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PREFACE

This document is a progress report describing and discussing recent
tasks associated with the US Army Engineer Division, Lower Mississippi Val-
ley (LMVD) study, "Evaluation of Potentially Unstable Riverbank Sites Below
Baton Rouge, LA, and Selection of Measures to Prevent Failure.” The work has
been under the immediate purview of Mr. Frank J. Weaver, Chief, LMVED-G,

This report was prepared by Dr. Victor H. Torrey III, Research Group,
Soil Mechanics Division (SMD), Geotechnical Laboratory (GL), US Army Engineer
Waterways Experiment Station (WES). Mr. Bobby Odom of the Information Prod-
ucts Division, WES, edited the report.

Information pertaining to the New Orleans District Levee Safety Flow
Slide Monitoring System was provided by Mr. Jay Joseph of LMNED-F, who is pri-
marily creditable for its capabilities.

Mr. Joseph Dunbar, Site Characterization Unit, Engineering Geology and
Rock Mechanics Division, GL, WES, compiled the data pertaining to historical
changes in Mississippl River alignment below Baton Rouge, LA.

This work was performed under the general supervision of Mr. Clifford L.
McAnear, Chief, SMD, and Dr. William F. Marcuson IIT, Chief, GL.

COL Dwayne G. Lee, CE, is Commander and Director of WES. Dr. Robert W.
Whalin is Technical Director.
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CONVERSION FACTORS, NON~SI TO ST (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to

SI (metric) units as follows:

Multiply By To Obtain
acres 4,046,873 square metres
cubic yards 0.7645549 cubic metres
degrees (angle) 0.01745329 radians
feet 0.3048 metres
inches 2.54 centimetres
square feet 0.09290304 square metres




RETROGRESSIVE FAILURES IN SAND DEPOSITS OF THE
MISSISSIPPI RIVER

Report 2

Empirical Evidence in Support of the Hypothesized Failure

Mechanism and Development of the Levee Safety
Flow Slide Monitoring System

PART I: INTRODUCTION

Background

1. This report represents a continuation of efforts by the Lower Mis-

sissippi Valley Division (LMVD), US Army Corps of Engineers, to develop an

milestones:

a.

effective plan for and means of protecting the integrity of main line Missis-
sippl River levees from the threat of flow slides in sand deposits. Entailed

in these mission objectives has been the necessity of achieving the following

It has been necessary to develop an understanding of the trig-
gering and subsequent retrogression of this type of failure ton
permit a prediction of its potential size and, therefore, the
existence of a threat to levee stability. It is believed that
the failure mechanism is understood and is that of retrogression
in dilatant sand as previously described in the report by
Torrey, Dunbar and Peterson (1988). There is every evidence
that the triggering is by severe scour which "oversteepens'" the
underwater slope in the sands.

An understanding must be developed of river attack specifically
in the "oversteepening" of underwater slopes in sand in all its
apparent phases such as high water versus low water and shallow
versus deep. The work is essentially at "square one" in this
area.

Susceptible riverbank sites/reaches must be identified. This is
largely accomplished, but it is not enough to only say ''suscep-
tible." The question must not only be narrowed to a strictly
site specific one, but must also include_ the ability to say
whether or not a flow slide 1s likely to occur at a given site
and the potential threat to the levee it may represent,

An effective monitoring system must be developed which will
identify site~specific direct threat to the stability of the
levee. This will permit more rational decisions concerning
defensive measures and their prioritization. A system based on
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the concept of the failure mechanism has been instituted. Its
effectiveness remains to be proven.

e. Benign methods must be developed to preveant or retard the occur-
rence of flow failures which means improved bank protectiuvn
techniques or modifications of current procedures. By "benign"
methods, it 1s meant that measures intended to stop flow fail-
ures must not alter river behavior such that serious problems
are generated upstream or downstream. This may prove to be the
very most difficult task of all. Not the least obstacle in
these efforts is the fact that turbidity/depths of water and the
physical nature of revetment have thus far thwarted the identi-~
fication of a method(s) which can "see" bank protection over its
extent clearly and accurately so that assessments of
performance/behavior can be made with confidence. River Engi-
neering Branch is proceeding with some significant efforts in
this problem domain,

The above required achievements clearly indicate the interdisciplinary nature
of the problem. Though slow, expensive and hard won in some cases, progress
has been made in the attack on all the necessary elements listed above.

2. It is not practical to provide the reader of this report a back-
ground statement which would serve to synopsize all the progress that has been
made. In addition, this report principally addresses only geotechnical
aspects. The report by Torrey, Dunbar and Peterson (1987) presents an over-
view of past work.

Purpose and scope

3. This is a progress report documenting several specific tasks accom-
plished since those presented in Report 1 (Torrey, Dunbar and Peterson 1988).
The following items are included in this report:

a. The case history of the 1985 flow failure at the so-called
Celotex site is given and discussed.

b. The computer data base system for monitoring potential flow
slide sites which 1s currently in use by the New Orleans Dis-
trict (NOD) is described. The specific method for predicting
batture loss 1s presented with supporting arguments and empiri-
cal data including that of the Celotex failure.

c. A discussion of river attack and its implications based on move-
ment of the river channel over the last 90 years is presented.
Some statistical data summaries of changes in the river's char-
acteristics over the period of record are also given.

d. Recommendations are made for future directions of the work.




PART II: CASE HISTORY OF THE CELOTEX BATTURE AND LEVEE FAILURE OF
30 JULY 1985

Background

4. It is not the purpose of this case history presentation to duplicate
the considerable work of the NOD contained in its internal report, "Missis-
sippi River Levees, Item M-100.4-R, Celotex Levee and Batture Restoration,
Final Report," May 1987.* That reference is cited here as the source of sev-
eral figures and event facts given in the following discussions without a
repetitive identification of the source. The specific purpose of this part is
to document the tailure in this more formal report and address the failure in

the context of the general flow slide problem.

Failure

5. Around 2 a.m. on the morning of 30 July 1985, a tugboat operator
reported to NOD Operations Divisicn his observation of a riverbank failure at
mile 100.4 above head of passes (AHP) on the west bank (right descending) of
the Mississippi River in the Jefferson Levee District, approximately 0.5 mile
south of Westwego, LA, and within the Greenville Bend revetment reach. The
failure progressed landward and involved the levee crown by 6 a.m. Figure 1
is a vicinity map showing the failure area., Figure 2 shows the specific loca-
tion of the failure. In Figure 2, it is seen that landward of the levee near
the failure is the industrial complex of the Celotex Corp. Consequently, the
failure is referred to by that name. An aerial photograph also showing the
failure location is given in Figure 3.

6. By mid-morning of 30 July, the NOD had mobilized for emergency
treatment of the problem. Fathometer surveys of the failure were initiated,
and soil boring crews were called in to investigate a levee setback alignment.
It was low water season, and the levee had not been actually breached. It was
also hurricane season which presented a potential for elevated river levels
and wave wash should a storm develop and come up the river from the Gulf of

Mexico.

* Unpublished report.




2In[fe3 22Ad[ puE 2an3ieq x33013)

¢dew KITUFOFA [ 9AnST4

3 202017
DN 1o+ €010 ST

N
FSAL Y

.

nt 5K~
- .

PR L
A imame
e T E®

»
>
.
®
L]

LR LN
Rl
oy W T ot
LKy ....N.!

! Ry

b
00187

FA
nsno @Y
R

L ;
25, ST L
D
DR ).t..’“ﬂ
LR -~
ERICAAS
CSO0
Nl o

1%, oIt

TS
- e 1)




9aINTIBJ @29A2] pue ainljjeq xa30fay ‘demw uorjedo] -z aiandyyg

O‘
HIikiHF

0001
11

S - S
S861L ANr ‘3”NIIvVL
33A37/3dNL1VE X31073D

o
’

e
R

¢/
+

5T

ure1) m_mi
?
'

!
o
+

i
[
- '

B < e e
i ! 1R1ON, aAdg
hereans suang "5

32 ; o : _

‘jueund jou sy Bujuoneys
80487 "S.61-€.6) AeAing owdesboipAN
‘JIeAty 1ddissISSIN wod) uexe; embi4 :JLON




2anTIR] X93019) 39yl JO uollwdo] Bujmoys ojoyd [eyisy *¢ =2indfj

SL61.13N00Y OGNV AVYN
1714 ONVE Q3D034q M
SIYNIVI HOLYAII NivyD oMend

4161 YW u| umoy; soynd ey epoN

G861 ‘0€ AINM 30 VNNV
33A37 NV 36NLLYE X31013D




7. On 31 July the dAr1lling crews went to work in the setback area and
immediately encountered a hard material at a depth of only 3 ft below the sur-
face. The material was determined to be asbestos with a thickness of about
3.5 ft. Drilling was halted until the crew members could be provided with
proper protective wear against the hazards of the asbestos. Drilling pro-
ceeded along a line within the failure area to determire if any overburden
material remained within the scar.

8. The setback alignment drilling revealed that the asbestos repre-
sented an old industrial waste pit. The several negative ramifications of a
hazardous waste dump along the setback alignment caused LMVD to instruct NOD
to investigate alternative repair designs for restoring the batture and
rebuilding the levee to avoid a setback. By 23 August, the alternatives for
restoration had been assessed, the decision to restore the batture and levee
in place and how to do it had been made, plans and specifications had been
prepared and approved, and the contract had been advertised. The contract was
awarded on 30 August and the work completed on 28 November 1985,

9. The innovative and cost-saving restoration technique 1is best
described by the following construction sequence. A typical section is shown
in Figure 4.

a. The failed batture was rebuilt with shell to el 3.0 ft.*
Approximately 272,000 cu yds of shell was placed in 60 to 70 ft
of water.

b. The remaining portion of the failed levee was reshaped to
receive a new fill.

c. Filter cloth was placed as a separator between new levee berm
fi1ll and the shell backfill. Prior to placement of the filter
cloth, the shell batture was raised to el 5.0 in the area of the
new levee fill to avoid a rising river stage.

d. Construction of the new levee berm to el 7.5 with semicompacted
fill proceeded to keep the work above the rising river.

e. The shell batture/bank was armored with a 5-ft-thick layer of
riprap stone, and the new levee and buttress berm were
completed.

f. The slope of the buttress berm was armored with an 18-in.-thick
layer of stone.

g. The riverside levee slope was protected by placing sand-cement
fiiled bags.

* All elevations (el) cited herein are in feet referred to the National
Geodetic Vertical Datum (NGVD).

10
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h. The armored shell riverbank was revetted with articulated
concrete mattress (not shown in Figure 4).

10. The author employed the Fathometer surveys and the boring informa-
tion within the failure area to produce the contour map shown in Figure 5.
Sections are plotted in Figure 6. Three~-dimensional microcomputer images of
the failure are given in Figures 7 and 8. The plan and sections of the fail-
ure reveal the bottleneck plan view and relatively flat bottom slopes typical
of a flow slide. The line of borings taken between Greenville Bend revetment
ranges U-18 and U-19 for the purposes of determining if overburden remained in
the scar proved to be a fortuitous accident with respect to their position in
revealing some important aspects of the fallure's appearance as well as sug-
gesting a sequence of events to be addressed later. This circumstance empha-
sizes the need that surveys of future flow slides be done in greater detail so
that quality contour views can be constructed. Survey range lines should
never be more than 100 ft apart and should extend to the thalweg. Portions of
failures above water should also be surveyed after the fashion necessitated by
the repair method for Celotex. The surveys should be initiated as close to
the failure event as practicable even if the failure is only to be graded and
revetted or even if the failure is in unrevetted bank. Such quality physical
pictures of flow fajilures are now especially important data to help eliminate
any doubts about predictions of potential batture loss included in the flow
slide bank monitoring system to be discussed in the next part of this report.
Simple microcomputer coftware is available to draw contour maps and three-

dimensional views which can be rotated and sectioned at will.

Discussion of Failure

11, The Celotex failure adds a new dimension to the problem of flow
slides below Baton Rouge for the simple reason that it occurred during the low
water period of the year. In the past, flow slides have been associated with
high water, point bar deposits, and a position on the upstieam end of the
inside of a bendway. The reasons for the occurrence of Celotex during low
water are not known. 1Is something going on in scour pools during low water
that is not perceived? Celotex is not the only low water flow failure of
which the author 1is aware, During the summer of 1980, a flow slide developed

at the downstream end of the Montz revetment (left descending bank, at

13
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Computer image of the Celotex failure viewed from a

Figure 8.
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approximately mile 129.9 AHP). However, it has long been known that severe
scour conditions are produced directly at the downstream end of revetment mat-
tresses. In fact, this knowledge has lead to careful consideration of the
downstream extent of placement of revetment mattresses below Baton Rouge to
ensure that such scour does not trigger a flow slide which might threaten the
levee. The Celotex failure was clearly not of this nature in that it was
located within a revetted reach, not at the end of the reach. The bank reach
exhibits the particularly dangerous soil stratigraphy of thin overburden over
a thick deposit of fine sands and silty sands. The soil profile is given in
Figure 9, From Figure 9 it can be seen that the failure occurred in an aban-
doned channel deposit. This deposit, as well as the point bar deposits on
either side, were previously classified as susceptible to flow failures.

12. The stage hydrograph for the Mississippi River based on the
Carrollton gage (about 2.5 miles upstream of the failure location) is shown in
Figure 10. On the day of the failure (30 July), the river had reached its
lowest stage of the period at about el 2.0. The construction sequence for the
batture and levee restoration given previously in paragraph 9 states that the
river was on the rise during repair operations. The river had been on the
fall prior to the failure since about 21 June at an average rate of only about
0.1 ft per day. Years ago, in the LMVD Potamology Investigatious studies,
seepage gradients in sands and silty sands resulting from such rates of fall-
ing stage were dismissed as playing a role in the general case of instability
of Mississippi Riverbanks (Clough 1966) as well as in triggering of flow fail~
ure (US Army Engineer Waterways Experiment Station (USAEWES) 1950).

13. At the time of failure, the most recent hydrographic surveys of the
riverbank reach including the Celotex failure site were those sections run
during June 1984. The bank section seen at that time for revetment range U-19
is shown in Figure 6, Evident from that section is the presence of a signifi-
cant scour trench at the toe of the bank slope. The other sections taken
during that same survey indicate that the trench ended less than 200 ft down-
stream before reaching revetment range U-18. It is possible to track the
trench upstream in the 1984 survey into the "permanent," deep scour pool situ-
ated in the Greenville Bend. It is conjecture that the scour trench existed
at revetment range U-19 on the day of failure. However, on the strength of
all the evidence to date regarding the triggaring of flow failures, it is

believed that the trench was present, and that severe scour produced an

19
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1985 STAGE HYDROGRAPH

Figure 10. 1985 Mississippi River stage through the period of the
Celotex failure

"oversteepened" slope in the sands and instigated the failure. After failure,
evidence of the trench is not seen until a point about 700 ft upstream of
range U-19, i.e., at revetment range U-24, Taking extremely rough 1984 dimen-
sions of the trench cross section below el -80 over that 700 ft yields a
volume of about 150,000 cu yds. Since the failure volume approached
300,000 cu yds, it is feasible that failure debris had such mass and momentum
that it filled the trench in the upstream direction against the low flow cur-
rent of the river. Additional evidence that the failure was initiated about
revetment range U-~19 is shown in Figure 5 wherein the typical narrow riverward
neck is directed at that range. The orientation of the failure in that plan
view also clearly implies an outflow of debris in a slightly upstream direc-
tion. On 10 November 1985, immediately before completion of repair of the
batture and levee, a side-scanning sonar survey was run "looking" at the sub-
aqueous portion of a reach of the riverbank and riverbed including the failure
site. The lower portion of the survey image of Figure 11 is a plan view of
the bank and river bottom beneath and to either side of the moving survey ves-
sel. The image also indicates the upstream outflow of failure debris. The
upper portion of Figure 11 was produced simultaneously with the side-scan

image and is a continuous sonar depth sounding directly beneath the vessel
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e

track including sub-bottom reflections. The survey also revealed two sunken
barges lying on the slope of the bank on either side of the failure neck loca-
tion. There is no way to know if those objects played a role in the failure.
There is no knowledge as to how long they have been there.

14, The only eye witness to the failure was the tugboat operator who
alerted the NOD Operations Division. The only comment the author has heard as
to what he described was that the bank went in all at once. Considering that
it was during darkness, it is possible that his attention (and lights of htis
boat) was not directed to the bank until significant mass moved, and sound and
water disturbance alerted him. He apparently did not remain to observe
closely for a long period of time. His account leaves little to go on. It is
known, as stated previously, that batture loss continued up to around 6 a.m.

15. 1In studying the plan and sections of Figures 5 and 6, respectively,
the author conjectures as to a possible sequence of events. From the plan
view of Figure 5, the failure has the appearance of dual lobes with a main
body of tiie more symmetrical nature of a flow slide and a lobe in the land-
ward, upstream portion (upper right portion of the plan view) which represents
the involvement of the levee section and has the U-shape of a typical shear
failure. A line of borings was logically taken straight out riverward from
the center of the levee slide between revetment ranges U-18 and U-19 to inves-
tigate the presence of overburden material remaining in the failure scar.
Those borings coupled with the Fathometer surveys of ranges U-18 and U-19
indicate that a narrow trench considerably deeper than the remainder of the
failure existed along the line of borings. It would appear likely that the
overburden material encountered lay only in that trench as indicated in the
section of Figure 6. The other evidence of probable overburden remaining in
the scar is the mound shown in Figures 5 and 6 between revetment ranges U-17
and U-18 which may have been a top stratum chunk which broke away but was not
carried out into the river. From the section of Figure 6 for range U-17, it
is shown that the "depression” to the riverward side of the chunk is in con-
formance with the general "bowl" elevation of the failure. The computer
images of Figures 7 and 8 make this more evident. It i's feasible that, at
some time during the progress of the main failure, scour conditions also trig-
gered a deeper additional outflowing which may be evidenced by the trench
between ranges U-18 and U-19. That secondary flow may have produced instabil-

ity in the top stratum and levee resulting in a shear failure and the movement
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of debris into the trench where it was found by the borings. Given the lim-
ited survey data available to construct the contour picture, it appears that
the mass shear slide possibly corresponding to the secondary lobe of the
failure which involved the levee was at the overburden/sand contact near

el 10. Other cbservatiias from the Celotex failure will be discussed in sup-
port of the levee safety flow slide monitoring system in the next part of this

report,

Ramifications of the Celotex Failure

16. The history of the bank line along Greenville Bend revetment reach
is shown in Figure 12 (file map, New Orleans District). The bank line 1in 1949
was determined from aerial photos. Earlier bank lines were established by
ground surveys. The most apparent observation is that a major bank failure
area existed in 1896 precisely at the Celotex location. In addition, looking
downstream, other scallops are seen in the bank line over the years. In 1901,
1909, and 1922, setbacks were constructed in front of Amesville, LA, and the
old General Alcohol Co. indicating the severity of bank losses during those
times. A major failure highly likely to have been a flow slide because of the
proportions of the batture loss 1s indicated in the 1900 bank line in front of
the alcohol company complex. The 1973-1975 Mississippi River hydrographic
survey shows a scour pool at this location. There is reason to believe that
the bank loss patterns indicated by the old bank line data can be expected in
the future all along the abandoned channel/point bar reach. The aerial photo-
graphs given as Figure 3 were taken in 1977 during an extremely low water
period. Although small and difficult to see in the photographs, a scallop did
exist at the Celotex failure location at that time. Other larger scallops are
evident in Figure 3 in the downstream direction in various places in the point
bar deposit. Of particular concern to the author is the very sharply defined
scallop seen in the photograph just in front of the down stream end of the
long, narrow complex of the Johns-Manville Co. (gpper center of photo). The
location corresponds to revetment ranges D-2 to D-3. Given the much smaller
scallop preexistent at the Celotex site, this larger scallop demands special
attention since the overburden is very thin, and no more batture than at

Celotex protects the levee.
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17. The historical migration of the Greenville Bend "permanent'scour
pool is evident in Figure 13 where it is shown that the pool has been growing
in length both upstream and dowvnstream and moving in a southeasterly direc-
tion. The 1973-1975 hydrographic survey placed the downstream end of the pool
based on el -100 at revetment range U-24. The previous discussion suggested
that the pool in 1984 extended downstream close to range U-18 an additional
800 ft. The pool migration portends increasing attack along the Greenville

revetment reach in the downstream direction. Particular watchfulness appears

to be warranted from revetment range U-30 to D-15.
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PART III: THE FLOW SLIDE LEVEE SAFETY MONITORING SYSTEM

Background

18. Among the accomplishments described in the last report to LMVD
(Torrey, Dunbar, and Peterson 1986) was a theoretical analysis by
Dr. Christopher Padfield of the retrogressive mechanism in dilatant (dense)
sands. Out of the numerical treatment emerged the concept of the runout angle
which defines the final geometry of a flow slide assuming no excess removal of
soil by scour. Figure 14 illustrates the retrogression mechanism. Two most
important questions relative to the runout angle concept are:

a. Is there empirical evidence that the concept is valid?

. If there is positive evidence, can the runout angle be esti-
mated as a single average value, or is it a significantly wide-~
ranging variable for flow slides below Baton Rouge?

1o* |

Empirical Evidence of a Runout Angle

19. For several years the anthor was involved in the Potamology Inves-
tigation entitled, "Verification of Empirical Method for Determining Riverbank
Stability," which consisted of studying the average of 25 or so flow slides
observed annually in revetted banks of the river primarily between Memphis,
TN, and Natchez, MS., The objective of these studies was to verify criteria
for determining susceptibility or stability of a site with respect to flow
failure. The reader is referred to Gann (1981) for the last report of a long
series (17 reports dating from 1956) which describes the criteria. The deci-
sion was made after that report was published that the criteria had been vali-
dated, and there was no need to continue expending effort and funds in that
direction. Out of all those studies and other earlier studies, it was seen
that flow failures tended to exhibit trends in their geometry. Indeed, as is
shown in Figure 15 taken from Potamology Investigations Report 12-5 (Hvorslev
1956), there were attempts to establish those trends. What is not evident
from Figure 15 is that there also was a strong trend between depth of the
Zone A/Zone B interface and depth of failure since so many, but not all, fail-
ures appeared to have been initiated near the Zone A/Zone B interface. Evi-

dence of this is given in Figure 16 also taken from Potamology Investigations
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Report 12-5, Where Figure 16 shows that some failures extended into Zone B
sands, two directions of reasoning arise:

a. Scour conditions within the failures removed the additional
sand below the Zone A/Zone B interface.

b. The retrogressive mechanism also occurs in Zone B sands.

