.9 feet (Elliot 1932) 
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 Cubit's Gap, a man-made crevasse of the Mississipi River, starts a sub-delta that later becomes 
the Delta National Wildlife Refuge (Morgan et al. 1963; Bragg 1977) 

1865  

 Lower Mississippi River at flood stage (Elliot 1932) 

 Hurricane (Ludlum 1966) 
1867  

 Lower Mississippi River at flood stage (Elliot 1932) 

 Hurricane (Ludlum 1966) 
1868  

 Lower Mississippi River at flood stage (Elliot 1932) 
1874  

 The Mississippi River gives way at numerous crevasses, varying from one hundred to five 
thousand feet in width, covering six miles (Wiltz 1874) 

1879  

 Congress creates the Mississippi River Commission (MRC) so that a centralized engineering 
organization would be responsible for improving river navigation and flood control (URS 1984) 

 Article 214 creates a general legislative authority to divide the state into levee districts 
(Wilkinson and Piazza (?) 1984 ) 

1882  

 Lower Mississippi Valley floods; private levee failures (NOAA 2011)  
1884  

 High flows from Ohio River; Private levee failures on lower Mississppi River  (NOAA 2011) 
1887  

 Hurricane (Stone et al. 1997) 
1888  

 Hurricane (USACE 1972) 
1890       

 The first immigrants to Bohemia, mostly of Polish descent, arrive from Baltimore. 

 Act 93 creates the Orleans Levee District to protect the city of New Orleans from overflow. 
Section 8 grants the Orleans Board the power to go outside the Parish and into adjoining 
parishes and expropriate any property deemed necessary by them  (Wilkinson and Piazza (?) 
1984) 

 Flood of 1890; Private levee failures inundate farm lands (NOAA 2011) 

 Levee break at Bohemia, about 10 feet wide (MRC 1890)  
1892   

 Nestor Canal at Nestor, Louisiana dug so that the fishermen could bring the oysters to the 
Mississippi River (Fucich 1914) -Conflicting reports has the canal dug in 1888 and 1890   

 High water in Bohemia and subsequent crevasse (The Daily Picayune 1892) 

 Act 41 amends Act 93 to protect New Orleans and replace previous levee districts on the west 
bank of the parish (Wilkinson and Piazza (?) 1984) 

1893  

 Hurricane – The news from Bohemia is worse than from any other place on the lower coast, the 
small town of about 100 people along with every building in the town has been destroyed (The 
Daily Picayune 1893) 

1897  

 Flood of 1897, several levee breaches by the Bohemia Plantation (LA Board of State Engineers, 
1900) 
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1898  

 Act No. 24 creates the Grand Prairie Levee District (Alabama Supreme Court 2012) 
1900  

 Grand Prairie Levee District: This district, created by Act No. 24 of 1898, consists of that  portion 
of the alluvial territory contained within the Parish of Plaquemines, beginning at the lower line 
of Bohemia Plantation and extending to the upper line of United States Preservation for Fort St. 
Philip (LA Board of State Engineers 1900) 

 Act 43, Section 1: Limits the Grand Prairie Levee District to include the territory between the 
Bohemia Plantation and the Baptiste Collette's Gap (Wilkinson and Piazza (?) 1984) 

1901  

 Oil is first discovered in Louisiana in a well drilled at Evangeline, near Jennings            
1902  

 Act 7: Authorizes the Board of Commissioners for the Plaquemines Parish East Bank Levee 
District to issue a bond of $135,000 at 5% - to be paid by April 1, 1929 with interest (Wilkinson 
and Piazza (?) 1984) 

1904  

 Samuel M. Fucich files petition to the Grand Prairie Levee District Board for the Parish  
Plaquemine to connect the Nestor Canal with the Mississippi River (Fucich 1914) 

1910  

 Act 41: Plaquemines Parish East Bank Levee District issues bond of $20,000 with  an interest rate 
of 6% (Wilkinson and Piazza (?) 1984) 

1912  

 Mississippi River floods (Brown 1912), Sixty-foot crevasse forms at the Nestor Canal (The Daily 
Picayune 1912) 

1915  

 Plaquemines to build a 23 mile road from Pointe a la Hache to Ostrica (The Times Picayune 
1915a) 

 Hurricane – Large crevasse south of Bohemia, several small villages below Bohemia are under 
water (The Times Picayune 1915b) 

1916  

 Lower Mississippi River at flood stage - Carrollton Gauge 20.0 feet (Elliot 1932) 
1917  

 Hurricane passes over mouth of Mississippi River (USACE 1972) 
1919  

 Hurricane (USACE 1972; Yamazaki and Penland 2001) 
1920  

 Lower Mississippi River at flood stage - Carrollton Gauge 19.2 feet (Elliot 1932) 

 Hurricane - Category 2 (Neuman et al. 1981; Yamazaki and Penland 2001) 
1922  

 Lower Mississippi River at flood stage - Carrollton Gauge 21.7 feet (Elliot 1932) 

 Spillway theory gains momentum. Levee breach at Poydras, twelve miles south of the city, 
dramatically lowered the river at New Orleans, city leaders began planning to make that outlet 
permanent. New Orleans newspaper publisher James Thomson championed a civilian engineer's 
assertion that the Poydras crevasse had saved New Orleans (O'Neill 2006) 

 Safe River Committee of 100 forms (O'Neill 2006) 
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1924  

 Act 99: Authorizes the Board of Levee Commissioners of Orleans Levee District to create a 
spillway in Plaquemines Parish (Wilkinson and Piazza (?) 1984) 

 Many residents of the proposed spillway area had allowed their property to revert to the state 
via tax sale, although many redeemed their property when the Act of 1924 was passed and the 
site of the Spillway fixed. Approximately 48% of the 33,000 acres was purchased from private 
owners at appraised fair market value. Less than 3% of the land had to be expropriated.  The 
remaining 52% of the land was deeded to the Orleans Levee Board by the State of Louisiana 
(URS 1984) 

1925  

 Bohemia Spillway is reported to cost $1,083,000 and is expected to reduce the high water level 
at New Orleans by one foot or more. The plan involves the purchase of lands that will be flooded 
by the outlet, comprising 256 separate tracts and owned by 168 individuals, to be bought for 
$45,000; purchase of bonds of the Grand Prairie Parish East Bank Levee  District for $140,000; 
$187,500 for possible replacement of the levee and $87,500 interest.  All small communities 
along this section were to be moved to the west bank. Small communities like Nestor, Daisy, 
Zibilich, Empire, Nichols and Neptune will be vacated and the houses, where practicable, moved 
across the river. Purchasing the properties proved to be problematic, because it had been 
assessed at 30 percent of the real value, due to damage by the 1915 floods (The Times 
Picayune1925a) 

 Work begins on the new eleven mile spillway, five miles below Pointe a la Hache, in the Grand 
Prairie Levee District, between Bohemia and Bayou Lamoque (The Times Picayune1925b) 

1926  

 Construction of the Bohemia Spillway completed (The Times Picayune 1926a) 

 Hurricane - Category 2 (USACE 1972) 

 New Orleans City Commissioner John Klorer showed maps that indicated a reduction in  flood 
heights at New Orleans during the present flood of 2.8 feet, part of which he attributed to the 
relief outlet at Pointe a la Hache (The Times Picayune 1926b) 

 Act 280: Orleans Levee Board distributes aid to the Pontchartrain Levee District to create the 
Caernarvon Spillway (Wilkinson and Piazza (?) 1984) 

 Act 160: Authorizes Orleans Levee District to pay the debt, bonded and otherwise, of the 
Plaquemines Parish East Bank Levee District and to deposit with the State Treasurer funds 
sufficient to pay principal and interest; any revenues from Plaquemines (to the Treasurer) to be 
used for the payment of principal and interest of said bonds.  (Wilkinson and Piazza (?) 1984) 

1927  

 The 1927 flood is the largest ever recorded on the lower Mississippi Valley (Seed et al. 2006) 

 During the period of January 8 to July 9 the maximum measured Mississippi River discharge is 
1,360,183 cfs on April 29 and the minimum is 764,887cfs on July 9 (URS 1984)  

 Levee blown up at Caernarvon creating a gap of 3,213 feet with a maximum discharge of 
326,446 cfs on May 18th (Vogel 1930) 

 Commissioner Koler states that without the two emergency spillways, at Caernarvon and Pointe 
a la Hache, the river stage would have been 23 feet instead of 20.3 (The Times Picayune  1927)   

 During the Flood of 1927, 310,000 cfs are diverted from the Mississippi River through the 
Bohemia Spillway, prior to the construction of the breach at Caernarvon (URS 1984) 
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1928  

 The Humble Oil and Refining Company, Houston, Texas wins bid to do oil drilling operations and 
exploitation on 32,000 acres of land behind the Bohemia Spillway agreeing to pay the levee 
board $16,000 for a lease covering a period of six months (The Times Picayune 1928a) 

 Congress passes the Flood Control Act authorizing the Old River Control Structure, Morganza 
Floodway and Bonnet Carré Spillway (URS 1984) 

 Lawsuit between the Orleans Levee Board and the Federal government over mineral rights to 
more than 450 acres of marsh prairies in the spillway area (The Times Picayune 1928b) 

 Act 246: Makes the confines of the Orleans Levee district extend from Cuselich's Canal to 
Cubitt's Gap (Wilkinson and Piazza (?) 1984) 

1929  

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water, between 108,000 and 290,000 cfs (URS 1984)  

1931  

 Construction of Bonnet Carré Spillway 27 miles upriver from New Orleans decreases the amount 
of water that would be conveyed by the Bohemia Spillway during flood events  (Lopez 2003) 

1932  

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

1933  

 The Orleans levee board leases 3,000 acres on the east bank of the Mississippi River in the 
Bohemia Spillway (Potash) to the Humble Oil and Refining Company.  Humble drills more than 
39 shallow wells on the top of the potash dome and obtaines a negligible show of oil (The Times 
Picayune 1940b) 

1934  

 Hurricane - Category 1 (USACE 1972; Yamazaki and Penland 2001) 
1935  

 Lower Mississippi River at flood stage - Carrollton Gauge 17.0 feet (USACE 2011)  
1936  

 The Orleans Parish Levee Board claims that the legislature had granted it the acreage in an act 
authorizing it to expropriate lands for the creation of the Bohemia Spillway. The  Grand Prairie 
Board refuses to recognize the claim and leases ten thousand acres of land to the Delta 
Development Company, without bids or advertisements, for three cents per acre. The contract 
is witnessed by Leander Perez's secretary. Delta subleases part of the tract to the Gulf Refining 
Company, which finds oil and pays the company a handsome sum in royalties (Jeansonne 1977) 

 Lower Mississippi River at flood stage - Carrollton Gauge 17.0 feet (USACE 2011)   

 Record low water in Mississippi River (USACE 1942) 
1937  

 The Orleans Levee Board leases 30,000 acres in the Bohemia Spillway to William Helis on June 
19. The consideration is a one-eighth royalty to the levee board, and "a consideration stated to 
be $12,500." This is a bonus of 40 cents an acre on the tract  (The Times Picayune 1940b) 

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

 26 oil wells completed in the Bohemia Spillway (LDNR 2011) 
1938  

 6 oil wells completed in Bohemia Spillway (LDNR 2011) 
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 Lower Mississippi River at flood stage - Carrollton Gauge 16.6 feet (USACE 2011) 
1939  

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

 6 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Low water level (discharge) of Mississippi River - lowest on record (USACE 1942) 

 Rock dam built at Harris Bayou - Boh Brothers Construction Co. $490 (Bohemia Spillway 
Expenditure) 

 Bayou Lamoque (mile 33.2 AHP) closed with a brush dike to prevent water from the Mississippi 
River entering Breton Sound at low water (URS 1984) 

1940  

 Judge J.C. Mereaux accuses members of the Buras Levee District Board of Commissioners of 
giving valuable Plaquemines Parish mineral leases to companies controlled by District Attorney 
L.H. Perez (The Times Picayune  1940a) 

 The Humble Oil Company begins drilling deeper wells in the leased land from the Orleans Levee 
Board, discovering profitable oil sands. The levee board's royalties from this lease run $1500 a 
month (The Times Picayune 1940c) 

 6 oil wells completed in Bohemia Spillway (LDNR 2011) 
1941 

 10 oil wells completed in the Bohemia Spillway (LDNR 2011) 
1942  

 Lower Mississippi River at flood stage - Carrollton Gauge 14.6 feet (USACE 2011) 

 The legislature passes Act 311 which "confirmed, quieted, and acknowledged" that title  to "all 
public lands in the area of the Bohemia Spillway formerly belonging to the Grand Prairie Levee 
District" existed in the Orleans Levee District since 1925 (Richardson and Bass v. Board Of 
Commissioners of the Orleans Levee District, et al. 1958) 

 6 oil wells completed in Bohemia Spillway (LDNR 2011) 
1943  

 3 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

1944  

 3 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

1945  

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

 Bonnet Carré Spillway opened March 25 to May 17 at 224,416 cfs (Owen and Walters 1950) 
Disastrous oyster impacts reported (Gowanloch 1950) 

 Earthen dam built at Bayou Lamoque to impede flow. - Boh Brothers Construction Co. 
$74,456.96(Bohemia Spillway Expenditure; URS 1984) 

 3 oil wells completed in Bohemia Spillway (LDNR 2011) 
1946  

 Legislative Act 45 orders the Orleans Levee District and Grand Prairie Levee Districts to rebuild 
the levee at Bayou Lamoque. The measure was designed to protect oyster and seafood 
resources as well as the cattle industry in the area (URS 984) 
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 43,250 feet (8.2 miles) of earthen levee built -Stevens & Company, $85,233.60 (Bohemia 
Spillway Expenditure) 

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

 2 oil wells completed in Bohemia Spillway (LDNR 2011) 

 High rainfall year PDSI = +2.7 (http://www.ncdc.noaa.gov/) 
1947  

 41,745 feet (709 miles) of earthen levee built- Anthony Bertucci, $16,715.87 (Bohemia Spillway 
Expenditure) 

 Lower Mississippi River at flood stage - Carrollton Gauge 16 feet (USACE 2011) 

 Hurricane - Cateogry 1 (USACE 1972; Yamazaki and Penland 2001) 
1948  

 Lower Mississippi River at flood stage - Carrollton Gauge 16 feet (USACE 2011) 

 2 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Representative of the oyster and fish industries requests that work be done to restrict the flow 
of water and silt from the Mississippi River into the Spillway through several gaps (URS 1984)  

 Willow, Chief Engineer to the President of the Orleans Levee Boards, "In the area between 
Cuselich Canal and Nestor Canal there were several bayous in the rear which were dammed off 
by the old rear levee. As the water from the river flowed over the land it built up a head 
sufficient to top the rear levee, with the result that the rear levee was gradually eroded  away 
and the old bayous reopened by the water currents. In the past twenty years that this spillway 
has been in operation the Bayous have been gradually encroaching towards the river, and in 
two places there are fairly large openings through which water flows from the river to the rear 
bays during most of the year...These gaps permit a large amount of fresh water and silt to flow 
into the rear waters when the river gauge at Carrollton attains a height of six to eight feet, 
although the general area is not topped until the Carrollton gauge reads fifteen feet or more. 
Some portions require stages on the Carrollton gauge of eighteen feet or more to be topped" 
(URS 1984) 

 1949  

 2,190 feet levee and revetment built- C.W. Vollmer & Co., Inc., $28,105.55/ Orleans Levee 
Board had constructed approximately 2200 feet of levee and revetment across the low sections 
to alleviate complaints of the seafood industry (Bohemia Spillway Expenditure) 

 Harris Bayou Dam & Nestor Canal Levee- C.W. Vollmer & Co., Inc., $33,535.11 (Bohemia 
Spillway Expenditure) 

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

1950's  

 Numerous dams built in Mississippi River valley reduces sediment load by 50% 
1950  

 Levee and revetment work- C.W. Vollmer & Co., Inc., $57,602.88 (Bohemia Spillway 
Expenditure) 

 5 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Lower Mississippi River at flood stage - Carrollton Gauge 20 feet (6.1 m) (USACE 2011) 

 Bonnet Carré Spillway opened February 10 to March 16 at 156,114 cfs (Owen and Walters 1950)  

 Disastrous consequences reported due to oyster impacts (Gowanloch 1950) 

 USACE estimates that the Atchafalaya River has taken 30% of Mississippi River flow (Winkley 
1977) 
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 Discovery of Cox Bay oil field in Plaquemines Parish (LDNR 2011) 

 The Bohemia Spillway only carries 75,000 cfs in the 1950 flood because siltation decreases flood 
carrying capacity. Improvements are undertaken, at a cost of $388,311, to degrade the ridge to 
increase flood through the Bohemia Spillway. A fuse plug levee is constructed to reduce the 
frequency and delay the date of flooding and thus limit siltation, but the levee was designed to 
erode away when overtopped (URS 1984) 

1951  

 35 wells completed in Bohemia Spillway. Discovery of Black Bay (north) oil and gas field in 
Plaquemines Parish (LDNR 2011) 

 Oil and gas royalties rose from $137,901 to $764,592. (URS 1984) 
1952  

 22 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Lower Mississippi River at flood stage - Carrollton Gauge 16 feet (USACE 2011) 
1953  

 Lower Mississippi River at flood stage - Carrollton Gauge 14.4 feet (USACE 2011) 

 L.D. 52-27 - Clearing, grading and construction of fuse plug levee- Walter P. Villere Company, 
$105,192.85 (Bohemia Spillway Expenditure) 

 L.D.C 53-6 Tabony Pass Wood Revetment- Martin Construction Company $10,487 (Bohemia 
Spillway Expenditure) 

 L.D. 53-20 - Removing 227,394 cubic yards of dirt and rebuilding 3,600 feet/ Fuse Plug Levee, 
Wallace C. Drennan $76,667.81, Order No. E 17098 Tractor Rental, $562.50 (Bohemia Spillway 
Expenditure) 

 27 oil wells completed in Bohemia Spillway (LADNR 2011) 
1954  

 Richardson and Bass v. Orleans Levee District, heard by the Louisiana Supreme Court in 1954, 
involves a dispute between the Orleans Parish Levee Board and the Grand Prairie Levee Board 
over oil-producing lands in Plaquemines Parish. The Orleans board claimed that the Delta 
Development Company's lease (see 1936) was invalid for two reasons.  First, the Grand Prairie 
board had no right to lease the land; second, Delta was a dummy corporation. Delta had paid 
only a nominal consideration, the Orleans board argued, and had acted in "bad legal faith." The 
case was eventually decided in favor of the Orleans board (Jeansonne 1977) 

 5 oil wells completed in Bohemia Spillway (LDNR 2011) 

 L.D. 53-25 -200,000 Cubic yards of dredging- Buster Hughes, $70,670.52; L.D. 54-11 Degrading 
Section "D"-Walter P. Villere Company, $50,474.90; L.D. 54-20 Degrading Section "E"- Kenyon 
Dredging Co. Inc. $41,465.60 (Bohemia Spillway Expenditure) 

1955  

 Lower Mississippi River at flood stage - Carrollton Gauge15.4 feet (USACE 2011) 

 1 oil well completed in Bohemia Spillway (LDNR 2011) 
1956  

 2 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Lower Mississippi River at flood stage - Carrollton Gauge 13.2 feet (USACE 2011) 

 Hurricane Flossy Category 1 (USACE 1972; Yamazaki and Penland 2001) 

 L.D. 56-26 Clear and clean levee of debris- Arnold J. Wolfe, $4,300 (Bohemia Spillway 
Expenditure) 

1957  

 Lower Mississippi River at flood stage - Carrollton Gauge 15.6 feet (USACE 2011) 
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 L.D. 56-36 Levee restoration and slope paving, Ostrica and Nestor Canal- Monroe J. Wolfe, 
$81,880.35 (Bohemia Spillway Expenditure) 

1958  

 1 oil well completed in Bohemia Spillway (LDNR 2011) 

 Lower Mississippi River at flood stage - Carrollton Gauge 14.8 feet (USACE 2011) 
1959  

 Lower Mississippi River at flood stage - Carrollton Gauge 11.5 feet  (USACE 2011) 

 2 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Order No. E 30141 - Wood revetment -Popich Marino Construction, Inc. $1,600 (Bohemia 
Spillway Expenditure) 

1960  

 Hurricane Ethel -Category 1 (Yamazaki and Penland 2001) 

 4 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Lower Mississippi River at flood stage - Carrollton Gauge 12.3 feet (USACE 2011) 
1961  

 Lower Mississippi River at flood stage - Carrollton Gauge 16.3 feet   (USACE 2011) 

 10 oil wells completed in Bohemia Spillway (LDNR 2011) 
1962  

 Lower Mississippi River at flood stage - Carrollton Gauge 15.8 feet  (USACE 2011) 

 4 oil wells completed in Bohemia Spillway (LDNR 2011) 
1963  

 Lower Mississippi River at flood stage - Carrollton Gauge 13 feet (USACE 2011) 

 2 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Completion of Old River Structure on the Mississippi River - Mississippi River discharge is split 
70% Mississippi River and 30% Atchafalaya River (Barry 1998) 

1964  

 1 oil well completed in Bohemia Spillway (LDNR 2011) 

 Lower Mississippi River at flood stage - Carrollton Gauge 15.1 feet (USACE 2011) 

 Hurricane Hilda  (USACE 1972; Yamazaki and Penland 2001) 
1965  

 Hurricane Betsy passes west of New Orleans and Lake Pontchartrain (Category 3 storm) (USACE 
1972; Yamazaki and Penland 2001) 

 Lower Mississippi River at flood stage - Carrollton Gauge 13.9 feet (USACE 2011) 
1966  

 Lower Mississippi River at flood stage - Carrollton Gauge 14.8 feet (USACE 2011) 

 1 oil well completed in Bohemia Spillway (LDNR 2011) 

 High rainfall year PDSI = +2.7 (http://www.ncdc.noaa.gov/) 
1967  

 5 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Lower Mississippi River at flood stage - Carrollton Gauge 12.5 feet (USACE 2011) 
1968  

 Bohemia Spillway Wildlife Management Area established through a lease of 33,000 acres by the 
Louisiana Department of Wildlife and Fisheries from  the Orleans Levee Board (OLB 1968) 

 Lower Mississippi River at flood stage - Carrollton Gauge 12.5 feet (USACE 2011) 

 Low water level (discharge) of Mississippi River (Lopez 2003) 

 24 oil wells completed in Bohemia Spillway (LDNR 2011) 
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1969  

 Lower Mississippi River at flood stage - Carrollton Gauge 14.2 feet (USACE 2011) 

 4 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Hurricane Camille passes through Chandeleur Sound - Category 5 (Yamazaki and Penland 2001) 
1970  

 Lower Mississippi River at flood stage - Carrollton Gauge 14.2 feet (USACE 2011) 

 4 oil wells completed in Bohemia Spillway (LDNR 2011) 
1971  

 Lower Mississippi River at flood stage - Carrollton Gauge 13.3 feet (USACE 2011) 

 2 oil wells completed in Bohemia Spillway (LDNR 2011) 
1972  

 Lower Mississippi River at flood stage - Carrollton Gauge 12.7 feet (USACE 2011) 
1973  

