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Chapter 10
SEDIMENTATION AT THE MOUTH OF THE MISSISSIPPT RIVER

Chas. G. Holle, Colonel, CE
Distrié¢t Engineer, New Orleans District
Department of the army, New Orleans, La.

Sedimentution at the mouth of the Mississippi River is a phenomencn
that has been under study by the Corps of ZEngineers, Department of the army,
during the past 120 years. The primery objective in these investigations
hts been the determinution of the most economical method of meintazining
required nevigation depths through the Misgsissippi River Pusses for ocean-
going vessels that serve the Ports of New Orleans, Buton Rouge, end in=-
directly the vast Mississippl Valley river traffic,

The objective of this peper is to summarize pertinent sediment inves-
tigations of the liississippi River and Outlets below the latitude of Old
River, Louisiana, and to discuss the complex nature of the sedimentation
problem in the llississippi River delta area. Topographic features of the
region are chown on Figure l.

INTRODUCTION
GINERALL

The Ifississippi River rises in Lake Itascay, liinnesota, and flows in a
genersl southerly direction to the Gulf of .exico, a distance of upproximate~
ly 2,434 miles, The river, with its tributaries, drains about 41 percent of
the arex of the United States proper., This drzinage basin of 1,245, 000
square miles, including all, or parts of 31 states and two Conadian »rovin-
ces 18 shown on Figure l. The lississippi is navigable to ocean~going com-
merce as fur upstream as Paton Rouge, Loulsiana, 247 miles from the Gulf of
Mexico via Southwest Puass,

New Orleans, one of the major ports of the country, with a population
of about 600,000, is locuted on the river about 114 miles from the Gulf via
Southwest Pass und 107 miles by South Pass, The principal industries of
New Orleans are closely allied with river traffic. Munufacturing plants
covering a wide runge of products are locuted ut thut site in order to
utilize the raw and semifinished products which are handled through the port
or produced in the adjacent territorys This city is also an important ter-
minal and point of origin for barge shipnents to the east and west via the
Intracoastal Woterway and north or south on the MNississippni-Ohio River sys-
tem,

DESCRIPTION OF THE LOWER MISSISSIPPI RIVER

The levees of the Mississippi River below the latitude of 0ld River,
Louisianz, ore bullt reletively close to the banks of the river and extend
downstream on the west bunk to Venice, Lu., 10 miles above the Head of Pas-
ses, and on the east bank to Pointe-a=lu-Huche, 44 miles above the Head of
Passes, und thence from Mile 33 to !Mile 11.5 above Head of Passes, No im-
portant tributaries enter the iMississippi River between 0ld River and the
Head of Passes, all the drainage being carried to the Gulf by adjacent
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SEDIMENTATION AT THE MOUTH OF THE MISSISSIPPI RIVER
streams or lakes.

Apnroximately 322 miles from the Gulf of Mexico, the iississippl
River is connected on its west benk through 01d Tiver to Red River, a
tributery, and to the Atcnsfclaya Niver, a distributery, connecting with
the ML epproximutely 1725 rmiles west of the lllceizsippti Diver Peasses.

The direction of flow in 014 Tiver muy be in either directicn, denending
on stage dlfferenticl between the Red und -ississinpi Rivers, however, 1ts
flow at the present tire is generally wasgtward frorm the llssissipni to the
stchefalaya practically all of the time,

rbove Buton Rruge o 9-Ffoot chunnel is maintuined. In this reuch is
lecuted the iorsunza Tloodwsy, < pert of the 'ississipni Piver Mlood Con-
trol Project. This floodway, having o dezizn cupiclity of 600,000 cufese,
is locected on the waest bank of the uJissicsippi Mivsr, approxinately 25
miles northwest of Buton Nouge, Louisiwna., It is an overbenk floodway con-
fined by gulde levees with & countrol structure at the upper end along the
Mississinpls The floodway is designed to pass flood waters from the river
into the wtchufalaya Basin in order to limit flow in the .lisslssippi River
below llorganza, Le., to the safe cepacity of the leveed river channel,
1,500,000 csfese This floodway, now under constructinn, has never been
opercted,

Betwesn Baton Rouge and the Port of New Orleuns, a distance of ap-
proximately 132 miles, except for two or three locadl areas vhere shoaling
occasionally occurs during times of flood, the chunnel is never less than
40 feet in depthj the minimum channel wildth normclly is zbout 300 feet,
vhile the average width exceeds 1,000 feet. The second controll.ble flood-
vey, the RBonnet Carre Jpillwiy, 1s situ.ted on the eust bank cof the Missls-
sippil, about 30 river miles above the City of New Orleans. It ccnsists of
gulde levees vith o control structure at the upper end wlong the illsgissippi.
This floodwey 1s designed to divert 250,000 cefsze of river water to the
Culf of Mexico via Luke Pontchurtrain ir order to limit fleu in tne bissis-
sippl past New Crlewnc to ubout 1,250,000 celese and wus onexoted €or that
purpose in 1937, 1945 wund 1950,

Belcr New Orleans, the river flowe ilu a renerddly southeusterly direc-
tion a distence of zpnroximately 95 miles to the Hewd of Pusscs., The 202
ir the east bank levee system between mileeg 44 und 33 above the Head of Pas-
ses is knovn as the Pointe=a=la-Hache Nelief Mutlet or the Bohemia Spillway.
This uncontrolled State of Leuisiana project is rapidly detericrating as a
highwater relief outlet ws a result of sedimentution wnd lack ¢f reguired
raintenance., The purpose of this project was to lower Migsissippi ZRiver
Tlood stauges at and below New Orleauns. At lov wuter, *he river croceg sgec-
tion virles between one-half = mile und o mile in surface wicth cnd between
50 and 200 feet in depth.

