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New Orleans iIs a deep water port established in 1718
about 100 miles up the main stem of the Mississippi
River, on the eastern flank of the Mississippi River Delta.




New Orleans,
was esfawbhshed

1 b7/ b7/ 18 to
quarc
natural portage
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Mississippi River
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John, leading to

T e WFrenc in

Lake

S Pochartrain.
BN Note swamp
w2 contact, fresh vs
brackish water




-
oy’f{

W
.'J 5 \t",‘ '
ey : -lHabuaJwrz e
A ‘pn BLY Y

*&ggerrauz ac //(4
Je (Ewnu/d&

Q’ *
| Hab" aH. ge f ger zr’oaﬁ"x B e
'@’* o
; anenwur du.mc.;y W oNQ. w ‘@ WNN-_

A\ ® b q A de. Pailboua
[ ) vﬂ_qjorigeneraL

"’&u 5.9 Mﬂ rvx
&’ l‘ﬂ."ﬂn.{ fanqla

Trrraux a Monlieur"

c{e Bx enuille

.8 W &g@, gg‘#o“ Go o

: M& n(’v”‘ﬁn..w PORE ..
The formal settlement was laid out as 14 C|ty blocks in 1721 with
drainage ditches around each block. The original town was

surrounded by a defensive bastion in the classic French style.
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north of the
city.
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e During the steamboat era (post 1810), New Orleans emerged as
the major trans-shipment center for river-borne to sea-borne
commerce, and vice-versa, as well as a major port of immigration.
It was the 9th largest American port by 1875.
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The Old Basin drainage canal was excavated in the . This

shows the systems of drainage ditches and canals established by
1829, leading to Bayou St. John.




1.) River channel and
floodplain prior to
flooding

o, Water level at flood stage

2.) During roody \ r \

Fine sediment (silts & clays)
deposited farther from active

Granular sediment (sands
channel

and gravels) deposited
adjacent to channel

Natural levees deposited
by repeated flooding

3.) After repeated flooding

e The channel’s natural levees form the high
ground
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. Army Engineer A.A. Humphreys
- began studying the river in
1850, and virtually controlled it
as Chief of Engineers between
1866-1879. He was the father of
the Corps’ flawed “levees only”
policy of flood control.




eveestwere periodically raised
etween, 1890-1960"

RIVERSIDE LANDSIDE

10° CROWN 75' ROADWAY

1937 H.W. lonvs
1927 H.W. 2

MEMPHIS GAGE

DIMENSIONS OF CROSS SECTIONS
SCALE IN FEET

20 40 HEIGHT BASE WIDTH AREA
YEAR FEET: FEET 5Q FEET

1882 9.0 53.0 274
1896 15.5 120.5 951
1914 24.0 200.0 2455
1928 27.0 260.0 3645
PRESENT 30.5 315.0 4956

* Typical levee cross section in New
Orleans area

Louisiana levee topped out
during the record 1973 flood
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and exhibits an

asymmetric section

It tends to migrate
towards the outside
of downstream bends
through bank
undercutting. Levees
had to set back from
these bends.
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Many*eanals-were filled,or
Supersededsby newer'ones”

J 'J"_'[_]:.__',\ QJr ""-.).l'/»' 1 0 ._u. ONdeE .‘g_p. W ,
Excavatedror drainage and navigation (row boats);
bEtWeen the City and Lake Ponchartrain. It ended
duBasin Street, and was infilled in the , When
[iAbecame railroad tracks and Lafitte Avenue.
PEhie New Basin Canal was excavated in the early

= £ /Lfin the American Sector, yellow fever killing
10,000 Irish immigrants. The New Orleans City

~ Railroad paralleled this canal in post Civil War era.