 Bonnet Carré Spillway opened April 8 and June 21 at 131,000 cfs  (USACE 1974) 

 5 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

1974  

 2 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Carrollton gauge reaches or exceeds a stage of 15 (16.8) feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

 L.D. 745-32M -Fuse plug levee, Bohemia to Bayou LaMoque - S&S Equipment & Construction 
and West Delta Construction Development Co. Inc., $229,912 (Bohemia Spillway Expenditure) 

1975  

 Carrollton gauge reaches or exceeds a stage of 15 (17.8) feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

 Bonnet Carré Spillway opened April 14 to 27 at 74,000 cfs (URS 1984) 
1976  

 10 oil wells completed in Bohemia Spillway (LDNR 2011) 
1977  

 2 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Lower Mississippi River at flood stage - Carrollton Gauge 12.4 feet (USACE 2011) 
1978  

 Lower Mississippi River at flood stage - Carrollton Gauge 13.6 feet (USACE 2011) 

 High rainfall year PDSI = +2.8 (http://www.ncdc.noaa.gov/) 

 7 oil wells completed in Bohemia Spillway (LDNR 2011) 
1979  

 3 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Hurricane Bob - Category 1 (Yamazaki and Penland, 2001) 

 Lower Mississippi River at flood stage - Carrollton Gauge 17.0 feet (USACE 2011) 

 Bonnet Carré Spillway opened April 17 to May 31 at 109,000 cfs (URS 1984) 

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water (URS 1984) 

1980  

 Lower Mississippi River at flood stage - Carrollton Gauge 16.3 feet (USACE 2011) 

 5 oil wells completed in Bohemia Spillway (LDNR 2011) 
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1981  

 Lower Mississippi River at flood stage - Carrollton Gauge 11.4 feet (USACE 2011) 

 6 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Lower water level (discharge) of Mississippi River (Lopez 2003) 
1982  

 Lower Mississippi River at flood stage - Carrollton Gauge 13 feet (USACE 2011) 

 7 oil wells completed in Bohemia Spillway (LDNR 2011) 
1983  

 4 oil wells completed in Bohemia Spillway (LDNR 2011) 

 High rainfall year PDSI = +2.6 (http://www.ncdc.noaa.gov/) 

 Lower Mississippi River at flood stage - Carrollton Gauge 17.2 feet (USACE 2011) 

 Bonnet Carré Spillway opened May 20 to June 23 at 227,600 cfs (USACE 2011) 

 Carrollton gauge reaches or exceeds a stage of 15 feet and the Bohemia Spillway conveys 
considerable amounts of water. (URS 1984) 

1984  

 Lower Mississippi River at flood stage - Carrollton Gauge 17.2 feet (USACE 2011) 

 4 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Act 233 of 1984: Louisiana legislature decides to return the land taken for the Bohemia Spillway 
and orders the Orleans Levee District to return the ownership of said property to the owners or 
their successors from whom the property was acquired by expropriation or by purchase under 
threat of expropriation (The Times Picayune 1984) 

 Estimated carrying capacity of the Bohemia Spillway during a project flood is between 108,000 
and 290,000 cfs, depending on wind and tide conditions (URS 1984) 

1985  

 Lower Mississippi River at flood stage - Carrollton Gauge 15.9 feet and a late year peak at
 14.4 feet (USACE 2011) 

 2 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Hurricane Elena (Category 3); Hurricane Juan (low storm surge, high rainfall storm) (Yamazaki 
and Penland 2001) 

1986  

 1 oil well completed in Bohemia Spillway (LDNR 2011) 
1987  

 An investigation into Chalin Perez’s divorce file yields  ''a little shred'' of paper that contained a 
reference to another document that showed a connection between the Perezes  and Delta 
Development Inc., which controlled the mineral rights on oil lands. (The New York Times 1987) 

 3 oil wells completed in Bohemia Spillway (LDNR 2011) 

 Lower Mississippi River at flood stage - Carrollton Gauge 12.9 feet (USACE 2011) 
1988   

 Haspel & Davis Milling & Planting Co., Ltd., Jean Mayer Connell, Joseph Jean Torre, Sr., Bohemia 
Planting Co., Inc. Leonie Davis Rothschild, and Arthur Q. Davis, filed a class action, seeking 
payment of revenues from the Bohemia Spillway from 1984 until the time that their property 
was transferred to them by the Levee Board.  Although the trial court originally entered 
judgments against the landowners, this court reversed and held that the landowners and their 
successors were entitled to mineral and other royalties from June 29, 1984, the effective date of 
the 1984 Act, rather than from the date of the actual transfers of property (Haspel & Davis 
Milling & Planting Co., Ltd. v. Board of Levee Com'rs of the Orleans Levee Dist., 95-0233,La.App. 
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4 Cir. 9/4/96), 680 So.2d 159, writ denied, 96-2430 (La.12/6/96), 684 So.2d 932. 
Charter/Organization ID: 08600460D) 

 Lower Mississippi River at flood stage - Carrollton Gauge 13 feet (USACE 2011) 

 Low water level (discharge) of Mississippi River (Lopez 2003) 

 Hurricane Florence - Category 1 (Yamazaki and Penland 2001) 

 1 oil well completed in Bohemia Spillway (LDNR 2011) 
1989  

 Lower Mississippi River at flood stage - Carrollton Gauge 14.5 feet (USACE 2011) 

 3 oil wells completed in Bohemia Spillway (LDNR 2011) 
1990  

 Lower Mississippi River at flood stage - Carrollton Gauge 15.5 feet (USACE 2011) 

 1 oil well completed in Bohemia Spillway (LDNR 2011) 
1991  

 Termination of the lease for the Bohemia Spillway Wildlife Management Area by the Louisiana 
Department of Wildlife and Fisheries because of the former ruling that the land in the Spillway 
be returned to the original owners (LWF 1991) 

 Lower Mississippi River at flood stage - Carrollton Gauge 16.9 feet (USACE 2011) 

 High rainfall year PDSI = +4.9 (http://www.ncdc.noaa.gov/) 

 1 oil well completed in Bohemia Spillway (LDNR 2011) 

 Levee board issues quit claim deeds passing title to original landowners or their successors. The 
levee board refuses to remit mineral royalties that the levee district had received between June 
1984 and the time the land was returned (United States Court of Appeals for the Fifth Circuit 
2002) 

1992  

 Lower Mississippi River at flood stage - Carrollton Gauge 11.4 feet (USACE 2011) 

 Hurricane Andrew - Category 4 (Yamazaki and Penland 2001) 

 High rainfall year PDSI = +4 (http://www.ncdc.noaa.gov/) 
1993  

 1 oil well completed in Bohemia Spillway (LDNR 2011) 
1994  

 Lower Mississippi River at flood stage – Carrollton Gauge 16.5 feet (USACE 2011) 

 1 oil well completed in Bohemia Spillway (LDNR 2011) 
1995  

 Lower Mississippi River at flood stage - Carrollton Gauge 16.8 feet (USACE 2011) 
1996  

 Lower Mississippi River at flood stage - Carrollton Gauge 14.5 feet (USACE 2011) 

 A group of 24 landowners file suit in state court requesting (1) a declatory judgment confirming 
their ownership of the disputed mineral royalties, (2) an accounting of all mineral royalties paid 
to the levee board after June 29, 1984, and (3) a money judgment for the royalties that the 
levee board had not repaid. The Louisiana Court of Appeals held, based on the clear language 
act of 233, that the levee board had no right to revenues from the property (United States Court 
of Appeals for the Fifth Circuit 2002) 

 2 oil well completed in Bohemia Spillway (LDNR 2011) 
1997  

 Hurricane Danny - Category 1 (Yamazaki and Penland 2001) 

 1 oil well completed in Bohemia Spillway (LDNR 2011) 

 Lower Mississippi River at flood stage - Carrollton Gauge 16.9 feet (USACE 2011) 
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1998  

 Lower Mississippi River at flood stage - Carrollton Gauge 14.5 feet (USACE 2011) 

 Hurricane Georges damages Chandeleur Islands - Category 2 (Yamazaki and Penland 2001) 
1999  

 Lower Mississippi River at flood stage - Carrollton Gauge 15 feet (USACE 2011) 

 Louisiana courts order the levee board to reimburse the landowners for $2,853,358.44 in unpaid 
mineral royalties (United States Court of Appeals for the Fifth Circuit 2002) 

 Landowners sought a writ of seizure, but Article 12, Section 10 C of the Louisiana Constitution 
provides that property of the state, a state agency, or political subdivision is not subject to 
seizure (United States Court of Appeals for the Fifth Circuit 2002) 

 Landowners sought a writ of mandamus, but Louisiana courts have long held that a judgment 
creditor may not use a writ of mandamus to force a political subdivision to appropriate funds to 
pay the judgment (United States Court of Appeals for the Fifth Circuit 2002) 

 Landowners filed an action in federal court claiming that the levee board's refusal to pay the 
judgment is an unconstitutional taking of their property without just compensation. The  levee 
board asserts that it is an "arm of the state" and entitled to Eleventh Amendment immunity. The 
district court concluded that the board is an arm of the state. The court granted  the levee 
board's Rule 12(b) motion to dismiss for lack of jurisdiction, and the landowners  appealed 
(United States Court of Appeals for the Fifth Circuit 2002) 

2000  

 Low peak spring flood-Carrollton Gauge 8.4 feet (USACE 2011) 
2001  

 Lower Mississippi River at flood stage - Carrollton Gauge 14.2 feet (USACE 2011) 

 Tropical Storm Allison drops 20+ inches of rain in areas around Lake Pontchartrain (Lopez 2003) 

 5 oil wells completed in Bohemia Spillway (LDNR 2011) 
2002  

 Lower Mississippi River at flood stage - Carrollton Gauge 15.4 feet (USACE 2011) 

 Tropical Storm Isidore directly passes over eastern Lake Pontchartrain; Hurricane Lilly passes 
west of Pontchartrain Basin (Lopez 2003) 

 4 oil wells completed in Bohemia Spillway (LDNR 2011) 
2003  

 Lower Mississippi River at flood stage - Carrollton Gauge 14 feet (USACE 2011) 

 3 oil wells completed in Bohemia Spillway (LDNR 2011) 
2004  

 1 oil well completed in Bohemia Spillway (LDNR 2011) 
2005  

 Hurricanes Katrina, Rita, Cindy and Dennis 

 Lower Mississippi River at flood stage - Carrollton Gauge 16 feet (USACE 2011) 

 3 oil wells completed in Bohemia Spillway (LDNR 2011) 
2006  

 1 oil well completed in Bohemia Spillway (LDNR 2011) 
2007  

 LPBF begins study of the Bohemia Spillway 

 1 oil well completed in Bohemia Spillway (LDNR 2011) 
2008  

 Heavy rain in the Mississippi River Valley prompts the opening of the Bonnet Carré Spillway for 
the first time in 11 years. 160 of the 350 bays are opened for a total of 31 days (USACE 2011) 
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2011  

 A large flood crest moves down the Mississippi from a combination of snow melt and heavy 
spring rains in the Ohio Valley. The Bonnet Carré Spillway is opened on May 9th to alleviate high 
flow rates past New Orleans.  The Bonnet Carré Spillway is in use for 43 days, closed on June 
20th (USACE 2011) 
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LPBF Research Program Purpose 
  
 Due to the removal of the artificial river levees in 1926, the Bohemia Spillway provides a truly 
unique opportunity to investigate a long-term response of wetlands to discharge of the Mississippi River 
by processes that emulate the natural process of seasonal overbank flow. Because the Bohemia Spillway 
may be instructive to restoration, LPBF has been investigating the Bohemia Spillway since 2007 (Lopez et 
al. 2008).  This work now spans two significant flood events in 2008 and 2011.  In 2010, LPBF surveyed 
the Bohemia Road elevation through Bohemia Spillway.  In 2011, extensive hydrologic surveys were 
conducted (Lopez et al. 2011). 
 An intriguing aspect of the Bohemia Spillway is relatively low rates of land loss (Figures 7 and 8).   
The observed land loss that is apparent is generally the direct loss due to dredging of canals and due to 
shoreline erosion near the sound.  Other causes of loss do not seem to be active, such as the indirect 
loss due to oil and gas canals seen throughout the Louisiana coast (Boesch et al. 1994).  Rather, what has 
been observed is that some canals in the Bohemia Spillway have converted to marsh again.  This is 
presumably due to the inorganic and organic accretion that may be resulting from the occasional river 
flow through the Spillway.  Small amounts of land gain have occurred since the spillway was created.  It 
seems clear that the wetlands within the Bohemia Spillway have been more resilient than in most other 
wetlands in coastal Louisiana.  How much of this resiliency may be attributable to the spillway allowing 
some natural overflow processes to occur is one focus of this research.  
 
 

 
Figure 7: Land Change map comparing the Bohemia Spillway on the east bank to the west bank patterns of wetlands loss 
(Couvillion et al.  2011). 



 

36 
 

 
Figure 8: Composite wetland loss (change) map from USGS and USACE data sources (LPBF and CRCL 2008). More details on 

land loss and land change in the Bohemia Spillway are present in the Land Change section later in this document. 

 
 
Activities conducted under the LPBF Research Program from 2007 to 2011 in the Bohemia Spillway 
included: 

 Vibracore program - Coring was completed in 2010.  XRF and age dating are in progress 
(preliminary results from the Vibracore Program are presented in Appendix A) 

 Vegetative mapping - This was based on 2010 field ground-truthing and typical remote sensing 
imagery; the work is complete except for spoil bank vegetation 

 Geomorphic and image analysis  

 Hydrologic survey during high and low water  

 Hydrologic modeling of the Mississippi River and the Bohemia Spillway  

 Forensic study of residual features and paper record of Bohemia management  

 Land change analysis  

 Comprehensive synthesis  
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Bohemia Spillway Geomorphology 
 

General Description 
 The study of geomorphology includes many forces that shape the landscape, one of which, 
flowing water, has been a major influence on many of the world’s landscapes.  As such, erosional and 
depositional processes are central themes of geomorphology.  Historically, the dominant geomorphic 
and geologic process in Southeast Louisiana is the overbank flow of Mississippi River flood waters into 
adjacent areas where it deposits sediment, freshens coastal water bodies, and shapes the terrain.  This 
geologic process would have been operational before European settlement and the construction of 
artificial river levees in the 19th century reduced or eliminated overbank flow.  
 As is common in Louisiana, the natural levee was the locus of early habitation and other 
resource exploitation because of the typical qualities of a natural levee in Louisiana.  According to Lopez 
(2003) the occupation and exploitation of natural levees in the Pontchartrain Basin were the first major 
environmental impact to the Pontchartrain basin.  Typical impacts of early European settlement were 
opportunistic logging, land clearing, and the construction of trapping canals, drainage ditches, and 
levees.  Bohemia Spillway was not immune to the impacts and significant human influence began at 
least as early as 1890. The present day landscape reflects these scars of activity prior to spillway 
construction in 1926 and continued activity after the establishment of the spillway.   
 In contrast to much of the Mississippi River deltaic plain, the terrain and geomorphology of the 
Bohemia Spillway is now characterized by the general absence of artificial river levees which were 
removed in 1926 to establish the spillway.  The spillway does have a broad elevated river bank, i.e., a 
natural levee.  On top of the natural levee is a poorly maintained road built near the crest of the natural 
levee.  With the establishment of the spillway, in years when the high spring river stages exceed the 
elevation of the natural levee and road, water flows over the natural levee and road continuing through 
a drainage network which is both natural and anthropogenic in origin, eventually reaching the Back 
Levee Canal and the sound.  Rainfall is also influenced by the natural levee relief and is presumed to flow 
generally away from the river and toward the marsh. Tropical systems may also influence the local 
hydrology in the Bohemia Spillway for short durations.  Storm surge during Hurricanes Katrina (2005) 
and Isaac (2012) completely inundated the land surface. Hurricane Katrina’s storm surge is believed to 
have deposited a wrack line on the marsh side of the shrub and forest area within the spillway, which is 
still present.  
   The Bohemia Spillway is 11.8 miles in length, approximately 3 miles wide (river to sound).  Three 
segments of the artificial river levee (Figure 3) are still present in the Bohemia Spillway, totaling about ½ 
mile in length (less than 5% of the spillway’s total length).  The spillway landform can generally be 
thought of as a linear ridge with an asymmetric profile that is flatter toward the marsh and steeper 
toward the river (Figure 9).  The peak of the profile is near the river where the road through the spillway 
is generally located.  This peak in the ridge is the crown of the natural levee. The natural levee has a 
continuous, narrow swath of forest transitioning into marsh.  Superimposed on the natural terrain are 
manmade features such as the Bohemia Road, oil and gas canals, borrow pits, and navigation canals.   
   



 

38 
 

 
Figure 9: Idealized diagram of Bohemia landscape, a wedge shaped triangle located between the Mississippi River and Breton 
Sound.  Near the river (the higher portion of the wedge) the landscape is dominated by a mixed upland and bottomland 
hardwood forest, while moving away from the river (where elevations are lower) there is a transition into lowland marsh.  A 
number of natural and man-made channels serve to capture Mississippi discharge during high water years and deliver it to 
the marsh and sound.    

 Because of the absence of an artificial levee, the Bohemia Spillway is a unique feature in 
Southeastern Louisiana, and efforts were made to classify and describe the geomorphology of the area.  
There are many natural and anthropogenic features that influence the geomorphology and 
understanding is needed on how these features act, in combination with Mississippi River flood waters, 
to shape the landscape.  This chapter will identify and describe natural and man-made geomorphic 
features present in the Bohemia Spillway. 
 

Bohemia Road 
 Bohemia Road runs, for the most part, along the crest of the natural levee in the spillway.  The 
Bohemia Road bed is loose aggregate and elevated slightly above grade (~one foot) of the natural levee.  
Therefore, the road can be the controlling elevation for flood waters coming from the Mississippi River.   
 In 2010, the road elevation was surveyed using a Trimble Geoexplorer 6000 GPS mounted to an 
ATV, because this was simply the easiest way to access the spillway (Figure 10).  Even with an ATV, some 
sections were very difficult to navigate. Although poorly maintained (Figure 11), the Bohemia Road is 
important because it provides a relative ease of access.  The road between Potash Field and Nestor 
Canal is not maintained but passable with a vehicle.  The road below Nestor Canal gets very overgrown 
and uneven, and barely passable with an ATV.  At the Cox Bay Field facility the road has been 
intentionally blocked with trees and pilings.  Below the Cox Bay facility an U.S. Army Corps of Engineers 
datum marker was found (Figure 12).  During high water in 2008 and 2011 washouts of the road 
developed.  The washout developed in 2011 near the small culvert diversion structure (aka Mardi Gras 
Pass) has not been repaired making the road impassable at this time.  The Bohemia Road from 2005 to 
2011 was partially maintained to support the facility at Potash oil and gas field. 
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Figure 10: ATV mounted with Trimble GPS surveying equipment used for the 2010 Bohemia Road survey. Picture taken at the 
Cox Bay Field facility. 

 

 
Figure 11: Picture on the Bohemia Road where it was overgrown, but passable. 
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Figure 12: A US Army Corps of Engineers datum marker was found on the Bohemia Road below the Cox Bay oil and gas 
facility (lat. 29.45948333°, long -89.61548333°). 

Bohemia Road peak elevations reach 10 feet on remnant artificial levees and four to eight feet 
on the natural levee. Figure 13 is a LIDAR (1999) picture which illustrates the gross topography of the 
Bohemia Spillway showing the relative slope moving away from the river.  Superimposed on the LIDAR 
are the elevations acquired by LPBF along the Bohemia Road in 2010 and from vibracore locations.   It is 
obvious that the road is located near the crest of the natural levee, but it is also clear from experience 
that the road is not always precisely at the highest point of the natural levee.  The elevations obtained 
should be considered a minimum controlling elevation since some sections of the natural levee are 
probably slightly higher than the surveyed road elevation.  It is also an important historic feature which 
is included in 19th century maps of the area. These absolute values of elevation also demonstrate the 
overall slope away from the river.  It is interesting to contrast the general relief of the Bohemia Spillway 
to the adjacent west bank, which is impounded and much lower. 
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Figure 13: Elevations of the Bohemia Road (near the River) taken in 2010 and elevations at vibracore and Coatswide 
Reference Monitoring System (CRMS) locations in the marsh with LIDAR data in the background. 

Natural Geomorphic Features 

 
Internal Drainage Sub-basins  
 The natural levee slope forces drainage away from the river and toward the marsh.  Over the 
length of the Bohemia Spillway sub-drainage basins developed prior to European settlement and 
subsequent anthropogenic modification to the landscape.  This original unaltered drainage can be 
divided into 5 or 6 sub–drainage basins (Figure 14).    
 The most well developed and integrated drainage sub-basins occur near the upper and lower 
ends of the spillway and are respectively Bayou Law (2,900 acres) and Harris Bayou (2,200 acres) (Figure 
15).  These two sub-basins have a trunk channel that drains to the sound.  The other sub-basins tend to 
be less well defined and may drain to in internal lagoons such as Mud Bay.  Bayou John would fall into 
this category except that the channel was altered by dredging of cut-offs making it more unnaturally 
connected to the sound.   It is these various sub-basins which would have controlled the natural flow in 
the Bohemia Spillway prior to any human intervention, which likely began in earnest from 1850 to 1900 
when trenasses and canals began to be dug. 
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Figure 14: Sub-basins within the Bohemia Spillway interpreted from dendritic stream patterns and channel morphology. 
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Figure 15: Aerial view of the Harris Bayou drainage basin showing (somewhat) natural drainage patterns (A) and an aerial 
view of Harris Bayou with the drainage network emphasized (B). 

Bayous and Tidal channels 
 Bayou Law, Harris Bayou (Figure 16), Bayou John and Fucich Bayou are the most prominent 
natural waterways in the Bohemia Spillway.   As described in the prior section, these features are part of 
an integrated drainage generally draining eastward away from the Mississippi River toward the sound.  
The trunk channels are 200 to 300 feet wide, and their widths narrow upstream toward the river.    

Breton Sound 

Mississippi River 
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Although the dendritic channel distribution and channel morphology suggests unidirectional flow 
toward the sound, most of these are on a daily basis dominated by astronomical tidal flow.  Therefore, 
the bayou’s geomorphology reflects a west to east flow due to rainfall drainage and Mississippi River 
overbank flow, and yet most of the time flow is bi-directional tidal flow.   Since all of these channels 
conceptually are focal points for flow which might be sourced from precipitation, astronomical tides and 
from river bank overflow, their hydrology and geomorphic character are subtly complex.  There are 
smaller more secondary channels that are not part of any dendritic drain system and may be classified 
as tidal channels.  Most of these appear unnamed on USGS quad maps.   

 
Figure 16: Tributary of Harris Bayou, July 9, 2010, viewing toward the sound.    This channel is generally 4 to 6 feet deep.  The 
nearby oil and gas canal is infilling and is less than 2 feet deep.   The depth of the bayou indicates it is still hydrologically 
significant.  In 2011, river water was flowing through this channel into the adjacent sound.  