For upproximately eight months of the yeur the lower llicsiceippl River
is influenced to a greater or lecser extent by flood waters. Under cverage
conditions, the river sturts to rise in December, reaches a crest in sApril
end recedes to low water stoges by the end of Auguste.

The deltu ot the mouth of the IMlssissippl River iz typledd of o211 al-
luvizal silt-bearing streems. At the present tirme, the three nrincinral
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SEDIMENTATION AT THE MOUTH OF THE MISSISSIPPI RIVER

outlets of the river below New Orleans and in the order of thelr dis-
churge capacity are Pass a Loutre, Southwest Pass and South Pass, which
are joined at the Mead of Passes. All of these passes have been used for
commerce at various times, but only South and Southwect Passes have been
artificially improved to permit their use by ocean-going ships. The re-
mainder of the flow is discharged from the river upstrc.m from the Heud
of Passes through Baptiste Collette Bayou, The Jump wnd Cubits Gap.

Pass a Loutre, the largest of the principal pusses nas a length of
about 15 miles, flows slightly north of easb, und discharges through
several outlets to the Gulf. Southweat Puss, the 10st westerly of the
three ain outlets, has a length of 21,2 miles and flows southwesterly
to the Gulf., South Puss, the smalles~t of these passes, hes < length of
14.2 miles and flows in a southeasterly direction tc the Gulf., The mexi-
mum 41 schargesin c.f.s. recorded for these passes during the 1950 flood
cvele were 410,000, 354,000, and 166,000, respectively.

Other outlets of lesger importance include Buptiste Collette Bayou,
a small opening in the east bank ¢bout 83 miles below New Orleans; The
Jump, an outlet through the west bank sbout 84 miles below New Orleans;
and Cublts Gap, in the sagt bank of the Mississippi about 91 miles below
New Orleans. During the 1950 high water the maximum discharges in co.f.se
through these openings were 28,700, 35,100, and 151,800, respectively.

GEOGRAFHY OF THZI PASSES.

The land adjacent to the Mississippi River in the vicinity of the pasg-
ses has undergone extensive changes during its period of record. The nat-
ural tendency of the Misgissippi wus a silt~bearing und delte=~forming
gtream is to throw off branches from the main stem, which, in turn, subdi-
vide into sm.ller branches. The process of subdivision continues until
the Gulf 1s reached, with the individusl outlets of small capucity when
compared to the main river.

The banks of these passes are subject to overflow from time to time
during flood periods. llaterials in suspension are deposited in guanti-
ties sufficient, generully, to maintain height of bonks at = rate egual
to the subsidence of the delta, a rate of about 0.1 foot per year. A
comparison of Figures £ and 3 shows that consideruble new lelte has been
formed in the arez of the passes during the period 1874 to 1950. Bay
Ronde has coripletely diseppeared and in its pluce are deltuic deposits
traversed by numerous minor outlets. On the other hand, excessive subsi-
dence and loss of land area have taken place in Tust Bay, as a result of
closure of many outlets along Southwest und South Passes that formerly
discharged into the bay, Small regulated outlets are provided at criti-
cal places to maintain the banklines by supplying the adjacent bay areas
with gilt=laden water during times of flood.

DPROVEMENTS OF THE PASSES

In view of the importance of a deep entrance channel to the develop-
ment of the City of New Orleans, early efforts were made to deepen the nate-
ural 9-foot depth over the bars at the mouths of the Mississippi River, com-
mencing as early as 1726 by the French government, and continuing
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intermittently for over 100 years. None of these efforts met with mueh sue~-

CESE,

After considercble controversy as to the best nethod to be followed
in =securing a sstisfactory entrance chunnel from the Gulf to the iTissig-
sippt River, Congress, in 1875, accepted the ™"no cure, no pay”™ proposition
of Captain James B. Zads vnerein he was to secure, by construction of jet-
ties at the mouth of South Pass, a 30~foot channel through the pasg and
maintain it for a period of 20 years. Tuae results obtained fur exceeded
expectutions., The jetties were corpleted in 1879 znd o 30=foot channel
was secured and maintained by dredging with brief interruptions dvring sea-
gons of high floods, until 1901, when the work of maintenance was taken
over by the Corps of Engineers.

As @ result of the successful irmprovement of South Pass, the commerce
of the Port of Wew Orleans rapidly increased «nd another deeper channel
Kas rejuired to meet the growing demands of navigetion., Jetty construe-
tion in Soutbwest Pass was started in 1904 and completed in 1908, The eust
and west jetties extended to 10 or 12 feet of water and were 21,000 and
15,000 feet in length. Depths were increcsed from 9 to 20 feet, Over the
years since the initial construction, additional improvements of various
types have been underteken to maintuin the rejuired project depth. These
works included jetty extensions of some 3,000 feet, deflection of the
axis of the ber channel some 35 degrees eagt 0f the axis of the jetty chan-~
nel; contruction works to narrow the channel «nd a considerable amount of

dredging.
ELOITIG WaVIt%.TION PROTICT ON THE LOWER [I35ISSIFPT

Tne navigation project on the lower Mississippi, as authorized by the
River and Harbor act of 3 March 1945 wnd prior sets, provides for channel
dimensions below mean low Gulf level of: Baton Rouge to New Orleans, 35
feet deep by 500 feet wide, 128.6 miles long; within limite of the Port
of New Orleans, 35 feet deep by 1500 feet wide, 17,2 miles long; lower
limits of the Fort of New Orleans to the Head of Pasges, 40 feet deep by
1000 feet wide, B86.7 miles long; Southwest Puss, 40 feet deep by 800 feect
wide, 21.2 miles long; Southwest Puss Bar Channel, 40 feet deep by 600
feet wide; South Fass, 30 feet deep by 450 feet wide, 14.2 miles long; and
South Pass Par Bhannel, 30 feet deep by 600 feet wide.