~ ® The New Basin Canal cut through Metarie Ridge;
causing flooding of the downtown area in

¢ The portion south of Metarie Ridge was filled in the
; and the remainder In the , With the
Ponchartrian Expressway replacing the old canal.




prainage Canal‘Chronologya

SHEN0rIeans Canalm‘s excavated in to
Gonveyawatenfrom BayouMetarie..The ...
TUr J')j Ke 'Road ran along the west side of this
szl

J m—\ l pper Llne/17TH St. Canal along the

Jr ns-Jefferson Parish boundary was
vated prior to — along the upper end
ﬁf today s 17t St Canal. The lower portion was
- 'excavated In , all the way to
Bucktown, along Lake Ponchartrain

e In the Jefferson & Lake Ponchartrain
Railroad was built along the Upper Line Canal
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STREET DIRECTORY.
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e = = map was
Y Fa > after a
yellow fever
epidemic the
previous
year, which
brought to
City’'s
accumulated
death toll to

f In excess of
s mADEE, Shis axorm 100,000

PRINCIPAL NOTES FURNISHED BY U.S. COAST SURVEY DEPARTMENT
SCALE
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FOR PUBLIC BUILDINGS AND SQUARES
FOR FINDING LOCATIONS---SEE EXPLANATIONS ON STREET DIRECTORY.

ACADEMY DF MUSIC. 5L Charles st .
JANNUNCIATION SQ., Annunciation st S,
[BOYS HOUSE OF REFUGE.
BIENVILLE DRAINING MACHINE.
OHAMBER OF COMMERCE. Cemmon
OITY HALL, St. Charles street -
CITY PARK, Motaiske Road.
CITY PARK. Sixth Distriot.
OLAIBORNE MARKET ...
CLAY SQUARE. Chippewn street. ..
COLISEUM PLACE. Camp sreet .
CONGO SQUARE, N. Rampr.rt sreet.
COTTVON EXCHANGE, Gravier strust,
COURT HOUSES, Chartres Street ..
JCRESCENT HALL, Canal Street
CLAY STATUE, Canal st .
CHARITY HOSPITAL. Common ot
IDUBLIN AV. DRAINING MACHINE,
[DOUGLAS 5Q.. Washingten St.,
IDRYADES MARKET.....
JEXPOSITION HALL. St. Charles
FAIR GROUNDS,
IFILLMORE 8Q.. . .......
[FRENCH MARKET ..
IFROGMORE, Crescent Oity Rifie Clud,
LOLOBE THEATRE. Perdido
(GRAIN ELEVATOR, ... .,
GRUNEWALD HALL, Baroane st.
HOTEL DIEU, Common
JACKSON SQUARE..
JACKSON R, R, PASSI
[JEFFERSON MARKET.
LUB. .

»Ere

Magazin at..

LONDON AY, DRAINING MACHINE...
LOUISIANA COTTON MANF'Y.. .

MELPOMENE DRAINING MAOHINE.
MAGAZINE MARKEY . . .. .-
MASONIO HALL. 81, Charies st
MECHANICS INSTITUTE
METAIRIE CEMETERY.......

MORGAN'S B. R, DEPOT, French W'
NINTH STREET MARKET.

RIDGE CEMETERIE:
SECOND STREET MARKET.
SMALL-POX HOSPITAL..
SLAUGHTER HOUSE.
SORAPARU MARKET.
ST. BEANARD MARKET,
ST, CHARLES THEATRE
ST. MARY'S MARKET,

TIVOL) OIROLE---LEE PLACE'
TREME!MARKET,
U. 5. BARRACKS. ..
U, S, MINT, Esplanade y
U. 5. CUSTOM HOUSE, Canal o

UNIVERSITY OF LA.. Common
VARIETIES THEATRE,
WASHINGTON 8Q., Ely
WATER WORKS RESERVOIRS.
WESTWEGO. Texas R, R. Dept,
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) ?e Canal’Chronolegy s

2 T 1€ 5 Ponchartraln Harbor Map shows

_)r,JchJJ;rJ atentidalinfiuxsizone aroundithe,. . .
Houthroef;Bayou St. John, extending westward,
LONIE 1 ew Basin Canal.

SRine Jr er Protection Canal was excavated
,JrJJ Id out to Lake Ponchartrain. This

=became the 17" Street Canal (the street was

= enamed Palmetto Avenue in 1894)

- By there were a series of east-west feeder
canals serving Bayou St. John from the west
side

° By there were a series of NNE trending
drainage canals in St. Bernard Parish




looking north along the eastern side of the New
Basin Canal in 1890, when the levee was about 4 feet
high, supporting a shell surfaced road. These
embankments were raised in 1915 and again in 1947.