Manmade Geomorphic Features 
Artificial levees 
 There are three locations where the Bohemia Road is distinctively more uniformly elevated than 
elsewhere (Figure 17).  Two of these locations have associated concrete embankments on the adjacent 
slope of the roadway (Figure 18). The third location is actually a continuation of the MR&T levee at the 
very upper end of the Bohemia Spillway.  All of this is evidence that these elevated segments may be 
remnants of an early artificial river levee that was known to be present prior to the creation of the 
Bohemia Spillway in 1926 
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Figure 17: Location of the three remnant pieces of artificial levee within the Bohemia Spillway, which are most likely pieces 
of the original levee present prior to 1926. 

 
Figure 18: Bohemia Road on top of what is likely a remnant artificial river levee. 
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Navigation Canals 
 The most significant navigation canal is the “Back Levee Canal” which presumably is named 
because above the Bohemia spillway the canal runs adjacent to the back levee.  However, within the 
spillway there is no back levee.  The history and nature of the Back Levee Canal in the Bohemia Spillway 
is not clear.  The original Back Levee Canal was present pre-1932 and was probably dug in the late 
1800’s.  The pre-1932 back levee canal was 11.5 miles long extending from Bayou Lamoque to the upper 
end of the spillway.  Two reaches of the pre-1932 back levee canal have been reclaimed by the marsh 
(Figure 19).  One reclaimed reach is north on Nestor Canal, and is 1.1 miles long.  It is readily seen as a 
vegetated lineation on color infrared photography.  Similarly, the re-claimed reach north of the Cox Bay 
is 1.4 miles long.  It seems likely, but unproven at this time, that these reaches may have been filled by 
sedimentation resulting from early discharge flows through the Bohemia Spillway after it was 
established in 1926 (Figure 20). 

 
Figure 19: Location of infilling and partial infilling in the Back Levee Canal in the Bohemia Spillway. 
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Figure 20: Close-up aerial view and on the ground view (looking north) of the Back Levee Canal (old route) where it is crossed 
by the Nestor Canal showing a rare occurrence in Louisiana, a naturally recovered or reclaimed canal.  Oak trees are on the 
original spoil bank of the canal.  The Back Levee Canal was probably infilled by sediment deposited by early discharges (1926 
to 1940) through the Bohemia Spillway.   Canals in south Louisiana usually are permanently open, and trigger additional 
indirect wetland loss that is not present here.   Other examples of complete or partial infilling are present in the Bohemia 
Spillway.  (Picture taken February 14, 2013) 
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 The current configuration of the Back Levee Canal seems to reflect re-routing due to the 
reclaimed reaches blocking navigation (Figure 21).  For example, the Back Levee Canal currently 
connects into Fucich Canal which has been dredged and has cutoffs.   This dog-leg route toward the 
sound allows access to Grand Bayou and other canals going into Cox Bay oil and gas canals and thus back 
into the lower reach of the Back Levee Canal, bypassing the reclaimed sections of the Back Levee Canal.  
This longer Back Levee Canal is 12.3 miles long within the Bohemia Spillway. 

 
Figure 21: Historic path of the Back Levee Canal (green line) before partial filling and alternate path forced by the infilling 
(red line) which leads out into the adjacent bay and then reenters the marsh near the Cox Bay facility. 

 The Nestor Canal has been variously reported to have been dug between 1888 and 1892, and is 
to have been 25 to 35 wide and a depth of 7 to 15 feet (The Daily Picayune 1906).  Pre-1926, Nestor 
Canal was a historically significant navigation canal servicing the fishing communities, such as Nestor, 
that pre-date the formation of the Spillway in 1926.  The Nestor canal ends within 40 feet of the 
Mississippi River but is not connected to the river.  Records suggest that it was never connected to the 
river, although Samuel Fucich proposed connecting the canal to the river in 1904.  Efforts were made as 
recently as 1965 to prevent Nestor Canal from being connected to the Mississippi River (The Times 
Picayune 1965).  At the terminus of the Nestor Canal at the Mississippi River the road is 8 to 9 feet high, 
and there are concrete embankments indicating the road here may be on a remnant artificial river 
levee.  Near the river, it has prominent spoil banks with an impressive grove of live oaks.  The eastward 
end of Nestor Canal connects to natural channels that allow access to the Fucich Bayou and the Back 
Levee Canal.  Nestor Canal is presently, 1.1 miles long (Table 1) and 70 to 100 feet wide (Figure 22).   
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Figure 22: Left: Nestor Canal. Right: Nestor Canal on right and Mississippi River on left. Bohemia Road here is on top of a 
remnant artificial levee. Pictures taken on May 3, 2007 during a CWPPRA field trip to assess Bohemia Mississippi River 
Reintroduction project proposed by EPA. 

Oil and Gas Canals 
 There are two oil and gas fields within the Bohemia Spillway.  Potash Field is near the center of 
the spillway, and is operated by Eland.  Their processing and staff facility within the spillway is called 
Sundown.  Cox Bay Field is on the lower end of the spillway at Cox Bay, just north of Harris Bayou.  There 
is also a processing facility, quarters, and dockage at the river (Figure 23).  Both of the fields are active 
and have numerous oil and gas access canals (Figure 24).  The canal configurations are typical south 
Louisiana oil and gas canals with spoil banks and often a barge turning basin at the terminus.  Canal 
widths vary from 80 feet to over 300 feet in the turning basin.  We estimate there are approximately 10 
linear miles of oil and gas canals within the Potash Field and 14 linear miles within the Cox Bay Field.  
Therefore, the total oil and gas canals are 24 miles (Table 1).  These canals resulted in at least 350 acres 
of direct conversion of land to open water channels.  From 1937 to 2007 there were 324 oils wells 
drilled in the Bohemia Spillway, mostly in the 1950's and 1960's, during which time 155 wells were 
drilled (Figure 25). 
 

Mississippi River Nestor Canal 
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Figure 23: Location of the two oil and gas fields present within the Bohemia Spillway and the network of canals.  There are 
approximately 24 miles of oil and gas access canals and 8.5 miles of pipeline canals within the Bohemia Spillway. 

 
Figure 24: Cox Bay Field oil and gas facility. (Picture taken on May 11, 2011) 
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Figure 25: Number of oil wells drilled in the Bohemia Spillway by decade as part of the Potash and Cox Bay oil fields. 

 There are unusual aspects to oil and gas canals within the Bohemia Spillway.  Many of the canals 
have a fringing marsh extending into the canal away from the spoil bank.  A canal found within the 
Harris Bayou drainage basin has partially been reclaimed, and the entire canal is unusually shallow being 
less than two feet (Figure 26).  This is an indication that this canal is infilling presumably due to 
sedimentation resulting from Bohemia Spillway overbank flow.    
 

 
Figure 26: Oil and gas canal near Harris Bayou with marsh accreting into the canal.  The canal is approximately 2 feet deep 
and is apparently infilling due to Bohemia Spillway river discharge.  (Picture taken on July 9, 2010) 

 
 Another unusual aspect of the oil gas canals is the damming effect of the spoil banks.  Since 
many of the canals are near the river and on the natural levee slope, the spoil banks have the potential 
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to create unnatural basins by blocking flow away from the river.  In places, this interrupted flow creates 
erosional gullies (see later section).  In one case, within Cox Bay field, the natural drainage channel is 
dammed by the spoil bank.  When the river is overtopping the natural levee, the natural channel back 
fills with water.  The channel has evolved into a swampy bog habitat in what should be an upland forest 
(Figure 27). 
 

 
Figure 27: Flooded forest due to oil and gas canal spoil bank damming the natural drainage from the river, in the Cox Bay 
field on the north side. (Picture taken May 17, 2011) 

Diversion Conveyance Canals 
 Two river diversion canals are present in the Bohemia Spillway (Figure 28) and are both 
components of conveyance of river water at the old Bohemia culvert structure located at what is now 
Mardi Gras Pass.  The total length of the two canals is 0.7 miles (Table 1). Due to the development of 
Mardi Gras Pass these canals have been altered in 2011 and 2012.  
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Figure 28: Diversion conveyance canal for the Bohemia box culvert diversion near the upper end of the Bohemia Spillway.  
Photograph was in May 11, 2011 during high water with river water flowing onto the Back Levee Canal. 

Pipeline Canals 
 There are at least two major pipeline crossings with pipeline canals (Figure 29).  One gas 
pipeline crosses the Bohemia Spillway from the sound to the Mississippi River.  It cuts across Bayou Law 
and the Back Levee Canal, and is 2.5 miles long.  The canal is actually a pair of two separate canals 
forming a twin pipeline canal, and so the total length of canal is 5 miles.  A second regional pipeline is 
present east of Cox Bay and is 3.5 miles long.  It cuts across Bayou Lamoque and Harris Bayou.  The total 
length of pipeline canals in the Bohemia Spillway is estimated to be 8.5 miles (Table 1). 
 
Borrow Pits and Borrow Canals 
 Several borrow pits are located near the upper end of the Bohemia Spillway near the river 
(Figure 23).  The largest is a 50-acre pond located just south of the tie levee and west of the Back Levee 
Canal.  Reconnaissance in 2011 and 2012 found the pit less than 5 feet deep.  In 2008 and subsequently 
in 2012, a breach in the adjacent road allowed river water flow into the borrow pit (Figure 29).  The land 
change map indicates this pit was excavated between 1956 and 1975.  It is suspected that the borrow 
pit has been infilling due to river flow through the Bohemia Spillway.  In 2011 and 2012, river discharge 
was documented flowing across this borrow pit and into a small bayou which flows into the Back Levee 
Canal.  There is a canal adjacent to the tie levee that may have been initially a borrow canal for the tie 
levee, which is 0.58 miles long (Table 1).   
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Figure 29: Breach in a road adjacent to the large borrow pit at the upper end of the Bohemia Spillway.  Photograph taken in 
May 24, 2008 during Mississippi River high water stage. Rodman is Dr. John Lopez. 

Table 1: Summary of linear miles of canals within the Bohemia Spillway. 

Canal Type  Total Length (mi.) 

Back Levee canal excluding O&G canal segment at 
Cox Bay 10.0 

Nestor Canal 1.1 

Oil and Gas Canals 24.0 

Pipeline canals  8.5 

Diversion canals 0.7 

Borrow canal (near tie levee) 0.6 

TOTAL 44.9 

 
Trenasses 
 Trenasses are defined here as small linear canals or ditches that are often rectilinear in 
distribution.  Typically they are 5 to 30 feet wide, and just 2 to 4 feet deep (Figure 30).  They are clearly 
initially man-made but may have evolved into channels of more natural geometry due to subsequent 
water flow.  The trenasses are intriguing since they are nearly ubiquitous in the Bohemia Spillway 
between the Back Levee Canal and the river (Figures 31 - 33). It is suspected the trenasses were even 
more extensive, being present east of the Back Levee Canal, but many have been reclaimed by the 
marsh.  The origins of trenasses are likely trapper ditches to access the marsh, drainage ditches near the 
river settlements or logging ditches near the ridge forest.  It may be that all of these were intended 
purposes.   
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Figure 30: Trennasse with river discharge flowing into the Back Levee Canal. (Picture taken on May 11, 2011) 

 
Figure 31: Patterns of trenasses within the Bohemia Spillway in CIR image.  Trenasses are most evident in this region 
between Cox Bay field and Nestor Canal and show the apparent evolution of some of the trenasses to meandering or 
tapering morphology.  It is suspected that these channels continue to have a large influence on drainage patterns of 
overbank flow during high water. 
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Figure 32: Aerial photography from 2011 within Cox Bay oil and gas field.  Trennasses are present within the forest to 
Bohemia Road.  A trenasse influenced the location of Ezra’s Gully. 

 

Figure 33: Trenasses near Harris Bayou in which Harris Bayou tributaries capture the flow from trenasse channels. 
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Gullies 
 Gullies in the Bohemia Spillway are an unusual feature that may be unique in coastal Louisiana.  
Gullies are ephemerally flowing, erosional channels that owe their origin to the location of oil and gas 
canals near the crown of the natural levee.  Since the water in the canals is well connected to the sound, 
the water is near sea level.  During a flood, water overtops the natural levee and cascades from the 
natural levee into the canal. Currently, the elevation difference is one to three feet.  This abnormal 
gradient accelerates flow and erosion.  This can result in localized flow which is greater than five feet per 
second, causing gully formation.    
  Ezra’s Gully (Figure 34-39) is a good example of this phenomenon.  During non-flood conditions, 
Ezra’s Gully was field mapped and found to be linearly oriented directly toward the river (Figure 34).  It 
is likely that a trenasse canal preceded the gully.  In the case of Ezra’s Gully the spoil banks of the canals 
created an impoundment except for the cut at Ezra’s Gully.  Due to the configuration of the spoil banks 
nearly all of the river flow from approximately 3,700 feet of overtopped river bank is forced to flow 
through the single channel of Ezra’s Gully.  The small exception being that near Ezra’s Gully it was 
discovered that surface water would flow underground through underground washouts and flow 
laterally into the oil and gas canals (Figures 37 and 38).  In Cox Bay, several other examples of gullies 
were found along the banks of the oil and gas canals near the river.  These other areas also had evidence 
of underground flow.   
 

 
Figure 34: Map of Ezra’s Gully showing how it is oriented linearly towards the river, most likely through a trenasse. 
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Figure 35: Ezra’s Gully in low water and no flow. See following picture for same location during high water. (Picture taken 
December 9, 2010)   

 
Figure 36: Ezra’s Gully during Mississippi River high water on May 17, 2011 (see prior figure during low water). 
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Figure 37: Surface to underground flow near Ezra’s Gully on May 29, 2011 (Jared Serigne in picture). 

 
Figure 38: Photo  taken just 50 feet from Figure 33 (above) where underground flow discharged into the oil and gas canal 
adjacent to Ezra’s Gully. 
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Figure 39: Gully discharging into Cox Bay oil and gas canal illustrating deep incision due to the unnatural relief that oil and 
gas canals create on the natural levee.  (Picture taken May 29, 2011) 
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Hydrology 
 

Historic Hydrology 
 To gain a perspective on the discharge through the Bohemia Spillway since its creation in 1926 
historic Mississippi River hydrology was studied, historic spillway discharge rates were investigated and 
a prediction of the total discharge through the Bohemia Spillway from 1926 to present was estimated.   
 Historic Mississippi River hydrology was investigated by obtaining daily river stage data for the 
Carrollton (New Orleans) and Point a la Hache gauges.  Much of this data was obtained from the USACE 
river stage website (http://www.mvn.usace.army.mil/eng/edhd/wcontrol/miss.asp); however for the 
Carrollton gauge, data was only available online from 1935 to the present and for the Point a la Hache 
gauge it was only available from 1938 to the present.   For both gauges earlier records were available.  
To access these records, the New Orleans District USACE office was visited where books with historical 
gauge data were photographed.  The records for the Carrollton gauge began in 1872 and for the Point a 
la Hache gauge they began in 1926.  The photographed data was manually typed into a spreadsheet and 
added to the data obtained from the website.  The daily stage data for both gauges was graphed 
(Figures 40 and 41).  The stage was graphed using RStudio because Excel does not recognize dates prior 
to 1900 and cannot handle large data sets.   
 

 
Figure 40: Historic Mississippi River stage at the Carrollton gauge from 1872 to 2012. Also shown is when the Bohemia 
Spillway and Bonnet Carré spillways were constructed, Bonnet Carré Spillway discharge during openings and the stage at 
which over-topping of the Bohemia Spillway occurs. 
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Figure 41: Historic Mississippi River stage at the Point a la Hache gauge from 1926 to 2012. Also shown is when the Bohemia 
Spillway and Bonnet Carré spillways were constructed, Bonnet Carré Spillway discharge during openings and the stage at 
which over-topping of the Bohemia Spillway occurs. 

 The stage data for the Carrollton gauge was graphed against the stage data for the Point a la 
Hache gauge to ascertain if there is a linear relationship between the gauges as expected and to 
determine the difference in stage between the two gauges (Figure 42).  Also the stages were graphed by 
decade in order to see if there has been a change in the relationship of the two gauges over time.  This 
graph revealed that the maximum stages have decreased over time, which is to be expected with the 
construction and operation of the Bonnet Carré Spillway during floods.  Also shown on the graph are 
Bohemia Spillway discharges by decade, in relation to the Carrollton stage.  Historic discharge estimates 
were obtained from the URS Report (1984) and recent discharge was measured by LPBF (see below). 
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Figure 42: Carrollton stage versus Point a la Hache stage by decade.  Notice that historically (1920’s through the 1950’s) the 
river reached a higher stage than in later time periods (even after the completion of the Bonnet Carré Spillway).   

 
 Estimates of discharge and total volume of water that has passed through the Bohemia Spillway 
since its creation were made.  Discharge estimates were obtained from historic reports and data 
collected by LPBF and UNO, spanning from the 1927 flood to the present with Mardi Gras Pass open.  
The discharge estimates were then graphed against the Point a la Hache stage so that an equation of the 
relationship between stage and discharge could be obtained.  However, it was discovered that when all 
the discharge estimates were used and an equation obtained, the resulting volume estimation was not 
accurate.  We determined that the inaccuracies occurred because the Bohemia Spillway silted up over 
time, and therefore, did not convey as much water (URS 1984) and that using Mardi Gras discharge 
estimates as part of the equation was not valid since the pass was not open prior to 2012.  Therefore, to 
estimate daily discharge and total volume of water through the Spillway, three equations were obtained 
by graphing only those discharge estimates that applied to a time period against river stage.  The time 
periods chosen were 1926 to 1940, 1940 to March 1, 2012, and March 1, 2012 to the present.  The time 
periods were chosen because there was evidence that the spillway had silted up considerably by 1950 
(URS 1984), the Bonnet Carré Spillway became operational in 1937, and Mardi Gras Pass opened on 
March 1, 2012.  Therefore, three separate graphs of discharge versus stage were made and three 
different equations obtained (Figure 43).  The first equation (Figure 43A) was used to calculate daily 
discharge between 1926 and 1940 when the stage was above 7.26 feet (point at which the equation was 
0); when it was below this the discharge was considered to be zero.  Similarly, the equation for 1940-to 
the present (up to March 1st 2012 in this report) was used in the same manner but the threshold stage 

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

-1

1

3

5

7

9

11

-1 1 3 5 7 9 11 13 15 17 19 21

B
o

h
e

m
ia Sp

illw
ay D

isch
arge

 (C
FS)P

o
in

t 
a 

la
 H

ac
h

e
 G

au
ge

 (f
t.

)

Carrollton Gauge (ft.)

1926-1929

1930-1939

1940-1949

1950-1959

1960-1969

1970-1979

1980-1989

1990-1999

2000-2012

Bohemia Spillway Discharge



 

64 
 

for this equation was 5.74 feet (Figure 43B).  For the period after Mardi Gras pass opened, the third 
equation (Figure 43C) was used when the stage was below 5.74 and the second equation (Figure 43B) 
was used when the stage was above 5.74 feet.  Estimates of daily discharge were carried through to 
October 31st, 2012 (Figure 44). 

 
Figure 43: Equation used to calculate daily discharge estimates from 1926 to 2012.  Equation A was used for river stages from 
1926 to 1940, equation B was used from 1940 to the present and equation C was used for the discharge through Mardi Gras 
Pass when river stage at Point a la Hache was below 5.74 feet. 

A 

B 

C 
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Figure 44: Daily discharge through the Bohemia Spillway from 1926 to 2012 calculated using the equations in Figure 41.  
Different equations were used from the periods of 1926 to 1940 and 1940 to the present because the maximum river stage is 
maintained lower than historic levels and the Bohemia Spillway experienced siltation which made it carry a lower discharge 
over time.   

 The three equations (Appendix B) were used to estimate the total volume of water that has 
passed through the spillway since its inception in 1926.  The equations were used to estimate how many 
cubic feet per second (cfs) were passed on a given day.  Then this number was multiplied by 864,000 
which is how many seconds there are in a day to get an estimate of the volume of water passed in a day.  
The daily volumes were then summed to get an estimate of total volume of water.  Therefore, since 
1926, approximately 220 trillion cubic feet of water has passed through the Bohemia Spillway or an 
average annual discharge of 2.5 trillion cubic feet.  Using these estimates, between 1926 (March 1, 
2012) and 1940 the Bohemia Spillway had some discharge for 16% of the time, between 1940 to the 
present  it has had discharge 21% of the time and overall it has had discharge for 20% of the time.   

The study of the historical hydrology in the Bohemia Spillway revealed some general trends.  
Overall, it seems that the maximum stage in the Mississippi River at Carrollton and Point a la Hache has 
decreased over time and the river no longer reaches heights that it did historically.  The calculation of 
the daily discharge conducted above was based on collected discharge data, and currently only a few 
discharge estimates are available.  Therefore, the calculations conducted above should be considered an 
estimation with the current data and the LPBF will continue to refine these estimations as more data is 
obtained.  However, it seems unlikely that the discharge in the Bohemia Spillway will exceed 75,000 cfs 
in the future given current Mississippi River condition and control operations of the Bonnet Carré 
Spillway.  Discharge in the Bohemia Spillway exceeds 50,000 cfs about once a decade since the 1960’s.  
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The LPBF will continue to collect data that will accurately put the Bohemia Spillway discharge in context 
with historic patterns and current conditions.   
 

Hydrology of the 2011 Flood 
  

In 2011, the Mississippi River experienced an historic flood due to extreme rains and snowmelt 
throughout the river’s watershed.  To mitigate flood damages, the USACE opened designated spillways 
in three well known locations:  1) South of Cairo, IL, 2) the Morganza Spillway north of Baton Rouge, LA, 
and 3) the Bonnet Carré Spillway north of New Orleans, LA.  These spillways all served to divert water 
from the main channel of the river, thus lowering the river’s stage below threatening levels.  While it did 
not divert as much water as the other spillways, the Bohemia Spillway still captured flow along with 
sediment and nutrients from the Mississippi River which flowed into the adjacent marshes along lower 
Breton Sound.  Figure 45 below shows how the high water event distributed sediment in southeast 
Louisiana’s coastal zone based on the natural and engineered outlets of the river.   
 

 
Figure 45: MODIS satellite imagery obtained on May 16, 2011 during the 2011 Mississippi high water shows discharge plumes 
of the Mississippi River.  The plumes initiate from various engineered and non-engineered outlets from the river, and they 
trace how freshwater and sediment is currently distributed into coastal environments during high water events.   

 Unlike the other three spillways, there was no high profile decision and no visually impressive 
event marking the opening of the Bohemia Spillway.  As the river rose to levels near the crest of the 
Bohemia Road, river water began to trickle over the road and into the Bohemia Spillway, a 3-mile wide 
swath of forest and marsh between Bohemia Road and Breton Sound.  As the river continued to rise, the 
flow increased until it peaked with the crest of the river stage on May 18, 2011 (Figure 46).  Our 
measurements indicate that at the river’s peak an estimated 30,000 - 50,000 cfs flowed from the main 
channel of the Mississippi river into the Bohemia Spillway.  
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Figure 46: Mississippi River stage at Point a la Hache in 2011.  Peak river stage was reached on May 18. (Gaps are times when 
the gauge was not recording) 

 
 The discharge into the Bohemia Spillway during the 2011 Mississippi high water event provided 
an ideal opportunity to investigate and study the hydrology of the spillway.  Therefore, LPBF conducted 
three separate but related field surveys at Bohemia during the high water: 
 

 2011 Flood Overbank hydrologic survey:  Key hydrologic variables (depth, velocity, and 
direction) were measured by two field teams that walked the length of the Bohemia Road taking 
measurements roughly every 500 ft. 
   