The project is complete except for construction of contracting dikes,
screening of existing dikes, and deepening of the pass and bar channel
from 35 to 40 feet in Southwest Pasg. Figures 4 and 5 show relative loca-
tions of improvements.

HISTCRY ~ND DISCRIPTICN OF SEDT{ENT INVESTIGATICNS

The history of sediment observations on the lower Mississippi River
dates fran 1838, These observations, the first of record in the United
States, were made in connection with o survey of the mouths of the Missis-
sippi under the direction of Captuin a. Talcott, Results indicated 580
parts of sediment per million parts of water in South Pass, In Southwest
Pass, 18 samples from the surface and 9 samples from below the surface
gave a combined sediment concentration of 796 p.p.m.
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During the period from 1843 to 1346, Professor J. L., Riddell obtained
samples from the river et Wew Orleans. The average sedinent concentra~
tion was found to vary from 804 p.p.m. to 864 p.p.m., Other measurements
were nade in 1851-1852 by Professor C. G. Forshey at New Orleans.

In connection with improvements to South Pass, the Corps of Ingineers
sampled in this location continuously from 1877 to 1898. At the middle of
the pass, samples were taken at the surfuce, 8, 16 and 24 feet below the
surface, and near the bottom, ibout 150 feet from each shore, saiples
were taken &t the surface, mid~depth, und near the bottom. The results of
sediment observztions in South Pass for each of the years from 1879 to 1893
are published in the annual report of the Chief of Engineers for 1894. The
maximum sediment concentration was 1,100 p.p.m. in 1888, the minimum was
456 p.p.m. in 1879, and the mean was 688 p.p.n. The maximum concentration
of sand was 473 p.p.m. in 1880, the minimum was 115 p.p.m. in 1879, and the
mean was 313 DeDPefle

During the period 1879 to 1880, cxtensive sediment investigations were
conducted under the directicn of the Mississippi River Commission., Sedi-
ment observations were conducted at the Carrollton range, New Orleans,
Louisiana, for a period of 264 days from December 19, 1879 to October 8,
1880, The work comprised 696 specimens collected in 29 sets of observa-
tions, Samples were teken at the surface, «t mid-depth, and near the bot-
tort at each of eight points located at about ejusl intervals across the sedi=~
ment gaging rsnge. These samples were combined vertically znd horizontal-
ly in separate bottles. The vertical coambination for any station contwined
two ounces at each depth placed in one bottle, so that eight bottles, each
containing six ounces were required for one duy's samples. In the horizon-
tal combinations, two ounces from each of the surface samples were placed
in one bottle, two ounces from each of the mid~depth samples were placed in
a second, so thet three bottles each contalning 16 ocunces were required for
the day's samples, The points at which samples were tuken were fixed by
intersecting range lines.

During the period January 8 to August 5, 1927, two surveys wnd sets of
observations were made by direction of the Mississippl River Commission at
the Pointe-a~la=Hache Relief Outlet to determine the effect of the opera-
tion of the spillway upon euch element of the llississippi Piver regimen;
i.e., high water slope, scour and fill in the river bed, volume of water
discharged, and quantity of sediment carried in suspension. During this
period, a total of 1,584 samples were collected in 33 sets of observations
spaced at intervals of about four to five days. In each set of observa-
tions, samples were taken at the surface, mid-depth and near the bottom at
eight points located =t uzbout equsl intervals across two sediment gaging
sections, one of which was located about 4.1 miles above the upper end of
the spillway and about 1.0 mile below the lower end,

In 1929, under the direction of the Ifississippi River Commission,
sediment observations were made throughout the year at specified locations
that included the teking of sediment samples at Red River Landing, Louisi-
ana, and at the Carrollton range, New Orleans, Louisisna, with a proesdure
similar to that employed in 1927,

The Corps of mhgineers collected numerous samples from the lower lLlis-
sissippi in 1930-1931., Samples were generally taken about three times each
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week -+ the surface, mid-depth, and near the bottom in each of eight verti-
cals. From the average of thousands of discharge measurements taken pre-
viougly in the Misslissippi River, it was found that the upper quarter, the
middle half and the lower quarter of a given cross section carried 27,2,
51.2, and 21,5 percent, respectively, of the total water discharge. Hence,
weights of 1, 2, and 1 were applied to values of suspended sediment concen-
tration observed at the surface, mid-depth and bottom layers, respectively.

In 1938 the Corps of Engineers collected samples and cbtained velocity
measurements simultaneously in the passes near the mouth of the river with
8ix to eight verticals of eight to twelve points each,

Currently, suspended sediment sampling is being conducted on the lower
Mississippl River at the Baton Rouge, lLoulslana, discharge range. Forty
point samples are secured at each observation at about a rate of twice
monthly during the low water season and twice weekly during the high water
seagson. The sampling points are spaced transversely and vertically so as
to represent sections of equal discharge. Eight verticals are spaced
across the width of the stream with five points at depths along each verti-
cal, The location of these points are made according to a relatively simple
graphical method deviged by E., W, Lane of the Bureau of Reclamation. Based
on the water discharge distribution over the desired range in stage, this
method can be applied to any gaging statlon where sediment and water dis-
charge measurements are taken regularly. The results of the observations
at Baton Rouge initiated in 1949, provide an excellent basis for determi-
nation of suspended sediments carried by the Mississippi.