It is obvious that severe scour conditions which initiated the failure might
continue at work and would affect the ultimate volume of material lost. Large
eddies with significant circulation velocities have been observed within fail-
ure areas (by others in the past and by the author) as would be expected as a
natural hydraulic result of a localized scallop-shaped bank loss. It may be
that the typical "bowl" of a flow failure is reflective of that eddy sweeping
action. With respect to retrogression in Zone B sands, Padfield's (1978) ori-
ginal theoretical treatment (also presented in Report 1 by Torrey, Dumbar, and
Peterson 1988) does not exclude the possibility that Zone B gradations can
exhibit sustained retrogression. Permeability directly affects the rate of
retrogression, and grain-size distribution affects the theoretical value of
the runout angle. Very permeable and coarse material would theoretically

"eat" very far

yield such a large runout angle so that retrogression would not
into the bank. The current studies of the retrogression mechanism will
address these parameter effects among several others. For all that is known
at this time, these studies may eventually explain the empirical gradation
criteria. The very establishment of the original Zone A versus Zone B grada-
tion ranges and the subsequent modification of those ranges were judgments
based on predominant (not exclusive) observations as to what gradations seemed
to be involved in flow failures. There may have been factors other than grad-
ation at work such as trends in depth of river attack which exerted a major
influence on the designation of Zone A versus Zone B rather than the actual
flow slide mechanism. However, there is evidence that the geometry of flow
slides with respect to depth and length exhibits trends. In addition, the
thickness of Zone A sand plotted in Figure 15 can also be roughly taken on the
basis of Figure 16 to correspond to the thickness of sand involved in failure.
There appears to be reason to pursue the concept of runout angle.

20. Now the quandary arises as to whether or not the runout angle
varies significantly over the range in gradation of Zone A sands. It 1is
acceptable to disregard the question as to whether or nct Zone B sands can be

involved in the retrogression for the reach of river below Baton Rouge because
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Zone A sands are typically so thick that observed flood period failures have
not involved Zone B. For the Marchand type failure involving deep sands, the
issue is not that clear cut because the time has not yet been found to syste-
matically classify those sands. This is yet to be done. With respect to the
variability of the runout angle over the range in Zone A gradations, the cur-
rent state of the art relative to parametric effects on the theoretical fail-
ure mechanism is limiting along with the fact that the empirical data base
will have to be expanded to arrive at confident conclusions. This is why it
is important that all future flow slides below Baton Rouge be carefully sur-
veyed and preexisting scour conditions be known for each. If it 1is not possi-
ble to identify a consistent value of the runout angle, at least for bank
reaches, the usefulness of the concept in predicting potential dimensions of a
flow failure becomes questionable. However, in the paragraph to follow, it is
shown to be possible to address the isgsue empirically and, fortunately, to
make a substantial preliminary judgment.

21. The data of Figure 15 are plotted with data from the 1973 flow
slides below Baton Rouge and the Celotex data in Figure 17. The parameters
plotted in Figure 17 are explained in the inset on the figure. In keeping
with the mechanism of failure illustrated in Figure 14, the beta angle, B ,
of Figure 17 is the approximate average slope of the resedimented material
after failure. Note that in order for this to be true, the failure slope in
the overburden must be relatively vertical as has been observed to be gener-
ally the case. If no major scour develops within the failure which removes
material in excess of that involved in the retrogression mechanism, £ must
be less than or equal to the runout angle. 1If the failure proceeded with just
the perfect assistance of scour such that every grain of sand raining off the
retrogressing face and every piece of overburden were removed from the scar,
then B would equal a . In that gpecial case, there would have been no
resedimentation of any of the sand raining off the retrogressing face. It can
be deduced from the sections of typical failures of record that with few
exceptions some resedimentation does occur, and B 1s less than a . This is
because projections of the average £ just do not conform to the concept of
the scour pool/trench as the initiation point of failure. In other words, the
projection of the average bottom slope of a typical failure would intersect
the river bottom well out into the river and pass well above and beyond the

scour pool/trench. The value of Figure 17 lies in the suggestion of a maximum
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value for B8 and, therefore, a possible maximum value for & . The author
selects the maximum implied value of o from Figure 17 to be 9 or 10 deg, say
10 deg, taken from the initiating point of scour. This is a valuable implica-
tion. However, does that 10-deg runout angle represent a maximum of a wide-
ranging variable, or can it be taken as a representative value for all
failures below Baton Rouge? It would be logical that & representative value
is feasible because the range in Zone A gradations is not a broad one.

22. Turning back to the sections of the Celotex failure of Figure 6,
two important observations are as follows:

a. Assuming that the scour which triggered the failure in 1985 was
similar to that seen in the 1984 survey at revetment range U-19,
the projection of a 10-deg runout angle from that trench
closely conforms to the extent of batture loss. It must be
remembered that the runout angle is a sand failure parameter so
that projection of the angle is up to the base of the over-
burden. A failure slope in the overburden can conservatively
be taken as 45 deg, i.e., treating the overburden as a clay
failing in unconsolidated, undrained shear (Q strength, Q = 0).
This overburden failure slope will usually be conservative with
respect to batture loss because it has been commonly observed
that overburden scarps in flow slides are nearly vertical in a
significant upper portica., There is no mystery behind the near
vertical upper portion of overburden scarps because tension
cracks of considerable depth would form as a section of over-
burden is undercut and cantilevered by the outflow of underly-
ing sand. The thinner the overburden, the more likely the
scarp will be near vertical. Secondary mass instability in the
overburden is always possible depending on its strength profile
and the presence of any bank loadings such as the levee.

b. The trench of the Celotex failure between revetment ranges U-18
and U-19 presents an intriguing possibility. A 10-deg runout
angle also fits the average bottom slope of the trench. This
may represent a "clean" runout as previously postulated during
which there was resedimentation in the area of the scour which
triggered it and some scour modification.

23. The opportunity has not yet arisen to go back into the records per-
tinent to past flow failures in a thorough manner to attempt to check "fit" of
a 10-deg runout angle. This task will be attempted although it is probable
that very little detailed data such as prefailure scour conditions or original
revetment surveys of the scars will be available even in old records storage.
The author 1s concerned that a cost/benefit problem may emerge.

24, 1t 1s possible herein to apply the 10-deg runout angle to the sec~
tions approximately through the center of the flow slides which occurred below

Baton Rouge during the flood of 1973 just to see if the pictures appear
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feasible. Those sections are for the failures at Plaquemine Bend, Montz,
Stanton, and Nairn, LA, and are shown in Figures 18-22. They were taken from
a report submitted to LMVD in 1976.* Placement of the 10-deg runout angle
must be done in reverse on the sections, i.e., from the overburden/sand inter-
face point downward because prefailure scour conditions are not available. 1In
each case, it 1s seen that the 10-deg line very feasibly "fits" the sectionms.
The key to the word "fits" is that any line much flatter would imply an initi-
ation of the fallures too far out in the river to conform to "permanent' scour
pool positions. The fit to the Nairn failure (Figure 22) {is particularly
close right down to the probable riverward slide fill (resedimented during
retrogression) as it was originally labeled on the drawing over 10 years ago.
Another pertinent observation from these sections and the Celotex sections are
the typical landward bowls of the failures where the central sections lie a
little below the 10-deg projections, It was pointed out previously that the
bowl is thought to be attributable to relatively gentle eddy scour which
develops within the scar.

25. The readily available empirical evidence particularly pertinent to
the river reach below Baton Rouge has been presented above in support of the
concept of a runout angle and an apparent representative value of that angle
of about 10 deg. The author believes that the evidence 1is sufficient to war-
rant proceeding with a monitoring system which assumes that the potential
dimensions of a flow failure can be estimated using the projection of a 10-deg
runout angle from the scour trench/pool. A warning reminder must be added to
any suggestion that potential flow slide dimensions can be predicted. There
is no way to predict batture losses resulting from either of the following:

a. Severe scour may develop within the failure as it apparently
did at Wilkinson Point, Point Menoir, and other cases indicated
in Figure 16.

b. Secondary retrogression may be initiated landward of the origi-
nal bank line by localized scour within a developing or essen~
tially terminated failure as was previously postulated for the
Celotex site.

Considering these possibilities, 1f the potential dimensions of a failure pre-
dicted using the 10-deg runout angle yields a factor of safety for the levee

* V, H. Torrey, and W. E. Strohm. 1976. "Investigation of Liquefaction Sus-
ceptibility and Prevention of Flow Slides in Mississippi Riverbanks” (unpub-
lished), US Army Engineer Waterways Experiment Station, Vicksburg, MS.
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approaching a minimally acceptable value, how close is too close? This ques-

tion represents another unknown and another critical issue among many.

NOD Levee Safety Flow Slide Monitoring System

26. The NOD geotechnical staff has played a necessary and major role on
many occasions through the years in the achievements of the flow slide stud-
ies. The monitoring system to be described below is their system. The author
has served only in an advisory capacity. The following presentation of their
system was provided by Mr. Jay Joseph, who was principally charged with and is
credited for its development.

27. The flow failure susceptible areas below Baton Rouge have been
assigned appropriate revetment ranges. The elevation of the top of the sub-
stratum sands has been identified from available soil borings in each area.
Table 1 lists the susceptible bank reaches and their monitored limits.

28, Flow failure evaluation begins by examining available hydrographic
survey data for scour which could trigger a failure. At the present time,
this is accomplished by comparing current revetment maintenance surveys to
revetment base surveys. Those areas experiencing scour are examined on a
range-by-range basis to determine the extent of bank failure that would likely
take place using the runout angle concept. The next step in the evaluation is
to determine the effect the assumed bank failure would have on the adjacent
levee. This is done by comparing the assumed failure with available levee
stability control lines (SCL). An SCL is an imaginary boundary or envelope
passing through the bank which is determined by conventional stability analy-
ses as the maximum bank loss which can be suffered without the factor of
safety falling below the minimum preferred value. At the present time,
results of the flow failure evaluation by NOD at each revetment site are made
available to the revetment planners to be used in prioritizing revetment work.

29. A computer program has been developed to facilitate the evaluation
of the large number of revetment ranges shown in Table 1. The first part of
the program extracts survey and SCL data currently storeu in a data base on
the US Army Engineer Waterways Experiment Station (WES) computer. This data
file is transmitted to the NOD Harris computer. The second p.rt of the pro-
gram evaluates the data, identifying which areas are experiencing scour, which

areas would likely result in a batture loss 1f flow occurs, and which of these
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Table 1

Flow Failure Monitoring Limits

River Ranges Revetment Ranges  Sand
Revetment Mile U/S D/S U/s D/S EL
Arlington 226.5 L 226.6 223.9 U-65 D-85 0
Manchac 215.5 L 219.0 217.5 U-250 U-150 -30
Plaquemine Bend 209.0 R 211.6 211.4 + + -20
Plaquemine BRend 209.0 R 204,5 203.0 D-205 D-280 0
Point Pleasant 201.3 R 201.2 200.3 U-24 D-20 0
White Castle 193.0 R 197.2 195.9 U-200 U-135 ~-10
White Castle 193.0 R 189.3 188.3 D-200 D-241 -10
New River Bend 185.0 L 191.3 191.02 U-300 U-280 -20
Philadelphia Point 182.5 R 182.9 181.7 U-5 D-50 -10
Smoke Bend 177.5 R 176.3 174.8 D-40 *D-138 -15
Aben 172.5 R 174.8 174.7 *U-132 U-90 -15
St. Alice 165.0 R 163.1 161.8 D-125 D-180 -60
Rich Bend 157.0 R 154.8 154,1 D-145 *D-177 -20
Rich Bend 157.0 R 154.1 153.1 *D-178 D-225 =35
Belmont 152.0 L 151.3 150.0 D-50 D-115 -30
Angelina 145.0 L 142.8 142.1 D-125 D-150 =15
Willow Bend 141.5 R 139.9 139.2 D~-70 D-100 =35
Lucy 135.5 R 134,6 133.5 D-45 D-90 -7
Montz 132,5 L 130.4 128.9 D-115 D-175 -40
Waterford 128.5 R 125.8 125.2 D-120 D-150 ~-10
Goodhope 121.5 L 123.2 122.7 D-155 D-175 -60
Luling 119.0 R 115.0 113.5 D~152 D-240 -5
Kenner 113.7 L 109.7 109.2 D-210 D-230 ~40
Carrollton 103.5 L 103.0 101.6 D-50 D-100 -16
Greenville 100.4 R 104.0 102.3 U-185 U-105 -30
Greenville 100.4 R 100.3 99.5 U-30 D-15 -11
Gretna Bend 96.7 R 96.5 96.4 D-10 *D-14 -30
(Continued)
* Flow fallure limits overlap adjacent revetments.
** Last revetment range on layout - area extends beyond layout.
t No revetment layout available. 9 Dec 86
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Table 1 (Concluded)

River Ranges Revetment Ranges Sand
Revetment Mile u/s D/S u/s D/S EL
Gouldsboro Bend 95.9 R 96.4 96.2 *U-15 U-5 -30
Algiers Point 95.0 R 94,9 94.6 D-10 D-20 -30
Third District Reach 92.9 L 89.3 88.1 D-135 D-157%%* -30
Cutoff 88.5 R 93.4 91,3 U-260 U~155 =20
Cutoff 88.5 R 86.4 84.8 D-115 *D~184 -10
Twelve Mile Point 84,0 R 84,8 82.6 *U-67 R-0 -15
Poydras 82.0 L 82.8 82.3 U-30 D-5 =20
Scarsdale 75.0 L 77.3 76.6 U~120 U-85 -38
Scarsdale 75.0 L 73.9 72.9 D-60 D-115 =40
Oak Point 72.5 R 71.7 71.3 D-40 D-60 =40
Linwood 71.0 L 69.7 68.1 D-52 D~-115 =35
Harlem 56.5 L 55.0 53.4 D-85 D-169 =25
Gravolet 51.0 L 49.1 48.8 D-70 D-90 -38
Junior 54.0 R 52.5 51.15 D-70 *D-141 =35
Diamond 48,5 R 51.15 50.9 *U~129 U-114 =15
Diamond 48.5 R 48,2 46,7 D-25 D-100 -30
Port Sulphur 39.0 R 35.2 32.6 D-210  D-254%% -20
Buras 25.1 R 23.4 23.25 D-80 *D-87 -20
Fort Jackson 21.5 R 23.25 23.0 *U-93 U-75 -20
Fort Jackson 21.5 R 20.4 20.0 D-47 D-65 -12
Olga 17.0 L 13.5 11.5 + + -20
Venice 12,5 R 12.5 11.5 D-105 D-160 =20
* Flow failure limits overlap adjacent revetments.
** Last revetment range on layout - area extends beyond layout.
+ No revetment layout available.
9 Dec 86
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areas would threaten the adjacent levee, A sample of the summary report gen-
erated by this program is shown as Table 2. The program also produces a
graphics display on the computer terminal monitor of the cross section at any
selected range. Figure 23 depicts that display. The pertinent SCL, the
revetment base survey and current Fathometer surveys, and the assumed flow
failure runout angle (retrogressive control line, RCL) projected at 10 deg
from the scour pool are shown in Figure 23, and appropriate legends are
printed below the plot. The plots can be altered in scale as desired, and
hard copies can be produced at the office terminal or on the Calcomp plotter
in colors. The runout angle is an input variable so that should an angle
other than 10 deg ever be considered more appropriate, basic programming
changes will not be required.

30. Many locations have been examined for flow failure potential using
1985 and 1986 revetment surveys. Results of those evaluations have already
been included in revetment planning. However, the job of monitoring potential
flow failure areas has just begun. Many areas listed in Table 1 lack the
hydrographic surveys required to permit evaluation. Surveys of these reaches
will be accomplished on a priority basis over the next several years. With
time, the frequency of the surveys in some areas will likely be reduced 1if no
evidence of scour is seen. Areas will have to be added to or deleted from the
list as more data become available. Furthermore, refinements and improvements
in the computer programs are already under way to provide the user with addi-
tional comparative plots of changes indicated by hydrographic surveys and
greater flexibility in drawing information from the data base,

31. The author points out that the long list of sites to be monitored
is the result of an initial philosophy that no reaches exhibiting thin top
stratum over sands will be omitted. Under this approach, the future will see
deletion of some reaches but only on the basis of the sufficient data justify-
ing deletion.
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Tahle 2
Flow Slide Summary Report

15 JAN 87 PAGE 1

RANGES NOTED INDICATE 7 FECT OR MORE SCOUR FROM BASE SURVEY ELEVATION.

= REGRESSION CONTROL LINE (RCL) INTERSECTS SAND CLAY INTERFACE.

$ REGRESSION CONTROL LINE INTERSECTS STABILITY CONTROL LINE.

8 S0ME RANGES SUSCEPTIBLE TO FLOW SLIDE WERE NOT INCLUDED IN INPUT FILE.
? STABILITY CONTROL LINE FOR RANGE NOT INCLUDED IN INPUT FILE,

THE ReGRESSION CONTROL LINE ANGLE IS 10.0 DEGREES.

PROGRAM 6D13VWeFLOSLIDE INPUT FILE 13S0A0¢IS574017C

SURYE Y
LUCATION MILE YEAR RANGES HAVING SCOUR MOLES 7 FOOT OR MORE
ALGIERS POINT 9SR 1386 <0-J014 $0-01S5 «0-0167¢0-0177¢0-018720-019%¢0-0207
ANGELINAN 1450 1986 «D-125 D~-126 *¢0-127 D0-128 «D~129 ¢0~-130 «0-131

*0=132 +0=133 ¢0=-134 ¢0~-135 «0~-137 «0-138 «0-139
*D=140 *D=1641 =0=143 *D~140

ARL INGTONS 226L 1986 <U=-028 +U~023 +U=021 «U~011 *U=003 ~D~-002 «D~00S
*D~006 *0-009 ¢0-03S ¢0~-040 *0~04]1 203-042 ¢0=-043
*0=044 +=D-~086 +0-048 *D-049 «0-050 *0=-051 «D-058
*D=060 *0<-062 ¢0-064 ¢0~-063 *D-066 «0-067 «0-068
*0=-074 0-080 0-081 «0-083

BELMONTY 1521 1986.+0-050 ¢0-031 «0-052 +D=033 *0~-054 «0-0%5 «0-0%6¢
*0~057 +D~-058 *D-059 *0-~060 *0-061 *0-062 +0-063
*D=068 ¢0-065 ¢0-067 D-070 O0-072 «0-073 «D-07¢
0-073 «0-076 0-077 0-078 D0-079 0-080 O0-082
*0=083 +0=~084 *0-033 ¢0-086 +0-087 «0-088 «0-089
*0~099 <0-101 +0-102 *0-103 D~-104 «0-106 «0-108
*0-111 $30-112 0-113 D-114

CARROLLTON 104L 1986 +D~-J582¢0-0617+0-062720-063? 0~066?+0-0697¢0~0727
«D=073? D~0767¢0-0777+0-0787¢0-07920-0802+0-04817
*0-0827+0-0837+0-084700-0857+0-087?7+0-0882¢0-0897?
*0=0907¢0-0917¢0+092720-0937¢0-0947¢0+-095%¢0-097?
*0-09820-0992+0~1007

CUTOFF =28 88R 1986 ¢D-113 D-116 $0-118 $0-119 <0-126 D0~-128 D-131
*0-136 ¢0-137 O0-138 0-139 D-140 O-1681 0O-142
0-163 $0-144 «0-146

CIAMOND -2# 48R 1986 *D-023 +0~-026 +0-027 +D-028 +D-029 «0-030 «0-031
*0~032 +0-033 ¢0D-034 *0-033 0-036 *0-037 «0-038
*0-039 D-0640 O0-041 0-042 D-043 0-004 0-~04S
«0=-046 0-047 D0-048 0-049 D-050 0-051 0-052

FORT JACKSON -2 22R 1986 «0-0877¢0-04870~-0497¢0-0502+0-0312¢0-0522+0-0%3?
20-0542¢0-055?¢0-0367+0-05720-03587+0-059?¢0-0607?
*0=0617+D0-0627+D-0637°0-064700~0652

GO0OHOPE S 122L 1986 +0-173

GQULOSRORO BENOD 96R 1986 *U-0147eU~01370U~01072U~0082U~00T77¢U-0062U~-00%5?

GRAVOLETS S1L 1966 0-071 0-073 0-074 D-073 0-07¢ O0-077 O0-078
0-079 «0-080 +0-081 ¢0-083

GREEMVILLI =2 LO0R 1986 «U=030 2U=029 *U~028 *U~02T7 +U-026 *U-025 *U-02%

*U-023 «¢U=022 U-020 SU=019 *U-016 *U~-C1S +U-010
*U=011 *U=010 *U-009 *U=-008 +U-00T7 +«U~-006 *U-0093
*U=003 «U=002 ~y=-001 «0-001 0=002 0-003 ~D=-00¢
0-003 0-006 «0-011 $D-01¢

GRETAA HEND 97R 1986 «0-0100¢0-01170-0127 0-0132¢0-0147

JUNIORS SR 1986 *D~3T70 «0-071 +0-072 *D=073 «D~-07¢ *D-07S5 «D~-076
«0-077 «D-078 =D=-079 $0-080 3D~08}) $0-082 $0-08)
$0-084 $0-083 $0-086 $0-087 30~088 O0-089 $0-090
s0-091 $D0-092 0-093 *D-09%

KENNIR S 114, 1986 <0-213 D-227 D-228

(Continued)
(Sheet 1 of 3)
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Table 2 (Continued)

13 JAN 87 PAGL 2

~ANGCS NOTED INDICATYE 7 FEET OR MORE SCOUR FROM BASE SURVEY ELEVATION.

v REGRESSION CONTROL LINc (RCL) INTERSECTS SAND CLAY INTERFACE.

$ REGIESSION CONTROL LINE INTERSECTS STABILITY CONTROL LINE.