 River flow survey:  A team of UNO coastal scientists conducted Acoustic Doppler Current Profiler 
(ADCP) measurements along three transects that crossed the river adjacent to the Bohemia 
Spillway.   
 

 Marsh hydrology survey:  A third team of UNO coastal scientists obtained various flow 
measurements in channels within the marsh of the Bohemia Spillway. 

 
 In addition, a team of UNO computational hydrologists also completed computer simulations of 
the river’s discharge into the Bohemia Spillway.  Together these surveys and the computer modeling 
provide data adequate for a comprehensive analysis of the hydrology of the Bohemia Spillway during 
the 2011 high water. 
 
2011 Flood Overbank Hydrologic Survey 
 
Field Methods 
 
 The Bohemia Spillway road runs roughly parallel to the river and covers nearly 12 miles between 
the end of the river levees and the structures at Bayou Lamoque.  With elevations in the range of 5 – 10 
ft., this landscape feature is generally considered the controlling elevation that determines the flow rate 
into the spillways wetlands.  However, it should be noted that along some spans of the spillway, sand 
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bars, canals, and rock shoreline stabilizations along the river’s shoreline may actually determine the 
controlling elevation, but these features were not accessible during the survey. 
 Our hydrologic survey consisted of two teams, each of which would survey assigned segments of 
the road on a given survey day.  The teams would walk their assigned segments, collecting basic flow 
data along the way.  The collected data included the start and end points of the dry road segments 
(termed “Dry Points”), short spans of low flow (“Shallow Area”), and depth, velocity, and direction 
roughly every 500 feet for long segments of overtopping (“Overbank Flow”).  When velocity 
measurements were taken, the depth of the water was measured at the same location using a marked 
pole.  Velocity measurements were taken by releasing an orange and recording the time lapsed as it 
moved a specific distance (distances varied).  Direction of flow was measured using a compass pointed 
in the direction the float moved.  Figure 47 lists our survey dates and provides the corresponding 
hydrograph for the Pointe a la Hache gauge, which is just upriver of the Bohemia Spillway.   
 

 
Figure 47: Survey dates, including number of overbank flow measurements for each date, along with hydrograph for the 
Pointe a la Hache gauge. 

 In addition to measurements taken along the Bohemia Road, LPBF’s survey team also obtained 
basic observations on the marsh drainage network (between Bohemia Road and Breton Sound), 
including salinity, turbidity, and depth at various locations.  We also used a flow meter (General 
Oceanics Model 2030 Mechanical Flowmeter) to more precisely measure flow velocity at a handful of 
specific locations.  Various data were obtained from 55 locations distributed throughout the marsh 
drainage network between the Bohemia Road and Breton Sound.  Additional features that influence the 
Bohemia Spillway’s hydrology, such as culverts, were also noted, and when possible basic 
characteristics, such as the location and dimensions, were obtained.  
 While walking the length of the Bohemia Road, two major breaches in the road with water 
flowing freely through them were observed.  Because of the significance, the survey team returned to 
these locations on numerous later dates and obtained comprehensive measurements related to the 
dimensions and flow through these breaches.  In addition to measuring water depth with the pole from 
the boat, a basic survey instrument (Stanley FatMax AL24 Laser Level with a DeWalt DW0737 Heavy 
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Duty Tripod Type 1) was utilized to survey the length of the breach and height of the road relative to the 
water surface.  Additionally, the velocity was measured using the flow meter.  Of note, both breaches 
occurred near previous breaches observed during the 2008 high water event. At a third location, we 
observed significant scour in the road and believe that this may have formed a breach if given enough 
time and flow. 
  
Analysis and Results 
 
 In total, the field survey teams obtained 317 points along the Bohemia Road including 184 depth 
measurements of which 141 points have depth and velocity (Figure 48).  Different types of flow were 
observed from fast with ripples to stagnant or very slow flow (Figure 49).  Additionally, 104 points were 
dry locations and these were used to denote the beginning and end of road segments that were not 
flooded by the river.  The remaining data points relate to culverts, canals, washouts, and areas of little 
flow or stagnate shallow water. 

 
Figure 48: Depth and direction of flow measurements into the Bohemia Spillway.  Background imagery from 1999 LIDAR. 
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Figure 49: Examples of the observed type of flows across the road.  (A) Shallow trickle, (B) Shallow and smooth, (C) deep and 
smooth, and (D) deep with major ripples.   

 Our analysis estimates the peak discharge into the Bohemia Spillway, which occurred on the day 
that the river’s stage peaked at the Point a la Hache Gauge on May 17 (roughly 1 mile upriver from the 
Bohemia Spillway and on the opposite bank).  Surveying the 12 mile Bohemia Road in one day was not 
possible, so our measured depths were adjusted based on river’s stage for each survey day relative to 
peak stage.  For example, the stage on May 11 was 0.06 ft below the peak stage, so the measured 
depths for that date were adjusted upward by this value to estimate the depth at peak flow.  Depth of 
flooding ranged from zero to 34 inches with most locations having four to eight inches of water; velocity 
ranged from zero to four feet per second with most locations having velocities of 0.4 to 1.2 feet per 
second; depth times velocity ranged from zero to 60 ft2/sec with most locations having five to 15 ft2/sec; 
and direction of flow ranged from north to east to southeast with the majority of the flow direction 
going to the north and north east (Figure 50). 
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Figure 50: Histograms of the adjusted depth, the velocity, adjusted depth x velocity, and direction. 

 The discharge is the volume of water that passes through a location in a given amount of time.  
Typically, discharge is calculated based on the simple equation Q = A x V, where Q is the discharge, A is 
the cross-section area, and V is velocity.  However, in our case, directly measuring the cross section area 
was not possible, due to the uneven terrain below the water surface.  Therefore, to calculate the 
discharge in the spillway, an interpretive process that divided the spillway length into reaches based on 
landscape features that impact the flow regime was used (Figure 51).  We divided the reaches into 
relatively homogenous sub-reaches, based on:  similar flow measurements, photo documentation and 
personal recollections. 
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Figure 51: Reaches of the Bohemia Spillway delineated according to landscape features that affected flow in various ways. 

After the entire length of the spillway was divided into reaches, the following quantities were calculated 
for each sub-reach: 

 wet length of the sub- reach (as % of total length for the reach, based on the dry points) 

 average depth measured for the sub-reach 

 average velocity measured for the sub-reach 
 
From here, the discharge for each sub-reach was calculated using: 
 
Qsub-reach = wet length x avg. depth x avg. velocity 
 
Finally, the total discharge for the sub-reaches was summed to get the flow rate for each reach: 
 
Qreach =  ∑Qsub-reach  
 
Next, an initial estimate of the overbank discharge due in the spillway was obtained by summing the 
discharge for each reach: 
 
Qspillway=  ∑Qreach  
 
 This gave us an initial estimate of discharge for the spillway of 37,893 cfs (Table 2 has reach by 
reach estimates).  A final step in the analysis utilized a velocity adjustment to adjust for the fact that 
only surface velocity was measured rather than the velocity averaged over the entire depth of a 

location.  Following Mohamed and McCorquodale (1987), the mean velocity of an overbank flow is 
 

 
  of 

the surface velocity.  Upon adjusted our initial estimate by this amount, the final estimated overbank 



 

73 
 

discharge was 32,480 cfs.  Additional details on these calculations are in included in the “Description of 
Reaches” section in Appendix C. 
 

Table 2: Reach by reach estimates of discharge in the Bohemia Spillway during the 2011 Mississippi River flood. 

 
  
 In addition to flows over the Bohemia Road, additional observations were taken at several 
specific locations that involved flows into the Bohemia Spillway which were not the type of flows 
observed on the road.  In particular, four culverts under the road and two breaches in the road exhibited 
flows for which our standard measurement method did not apply, thus requiring additional steps to 
estimate the flow for these locations.  However, it should be noted that these flows required individual 
estimates based on limited measurements.  In fact, in the absence of some key measurements (such as 
velocity through the culverts) reasonable assumed values were used to calculate the flow rate.  In the 
end, the low values for the flow rate imply low sensitivity to uncertainties.  For example, it was assumed 
that velocity through Culvert 1 equals 4 ft/sec, a reasonable value in the absence actually 
measurements, which leads to an estimated 20 cfs through that culvert.  A basic sensitivity analysis 
shows that if the true value was twice the value we assumed, then the actual flow would be 40 cfs, a 
very small difference in this context.  
 On May 21 during the Bohemia Road survey, two breaches in the road were discovered, both of 
which were about 50 ft wide.  For Breach 1 (located near the diversion canal, aka Mardi Gras Pass), an 
evolving flow regime complicated attempts to estimate flow there.  As noted above, our method 
attempts to estimate the maximum discharge into the Bohemia Spillway.  For the overbank flow 
measurements, this meant adjusting the depth measurements to reflect the likely depth when the river 
was at peak stage.  In contrast, at Breach 1, it was observed that as the river stage dropped, the breach 
widened and flow either stayed the same or rose, rendering such an adjustment meaningless.  The 
estimate of the flow rate through Breach 1 relied on observations obtained on July 17 of the depth 

Reach Discharge (cfs) Notes

A 912 Includes overbank flow and 1 culvert

B 279 Diversion Structure

C 2,707 Blowout near diverstion structure

D 480

E 0

F 899

G 1,260 Blowout near pipeline field

H 2,764

I 526 Includes overbank flow and 1 culvert

J 83

K 63

L 6,483

M 4,064

N 839

O 2,702

P 497

Q 8,434

R 4,850

Total 37,842
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profile, width, and velocity, from which the flow rate is estimated to be 2,708 cfs. Through a similar 
method and using observations obtained on May 12, the flow rate through Breach 2 (near the pipeline 
field) is estimated to be 1,260 cfs. Since this breach is not dynamic and the observations were obtained 
near the river’s peak, it likely represents the peak flow through this breach.  Including the culverts and 
the breaches, our measurements indicated an estimated additional flow of Q = 4,553 cfs (Table 3). 
 
Table 3: Flow measures through culverts and breaches within the Bohemia Spillway. 

 
 
 The estimated flow rate through the four culverts equals less than 600 cfs, while the flow rate 
through the two breaches equals approximately 3,968 cfs, 6.6 times the flow through the culverts.  This 
finding indicates that the culverts do not have sufficient capacity for the amount of water being 
discharged during high river stages and that breaching of the road will continue to be a problem until 
culverts of sufficient capacity are installed or another approach is implemented.    
 On July 10, the two breaches were surveyed during low river stage (i.e., flow into the Bohemia 
Spillway had ceased) (Figure 52).  At the down -river- most breach (the Gas Field breach), the flow had 
decreased significantly as expected.  In contrast, at the upriver-most breach (located near the diversion 
canal and structure), the flow was substantial, despite the low water conditions.  Essentially, the breach 
had evolved into a flow channel that continued to receive discharge even though the river’s stage had 
dropped.  Upon further investigation, the survey team concluded that the flow through this breach 
initiated a process of headward erosion toward the river (Figure 53).  A sandbar along the riverbank was 
the only barrier to the channel connecting to the Mississippi River.  While the river remained elevated, 
water continuously flowed over the sandbar into the blowout channel and at the same time eroded cuts 
through the bar to the river.  Numerous downed willow trees were observed, due to erosion of sandbar.   

Reach Label Location Estimated Dimensions
Area 

(ft2)

Velocity 

(ft/sec)

Estimated 

Q (ft3)

A Culvert 1
Between end of levee & 

diversion strucutures
Diameter = 30" 4.91 4 20

B
Bohemia Box 

Culverts
At diversion structure 2 @ 48" and 2 @ 72" 81.6 4 327

I Culvert 3 Near gas pipline 2 @ 72" 56.5 4 226

F Culvert 4 Near Sundown Facility 1 @ 24" 3.14 4 13

C Breach 1 Near Diversion Structure
Depth= 15ft.       

Width=50 ft.
750 3.61 2,708

G Breach 2 Near Pipieline Field
Depth = 5-7 ft.             

Width = 70 ft.
420 3 1,260

Total= 4,553 cfs
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Figure 52: Location of breaches in Bohemia Road (reaches C and G) that formed during the 2011 Mississippi River flood.  

 
Figure 53: Process of headward erosion in the Bohemia Spillway. (A)  The breach in the road, taken January 6, 2012. (B)  
Looking toward the sandbar along the riverbanks, taken January 6, 2012.  (C) Headward erosion through the sandbar, taken 
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July 24, 2011. (D)  The headward erosion as it reaches the river, taken February 24, 2012.  The breach broke through to the 
Mississippi River in March, 2012 and became Mardi Gras Pass. 

 During a short high water period in December 2011, additional surveys of the breach and 
sandbar revealed that the bar continued to erode away under high water from the river.  Additional 
surveys were conducted through January and February with considerable geomorphic changes being 
observed.   Finally, sometime between February 24 and March 10, 2012, the channel completely cut 
through the bar, allowing for continuous flow during low river stages.   The new distributary was named 
Mardi Gras Pass (Figure 54). 

 
Figure 54: The greatest extent of the breach and headward erosion in 2011.  Initially a breach in the Bohemia Road, the flow 
through the breach initiated a process of headward erosion that eventually breached to the Mississippi River in March 2012, 
thus forming a new distributary pass, called Mardi Gras Pass.  (Separate reports on Mardi Gras Pass are available at 
http://saveourlake.org/). 

 Combining the estimate of the overbank discharge (32,480 cfs) with discharge through the 
culverts and breaches (4,533 cfs), total estimated peak discharge through the Bohemia Spillway is 
37,013 cfs.  Naturally, a number of uncertainties affect the accuracy of this measurement.  
Measurement errors and sampling bias are important sources of error.  Also important, are the 
assumptions made when calculating the discharge estimates.  While the method described above has 
many strengths, it was important to examine the sensitivity of the final estimate to different methods 
for calculating the flow rate using the overbank flow measurements.         

http://saveourlake.org/
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  To provide quality control on the previous estimates, two additional methods for calculating the 
flow rate were examined.  These are referred to as the first and second order estimates and are 
described below.  In the first order estimate, the product of depth x velocity was averaged over the 
entire length of the Bohemia Spillway then multiplied by the entire wet length and the velocity 
adjustment factor.  However, this method ignores the variation in flow characteristics between reaches 
(each of which comprise a unique portion of the total wet length). 
 
 Qoverbank =Avg(Depth x Velocity) x Wet Length x 6/7 =  33,198 cfs 
    
 In the second order estimate, the average depth x velocity was calculated over each reach, 
essentially ignoring variation by sub-reach. 
 
Qreach = Avg(Depth x Velocity) x Wet Length x 6/7 
   
Qoverbank = ∑Qreaches = 30,421 cfs  
 
 Both of the above values are estimates of the overbank flow only and the additional (culvert and 
breach) flow needs to be added to these values. 
 
 The three estimates for overbank flow combined with the estimate for the additional flow 
through culverts and breaches yields an estimated peak flow rate into the Bohemia Spillway of 35,000 – 
42,000 cfs.  However, this range does not consider other known errors, including measurement error 
and sampling bias.  Measurement errors (such as recording a depth as 6” when it is actually 7”) are 
mostly random.  However, sampling bias, resulting from the survey teams propensity to take data points 
at locations of good, unobstructed flow across the road, likely resulted in a systematic bias that inflated 
the flow estimate.  Given the uncertainty ranges for these sources, the true value of the peak flow rate 
for the Bohemia Spillway is estimated to be 30,000 – 50,000 cfs.  Importantly, because the Morganza 
and Bonnet Carré structures control the river stage at Carrollton, higher discharge rates into the 
Bohemia Spillway are not expected in modern times (except in the highly unlikely case that the river 
stage at Carrollton exceeds 17 ft.).   
 
2011 Flood River ADCP Survey (UNO Contract Survey) 
 
 While LPBF’s road survey was completed, another team of researchers collected additional flow 
data in the Mississippi River and the receiving marsh.  On May 17, 2011 (the day the river reached peak 
stage), a team of UNO coastal researchers completed three transects on the Mississippi River adjacent 
to the Bohemia Spillway with an Acoustic Doppler Current Profiler (ADCP), a remote sensing instrument 
that can be mounted on a boat to obtain measurements of the discharge through a transect location.  
The three transects were located at the upriver start of the Bohemia Spillway, near the middle of the 
spillway, and at the end of the spillway (Figure 55). 
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Figure 55: Location of the ADCP transects surveyed by the UNO contract team. 

 In principal, the difference in the measured discharge between the three locations would give 
the discharge into the Bohemia Spillway between the locations. However, a measurement error, 
occurring at the third location, was discovered because the discharge at this location was greater than 
the two upriver locations.  The third transect is located at a meander in the river which introduces 
additional noise to the measurements.  However, the two other ADCP transects yielded valid data which 
provides important information on the discharge into the Bohemia Spillway.    
 Based on the discharge measurements obtained from the first two transects, estimated 
discharge was approximately 8,000 cfs between the first two transects, river miles 46 – 40.  This stretch 
corresponds to reaches A through K (Figure 56).  Based on the overbank flow measurements, the total 
discharge for these reaches is 9,845 cfs – 11,378 cfs, a result that while larger than the ADCP results, is 
consistent with those numbers.  The ADCP measurement suggests a discharge of 1,885 cfs per river mile.    
Applying this rate uniformly across the entire 10.5 mile span of the Bohemia Spillway (since the Bohemia 
Road has numerous curves and loops it is longer than the actual span of the spillway) indicates a total 
discharge of 15,000 – 45,000 CFS.  
 

2011 Flood Marsh ADCP Survey (UNO Contract Survey) 
 
 The UNO team also obtained flow measurements from various locations throughout the marsh 
drainage network.  Due to the complications of the network, particularly the mixing of river flows with 
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the tidal currents, it was impossible to obtain a direct measure of the Bohemia Spillway discharge from 
the marsh drainage network.  Instead, these observations provided a clearer view of the fate of Bohemia 
Spillway’s discharge once it entered the marsh drainage network and how the discharge interacted with 
tidal effects (Figure 55). Most notably, these researchers concluded that the bulk of river discharge is 
contained within the canal network and that an observed asymmetry in the velocity signal confirms the 
river influence through the bay. 
 

 
Figure 56: Illustration of the locations (red dots) of synoptic ADCP measurements collected on May 18, 2011 by two vessels.  
Inserts (squares) show detail of the flow distribution in major canals at the study area (red arrows indicate direction at the 
time measurement, and numbers indicate magnitude in cubic feet per second).  Double arrows indicate by-directional flow 
(Georgiou and Trosclair 2011). 

 

Modeling 
 
 Specific modeling of the Bohemia Spillway was incorporated into a regional modeling effort of 
the Lower Mississippi River to assess current hydrologic conditions.  The model utilized the elevation 
survey of the Bohemia Road acquired in Fall, 2010 and the river stage of the flood of 2008.   The peak 
flood in 2008 at Point a la Hache was 7.46 feet, which is slightly lower than 2011 (7.66 feet).   
Preliminary modeling indicated the maximum discharge through the Bohemia Spillway in 2008 was 
30,000 cfs (Lopez et al. 2008).  Modeling of the 2011 hydrograph is underway, and is expected to 
generate a slightly higher discharge. 
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Hydro-geomorphic Classification 
 
 The Bohemia Road overflow survey was analyzed into 18 different reaches (Appendix C).  These 
analyses along with geomorphic and other cumulative observations in the spillway provide a basis for a 
hydro-geomorphic classification and description.  The length of the spillway was classified as generally 
into one of the following hydro-geomorphic types (Figure 57): 
 

 
Figure 57: The Bohemia Spillway was sub-divided into various reaches based on the  geomorphic influence of the hydrology 
during river overbank flow.   This was based on discharge measurements, the local geomorphology and on the actual 
observed interaction of flow through the landscape during the 2008 and 2011 floods. 

 
Trenasses-Back Levee Canal 
 
 Examination of aerial photography reveals that much the marsh side of the natural levee has a 
rectilinear pattern of small channels.  These are typically less than 30 feet wide and less than 6 feet 
deep.  It is likely these canals are trapper canals that pre-date the creation of the Bohemia Spillway in 
1926.   Due to the uncertainty, these are referred to as trenasses simply because of their small 
dimensions.   A subset of these trenasses actively captures overbank flow, which is then generally 
discharged into a back canal which runs nearly the length of the spillway.    
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Natural Levee-Back Levee Canal  
 
 This bayou drainage (Figure 15) classification is entirely in the lower reach of the Bohemia 
Spillway where the Harris Bayou tributary drainage is present.   This is an integrated drainage pattern 
flowing across and away from the natural levee and toward Breton Sound.  The drainage is slightly 
influenced by some linear trenasses, but most flow appears to be captured initially by the natural 
meandering drainage.  This flows into and across the Back Levee Canal.  Flow continuing past the back 
levee does reach the shallow bay of the larger Breton Sound.  In the late 1930’s, Harris Bayou breeched 
into the river but was dammed in 1940 (LA State Board of Engineers 1940).  Although at this time, Harris 
Bayou does not have a direct channel connection to the river, we have found no evidence of a dam.   
 
Oil and Gas Canals   
 Oil and gas canals were dredged with development of the Potash and Quarantine Bay oil and gas 
field first discovered in 1937/1938.  Corps of Engineers’ land change maps indicate canal dredging was 
primarily from 1932 to 1956, but as late as 1974 (Britsch and Dunbar 1996).  These canals have typical 
widths of south Louisiana oil and gas canals with a typical rectilinear distribution.  However, the canals 
are often shallower than typical oil and gas canals, some as shallow as two feet.  Some of these canals 
were dredged relatively close to the river and, therefore, at a high bank elevation since they are cut into 
the natural levee.  These canals significantly affect local overflow patterns through the spillway. For 
example, many of the oil gas canals have prominent erosional gullies near their termination close to the 
river.  Some of these gullies had significant flow during the flood (2,000 to 3,000 cfs).  The spoil banks 
are generally present and where present may deflect flow or impound river water.   
 
Road Blocking or Deflecting Flow  
 In a few places, it was apparent that the road elevation was significant enough to impede or 
deflect flow.  This was most evident near the upper end of the Bohemia Spillway where two parallel 
roads are present, which together significantly reduce the discharge. 
 
Artificial River Levee 
 At three locations in the spillway the road is more uniformly elevated (7 to 9 feet), and there is 
also present a partial concrete embankment.   It is strongly suspected these are remnants of the original 
front line river levee constructed prior to 1926.  Records indicate that at least 90% of the “front line” 
river levees were removed in February 1925 and September 1926 (LA State Board of Engineers 1926), 
and thus brackets the physical creation of the spillway.  A pre-construction engineering report says a 
short “spur” of the Bohemia levee would be left in place at the upper end of the spillway (OLB 1926).  
The remaining levees represent approximately 3% of the length of the spillway.  It is interesting that 
during the 2011 flood these remnant levees were not overtopped even though they presumably have 
not been maintained as levees since pre-1926.  Therefore, this implies that if the levees had not been 
removed in 1926, they would still be effective at preventing flow into the Bohemia Spillway during the 
recent flood events. 
 