FACTCRS AFFECTING SEDIMENTARY ACTION IN THE PASSES

Factors affecting sedimentary action in the passes may be divided into
two clagses, natural and artificial. The natural class includes such
factors as river discharge, littoral currents, salt water intrusion, tides
and wind direction. Artificial factors include the man-mede works of
diversiaon structures, contraction structures and dredging. The inter-
relation of these factors is a complex process with one influsnce modify-
ing the influence of others in varying degrees of intensity from time to
time,

Sedimentary action that causes shoaling involves three basic proces-
pess pickup of material in one area, its transportation to another ares,
end its deposit in that other area to form a shoal. Thus, all of the above-
mentioned factors may at times contribute to the shoaling of an area and
at other times serve to move it, either to another part of the area under
congideration or entirely out of the area. At or near the mouths of the
passes the tidal influences are very important considerations in studies
of shoaling action with, of course, the fluvial characteristics of the
river tending to predominate over the tidal characteristics upstream from

the mouth.

NATURAL FACTORS

Mississippl River flow at New Orleans ls the forecast point for
hydraullc characterigtics in the passes. General criteria concexning the
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natural factors affecting sedimentary action in the passes are as follows:

River Discharge - At mean low water, about 3 feet above mean sea
level on the Carrollton avenue gage, the discharge at New Orleans, 103
miles above the Head of Passes, is about 300,000 c.fe.s. At normal stages,
sbout 9 feet above MSL on the Carrollton gage, the discharge is ubout
600,000 cefese At flood stage, about 17 feet above MSL on the Cuarrole-
lton gage, the discharge is about 1,000,000 c.fesSe The minimum recorded
discharge at New Orleans is 79,000 c.f.s. and it is estimated that, with
the Morganza and Bonnet Carre floodways above New Orlsans in operation,
the meximum discharge will be limited to 1,250,000 c¢.fss. This total dis~
charge is normally distributed through the passes in the percentages of:
Southwest Pasgs, 30; South Pass, 15; Pass a Loutre, 40; snd Cubits Gap and
other outlets, 15. The normal range in stage at New Orleans is about 16
feet, from about 2 to 18 feet above MSL on the Carrollton gage. The maxi~
mum allowable stage is 20 feet,

Velocities through the three principal passes range up to about 6
feet per second. Mean velocitlies at the heads of these passes usually
range from about 2 to 5 feet per second,

Littoral currents = Relatively strong littoral currents, about 1
foot per second, flow generzally in an east to west direction just Gulf-
ward of the passes.

Salt water intrusion = Observation and study of selinity conditions
in the lower lississippi reveal that below certain fresh water discharges
from the upper river there is intrusion of denge salt water from the Gulf
of Mexico through the deep passes, South and Southwest Passes. The intru=-
sion is in tne form of & wedge having a fairly well defined interface
which moves upstream through the passes below the outward fresh water flow.
At stages of 10 to 12 feet above MSL on the Carrollton gage, or about
800,000 cefes., the salt water wedge 1s held just ocutside of the outer end
of the jetty channel by the strong river current. &t mean low water, about
3 feet vbove MSL on the Carrollton gage, or 300,000 cefes., the salt water
interfaece is normally located at the Head of Passes., At extremely low
steges, below 3 feet, the se2lt water proceeds upstream, the extent depend-
ing on the amount of low water river discharge, In October 1936, the upper
end of the salt water wedge was located about 22 miles above New Orleans or
about 145 miles from the Gulf, at a depth of approximately 120 feet below
the water surface of the river.

In locating the wedge, it is constantly observed that the salinity con-
tent changes from fairly fresh water, several hundred p.p.m., of chlorine,
to dense Gulf water, 10,000 to 15,000 pe.p.m. of chlorine, within a depth of
a few feet, The line of demarcation between fresh and salt water, referred
to as the "interface," is arbitrarily taken as the point at which a chlorine
content of 5,000 p.p.ms is observed,

Observations taken during several periods of sxtreme low water show
conc lusively that the entrance of salt water into the river is confined to
the deep man=-made navigable passes, South and Scuthwest Passes, and that
under normal wind und tide conditions no intrusion of dense salt weter oc-
curs through any of the other relatively shallow outlets or passes.
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Tides ~ The aversge daily tidal range at the end of the passes or in
the Gulf of Msxico is about 14 to 16 inches, amd is about 12 inches at the
Heud of Pusses. During low water a slight tidal effect can be observed in
the Vississirni Tiver 35 miles above Baton Rouge.

Wind = Prevailing winds are from the southeast.
ARTINICILL TACTORS

Artificial factors affecting sedimentury action in the passes are those
improvements or training works which have been performed or construeted in
South and Jouthwest Passes., Regardless of the primary purpose of a project
wny work whic. affects the complex regimen of the passes definitely affects
the sedimentary action in the delta area.

Jetties have been constructed for the purpose of increasing velocities
and indueing greater depths in the bar channel by scour., Spur dikes were
installed in the passes und Jetty chunnels to secure lesser channel widths
and thereby obtain a nore effiecient channel hydrauliecally. Submerged sills
were placed across the head of Pass a Loutre and other openings to divert
greater river flow through the navigable pusses. Outlets in the bunks of
South and Scuthwest Pusses were opened as required to maintein the integriw
ty of the banks or e¢losed for the purpose of increasing velocities in the
jetty channels.

liaintenance dredging is performed annuclly to provide project depths

through ths navigable outlets, 3South and Southwest Passes, Critical areas
requiring this corrective action aret Bars which form at and in the vicini-
ty of the Head of Passes .nd bars which lie just Gulfward of the mouths of
the pascses that wre commonly c¢:lled "outer burs.” A4As 4 result of improvew
rient vorks acconplished to date, South Pass is precticclly self-maintained,
vhereas, acuthwest Puss requires some dredging in order to maintuin naviga-
tion depths.