®  SOM{ RANGES SUSCEPTIBLE TO FLOW SLIDE MERE NOT INCLUOED IN INPUT FILE.
? STABILITY CONTROL LINS FOR RANGE NOT INCLUDEO IN INPUT FILE.

Tl ReGRESSION CONTROL LINE ANGLE IS 10,0 DEGREES.

PROGURAM 6O0L3VNeFLOSLICE INPUT FILE 13S0A0«IS74017C
SURVEY
LCCATION MILE YEAR RANGES HAVING SCOUR HOLES 7 FOOT OR NMORE
LINYOODS® T1L 1386 NONE
Lucve 13R 1986 0-04S5 «0-077 0-082
LULINGS 119R 1786 +D-153 D-163 «0-172 D-173 *0~177 D-178 D-183
“0~187
“ANCHACS 215L 1986 U-175 U~-170 «uU~166 *U-165 U~155 +U-15e
MINT 28 132L 1986 0-115 D0-119 ¢D=120 D-12]1 «D~126 «0-1377+0-1387
NEd RIVER HEND 13850 19686 +U-300 +U-299 U-298 U-297 U=~296 3U-29% 3U-294

$U=293 U-292 $U-291 U-290 sSU~289 U-288 U-287
U=-286 U-285 U=-284 eU-283 U-282 «U-281 U-280
0AK POINT T2R 1986 *0-~040 +0-041 +D~=042 ¢D=043 +D-044 ¢D-045 *0-046
D=047 0=048 «0-049 D=-0S0 «D-051 «0-052 O0-0S4
0-0%5 0-056 +D-057 D-058 «D-0%59 «D-060
PHILADELPHEIA PT. 182R 1986 +«uU=002 +U-001 +0-01T7 «D=025 +D=-026 *D~081 «¢D-0482
¢0~047 «0-049 0-0%0
PLAGUEMIN BENOS 209R 1986 +0-207 <D=212 ¢D=213 «D=~214¢ +D=216 ¢D~217 +D~218
*0=219 «D=222 ¢0~223 ¢0-224 «0-227 ¢0~229 0-231
D=-236
PJIRT SULPHURS 39R 1986 +0-210 «0-211 ¢0=212 eD=-213 »2D-214 ¢D-215 3$D0-216
$0-217 $0-218 3$0-219 $0-220 $0-221 $0-222 30-223
$0-224 $0-225 $0-226 $D-227 $0-228 $0-229 $0-230
$0-231 $0-232 30-233 $0-234 $0-235 30-236 $0-237
$0-238 00=242 «D<-246 +D~247 ¢D<-248 ¢0~-249 +0-230
*D=-251 +0-2%52

PUYDRAS 82L 1986 +*U=019 «U~-0L17 +U=016 +U=-01S «U-014 «U-013 «u-011
*U=010 «U=008 ey-004 *U-002 «0-001 ¢D-002 «D-003
*D=-004

RICH BEND ~10 1S7TR 1986 *0D-166 0-171 $0-17S

#ICH BEND =2 1S7R 1986 D-208

SCARSDALE ~1» SL 1986 NONE

SCARGUALE =20 7SL 1986 +0-060 «0-061 ¢0-062 *0-063 *0-064 «0-065 *0-066

$0-067 *D=-068 <D-069 *0-070 ¢D-071 +D-072 »0~073
¢0~-0T74 <«D=073 ¢0~076 ¢D=-077 «0-078 0-079 «D-080
*0=-081 +0-082 0-083 «D~084 D-08S 0-086 0-087
0-088 0-089 D-090 D-091 D-092 D0-093 0-09%
*0=095 *0-096 ¢D~097 «0-098 *0-099 «0-100 «D~-102

SMOKE BENOS 178R 1986 +0-040 +0=-041 D-042 0-043 0-088 0-043 O0-046
0-047 0-048 0-049 D-050 »D0-0%51 D0-052 D=-053
*0=054 *D=055 +0-056 *D=-0ST7 *D=-0S8 «0-0%9 +«0-060
*0+-061 D0<-062 0-063 *D~06S *0~-072 «0-077 D-081
*0=083 ¢0=-083 ¢0-088 ¢0-089 20-090 ¢0-091 +D-098
*D=103 D106 ¢0-109 «0~110 «0-111

STe ALICES 165R 1986 0-126 *0<-127 +0-128 «D-129 «0-130 «D-131 «0-~132
*0=133 ¢0=134 Q=135 ¢0-136 ¢0-137 ¢0-139 ¢0-140
*0+=141 #D=142 ¢D=143 eD-144 ¢0-186 «0-147 ¢0=-148
*D~-149 +D-1%54 ¢0-15% «D=156 *0-15T7 ¢0-158 «D-19%9

(Continued)
(Sheet 2 of 3)
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Table 2 (Concluded)

15 JAN 87 PAGE 3

RANGES NOTEO INDICATE 7 FEET QR MQORE SCOUR FROM BASE SURVEY ELEVATION.
REGRESSION CONTROL LINE (RCL) INTERSECTS SAND CLAY INTERFACE.
REGRESSION CONTROL LINE INTERSECTS STABILITY CONTROL LINE.

STABTLITY CONTROL LINE FOR RANGE NOT INCLUDED IN INPUT FILE.
OEGREES.

s
¥ SOME RANGES SUSCEPTIBLE
*
THE 3IEGRESSION CONTROL LINE ANGLE IS

PROGRAM LO13VWeFLIOSLIDE

10.0

INPUT FILE 13S0ACe[374017C

TO FLOW SLIDE WERE NOT INCLUDED IN INPUT FILE.

SURVEY

LOCATION MILE VEAR RANGES HAVING SCOUR HOLES 7 FOOT OR MORE

STe ALICES 165R 1986 ¢0-161 +0=162 *0=164 +0~-166 «0-167 +0-168 «0-169
«D=170 +0~-172 *0-174 «0=17% «0~1767

THIRD DISTe REACHS 9I3L 1986 NONE

VENICE 12R 1986 +D=138 ¢0-109 *0-122 +0-123 ¢0=137 0-143 D-144
$0-14% D0-1S6 °*0-197

WATERFQRDS 128R 1986 0120 +D=12] ¢0=122 «¢0=123 ¢0-128 e¢D-12% «D-126
+0=127 *0=128 *D=129 #D=130 «D~131 «D=132 ¢0=-133
*0-134

WHITE CASTLE -1 193R 1986 =U=183 *U~166 *U=162 *U-158 +U-157 eU=156 *U-159%
*U=154 eU=153 *U=152 eU=131 ¢U-150 eU-149 eU-119
*y~138

WILLOW HENOS 142R 1986 +0-070 ¢0=-071 *0=072 O0=073 D-074 «0-07S «0-077
*0=078 «0«079 ¢D=082 «0-084 +0-089% «D-086 D0D-088
0=-089 D-090 0-091 0-092 D~09)

(Sheet 3 of 3)
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PART IV: HISTORICAL RIVER MOVEMENT AND ITS IMPLICATIONS

Background

32. Since WES geologists have been conducting specific flow failure
site studies employing old hydrographic surveys of the river below Baton
Rouge, the data were available to compare the oldest available surveys (1879-
1894) with the latest (1973-1975). The comparative bank lines between the two
survey data sets are given in Appendix A. The bank lines roughly correspond
to the Low Water Reference Plane (LWRP).

33, Also gignificant to the discussion to follow is the complete compi-
lation of pertinent soil boring data contained within NOD files for the entire
reach of river below Baton Rouge, LA. Appendix B consists of that boring data
for both right and left descending banks from Wilkinson Point at mile 235 AHP
(Baton Rouge) to the lower end of the mainline levee system on the left
descending bank at mile 10 AHP. Borings considered too distant from the top
of the bank to be pertinent to bank/levee stability problems are not included.
The boring logs of Appendix B are intended to show the presence of significant
substrata of sand. Blar% segments on the individual logs represent clays,
silts, or insignificant strata (less than 5 ft) of sands. The compilation has
proven to be very useful in establishing the overburden/sand interface on a

site-by-site basis for use in the monitoring program previously described.

Implications of the Historical Data

34, Based on bank line changes observed by comparing the oldest hydro-
graphic surveys with the latest surveys, a pattern emerges telling the expect-
able story of the river's continuing attempts to change its alignment in
directions typical of meandering. All of the reaches exhibiting the larger
historical bank losses also exhibit the presence of the least erosion-
resistant soils, i.e., sands and/or silty sands. Whether the sands are
expocsed to river attack near surlace or beneath considerable thicknesses of
clayey top strata, the river's attack has been very successful along many
reaches and should be expected to continue. Where the sands are near surface
(50 ft or less), the largest bank losses of record have been measured in mag-

nitudes of thousands of feet. What bank revetment has done to mitigate these
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losses has not been fully established because the revetment program below
Baton Rouge is not old in terms of cycles of river attack. The loss of
revetted bank is a commonality within the LMVD testified to by the size of the
annual maintenance program. The author suspects that past maintenance
requirements on a site-by-site basis could be strongly correlated to the pres-
ence of significant sand strata in the bank,

35. Within the context of the chronic attack described above is that of
the relatively rare severe flood periods. As were previously identified (by
letter to LMVD in 1979), there are numerous reaches in point bar deposits on
the upstream inside of bendways which are obviously subjected to especially
severe erosion during such high stages. Where significant strata of fine
sands and/or silty sands are present under thin top strata, major flow slides
are likely. Major failure scars mark these locations with regularity below
Baton Rouge and upriver as well. Within these reaches of persistent histori-
cal erosion, old bank line surveys regularly show the presence of large scal-
lops (suggesting flow slides) chronologically marching landward at about the
same location. Extreme flood periods seem to be the key to these faillures
(except Celotex) because they have not been observed during "normal" annual
high water periods. Flow slides during extreme events are most dangerous
because they may occur during times when water is over the batture and against
the levees and may consequently be invisible. During normal high water these
reaches may experience bLank losses by general erosion which does not trigger
flow slides or at least not ones that have been noted.

36, With the studies assocfated with the Marchand batture and levee
failure (left descending bank, mile 180.7 AHP) of 23 August 1983 came yet
another dimension to the problem of the role of sands in bank stability., At
this site, overburden deposits average 120 ft in thickness and were underlaid
by sands and silty sands below el -96., The thalweg of the river was at
el -150 and in a scour trench in the sands at the toe of the river bank. The
final internal report prepared by the NOD in October 1984 stated as follows:

A review of surveys made at the failure location since
1971 indicates that an initial deep-seated slide

occurred in the underwater bank in 1973 as a result of
toe scour in the sand at the base of the slope. This
initial slide weakened the underwater bank and led to
successive failure of the upper slope. This progres-

sion led to eventual loss of the upper bank, reducing
significantly the passive resistance to levee failure.
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The 1983 bank faillure was the last in a sequence of

failures resulting from continuous bank scour.
There is no reason to discount the possibility of runout of sands in the
retrogressive manner as the initial failure referred to above, The process of
failure in a thick, cohesive overburden stratum undercut by loss of underlying
sand has not been addressed. It is an unusual geotechnical problem meriting
study.

37. Turning to the historical river movement data and soils data of
Appendices A and B, respectively, a pattern can be seen. It is obvious that
the river has commonly and successfully eroded banks exhibiting soil profiles
similar to that at Marchand, i.e., thick overburden over deep sands. The
author is of the opinion that the failure sequence described for Marchand is
a usual one.

38. It was decided to quantify the river's movement by scaling the ero-
sion or deposition in feet of batture from the sheets of Appendix A at every
other one of the 1,328 hydrographic ranges from range R-234,8 (Baton Rouge) to
range R-10.6 (lower end of mainline levees). The 661 discrete data obtained
in this manner are given in Appendix C for both right and left banks. These
data were used to categorize the severity of historical bank losses by reach.
The categories are the arbitrary choice of th author and are as follows:

a. Severe losses - 1,000 or more feet of bank recession over the
90-year period of record. These reaches are listed in Table 3
with comments verifying the regularity of thalweg in deep
sands.

b. Modera = losses - 500 to 999 ft of bank recession over the
period of record. These reaches are listed in Table 4 with
comments.

c. Minor losses ~ less than 500 ft of bank recession over the
period of record. These reaches are listed in Table 5 with no
comment.

All of the four major flow failures during the flood of 1973 occurred within
reaches listed as suffering severe to moderate bank losses over the period of
record. It is interesting to note that the Greenville Bend reach including
the Celotex failure site has suffered only about 450 ft, i.e., minor bank
recession over the period of record.

39. It is emphasized that the data given in Tables 3-5 are intended to
serve as a form of attack classification as opposed to a flow slide suscepti-

bility classification. Put simply, it is reasonable to belleve that any
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Table 5

Chronic Problem Reaches, Minor Bank Losses of Less Than 500 ft

Reach

Range to Range

229.6 to 227.8
209.6 to 205.8
182.6 to 181.7
169.6 to 169.0
149.8 to 148.4
129.4 to 127.7
122.7 to 120.3
119.5 to 115.6
108.7 to 105.2
101.8 to 98.4
96.6 to 95.8
84.1 to 82.6
79.7 to 79.0
78.1 to 75.5
73.5 to 71.9
63.9 to 61.8
59.8 to 52.1
49.7 to 48.2
31.6 to 25.2
13,2 to 11.8

202.8 to 202.2
197.0 to 196.4
162,1 to 160.3
138.1 to 136.4
103.8 to 102.5
85.7 to 83.4
79.4 to 78.1
71.5 to 70.2
65.9 to 62.9
57.3 to 55.3
41.6 to 39.3
38.3 to 37.6
28.6 to 26.9

Right Bank

Left Bank

Maximum Bank
Loss of Record

450
400
300
200
250
325
450
350
450
450
200
350
200
375
475
250
400
250
450
200

400
200
350
400
200
350
350
375
400
250
225
200
200

(1985 Celotex failure)
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reaches classified as susceptible to flow failure which also appear in
Tables 3-5 are at very high risk. In addition, those reaches appearing in
Tables 3 and 4, 1i.e., under severe to moderate attack where thick overburden
overlies sand and the thalweg 1s in the sand against the bank in question,

should also be considered at high risk.

Selected Statistical Summaries of Historical Changes

40. The discrete data of historical erosion and deposition given in
Appendix C are plotted for the right and left banks in Figures 24 and 25,
respectively. It is striking to see for both banks that the magnitudes of the
river's movements and the frequency of those magnitudes are distinctly larger
above (upriver) hydrographic range R-130 at the Bonnet Carre Spillway than
below (downriver). The NOD geologist, Mr. Fred Smith, attributes this to a
change in the geologic setting wherein more erosion-resistant Prodelta clays
begin to occur regularly in the soil profile of the banks. Figure 26 presents
the same data plotted as right bank versus left bank, If a line with a unit
negative slope, -1, is also plotted in Figure 26 as shown, it divides the data
into the set of ranges where a net narrowing of the channel occurred (points
above the line) and where a net widening occurred (points below the line). In
Report 1 (Torrey, Dunbar, and Peterson 1988), Dunbar calculated the total bat-
ture area of historic deposition and the total batture area of historic ero-
sion for a 10-mile reach of river including the Bonnet Carre Point and Montz
{low slide sites. He found only a 7-acre difference between erosion and depo-
sition through the two bendways examined. The processes of erosion and depo-
sition appear to be approximately balanced below Baton Rouge. Figures 27
and 28 break the total data set into that above hydrographic range R-129.8
(Bonnet Carre Spillway) and that below. These two figures really bring out
the very different range of variations between the two subreaches and reveal
the predominance of net channel narrowing between ranges 234.8 to 129.8 and
predominance of net channel widening below range 129.8. Figures 29-34 present
the erosion/deposition data in the form of frequency histograms. The histo-
grams reveal the following:

a. For the entire reach of river below Baton Rouge and for both
banks (Figures 29 and 32), the mean values are very close to
zero. The right bank mean 1s that of deposition of only 48 ft
of batture while the left bank mean is that of erosion of only
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4 ft of batture. The distributions are relatively symmetrical
about the means with essentially identical standard deviations
although much more concentrated toward the means than normal
distributions (Gaussian). For the largest percentage of the
data for both banks, erosion falls in the "minor'" category
(less than 500 ft of historic batture loss).

When the total data sets are divided into the subsets above
Bonnet Carre Spillway and below (right bank--Figures 30 and 31,
left bank--Figures 33 and 34), the differences between the two
reaches are again seen. The dispersions of the data for both
banks above Bonnet Carre Spillway (hydrographic range R-129,8)
are very similar (right bank standard deviation = 901 ft of
batture; left bank standard deviation = 380 ft of batture).
This reiterates the previous statement that the river has been
much more active above Bonnet Carre Spillway than below. It is
also seen that above R-129.8 the mean trend has been deposition
for both banks, while below R-129.8 the mean trend has been
erosion for both banks. Therefore, on the average, the river
has tended to become narrower above Bonnet Carre Spillway but
wider below.

|

41, Figures 35 and 36 show the changes in channel width and maximum
depth, respectively, over the period of record. The changes in depth are
based roughly (maximum error judged to be less than 5 ft between the old and
latest surveys) on LWRP. The change in width shown in Figure 35 exhibits a
clear trend from upstream to downstream in that the river has tended to tran-
sition from becoming narrower to becoming wider with the crossover point again
being near Bonnet Carre Spillway. This trend is not favorable since Figure 36
reveals that very little significant changes have occurred with respect to
depth. 1If the river remains at the same depth above R-129,8 while it tends to
become narrower in that same reach, it portends increasing average current
velocities. This will cause trouble where erosion/scour hole formation, gen-
eral bank stability, and flow slide problems are concerned. In addition, the
tendency of the river to slowly widen below R-129.8 portends bank caving prob-
lems mostly in the "minor" category but, nonetheless, relentless. These
trends just indicate that there 1s no relief in sight, and that the problems
are likely to multiply.

42, Frequency histograms for the change in chanrel width are given in
Figures 37-39 and for change in channel depth in Figures 40-42. The change-
in-width histograms illustrate the trends addressed above. The change-in-
depth histograms show strong normal distribution tendencies and reveal how
little depth has changed over the total period of record. For the total reach

of river below Baton Rouge, over 90 percent of the ranges reflected a change
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in depth of less than 30 ft in either direction. Considering the fact that
such variations and larger are not uncommon on an annual basis (attributable
to bottom sand waves or scour-fill cycles), it appears to be safe to say that
only the rare events of changes in excess of 50 ft are significant. Only
about 2 percent (16 of 661) of the range locations showed changes in depth

either deeper or shallower in excess of 50 ft,

Statistical Summary of 1973-1975 River Parameters

43, Channel width and maximum depth were determined for all 1973-1975
hydrographic ranges (1328) from R-234.8 (Baton Rouge) to R-10.6 (end of main-
line levees). The ratios of width to maximum depth (W/D) and the channel tri-
angular cross-sectional areas (WD/2) were also calculated. These numbers are
not intended to provide anything other than very rough pictures and have very
little use in the rigorous potamology sense. Other parameters such as effec-
tive area or hydraulic radius might be more useful, but perhaps the data given
herein will indicate the potential worth of studying the more applicable num-
bers. Channel width, channel maximum depth, range in W/D ratio, and range in
channel triangular area are plotted in Figure 43. The figure shows that there
is little correlation between width and depth other than a very muted trend
for width to increase as depth decreases. Channel area ranges from as low as
only about 50,000 sq ft to as much as six times that value. At the same time,
W/D varies from less than 10 to over 100, Attempts to discern the nature of
such variance, much less to make predictions of behavior on a site-by-site
basis, are monumental undertakings., Nonetheless, the author believes that
comprehensive study of the river below Baton Rouge will force itself upon the
problem solution sooner or later; it might as well be accepted now and begun.
Even if a cost effective preventative bank protection system is developed in
the meantime, it is hard to imagine that funds expended in gaining additional
knowledge of the river will prove to be a poor investment.

44, The discrete data for width, depth, W/D ratio, and triangular area
are plotted in Figure 44-47, respectively., Corresponding frequency histograms
are given in Figures 48-~51. Figure 44 shows . slight tendency for the average
channel width to be larger at both ends of the reach below Baton Rouge and for
pronounced amplitude in width variation in the upstream half (R-234.8
to R-110.0) of the reach. Channel depth shown in Figure 45 tends to ateadily
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increase on the average in the downstream direction. Width-to-depth ratio
(Figure 46) shows a distinct change in pattern near range R-110 which reflects
the trends in width previously mentioned. Channel triangular area (Figure 47)
exhibits a consistent tendency to increase in the downstream direction. The
histograms reveal that width (Figure 48) is almost perfectly normally distrib-
uted (random variable), while area (Figure 51) is relatively normally distrib-
uted and depth exhibits the least normal trend of the three parameters,
Width-to~depth ratio (Figure 50) is clearly skewed in its distribution.
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45.

herein:

PART V: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The following conclusions are drawn from the new work presented

The Celotex batture and levee failure was the result of a flow
slide in substratum sands triggered in the scour trench near
Greenville Bend revetment range U-19. This bank reach had been
classified as susceptible to flow failure.

The bank lines of record along the Greenville Bend revetment
reach inclusive of the Celotex failure site indicate a regular
history of failures including a past failure specifically at
the Celotex site.

The "permanent" scour pool in Greenville Bend upstream of the
Celotex failure site 1s migrating in a downstream and south-
easterly direction and in the future will subject the flow
slide susceptible right bank from revetment range U-~30 to U-15
to increased attack and, consequently, cause an increased risk
of additional flow slides.

The reason that the Celotex failure occurred during low water
is not understood. Scour pool behavior over the seasons of the
water year is not understood with sufficient clarity.

Empirical data from past Potamology Investigations, that of the
flow slides below Baton Rouge in 1973, and that of the Celotex
flow failure lend credence to the concept of the runout

angle o as a typical trait of Missics’ppi Riverbank flow
slides. Furthermore, that data imply thst angle to be approxi-
mately 10 deg projected from a point tangent to the base of the
scour pool/trench up through substratum sands to the base of
the overburden stratum. Therefore, the potential loss of bat-
ture due to a flow slide can be estimated using the runout
angle concept. Additional studies of future flow slides and of
a theoretical nature are required to verify these observations.