Constructed Hydrologic Features. e.g., culverts, conveyance canals  
 There are basically two types of engineered hydrologic structures in the Bohemia Spillway.  
Round metal culverts have been placed underneath the Bohemia Road at various locations to reduce 
damage to the road when it is overtopped by river overflow.   These culverts vary from approximately 
2.5 feet to 6 feet in diameter.  Altogether there are eight, round, metal culverts at four locations that 
have been identified in-place in 2011.  The other type of constructed hydrologic feature is a structure 
composed of 4 concrete box culverts (4 feet by 4 feet) located near the upper end of the Bohemia 
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Spillway.  These culverts have adjacent conveyance canals running toward the river and to the Back 
Levee Canal. We refer to this feature as the "Bohemia box culverts."  It was built in 1979 by Louisiana 
Wildlife and Fisheries or Plaquemines Parish, is currently inoperable, and prior to the 2011 flood largely 
blocked by siltation.  
 
 The overall discharge through Bohemia Spillway is roughly evenly distributed through three of 
the hydro-geomorphic types:  

 34% Natural levee/bayou drainage   

 26% Back Levee Canal and  trenasses  

 32% Oil and gas canals.    
 

 Analyses suggest that the flow is slightly suppressed by the oil and gas canals, and by the 
presence of the road blocking or deflecting flow reaches.  Overall the effect of flow reduction due to 
anthropogenic features is probably less than 15% of the overall discharge through the Spillway. 
 
 
 

  



 

83 
 

Bohemia Spillway Land Change: 1932-2010  
 

Introduction 
 The oldest and most reliable detailed maps of Louisiana’s coastal shoreline date back to the 
1930s.  These Topographical Sheets (T-Sheets) created by the U.S. Coast Survey provides the baseline for 
land loss assessments, and starting point for documenting and recording land change.  On average, 
Louisiana has lost 24 square miles (61 km2) of land per year since the 1930's.  While land loss rates 
peaked in the 1960's and 1970's at approximately 30 square miles (78 km2) per year, more recently land 
loss rates have dropped to 17 square miles (44 km2) per year between 1985 and 2010.  In 2010, the 
Louisiana coastal zone lost 12.7 square miles (32.9 km2) but gained 9.7 square miles (25.1 km2) for a 
total loss of only 3 square miles (7.8 km2) (Couvillion et al. 2011). 
 Land loss in Louisiana has been the trend for decades; however, there are a few exceptions to 
this trend and Bohemia Spillway is one of them.  Utilizing remote sensing and GIS techniques, the land 
loss rates within the Bohemia study area have been investigated and found to be considerably less than 
the documented coastal zone counterpart.  Unlike the 17 square miles (44 km2) per year land loss rate 
documented along Louisiana’s coastal zone between 1985 and 2010, the Bohemia Spillway study area 
appears to withstand these land loss rates and was determined to be only 0.15 square mile (0.40 km2) 
per year between 1985 and 2010.  Bohemia’s lower land loss rates are likely attributed to the natural 
and periodic overtopping of an un-leveed natural river bank providing vital nutrients and sediment 
accretion to the area.  Also, growth of stabilizing marsh grass along the banks of the man-made canals 
and a gradual filling of the canals has been observed.  As described in this report, it is believed that 
frequent discharge from the Mississippi River has allowed the marsh wetlands here to be more resilient 
against the processes of land loss.  
  

Geology  
 The soils of Bohemia Spillway are Holocene in age and are classified as: 1) Natural Levees, gray 
and brown silt, silty clay, some fine sand; shown only on past and present courses of major streams; 2) 
Delta Plain, saline marsh, gray to black clay of high organic content, some peat; an area of active and 
abandoned delta lobe deposition; and 3) Delta Plain, fresh marsh, dark gray to black clay of very high 
organic content, some peat; an area of active and abandoned delta lobe deposition.  These Holocene 
sediments range in thickness from approximately 0 - 100 feet (0 - 30 m) and are underlain by Pleistocene 
strata at a depth of 100 to 700 feet (30 - 213 m) with the depth of the Pleistocene surface increasing 
towards the modern delta (USGS-LGS 1998). 
 
Methods 
Remote Sensing and GIS Analysis  
 The objective of this section was to accurately determine land change in the Bohemia Spillway 
study area using existing geospatial datasets, and remote sensing and GIS techniques.  The two most 
well documented spatial datasets for land change in Louisiana’s coastal zone are:  1) Land Area Change 
in Coastal Louisiana from 1932 to 2010: Scientific Investigations Map 3164, U.S. Geological Survey, 2011; 
and 2) Land Loss in Coastal Louisiana 1932 to 2001: Mississippi River Delta, Louisiana Map 7 of 7, U.S. 
Army Corps of Engineers, 2006. After analyzing and assessing the pros and cons of both datasets, it was 
determined that a third hybrid of the two existing datasets would provide a more accurate assessment 
of land change in the Bohemia Spillway.  As a result, a third hybrid merged spatial dataset was created 
for the Bohemia Spillway study area. 
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U.S. Army Corps of Engineers Geospatial Dataset 
 The U.S. Army Corps of Engineers – New Orleans District (USACE-NOD) have developed a series 
of maps depicting coastal land loss in Louisiana. The spatial data used were created from images in PDF 
format. The GIS data developed by the USACE is in a proprietary digital format which is not distributable 
to the general GIS community. In order to utilize the USACE land loss data in common GIS programs the 
scanned land loss maps needed to be georeferenced and classified into the land loss periods. The Lake 
Pontchartrain Basin Foundation contracted URS Corporation to convert the PDF image files (Corps of 
Engineers maps) into a common GIS data format. 
 The USACE divides the Louisiana coast into seven geographic areas for analysis, creating seven 
individual maps. These seven PDF files titled "Land Loss in Coastal Louisiana" were obtained from the 
USACE. Each PDF file was imported into a Corel graphics software program. Corel was used to remove 
the black outline from the land loss polygons in the PDF files. A file for each time period (one color 
represents one time period) was created and exported as a TIFF file, another file was created which 
represented land (gray). Each TIFF file was then converted to an 8 bit file decreasing the color depth to 
256 colors. The purpose of creating the georeferenced files is to develop a distributable version of the 
USACE data and not to try and improve upon any spatial inaccuracies due to the use of 1930's base 
maps noted by the USACE. This was accomplished by only using the latitude/longitude tic marks on the 
graphics and not any geographic land features. The georeferencing was performed in ArcGIS using the 
Spline transformation method, creating an ArcInfo GRID file. The results were within acceptable ranges. 
A visual inspection of the georeferenced data as compared to satellite imagery also was acceptable. The 
georeferenced files were projected to UTM, Zone 15, North American Datum 1983 meters coordinate 
system. The original PDF files have a pixel per inch value of 400. This equates to a pixel size of 7.9 meters 
for the georeferenced files. In order to create a dataset from which land loss calculations can be 
computed the pixels had to be classified into the time period which the pixel color represents (green = 
Time 1 Loss [1932-1958], etc.). The pixels for each time period file were classified into numeric values 
(green = 10, orange = 20, purple = 30, brown = 40, red = 50). Once each time period was classified the 
files were then mathematically summed. Time 1 (pixel value of 10) was added to time 2 (pixel value of 
20). The results included values of 10, 20 and 30. A value of 30 represents slight overlaps in the colors 
due to the scanning process. A value of 30 was reclassified to 10. When the result of the summations 
denoted an overlap the pixel values were reclassified to the older time period land loss. The results from 
adding Time 1 and Time 2 were then added to Time 3 and so on until all time periods were added into 
one GRID file. This process was performed for each of the seven geographic areas. Once a complete 
GRID file was completed for each geographic area the files were joined into one coast-wide file. 
Polygons were then created from the GRID file to create a vector shapefile. 
 The vector shapefile was then subset based on the Bohemia Spillway study boundary for 
analysis.  The Bohemia subset was extracted in ArcGIS based on time series (1932, 1958, 1974, 1983, 
1990 and 2001) and respective land and water body features for that period creating six new shapefiles. 
Statistics were calculated for each time period to produce a composite land loss map and cumulative 
land loss map with numerical results.   
 
U.S. Geological Survey Geospatial Dataset 
 The USGS analyzed landscape changes in coastal Louisiana by determining land and water 
classifications for 17 datasets from 1932 to 2010.  The datasets included 1932 U.S. Coast Survey 
Topographical Sheets, 1956 aerial data, and Landsat Thematic Mapper (TM) and Multispectral Scanner 
System (MSS) data from 1970s to 2010.  The 17 datasets are raster based and were originally collected 
in various scales (30, 60 and 90 meter native resolution).  For compatibility to current Landsat 
resolution, the 60 and 90 meter resolution data was resampled and normalized to 30 meter resolution 
using a cubic convolution resampling method. Data were classified into land/water categories by using a 
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standard methodology similar to previous land change studies (Barras et al. 2008). Supervised and 
unsupervised classifications were performed on the respective raster images to produce an accurate 
land/water classification for each time period. The mapped datasets identifies only those areas of 
persistent change (recognized in at least two consecutive time periods) and consistent change. The final 
products are raster (pixel) values of land change (gain/loss) only for a specific time period.  
 For the purpose of this investigation, the USGS dataset was subset to the Bohemia Spillway 
study boundary and analyzed.   To insure data consistency for comparison to the USACE dataset, the 
USGS raster dataset was converted to vector format in ArcGIS retaining the original raster pixel value 
and geometry.  The vector shapefile was then extracted based on feature time series, land gain and land 
loss respectively to produce 17 new vector shapefiles for analysis.  The statistical geospatial values were 
then used to produce a composite land change map and cumulative land change map of the Bohemia 
study area. 
 
Hybrid Geospatial Dataset 
 After analyzing and accessing the USACE and USGS datasets, it became clear that each dataset 
provided its own unique strengths and weaknesses for capturing land change in the Bohemia Spillway, 
and the larger coastal zone. While the USGS dataset captures both land gain and land loss, the USACE 
dataset only takes into account land loss for each given time period.  Perhaps the most notable 
difference in the two datasets is the methodology that each agency used to process the data. While the 
USACE dataset does a better job of capturing interior (ponds, canals, etc.) land loss, the USGS dataset 
performed better along shoreline areas where clear land/water delineation is evident. In part, this is 
largely attributed to the resampling of the native 60 and 90 meter resolutions of the pre-1979 spatial 
data by the USGS in an effort to facilitate comparability with later Landsat TM-based imagery (30 m 
resolution).  Due to the resolution resampling, the USGS dataset does not retain the original pixel value 
(60 – 90 meters) of the pre-1979 data, and pixels get reclassified to their predominant neighboring 
land/water feature.  However, the methodology used by the USACE dataset does not perform the same 
resampling method and does retain the smaller land/water features during the classification process. 
 To more accurately capture land loss in the Bohemia Spillway study area, a decision was made 
to utilize the strengths of both USACE and USGS datasets and produce a hybrid dataset.  The USACE and 
USGS datasets (22 combined time series) were grouped into seven new time series based on correlating 
years. With the exception of the 2002 – 2010 series, each of the seven time series incorporates land 
change values from both the USACE and USGS datasets. A change detection analysis was then 
performed for each time periods and any documented change (gain or loss) was merged with its 
respective year.  Statistics were calculated for each of the seven time periods to produce a composite 
land loss map and cumulative land loss map with numerical results .  
 

Results 
 
U.S. Army Corps of Engineers Geospatial Dataset 
 
  Results indicate that between 1932 and 1958, Bohemia lost 1.17 square miles (3.03 km2), or 
4.41 percent of the total study area (Figure 58).  Between 1958 and 1794, 0.57 square miles (1.48 km2) 
were lost, or 2.26 percent.  Between 1974 and 1983, 0.36 square miles (0.93 km2) were lost, or 1.44 
percent. Between 1983 and 1990, 0.17 square miles (0.44 km2) were lost, or 0.72 percent. Between 
1990 and 2001, 0.20 square miles (0.52 km2) were lost, or 0.85 percent.  Average land loss between 
1932 and 2001 (69 years) was found to be only 0.04 square miles (0.10 km2) per year.  There was a total 
loss of 2.5 square miles (6.5 km2) from 1932 to 2001 in the USACE dataset (Figure 59).  
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Figure 58: Bohemia Spillway composite land loss map utilizing the USACE spatial data. 
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Figure 59: Bohemia Spillway cumulative land loss map utilizing the USACE spatial data. 

 
U.S. Geological Survey Geospatial Dataset 
 
 Results for the Bohemia study area indicate that from 1932 to 2010 (78 years), there were 1.08 
square miles (2.80 km2) of land gain, and -4.07 square miles (-10.54 km2) of land loss for a net land loss 
of -2.99 square miles (-7.74 km2) (Figures 60 and 61).  Tabular results for the 17 datasets can be found in 
Table 4.  
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Figure 60: Bohemia Spillway composite land change map utilizing the USGS spatial data. 
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Figure 61: Bohemia Spillway cumulative land change map utilizing the USGS spatial data. 

Table 4: Land change for the Bohemia Spillway study area based on the analysis of the USGS 2010 dataset. 

 
 

2009 - 2010 1 0.0195 -0.0415 -0.0221 -0.0221

2008 - 2009 1 0.0126 -0.0177 -0.0052 -0.0052

2006 - 2008 2 0.0761 -0.0789 -0.0028 -0.0014

2004 - 2006 2 0.1816 -0.082 0.0996 0.0498

2002 - 2004 2 0.0253 -0.1218 -0.0965 -0.0483

1999 - 2002 3 0.0156 -0.0616 -0.0459 -0.0153

1998 - 1999 1 0.0021 -0.1259 -0.1238 -0.1238

1995 - 1998 3 0.0198 -0.158 -0.1382 -0.0461

1990 - 1995 5 0.0156 -0.2984 -0.2828 -0.0566

1988 - 1990 2 0.0035 -0.2485 -0.245 -0.1225

1985 - 1988 3 0.001 -0.1446 -0.1436 -0.0479

1977 - 1985 8 0.0024 -0.1601 -0.1576 -0.0197

1975 - 1977 2 0.0486 -0.3222 -0.2736 -0.1368

1973 - 1975 2 0.0045 -0.2696 -0.2651 -0.1326

1956 - 1973 17 0.0205 -0.361 -0.3405 -0.02

1932 - 1956 24 0.6307 -1.5737 -0.943 -0.0393

Totals: 78 1.0794 -4.0656 -2.9862 -0.0383

Time Series Duration  (yrs.) Land Gain (mi2) Land Loss (mi2) Net Change (mi2) Rate of Change (mi2/yr.)
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Hybrid Geospatial Dataset (Best Estimate) 
Land Loss 
 The hybrid dataset captured both the interior and shoreline land loss in the Bohemia Spillway 
and found land loss to be greater along the shorelines.  While loss was documented in the interior 
(canals and ponds) marsh from direct removal, these areas appear to be experiencing considerably 
lower rates of land loss and even land gain in areas.  Spatial analyzes of the hybrid dataset shows that 
over the last 78 years the Bohemia Spillway has lost -2,169.60 acres (-3.4 sq. mi., -8.8 km2) at an average 
rate of -28.16 acres (-.044 sq. mi., -0.11 km2) per year (Figures 62 - 64).  A summation of the three 
datasets can be found in Table 5, and indicate that if the USACE dataset was used alone in this 
investigation, approximately -588.80 acres (-2.38 km2) of land loss would go undocumented.  If the USGS 
dataset was used alone, -256 acres (-0.92, sq. mi., -1.04 km2) of land loss would go undocumented.  The 
hybrid dataset has proven to be beneficial in capturing overall land loss in Bohemia Spillway and should 
be considered for capturing land loss in Louisiana’s coastal zone. 

 
Figure 62: Bohemia Spillway composite land loss hybrid map: 1932 – 2010. 
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Figure 63: Percent annual land loss in the Bohemia Spillway over time using the hybrid data set (USACE and USGS estimates 
of land loss).  Most land loss occurred from 1932 to 1973, due mostly to the construction of canals for the oil and gas 
industry. 

 
Figure 64: Bohemia Spillway cumulative land loss hybrid map: 1932 – 2010. 
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Table 5: Land loss summation of three (USACE, USGS and Hybrid) spatial datasets for the Bohemia Spillway. 

Datasets Time Series 
Duration 
(yrs.) 

Land 
Loss 
(mi2) 

Land Loss 
(acres) 

Avg. Land 
Loss/Year (mi2) 

Avg. Land 
Loss/Year (acres) 

USACE 1932 - 2001 69 -2.47 -1,580.80 -0.040 -25.60 

USGS 1932 - 2010 78 -2.99 -1,913.60 -0.038 -24.32 

Hybrid 1932 - 2010 78 -3.39 -2,169.60 -0.044 -28.16 

       USACE - USGS Differential Assessment: -0.52 -332.80 
         USACE - Hybrid Differential 

Assessment: -0.92 -588.80 
  USGS - Hybrid Differential Assessment: -0.40 -256.00 
   

Land Gain 
 There is some land gain in the Bohemia Spillway that is captured by the USGS land change data 
set (Figure 60) (e.g., near Bayou John and Uhlan Bay).  Most of the land gain occurred along the 
shoreline in bays at the northern and southern end of the spillway.  However, there is minor land gain 
throughout the spillway along interior shorelines.   
 However, not all of the land gain that is occurring in the Bohemia Spillway is captured by the 
USGS data set.  Over the period of record there is evidence of canals filling with sediment, making them, 
in some places, un-navigable.  Mentioned in the geomorphology section, there are parts of the Back 
Levee Canal that have almost been completely reclaimed.  Also, in many places in the spillway, fringing 
emergent marsh along the canals can be seen encroaching into the canal, indicating that, over time, the 
canals may convert to marsh.  The many small trenasses present in the spillway have also been filling in 
and are too small to be captured in the USGS land change assessment methods.  The subtle but 
important occurrences of land gain are hard to quantify but is an important process in the spillway 
provides evidence that the Spillway is introducing sediment in to the adjacent marsh system, adding to 
the resiliency of the land and perhaps mitigating the effects of subsidence. 
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2010 Bohemia Spillway Vegetation Survey 
 Two complementary studies of vegetation in the Bohemia spillway were carried out in 2010. The 
first, led by Dr. Jenneke Visser and Dr. Whitney Broussard of University of Louisiana -Lafayette, was a 
field study that directly surveyed species occurrence and forest cover along transects from the river to 
the marsh. The second, by Elaine Evers of LSU, used aerial photography to assess vegetation types on a 
broad scale throughout the area. 
 

Methods 
Field Study  
 The UL-Lafayette study was a quantitative transect/quadrat survey consisting of four transects 
(named Diversion, Nestor, Cox and Harris Transects) with samples taken at boat/airboat/truck accessible 
sites (Figure 65).  However, surveys were conducted at a distance from road and bayou edges so as to 
eliminate edge effects.  Where possible, the same locations as those used by UNO’s vibracore team 
where used.  Locations were sometimes altered so that the different vegetation signatures in the 
Bohemia area were sampled and could be used as ground truthing for a vegetation map in the area.   
 

 
Figure 65: Location of the four vegetation transects within the Bohemia Spillway. 

 In the forested sites, three 25 square meter plots were established to estimate tree canopy 
cover to the nearest 5% at two or three points along the transect, where forest occurred.  At herbaceous 
vegetation sites, six random one square meter plots were established by throwing a plot marker without 
aim at six or seven points along each transect (Figure 66).  Within the one meter plot the amount of 
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bare area was determined to the nearest 5% and then the ground cover of all the plant species was 
estimated to the nearest 5% if a species occupied less than 5% of the plot area it was assigned a cover of 
1%. 

 
Figure 66: Individual transects with locations of survey plots indicated.  Also indicated is whether the site was used to 
estimate forest and herbaceous cover or just herbaceous cover. 

Aerial Study 
 The LSU study was a photo interpretation survey to classify vegetation types over a broad area. 
Satellite images and low altitude aerial photographs were analyzed with the help of ground-based 
observations to determine what assemblages of vegetation grew in different patches, extending from 
the river to the marsh.  The mapping of the Bohemia area vegetation communities was prepared using 
visual interpretation of imagery with digital input into a GeoMedia Professional 6.1 platform. The 2008 
color infrared imagery digital ortho-quarter quadrangles were provided by the LSU Atlas site. Data were 
input using UTM projection and NAD83 coordinate system. The most difficult aspect of vegetative 
mapping is the placement of a line to divide a community or association of vegetation. Some transitions 
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are abrupt, but subtle ecotones are more common. Significant effort was directed toward developing a 
classification system that dealt with these subtle transitions. Therefore although a minimum mapping 
unit of 0.5 ha was chosen, the mapping is more detailed and polygons smaller than this are included in 
the dataset. Data from vegetation transects flown in 2007 were used as part of the field verification.  
Some ground truthing was done using the data from the transects mentioned above.  
 

Results 
Forest Cover 
 In general, the forest cover followed a similar pattern at all four transects.  Close to the 
Mississippi River the dominant vegetation was black willow (Salix nigra).  Moving from the river's edge 
toward the marsh, the forest changed to an oak (Quercus spp.)/ hackberry (Celtis occidentalis) mixed 
hardwood forest, then the forest disappeared as the landscape graded into herbaceous vegetation or 
marsh vegetation.  In some cases, the invasive species Chinese tallow (Triadica sebifera) was prevalent. 
In addition to the trend moving from river to marsh, there also seems to be a trend of increased 
dominance by Chinese tallow moving southward until in the last transect where the invasive species 
dominates the interior forest and co-dominates at the river edge.  Other species that were found were 
bald cypress (Taxodium distichum), water oak (Quercus nigra), live oak (Quercus viginiana), blackjack 
oak (Quercus marilandica), toothache tree (Zanthoxylum clava-herculis), pumpkin ash (Fraxinus 
profunda), green ash (Fraxinus pennsylvanica), deciduous holly (Ilex decidua), pignut hickory (Carya 
glabra) and sugarberry (Celtis laevigata).  The data shown below represent the average of the three 25 
meter plots that were surveyed at each site unless otherwise indicated. 
 At the Diversion transect, the river edge site was dominated by black willow and the plots were 
on average 70% vegetated with a range of 50% to 80%.   Moving about 700 feet inland, at two different 
sites, there was a mixed oak forest with some bald cypress and Chinese tallow.  These plots were on 
average 85% and 55% vegetated with a range of 85% to 100% and 50% to 70% vegetated, respectively 
(Figure 67).   

 

 
Figure 67: Diversion transect showing results of the forest survey at three separate locations.  Notice the black willow (Salix 
nigra) at the edge of the Mississippi River and the mixed oak (Quercus spp.) forest moving away from the river. 

 



 

96 
 

 
 
At the Nestor transect, the river's edge site was again dominated by black willow but had less 

vegetation with an average of 48% and a range of 25% to 70% vegetative cover.  Moving 600 feet inland 
the forest was dominated by water oak, hackberry and Chinese tallow and was 72% vegetated with a 
range of 60% to 90% (Figure 68).   
 