LaTERT.LLS IN TRANSPORT

Investization of riatoricls~in~trensport in the Lississippi River, un-
til recent years, were inadeguate in seope to develop reliable scientific
procedures, Consejuently, the study of the laws governing the transport
of sediment by flowing water has been intensified beczuse of the increased
rate of construction of river-control werks, Transport of bed znd soil
materials in the "ississipni River «nd its outlets and the resulting changes
in the configuration of the beds are importent problems to the designer of
srojects for tne improvement, rogulation, and econonic development of the
river system, The average layman regerds the river as merely a natural
channel carrying & stream of water, vhereas, the enginesr has learned that
the river is not only o strewm of water, but to a greater or lesser degree
is &180 2 ctream of zediment.

Recocnizing the desirsbility of perfecting methods for measuring the
gquantity and for determining the character of sediment loads in streams,
sever.l wiencies of the United States Government organized an Interdepart-
mental Camittee in 1939 to sponsor an exhaustive study of all problems
encountercd in collécting sediment date and to eventuully stundardize
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accepted methods and equipment., The agencies of the Federal Government
which have actively participated in this endeavor include: Corps of En-
gineers, Department of the Army; Soil Conservation Service of the Depart-
ment of Agriculture; Geological Survey and Bureau of Reclamation, In-
terior Department; and the Tennessee Vrlley Authority. The scope of the
general subJect "A Study of Methods Used in Measurement and Analysis of
Sediment Loads in Streams" consisting of several reports, has been com-
pleted except for continuing refinements and the procedures established
are currently used in connection with sediment studiies of the lower Mis-
sissippi.

In addition to the general standardization of sediment methods and
equipment, the Chief of Engineers recognized the need for intensified
research on rediment problems as exists at the mouths of the Mississeippi
River and at other such coastal areas. Accordingly, the Chief of Engi-
neers on 20 October 1948, established the "Committee on Tidel Hydrawlics"
with the obJectives of: Evaluating the present state of knowledge of
tidal phenomena of interest to the Corps of Engineers; recommending pro-
grams of study, investigation, and research designed to provide the knowl-
edge necesgsary to arrive at adequate solutions for the engineering prob-
lems assoclated with such tidel phenomena; and exercising technical super-
vision of the prosecution of the recommended progrems.

This Committee, in fulfillment of the first objective, published Re-
port No. 1 entitled "Evaluation of Present State of Knowledge of Factors
Affecting Tidal Hydraulics and Related Phenomena" under date of February
1950 in which the problems of the lower Mississippl River were discussed
specifically or by inference.

wUANTITY OF MATERTALS TRANSPORTED THROUGH THE PASSES

In discuseing materials transported by the Mississippil the following
terms are used as defined:

"Materiale in Transport" are all solid materials transported
by the river with the exception of dissolved and colloidal solids.
Sediment is synonomous in meaning with *materials in transport.”

"Materials in suspension”" or "suspended load" is that portion
of the materials-in-~transport which is not in frequent contact
with the river bed."

"Bed load" 1s that portion of the materials-in-transport
which is in frequent or direct contact with the river bed.”

One of the earliest estimates of the amount of materials transported
by the Mississippi through the passes was made by Humphreys and Abbott on
the basis of observations taken during the period 1851 to 1853, Their
estimate showed the mean amount of sediment discharged annuelly as equiv-
alent to & prism having a base of one square mile, and a height of 268
feet, or an amount having a weight of approximately 391 million tons.

Captain M. R, Brown, Corps of Engineers, U, S. Army, computed the
aggregate amount of suspended sediment discharged through South Pass
during the year ending March 25, 1878 to be 23,446,365 cubic yards. The
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digchurge of South Pasg was considered ot thot time to be wpproximately
10% of the entire river indicating o total of 234,464,000 cubic rurds of
suspended material discharged through cll passes durirg the yewr. Captain
Brovn added 50,536,000 cubic yards for bed load movement :long the bottom
of the channel, maxing the total amount of river sedinent carried to the
Gulf about 285,000,000 cubic yards, This anount of material would cover
& one sguare mile zrea to a depth of 276 feet, which agrees closely with
the Humphreys and Abbot estimate. Using u cpecific gravity of 1.89 for
the - sediment c¢verage the totul amount of materiul is about 452 million
tons.

Results of sediment observations for the pericd 1879 to 1898 are
printed in the annudl reports of the Chief of Zngineers, U. 5. axmy for
1886 and 1898, The maximum discharge of sediment per annum was 33,416,795
cubie yards in 1888, the minimum was 11,633, 280 cubic yards in 1879, and
the mean per annum for the 15—year period was 19,719,928 cubic yards. In
the ennual report of the Chief of Fngineers for the year 1894, the amount
c¢f discharge through South Pass is given us approximately 10 percent for
the years 1877 to 1881, dbut as 8 percent only in 1894, Assuming that dur-
ing the period 1881 to 1894, there wus a coustant rate of decrease in the
percentage of discharge carried by South Pass, the sediment discharge
through the three passes aggregated 371,297,700 cubic yards in 1888, and the
average annual discharge through the three passes for the 15 years, 1879 to
1893, was about 214,347,000 cublc yurds, which was approximetely 587,850
cubic yards per day, Using 1.89 as the specific gravity of the transported
material, the annuzl total would be 592 million tons for the year 1888, and
an average sannual total of 341 million tons for the 1l5-year period.

There were no further investigations of materials in transport in the
passes untll early in the year 1938 when an investigation was initiated by
the District BEngineer, First New QOrleans Distriect, From the set of observa-
tions obtained in this investigation, the annual discharge of suspended
sediment through Southwest Pass, South Pass, and Pass a loutre was computed
to be 514 million tons., A% that time approximately 15 percent of the river
discharge was going through Cubits Gup and other ocutlets so that this figure
does not represent the total suspended material carried to the Gulf,

Annuel discharges of suspended sediment camputed from measurements of
the Carrollton range at New Orleans during the years 1851, 1852, 1879 to
1880, and 1929 gave amounts of 391 million, 572 million, 363 million, eand
845 million tons per year, respectively., The averaze of these measurements
would indicate suspended sediment discharge of approximately 543 million
tons annually.