The NOD has developed and is using a monitoring system based on
observed scour and the 10-deg runout angle concept to permit
assessment of levee stability site by site. This represents
the first rational method for weighing flow slide threat to the
levee. The extensive data base supporting that system contains
information gaps which must be filled on’'a priority basis.

The historical data showing movement of the river channel over
the last 90 years indicate the range in severity of bank ero-
sion and the specific reaches suffering that range in attack.

Riverbank reaches classified as susceptible to flow failure and
falling in any of the attack categories of severe, moderate, or
minor as defined in this report should be considered at highest
risk. These reaches should receive priority in the monitoring
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data acquisition. Susceptible reaches not falling in these
categories should be monitored until sufficient evidence war-
rants their removal from the system. Trends in scour pool
migration must be included in these considerations. This dic-
tates that trends in migration of any pertinent scour pools
must be determined if unknown.

|
.

Historical data as to which bank soil profiles the river has
most often successfully eroded coupled with the Marchand levee
failure experience warn that deep sands underlying thick over-
burden strata will lead to upper bank instability, particularly
in reaches of severe to moderate attack. It is thought proba-
ble that the failure mechanism in the sands is the same retro-
gressive one as for classical Mississippi River bank flow
slides.

j. Historical trends in changes of river channel dimensions imply
that average current velocities from Baton Rouge to Bonnet
Carre Spillway are on the increase, If true, this portends an
increase in bank stability problems along that reach with time.

k. Historical data show the river to be widening by eroding both
banks downstream of about Bonnet Carre Spillway. This erosion
mostly falls in the minor category with a few "hot spots" in
the severe and moderate categories. Perhaps the implied reduc-
tion in average current velocities portends an improving situa-
tion except that flood periods should still produce problems in
hot spots like the Nairn reach.

Recommendations

46. The following tasks and/or practices are recommended in continuance
of the flow slide studies. It is not the intent of the author to infringe on
the area of expertise of the River Engineering Branch. Those LMVD entities
are pursuing and considering valuable flow slide associated studies of their
own choosing in light of past geotechnical findings. The recommendations pro-
vided below are considered important to the geotechnical aspects of the
problem.

All future flow slides below Baton Rouge, whether in revetted
or unrevetted bank or whether a threat to the levee or not,
should be surveyed in detail under water and above water. Sur-
vey ranges should not be more than ‘100 ft apart. These data
are important in confirming the 10-deg runout angle,

I

|o

With respect to the NOD monitoring system, consideration should
be given to the question of what frequency of site hydrographic
surveys is most appropriate. Annual surveys may not be ade-
quate to see serious developments pending a better understand-
ing of scour pool behavior through the water seasons.
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The theoretical studies of the failure mechanism and runout
angle currently in progress should be completed. It is desir-
able to draw empirical evidence and theory together to rest the
case of existence of such a parameter and its most appropriate
value.

The geological studies of the Marchand and Celotex bank reaches
currently in progress should be completed. In addition, the
direction of migration of all "permanent" scour pools below
Baton Rouge should be determined from the historical data
available.

A comprehensive study of old bank line data should be initiated
to document the history of locations/trends of past bank fail-
ures below Baton Rouge. There is reason to believe that these
data will yield strong evidence as to specifically where future
failures may occur because those locations appear to be tied to
persistent bank losses indicated by historical bank line
comparisons.

There is a great need to develop a better understanding of
exactly what goes on in scour pools through the stages of the
river representing extremes of record. Behavior through typi-
cal annual stage variations is important but probably not suf-
ficient. This is the only way the author can see the means to
study development of oversteepening of slopes in the sands and
subsequent flow. This can only be achieved by detailed, accu-
rate surveys of selected pools in sands at intervals fitted to
river stage. Available computer software will permit three-
dimensional views, rotation of view, sectioning at will, and
time-frame "movies" of changes. The larger the number of "per-
manent"” and migrating scour pools in sand which are studied,
the greater the probability of observing the pertinent mecha-
nisms in a shorter period of time.
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APPENDIX A

MISSISSIPPI RIVER BELOW BATON ROUGE, LA, COMPARISON OF
BANK LINES BETWEEN 1879-1894 AND 1973-1975
HYDROGRAPHIC SURVEYS

Al




ve 2 -
dHV 01 371N 0L 39N0Y NOLVE — " < A
ANV 4 3ON3H3IA3Y H31vm €2 oo o ““.. o¥o ° AJANNS ¥IAW §2 = ;

—— -€L61 - ——~ =
MO FLVNIX0dddY 40 SISvE £z ey _ L < )

3HL NO SAIAYNNS JIHJVHOONAAH | S 3 il SES e m
GL-€2.61 GNY $6-6.81 NI3ML3A 0001 9061 _ o 000! M
S3NIT MNVE 40 NOSIHVANO0D 4 _
¥3AIY 1ddISSISSIN L o . o - ,
- T T T T I T ‘
¥ 'S35EVe JO QVIH OL VO 'MMVH NOV W 'GL-CL6} .
‘SABAUNE JHJVNBONIAR YIAIY l4MiSSISSIN |

20 ISOML 0L ONOJEINNOD SUIEWN LIINS
310N
-
+ + + t _
o
P
- + + + + + g :
m
¥ )
- i —1 1 1 i J

v2 L ) vz j




rrbll?\(‘».‘i L a4 e a

2
dHY 01 J'WN OL 39N0Y NNive

3NVd 3O0N3IH343YH ¥43Lvm

-

MOT ILVNIXOHddY 40 SiSvE

3HL NO SAIAYUNS JIHIVYOOHGAH

A3ANNS Y¥3IAIY GL-CL61 ——-
A3ANNS ¥IAIY ¥6-6.8 | ——

G/.-€.61 ONV ¥6-6.81 N3I3m 1349 oNZoT
S3NIT HXNVE 40 NOSIHVJINOD
YIAIY |ddISSISSIN
*

¥ °8388Vd JO QVIM OL V1 WAWM X0V W8 ‘GL €161
'SATANNG JNJVUBONIAN WIALJ L4ASSISEIN
#0 IS0HL OL GNOJEIUNOD SY WM LXBE

3408

r622-¥

eezz-y

m 20¢2-y

— soge-y

|- 80¢2-u

- 118

vitz-y

L182-¥

G2

A4

PLATE A2




— R

92 dHY O 37N 01 39N0H NOLVE
3NVId JONIYIS3Y Y3ILvMm - L
MO JLVAIXO¥ddVY 40 SISvE Tt
3HL NO SAJAYUNS JIHAVUOOUHAAH TR J et
Gl-Y.61 ONV v6-6.81 N3Iml3g 0003 0001 o !

92

S3NIT XNVE 40 NOSIHVJIWOD

Y3AIY IddISSISSIN

T

:F P

e,

_--~‘-‘--~ R "

o
| 2
~

£622-9

)

A3ANNS UIAWY SL-€L6) ——-
AIANUNS YIAIN ¥6-6101 ——
ON3OIN

¥1'SISEVY JO QVIN 0L V1 'WAVH NOVIE ‘GL-€461
‘SABANNE DHIVUBOUGAN WIAIY LidSSIESIN
40 3S0WHL 04 ONDJRIWUOD SUIBYW LTDNG

AL0N

92

92

PLATE A3

A5




o dHY O1 37N 04 39N0Y NOLVE L2
e — e Sm— |
00" 40 080 1] o
INVId FINTHISTY ¥ILYM ﬂw_ A R AIAUIS YIA $1-6161 — -
MO F1VAIX0¥ddVY 30 SISvE e . R o
0 AJANNS ¥IAIY ¥E-6L81 ——
IHL NO SAIAUNS JIHAVYOOUOAH - R
Gl-€461 ANV $6-6.81 NIIML38 00030007 o 000
SANIT MNYE 40 NOSIHVYJ4WNOD
Y3IALY 1ddISSISSIN _ _ .
RE - T T T -
¥ '5385vd JO OVIN DL ¥ 'NMVN XV ‘GL-CLE!
‘SATAMNE MHIVESONGAN MIAIY lediSSISSIN
40 JROHL O ONDJETVN0D SUDGN YIS
3108
- + + + + .
*
. vzze
n...vm, \\
v, y \ y
¢ 4 /
q«.ﬂy 74 \\
4 /
w-wm..‘ 4 \\
- + + 7 /
h-mn.. \\\ \\ + 7
’ S22 ’
N~ o-m ) ) \\
rv,! \\ \\
’ { \\\
s, e, \\ R
/ 7’
\\ \\\
¢ nmwd ; P4 (3 \\
ﬁ ? >
‘5 / ’
+ + + e/ / + + =
%, / \\
w‘JA \\
\\ / 4
) /
L 1 J_[izte d L i ]
T 7 -
L2 2

-y

PLATE A4

Ab




82

dHV 01 3N OL 39N0YH NOLVS

3NVd 30N3H343Y H31VM
MO J1VNIXOUddV 30 SISVE
3HL NO SA3IAYNS JIHIVHOOUAAH
G/l-€26) ONV ¥6-6.81 N3IIml3s

SANIT MNVE 40 NOSINVANOD
Y3AIY (ddISSISSIN

o N

*2i2-y

f2iz-uy
SLH!-U-
$ 112y

82

AIANNS ¥3AIN SL-CL61 ———
AJANNS YIAIY ¥6-6181 ——
ON39TT

¥7'SIESVY JO OVIH OL VO "NAWH XOVIQ ‘SL-CL81
‘SAJANNE DHIVUBOUGAN NIAIN I4IBSISSIN
40 3E0ML 0L ONOJEINVO0D SEDERN LIBHS

3408

82

PLATE A5

A7




——— - ——

62

62

dHY O1 37N 01 39N0Y NOLVE

ANV JONIFYIAIY HILYM st MY G
MO 3LVNIXO¥ddV 30 SISVE i) AInuS Hany vaie
JHL NO SAIAYUNS JNHJVYOONAAH e o !
G2-€.61 ONV £6-6281 N3IML3IE 0o 0ot X
S3ANIT MWNVE 40 NOSINVINOD
HIAIY 14dISSISSIN i )
j T e 1 - T T T T T - - «J
¥ 'SIEEVY 20 OVIH OL V1 WAYH MOV ‘SL-CL8!
'SAIANNG JHdVUBONOAH UBAIY LddSSISSIN
30 FBOML 01 GNOJEINNN) SR LTINS
310N
- + + +
o + + +
R Y R — R —_ N - P W -

62

(34

PLATE A6

A8




0o¢
dHV 01 37N 01 39N0¥ NOivE

INVI4 JONIYI43Y Jd3LVM
MO JLVNIXOYddV J0 Sisvd
JH1 NO SAJAYNS JIHAVHO0HAAH

Gl-€26) ONV 6-6.81 N3I3M138

SANIT MNVE 40 NOSIMVJWOD

HIAIY IddISSISSIN
— T

$802-y

0¢

_#‘fj o 001 810 080 ) °
sTw
| S— = o -]
82 0001 008 0 oot
T aum
_ E==y——p—=—x
0003 0001 ] 000+
A4
- I - T .
+ n +

AJAUNS WIAIY SL-€L61 — -~
AJANNS HIAIY #6-6181 ——
ON393

¥ 'S3SSV4 J0 QVIN OL ¥ NMVH NIV ‘6L €161
‘SAJANNG DiHdVMOOUOAN UIAIN I4ASEISSIN
30 I50H1 OL ONOJEINN0) SHIWWW L3I

3L0N

c802-¥

ot

ot

PLATE A7

A9




e
dHY O 37IW OL 39N0H NOLVE [ Cm—— e —— ——

3NV Td 3ON3YISIY YILVM 4 R A AIAMS NaAT o
MO ILVAIXONJdV 40 SISVE [ . T 18261 —--
IHL NO SAIANNS DIHAVHOONAAH — A3AMDS ¥INIY $6-618) ——

GL-€161 ONV v6-6.81 N3IIML38 [* =% o0ad 0001 o o0l ON3937

S3NIT MNVE 4O NOSIBVJIW0D
H3AIY 14dISSISSIN
T

e e

¥1'SIESVJ 40 QVIN OL ¥ WAVM MIVIE 'GL-Ci61
'SAJANNE JHJYMBONAAH MIAIN I4liSEISEIN
40 350ML OL GNOJERAN0D SUIEWIN LIS

JL0N

Al0

PLATE A8




e dHY 01 3TIN 01 J9N0Y NOLVE
INVId IONIHIF3Y ¥ILVM
MO JLVNIXO¥ddV 40 SISvE
JHL NO SAIAYNS DIHIVHOOHAAH
Gl-€461 ANV v6-6.81 N3I3mL134

S3ANIT XNVE 30 NOSIYVJWOD
H3IAIY 1ddISSISSIN

z,

2t

[13

143

”|

AIAYUNS YIAIY SL-CL6) — —~
AJANNS YIAIN $6-6.8) ——
ON3ION

¥1'S35SV4 JO QVIH OL ¥ 'WAYH XIVTE 'L -Ci6)
'SATAUNE DHSVUBOUOAR WBAY I4SSISSIN
40 JS0ML 04 ONOJEINNOD SUIGANN L IIMS

Lom

2¢€

2¢

PLATE A9

All




£ dHY O} 3UM 01 35N0Y NOLVE
ANVId ION3YI43IY YILVM
MO 3LVNIXO¥ddV 40 SISVE
JHL NO SA3AYUNS JIHdVHO0Y¥AAH

GL-€£.61 ONV $6-6.81 NIImL3g

S3NIT YNVE 40 NOSI¥VJAWNO0D
Y3A1Y 14dISSISSIN

AJANNS YIAIY GL-€L6) ——-
AJAYNS YIAIN #6-6481 ——

¥1'SIESVY JO AVIH 0L VI NAWH XOV IR 'SL-CL81
‘SAJANNE MHJVUBOUALN NIALY I4dSSISSIN
40 3S0HL 01 GNOJEIWNOD SHIWW LXIN8

3108

€€

s€

€c

Al2

PLATE AlO

OGN9I
T T
- \\\‘
-
\\\%
-~ \\
T —— I D
- / -
'3
W o
/,
b illlll = T T o~ —
s < 4
i s r ! ! ., 3
< . 5 ® .
« % «
+ + -
b d . — J
oy -

e



ve ve| —
dHY O1 37N 01 39N0Y¥ NOL1V8 .Mm
INVId IONIHIITY YILVM it AIAOS NI Lo L6 o
MO 3LVNIXO¥ddV 40 SISVE — - AIAUIS HIAH totre) =
3HL NO SA3AUNS JIHIVHOIOHAAH W o001 g8 = oo R 5
G/-€.61 ONV v6-6.481 NIIMLIE ] Ay
0003 000! o 000
S3NIT XMNVE 40 NOSIHVAWOD it 7
Y3IAIY IddISSISSIN
- E N R B Tt T T - T T - e
¥ °S3IESVY J0 GVIH 04 ¥ NAYH %IV 'GL-CLi 61
‘SABANNG MHJVNOONOAN WIAY 14diSSISEIN ks
30 35041 01 GNCJSIUNOI SVIGVIN 13D 2 .
“JLON P e » i
e H :
. §
LN P et ~— ~
mq\ \\\\ T~
- S »
o’ ce! S &
R N
Ve PRs ~
, ¢ Vi N // *
-N- \\ S S~ N o
- + + ~ ]
% P ~ o \ + -
/ P’ / AN // -—
| P . J/ \ \ N <
e/ \ \ o
/ \ 2%
X T\ O
_ \\ q\c b b N
’ % 1 i \
| ~ ‘e, L \ \
_, . ¢ 9-80-¥ ! __ / ) Yovet Y
| 7 e, o ) \
” - } 1 \
& e ~ °, sonul / _, P __ -8
z Q\,Q ' xv BN yo vé
e / . /’ \
- %, ;! '
® 2 ® - + 2-0g-y / \ i -
Y %, / !
% . %, / !
< —X=- N "y H ’ s
I 081 se.\ ’ \ ) / \ £6/.y
¢ r> A 7
P % Op 4 / ’
* " 4 “\ < \
€
% o NS 9§
"y *, /A, / \ &
" e / / G,
J . / ¢
L) 3
By ® 7 ’
N/ L/ e
’ .~
1 | N ¥ 4 o N 1 _
o - pa— P
pa— i . —




11
dHVY 01 37N Ol 39N0Y NOLVE

—— J
INVId 3ONINIAIY ¥ILYM % i wmv %y e ©
MO JLVAIXO¥ddV 40 SISve 3 s e ¥ N AJAUNS YIAIY SL-€L61 — -
3HL NO SAIAUNS OIHAVHOONAAH LN waim A3AUNS ¥IAW ¥6-6101 ——
G/-€.61 ONV £6-6.81 N3IIML13g oodt oar —o oo N30T
S3INIT MNVE 40 NOSIHVJWOD
HIAIY IddISSISSIN
L

VI'S3SSVd 40 QVIN O4 V) “WMWH MOV "6L-CL6L
‘SATANNE DIHAVMBONGAH WIAIY I4MSSISSIN
20 JS0HL 01 GNOJSIWNO0D SUDBWW LIS

340N

1y

13

19

PLATE Al2

Al4




9¢
dHY 01 3TN 0L 39N0Y NOLVE

3NV1d JON3Y3434 d3ILVM
MO JLVWIXO¥ddY 40 SISVS
JHL NO SA3AYUNS JIHAVHOOHTAH
Gl-£261 ONV v6-6.81 N3IImli38

S3NIT NVE 40 NOSI¥VAWNOD
¥IAIY 1dJISSISSIN

9¢

A3ANNS YIAIN SL-€26) ——-
o 001 AJAUNS YIAIY $6-6181 ——
ON393Y

R-1757

R-1789

R-178.2

R-1768

R-1768

~
~
>

T T J

¥ '$35SY4d 40 OVIN O V) "WAWN X0V 'GL-€L681
SAJAUNE MNIVEBOUIAM MIANN |JdISSISEIN
40 I60HL 01 GMOJEINN0D SUIGRYN LIS

110N

PLATE Al3

19

AlS

— - -

L



-

it

dHY O 3N OL 39N0Y NOLVE e — L
3NVId 3ON3Y343Y ¥3LVM i e ws - W o
MO ILVWIXOYJdY 40 SISVE e IS Bany veaie
3HL NO SA3AUNS DIHIVHOIOUQAH i e
GL-€L61 ONV £6-6.81 N33Im13d vodt 0061 o 8o
S3NIT %NVE 40 NOSINVJINOD m
HIAIY 14dISSISSIN
T T
¥ 'S8V JO QVIN OL V1 WAWH XV ‘SL-€i81
‘BATAWNE JMIVNBONGAN WIAIY I4HSSISEIN
40 3000 O GNOSTWUOD SUDEWW LY
RIU
s + +
4
- + +
i
~
—t
<
1 | 1 1 1 m
L8 3 m
PP VT G paep e — —ye e gt gt

Al6




- ——

-3

8¢ :1°4
dHY 01 IUN Oi 3DN0OY NOLVE e e o
INVId FONIYIS3Y Y31VvM o
— L6 —m e
MO ILYWIXOHddY 40 SISVE oo %o AINWIS oy beRLe
3HL NO SA3IAUNS JIHIVYOONOAH e
GL-€.61 OGNV $6-6.81 N3IML38 0008 800 X ozom
S3NIT YNVE 40 NOSIYVJLWNOD
HIAIY 14dISSISSIN
! T T
¥ SISV O OYIH 01 VI NAYH MOV ‘L6481
‘BAJANAE DHSYUBONOAN WIAIN I4ASEIBEMN
40 I0ML 0L ONOJEINNOD SUBDWW L YBNG
“JLON
- +
-
- +
1
8t

PLATE Al5

Al7




6¢
S v 01 33 01 30008 NoOLVE _ W
INVId JONIYIIIY ¥ILVM PN R, N r6) e
M0 ALVNIXO¥ddV 40 Sisve L=\ oo Se IS NI reeren
3IHL NO SAIANNS OIHAVHOOuaAH o 1L\ 1 i Y v6-
G1-€.61 ONV 6-6.81 NIIm138 N\ .
S3NIT ¥NVE 30 NOSINVJNOD
HIAIY IddISSISSIN
e T
PYCIRL]
VY 'SIEEVE 40 OVIH OL V) NAWN NIV ‘6L €161
‘SATAUNG JNSVUBOUEAN MIALY 1AdiSEISEIN
40 J80ML OL GNOJEINNOC) SEIDWWN LXBNE
3L0M
+ + i
;4.
L + + + -
| 1 1
6¢ , 6t

PLATE Al6

Al8




oy ov] o
dHY 01 3TN 01 39N0H NOLYE <
INVId 3ONIFYISIY ¥ILVM —_— - ——— )
MO JLVINIXOYddV 40 SISvea i oco! A ™ »w»n::w ”w»"” mn.ﬂmnul g
3HL NO SAIAYNS JIHIVYOONAAH ‘m-—ﬂ == ON3931 =
Gl-€L61 ANV ¥6-6.81 N33mM138 . i’ A
S3NIT UNVE 40 NOSI¥VJINOD
HIAIY 1ddISSISSIN
T T T T
V1 S358Vd 4O GVIM OL V1 NAVH XVW ‘SL-E481
'SATANNE MHJVUBONGAN MBAIY IdIISSISSIN
20 J90ML 0L GMOJSTUNOD SUDEWN LITNE .
2408
- + + + + -
2
<
— + + -
r
1 1 r
or oy

]



(3 4 (A4
dHY O Jlin 0L 39N0N NOLYS o i . s—

oo'l [ 13 080 [ 2] [
3INVTId 3ONIY3I3Y ¥3LVM _ ~ —_ AJAUNS UIAW S2-€L6| —--
MO 3LVNIXOdddVY 40 SISvE o 000t Wm0 A3ANNS ¥3AIN ¥6-6181 -—— _
JHL NO SAIAUNS JIHAVYIONAAH (RCA 1w oz [TECEY
GL-€261 ONV ¥6-6.81 N33m13g ima®

S3NIT NVE8 40 NOSIHVJIWOD
¥3IA 14diSSISSIN

togI-y

A20

"2 0,
< % + + + + 4 - :
L d H
{
¥ 'SISSVY 40 OV OL VI NMYH XOV ‘CL-CL6 1 ~
"SATANNE JHGVUDONOAN EIAIN LdSSISSM
20 360HL 01 GNOJEINIOD SYDN LTINS
a10M ©
X
< s
=
! 1 1 e .~ o 1 1 |g
—
Iy iv] &




v
dHY Ot 37N 0L 39N0H NOLVE

3INVId 3ON3YIAIY YILVM
MO 3LVAIXO¥ddV 40 SISV8 [~ ¥4
IHL NO SAIAHNS JIHAVHOONOAH ==t ]
GL-€.61 ANV v6-6.8) NIIML38
S3NIT %NVE 40 NOSIYVJNOD
HIAIY 1ddISSISSIN r

e

[44

ey [ — )

(2] 80 080 ”wo L4
awm

§ﬁ.
SELIN
[ w—— |
0003 00O! 000}

AXBs

R-1449

JUPS N I

t44

AIAYNS IAIY GL-€L6I ——~
AJAUNS HIANN ¥6-6201 ——
ON393T

Cp—- .