 
Figure 68: Nestor transect showing results of the forest survey at two separate sites.  Notice the black willow (Salix nigra) at 
the edge of the Mississippi River and the mixed oak (Quercus spp.) and hackberry (Celtis occidentalis) forest moving away 
from the river. 
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 At the Cox transect, the river's edge site had an equal mix of Chinese tallow and black willow but 
was sparsely vegetated with an average of 22% and a range of 10% to 40% vegetative cover.  Two 
interior forest sites were surveyed, one at 185 feet and the other 730 feet from the river's edge.  The 
site closer to the river was dominated by Chinese tallow and blackjack oak with other oak species, 
hickory and sugarberry mixed in.  These plots were on average 92% vegetated with a range of 90% to 
100% vegetated.  The most interior site had an even mix of water oak and deciduous holly but was 
sparsely vegetated with an average vegetative cover of 22% and a range of 20% to 30% (Figure 69).   
 

 
Figure 69: Cox transect showing results of the forest survey at three separate sites.  Notice the black willow (Salix nigra) and 
Chinese tallow (Triadica sebifera) at the edge of the Mississippi River and the mixed oak (Quercus spp.) forest moving away 
from the river. 
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 At the Harris transect, the river edge site again had an equal mix of black willow and Chinese 
tallow but was sparsely vegetated with an average vegetative cover of 30% and a range of 5% to 45%.  
One interior forest site was surveyed at 240 feet from the river edge.  These plots were entirely made up 
of Chinese tallow and had an average of 60% vegetative cover with an range of 10% to 90% (Figure 70). 
 

 
Figure 70: Harris transect showing results of the forest survey at three separate sites.  Notice the black willow (Salix nigra) 
and Chinese tallow (Triadica sebifera) at the edge of the Mississippi River and the Chinese tallow forest moving away from 
the river. 

Herbaceous Cover 
 The herbaceous cover followed a general pattern moving from the river towards the marsh.  For 
a complete list of all species found in the study see Appendix D.  In the forested areas, near the river, the 
herbaceous cover consisted of a diverse plant community with different plants species dominating at 
each site.  Moving away from the river the plant species composition grades into a brackish marsh 
community and then into a salt marsh community.  Below, the community composition data will be 
presented by transect.  The letter codes that are presented on the figures are the official codes given to 
each species by the USDA.  For species names according to the code see Appendix D. 
 
Diversion Transect 
 At the Diversion transect, the three forested sites (1Ra, 1Rc and 1) were all different from each 
other in herbaceous species composition (Figure 71).  Two of the three sites (1Ra and 1) only had 25% 
and 22% vegetative cover, respectively with ranges of 5% to 85% and 15% to 35%, respectively.  The 
remaining forested site (1Rc) had an average vegetative cover of 96% and a range of 75% to 94%.  Site 
1Ra, which was closest to the river, had a total of seven species and was dominated by the grass 
Panicum repens (PARE3).  The next two sites were equidistant from the river.  Site 1Rc had high 
herbaceous cover, most likely because the forest cover in this area was less, about 60%.  Site 1 had 
about 90% forest cover which would decrease the herbaceous cover due to shading.  Site 1Rc had 
twelve species with the dominant vegetation being the sedge Rhynchospora corniculata (RHCO2), the 
grass Paspalum sp. (PASPA2) and Bacopa monnieri (BAMO).  Site 1 had seven species and the dominant 
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vegetation was the shrub Itea virginica (ITVI), Lycopus rubellus (LYRU), the vine Rubus trivialis (RUTR) 
and the poison ivy vine Toxicodendron radicans (TORA2).    
 In the brackish marsh sites (3A, 3B and 4), the vegetative cover was high (Figure 71).  At site 3A 
the average cover was 95% with a range of 85% to 100%, at site 3B the average cover was 75% with a 
range of 40% to 95% and at site 4 the average cover was 95% with a range of 90% to 100%.  Site 3A had 
eleven species and the dominant vegetation was the rush Juncus roemerianus (JURO), Ditichlis spicata 
(DISP), the grass Phragmites autralis (PHAU7) and the grass Spartina patens (SPPA).  Site 3B had twelve 
species and the dominant vegetation was the grasses Spartina alterniflora (SPAL) and S. patens.  Site 4 
had four species and the dominant vegetation was the grass Spartina cynosuroides (SPCY) and the vine 
Ipomoea sagittata (IPSA).   Site 5 was located in the area classified as salt marsh and was 85% vegetated 
with a range of 75% to 95%.  This site had six species and with the dominant vegetation being the rush J. 
roemerianus and the grass S. alterniflora (Figure 71). 
 

 
Figure 71: Graph shows the herbaceous species composition along the Diversion transect.  When moving from left to right, 
one is moving from the Mississippi River's edge under forest (sites 1Ra, 1Rc and 1) into brackish marsh (sites 3A, 3B and 4) 
into a salt marsh (site 5).  To find species names from codes in the graph please see Appendix D. 

Nestor Transect  
 At two forested sites in the Nestor transect (1R and 1), the vegetative cover was low (Figure 72).  
At site 1R the cover was 51% with a range of 10% to 95% and at site 1 the vegetative cover was 9% with 
a range of 0% to 25%.  Site 1R had seven species and the dominant vegetation was Saururus cernuus 
(SACE), the grass P. repens and Bacopa monnieri.  At site 1 there were also seven species and the 
dominant vegetation was the vine Ampelopsis arborea (AMAR5) and Lycopus rubellus.   
 The remaining four sites (3, 3B, 4 and 5) had high vegetative cover.  Site 3 had an average cover 
of 92% with a range of 85% to 100%, 3B had an average cover of 95% with a range of 75% to 100%, site 
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4 had an average cover of 90% with a range of 85% to 95 % and site 5 had an average cover of 83% with 
a range of 60% to 95%.  Along the Nestor transect there was little or no brackish marsh, as the forest 
graded into a salt marsh quite rapidly, so the remaining four sites all had similar species composition 
(Figure 72).  Site 3 had five species with the dominant plant being the two grasses S. patens and S. 
alterniflora and the rush J. roemerianus.  At site 3B there were also five species and the dominant 
species were J. roemerianus and S. patens.  At site 4, there were five species with the same dominants 
as site 3.  Site 5 had six species with the same dominants as site 4, as well as Symphyotrichum 
tenuifolium (SYTE6) and Distichlis spicata.   
 

 
Figure 72: Graph shows the herbaceous species composition along the Nestor transect.  When moving from left to right, one 
is moving from the Mississippi River's edge under forest (sites 1R and 1) into salt marsh sites (sites 3, 3B, 4 and 5).  Along this 
transect there was little to no brackish marsh. To find species names from codes in the graph please see Appendix D. 

Cox Transect 
 At the Cox transect, two of the three forested sites were near the river (1Ra and 1Rb) and site 1 
was inland.  Site 1Ra had an average vegetative cover of 45 % with a range of 0% to 80%, site 1Rb had an 
average cover of 31% with a range of 20% to 55% and site 1 had an average cover of 63% with a range of 
20% to 100% (Figure 73).  At site 1Ra, there were nine species and the dominant vegetation was the 
grass Panicum repens, Helianthus spp. (HELIA3) and Saururus cernuus.  At site 1Rb there were four 
species with the dominant species being the sub-shrub Ruellia caerulea (RUCA19).  At site 1 there were 
seven species and the dominant species were Ruellia caerulea and the climbing fern Lygodium sp. 
(LYGOD2).   
 Along the Cox transect, there was brackish marsh found at sites Alt1 and 3.  Site Atl1 had an 
average of 85% vegetative cover with a range of 55% to 100% and site 3 had an average cover of 77% 
with a range of 40% to 100% (Figure 73).  Site Alt1 had eight species and the dominant species were D. 
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spicata, Iva annua (IVAN2) and the grass S. patens.  Site 3 had six species and the dominant species were 
D. spicata and Borrichia frutescens (BOFR).  Site 4 seemed to be on the border between what is classified 
as brackish marsh and salt marsh and may represent a transition community.  Site 4 had an average 
cover of 85% with a range of 70% to 100%.  There were five species found at site 4 and the dominant 
vegetation was the three grasses, S. patens, S. cynosuroides and S. alterniflora.  Site 5 was in an area 
classified as salt marsh. this site was 79% vegetated with a range of 70% to 85%.  This site had three 
species with the dominant vegetation being the grass S. alterniflora and the rush J. roemerianus (Figure 
73).  
 

 
Figure 73: Graph shows the herbaceous species composition along the Cox transect.  When moving from left to right, one is 
moving from the Mississippi River's edge under forest (sites 1Ra, 1Rb and 1) into brackish marsh (sites Alt1 and 3) into a 
transition site (site 4) and then into salt marsh (site 5).  To find species names from codes in the graph please see Appendix 
D. 

Harris Transect 
 Along the Harris transect there were two forested sites with site 1R being at the river's edge and 
site 1A being slightly inland.  At site 1R the average vegetative cover was 73% with a range of 0% to 
100% and site 1A had an average cover of 43% and a range of 5% to 100% (Figure 74).  Site 1R had nine 
species, with the dominant species being Leptochloa fusca (LEFU21) and Conoclinium coelestimun 
(COCO13).  Site 1A had twelve species and the dominant species were Justicia ovata (JUOV), the sub-
shrub Ludwigia grandiflora (LUGR) and Solidago sempervirens (SOSE).   
 Site 3 was the only brackish marsh site along the Harris transect.  This site was on average 89% 
vegetated with a range of 85% to 100%.  There were eleven species found at this site and the dominant 
vegetation was D. spicata, the bush Iva frutescens and the grass S. alterniflora.  The remaining three 
sites (3A, 4A and 5) were found in salt marsh sites.  Site 3A had an average cover of 83% with a range of 
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55% to 100%, site 4A had an average cover of 75% with a range of 50% to 95% and site 5 had an average 
cover of 82% with a range of 75% to 90%.  Site 3A had four species with the dominant vegetation being 
the rush J. roemerianus, the grass S. patens and D. spicata.  Site 4A had five species and the dominants 
were the grass S. alterniflora and D. spicata.  Site 5 had five species as well and the dominants were the 
grass S.alterniflora  and J. roemerianus (Figure 74).  
 

 
Figure 74: Graph shows the herbaceous species composition along the Harris transect.  When moving from left to right, one 
is moving from the Mississippi River's edge under forest (sites 1R and 1A) into brackish marsh (site 3) and into salt marsh 
(sites 3A, 4A and 5).  To find species names from codes in the graph please see Appendix D. 

Species Richness 
 The Diversion transect was the most diverse with 48 different tree and herbaceous species 
found along the transect.  The Nestor transect was the least diverse with 24 species found, however 
since there was no brackish marsh along this transect, an entire plant community was not surveyed and 
this would limit the number of species encountered.  Along the Cox transect 34 species were found and 
along the Harris transect 30 species were found, indicating that species richness declined moving 
downriver.  
 Herbaceous plant species richness followed a trend of higher diversity in the forested sites and 
in brackish marsh than in salt marsh (Figure 75).  This is to be expected as plant species richness in salt 
marshes is typically lower due to the lack of salt tolerance in many plant species.   Herbaceous diversity 
was significantly different by transect (p=0.015) and by site (p= <0.0001).  The difference by transect is 
most likely due to the high richness found at the Diversion transect and the low richness found at the 
Nestor transect.  The difference by site results from the differences in the plant communities as one 
moves from the river to the marsh.  There is no difference, however, by plot, indicating that there is a 
limited number of different species that can exist in one square meter plot but as the survey continues 
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at a site, in more diverse communities, new species continue to be encountered while in less diverse 
communities the same species are encountered again (Figure 75).   

  
Figure 75: Graph shows average number and total number of herbaceous plants found at each site along each transect.  
Notice that most sites had similar numbers of species per plot (1 m

2
) but the total number of species encountered differs.  

When moving from left to right in each transect one is moving from the river into brackish marsh then into salt marsh. 

 When the species richness data were analyzed by community type (forest, brackish marsh and 
salt marsh) significant differences were found.  When the data were analyzed without considering tree 
species (herbaceous only) there was a significant difference among community type (p=0.0042).  
However, the forest community and brackish marsh community were not significantly different from 
each other (p=0.57).  The brackish marsh versus the salt marsh and the forest versus the salt marsh 
were significantly different from each other (p=.0036 and p=0.0052, respectively).  When tree species 
were considered, there was again a significant difference by community type (p= <0.0001) and the 
forest community and brackish marsh community were significantly different (p=0.032; Figure 76).   
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Figure 76: Species richness by plant community type.  Forest community is shown with tree species considered (green) and 
with only herbaceous species considered (blue).  Notice that the herbaceous plant diversity in the forest and brackish marsh 
community is similar but when the tree species diversity is considered the forest community is significantly more diverse. 

Aerial Study 
 The results of the aerial assessment of the vegetation types present in Bohemia are shown in 
Table 6 and Figure 77.  Moving from the river towards the marsh the habitats grades from forest to 
scrub/shrub to marsh (brackish into salt marsh in some areas, just salt marsh in others).   The forest only 
occupies a narrow swath along the river.  The two most common forest types were an oak/hackberry 
community and a tallow community (either tallow only or tallow mixed with the oak/hackberry 
community).  Tallow communities become more prevalent as one moves down river.  There was also 
little fresh or intermediate marsh in the spillway although some of the scrub/shrub communities had 
some intermediate and fresh marsh vegetation mixed in with bushy species such as groundsel bush 
(Baccharis halimifolia) and Jesuit’s bark (Iva frutescens).  In general, forest communities dominate near 
the river with a small scrub/shrub community acting as the transition between forest and brackish 
marsh with little fresh or intermediate marsh present and a large area of salt marsh near the receiving 
bay (Figure 78). 
 An interesting side note about the forested areas found in Bohemia area is that the species 
found there correspond to those in the Coastal Live Oak-Hackberry forest in the Chenier Plain. These 
two areas are similar in that both are near the effects of the saline water. Both are located in areas that 
are higher and dryer than the surrounding marshes. Like the Bohemia forest, the Chenier forests area 
have also been invaded by tallow trees. 
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Table 6: Vegetation types present in Bohemia and area of each type in acres and hectares.  Notice the abundance of the 
saline and brackish marsh types. 

 
  

Vegetation Type Area (Acres) Area (Ha) %

Fresh Marsh 12.9 5.2 0.1

Intermediate Marsh 44.5 18.0 0.2

Brackish Marsh 2,843.8 1,150.8 11.4

Saline 8,519.2 3,447.6 34.2

Total Marsh 11,420.3 4,621.6 45.8

Oak/Hackberry Forest 662.5 268.1 2.7

Oak/Hackberry Forest/Dead trees 422.6 171.0 1.7

Oak/Hackberry/Tallow Forest 289.5 117.2 1.2

Oak/Hackberry/Tallow/Dead Trees 593.4 240.1 2.4

Tallow 491.5 199.0 2.0

Willow 183.2 74.2 0.7

Swamp 1.6 0.7 0.0

Dead Live Oak Trees 55.2 22.4 0.2

Spoil/Trees 464.5 188.0 1.9

Total Forest 3,164.3 1,280.7 12.7

Scrub/Shrub 287.2 116.2 1.2

Wrack 100.0 40.5 0.4

Mudflat 41.8 17.0 0.2

Developed 197.1 79.8 0.8

Shallow Waterway 39.0 15.8 0.2

Water 9,664.0 3,910.8 38.8

Total 24,913.8 10,082.4
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Discussion 
 The vegetation survey revealed that the patterns at the Bohemia Spillway are what to be 
expected given the environment.  The narrow swath of forest present along the Mississippi River resides 
on the natural river levee and is therefore at a slightly higher elevation than the adjacent marsh.  The 
elevation, as one moves away from the river, drops quickly and the landscape quickly grades into a 
narrow band of scrub/shrub and then into expansive marshes.  The species composition in the brackish 
and salt marshes is typical of these environments in Louisiana.    
 The forest species composition in the Bohemia Spillway was diverse in some areas and 
dominated by Chinese tallow in other areas.  It appears that the Chinese tallow dominates in disturbed 
areas (which is to be expected) and there is evidence of past fire in some of these areas (charred 
stumps).  However, it seems that Chinese tallow is present, at low numbers, throughout most of the 
forested areas in the spillway.  It is absent from the highest spoil banks which are mostly live oak 
(Quercus viginiana) and is generally present in the transition zones between forest and scrub/shrub, 
where it is wetter.  Overall, there was 3,451.5 acres of forest found at the Bohemia Spillway.  Of this 
acreage, 2,079 acres had noticeable or dominant tallow populations.   
 The herbaceous species composition was diverse in freshwater (beneath the forest canopy) and 
in brackish environments and declined in the salt marsh environment.   In the middle of the spillway, 
around the Nestor transect, there was no brackish marsh and a salt marsh environment was found 
extending further towards the river than in other areas of the spillway, the cause of this is unknown.   
There was very little intermediate or fresh marsh, none of which were captured in the vegetation 
survey.  It seems that the landscape transitioned from a shrub/scrub community into the brackish 
marsh.  There were some fresh and intermediate marsh species mixed in with the shrub community but 
the shrubs dominated the landscape.   
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Summary 
 The Bohemia Spillway was created 1926 to lower the river level in New Orleans during floods by 
providing an outlet for river water once the stage was high enough to overtop the natural levee.  During 
the 1927 flood, it is estimated that the Bohemia Spillway and the gap created at Caernarvon together, 
lowered the stage in New Orleans by three feet.  When river stage reaches approximately 15 feet at 
Carrollton or 7.5 feet at Pointe a la Hache the spillway begins to overtop and water flows through the 
spillway until the river stage recedes.   
 The Bohemia Spillway is characterized by a natural levee close to the Mississippi River, which 
slopes steeply towards the river and gradually down to sea level towards Breton Sound.  Oak/hackberry 
forests have developed on the natural levee with extensive willow forests on the river's edge.  As the 
land slopes towards the sound, the vegetation changes from forest to a narrow scrub/shrub community, 
into extensive brackish marshes and then salt marshes.  In some areas, the forest has become 
dominated by the invasive species, Chinese tallow.  In the spillway there are natural and unnatural 
drainage networks that carry water away from the river and towards the sound.  There are also bayous 
and tidal channels in which fresh and salt water are mixed, depending on tidal conditions and the 
volume of freshwater coming from the river.  There is 5.4 square miles of forest and 17.8 square miles of 
marsh, most of which is salt marsh (13 square miles).  Superimposed on the natural landscape are 
anthropogenic features such as the Bohemia Road, which, for the most part, runs along the natural 
levee, oil and gas canals, borrow pits, navigation canals and trenasses.  These anthropogenic features act 
to alter natural drainage patterns when the spillway is overtopped and change tidal patterns.   
 Since 1926, the spillway has been overtopped many times with varying amounts of water 
entering the system.  Investigation into the historic hydrology revealed that over time there has been a 
reduction in the maximum river stage, which is expected with the construction and operation of the 
Bonnet Carré Spillway.  The total volume of water that is estimated to have flowed through the Bohemia 
Spillway since its inception is 162.8 trillion cubic feet.  The spillway has passed less water over time 
because it has silted up in places and therefore is currently less hydrologically efficient than when it was 
first created.   
 In 2011, the Mississippi River experienced an historic flood due to extreme rains and snowmelt 
in the watershed.  During the flood, the Bohemia Spillway was overtopped and extensive flooding 
occurred.  The maximum flow through the Bohemia Spillway during the 2011 flooded was between 
30,000 and 50,000 cfs.  During the flood, two breaches developed in Bohemia Road, one near the 
Diversion Canal and another, further south near the gas field.  The breach near the Diversion Canal 
continued to enlarge as the waters receded, demonstrating headward erosion towards the river through 
a sand bar that had developed along the river's edge over the last 40 years.  During another high water 
event in early 2012, the headward erosion continued and eventually cut to the river creating a new 
distributary which was named Mardi Gras Pass (more information on Mardi Gras Pass can be found at 
saveourlake.org and a new report will be available in 2013).   
 While land loss in the Bohemia Spillway has occurred at lower rates than other places in 
southern Louisiana there has been some loss over time.  In order to accurately determine the land loss 
rates in the Bohemia Spillway two data sets were used.  The USACE land loss data is very accurate in the 
quantification of land loss due to canal construction and the USGS data set in very accurate in depicting 
shoreline erosion and other natural land change and also quantifies land gain.  The USACE data set 
shows the loss of 2.47 square miles or 9.7% from 1932 to 2001.  The USGS data set shows the loss of 
four square miles and a gain of one square miles from 1932 to 2010 with a net loss of three square 
miles.  When the two data sets were combined the total land loss was found to be 3.4 square miles or 
13%, indicating that the USACE and the USGS data sets underestimated the total land lass individually.  
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In the Bohemia Spillway there is also land gain that is hard to quantify such as infilling of canals, infilling 
of trenasses and emergent marsh vegetation developing along the edges of canals.  
 The current dynamics in the Bohemia Spillway may offer a model of restoration as well as 
provide insight into historic flooding processes when the Mississippi River overflowed its banks into 
adjacent wetlands, before the construction of levees.  The Bohemia Spillway is the only unleveed 
portion of the Mississippi River from Cairo, Illinois to Venice, Louisiana on the westbank and Fort Saint 
Philip on the eastbank.  The fact that the marsh in the spillway seems to be stable and evidence of land 
gain and natural canal filling indicates that the overtopping in the spillway is restoring the landscape.  
During the 2011 flood, it was observed that the water overtopping the natural levee was captured 
quickly by small gullies and streams and eventually canals and bayous.  Overland flow only occurred 
close to the river in the forest, reaching the marsh as channelized flow, indicating that sediment is not 
directly delivered to the marsh through the overtopping process, which was a surprising result.  Since 
the sediment was not directly delivered to the marsh, an alternative hypothesis for the resiliency of the 
marsh in this area is needed.  The LPBF proposes that the sediment is carried out into adjacent bays 
where it is stored and then is redistributed into the marsh during storms and fronts; however more 
investigation into this is needed.   
 The observations in the Bohemia Spillway do not fit the generally proposed model of historic 
(pre-levee) river flooding whereby the natural levee is overtopped during river floods and overland flow 
is extensive into the adjacent marshes directly delivering sediment, maintaining marsh health.  Rather, 
an alternative model is proposed where sediment is delivered by storms and fronts, introducing a pulse 
of sediment at irregular intervals.  The observations in the Bohemia Spillway also have implications for 
restoration activities in southern Louisiana, especially for the proposed sediment diversions.  The same 
phenomenon could occur whereby diverted water is quickly captured by a drainage network with little 
overland flow.  This could change the predicted effects of sediment diversions as well as the timeline for 
when positive effects will appear.      
 Study of the Bohemia Spillway will continue, concentrating mostly on Mardi Gras Pass.  The pass 
will be closely monitored for channel expansion and changes in bathymetry.  Biological surveys will also 
be conducted on a seasonal basis to document the emerging riverine ecology.  Also, when another flood 
years occurs, analysis of the discharge through the spillway will be conducted in order to refine the 
estimates of daily discharge and the historic dynamics in the spillway.  Study south of the Bohemia 
Spillway in the Fort St. Philip area is also planned and will concentrate on the dynamics of river breaches 
that have been in place since Hurricane Camille (1969) as well as gain an accurate height of the remnant 
river levee that exists but is not maintained in most places.   
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Coastal Sustainability Program of the Lake Pontchartrain Basin Foundation 
Investigation of Stratigraphic Relationships within the Bohemia Spillway 

 
Task: Shallow coring program in the Bohemia Spillway 
 

In the fall of 2010, the University of New Orleans was tasked by the Lake Pontchartrain Basin 
Foundation with collecting and describing vibracores in the Bohemia Spillway area of Plaquemines 
Parish, Louisiana.  This task is one component of a larger investigation aimed at understanding how the 
historical attempts to operate a spillway in the area effected the development of the marshes, bays, and 
other environments in the region downstream of the spillway.  