The suspended sediment discharge of the Mississippi. River at Baton
Rouge, Louisiana, computed from observutions for the water year cammencing
October 1949 was 544 million tons, which compasres favorably with sediment
discharges computed for the Missiseippi River at New Orleans and at the
passes.

An exemination of the results of sediment observations from Baton
Rouge to the Gulf indicates a falrly uniform suspended sediment concentra-
tion at stations in thls reach., There has been no indication that the
bed of the lower Mississippi above the Head of Passes is rising and it
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follows that if the bed of the river is not being built up in its lower
reaches by deposition, the sedimentary load, however carried, must be de~
posited over its banks or transported to its mouth. In this cese the over-
flow is prevented by levees and the sedimentary load must be carried to
its delta. No sediment of consequence is delivered to the Mississippi
River from other streams below the latitude of 0ld River, 322 miles above
its mouth, Therefore, the sediment content of any given volume of water
during this 322 mile travel must be fairly constant whether carried as a
suspended or bed load. There has been no connected series of sediment ob=-
servations to confirm such a theory but for practical purposes the sedi=-
ment discharge measured at Baton Rouge can be considered indicative of the
amount carried to the passes.

The "bed load," or unmeasured part of the materials in transport, is
estimated to be 25 percent of the measured suspended load. This percentage
is higner than is generally estimated for Mississippi River bed load, in
that it includes the heavier concentrations of the coarser suspended sedi=
ments which pass below the lowest sampling level. On the basis of this
estimate and wn annual sugpended sediment discharge of 544 million tons,
the bed load would amount to 136 million tons. The total of 680 million
tons is for annual flows comparable to the water year of 1950,

The water year of 1950 was characterized by an unusually long high
water periode. The annual volume of flow for the 15 water year period from
1936 to 1950, inclusive, averaged zbout 72 percent of the 1950 discharge
volume. Allowing that the sediment discharge would be reduced proportion-
ately, the average amount of sediment trangported annually, based on the
1950 meeasurement, would be approximctely 500 million tons.

The sediment discharge through any particular pass can be considered
as a function based on the percent of water discharge through that pass to
that of the main river. The present discharge through Southwest Pass is
about 29 percent; through South Pass about 15 percent; through Pass a Loutre
about 37 percent, and through Cubits Gap and other outlets about 19 percent.
Assuming an annual 500 million ton sediment load for the river, this would
give anmial sediment loads of 145 million tons for Southwest Pass; 75 mile
lion tons for 3outh Pass; 185 million tons for Pass a Loutre; and 95 mil-
lion tons for Cublts Gap and the other outlets, The manner in which this
material contributes to the sedimentation in the passes and vicinity will
be discussed later,

CHARACTERISTICS OF MATERIALS

A% the mouth of the river the sugpended material usually consists of
very fine sand, s8ilt and clay. The finest grudes and the lowest degree of
concentration are found near the water surface. The coarseness and the silt
content increases toward the bottom with the heeviest grades near the bot-
tome Very coerse sand and gravel ere rolled along the bottom.

In the 1938 study of suspended materials transported through the Passes,
no samples were found to contain materisl exceeding the very fins sand par-
ticle size., Moreover, only a small percentage of the material fell within
the very fine sand range., On the basis of the Udden or modified Wentworth-
Udden classification of sediments according to particle size, a typical sus-
pended sediment sample from the 1928 observations would consist of 2 percent
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very fine sand, 0.125 m.m. to 0.,0625 m.m. in size; 48 percent silt,

0,0625 meme to 0,0039 mem. in size; and about 50 percent clay, 0.0039 mem.
to 0.0001 m.ms in size. The 1938 mechanical analyses of materials taken
from the river bed and from the passes showed that the largest particles
were retained on a sieve having a mesh opening of 3,327 m.m, and that all
were under 4.669 m.n. The largest size particle contained in most of the
samples was between 1,168 mem. and 1.65]1 meme ALl bed samples contzalned
material graded down to the clay size.

SFDTMENTATION IN THE LOWER MISSISSIFPI RIVER

The ‘ississippi Delta is a complex mass of sediment deposited by a
series of ever=-changing distributaries which carry an enormous amount of
weter and sediment to the Gulf of Mexico., The majority of the sediment
consists of silt and clay and is deposited in the Gulf close to the river
mouths. The coarser material, silt, is deposited on the outer bars of the
outlets, chiefly on the west side. Most of the finer, clay~sized particles
remain in suspension and are carried beyond the outer bars where they grad-
ually settle to the Gulf bottom,

For murpose of comparison, the lower Delta is divided into the Pass a
Loutre area which is essentially unaffected by the works of man, and the
South Pass and Southwest Pass areas which have been so modified by jetties
and dredging as to require separate analysis,

Sedimentation in the Pass a Loutre area follows the general laws of:
nature and is affected primarily by the type and amount of sediment,
gradient of the stream, action of the Gulf at the location of discharge, and
the effects of the littoral currents., The littoral currents in the vieinity
of the Delta have not been studied in sufficient detzil to establish their
effectiveness as transportation ugentss It is known, however, that the pre-
vailing winds in thls area cause surface circulation which is similar in
effect to a littoral current. The eastern channels face almost into the
prevalling wind, with the result that cediments are spread fanwise across
the entire eastern front of the region, Northeast Pass and Southeast Pass
4are almost tled together by a long spit which corpletely blocks these two
chonnels t0 navigation, even by shallow-draft boats.