V7 'SISSV4 SO OVIH OL ¥ NMWH XOVW 'CL-€L6)
‘SATANNE DHJVUBONAAN KIAIY (4IESISSIN

40 JSOHL 0L ONOJETINOD SUIIWIN LIBHE

3108 !

(44

PLAET Al9

A21




14
dHY 01 3TN 01 39N0YH NOLVE

INVId 30N3HI43Y H3LvVM
MO JLVNIXOHddVY 40 SISVS
L NO SA3IAYNS DJIHAVHOO0HAAH

Gl-£.6) ONV v6-6.81 N3I3ML38C

SANIT MNVE 40 NOSIHVAWNOD

HIAY IdISSISSIN

¥ S3ESY4 JO GVIM OL VI MAWH ROV '6L-CL8)
'SABAUNE NHJVUBONGAN YIAIN L4ASSISSIN
20 FS0ML OL ONOJEIWWOD SUIENNN LIDG

-310m

hl ) — L

134

001 “wo 089 [13) °
ow
——————u ] - ———
89"_||||H8. ™ AJANUNS ¥IAIN SL-EL61
Lm AJANNS ¥IAIY 96-6181 ——
[ e— |
0003 0001 0 00Ot ON3E3D
Jt . 7]
1 T - |
+ + +

144

|14

PLATE A20

A22




" 4v 01 3N 0L 39n0N NOLVS S —
INVId IONIFHISTY HILVM = ST MY e 0
MO 3LVAIXO¥ddY 40 SISVS r o ABANNS ¥IAIY GL-CL61 —--
IHL NO SAIAHNS OIHAVHOOHAAH [* P waum AJANNS HIAIY $6-6.10 1 ——
GL-€161 ONV $6-6.81 N3IIMLi3g vods Boe, 3 oo oN3e
S3NIT ¥NVE 40 NOSINVAWOD
HIAIY IddISSISSIN
R A I - N [ T
VY UEISEVA 20 QVIM OL VWAV MOV S84
'SASANNE JIVYSONGLN WIAIE 1AHNSSISEN
40 0K 01 INOSEINU0D SUIBVI L TNE
‘ZLON
L + + +
ﬁ + + + + +
ﬁ\) . 1 SN A S 1 1

(44

L 44

PLATE A2!

A23




T Sy
JHY 01 FUM 01 39N0H NOLVE S —

3INVId 3ON3YISIY HIALVM o MY M W °
MO ILVYNIX0dddVY JO Sisvd 00 05 50t AJANNS YIAIM GL-€L61 ———-
3H1 NO SAIAYNS JIHAVHO0HAAH —_— AJANNS WIAIY ¥6-6281 ——
GL-€.61 ONV v6-6.81 N3I3ImL38 0003 0001 o 000! ON3931
SIANIT MNVE 40 NOSINVJANOD
Y3IAIY IddISSISSIN
— yoUTTT T Ty T T R R e - I

¥ SIESV4 40 OVIH OL ¥ 'NAVH XOVIQ ‘GL-Ci61
‘SAJANNGE HJVUBONIAN NIALN L4diBSSISEIN
40 350K 0 ONOJE3NN0D SEMPWIN LYBHS

RIC

si1gi-y

Sy

A24

PLATE A22



e dHY O1 3N 01 39N0Y NOLVE =y —pE— )
INVId JON3YIAIY ¥ILVM -
MO FLVYWIXOUddV 40 SISvE 00T Gop 9 001
3JHL NO SAIANNS JIHIVHOOHAAH —_—

Sl-€261 ONV v6-6.81 N33M 138 oooF 0067 0 000!

S3NIT MNVE 40 NOSIHVdNOD
Y3AN 1ddISSISSIN

AJAUNS YIAIY GL-R261 —-~
AJAUNS ¥IAIY 96-618) —
ON393T

T - v T T T T T

¥ °S368Y4 S0 OVIH OL V1 WAVH XV ‘SL-EL61
‘SAJANNE DiddVUBOUIAN MIAIY IdAESISEIN
40 JR0NL 01 GNOJSTANO) SUBEWW LXBMG

2100

X —eoapp—

b14

(21

oy

14

M . - - -

PLATE A23

A25

R G



iy
dHY 01 3N 01 39N0Y NOLVE

INVId FONIYIA3Y ¥31VMm 00l 810 09V sro ° AJAYUNS YIAIN GL-€261 ——~
MO ILVINIXOUddV 30 SISV e ABAUNS MIAIN 96-6181 ——
3HL NO SAIAYUNS JIHIVHOONTAH 000 . o ON33')
GL-€261 ONV ¥6-6.81 NIIML38 e N
S3NIT YNVE 30 NOSIYVJWOD im
H3AIN IddISSISSIN . e —_—
T - N ) | o I S T - T - \J
Y 'SIESVY 40 OV O V7 'NAVH MOV ‘CL-CL6 1
‘SABANNE DMJVNOOURAN WIAIY l4dSSISSIN
40 BEOML OL ONOJSINUOD SHIWI LIS
10N
-
ik ] \;

A26

PLATE A24




o

-1 4 14
dHY 01 37N OL 39N0Y NOLVE

ANV Id FON3YIAIY HILVYM g o e 0. s b AJAUNS U3AIY SL-CL61 — -~
MOT 3LVNIXO¥JJV 30 SISvE N — AJAUNS HIAIY $6-6281 ——
JHL NO SAIAYUNS JIHAVHIONAAH , 0001 oo 0 o0 N3O
) C.-€261 ONV £6-6.81 N3ImL38 w2,
{ S3NIT %NVE 30 NOSI¥VJNOD s
HIAIY 14dISSISSIN
v T T T T 1
oh ! vy osxx
\ ¥1'S358Y4 40 GVIH 01 V) WAV XOV GL-EL81 “ 1
\ \ 'SAIAUNE HJVUBONOAN UIAIY ladISSIESIN
\ \ 40 3S0ML DL GNOJETNNOD SUBEPWIN LIDHE t« \\
\ \ -8 JLON .

vor!

PLATE A25

A27




[ 14

dHY O1 3N 0L 30N0Y NOLY®
INVTId 3ONIYISIY ¥Y31ivm

MO JLVANIXOUddY 40 SISvE

3HL NO SAIAYNS JIHdVHOO0HAAH

Gl-C€L610ONV $6-6.81 NI3IML1IE

SINIT HNVE 40 NOSIYVJINGD

Y3AIY 1ddISSISSHN

AIAUNS UIAN SL-£261 —--
A3AUNS ¥IAIN ¥6-6.01 ——

L

rard

e et

- -

P . Lt

£304-¥

1301-¥

(.14

(14

[ 14

PLATE A26

A28




1
b
0¢ os]
JHV 01 3TN 01 39n0Y NOLYE Pr——p—— =
3NVId 3ONINIIIY ¥ILVM wtou wm =t A3AUNS WIAW —
MO ILVNIXOYddV 30 SISVE W N E.-.-u V3AlY "n..mu" — &
IHL NO SAIANNS DIHAVHOONAAH - oGe 3
SL-CL61 ONV $6-6481 NIIML3E ot e o A
S3NIT %NVE 40 NOSI¥VJINOD
HIAIN 1ddISSISSIN
T T T > —
¥ 'S3ESVY 4O GVIN 0L VY ‘!ﬂ‘ AR LT M m »
20 DOONL 0L GERNCI SIOBYN (B 0000000000 e e S
2w e & . .
* ~ °©
Lo a0t ~
e he l%
ST . Sso &
——— ~ -
< . - ety TS puer o A 101 N
- M- . = " il T k/ //
=5, 1 AN
S .» + + XS W -
\\\\ 13 v \
. \}
. 3 ._ 2
. L .10 .,/oﬂu \ <
2 ) . _
OT " '
ﬁQ TTO-W 7 i
{ | |
i /
/) * e201-¥ AA
\ 1] {
= e e, + + + + + i = i
: 1 °8301-¥ - _
R
.“. o508 s
¥soi-N
984 .ﬁo..‘
L ]
» 1 ) ] 0 |
0% 0¢
o o - et - hl-ll
e Anathen s i A




(K
dHY 01 37n 01 39N0Y NOLVH f—————p—— ) ¢
3NVId JONIYISTY YILVM o o A3AUNS WIAW GL-CL60 — -
MO ILVAIXOHdAY 40 SISV8 T AIAWIE MIAY be-trol
JHL NO SAIAYNS JIHIVUOOHAAH L™ o393
Gl-£.61 ANV »6-6.81 NIImL3d o008 8!.....\[-8._
S3ANIT MNvYE8 30 NOSIHVJNOD
HIAIY IddISSISSIN
» 1 ¥ T T
3
- Mg T T TR U0
- 40 300NL 0L SIS SUBEVN LEDE
N/\’ IIII 2108
L _ "e =
- Oh X
= ~ ~W R os® + +
L) ‘II
/:l . ( o
v II /I Mw
» X
/% .-
»
‘~ .
s N
& ™
‘ (]
- + + 0.0 2 ~ + + * =
N ™ “re-u—
PA
s N boe,,
2> ce® ===
& v % =
AR 4 T v.®
_- —.hﬂ » = 4
\s \ “. '
¢ & » T -
i/ g 1 3
~ « <
1 1 1 I 1 m
1S
15| &




26 dHY 01 3N 0L I9N0Y NOLVYE oo.j%”o«c”e s
3NVId JONINIFIY YILVM -
MO ILVAIXOY¥ddY 40 SISvE [ e »ﬂﬁ @",. H-ﬂ..l:
3HL NO SATANNS JIHIVHOOHOAH — ey i —
Gl-§161 ONV v6-6281 N3I3ML38 bl VL
S3NIT MNVE 40 NOSI¥VJIWNOD
H3IAIN IdJISSISSIN
- T
- +
-f-
-~ +
H 1 1 1 1
t4 2¢

PLATE A29

A3l




A32

ﬁna dHY 0} 3Tm 01 30N0d NOLvE 00') 71 1) (1) °
3NVId FON3YIS3Y HILVM o
MO ILVWIXON¥JAY 40 SISVE - aAus waa reea T
3H1 NO SAIAYNS JIHJIVHOIONAAH ol —— e
Gl-£.6] ONY $6-6.81 N3IImL38 '’
S3ANIT MNVE 40 NOSIHVANOD
H3AIY 1ddISSISSIN
T 8 T T T
..QA:Q
v 'SIRSV4 40 GVEH 04 VI WA XV ‘G4 L.
"SATAMW JWAAVUBOUSAN MBAN I4MOSSIN
20 D00 01 SMINCO SBEVH LXDE
+ + +
+ + +
| f i 1 1
LS

PLATE A30




[ 4°]
dHY O1 3N Ol 39N0Y NOLVE

3INVd JON3Y¥343Y Y31VMm
MOT 3LVYNIXO¥ddVY JO SISV
3H1 NO SA3AYNS JIHAVHOOUAAH
G.l-€.6] ONV ¥6-6.81 N33n¥ 1389
S3NIT MNVE 40 NOSIHVAWGC)
YIAIY 'dJISSISSIN

AJAUNS YIAW SL-€L6) —-~
A3ANNS M3AIN $6-6L81 ——
aNZeT

¥ 'SI88Vd 40 QVEH OL V) WAV XV ‘BL-K18)
‘BAJANE JNLIVISONRAN WAL IHASSISIN

20 JO0NL 04 GNOJSTND) ROSYW LING

R

1 4°]

1 4]

»S

PLATE A31

A33

A e



—— ——— v ————

-]
dHVY 01 37N 01 39N0Y NOLYE

9% Jo'y ue o [ 14-]
3INVId 3ON3Y343Y HILVM o)
MO ILVNIXOHddY 30 SISva " - L) AJAUNS USAIY GL-CL61 — -~
3HL NO SAIAYNS DIHIVYOIOUOAH y. — AJAMTS MIAI ¥6-619) ——
GL-€.61 ONV v6-6281 N33m138 [* & /, el ™ Mo
S3NIT %NVE 30 NOSINVIW0D
YIAN IJISSISSIN
T T
¥ S308V4 40 BVIN 04 VI AW VW ‘SL-Ei81
‘SABANNE ISVIBONEAN KIAIY WASSIBIN
40 300ML 04 BIOSIAND SEBEVH LU
L + + _
.-
L + + L
1 |

S§

PLATE A32

A34

_-



9%
dHY O) JUN 01 39n0Y NOLVE

3INVId JON3YU3IS3Y HILVM
MO JLVYNIX0¥ddY 40 Sisva
JHL NO SAIAYNS JIHIVYO0UGAH
GL-£.61 ONV $6-6.81 N3IIM.i38
S3NIT XMNVE 40 NOSIHVdANOD
YIMY 1ddISSISSIN

AIANNS NIAN SL-€L61 ——-
AIANNS W3AIN 96-618) —
[ kal

1]

PLATE A33

A35

9c




e

i8
dHVY 01 3NN 04 30N0M NOLYE

3NV JONIFUII3Y ¥ILVM
MO JLVNIXO¥ddY 40 SiSva
3H1 NO SA3AYNS JIHIVYOONOAH
EL-€L61 ONV $6-6.81 N33mLi38
S3NIT XNVE 40 NOSIYVAWNOD
WIAN HAISSISSIN

AANNS WIAN SL-€L68) — -
AJANNE V3AIN vE6-6L01 ——
[ e k2l

ie

—‘#(

418

48

PLATE A34

A36




8¢
dHVY 01 3TN O1 39N0Y NOiVE

3NV 30ONIYI43Y ¥31vm
MO FLVNIXOUddVY 40 SISvd
JH1 NO SAIAYUNS JIHAVHO0HUAH
G2-€261 ONV ¥6-6281 N3Im138

S3ANIT XMNVE 40 NOSIHVJIWOD
YIARY |ddISSISSIN

— T

A3ANNS YIAIY §L-€L61 ————
A3ANNS YIAIN $6-6.101 ——
ON3931

]

VI'SISEVS 40 OVIM OL VI NAWH XOVIE '6.-CL8)
‘SAZANNE NJVUBOMALAN UIAIN 4AESISEIN
40 380ML 0) GNOJEINNOD SYIBW LIDG

3L0%

8¢

-3

PLATE A35

A37




[:3]

dHY 01 3N 04 39N0Y NOLVE R R ee
INVId IONIYISIY HILYM ] ——T
MOT FLVNIXOUAAY 40 Sisve ks SN R Y Aqpns uaniu L-eiel o
3HL NO SA3ANNS JIHAVYOOHAAH E‘ = 2352._
G.-§261 ONV v6-6.81 N3IM13d \ prng _
S3INIT MNVE 40 NOSIYVIWOD
HIAN 1ddISSISSIN
1 T T Y
¥ 'SISEVY 20 OVIN OL V1 “WAWH XIVIE ‘GL-€i8)
‘EABANNE DHSYUBOUOAN MIAWY (4 SEISEIR
40 30ML 0L GNOJEIWNOD SUIBANN LYBG
3LON
+ +
+ +
1 |
6¢ 33

PLATE A36

2 2<




09 09
dHY Ot TIUN 0L 3900Y NOLVE
3INV 14 3ONIHIIIN ¥ILVM —
MO 3LYNIXOYddY 40 SISV8 RIS tany etae
3HL NO SAIAENS JIHJVHOONTAH L
GL-€.61 ONV p6-6.81 NIIML3E
S3NIT ¥NVE 40 NOSINVNOD
HIANY IdJISSISSIN
T N T T
Y 'SIBYY 0 OV 04 VI WA XV 'SL 6481
& 'SABANNG DHSVEBONOAN ABAIY (4dRSISSI
S < 0 38011 02 GOMTNGD LAYV LD
240N
§
AN
L +
= +
%%
i L ! - L —1
o8 09

PLATE A37

A39




>

9
dHY 01 3TUN 01 39N0¥ NOLYE .o.]d”omdﬂld”o

3INVd 3ONINISTY ¥ILVM o

MO ILVNIXONJdV 40 SISVE - I Moy ielel — -
IHL NO SAIAUNS JIHIVHIOUAAH — ey enn%..:_
S.-€261 ONV v6-6.81 N33M138 bR oOim®

S3NIT YMNVE 40 NOSIHVJNOD
U3AIY IddISSISSIN
T

A40

PLATE A38




—— e - ——— -

29

dHY O 3UN 01 39N0Y NOLVE ‘]ﬂ”i‘cﬂ.ﬂ”o“e
3INVId IONIYIIIY YILVM b L)
MO ILVNIXO¥ddV 40 SISVE ® -
JHL NO SAIAYNS JIHdYHOONAAH e
GL-€L61 ONV »6-62.81 N3I3mL3g 0008 000! i’

SANIT YNVE 40 NOSIHVANOD
YA IddISSISSIN

e A - m—— A

29

AIAUNS YIAWN SL-CL6) ——-
AJANNS WIAIN ¥6-8L01 ——
aN3eIn

PLATE A39

A4l

29

z8 .

B SO




————— - -

(1]
dHY 01 3N Ol 39N0Y¥ NOLYE oqﬂ-Hooc“uIc“o

3NV Id 3ONIYIA3Y ¥3ILVM aw
MO ILYNIXO¥ddY 40 SISva -, A3nu0 WA 60281 ——
3HL NO SAIANNS JIHAVHO0HAAH S —
0008 000( o 000! N3O

‘GL-€L61 ONV ¥6-6.81 NI3mL138 amy
S3NIT XNVE 40 NOSIMVJANOD
YA 1ddISSISSIN

T T L T T
V1 ‘S368YY 40 QVIN OL V) WAWN XV W ‘8L €181
"BABMNS JSVIESONEAN MEAIN (IRSISEM
40 390K 0L GRSINN) SUISTN L ID0
LI
.
+ + +
(3]
~
<
+ + +
o
~r
<
1l i 1 m
3
€9 ]
N -' P T . g — A, — b iaguasudiin,




e

»9
&4V 01 3TN OL 39N0H NOLYE WSS B "
3NVd 3ONIYIIY ¥ILVM )
MO ILVNIXONddV 40 SISVE R e AN Sany Sitie —
3HL NO SAIANNS OIHAVHOONTAH —y oo
GL-€261 ONV v6-6.81 N33m138 ooy oim® *
S3NIT YNVE 40 NOSINVAWOD
YIAN 1JdISSISSIN
T T
Y1 S3EEVY 40 OVIN 0L V) "NAYM XOVW ‘GL-CL81
‘BAAUNE JNIVUBOUGAN UBALY ISliSSIBSIN
20 ISOHL 0L GNOJEUNCY SUIIN LIDHE
. JLON
= +
i
- +
1 1 1 1 1
9 »9

PLATE A4l

A43




dHY 01 JUN 0L 39N0Y NOLvE Sﬂmw:d”Uo
INVId ION3YILIY YILYM e
MO ILVAIXO¥ddY 40 SISve 00T Goa o b0l »w»ﬁ” ”w»n on-n;_ —--
3IHL NO SAIAYNS JIHVHOONOAH e v6-619) ——
GL-€.61 ONV v6-6.81 NIIML3IE 00d3 o00i o 6dos [

S3NIT XNVE 40 NOSIHVdNDD
U3ANY 1ddISSISSIN

T

Y3 $356Vd 4O OVIN 0L V1 “MWH NOVW 'GL-CL81
'SATAME JHJVIBONGAN VBAIY LAdiSSISSIN
40 JS0NL CL GNOJSIVNOD SHDEANN LIBNE

RJT

A44

<9

$9

PLATE A42

g,




———————————

09 99
dHY 01 3N 0L 30N08 NOLVE P R - §
INVd 30N3YII3Y HILVM » el N ——
MO ILVNIXOUddVY 40 SiSvE oool . o »uu»“ﬁm ._._w>>"u mm.ﬂu”l
3H1 NO SA3AYNS JIHAVYOONAAH o g 3T
Gl-€261 ONV ¥6-6.81 NI3mL38 it
S3NIT MNVE 40 NOSIHVJNOD
¥IAIY 1ddISSISSIN
L T T !
AAl .-'!q..; VI 0L VI WAWH VI ‘846481
ag 04 !if gL . J
N~ 340m
- + + + +
+
I
99

PLATE A43

A45




49
dHY O 3TN O4 39N0H NOLYE

INVId FONIFHISIY ¥ILVM <
MO 3LYNIXONJV 40 SISVE s
IHL NO SAIANAS JIHIVHOOUAAH A I {
GL-€.61 ONV v6-6.81 N3IML38
SINIT INVE 40 NOSINVINOD

YIAIY 1dISSISSIN

49

AANNS YIAIY 6L-€L61 — =
AJAUNS Y3IAIN ¥6-6181 ——
N3

T

T T

V1 'S38SV4 40 OVIM OL V1 WAYM XOVW ‘SL-CL61

49

i9

A46

PLATE A&4é4




INVId IONINISIY HILVM
MO 3LVYWIXO¥ddVY 40 SISVE
3HL NO SAIAYUNS JIHIVHOONGAH
G1-€.61 ONV $6-62.81 NIIM13g o

S3NIT %NVE J0 NOSIYVJWOID
AN 1ddISSISSIN

dHV 01 3% 0L 30N0Y NOLVE o!". _!ﬂnd H‘cu n ) w

AJAUNS WA SL-CL81 ——-
AJANNG VIAIN ¥68-6L81 ——
[ e -k 3l

T T T
WY S30SV4 40 VM OL V) WAVH MOV ‘845481
SATANNS JNLIVIBONEAN VBANYS LSOREST
£ 0011 01 GICITAN) SUISWH LIBG
auow
o + + +
-l
o + + +
1 1 1 1