This report details the efforts and findings of the UNO vibracore collection team and the 
subsequent UNO core laboratory analysis.  The first stage was the collection of cores at 25 pre-
determined sites.  The team included Philip McCarty, Michael Brown, and Dallon Weathers from UNO, 
Kristian Gustavson from Scripps Institute, and Andrew Baker from LPBF.  The nature of the terrain at the 
targeted locations determined the access methods to each site.  Cores in shallow water locations or at a 
marsh edge at high tide (cores 1-8, 20-22) were accessed and cored using the vibracore boat R/V 
Greenhead.  Target sites in marsh areas accessible by airboat (cores 9-13) were accessed with R/V 
Blowin Cane.  Locations in wetland forest were approached as close as possible by boat, then accessed 
by foot (cores 14-19, 23-25). 

The core elevations (Table 1) were determined using a dual frequency survey GPS system 
consisting of a base station GPS set up on a known location and providing control for a rover GPS, which 
measures the location and elevation out at the field sites. The base station was set up at a temporary 
stake. The location and elevation of this stake was then determined by sending base GPS session data 
off to the National Geodetic Survey OPUS (Online Positioning User Service) processor. For julian days 
236, 245, 249, 250, and 252, the base station was set up at Beshel Marina in Pointe a la Hache, LA. For 
julian day 257, a temporary stake was set up at a boat ramp on the west bank of the Mississippi River 
near the water tower for Homeplace, LA. The base station data were then used to process the rover GPS 
data to provide survey grade elevation data with accuracies on the order of millimeters horizontally and 
centimeters vertically.  

Data and processing for julian day 236 is worth mentioning in detail. The calculated heights from 
the processing step were observed to be higher than similar areas from other days. This raised a QAQC 
flag. Upon further investigation and comparison with LiDAR digital elevation model (DEM) data from 
2002 for the study area, it was determined that the rover pole height was not accounted for in this day 
of processing. In order to accurately represent the ground elevation for this day, the rover pole height 
was subtracted from the processed output elevation data from this day. Once this operation was 
performed, the elevations were in line with ground elevations from nearby and similar marsh platforms, 
and they also matched LiDAR DEM data as well. In light of this processing anomaly, it is suggested that 
the reported RMS of elevations for this day be taken as a less accurate measure of error. 
  In order to get accurate measurements, the rover GPS was set up several to tens of meters away 
from the coring site. The offset was necessity for one or more of these reasons: to distance the GPS 
from the shaking of the vibracore rig, to place the GPS in view of the sky where the core site was under 
vegetative cover, or because the core was taken in open water from a rocking boat. In order to tie the 
measured elevation to the core elevation one of two methods was employed. For cores below water, 
the GPS was used to measure the water surface elevation with which the measured depth at the coring 
site is able to get an elevation. For cores above water, a water level was used to determine the 
difference in elevation at the ground measured by the GPS and the ground at the core site.  

At each site, a 3inch by 20-foot aluminum core barrel was driven into the ground using a 
concrete vibrator connected to the barrel with a specially adapted clamp. The barrel was driven in until 
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it was full or met refusal from the underlying sediment.  The barrel was then pulled from the ground 
along with the contained sediment that it had penetrated.  Cores from all 25 sites were collected 
between August 24 and September 14, 2010.  General observations on taking the cores in the field 
included that penetration near the river was difficult due to very solid, well-consolidated sediments.  
Also, compaction was generally more problematic than normal, probably due to the heavy rooting 
across the area and due to the high fluid content of some of the rapidly deposited sediments being 
collected. 

Vibracore laboratory analysis was performed at the University of New Orleans Vibracore 
Laboratory between September 17 and October 13, 2010.  Each core was cut in half lengthwise and laid 
out for examination, sampling, photographing and description.  Samples for possible C-14 analysis were 
immediately removed from the core, rinsed free of dirt using distilled water, stored in clean glass jars, 
labeled and logged, and refrigerated.  Cores were digitally photographed in 40-cm intervals along the 
entire length of the core, each photo including a label of the core number and the interval being 
photographed.  Cores were described in a consistent manner by Michael Brown or Philip McCarty and 
logged on standard UNO vibracore description sheets.  Descriptions included the grain size distribution 
throughout the length of the core, stratification or bedding types, a log of samples taken, other physical 
characteristics observed, and a visual representation of the stratigraphic column, including the 
sedimentary textures and structures observed. 

All core descriptions, the photographs, and the field notes will be forwarded as deliverables.  
One notable observation includes the existence of a relatively thick sand layer that is apparent in many 
of the cores, often about 2 meters below the top of the core (see BOH-10 2, 246-299 cm, and BOH-10 
13, 211-286 cm).  This sand body is observed in the cores regionally across the study site, with some 
exceptions.   

Following the sampling, photographing, and description, half of each core was archived at UNO 
pending further analysis and awaiting any potential grain size or other analysis yet to be determined.  
The other half of each core was shipped to Scripps Institute for further imaging, as well as any sampling 
or analysis that may be done there. 
Table 1: Date cores were collected, GPS locations and elevations. 

 

Station      UTCDate     UTCTime       Latitude      Longitude        H-Ell        NAVD88(Geoid03)     SDHeight cz        NAVD88(Geoid03)

               (MDY)       (HMS)          (Deg)          (Deg)          (m)      FIXED    (m)          (m) core elev          (m)

BH01*       8/24/2010 0.021574074 29.45733158 -89.57690974 -22.23 0.31 0.07 -0.46 2.14

BH02*       8/24/2010 0.018275463 29.46853591 -89.59764806 -22.14 0.43 0.04 -0.13 2.25

BH03*  8/24/2010 0.007164352 29.47888805 -89.58724545 -22.34 0.25 0.04 -0.12 2.08

BH04*       8/24/2010 0.005706019 29.49157644 -89.57812694 -22.19 0.43 0.04 0.42 2.26

BH05*      8/24/2010 0.037407407 29.47594008 -89.61731742 -22.22 0.37 0.06 -0.50 2.19

BH06*       8/24/2010 0.023275463 29.49812289 -89.63052437 -22.40 0.24 0.07 -0.32 2.07

BH07*       8/24/2010 0.007164352 29.48790749 -89.65249229 -22.30 0.32 0.05 -0.79 2.14

BH08*       8/24/2010 0.034351852 29.51138723 -89.65154652 -22.46 0.22 0.05 -0.29 2.05

BH09       9/02/2010 0.041377315 29.47684343 -89.6416285 -24.05 0.36 0.04 0.39 0.36

BH10       9/02/2010 0.030405093 29.47289481 -89.64390143 -23.86 0.54 0.05 0.52 0.54

BH11       9/02/2010 0.015324074 29.46070613 -89.60444553 -23.85 0.53 0.06 0.40 0.53

BH12       9/02/2010 0.02369213 29.49220023 -89.68113898 -24.14 0.31 0.05 0.31 0.31

BH13       9/02/2010 0.020659722 29.50162626 -89.66757968 -24.20 0.28 0.04 0.28 0.28

BH14       9/06/2010 0.015949074 29.46414273 -89.64585498 -20.98 3.40 0.11 3.24 3.40

BH15       9/06/2010 0.041331019 29.48641955 -89.68824588 -21.31 3.12 0.05 2.85 3.12

BH16       9/06/2010 0.004282407 29.48861677 -89.68525568 -21.83 2.61 0.07 2.56 2.61

BH17       9/07/2010 0.041273148 29.45871646 -89.60734932 -23.48 0.89 0.04 0.48 0.89

BH18       9/07/2010 0.032013889 29.53078713 -89.72583496 -23.52 1.05 0.06 0.80 1.05

BH19       9/07/2010 0.026099537 29.53506266 -89.72081072 -23.96 0.62 0.07 0.81 0.62

BH20       9/09/2010 0.039837963 29.5428369 -89.7109333 -24.29 0.32 0.09 -0.44 0.32

BH21       9/09/2010 0.038472222 29.55729062 -89.69910979 -24.26 0.40 0.04 -0.58 0.40

BH22       9/09/2010 0.004953704 29.52928718 -89.69002079 -24.31 0.26 0.04 -0.49 0.26

BH23       9/14/2010 0.659490741 29.52746895 -89.72891952 -23.25 1.31 0.11 1.09 1.31

BH24       9/14/2010 0.714467593 29.46233565 -89.64780268 -23.25 1.12 0.05 0.94 1.12

BH25       9/14/2010 0.762511574 29.45631651 -89.60924153 -23.34 1.02 0.06 1.42 1.02

* These measured elevations were manually corrected for the rover pole height.
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Appendix B: 

Equations for Daily Discharge Calculations 
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Equation for calculating daily discharge from 1926 to 1940: 
 
Stage = 0.000008 * Discharge + 7.2539 
 
or 
 
Discharge = (Stage – 7.2539)/0.000008 
 

Equation for calculating daily discharge from 1940 to present when the Bohemia 
Spillway is flooded 

 

Stage = 5.7441 e0.000008 * Discharge 

 

 or 
 

 Discharge =
                  

        
 

Equation for calculating daily discharge from 1940 to present through Mardi 
Gras Pass 
 
 Stage = 2.9662 * ln(Discharge) – 17.916 
 
 or 
 

 Discharge =  
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Appendix C: 

Reach by Reach Discharge Calculations 
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This section provides a descriptive summary of our flow observations and measurements for 
each reach (Figure 1) and how these measurements were used to estimate the discharge rate for each 
reach (Figure 2).  In interpreting our survey data, we divided the 11 mile spillway into 18 reaches based 
on trends in the observed flow characteristics and terrain.  Each reach is demarcated by notable 
features in the landscape, and grouping our flow measurements by such creates a representative 
sample for the reach. 

In addition to describing each reach, this section also lays out our rationale for arriving at the 
given discharge for the reach.  These values were determined through a collaborative analysis where 
members of the field team went through the individual data points to discuss how well these values 
represented the average conditions in each reach based on our photo documentation, field notes, and 
personal recollections.  For comparison, the first order estimate, based just on summary statistics for 
each reach, is also described.  Also of note, the water depth measurements used throughout the 
analysis were depths adjusted to the what the depth would be on the peak flow day when the river’s 
stage peaked at the Point a la Hache gauge (which is roughly 1 mile upriver from the Bohemia Spillway 
and on the opposite bank).  Surveying the entire 12 mile Bohemia Road in that one was not possible, so 
our measured depths were adjusted based on river’s stage for each survey day relative to peak stage on 
May 17, 2011.  So, for example, the stage on May 11, 2011 was 0.06 ft below the peak stage, so the 
measured depths for that date were adjusted upward by this value to estimate the depth at peak flow. 

 
 Figure 1: Our 124 flow measurements across the Bohemia Spillway during the 2010 high water event.  The color of the arrow 
depicts the (adjusted) depth, the size depicts the velocity, and the direction depicts the observed flow direction.  The 
background imagery is 1999 LIDAR imagery obtained from Atlas (atlas.lsu.edu). 
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Figure 2:  Reaches of the Bohemia Spillway and their estimated discharge.  The label for each reach is given by the letter 
above the reach while the number below is the estimated discharge for that reach.  Reaches B, C, and J are shown in the two 
insets.  Reach G, a breach in the roadway, is not labeled.  The background imagery is 2008 CIR imagery provided by La. DOTD. 
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Reach A 
 

Reach A is the first reach on the upriver end of the spillway.  It starts at the foot of the river 
levee and spans 4,380 ft. downriver towards the diversion structure.  During the high river stage, this 
entire reach was flooded, so the wet length of the reach was 4,380 ft. and the dry length was 0 ft.  
Depths here were noteworthy, but velocities were relatively small, due to a berm on the marsh side of 
the road that limits flow to a few locations where there are cuts in the berm. 

Nine measurements of depth that ranged between 7 – 34 in. (mean = 20 in.) and six 
measurements of velocity with a range of 0.48 – 1.96 ft/s (mean = 1.01 ft/s) were collected.  The 
product of depth x velocity (n=6) ranged from 0.58 – 2.29 ft2/s (mean of=0.97 ft2/s).  Applying this value 
uniformly to entire length of this reach gives a first order discharge estimate of: 
 Discharge = Avg.(Depth x Velocity) x Wet Length =  0.97 ft2/s x 4,380 ft. = 4,249 cfs (cubic feet per 
second).   

Figure 3 shows our observations, while the Table 1 provides summary statistics of our 
measurements.  Figure 4 contains a representative photo of the reach. 

In our interpretive analysis, we divided the reach into two sub-reaches.  The first sub-reach 
comprised 90% of the wet length or 3,942 ft. with an average depth of 1.25 ft. and an average velocity 
of 0.1 ft/s.  These values gave an estimated discharge of 493 cfs for the first sub-reach.  For the second 
sub-reach, we estimated a discharge of 548 cfs based on a length of 438 ft., average depth of 1.25 ft., 
and average velocity of 1 ft./s.  Combining the sub-reaches, we estimated 1,040 cfs via the interpretive 
analysis.   

The discrepancy between the results of the two calculation methods above reflects the 
limitations of our sampling and the different ways of calculating discharge from our observations.  In this 
case, the first estimate is based on an average depth x velocity that is highly skewed by a single point 
where the adjusted depth was 14 inches and the velocity was 1.96 ft./s.  This point was located adjacent 
to the break in a berm that captured a significant portion of overbank flow but over a short distance of 
the reach.  In the interpretative analysis, the average values used to characterize the two sub-reaches 
were selected because they were consistent with our field notes, photo documentation, and personal 
recollections.  Essentially, our second sub-reach represents the flow adjacent to the break in the berm, 
while the first sub-reach represents the remainder of the reach.  The one point high depth, high velocity 
data point had less impact on the results, yielding a lower estimate.  Since neither approach is perfect, 
both steps are presented for each reach below.  However, we have more confidence in the interpretive 
(second) approach. 

Finally, there is one culvert under the road in Reach A, and water flowing through this culvert 
was not captured in our overbank flow measurements.  Based on an estimated diameter of 30 in, the 
cross-section area was calculated to be 4.91 ft2.  With an estimated velocity of 4 ft/sec, the discharge 
through the culvert is estimated to be Q = 19.63 cfs, a small fraction of the total flow for the reach.  
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Figure 3:  Flow measurements and estimated discharge for Reach A.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Table 1:  Summary Statistics of flow measurements for Reach A. 

Reach A Adjusted Depth (in) Velocity (ft./s) Adjusted Depth X Velocity (ft.
2
/s) 

Average 20.44 1.01 1.29 

Max 34 1.96 2.29 

Min 7 0.49 0.58 

Std. Dev. 9.94 0.54 0.65 

Count 9 6 6 

Culvert 1 A = 4.91 ft.
2 

V = 4 ft./sec (estimated) Q = 20 cfs 

 

 
 
Figure 4:  Photo of Reach A. (May 21, 2011) 
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Reach B 
 

Reach B (Figure 5) of the spillway road contains the diversion structure, a set of 4 gated culverts 
located under the roadway (Figure 6).  Two culverts have 48 in. diameters and two have 72 in. 
diameters.  Theoretically, the culverts have capacity to convey over 300 cfs (based on an estimated 
velocity of 4 ft/s) (Table 2).  However, the structure is poorly maintained and operated, the gates are 
stuck in position, and sediment deposition has blocked the structure intake and outtake.  Moreover, this 
theoretical discharge is miniscule compared to the flow through the blowout in the roadway in the 
adjacent Reach C (described in the next section).  Since we did not obtain velocity measurements for the 
culverts, our estimated discharge for this reach is based on the measured dimensions of the culverts and 
an assumed velocity of 4 ft/s, which gives us approximately 300 cfs.   
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Figure 5:  Flow measurements and estimated discharge for Reaches B and C.  The top figure uses a color infrared 
background imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Figure 6:  Photo of Reach B, taken atop the diversion structure looking down the diversion canal toward the marsh.  The 
white water indicates a high velocity.  (May 21, 2011) 
 
Table 2:  Discharge calculation for Reach B. 
 

 Area (ft.2) Velocity (ft./sec) Discharge (cfs) 

Culvert 1 12.57 4 (assumed) 50.27 

Culvert 2 12.57 4 (assumed) 50.27 

Culvert 3 28.27 4 (assumed) 113.1 

Culvert 4 28.27 4 (assumed) 113.1 

  Total 326.72 
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Reach C 
 

Reach C (Figure 5 above) represents the blowout in the Bohemia Road, just downriver of the 
diversion structure (Figures 7 and 8).  This dynamic reach evolved significantly through time, and the 
flow regime likewise changed.  When the blowout in the road was initially discovered on May 21, 2011, 
the width of the breach was approximately 50 ft.  At that time we were not equipped to accurately 
measure the depth or velocity of the blowout channel. 

When we returned to that location on July 10, 2011 to obtain better flow measurements, the 
blowout had widened to approximately 130 ft. and the depth in the center of the channel was 18 ft.  
However, we did not obtain any velocity measurements on that day.  On July 17, after the river levels 
had dropped, we measured the width, the depth in profile, and the velocity of the breach along with the 
distance between the water surface and the road surface.  While the depth at the center was 19 ft., the 
depth of the channel varied with distance from the banks.  Figure 9 provides channel profiles for the 
three days that we obtained data.  From our measurements, we estimated a discharge of 4,873 cfs. 

Table 3 presents our discharge estimate for the road blowout based on observations obtained 
on July 17, 2011.  Of note, this active breach displayed noticeable changes during the course of the study 
period.  In fact on July 17, the discharge appeared comparable to that of May 21, despite the fact that 
river levels had dropped.  This is because even at the lower water levels, water continued to flow 
through the breach, which had widened.  It was not until much later, when the river levels dropped 
below the height of a sandbar along the river’s shoreline that the blowout ceased to capture river 
discharge.  However, later in 2011, the flow through this breach increased when the river showed a 
modest increase in stage.  Eventually, through a process of headward erosion, the channel cut through 
the sandbar and there is now continuous flow through the breach, making this a new distributary pass 
of the Mississippi River, which we have dubbed Mardi Gras Pass.  More information on Mardi Gras Pass 
is available in the “Technical Reports” section of www.saveourlake.org.  

 

 
Figure 7:  Photo of Reach C, taken just downstream of the diversion structure and looking downriver.  The breach was 
estimated to be 50 ft. wide on this date.  (May 21, 2011) 

http://www.saveourlake.org/
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Figure 8:  Photo of Reach C, taken just downstream of the diversion structure and looking downriver.  The breach was 
estimated to have widened to 150 ft. by this date.  (January 1, 2012) 
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Figure 9:  Depth profiles for the blowout channel based on measurements taken on July 10 (A), July 17 (B), July 24 (C), and all 
three dates (D).  The figures show the observed depths as a function of distance from the upstream bank.  The curve in (D) is 
a non-parametric fit to the data points.  Also shown is the water level and road level.  Note that while the water level 
changes, the road level stays constant and provides a vertical reference.  For figure (D), the road level provided a standard 
vertical reference, while the center point of the channel was chosen as an arbitrary horizontal reference point.  The three 
fitted curves are not meant to be absolute depictions of the channel’s profile.  Rather, these curves serve as graphically tools 
to help the reader visualize the changes (widening and deepening) in channel.     
 
Table 3:  Discharge estimate for the first road blowout based on observations obtained July 17, 2011. 

 Area (ft.2) Velocity (ft./sec) Discharge (CFS) 

Blowout 1 1377.5 3.61 4,873 
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Reach D 
 

Reach D (Figure 10) is located downriver from the first road blowout and spans a distance of 
1,372 ft. ending at a section of the original artificial river levee (Figure 11).  Most of the reach length 
(1,049 ft.) was wet, with a small 323 ft. section on the upriver end that was dry.  The wet segment had 
mostly homogenous flow characteristics, with a few areas with large velocities and scour on the road.  

We obtained five depth measurements and four velocity measurements for this reach.  Depths 
ranged from 4 to 18 in. (mean = 10.6 in.) and velocities ranged from 0.57 to 3.97 ft./s (mean = 2.32 ft./s).  
The average value of depth x velocity was 1.27 ft.2/s, and after multiplying by the wet length the 
estimated discharge is 1,328 cfs for the reach (Table 4). 

In our interpretive analysis, we divided the reach in two sub-reaches.  The first reach had a 
length of 735 ft., average depth of 2 in., and an average velocity of 2 ft/s for a discharge of 245 cfs.  The 
second sub-reach was 315 ft. in length with an average depth of 6 in. and velocity of 2 ft/s, yielding an 
estimated discharge of 315 cfs.  Combining the two sub-reaches, we estimated 560 cfs for reach D. 
 

 
 
Figure 10:  Photo of Reach D. (May 21, 2011) 
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Figure 11:  Flow measurements and estimated discharge for Reach D.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Table 4:  Statistical summary of flow observations for Reach D. 

Reach D Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 10.6 2.321388 2.109391083 

Max 18 3.97351 3.311258333 

Min 4 0.567537 0.8513055 

Std. Dev. 5.899152 1.398208 1.312264083 

Count 5 4 4 
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Reach E 
 

Reach E (Figure 12) consists of a section of the original river levee that was not removed in 
1926.  It is 2,537 ft. in length, and almost entirely dry (Figure 13).  We obtained no flow measurements 
along Reach E.  However, we did observe two short lower elevation sections where the soil appeared 
saturated, an indication of previous overtopping.  However, the discharge for Reach E is negligible and 
was not calculated.  
 

 
          Figure 12:  Photo of Reach E.  (May 21, 2012) 
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Figure 13:  Flow measurements and estimated discharge for Reach E.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Reach F 
 

Reach F (Figure 14) spans 1,049 ft. downriver from the foot of the remaining section of river 
levee in Reach E.  At the lower end of the reach, we observed a second blowout in the spillway road (this 
blowout comprises Reach G).  Our survey team, which encountered the blowout from the downstream 
bank, was unable to get around the blowout on foot.  Due to a subsequent logistical miscommunication, 
neither of the two survey teams returned to survey the portion of the reach upriver from the breach 
during the high water period.  Our data for Reach F consists of basic flow characteristics estimated from 
photo documentation obtained on July 10, the elevation survey, and personal recollection (Figure 15).  
We estimated a discharge of 1,049 cfs, based on an estimated average depth of 6 in. and average 
velocity of 2 ft./s for the entire length of the reach.    
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Figure 14:  Flow measurements and estimated discharge for Reach F.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
 



 

140 
 

 
 
Figure 15:  Photo of Reach F, taken on July 10, 2011 after water levels had dropped and overtopping had ceased.  Evidence of 
overtopping, such as scour of the road, was observed and used to obtain a rough estimate of the discharge for the reach. 
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Reach G 
 

Reach G contains the second blowout in the spillway road (Figure16), which was first observed 
on May 21.  Because it occurred near the pipeline field, it is referred to as the pipeline field breach 
(Figure17).  As noted above, we did not survey the road segment upriver from this breach so we only 
measured the depth from the downriver bank at 72 in.  We visually estimated the width to be 70 ft. and 
velocity to be 3 ft./s using a stick thrown from the bank.  This yielded a provisional estimated discharge 
of 1,260 cfs (Table 5).  We also surveyed this breach on July 10, after the river had dropped.  The flow 
had decreased significantly, indicating that this breach was not as dynamic as the upstream breach 
(Reach C).   
 