Dia age Canal*Chronology

S HENIpper London Avenue Canal was
constructedintthes ' {-i\“pnorth'of'Bayou

Gentilly. A steam-powered draining

15)z] r“u 1e near the intersection of London

.mr Pleasure Street dumped this water

o the cypress swamp near what is

,.,_—f ow Dillard University, north of Gentilly
Rldge

® The lower London Avenue Canal was
extended out to Lake Ponchartrain
sometime between



* -"- ORIGINS OF THE
- SEWERAGE & WATER
BOARD
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2 ) :I. , the New Orleans Ci - Surveyor
Wb ell warned of the potential
[anc J rs posed by the big outfall
,Jr_m age canals

Srhet old city officials to place pumping

04"— ‘.‘" e -— -

— stations on the lakeshore, otherwise

"

: ,_“.hea vy storms would result in water
backup within the canals, culminating
In overfiow into the city.”



DISTANCE, KILOMETERS
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DISTANCE, MILES

Much of New Orleans lies below sea level, Lake Ponchartrain,
and the Mississippi River, making it particularly vuinerable to

flooding. Mississippi levee 24.5 feet; Pontchartrain levee
13.5 feet.




)r- hage Commlsslg_q‘-,&BQG

SThellic u15|ana Ieglslat'ure created a drainage

CONMISSTONNT ‘Iortordeal™n drainageof

INEW, J leans

IS suk sequently became the New Orleans
SEWErage and Water Board in

=>"DBy -;19_15 there were 70 miles of canals and
— three new pump stations in place. By 1926 the
~ system cost $27.5 million

- o Eventually, this system has expanded to 172
miles of drainage canals, 90 miles of which are
covered.



- A. Baldwin Wood was a young S&WB engineer who designed the
enormous screw pumps, 12 to 14 feet in diameter, which run on 25
Hz electric power using 20 ft diameter dynamos. The City began by

installing 11 Wood pumps in for a cost of $159K. These
replaced the old steam powered paddle wheel pumps.



Keeping New Orleans dry
The A.B. Wood Screw Pump revolutionized
the draining of the city

An ¢lectne motor
Fan —4 Motor 5 z
‘ begms otatmg fan
e '. blades at 100 mpm
%
- .,
A

be fore wateris drawn
A mlopipe

STy e 33
-_m-n{‘:{'ﬁ,’*(""«-‘ff Vel

A vacuum pump
creates a siphon that
pulls water from the /
suction basin to the A Fil : ' The rotating
4 discharee basin _;,"7 b RN fan helps the
5 Ly Rl ARy o siphon, pushmg
water out of the city

......
Diameter

AB. Wood designed two pumps that have of pump  Pumping rate

helped New Orleans stay above water. The

12-foot version was designed in 1913 and the 500 cubic fi. persecond

— huge 14-foot pumps in 1928, 3 - BERS 1,000 cubic feet per second
= - . ® Bt LN mi e s M S A A s DY s - s N S A

_ This 1920s drawing shows the arrangement of a Wood screw pump,
which uses a powerful siphon action to lift water into the drainage
canals, where it flows by gravity to Lake Ponchartrain. The City's 21
pump stations can lift 47,000 csf of water. Prior to Katrina it had

only been overwhelmed on a few occasions, in 1978 and again, in
1995.



Pumping the floodwater out ...

Once New Orleans’ breached levees are repaired, the city’s complex system of levees, floodwalls, canals, pumps
and locks can be used again to make the below-sea-level city dry.

THE SYSTEM

Pumps at drainage pumping stations throughout
the system move runoff water from storm
sewers to Lake Pontchartrain; can manage
29 billion gallons daily.

FIRST PUMPS

) Original pumps, known as Wood screw
Canatssideuimai pumps, were designed in 1913 by Albert
S?a'l?o.fs (|elf)[) i Baldwin Wood; about 50 still in use.

Connected to drainage Canal-spanning pumping
system; pump rain stations (right)

Pumps waler into canals similar to locks; raise level
Draw water of water in canal so it can Locks
flow easity into lake. : Allow water from canal to flow into lake; may be opened

if water level in lake is lower than that in canal or to let

Floodwall small vessels into canal; keep lake water from backing up.

Collection
Stormwater collects

in box culvert, flows into
pumping station.

TYPICALMODERNPUMP ~ :  CRACKSINTHEWALL  g7¢h 6. canal

i First built in 1897, the About 300-foot breach created when
ed . 3
;’:;te'f;',g",:;' gﬁrgf,‘flmfc;a” i aging Systfem was storm surge from lake topped London St. Canal
is submerged in water in canal | oreached in at least floodwall and moved levee wall About 300-foot industrial Canal

or Storm sewer system. three places. horizontally about 20 feet. breach in floodwall. Possibly two breaches,

100 feet and 500 feet,

Water discharge
Capacity: Most used in New
Orleans can pump up to

250,000 gallons per minute.