PLATE A45

A47

Ladhe,



— = -

69
dHV 01 37N Ol 39N0Y NOLVE

3NVd 30N3H3I43Y 43LVM
MO FLVNIXOHddV 40 SISVE
JHL NO SA3AYNS JIHAVHYSOHAAH
Gl-€l6| ONV v6-6.81 N3IIML3E

SIANIT HNVE 40 NOSINVAWOD
YIAIY 1ddISSISSIN

69

AJANUNS WIAIY GL-€L61 ——-
AANNS YIAIN $6-6.81 ——

aN393N

]

V1 SIEEVL 40 OVIN OL VY NAWH XOVW ‘6L-€481
‘SABANNE JMSVEBONGAN NIALS I4ISSISEIN

40 IS0HL O1 QNOJEIWN0D SIS LIDiE

3108

69

PLATE A46

A48




273
dHY O} 3N 01 39N0Y8 NOLVE

3NVTId 3ON3Y¥343Y Y3 LvMm
MO 3LVYNIXO¥ddVY 40 SISvE
3HL NO SA3IAUNS JIHIVHOOYAAH
SL-€L61 ONV $6-6.81 N33mL38

S3NITT ¥NVE 30 NOSIYVINOD
Y3AIY 1ddISSISSIN

0l

001 910 980 920 o
ABANNS ¥IAIY GL-CL6
[ vnem——— a -] - | ————
0001 008 © ool
HBLWN AIAYNS WINIY ¥6-6.91 ——
[ e —— |
0003 0001 & 000! ON39I
¢ . 1]

¥1°5355vd 40 OVIH OL ¥ “WMWH NIV 'SL €261

‘SAJANNG JAM UIAIN ;i

30 350ML 01 GNOJEINN0D SUIWIN LIS
3108

————

U S ——

oL

0L

PLATE A47

A49




——

[F3

dHY O 3TN OL 39N0Y NOLVE
INVId FONIY343Y ¥3LVMm
MO JLVNIXOYUddVY 40 SiSvd
JHL NO SA3AYUNS JIHIVYOOHAAH

Gl-€.61

ONV $6-6.81 N3IIML38

S3ANITT MNVE 40 NOSIHVANOD

Y3IAIY 14dISSISSIN

AJAYNS YIAIN SL-€L6| ——~
A3AUNS YIAIY $6-6181 ——
ON3931

¥ 'SIBEV4 S0 OVIH 04 V1 “WAVN XV SL-€481
‘SABANNE JHJVIBONGAH UIAIN 4ASSIESN
40 BEOML OL GNOJETRAN0D SUDEANN LNINE

Jiom

PLATE A48




2L
dHY O] 3N OL 39n0N NOLVE

3INVId JON3YIS3Y YILVM oot
MO 3LVNIXOYddY 40 Sisve
3JHL NO SA3AYUNS JIHIVHIOUGAH v
G.-€L.61 ONV p6-6.181 zwu;p.um

SANIT MNVE 30 NOSIHVJIWNOD
YIANY 1ddISSISSIN

—————
i ——py oY
+

d
4

2/"
]
)
1
’
1
i
]
[}

4
se-¥
A\

A3AUNS ¥IAIY CL-CL681 — -~
AJANNS YIAIN #6-6180 1 ——
N33

2L

——————-——

——

V1 '$298V4 40 OVIH O4 V) WAV XV 'S1 €181
‘SAJANNE MHIVUBOUNEAN MBALY LLRETEHIN
40 3O0ML 0L ONOJSTUNDD SUBENNN L XIS

RO

2l

2L

PLATE A49

AR



APPENDIX B
COMPILATION OF PERTINENT BORING DATA BELOW BATON ROUGE, LA

Bl




y

1973- 1978 H

ELEVATION, FT NGV"™

2358 234 233 232 231 230 229 2268
I I T | | ¥ T i |
100 — « « « - « « 8§ .
o ” - S id = €z &
o o - P - <« & Zo g ©
L2 2] " [=] o~
50 | s by & o T <3 TN ¥ T 8
" x r -4 x M = ﬁr T B - = W
1l I 111 |
(o} od
R =
————] 3 ™ Ll
& = :}: e
-1001— L _‘ ] H
M
-180 |-
L PORT ALLEN REVETMENT -l
-200 | "
1973- 1975 H
219 218 217 216 215 214 213 212
[ T T T T [ T T
100 —
3 T g
® o
® -
sof- ¢ o o
3 x x
S
Q
2 ol
g 3 g
z 5 R |
5 i | ]
< "S5 -
> i :
W i R
= ] X
w e X
=100 | |-
-]
-150 -

MISSOURI BEND REVETMENT
NO

TE:
LETTERS ON THALWEG PROFILE: L.-THALWEG NEAR LEFT BANK
M-THALWEG AT MIDSTREAM
R-THALWEG NEAR RIGHT BANK




221

222

223

224

225

226

—— ——— —— = ————

APHIC SURVEY RANGE

27

l
: m
‘ OAON L4 NOILVYA3TT
GADN L4 zo_»<>w._uo ° ° ! g 2 g o
o o o 0 =1 3 ° 9 © 0 S =
il e uou (=] Jv 4 u.. J_ () - [ 2] o [} ] ] ) * M
- - (o)
~I { T { ! T W M T T | 1 | A o =
Z 4
@x q
O a
m @
¥-9612-¥ _<H ] - < M
/ m_ Z 9
> qQu
Sl nu-oozz-w[ 1 T w00z TR gm:
Zﬁ. o a OF
. Zz .
nY-e J N | m W M
¥-ewoe-¥[ [T Xl m Z 5
3 OV
23
w
m ol i aQoc
- — T3 W S ¥-060Z-¥[ I < ] - m
> . o M
W —_
x 4-v 02~y DODD | @
9122-3[C T m
Lrze-ul L.U_E m.— v -
. nos % ¥-68 s02-d R
o 61z2-y ) 7 R0 | W MT v
] Y-S 1 902-4f J 1 -
2 z
W
3
¢ 902-¥[ -
>
2
ny-+ AR DR u-8902-u( e}
5 2
- St &
e & ] ¥-2202-y 71 y
B 1 5\ .
S 202-¥[ \nv/ 3
<
-4
a
o ¥-6 L02-¥( | SRR
N o eC B
Y- 802-8[__
Z
¥-8 802-y(
a
- 8 or ¥-0602-8C
x ~N
-4
<
x
- ¥-Sv602-y[___ B
Yo ¥-6602-Y
[+ 4
>
S
M ¥-C012-¥ A |
2]
¥-8922-8 [ X 7] g
a -
_ »QL . -+ ¥-0 01 2- 4 . _ 71
—p — e ——— = o — = e



1973-1975 HYDROGRAF

203 202 201 200 (99 (98 o7 o
r r I S | T T T
100 — — @x z S
2 ’ @ @ | @ o
@x Lt ] b L33 © P
) o "2 ["e] < ©
& o - - ~ - ©
= o ® © o b4 ¢ 2
50 b -4 2 2 @ > o -
[a} @« o o & am @ —
> M M M 1 .
IC) L !
z | | |
0 — -
[ ‘ .__‘
¢ :
z L |1
O M ‘
50 - H H H R | ! w
> L H\/\—Aﬂ"'\‘\v ‘ | .
5 N1 | |
-100 1~ LA H
L J = L J
THALWEG S
-150 r—
[
-200 - I
1973-1975 HYDROGRAF
187 186 185 184 183 182 181 1 8(
r I T ! J I T |
t00 —
@
i €« 3 > % F
© : @ ) o ~
" g o o N =
50 = Z 3 2 ° @ @
o 5 e f & & &
>
G
z
Z o
LL~ L) L .
z -
9 (Y] R M R
: _&A . (10 M’r\ = R
> /
u \J -
| L] — LJ
-100 [
-150 — THALWEG
L IAPHILADELPHIA POINT ]
-200 f 1
REVETMENT
NOTE

LETTERS ON THALWEG PROFILE L-THALWEG NEAR LEFT BANK

M-THALWEG AT MIDSTREAM
R-THALWEG NEAR RIGHT BANK




> - il g z @~
- [ / s g or
(W) a Z -
iny-e881-84_ _ T 1] x L3 o 5 <
z %] ~
¥-G 2L 1-u[ I 12 D) W] & Z -
@ »n W
a1-8 221 | [l * 3 n& %
-8 eg -8 - nY-6 22 (-Y] I j w @
e ol i { o2
ot - W _m — O
= h T M
¥-€681-¥ d-egli-4C I 1 — O o
- o
wsies)-u[ [ wseL - T INT T
Oy\ M
(o2} po— ——
> 3 ﬂ
yswosi-al . L7 sy T T
ﬂ ny-2vec-8( 0 T N U DR 8
_ o -
-20161- o
2 4 R ] - /L |T LNH-2 621 -N[ —= 1]
96 N I 1 ny-2 621 -8 I — s —
Y-v S -N B I ] . lﬁl
n-el . B 3
98 - ) ]
o el
- v T - ¥-192i-4 [~ LN
¥-9921-8[_ I 1]
-
3
48 = :
¥-2 100N g M
ve[_ m T / @
o
ve AN e
L A s | R0 225 S
v [ N m Y
> ® NY-6 L2 1 -8 g
- ‘f o g &
- n-2(__ I 1 > 1821 [
[ 1 WJ b
99 23 Y
e m 4-s 82 1-8[
95( 1 — g
av-8 61 [ 9 4 w
wol AN = W o
2o n-1 > 1 I g ~— ¥-0621-y_ 1
2 / 2
> 98 [ I} ] >
> - >
m or4 I \ | | m
Q 91 o
o T To
<0 av 0961 | S = 2r
[GY [}
[=) o
& €961 [ 77— x
> >
T T
w.r N¥-$8 961 -4 T 8 SRR | -
> 2 v & @
A -y o ,la“




o~
. P
' | 1
QAON L4 'NOILVA3TI o ° . QADN 14 'NOILYAIIT ° o -
(24 (=} [=] e o S o W o 0 m &=
5 = a o o n N o Z - ") o ) | | : <
lﬁ_ _ T T 7T T 1 o o T ﬂ T | 1 2 v o
— w
[~ za
> n.m on
(@) o
> 25 _
s « 32 .
® o ¥-6 12 t-u{_ =T ] g i
© ™~ e p-3 2 T
- j - " * o A
g T OF ,
1NY-¢ 881 -y > i s Z
- —x= z v 9 4
4-G 22 1-¥[ | B »» (B i & Z
a1-8241 s < E: 3 1
1ny¥-8881-4[ o ] :x-m.mtr&_ 1N\ B o
2 - ol N — | o :
= - M\R — m
T ,
O TR — - 4 el -4 —— 0 B A
> o !
- 2 J i
N-GL 681 -] 111 H-8€L 1 -¥[ LIy T 1T !
3 3 2 |
il o = = N~
¥-Svl )-8 I A 1)
LN8-2b2 | -¥] T 11 18} .
Y¥-20 161 -4 \ A i
z - N\ ~ ny-2ezi-y[ T X R |
96 AN R an8-2 62 1-8[ T M I
Y-t 621 -y[ I - W ] T &
n-e =] {
98 [ _ [ ]
o © |
il ~ .
v 17 ~ ¥-1921-4( [ B
¥-99s1-8[ N\_
[
~ & ‘
mT ~ 2 ”
M-z 221 -8 g M k
vl £ / @ ‘
ve [ ST 2
\ S s &
Vo[ N s w
[¥Y) X
4 _M Z ® NY-6 221 -8 T D\ Q .
o — N
" Lo S S RS e w73 B S . ;




1973

164
1

169
1

166
!

(67
1

168

-

=

169

o

170

(h g
—

100 —

6LoI-¥

o

9991 -4

Svei-u[

el -w{_

COPI-y[_

099I1-¥[

991 -y

«
t L I ] S ; Y 15
3
Ci91-¥

An-6191-u8[

¥-1991-¥{__

OS89t -u{

¥-S609 -

Lny-+691 -4

¥-004 1-¥[_

ST. ALICE REVETMENT

i l
o °
5

1
o
?

-100 |~
-150 p—

AADN 14 'NOILVA3I3

-200 =

1973
148

149

150

151

152

183

154

188

-

¥-9'9% | -¥]

ni-v'é¥ | -¥(

96vi-y[

VACHE|

e6vi-y[

¥-0061 -..ﬁllilwh
-4

AADN 14 'NO1LvA3T3

¥-c061 -8 — .
o n-iesi-m— T
IN-SIesI-mL____  Fooy
10-scs1-m__ ek >
w
2l
19-9€sI-m LY 2|2
e
3|g
wzvsi -y ET
wnevsi-y_ o]
L | ] L* 1 1 |
S 4 ° 3 8 3 e
= ! 0 n o

NOTE:

LETTERS ON THALWEG PROFILE: L-THALWEG NEAR LEFT BANK

M-THALWEG AT MIDSTREAM

R-THALWEG NEAR RIGHT BANK




1973- 1975 HYDROGRAPHIC SURVEY RANGE

187

158

159

160

162

1863

1864

eosi [ ) SCERRINSINDHY § |
un-996 1 -4 PR ORGD
T e— \
w6961 -3 P 5v6i]

-visi-_ FTE] /)

L 2 PRIE | G S

L3 11t | S : ¢

RICH BEND REVETMENT

¥-89SI1-2

s-ceci-w___

yn-009 |-y

£2oI-8( | BOERINRTREY. (Uitsy: 8|

1'€91-¥

9e9I1-¥[

SeoI-u[

999 1-u[ =
X I

ALICE REVETMENT

Teol-u[ L3

ST

1973-1973 HYDROGRAPHIC SURVEY RANGE

148

141

142

143

|44

143

146

147

149

AN-20¥1-m[

¥-9'0¥ 1 -yl

Y-vivi-y[_

WILLOW BEND REVETMENT

Y-6'1¥i-y

y-02Zvi-y|

¥-1evwi-dEoq

L 4 AR 11 SNt

y-92ri-y[

Y¥-2'Cwi-¥[ | GR
1NY-6'ry (| -¥] ﬂ
ANY-0'9¥ | N[ _ ) NTBRNWE R |

Y-9'9vi-¥
ny-c'Lvi-y

v-euvi-w— )

VACHERIE REVETMENT

¥-9'9¥ | -y

NN-P 6V it=M| .

MISSISSIPP

RIGHT DESCENDINC

BATON ROUGE, LA, T




URVEY RANGE

1585

156

157

F-1.]

159

1680

182

— |00

GADN 14 'NOILYA3TI

o o o
e 3 4 ° S
© hod ! ’ ' h
' Bl | RF/ T L
VPSS I-¥] | RRSEEOA, | J
Y661~y T L% |
zos I [ et -+
-G 1 -¥] ) HRSTRB RN
T T m—
]
w6961 -u[ D IS
>
wviCI-¥C FTET 7] m
-
s
w
'S J1 "] SRE—— A &
4
W
@
Y-£8C -y z
«
Y LT ] S 203 35%
£-65 1 -ul =
¥N-00891 -y

SURVEY RANGE

[
"

o
<

141

142

143

44

145

146

GADN L4 'NOILVYA3TT

(=]
0 0

-~4-50
—'-IOO

—-200

7!00

= T

¥-z2'6¢) UW

| o-sesi- L\
Y- 10w i-y[ B,
IN-L00 1 -M] %—

y-90¥I-4__ DR |

=

Y¥-6ivi-¥[_

LJ-I!}Q

I

~ ¥-020! -y
Y12k -dL

s X4 Rt 1| AR

H-92¥ -y __

y-2Cri-¥

L0U-6'v¥ | -8 ) 6 §

- 1nY-0'9¥ | -¥[ ) RERTERE AR

H-99¥ | -N

WILLOW BEND REVETMENT

MISSISSIPPI RIVER
RIGHT DESCENDING BANK BORINGS

BATON ROUGE, LA, TO HEAD OF PASSES

PLATE B3

e m e A




1973-1978 |
137 136 138 134 133 13

138

139

M-THALWEG AT MIDSTREAM
R-THALWEG NEAR RIGHT BANK

LETTERS ON THALWEG PROFILE: L-THALWEG NEAR LEFT BANK

NOTE:

p— o~ —
0=
[
2 e _-gl
— [
3 ~ mn-son-mC__Ed L\ A |
- (S99 1| [
M
~
L. - E
AN-2211-M]
@Linun-» [
[
B =F
n-Zeei-Y SRR m
F Ll ] SN ARGOORBIADRN s EDON:
UN-LYEI-M
U961 -M[ 7 m
> -]
- C :
w-2osi-u[— \
” m
=268 1 -u[ L. ] L
®61 16 w
- N\ g g
9siw( pum| , s
\ 02101 - 3
998 i-¥ \
i woz -1
— N-0281-M( pr | L o
- n-1rige-m ) B |
S S E R ] — %
1N-9'121-M[ y 4
~
el K] S — S w-cozzi-N[
ne-2221-ul ;
L) S— i) i
rwr w - W M W m L 0'ez1o1 [ ) L 1 q
S r . |
n o
= v T T 9 &g 3 2 8 2 8
] (] [}

QJADN 14 'NOILVAIII AADN 14 ‘NOILVAII3I




132 134 130 i29 128 127 128 128 124

1973-1975 HYDROGRAPHIC SURVEY RANGE

33

L 2 -T3R2 } I Y

0921 -¥__ ) 2

¥-1921-d

v-ezi-ul

022130

v-sez1-4C ]

WATERFORD REVETMENT

N-2621-N___

wezie(

¥-20c -8 R B R

Y —J

\ 1

¥-40€ 1 -¥

THALWEG

19731975 HYDROGRAPHIC SURVEY RANGE

108

109

110

112

13

e

17

b

T

L0001 -m[_

(S80I N-91-AV[__

WweohHin-v»2Z-Av[_

¥-$0'601-¥

- - ]
weotWl———— __LoJ1 |

¥-2'601-¥

N-9'60 1 -¥["

¥-6'601-¥[_

8601 -¥_ I |

¥-cZ0t 1=

-0 11 I-ML__ ) R

0-0Ci I-M

o~ecii-m_ LT

0-9%i 1-m_ ) SN0

vocii-d___— L Ry ]

e -y %)

an-soni-m_____ ki1 o

(S991 1 N1

AVONDALE REVETMENT

MISSISSIPPI RIVE]

RIGHT DESCENDING BA!

BATON ROUGE, LA, TO HEA




123

124

128

127

1268

129

130

GAODN L4 'NOILVYAI3

Q
& g o 9
1 1

-1-100

--200

e T

R —{-150

l m AT IS |

IR ] eseerisss cevce: & W—)

b— 0921 -u[_ ) B0 |

Y-1921-¥

¥-sL21-3[ A W |

¥-S0°L2 ) - . |

se21- 9]

¥-2621 -4 a0

wezNe_ ) 50

¥-20e -y | EHF R

WATERFORD REVETMENT

107

108

109

110

113

14

AADN 14 'NOILYAI3

8
T

-1-50
-{-150

-200

ﬁl 1N-0901-m(

(€901 MN-9 1 ~AV[
WeoIM-v2-AY[_

|- ¥-soeo0i-u
(1'801)9
¥-2601-u[ EZL)
M-»'601-¥[" 73
¥-5601-¥[ %
v-9'601-y [ m ]
6201 -8 Nu
— -0l 1-m[_ | BN URDRA:
ol T 2N — , 9705

0-8CII-M[___E ot k] J

AVONDALE REVETMENT

MISSISSIPPI RIVER

RIGHT DESCENDING BANK BORINGS

BATON ROUGE, LA, TO HEAD OF PASSES




1973-1975 HYD

100

1014

102

104

108

106

103
I

107

L

(6'66)0-96
19-$2°001-M
10-€001-M
19-2001-m[
01011091-¥0[ T
o1/ _
-9 10t-m[_
wions(—_____ )
nN-0'201-¥ =L m
a1-2201[ 3 i
3
-
¥-6201 -4 ) SNOEROIOOR DR
10-2201-m— T3
szon ) __T-T0)
D-S' L0 M| ) HROAERNMIRNRIE SN |
1o-ovoi-m T
¥-990 1 -¥[ ) DS I RS |
¥-0601-¥
nY-1'¢01 - ¢IU_‘
-GS0 ) -¥
mi-Lgot-yC_— 1 w
8coI-m[_
in-190t-m[ T
2901 -m] I 7
0-€'90 1 -M[_— T
AN-8'901-M( -
1 | | 1 I 1 J
s s ° § 8 8 8
) [] )

JADN 14 'NOiILVYA33

GREENVILLE BEND REVETMENT

1973-1975 HYD

84

85

a7

90

9

o-1v8-m[__ B S4F

1NY-S ¥8-¥{ T

9-€'69-M| ) SR

iny-crc0-8 [

Y¥-1'98-¥

¥-$L'98-Y

¥N-0'99-u__ Lol

N-vL9-M

% 5|

J

¥-v'i8- rrllE

¥-628-y )

yN-S'88-u_

»

¥-6'00-¥
ST R —

Y-»68-

lun-2'69-¥

¥-106-¥

N¥-$206-8_

———

1 1

CUTOFF REVETMENT

o o

-50 P~

AADN 14 'NOILVYA3TT

-100 b=

-150 |~

200 o

NOTE:

M-THALWEG AT MIDSTREAM

LETTERS ON THALWEG PROFILE: L-THALWEG NEAR LEFT BANK

R-THALWEG NEAR RIGHT BANK




1973-197% HYDROGRAPHIC SURVEY RANGE

93

94

93

97

99

100

101§

Ut co-m_ -

N-826-mf_

9-S0C6-m([

(€€6)0-I[

N-9ce-m[

n-ce6-mL

iN-6€6-m|

-0 v6-m_

yN-296-Mm[

10-S'CE-m[

wsez[— ]

(6'S8)aN-1
(0'96)-1

1N-2'96-m[__

996 [

1nN-9'86-m{C

0°2L6M-v1i {

V4
(ZLe[__ aw ]

(vi8n-1[_ 1

ny-8'L6-uL J

ny-186-y

NY-»'86-y( \J

wees

nN-696-m[C {)

lo-zes-m[ ]

(6'66)0-9¢C

19-62°001-m
1N-€'001-m

I 2N TR | S—

01011091 -wl__ | T |

@iono_

"~ 101-m[

ALGIERS POINT R

GOWLD

GRETNA REVETMENT

T

ILLE BEND

1973- 1975 HYDROGRAPHIC SURVEY RANGE

77

78

79

80

82

83

84

835

H-¥ 94 -u[ WJ
Y-8'9L-¥( ]
N-CO9L-ME———
o-1°2e-¥lC m
a Y
Y- LL-¥[ 2
g
n-¢9L4-¥l “
¥-LLL-¥ T ~ «
N 3
u-19L-u i M 1 -
¥-v0L-8 7 m
b’ w
.I_..ZHHH“
¥N-CO88L-Y
4-0'64-8L —F
-yl EoIE3%)
OY T —
6-208-#[————T7
n-v00-m[ ETT Y
a
n-e19-mC— 4
cze-sC——TI]
9ece-¥_ T 1T Ej
0-¢L28-mL | R }w.l T 3
ony-se8-a T a
v g
9-198-Mm[ ey x
]
-
1NY-S'¥8 -
9-€'68-M[ e
b 4

MISSISSIPF

RIGHT DESCENDINI

BATON ROUGE. LA




91

92

93

94

98
I

97

98

ANON L4 NOILVYATTS

=100

-1-50

—~-100

0-4 16-4{ | 208

0-226-M[_ | RAAEVITRRR R |

N-8'26-Ml__

—1-1%0

9-S0R6-Mm[ ) A0

(€'€6)-1

N-»C6-M[

nce6-mL

in-6'€6-m[

—-200

YN-0v6-m[__

L]

HN-Zv8-M|

N-»¥6-M[

TLN-C¥6-A

N-8¥6-M

9-6v6-M(

1N-1 S6-M[ ) AR |

9-2c6-m( ||

1N-Ss6-Mm(

TR ] e —

B —t
(096)-1

iN-296-m{

9981 [

1N-8'96-m_

O'Lén-vi £k

. 4
(L8] _ hw
A}

wienm-1[_

ny-8',.6-¥4(

NY-1'96-8(

e

ALGIERS POINT R|

GOW.D

REVETMENT

75

76

7

78

79

80

8t

82

ONAON L4 Ny AL

o [

-200

— 100

— %0
—-1%0

| T 3

y-9c -

¥-09L-¥d[

v 9L -

¥-8'9L-¥4(
N-$8'9L-m

¥-ti2-d0

-
N'\u

L

y-v LY

n-¢922-4(
Y-LLL-N T

Naii

ENGLISH TURN REVETMENT

I
*

\-Jv-.