 
         Figure 16:  Photo of Reach G, the “Gas Field Breach”. (Taken May 21, 2012) 
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Figure 17:  Flow measurements and estimated discharge for Reach G.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
 
 
 
Table 5:  Discharge estimate for the second road blowout, based on observation obtained on May 21, 2011. 

 Area (ft.2) Velocity (ft./sec) Discharge (CFS) 

Blowout 2 420 3 ft./sec (estimated) 1,260 
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Reach H 
 

Downriver from the pipeline field breach, Reach H (Figure 18) is a large stretch of the spillway 
road (5,856 ft. in total length) with an undulating topography (Figure 19).  Starting at the pipeline field 
blowout, the lower end is demarcated by the spoil bank of an oil and gas canal.  This stretch is truncated 
by a number of dry segments, which total 3,154 ft. in length.  The topography caused flow in Reach H to 
largely consist of separate wet sections that range from 30 ft. to 150 ft. in length, with depths of a few 
inches to a foot, and velocities 1 – 3 ft./s .  At three points, we observed large stretches of overtopping 
converging into flow channels.  Here the depth x velocity ranged from 30 – 40 ft2/s. 

For Reach H, we obtained 19 depth measurements and 13 velocity measurements.  Depth 
ranged from 3 to 13 in. (mean = 7 in.), while velocity ranged from 0.74 to 3.58 ft./s (mean = 2.12 ft./s).  
The average depth x velocity was 1.19 ft./s2 and when multiplied by 2,702 ft. of wet length yielded a 
discharge of 3,228 cfs (Table 6). 

In our interpretive analysis, we divided Reach H into just one sub-reach with an average depth 
of 7.16 in and an average velocity of 2 ft./s, which yielded a similar estimate of 3,224 CFS.  
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Figure 18:  Flow measurements and estimated discharge for Reach H.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Figure 19 :  Photo of Reach H. (May 21, 2012) 
 
 
 
Table 6:  Statistical summary of flow observations for Reach H. 

Reach H Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 7.157895 2.121563 1.593049417 

Max 13 3.584229 3.28554325 

Min 3 0.746826 0.4356485 

Std. Dev. 2.891811 0.84606 0.8513705 

Count 19 13 13 
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Reach I 
 

Reach I (Figure 20) is bounded by oil and gas canal spoil banks on either end.  The reach consists 
of a short section of overbank flow on the upstream end, followed by a long dry section, then a long 
straight section of overbank flow, and ends with a short dry section.  The large section of overbank flow 
parallels an oil and gas canal and berm that was approximately 300 ft. from the spillway road.  In total, 
the reach is 4,833 ft. in length, of which 3,154 ft. were dry and 3,131 ft. were wet (Figure 21).  We 
observed two breaks in the berm, both approximately 20 – 25 ft. wide. 

We obtained measurements at seven points in Reach I, but only four points had enough flow to 
measure velocity.  The depth measurements ranged 8 – 17 in. (mean = 10 in.) and the velocity 
measurements ranged from 0.56 – 2.5 ft/s, (mean = 1.18 ft/s).  From these measurements, the average 
depth times velocity was 0.33 ft.2/s, which gives an estimated discharge of 1,040 cfs (Table 7). 

In our interpretive analysis, we broke Reach I into two sub-reaches.  The first sub-reach had a 
length of 313 ft., an average depth of 8 in., and an average velocity of 1 ft/s, which yielded an estimated 
flow of 209 cfs.  The second sub-reach had a length of 2,819 ft. with an average depth of 6 in. and an 
assumed average velocity of 0.1 ft/s, which yielded an estimated discharge of 141 cfs.  Combined the 
interpretive analysis yielded 350 cfs. 
 

 
Figure 20:  Photo for Reach I.  (May 21, 2012) 
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Figure 21:  Flow measurements and estimated discharge for Reach I.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Table 7:  Statistical summary of flow observations for Reach I. 

Reach I Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 10 1.17774 0.477558333 

Max 17 2.5 0.78064 

Min 8 0.564972 0.138888917 

Std. Dev. 3.316625 0.894694 0.26344175 

Count 7 4 4 
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Reach J 
 

Reach J is relatively short and very curvy section of the spillway road near an oil and gas facility 
(Figure 22).  It is almost entirely original levee and is only 1,479 ft. in length.  Most of it (1,260 ft.) is dry, 
and flow from the short wet section (219 ft.) was quickly captured by a channel that flowed from the 
spillway road into an adjacent canal (Figure 23).   

Instead of measuring a sample of points along the wet section of road, we obtained a single 
point from the canal and assumed that this captured all flow.  In the canal, we measured a depth of 42 
in., a width of 8 ft., and a velocity of 2.97 ft/s, which yielded an estimated discharge of 83 cfs. 
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Figure 22:  Flow measurements and estimated discharge for Reach J.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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            Figure 23:  LPBF scientist Andy Baker surveys the canal behind Reach J. (May 21, 2011) 
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Reach K 
 

Reach K (Figure 24) is relatively long, mostly straight and mostly dry section of road located 
between the terminus of two oil and gas canals.  Of 4,187 ft. of total length, only 294 ft. were wet, which 
was divided between two road sections (Figure 25). 

We obtained seven depth measurements and five velocity measurements from Reach K.  The 
depths ranged from 4 – 11 in., (mean = 8.42 in.) and the velocities ranged from 0.33 – 2.22 ft/s (mean = 
0.99 ft/s).  From these measurements, we calculated an average depth x velocity of 0.17 ft.2/s for the 
294 ft., which yielded a calculated discharge of 51 cfs (Table 8). 

In our interpretive analysis, we divided the reach into two sub-reaches.  The first reach 
comprised 90% of the wet length (265 ft.) with an average depth of 4 inches and an average velocity of 
0.5 ft/s, which yielded an estimated discharge of 44 cfs.  The second reach had a length of 29 ft., average 
depth of 8 inches, and average velocity of 1.5 ft/s, which gave an estimated discharge of 29 cfs.  
Combined we estimated 73 cfs for the reach. 
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Figure 24:  Flow measurements and estimated discharge for Reach K.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Figure 25:  Photos for Reach K while LPBF scientist Theryn Henkel obtains flow measurements.  (Photo taken on May 21, 
2011) 
 
 
 
 
Table 8:  Statistical summary of flow observations for Reach K. 

Reach K Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 8.428571 0.988483 0.273931083 

Max 11 2.222222 0.4464285 

Min 4 0.331126 0.07957175 

Std. Dev. 2.760262 0.750215 0.166900417 

Count 7 5 5 
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Reach L 
 

At 10,367 ft., Reach L (Figure 26) is the longest reach of the spillway road, and most of it, 8,456 
ft., was wet.  This reach was relatively straight, with one major curve near the middle that served as a 
major convergence point of discharge from the river.  While a few sections on the upriver end were dry, 
nearly the entire lower half was wet (Figure 27).  The upper end of Reach L is demarcated by a spoil 
bank.  However, the lower end corresponds to a subtle change in vegetative cover that also corresponds 
to a transition in road maintenance. 

For Reach L, we measured depth at 20 points and velocity at 18 points.  The depths ranged from 
2 – 37 in. (mean = 11.65 in.) and the velocities ranged from 0.10 ft/s to 3.00 ft/s (mean = 1.13 ft/s).  The 
depth x velocity averaged 0.76 ft2/s.  When multiplied by the wet length, the calculated discharge was 
6,396 cfs (Table 9). 

In our interpretive analysis, we divided Reach L into three sub-reaches.  The first reach had a 
length of 4,312 ft., an average depth of 9 in., and an average velocity of 0.95 ft./s, for a discharge of 
3,073 cfs.  The second sub-reach was 676 ft. with an average depth of 12.7 in. and an average velocity of 
2.44 ft./s, for a discharge of 1,747 cfs.  Finally, the third sub-reach was 3,467 ft. with an average depth of 
12.5 in. and an average velocity of 0.76 ft./s, which yielded a discharge of 2,745 cfs.  Combined, we 
calculated a discharge of 7,564 cfs for Reach L. 

 

 
Figure 26:  Photo for Reach L. (May 18, 2011) 
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Figure 27:  Flow measurements and estimated discharge for Reach L.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Table 9:  Statistical summary of flow observations for Reach L. 

Reach L Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 11.65 1.13157 1.018355167 

Max 37 2.995392 3.298969333 

Min 2 0.103553 0.069035333 

Std. Dev. 8.034629 0.775793 0.86240325 

Count 20 18 18 
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Reach M 
 

Reach M (Figure 28) is a long section (6,402 ft.) of spillway road that is almost entirely wet 
(6,144 ft.). Four short dry sections add up to only 258 ft.  Except for a general bend as it follows the 
river, this reach is mostly straight (Figure 29).  The upper end is bounded by a change in vegetative cover 
and road maintenance, while the lower end is bounded by a spoil bank.   

We obtained 23 depth measurements that ranged from 2 in. to 15 in. (mean = 8.17 in.).  For 
velocity, we obtained 18 measurements that range from 0.34 to 3.22 ft./s (mean = 1.97 ft./s).  The depth 
x velocity averaged 0.61 ft.2/s, which gave an estimated discharge of 3,751 cfs (Table 10). 

In our interpretive analysis, we allocated 100% of the wet length to a single sub-reach with an 
average depth of 4.7 inches and average velocity of 1.97 ft./s, which yielded an estimated discharge of 
4,741 cfs. 
 

 
Figure 28:  Photos for Reach M where the poorly maintained spillway road is barely perceivable.  (Photo taken May 18, 2011) 
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Figure 29:  Flow measurements and estimated discharge for Reach A.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Table 10:  Statistical summary of flow observations for Reach M. 

Reach M Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 8.173913 1.971906 0.8722165 

Max 15 3.225806 2.777778 

Min 2 0.337838 0.057870417 

Std. Dev. 3.663731 0.863398 0.057870417 

Count 23 18 18 
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Reach N 
 

Reach N (Figure 30) is a relatively short (3,050 ft.) and mostly straight reach that stretches 
between the terminus of two oil and gas canals.  It is almost entirely wet, with the exception of dry 
sections at either end of the reach (spoil banks for the canals).  In total, 2,531 ft. were wet, while only 
519 ft. were dry.  While depths here notable, low velocities limited the flow through this reach (Figure 
31). 

We obtained 14 depth measurements, ranging between 3 and 17 in. (mean = 8.14 in.).  For 
velocity, we obtained nine measurements ranging between 0.24 and 1.08 ft./s (mean = 0.57 ft./s).  The 
average depth x velocity was 0.36 ft.2/s, which gave an estimated discharge of 918 cfs (Table 11).   

In the interpretive analysis, we allocated 100% of the wet length to a single reach with average 
depth of 8.14 inches and average velocity of 0.57 ft./s.  This analysis yielded a discharge of 979 cfs.      
 

 
Figure 30:  Photos for Reach N.  (Photo taken May 18, 2011) 
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Figure 31:  Flow measurements and estimated discharge for Reach N.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Table 11:  Statistical summary of flow observations for Reach N. 

Reach N Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 8.142857 0.573653 0.483783667 

Max 17 1.086957 0.854701333 

Min 3 0.242718 0.1415855 

Std. Dev. 4.769408 0.304158 0.233445 

Count 17 9 9 
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Reach O 
 

Reach O (Figures 32) spans a distance of 4,104 ft. between the spoil banks at the termini of 
canals on either end of the reach.  This reach is divided between two main, roughly equal straight 
segments.  Mostly wet, the reach also contained a handful of scattered low points with moderate 
velocities.  With 2,531 ft. of this reach wet, only 519 ft. was dry (Figure 33).  

For this reach, we obtained 21 measurements of depth, which ranged from 5 to 21 in. (mean = 
10.6 in.).  We had 17 velocity measurements that ranged 0.21 ft/s to 1.79 ft/s (mean = 1.01 ft/s).  On 
whole, the average depth x velocity was 0.78 ft.2/s which gave an estimated discharge of 2,744 cfs 
(Table 12).  In our interpretive analysis, we allocated 100% of the wet length to a single sub-reach, with 
an average depth of 10.6 in. and an average velocity of 1.01 ft/s which yielded 3,152 cfs. 

Of note, most of the flow into this reach pooled into a large area bounded by spoil banks and 
converged into a single outlet cut through a spoil bank on the marsh edge.  This outlet has been dubbed 
“Ezra’s Gully” (Figure 34) and since it captured most of the flow for Reach O, we used measurements of 
flow though this outlet to check our discharge estimate.  Here we measured a depth of 10 ft., a velocity 
of 5.15 ft./s, and a width of approximately 50 ft., which gave an estimated discharge of 2,580 cfs 
through Ezra’s Gully.   
 

 
             Figure 32:  Photo for Reach O.  (Photo taken on May 17, 2011) 
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Figure 33:  Flow measurements and estimated discharge for Reach O.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
 
 
 

Ezra’s Gully 
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Table 12:  Statistical summary of flow observations for Reach O. 

Reach O Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 10.619048 1.009847 1.036263 

Max 21 1.785714 2.1929825 

Min 5 0.208333 0.1041665 

Std. Dev. 4.663434 0.417975 0.628695 

Count 21 17 17 

Ezra’s Gully A = 501 ft.
2
 V = 5.15 ft./sec Discharge = 2,580 CFS 

 
 

 
             Figure 34:  Photo of Ezra’s Gully.(Photo taken on May 22, 2011)  
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Reach P 
 

Located in front of an oil and gas facility, Reach P (Figure 35) is relatively short and jagged.  Only 
1,067 ft., most of the reach consists of a high and dry segment extending 677 ft. downriver from an oil 
and gas facility.  The rest, approximately 390 ft., consists of a straight section with moderate flows.  For 
this reach, levees and berms around the facility strongly influence the flow.  A berm along the road on 
the marsh side directed the flow parallel along the road for most of the reach.  A large open field on the 
downriver end of the facility experienced overbank flow (Figure 36).      

We obtained five depth measurements and four velocity measurements.  Depths ranged from 3 
to 15 in. (Mean = 9.6 in.) and velocities ranged from 1.5 to 2.2 ft/s (mean = 1.86 ft/s).  The average 
depth x velocity for the 390 wet ft. was 1.32 ft.2/s, which yielded a discharge of 515 cfs (Table 13).  In 
our interpretive analysis, we allocated 100% of the wet length to a single sub-reach with a depth of 9.6 
in and a velocity of 1.86 ft., which yielded an estimated flow of 580 cfs.   
 

 
Figure 35:  Photo for Reach P. (Photo taken on May 17, 2011) 
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Figure 36:  Flow measurements and estimated discharge for Reach P.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery.  Note that the berm on the downriver side that 
is visible in the LIDAR was removed after Hurricane Katrina in 2005. 
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Table 13:  Statistical summary of flow observations for Reach P. 

Reach P Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 9.6 1.859069 1.760825083 

Max 15 2.205882 2.7573525 

Min 3 1.5 1.25 

Std. Dev. 4.505552 0.338847 0.684419083 

Count 5 4 4 
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Reach Q 
 

Reach Q (Figure 37) is a large, low-lying and unmaintained section of the spillway road.  With a 
total length of 7,885 ft., the reach was mostly wet (6,403 ft.) with a few dry segments (1,482 ft.).  It is 
mostly straight and the adjacent marsh displays features of a largely natural landscape, such as the 
headwaters of Harris Bayou (Figure 38).  Most of the reach showed moderate flows, while some low 
points captured more flow from the river.   

We obtained 28 depth measurements which ranged 3 – 21 (mean = 10.85 in.).  Four of these 
points were shallow points, so we measured velocity only 24 times.  Velocity ranged from 0.38 to 3.37 
ft/s (mean = 1.45 ft/s).  The average depth x velocity was 1.11 ft.2/s, which gave an calculated discharge 
of 7,077 cfs (Table 14). 

In our interpretive analysis, we divided the reach into three sub-reaches.  The first sub-reach 
comprised 64% of the wet length with an average depth of 9.7 in. and an average velocity of 1.3 ft/s 
which yielded a discharge of 4,306 cfs.  The second sub-reach had 26% of the wet length with an 
average depth of 13.5 in. and an average velocity 2.1 ft/s for a discharge of 3,933 cfs.  The final sub-
reach consisted of 10% of the wet length with an average depth of 15 in. and an average velocity of 2 
ft/s.  Adding the estimated 1,601 cfs for sub-reach 3 to the other two, we estimated a total of 9,840 cfs 
for Reach  Q. 
 

 
Figure 37:  Photo for Reach Q. (May 17, 2011) 
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Figure 38:  Flow measurements and estimated discharge for Reach Q.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Table 14:  Statistical summary of flow observations for Reach Q. 

Reach Q Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 10.857143 1.449766 1.473691417 

Max 21 3.367003 3.647586583 

Min 3 0.381526 0.354166667 

Std. Dev. 4.533532 0.754618 0.939150833 

Count 28 24 24 
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Reach R 
 

Paralleling a broad bend in the river, Reach R (Figure 39) is located at the downriver stretch of 
the Bohemia Spillway.  It spans 4,221 ft. of the spillway road before ending at the first structure at 
Bayou Lamoque.  The upper end is demarcated by a transition to minimal (or no) road maintenance.  It 
largely consists of low lying sections separated by dry sections.  The total length is divided almost 
equally between wet lengths (2,012 ft.) and dry lengths (2,209 ft.) (Figure 40). 

We obtained ten measurements of depth and nine measurements of velocity.  The depths 
ranged 14 – 24 in. (mean = 18.4 in.) and velocities ranged from 0.85 – 3.11 ft/s (mean = 2.07 ft/s).  The 
average depth x velocity was 2.08 ft2/s, which yielded a discharge of 4,195 cfs (Table 15).  In our 
interpretive analysis, we viewed the entire wet length as one sub-reach with an average depth of 16.3 
in. and average velocity of 2.07 ft/s, which yielded 5,658 cfs. 

 

 
 

 
Figure 39:  Photos for Reach R. (June 6, 2011) 
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Figure 40:  Flow measurements and estimated discharge for Reach R.  The top figure uses a color infrared background 
imagery, while the bottom figure uses a LIDAR derived shaded relief imagery. 
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Table 15:  Statistical summary of flow observations for Reach R. 

Reach R Adjusted Depth (in) Velocity (ft./s) Adjusted Depth times Velocity (ft.^2/s) 

Average 18.4 2.071364 2.811920083 

Max 24 3.10559 5.00000025 

Min 14 0.851064 5.00000025 

Std. Dev. 3.169297 0.756885 1.440795417 

Count 10 9 9 
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Corresponding Codes 
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Code Common Name Scientific Name 

ALPH Alligatorweed Alternanthera philoxeroides 

AMAM2 Ambrosia leaf bur ragweed Ambrosia ambrosioides 

AMAR5 Pepper vine Ampelopsis arborea 

AMAU Southern amaranth Amaranthus australis 

AMCO Valley redstem Ammannia coccinea 

ANMI4 Chaffweed Anagallis minima 

BAHA Groundselbush Baccharis halimifolia 

BAMA5 Turtleweed Batis maritima 

BAMO Herb of grace Bacopa monnieri 

BOFR Sea oxeye Borrichia frutescens 

CAGL8 Pignut hickory Carya glabra 

CAMIS Evening primrose Camissonia sp. 

CARA2 Trumpet creeper Campsis radicans 

CELA Sugarberry Celtis laevigata 

CEOC Hackberry Celtis occidentalis 

COCO13 Blue mist flower Conoclinium coelestinum 

CYAN5 Gulf coast swallow-wort Cynanchum angustifolium 

CYPER Flatsedge Cyperus sp. 

DISP Salt grass Distichlis spicata 

ECCR Barnyardgrass Echinochloa crus-galli 

FRPE Green ash Fraxinus pennsylvanica 

FRPR Pumpkin ash Fraxinus profunda 

HECU3 Salt heliotrope Heliotropium curassavicum 

HELIA3 Sunflower Helianthus sp. 

HYVE2 Whorled marshpennywort Hydrocotyle verticillata 

ILDE Possumhaw Ilex decidua 

IPSA Saltmarsh morning-glory Ipomoea sagittata 

ITVI Virginia sweetspire Itea virginica 

IVAN2 Annual marsh elder Iva annua 

IVFR Jesuit's bark Iva frutescens 

JUOV Water willow Justicia ovata 

JURO Black needle rush Juncus roemerianus 

LEFU21 Malabar sprangletop Leptochloa fusca 

LUGR Large-flower primrose-willow Ludwigia grandiflora 

LYLI2 Wand lythrum Lythrum lineare 

LYRU Taperleaf water horehound Lycopus rubellus 

LYGOD2 Climbing fern Lygodium sp. 

MOCE Wax myrtle Morella cerifera 

PAQU2 Virginia creeper Parthenocissus quinquefolia 

PARE3 Torpedo grass Panicum repens 

PASPA2 Crowngrass Paspalum sp. 

PAVI2 Switchgrass Panicum virgatum 
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PHAM4 American pokeweed Phytolacca americana 

PHAU7 Roseau cane Phragmites australis 

PHLA3 Lanceleaf fogfruit Phyla lanceolata 

PHNO2 Turkey tangle fogfruit Phyla nodiflora 

PLCA7 Camphor pluchea Pluchea camphorata 

POPU5 Smartweed Polygonum punctatum 

QUMA3 Blackjack oak Quercus marilandica 

QUNI Water oak Quercus nigra 

QUVI Live oak Quercus virginiana 

RAMU2 Spinyfruit buttercup Ranunculus muricatus 

RHCO2 Shortbristle horned beaksedge Rhynchospora corniculata 

RUCA19 Britton's wild petunia Ruellia caerulea 

RUTR Southern dewberry Rubus trivialis 

RUVE3 Swamp dock Rumex verticillatus 

SACE Lizard's tail Saururus cernuus 

SAMI8 Dwarf palmetto Sabal minor 

SANI Black willow Salix nigra 

SAST5 Rose of Plymouth Sacciolepis striata 

SCAM6 Olney's threesquare Schoenoplectus americanus 

SCRO5 Sturdy bulrush Schoenoplectus robustus 

SEDR Poisonbean Sesbania drummondii 

SEPA10 Marsh bristlegrass Setaria parviflora 

SMILA2 Greenbrier Smilax sp. 

SOSE Seaside goldenrod Solidago sempervirens 

SPAL Oyster grass Spartina alterniflora 

SPCY Hog cane Spartina cynosuroides 

SPPA Wiregrass Spartina patens 

SYTE6 Salt marsh aster Symphyotrichum tenuifolium 

TADI2 Bald cypress Taxodium distichum 

TORA2 Poison ivy Toxicodendron radicans 

TRSE6 Chinese tallow Triadica sebifera 

TYLA Broadleaf cattail Typha latifolia 

ZACL Toothache tree Zanthoxylum clava-herculis 

UNKNOWN Unknown    

 