In comparison, the construction of jetties and dredging operations have
caused a drastic change in the manner and rate of sedimentation in South and
Southwest Passes. These confined channels are much deeper, and, as campared
with the other passes, are essentlally static. Capteln Zads, by the con-
struction of the South Pass jettles, contracted the mouth of the river, with
the resultant deepening of the channel across the outer bar., His results
were eminently successful except that he did not at firgt recognize the im-
portence of prevailing currents in causing an excess of deposition on the
central and western side of the channel bar.

Due recognition is now given to the existence of the littorsl currents
Gulfward of the pesses without which the economle maintenance of the bar chan
nels at South and Southwest Passes would be impossible. There is, however,
some difference of opinion among authorities as to what causes the shoaling
of the bur cnannels and the scurce or sources of the deposited material.

During flood stages of the river, the bottom layers of fresh water
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discharged by passes curry an excessive load of sand as compured to the
surface layers. «t South Pass this portion of the flow did not follow
the line selected for the chunnel through the bar. .t 3Southwest Pass,
attempts to maintain a channel through the bar were confined to a zone
traversed by the most heavily laden part of the fresh water stream, that
is, & b.r chunnel on the prolongation of the jetty chunnel. ZEfforts to
secure such a channel through the bar by dredging at South Puss, extend-
ing cver a period of 20 years, und similar efforts at 3Jouthwest Pass ex-
tending over a neriod of 13 yeurs, were never successful. Deposits dur-
ing high river stages clways exczeded the amount removed by dredging.
Bar chunnels of nroject dimensiong at both passes wers not secured until
this chunnel, with respect tc the jetty chunnel, was inclined bout 386
degrees to the eust, It cun be said with respect to both passes that
the adoption of lateral channels through the burs narized the tnrning
point from failure to svcecess in mainteining channels of »rojsct dimen-
sions.

By far the lareer portion of the materisl reaching the cuter sleves
of the burs, whether it reauched there from cusnenzicn, or s & rcsult of
being pushed along the bottom, is carried to ths west by the littoral
current, WHven if o small portion of the gediment dischuarged by the pas-
ses durin; flood stuges were to be deposited, wnd rercined in the im-
mediate zrea in front of the jetties, South and Southwest Passes would
soon be closed to navigab lon.

As previously described, a salt water wedge enters the navigeble pase
ses during low river stages., 4s the fresh weter erodes clong the plure
of the salt -wuter uedse, the deposition of some of ths suspended loud is
hestened by coagulation, or flocculetion, Since it 1s known, from obzerva-
tions during flood stages of th2 river, that a portion of the suspended
load is deposited ot least 20 miles from the passes, it follows that pre-
cipitution of this loss 1s gradudl .nd cunnodt be so repid as to cause
aprreciabls choaling in the ettty wnd bur channels. The ccagulated mess
of mud is so soft 1t 1s usually difficult to Jdetect with & lsud line and
is usually noved cut into the Gulf durling early flool steges of the river.
It seems certain, therefors, that rost ¢f the troaiblecome chowling is
¢ ced by the bed load of sediment corried down the passes.

Observetions «t the mouth of southwest Pass show that ot Jbout R0C, 0CO
Coefese in the I"ississipni ot Wew Orlewans, the froch water curronts have
sufficient force to hold the salt water wedge just outside the jJettied
channel., Naturdlly, the wedge would be expected to vork in and out of
this channel with the flood and ebb of the tide in the Gulf, but the sver-
sge position is zbout the ends of the Jetties. At the latbter poirt the
flood stage shoaling cormences with a Misgslssippi Ziver flow of 200, 000
cefeces at New Orleuns. As the river dischurge increuses the salt water
wedge 1s forced dowm the bar chahnels and is followed by shoaling,

Althoush the zalt watsr wedge 1s above the ends of the jetties ct
flows below 800,000 c¢.f.s, at New Orleuns, no shoaling of conscjuence oc=
curs although svspended sediment concentrations at this runge ~f flow
often exceed that found ut higher river dischurges. Shoaliry £ollows the
sclt water down the b.r channel und is coincident 1rith the .1t nater wedge
at that point cnd about 800,000 c,f.s. discharze at Carrollion.

125



COASTAL ENGINEERING

Comparing low water conditions in the bar at South Pass with South-
west Pass, 1t is found that while the latter bar channel is gradually
shoaling, the former 1s scouring deeper, Therse are loglcal reasons for
this inverse actlon in the South Pass bar chunnel., Some of the features
vwhich probably contribute to the fuvorasble result are worthy of considera-
tion., The axis of the South Pass bar channel is in a more favorable direc-
tion with reference t0 the littoral current und preveiling winds. The
bearing of the South Pass bar is about S. 65° B.; the corresponding beer-
ing at Southwest Pass is due south, a difference of 659, Taking the direc~
tion of the prevailing winds as due Southeast, or S. 45° E, for a season
aversge, the unfavorsble wind angle at South Pags is 20° as campared with
45° at Southwest Pass. The littoral current in its approach to the mouth
of South Pass does not traverse the lower reaches of Garden Islend Bay as
;St does the reaches of Kast Bay in its approach to the mouth of Southwest

asse

There is a small shogl area to the east and north of the South Pass
bar channel similar in shape, extent and position to the like area at the
mouth of Southwest Pass over which, in both cases, the littoral currents
must pass in their approach to the bar channels. But the relative con-
ditions are more favorable to South Pass to the extent of much flatter
slopes, between shoal ereu and bar channel, for the transportation of sand
and the reduced effect of wave action in greater water depths.

It would be unreasonable to contend that no material is carried into
the South Pess bar channel, during the low river season, from the two ad-
jacent shoal areas, or bars, but it cun safely be sald that scouring forces
in the jettied and bar channels are sufficient to move not only eny such
material but considereble quantities of additional material deposited in
the two areas by the falling river from the previous flood stuge. Here
again there must be a constant fight between scouring and depositing forces
with the ascendency of the former, over the latter, well maintained through-
out the low river season, That the scouring forces are greatest must be
attributed to greater channel velocities than exist at Scuthwest Pass.