-

¥-1 8L-d[

¥-L o»-ci
¥N-$89L-Y4

[ 4
n-68L-mL ) U
y¥-06.-ul 1 ] |

¥-v8L-¥( = ]
A |

-y 6L-¥

Y¥-L6L-¥

9-2'08-M[ |

N-v00-m[C 05 B
\_

9-¢'18-M

N-8'18-m(

MISSISSIPPI RIVER
RIGHT DESCENDING BANK BORINGS

vE

.
[P
—

Bl

BATON ROUGE. LA, TO HEAD OF PASSES

e —— e e e A

D I




55 ¥-089-HL 0 (1 25)MN-2S L
< {22G)1€-SN I
-89 -H[ |
_ 45 89-u( NI ,
(L 2GHN-26 [ )
_ !
¥-689-3 0
o] -
© ['e]
i ¥-269-Y R . . (2 ECHN-EG |
| . ¥-€€6-8[
o w
¥-G 69-u ~ 1 3 =
« . _
z WeSHA-bS[ . ) b3
Z
— w
ol 4-669-Y] A <+ o
= ) ‘ © (U vomn-ssC ] &
¥4-zos-y[ &
4
nd-svs-8 7 >
1 =
(L PSHN-9G [~ D
_ e}
P~ T o[
| (2 GGILNHW-26 [
TRV a— T . s
@A
| S R N
“ (L GSHW-8S[ _ 7] m x W
Jowy
i . 400
[ — = ! - - -
Q- ¥-02L-8[ 1 5 ©, yhss-ul 1 s o
Y (1 9GIHN-6G [ ] w o
J - Zz a4 z
g 209
w
_ W T T 2
¥-G 2L-d @ o |
—— m (9 9GIHN-09 [ 3 4 w_
e — = i [
N-82l-M[___ 3 2 \ ok
3ﬁ ~ - v ~ . o Aﬁl 4 3 o
0 ¥-0€L-8_ C b o 0LSmHN-19 T T ] w
g :
[ve
A
@x
—— 3
¥-seL-uC 11 S / T W (S LSINHW-29[ " o
- z
1N-L€2-M ] X 0 M-LlS-M[ o ¥
- i @ it
w I
< | © 2 .
I _ . &
~ | (1 8GHW-€9 — ~ 7] & 5
i w mm
I v||l_ Vt
9-G bL-M T I T '
1N-9bi-M 33 [ (98GMN-p9[ ] > “
V n¥-88g-y [ T o
w [ { { | L _ S S ol L L ] L i : 5
~ o o ) o o o o o o ° o o o o
& 0 - o I o o 0 s S 0 o
- ' T n & - ' " T o
QADN 14 'NOILVAITI AADN L4 NOILVAITS
e - g Mgt iyt




w ; <
(2 o9Hw-69 ] - Z 552
. I Ll o
¥4-6 09-4[ o —_— * Q
A Q Osvmn-se 7] @ . O
3 T g
s oo
SN v
tsepmn-ec_ ~ T
¥-9 19-4[__ -
-
z ° 6SHMN-0p[_ T
2k : ;
o
o
@ (TR R I |
g
q -2 9v-¥ [ I~
!
w-629-8[_ 3 ~ (6 9B IHN-2 v | 1
o e
=
M -
(0 LYYV LOHN-Cv [ T 1 1]
y-s€9-3
] =
8 LvIN-2 [ .
f © (6 LEHAL Y
g —+ 4 ¥-08tp-5l__ T ]
, (PBPHN-GL " ]
¥-5v9-Y 1 -
y-9'8t-y[ I 1)
Sk 2 O6pHA-9¢ [ "] «
¥-2ep-d[ T T3
C — (C6PIHN-LP[ ")
¥-969-¥[— T T T4
NY-2L6v-y ]
8ol 4-6G9-Y W (e6vHN-8P [ ]
Zz © Z 0
< < .
x @ y-206-¥[_
N [ >
w ¥-p99-y[_____ T T m w (WoSHN-6p [ ]
E 7 2
o y-L99-¥[ T 77 o Qe
I x z T
I o a _ 4-605-Y
2 NT 409~ 2 0
g u g tigwHn-os [ 1)
m ¥-gl9-y[ T T T 5 8
o
I v s oy .
o b Gremn-1s T3 ©
o -9 L9~ | N K £ T
[o2] @ 4
T . £
" "
~al L 1] I — NN B "
> y o (1 28ImMnN-2G6[ 7 Lwt.i -
. o (22e)e-sw_~ = T 1
y-g89-4 T T[] =
¥-¢89-4 "1 I(" ]
(L2GHN-26 [ ]
ol 4-689-y[ 13 "
© T
| LY S—— eepmEk 1
o ¥-ces-y[
w
| ¥-s 63~ = = s
i b=
: ~ Gl e . rey it
| LT - R - T e E
T R e S O /= )




-200

PLATE B6

MISSISSIPPI RIVER
RIGHT DESCENDING BANK BORINGS
BATON ROUGE, LA, TO HEAD OF PASSES

. :<>m._m
QAON 14 'NOILVAIII o QAON L4'NO S 3
o o o o o = -
o [=] o el o = s R R
] ° w o o n n by " [ T ﬂw| T [
2~ - o {0 CHIHN-tE @
< [
ﬁ @ (1 6SHN-g9 [ — x 4
b
i
4-5 65-4[ 1 > =
w (9 CHIHMN-GE 1 &
mﬁ.vmufﬁ’ . T =7 ] x g
) NHN-29 o« P
19 6 5 7 3 4 NY-6 €-8 w
[ I o L 3
© 3 e v (1 b) LNHN-9€ [ —/ «
-
|
(E09HN-89 ] o < u - M
-'09-8] o
¥ 3 (S by IHN-LE [ ] 3
-
(LO9HW-69 ) —t— z
y¥-609-4[ | 1 a
o e+ (0 SEIHW-BE | ] 3
b3
=
I (sstmm-ec_— ] )
¥-919-y[___ T T T T
b -
o = z © (6SPHN-Ob [ ]
ol mad @ > <
—
wl
>
i
@ BI9HN-1v [ 1]
w
g
< H-2 9b-¥[
)
¥-629-8 _ . - 3 7ﬁ (6 9bIHW-2¢ [ )| \
M g -
w
(b L) LnHW-Co [ T
¥-6€9-4 [
( P
.msS:-TﬂHH oo
© (6 Ly HAYY
by —- 2+ ¥-0'8b-yl | IR MR |
wabHN-go T — ]
Y-S p9-4[ I Bt ]
4-98b-ul {1 =31)
ok 2L oevHA [ ] o
' ¥-26b-M_
_ (SEPHN-L6 ]
¥-969-4[ ] . | ,
NY-L6b-8 =1 ]
W ¥-669-¥_ [ L3 W o (66YHN-BY [ )
Zol e 3+
L g [+ B .
® 4 ¥-206-8["
> — > -
Y ¥-v99-34( T T TN b g (POoSHW-6v [ ]
@ = @
3 _ o o ?
o ¥-299-4[ o B o > o | o -
il N aac a1s e RAThE A e e o o —p —y o




-— - ——— =

¥-29C-¥L____ \ W | \
¥n-99¢-u( Nr ¥-961-¥[ \HJ T
" oLe-d[— S
¥-226-uC I oz-u[ T
i w
b :
> w
w ¥-9'02-8[ 2
e T i T aeie=——] :
(Z9EHN-92 = 212 L T X ¥
¥-£'9C-Y \ - i€ 1212 L/ Q
SeEMHN-22[(—— ] = (S 1 201 -
u-9'8¢-4L 1 3 o w..wm 2 %
< yRE d \I\Msﬂt S
[ . o~ . =
2 Y- a8 s IT {71
weyanmn-c L~ T
1£68)9[— ) y )
01 E 0 T ] e—— m 3< wzzmn-v [ ] QP
@® m o
¥-9°68-Y m =5
4 oovHw-62 31 ] u m pot n oc2unn-s [T o XTT T T
) <, <«
(Z0OPILNHN-62 ¥y
AR ve-yC_pooo
(sovmm-os ) §55
433 wemn-9[_ "T7T)
rIzx
Ry
- . 3
< O 1yHN-1E ] o 3 ove-y( L1 ]
-4
5 m un-¢'v2-u 7 T
a
TRES Y1) e— ¥ ® A ) e— w
i g wovasl__ 1T ] =
o 2 ¥-SLP2- xﬂllNRlU b
« x (¥ "
g o2p1imn-2e [ Tt 2 - ~ — - ¥
3 z (26— F1] , w
g ot s ] ot
. . i m
(4 20 B o w r ez ] a2
a w r
a _
w ¥-ge2-dC ]
al L L 1 ! I 2 9l L =) T
o [=} (=] (=3 Q (]
I g 8 3 8 I g 8 8 3
UAON 14 'NOILVAITI ' ' ! AAON 14 'NOILVAIII ! ' '
[l‘lll‘l'h shenbapraguny e M, ovmbwtytigteuifin




(47472 L 2 T G— |
Y-S 92-Y[
me2wm-L 1 [ 1

tr/\

ny-¢ - T 1

RIGH
BA

-
r 4
2
-4 -4 o oznn [
¥
(€' 62NHN-9 | | g ]
w svz2no (I
-
weamm-6 1 hi
° S - znin-e_ITET A ]
” TRIS T ] enm— i -
¥-coc-u )
wene( T b
(LOSHIN-12
¥4-0°0€-¥
- uN-60€-¥ |
" (0°1€) phd =
(7 1EHN-22 v [T ]
@i1e m
Y L S — Y
WwgILN-1 2
« oy .E
VRT3 — W
wierel__ E..] - z <
w
B ¥-02¢-u[ o) o ¥
” - TETIT] e——
2121 1
(C2EHN-E2 g . J
un-»2c-u[ 13 ARASHRE; S W |
92000 [I7T)
wswl____— )
4 e (T © He
e[ EJ
¢ S eeLn- I ¢ / !
« «
[ 4 - 4
> - T >
Le e Y ry-691 -3
M " 0] 4 T S0 | x-
L] 7]
yemn-v2(__Foo) w
$ YT — o x g
m S 3 w1 ©
W
] ovew[ T = P ¥
g TR o— i R S 2
=3 I
¥-6'9E-Y x (WA BTN R | )
m b o8| -
5 0°6E) K .
> > A
® ¥-vse-uf F »
~ ~
2 u-9s¢-yL ] b
WweNIHN-6[ T 1 T
0 o 6ene [T ~
" IR 137000 | — | -
¥-2'9¢-ul / ]
¥n-9°9¢-y[— J ] ¥-961-8 i
[ ;
n oLe-u[— 1 g o “
¥-Zoe-4 )| w-202-8 I - A u
- AN P
" e — N — >




.

TP

26

27

28

29

30

3

32

33

'EY RANGE

—

o
=
[

UAON L4 'NOILVYA3IT

°
e o iy

-200

(1'9ZIHN-T |

T §
(zoen [_1.d L

Y-S 92-¥
(G'92ZIHN-2 |

(R4 T S |

y-¢'L2-¥
(PL2HN-¥I
¥N-9L2-4C
or2wm-c 1 ]

\
')
4-8'92-¥ A/_

-

y-s0'82-u(
€«e2amm-91 ] A‘
y-ecee-y[ A B}
eezHn-2 I )

(L'62)HN-0 1 [ )

weamm-6i{ " ]

noemm-o2C_— ]

¥-€0€-¥

(LOSIHN-|

ISE'ICw
[LARINT )

e
g -
¥-02e-¥[ | SRRV |

tx4314l
(L2EHN-C2

¥n-2¢ - I

wzeo 1)
3 ] — A |
(€213 | SE— e

geeun-1 " T°7

e T

TROPICAL BEND REVETMENT

Y RANGE

10

12

13

14

15

GADN 14 'NOILVYAITT

7 100

o

o
1) n
T T T

150

orne C_T5]

na-s - TR

oenniC__———7

gvzno 155

teznin-6[ LT — A ]

uy e CIE=T)

evi—_—

ansnsC—— ]

el

tnene(C— )

—-150

VENICE REVETMENT

- -200

MISSISSIPPI RIVER
RIGHT DESCENDING BANK BORINGS

BATON ROUGE, LA, TO HEAD OF PASSES

PLATE B7

P




pe——

1973-(9TS HYD
228

229
T

230
1

THALWEG

F-zoee-y[_

M-8 0e2-8{C

e -
~N
o ie2-y[ DY SSRARRRRONR | Iﬁl
2 e
-
o [
r 4
¥
T
s
Yreee-u 3] W
=
- 3
o~ >
9
«
n-peez-u J 2
o
/ x
T-8es2-u_ N |
. M/
" -
~N
R EX 1T ] N 2500 B H35EAAEY N - | 1
el | ] 1 1 | J
~ g 8 ° ° ] 8 8
- ' - - ~
1 1 ]

JADN L4 'NOILVAITI

1973-1978 HYt
217 216 2158 214 213 212
1

218

219

-6 112-80

nN-9°2i12-4(

Y-2e12-8(__

N

Lerz-u

eviZ-u

wyi2)

nM-eviz-ul___

Rt A IRAd 1

V-eci2-dl__

M-v9i2-8(__

Frziz-al

AN |

LU PR 2] E— 2 | N

oLi12-4[

SRV S

F-2ete-yL_

1-e812-u_

1

MANCHAC REVETMENT

S0

) |
° ¥ 8

L
AADN L4 'NOILYAI3T3I

150

-200

LETTERS ON THALWEG PROFILE: L-THALWEG NEAR LEFT BANK

NOTE:

M-THALWEG AT MIDSTREAM

R-THALWEG NEAR RIGHT BANK




1973-1975 HYDROGRAPHIC SURVEY RANGE
228 227

229 226 225 224 223 222 221 22
T T T T T 1 T T T
s 8 % 7 2 7
o & go o 32 » ~ ¢ ®
¢ o Nae o d b " N =
] 5 & o ~ ~ ~ by o o
‘:‘ o .,3 ‘lz ‘}‘ o~ o~ o'l ) @ i
H I B
i 4 $ 3
N £
3 ’ 2 g
ML~ — 4 <
IALWEG ] ..: .:
L ARLINGTON REVETMENT |
H 1
1973-1975 HYDROGRAPHIC SURVEY RANGE
213 212 211 210 209 208 207 206 208 2
T T T 5 T T T 1 a| T
L]
.3 :
~ @ 7 ¥ =
" ~ N ~N )
3 3 5 i
o
= M [g ﬁ
PN
8 3 THALWEG
MISSISSIPPI R
LEFT DESCENDING B
BATON ROQUGE, LA, TO |}
‘ ﬂ

[, - e - it e i A e A = am



219

220

221

222

223

224

228

226

u

AAON L4 'NCOILVAI ]

(=] o o

b1 o 3 ° pid S

= 0O o ' f} i )

— T T T T 1
+2612-¥

Ui ot T2 21| - ARATGINES: |

reew( —— Q

mn-2ezz-ul BN

-

z

9¥22-y m

w

>

W

@

8

-

L 2 A0 ] M 0ODTAR R W | %

o]

<
Le22-yf -...F..u.,.nm..u
0922-y[ ) WATHALY S4N% |

Zezaso [ FIFT] \

W

GADN L4 NOHIVYASI3

208
T

209
I

T

m-corz-yC T
1

VEG

o 8 2 8

(<] o w W - ~
(2] - 3] [=] ' ' . !
Qrr T I Ty T T 1

n-61€02-3{ yA -

M-2¢02-Y[L £
c2'¢02-y
-4
[ 4

«| N-6c02-3[ (@)
er
0
O
o~
w
O -
o~
~
o
~

MISSISSIPPI RIVER
LEFT DESCENDING BANK BORINGS

BATON ROUGE, LA, TO HEAD OF PASSES

PLATE B8

P
LaEN
rd

o




1973-1975 H
201 200 199 198 197 196

202

203

| 107-S+ 96| -¥ Il.
60961 -¥

1-6961-¥

1-66°L61-¥8[

—

TSye6i-vl

62861 -¥[

-

ln-v0661-8[__

Tee61-y

(§661)) {
(966118 [

164661 [

666119 [__

- ?o.oognl
n-1'002-3
€oo2)e

wsoome [ ]

(2'002)1
A
A

I-49°102-¥0 AE]

F~N-0'102-3(
91'102-¥ [

n-2202-3[

-6e202-4L

n-1202-3 —Illlilh
I .

i

ST. GABRIEL REVETMENT

-50~

A
o )
[ <]

100 ~

i
o
o
QAON L4 'NOILVA3TI

-150 |~

-200

|l
=

1973-1975 ¢

18C

182

183

184

185

186

187

F-0081-Y{

coev- (T T

1-908 1 -4 [

mn-eei-y [
g8l
MN-L181-8 [ AR |

€2t -y J

6281-¥]

Sesl-y[

€€8in-2

€vel-¥

Svo1-y r_.||||‘m

9v8I-y[ J
8veil-y[_ | 4R

1'981-y [ w;
£991-y [ =

$981-y [ ) AR

0il81-¥ —‘h

MARCHANO REVETM

NEW RIVER BEND REVETMENT

NOTE:

ﬂ
0
3 ° o

100 —

]
AADN L4 'NOILVAIIZ

-150 ~

-200 -

LETTERS ON THALWEG PROFILE: L-THALWEG NEAR LEFT BANK

M-THALWEG AT MIDSTREAM

R-THALWEG NEAR RIGHT BANK




196 198 194 193 192 191 190 189

1973-1975 HYDROGRAPHIC SURVEY RANGE

197

n-<.881-4 [ 7 ™
\f
-2¢681-¥0 F Al AARSEDeD |
1-18681-¥ [ )3 i |
B 3
R/
1-9061-4[ =)
(e nn- 1570
TeLi6ei-y ™)

THALWEG

Tosei-y( T

[_1N-Se961-8[" ™ T
Fso961-¥( BT

Te96i-y ___ ]

mn-ee61-3 —  H

NEW RIVER £

180 179 178 177 176 175 174 173

1973-1975 HYOROGRAPHIC SURVEY RANGE

3
eesi-a0 Btz B
-
FivL -4 \ e
-9vL (-4 85 %)
LA 7 B V) S ) B
-8GLI-Y
3
—1n1-0921-8 [ R |
o
("]
>
-
«
— I
-
|
MN-1'6L1-Y
T9'6L1-u( % |
—  1-0081-8C DR |

€081~

1-9°081-¥[

I
- O,
-

e
81
8t [_

m-cieil-y [

PN &

ST. ELMO REVETMENT

MARCHAND REVETMENT

e
=

MISSISSIP

LEFT DESCENDIN

BATON ROUGE. LA




ANGE
194 193 192 194 190 189 188 187
T T 1 | T T 1
J S — 100
< 7 i
- -4 ! o~ T
1 I ~ P ©
0 - © @ ~ o 0 (=]
= z S g o © © ~ 2 s
> o 2 2 - ® © © 5 o150
— - | 1 ) -
] = [ 4 . 4 @ < @ & | & a
3 il « = >
r i M ] B M M G
z
| MO +
3
R ML 2
H-50<
F/ - N >
B \/“\\ —
- DMW—\E w
B 7 — S-100
% ] %
—1-1%0
NEW RIVER BEND REVETMENT
IL‘ -1-200
ANGE
178 177 176 (g} 174 173 172 171
I 1 I T [ 1 I 1
- — 100
3 -5 ] b
d @ & © 7 7 Sow o
o © o < = ) «--— -
~ ~ ~ N " O~
-7 T 7 Gt & e &I
x & @ ! | ~
.= @ o)
() AN, 2
Ho f
o
z
~
& H-50 2
THALWEG 3 2 . .
’ L 2
: N | H- 100
# _\@
-}-nso
_{ | ST. ELMO REVETMENT B - 200
i o
MISSISSIPPI RIVER
LEFT DESCENDING BANK BORINGS
BATON ROUGE, LA., TO HEAD OF PASSES