Closed roads
hamper
evacuations

Pontchartrain

Height: 30-40 feet

[1] Interstate 55
is partially
submerged

Drive shaft: Connected to
diesel or electric engine;

+ Floodwalls,
powers impeller. levees along [2] Lake 1

) Mississippi Pontchartrain
Impeller: Propeller-like River Causeway
device moves water up pump. is impassable

Floodwalls, [3] sections of
levees, canals Interstate
O Suction bell: Water enters nlowiiing 10 bridge
L pump here. i Note: Floodwalls,

2

are torn off

levees not to scale

SOURCES: Knight-Ridder Tribune; Associated Press; NOAA; AccuWeather, National Hurricane Cenl \ational Weather Service; Insurance Information Institute;

Army Corps of Engineers; U.5. Geological Survey; Patterson Pump nda Hall Library of Science, Engineering and ology; Engineering News Post-Dispalch

New Orleans also employs vertical pumps with impellors to lift

water from subterranean storm drains to the drainage canals.



Lake
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Jefferson | - A— | LD ;
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oy 3 o LT Feeeen, New Orleans S&WB Drainage System
S R / Open and underground channels

N L St. .
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~ 1915, 1947, 1965,
= 1969 and 1998



OIS HFIO0D ENTERED GITY,
JANSTHE DRATNAGE'C AL‘§'

BInE 11 apowerfalfhurricane lifted the™
Waler | evel in Lake Ponchartrain to 6

.o\'

el f' Jove mean gulf level.

2 [ n—) drainage canals were overtopped
=and much of the city flooded

J The City's new pump system was
~ overwhelmed when the power stations
were flooded

o were killed in the flooding



1927 Flood
=" a Ieader‘sﬁ—

Al LT of New Orleans

e

d*n_amite_c_l the
3 "i‘“

downstream of New
Orleans to save the city
from being flooded. It
was not necessary, but
prompted by fear.




SONSE TO 1915 andil9475
= OVERTOPPINGS

SIATLEr the Sewerage and
Water Board General Superintendent
r“—u,g. ge Earl ordered the levees along
thieidrainage canals to be raised.

'fter several of these heightened
dramage canal levees were overtopped
“in , the state’s congressional
delegatlon asked the federal
government to assist in protecting the

city
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fgﬁgiﬁajh"g}_ﬁfjeffe'rson Parish and Metairie was caused by
- a breach along the western side of the 17t Street
Canal, across from site of the 2005 breach. X T AR

-



SO/ FI60ting Emanating
IJJIJ‘ arbOreNavigat'i '

rom
Cana

2 hp) ) MK ‘ ,a back protection
J—\Je,e, 3 roke at Tennessee Street,
5 J)JJJJ g 10 feet of water into the East

JJJ i
= 115 was quickly cleaned up

=¥ A_I_so, lots of flooding in Metairie and
- Jefferson Parish, through a breach in
west side of the 17t St Canal

® Flood inundation map published in the
New Orleans Times-Picayune




YVear 1965

Trogical Storm Trocks

T e—

.—\

)bbered New Orleans in 1965, with winds of up to 125mph-

=_-; and:a‘su:ﬂﬁ-?urgeo’f 8 to 10 feet. It was the first hurricane to cause mm:e«
- - than $1 billion in damages. e Y
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ijIJIiI om Hurrlcane£EJ,
- |n"~1-965

MLOLIISTUE of the THNC experiencec
bra:al S and overtopping during Hurricane
Betsy in Sept. 1965.

J :’3, ) homes and 40 businesses were
= ﬁ‘ﬁded in water up to 7 ft deep on the
== west side of the IHNC

e The east side of the IHNC also failed,
flooding the west end of St. Bernard’s
Parish
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ASTRICT, NEW ORLEANS, LA
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EMBER (965

FILE NO K-2-23645
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FPe\@ Flood inundation of
/ wi | /ENE Orleang‘tauggd—
l {\- 1) urrlcane Betsy in

9l Both internal levee
SN SRRy e failures and
| SN overtopping occurred
along the Inner
Harbor Navigation
Canal, along both
sides.

e . T The triangles note
| AR s [ depth of water above
ground surface.