At South Pass in 1897, sbout the time the bar channel was inclined to
the east, the 30-foot ecmtour was approximetely 2500 feet Gulfward of the
jetties. Since 1897, the 30-foot contour has advanced about 4,400 feet and
is presently approximately 6,900 feet Gulfward of the end of the jetties.
The rate of advance of the 30~foot contour since 1897 has been approximate-
ly 85 feet a year. Figure 6 shows the progressive advancement of the 30~
foot contour from 1897 to 1950,

Since 1922, the year after the Southwest Pass bar channel was inclined
to the east, the 35=-foot contour has advanced from a position 5000 feet
gseaward of the end of the present jetties, on a prolongation of the West
Jetty axis to a position 8800 feet seaward, or 3400 feet in 28 years for an
average of about 122 feet a year. Before 1922, the rate of sdvance wes
approximately 385 feet per year, Figure 7 shows the progressive advance=
ment of the 35~-foot contour since 1898,

The crest of both bars will continue to edvance into the Gulf, the
west side faster than the east side as a result of the east to west lit-
toral current. The time will come when the velocity of the river water
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into the Gulf will no longer be sufficient to overcome the resistance
across the increused length of the bar. At that time the river will then
flow more to the east, this being the path of least resistence. When
thils occurs, the salt water in the bar channel will be displaced by the
silt-laden river water and shoaling will probably follow at a rapid rate,
It will then be necessary to extend the jetties, Sedimentation studies
of the passes should indicate necessury corrective uction before the
problem becornes acute,

MUDLIMPS

There is a close relationship between the sedimentary characteristics
of the mouths of the !lessissippl River passes and the origin and growth
of mudlumps in those areas. However, since this phenomena ig the subject
for another paper to be presented at the Second Conference on Coastal En-
gineering, discussion of mudlumps will be limited to localities and gener=-
al obgervations.

wudlurps is the term commonly used for the upswelling of e¢lay which
forms islends anear the mouths of the lHississinrpi River pessess These
features usually are asscclated with the bars at the outlets of the vari-
ous passes. At present, the .mdlwips are found within o« few thousand
feet of the mouths of North Pass, Pass a Loutre, Northeast Pass, South-
east Pags, 0ld Balize Bayou, South Pass, and Soutawest Pass. Relative
locations of mudlump areus ure shown on Figure 8,

Mudlumps appeuar to be a Liississippi River Delta phenomenon in that
they are unknown elsewhere in the world. These islands of mud, because of
thelir striking apvearance, constuntly changing locations, and proximity to
the outlets of the llississippl River, huve caused comment by marine per-
sonnel since the earliest days of navigation. In a region having eleva=-
tion differences of two or taree feet the vertical mudlump cliffs of from
five to ten feet in height are the most prominent features in existence.

REFRIENCES

Committee on Tidal Hydraulics (1950). 3Zvaluation of Present state of
knowledge of Factors affecting tida hydraulies and related phenomena:
Report No, 1, Waterways Zxperiment Stution, Corps of Engineers, Vicks=
burg, Miss.

Corps of Engineers (1950}, Report upon the Improvement of Rivers and
Harbors in the New Orleuns, La. Distriet, ZExtract from the Annual Re-
port of the Chief of Tngineers, 1949: Department of the Army, Office
of the Chief of Ingineers, Washington, D. C,

Elliott, D. 0. (1932). The improvement of the Lower Mississippi River
for Flood Control and Navigation: Vol. 1, Mississippi River Commission,
Corps of Englineers, Vicksburg, Miss.

Federal Inter~igency River Basin Committee, Sub-Committee on Sedimenta-
tion (1948). lleusurement of the Sediment Discharge of Streams: Re-
port No. 8, St. Paul Disgtriect Sub~Office, Corps of Engineers, Hy-
drologic Laboratory, University of Iowa, Iowa City, Iowa.

128



SEDIMENTATION AT THE MOUTH OF THE MISSISSIPPI RIVER

First New Orleuns District (19839). The Pusses, !fississippi Tiver:
Brochure, Corps of 3Ingineers, New Orleuns, La.

First New Orleans District and U. S. Waterways Experiment Station (1929).
Study of Materials in Transport, Pusses of the kissiscippi River:
Tech. Memorsndum No. 158-1, Corps of Engineers, Vicksburg, liss,

Hutchings, Henry, Jr. {1933}. Report on Hydraulic Study for Zlimineting
Dredging in Southwest Pass: First New Orleans District, Corps of En-
gineers, New Orleans, La.

Lane, E. Wo and Borland, W. M. (1950). ZEstimating Bed Load: P.per pre-
sented at the Annual Meeting of the Amer. Geophys Union in 1950,
Bureau of Reclamation, U. 3. Department of the Interior, Denver, Col,

Morgen, J. P, (1951). The Occurrence and Origin of the Mudlumps at the
llouths of the ilississippi River: Part 1 of unpublished report, New
Crleens District, Corps of Ingineers, New Orleang, Las

New Orleans District (1941). Report of Improvements of the Passes of the
Kississippl River: Corps of Zingineers, New Orleans, La.

Nev Orleans District (1942). 3alinity, Mississippi River ut and below
New Orleans, La.: Eeview of Reports, Corps of Hngineers, New Orleans,
La.

Tiffany, J. Be, Jr. (1944}, Memorandum Report on Proposed ifodel of JSouth-
west Pass: U. 3. Vaterways Experinent Stution, Corps of Zngineers,
Vicksburg, liss. Unpublished report.

U. S. Waterways fxperirient Station (1230)., Sediment Investigotions on

the Mississippl River and its Tributuries prior to 1930: Psper H,
Corps of Zuglneers, Vicksburg, Miss.

129