(U.S. Army Corps of Engineers)
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B~etsy’s record damage was eclipsed by Hurricane Camille,
which struck the Gulf Coast in August 1969. It's eye made
landfall about 60 miles east of New Orleans and went up the

Mississippi Embayment, causing unprecedented levels of
storm-related damage in Virginia, killing more than 300.
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High Water Profile for the U.S. Gulf Coast (U.S. Army Corps of Engineers)

Recorded storm surge on Gulf of Mexico landfall of
Hurricane Camille in 1969. Pass Christian recorded a storm

surge of 22.5 feet, Bay St. Louis 20.2 feet, and Biloxi 16
feet.



Georges Sept 10988

< m.ﬁ‘ems‘! B ‘-—sep. 28, 1998 0915 u-rc p—
ZANMENSIRNC B )

S L

-

i

109/27/98 2100 110 mph 961 mb

09727798 1500 110 mph 963 mb
~ 09/27/98 0300 110 mph 970 mb

~ 09/27/98 0300 110 mph 968 mb

© 09/26/98 2100 110 mph 968 mb.

=
. 09/26/98 1500 105 mph 9

The 9 foot tidal surge caused by
Hurricane Georges came within
inches of overtopping the Lake
Pontchartrain levees and drainage
canal gates on September 27,
1998.
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. :fhe Corps preferred gates at the mouths
of the canals, but S&WB and many
residents opposed, fearing they would

malfunction, inhibiting outflow of storm
water.



Newi@rleans iIs situated between Lake
chartrain and the Mississippi River.

After Hurricanes Betsy
(1965) and Camille
(1969) it was proposed
that the Corps of
Engineers construct a
tidal gate across the
outlet of Lake
Pontchartrain to prevent
potentially destructive
tidal surges from
entering the lake and
impacting the back side
of New Orleans. This
would have the added
benefit of protecting the
causeways and viaducts
leading to the city.
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SNThe issue of how to address
provementof the'drainage canals"
Wrac J\. ged on for almost 40 years.

2 L] e 'meantime, intense residential
J;ﬁ slopment encroached upon the
= amage canals, beginning in

=" The federal Court of Appeals decided
the issue in , ordering the Corps to
go with heightened levees able to
withstand a Category 3 storm with 12 ft
tides and 130-mph winds.



Flood Walls were constructed on the crowns of drainage
canals and the Inner Harbor Navigation Canal to
accommodate functionality during high storm surges. The
walls in the Lakeview and Gentilly Districts were supposed

to be +14 ft above MGL (actually 12.1 ft).
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" exceeded a flow height of
7 feet above MGL

This shows deflection of
the western 17 Street
Canal flood wall, opposite
the August 29, 2005 break
of the eastern wall, near
the Hammond Highway
Bridge.

The canal levee had
previously breached at°
this positionin 1947
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Walter levels between the aly and Lake Postchartrain evened oul late
Wednesday, stopping the rige of water in the city. Normally, the cily is
protected by levees from the lake, since much of itis below the lake's
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Smaller levees, flood walls
and roads that block flow
of water
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A complex network of levees protected the city from flooding, but it
quickly failed on August 29, 2005, when water levels rose.
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= Hurricane Katrina swept across southern
Florida and lost momentum, then gained
speed and water, showing the second
lowest barometric pressure ever recorded.
The predicted storm surge was 18 to 28
feet; a record for New Orleans.




istorically,
there haven't
been but a
handfull of
Category 4 or 5
hurricanes that
have ever been
photographed
making landfall.




Predicted water depth in New Orleans flood inundation area based on
water level of 2.37 ft in Lake Ponchartrain on Sept 2, 2005. Overlay on
2002 5 m LIDAR DEM by USGS-MCGSC in Rolla. The dark red tones >9 ft.



T
g~

eWillibe posted’c

e

wwmmmﬂﬂ vrogersda/levees

«--

ir .oclf ur at for easy downloading and use by
. _:‘,;.- others.
SIS re summarizes an article of the same
= ﬁﬁe-publlshed iIn the May 2008 issue of ASCE’s
= Jourmal.of Geotechnical and Geoenvironmental
-~ Engineering. It can be downloaded in pdf format
~With color graphics towards the bottom of the
same folder