PLATE B9




164

1973-197%

170

168
1

166
1

167
i

168
I

171

THALWEJ

v o9 -8 AT

/\

N0 99i-¥

| ST RRHTS AN |

N899 -8 | AL

T-vL91-¥]

L1918

1-089!1-¥ [

Tv091-¥[

160991 -¥{

N-e691-¥[

T-1691-¥{

Y-zoLl-u[T

90LNE [

LoLi-d[_

a.osh_ -y | D

BURNSIDE REVETMENT

o o

4ad

) 4 ) 4

o

° °

|00r—

-180

-200 %‘*

1373-1978

{41

149

150

151

152

153

154

188

LAt T o
w
x
- )
-«
b o
z

veevi wr T T\

2601 -H{

06v18 [ [T

b

(10 1)Y=
SOoCI-¥
LA TR S A3 SASRUTEN AN
- ig1-d ) 3¢ 0 IA ,W«/u
ni-g8 1¢g4-u( 5 |
-
\ &
zzsI[ % ST M
w
J "
(7]
[-4
9261 | ) RERe B [
/ -
w
e -u ) BRSO | @
T-CE€C | -¥{
TI-OvGi -y | RS
I-9vs 1 -y [ n_a/ PSS |
k 1 i 1* | ] J
S 3 ° 3 g 2 e
- [ - - o~
[} ] )

AADN 14 NOKLYATT]

NOTE:

LETTERS ON THALWEG PROFILE: L-THALWEG NEAR LEFT BANK

M-THALWEG AT MIDSTREAM

R-THALWEG NEAR RIGHT BANK




186
T

g
157
1

®
0 =
s -265i-¥ =
- -2'65 1 -¥[ 7 /)
X
)
-
N-966 1 -8 )
Q
w o
+5091 M N
- +6091-4C
© b=
>
@izl
~ 6191-4C FNL
oM 1
e +1291-8 I w
Nrzei-a[— ya)

1863
1

T0C9I-¥

164
1

1973-)975 HYDROGRAPHIC SURVEY RANGE

ROMEVILLE REVETMENT

£34 146 148 144 143 142 141 140

148

1973-1975 HYDROGRAPHIC SURVEY RANGE

T

i

Fen ey

F-10o¥!-Y

inr-sovwi-ul__

(-4
3
F-12v - i DRI B 3
2
T2 -ul § RAEAREREEIIRS 2
-
Y-2evi-yl
TLevi N {vr ] RSt |
ard 2 20 | u T
cori-yl_
Lovwi-8]__ n.....w..,_
Sv¥vi-¥ | Y AIDMR |
1'Spi-y
TI-LSPI-Y & K IROS
T-6Svi -y A%t
99w -¥l ) ¥ EATOINEN |

T-1divi-y

ANT-08v |-y | 40

T-9evi-y

RESERVE R

ANGELINA REVETMENT

MISSISSIPPI RIVER

LEFT DESCENDING BANK !
BATON ROUGE, LA, TO HEAD O

——p>

g




— 100

~200

157

(89

1860

PLATE Bl1O

MISSISSIPPI RIVER

LEFT DESCENDING BANK BORINGS
BATON ROUGE, LA., TO HEAD OF PASSES

GAON 14 'NOILVYAIII AADN 14 'NOiILVYAI3
3 3 8 8 3
(=4 “ - H ~ W o £°a - H
o (-] 1 ) ' ) ” - 0 o 1 ] [
SN YW . AOGEECATO. T35 | — =rr T T T T 1
n-26¢ 1 -y B WO 1) m
wec10I[C -
wecie—— X T m
° s
¢ b
- I-10vi-Y X m
/ ]
n-covwi-u_ Y
.fu o
- 4
b
N
-
- 12w -W | REERNEIRITAREDLD
s 2vi-uC I R RS
-4
”
-
V-2861-¥[— 7 ) i
* -2evi -
2 3
- |
-
] w F-eevi-a— 1 EXN
n-96eg|-¥[” .| w
E i
S NM-Zew i -8 1]
) covi-ul__
T-»091 -3 h W
@«
Lowi -y @u
8091~y ) RS ) vy -8 ) SRV R
d
- 1'SPI-¥
I-Cevi-¥
Wiz — g qu
' a e Ak r P I} S ST

| A hadh 4 SR e W e Mgl




1973-1975 HYDROOI

132

133

134

138

137

138

139

L

B RN |

AN-61CI-3

I-8€°2¢ t - ¥

F-elee -

eTeCI-N—

€«esnNoil

ony-See - __E. s

F-oee -y

Tveci-ul 0 LR oNx B

AN-SLSE 1 -y

1V-99¢ 1 ¥

T-09¢ 1 -

L FEIEL 1N

ouiw———— HR
{-TX Y} ent—

n-zeci-yl

(99°9¢ 1 .A”HU..
898S1)

MONTZ REVETMENT

RESERVE REVETMENT

L ) -
8 3 °

]
GADN 13 'NOILVA3T3

50 H

=100 —

=150~

-200

1973-1973 HYDROG
121 120 19 118 e 116

122

123

nM-9¢11-¥ ¢ ity
qJ-£911-¥
9-9911-3
- R FARE? ] 0N | 88 SRER |
n-e211-3 j 60
e PYREL ) 53
=
9-6'811-3(C e ]
1n-9'611-3( I
T'
¥
<
o
[
W
<
3 Y
2 3
<
9-4021-3] L % R 5 | ] .Hl
4
i G
%
4
©
N-97121-3] 3 A% “
ol
3
-
= F-s221-80 | 48 5t IR | z
[
&
-
4
n-2221-d0 | EROIIRRH m
| | 1 \ ] [
g ©
8 ® 3 &8 28 g
- L} [] L]

AQADN L4 ‘NOILVYA3I3

M-THALWEG AT MIDSTREAM

R-THALWEG NEAR RIGHT BANK




131 130 129 128 127 126 128 124

132

(973~1975 HYOROGRAPHIC SURVEY RANGE

F“—n—'—m;

e

b—

L EC1-¥] 2 E-0 4]
1meeezi s T ——
:I g -
-
Tiv2i-y Z 1
€
-

(01 210 | SH—
wvziC———— ]

-

z

06219 M

W

Reuiv— 1] &

oSZi-N ] x
n-g621-3 ~
Y962!-¥ > ]
wezng 21

9621 -y 27 m

wozie— ]

992112

TR I —
WL |

Te9zi-u[— Fr

621 -4 | BB

00g [ e 9
+600¢ -4 R

+620¢ 1 -y B FYRRASHANEARERS ¥ | 2|
ryosi-ul____ QLS SE

eici-yl_ B

e BN | —
Ln-8 1€V -3 J

0€2C 1 -0 ]

MONTZ REVETMENT

eL2e ) -¥

Lk4 it i10 109 108

13

1973-1973 HYDROGRAPHIC SURVEY RANGE

T

B

=

T

9-6201-3__

T80 -¥

(6901 NSE-¥__

NI-C'60 1 -
T-r60t-y

1ol -8

inN-S$011-3[

1-901 1-¥

N-C 1=y

(661 1)0ZL-IM[

e hoe-2[

221109-¢

€2°211)12L

@211

9! 10-INY
0% 1)N9-3NY
n-Zv¥i-3

el inwe-dN[

L

Tl -d[__

TOCii-y

N¥-9°61 1 -y

I-e91-ul__

9-9911-3_

KENNER REVETMENT

MISSISSIPPI RIVER

LEFT DESCENDING BANK

P .

BATON ROUGE, LA, TO HEAD




123

124

128

—

126

127

128

QASN 13 'NDILVA3III ° GADN 13 'NOILVAID3 ° ° c
g g g & 8 3 g g s 8 & §
- [ 2] [=] . 1 [] ) ~ - 0 [« ) . 4 )
1 1 L 1 v/ 71 of 1 RS 1 ! 3 L
Yzee -4 W ”
12621 ~Y Y I
»:._.o.nu_-m\}_rﬂ..l. 1 7 )
n-6€2i-3 2 ® 9-6'201-3[ o Py
— = er
1eZi-N z 1 = -
€ T
)
(X 27}, S — 1-c801 -
TR2 1171 S | -
¥ - 16801 02e-8
062119 2 o
= pd
eezvC_———— ) 2
s2 W NT-C 601 -4
rezi-y N 601 -8 T
in-g'g2i-3 1
T9c2i-¥ ]
wezin P |
T+eei-y__ |
e
= I-101¢-8(C
eI ——— ] n-sou1-3_
(89212 901 -y | TN
0-0LZI-X——————_ pu O
122 - ﬁ z

n-c -8l

(611 1)022-3IM(

(1°211109-2
@zio9-v[—__ET]
nN-c2i -8 R

®21 S?.ﬂHJ\

weeiel__ A
(X 2R))]

-

112

Te0Zi-¥l_

13

R d I

ua B'C 10-

PLATE Bl1l

MISSISSIPPI RIVER

LEFT DESCENDING BANK BORINGS
BATON ROUGE, LA., TO HEAD OF PASSES

KENNER REVETMENT

[ S N



100

1973-{975 HYOROORAP

101

102

108

106

—  0101-u(T ) SERoR

103
T

— (0'90110-2[

107

(001 N3IO-0i [

T+o101-8

+e20i-u ) 203

201w

(€6201)¢
=|Ono_|u~.th

4¥2e01 T
wzeoin-1

weonn-2C

Zv0i8[
90 1100-vI[

TFO9Y0I-N[_
wyoine-vol__

6901101 [

CARROLLTON. REVETMENT

2601y

+26001-C

i
o
?
GADN L3 'NOILVAII3

I
100 —
L] o
0
-180 |-
-200_

1973-1975 HYDROGRAP
89 88 a7 L] a5 84

90

eCe-
[{-] X1}
T el
/
T06o-¥y[ od —.........;UV

nN-Seo-u[ 2o F@N

e [ i *\TL

ARt | ———

F190-8C

0-1°18-3(_ ) DRSSO |

9-1'99-3[ | SAEIRIRKARRY |

THALWEG

nN1-690-u[ B SDSRCNETS & |

nY-1'08-4
MN-106-3
8-¢06-3[ L

1n-908-3C
n _1

R-THALWEG NEAR RIGHT BANK

M-THALWEG AT MIOSTREAM

LETTERS ON THALWEG PROFILE: L-THALWEG NEAR LEFT BANK

L
8

-|oo_:_:}
-1801—

E
1
o ° o
9

AADN 13 'NOI1vYA313

-200 '~ NOTE:




93

iN-618-3 1 J

76
1

AN-v'2e-3

n-2026-3

144
!

n-zee-n{

HELL-Y]

M-S C6-Nr
N2 E6-3—
n"-09'se-3 -4 w
nN"-60ce-3
— NTH-O'P8-N| A"
oive-nl___ ] )

pl
il

=2
1]
~
~
o
[ ]
1
W
|
|
THIRD DISTRICT REACH REVETMENT

oLL

78
1

N1-0296-3—
el ieVve-3 ] | B
n-yve-3[ ) 36X
n-gve-3 [
59 ve-u[
n-8.v6-3

| n-seL-3( 1
.

oLl AW %

SCARSDALE

MISSISSIPPI RIVER

LEFT DESCENDING BANK BORIN
BATON ROUGE, LA., TO HEAD OF PAS:

97

100

)73- 1973 HYDROGRAPHIC SURVEY RANGE

9¥6-3]

1N-20'56-3| TR
S

o el — =]
(1982

n-0'¢s-3

83 82 8l 80 9

84

173~ 1979 HYDROGRAPHIC SURVEY RANGE

TreL-N [ | R —J

n-seL-3 | PR J

+66L-4__I1 -

Ny 0e-ul__ ) 200 |

608 [ 500 I |
1n-€19-3[ | H.
T 18N 36550

619~y

TNl | 290

ro20-M ol ]

ooV

n-ece-ul |

10¢8-
€00

Frre-y HE

POYDRAS REVETMENT




92

93

94

"7

AADN 14 'NOILVYAINI

o
e o °

— (00

LH-100

—4-180

—-200

1-60'16-3C =

/

in-eie-3

AN-¥'26-3
n-c'ze-3

nArLL26-3
nr2eze-3

nN-Zee-ni

NS Ee-Nr

A9 E6-N]

N-S2'86-31— T

P b Y e s—
n-cete-3

NOPe-N{

0-ive-wl_______ __J

NV-SZve-I

n-vere-3

n~cve-3 |

=

1n-89'v8-¥{

n15'86-3(

nN-09's8-3[

(& T TR enmm— o

sl 983 — AR

0-12'98-3

THIRD DISTRICT REACH REVETMENT

78

T8

17

78

9

80

8

AADN 14 'NOILVA3IT3

(4
8 o 3 m pid m
- [} o [) ] ) '
SV _ Md |
ceL-u— 0 | Y
+96L-3 \ m
=
o 9L-u[ D 705 I % L QI
1
reLL-u
oLl
p lﬁ
n~s9L-3C W -]
-l
+o0L-uC 1Y 5|
-
reL-Y [ = —
n-ceL-3( HW/ T
a R 1 Y] -
v 09-u[ 25 | v/
608 B 500 W,
ﬁ'
N5 19-3 —1)-
v 18-uC 2580
.J | =

MISSISSIPP! RIVER

LEFT DESCENDING BANK BORINGS

BATON ROUGE, LA, TO HEAD OF PASSES

PLATE B12




1973-197%

70

T

72

73

74

78

o 0b - 026-¥
0-189-3[ >
n
> (§26)HN-9 |
-~ Y-92¢-4
0-699-3[ " 628 MN-LI ]
p— ) ﬁl
Jﬁ wesrwm-91 T
ree9-y TR
Te69-4 [\ . 6CS)ILNHN-61 [ T
- Y002-[ 1] o~
R 25 | S—— w. Svvsrwm-o2C T
g
&
— o _ 21 K -§ MU KB |
N 01 1o va m ol ©evsrwn-12[— T
i «,
vssrwm-22__ )
Yo\ b
L " .
— o (096)130-9¢

€96 HN-c 2]

M-THALWEG AT MIDSTREAM
R-THALWEG MEAR RIGHT BANK

HARLEM REVETMENT

LETTERS ON THALWEG PROFILE: L-THALWEG NEAR LEFT BANK

NOTE:

_ A S— T o OLrMm-vI(H ]
R 1 Y S nste: i W oA -
m wierwm-12CC T )
-
-
- ¢ al- N-096-ul —
n-coL-3 u
Fevl-u— 3
L €eswm-ez[ T 1]
3
in-6vL-ul— 1 ‘ ® (1110 L T ] —
L o SL-ul T  L— - h) °=L 4 1 1 L A
o [-] (=4
8 § ° g g g 8 g 3 s 8 38
- < < D - ' '

GAON 14 'NOILVYAITI GADN L3 ‘NOILVAIII

-200%-



1973- 1973 NYDROGRAPHIC SURVEY RANGE

60

62

63

64

a7

-

n-e09-ul_

F209-u(

(9 1 9L WNHN-S2Z

{619 WIN-92
029~y

nY-929-y[

Nr+96o-ul__

) Y00 0 |

nN-z99-y

iN-$99-3_

FL99-4

FeLo-¥[__

0-1'89-3

9-6'89-3_

MONSECOUR REVETMENT

BELAIR REVETMENT

j
|

-d
1

52 51 350 49 48 47 46 43 44

1973-1975 HYDROGRAPHIC SURVEY RANGE

83

Ty [ 1

(SPPILWHN-2 [

Zemwn-c TR

sLsvimn-v [ NET X

ewmwn-sC ]

worrmn-o ]

N1-56'9y-4
(66:99)L3N-L¥ — —

Syivrwn-L [T

coLvmn-e[____ ] %

wenywn-6(____ ]

(2O9'8PIM-2
(COOPIM-I
(6'8¥IM-C

o6 W= [
*eev-ul__ ]

zosrwmw-21 ]

e os-¥[ 3]
wosrw-stC ]

g
€IsrMe-pi[— ) F
N-L16-4 77—
(9 16)LMHN-C ...['J*._

02ze-¥

BOHEMIA REVETMENT

GRAVOLET REVETMENT

MISSISSIPPI RIVI

LEFT DESCENDING BA

BATON ROUGE, LA, TO HE




AAON L4 NOILVAITS AAD1I L4 'NOILYAITI

o - (1] o ¢

f

39

60

62

63

64

83

— 100
{50

1

ssec)rmm-os [ — T3

—-50

{-100
150

mn-e09-yL_.

T-209-¥[

(P 1 9)LINHN-C2

n-929-y[ T

THALWEG

n-eoce-al

MONSECOUR REVETMENT

od le

IR REVETMENT

|

44

43

46

47

48

49

T

—1-200
00
0
50

I |

Feer-8 [

cewmn-19 Lo 0

~-200

FLev-ul ) SAAIDAGEON

TSve-¥

(SrriLnHn-2 [

e[ T D

sLsmmn-v[ T X

Revwn-s(—_—_— ]

wonwm-o[—— 7]

-6 9v-¥ —

(SE'9VILIN-L Y

Criviwn- L )

SOLHNe[———] «

13100 1 Y |

(28'8¥IM-2
(COBPIM-I
[(-3-1 27

R L3I0 1L ] E— T &
3

96w WN-1 1 [ — — ]
T+L16v-Yy

BOHEMIA REVETMENT

EVETMENT

MISSISSIPPI RIVER
LEFT DESCENDING BANK BORINGS

BATON ROUGE, LA, TO HEAD OF PASSES

PLATE B13




36

37

38

39

40

41

42

—

43

100 —

r=1r—

Wwe - e ™ /

THALWEG /

(P 9. MNHN-9¢C [ I

(OLE)IMN-CE ]

CLEImn-oC[ T

nesiwm-ss o)

(9'9C)NHN-2¢ ) 434 |

@erwm- 1S F B

FSov-u__

&
T2y )5 | 2 M
s
W
[
: g
08 1 v-u T ] =
Y
TS 2v-u[— —
[ 4
1 1 [ 1
o (] o o
® ° 2

OADN L4 'NOILVAIT3

-100

-200 -

19

20

21

22

23

24

238

26

168! M[

Y-s6i-y[_

N1002-¥{ 1P |

oo02-ul__

YTyl

16 12-8l___

€z2mHn-2e_

R X202 | N SAVVRSESY

I-vee-ul___

n-ov2-8 "1 T

T-8vZ-¥

T9ce-yl | TRRE |

1 |

LETTERS ON THALWEG PROFILE: L-THALWEG NEAR LEFT BANK

M-THALWEG AT MIDSTREAM
R-THALWEG NEAR RIGHT BANK

OLG

NEPTUNE REVETMENT

100 —

| |
[ o
[ 2]

-50 |—

JADN L4 'NOILVYAII3S

R
-|oo.-/

-180 I~ NOTE:

200

-250 -




!

29

30

—

3t

32
l

33

:
g
HE
Z
«
3
:
B30

~ 3
2zezrmm-oe_____ I3
(SO GZ)WMHN-S ¥ [ ) SEERANNAOAYY |
”
(90 0S)rHn-2v[__ =77 -
oty [T
g
TR ) — 7
X NI | S
-
F-02e-ul W_/ ped (06 1 HN-»G [ ¢
n-g2€-y /Wu m eo1-¥ LT [
+o2e-4[_ ya)| m e .
(SOCEINHA-$9 [ =) \ © L — 2 ]
(1SS HN-E9 | 5 I
Fzec-ul ) 230 R G |
vecrnn-ec [T 1 / M roI-¥
Yoss-w I Nv ] 2 s
> >
] & T
Fovs-u 943 i Fou1-w T 1
(S€¥S)NHN-9C ———Tror m
Mn-pec-ul_ ) ] < L1 n-6[
fp.vn-.._,llndl»_\ gﬁu m oL ]
e ;
*1ee-u = /
l.—l m
4 el -V )
2 3
TN-13 3 1 DY Se—— o / d
M - 891 N
=
(oS NHN-9s [ LSO
s -u[ K
\ °
oirws-cs ] S n-ooz-N g T4 ] M
x -
- 9130 1 27 SR, 20
¥-902-u[ s
. e - — N —




} ' GADN L4 'NOILVYA3I3 GADN L4 'NCILVYA3T3

—-1-130

pr—

26

> et
L]

—-18%0
—4-%0

3

o N

{ 0 o
292-¥

i weeywm-eyC___ )

27
Ll

10
I

Zonwm-es[—— ]

Zove-ev [ L1 13

(S9°L2)MNHN-Ly

28
I
i
1

tezrmn-ov[— )

(sooywn-ev (L7

29
Ll
12

T

ZZ62)HN-Y

(G9'6ZIMHN-C¥

30
13
I

(90 0S)yWe-2v[—_ T3

oS rmn-1v [T )

31

wiIOw-oy ] T

T+9ic-y
L“

aF Y-02¢-ul AN|

m-gze-ul

33

T

(SOCCIMNHN-»9 [ —
HeSImn-So T T
Fzee-u_ = —

(PEE)NHN-6C | __ ) RASSDAELLALE B |

VM_
oee-u_— \NJ_

LAMOQUE REVETMENT
18

IANGE

PLATE Bl4

—-200

280

MISSISSIPPI RIVER

LEFT DESCENDING BANK BORINGS
BATON ROUGE, LA., TO HEAD OF PASSES




e ———

APPENDIX C

DISCRETE HISTORICAL EROSTON/DEPOSITION DATA
MISSISSIPPI RIVER BELOW BATON ROUGE, LA

cl




Table Cl

Riverbank Erosion (minus) and Accretion (plus) in Feet Based on

Approximate Low Water Reference Plane and Bank Lines of the
1883~1894 Versus the 1973-1975 Hvdrographic Surveys

Hydrographic Descending Descending
Range Number Left Bank Right Bank
234.8 400 -230
234.4 800 -170
234,2 330 -470
233.8 100 -70
233.4 0 130
233.1 0 270
232.7 200 100
232.5 0 0
232.2 170 -100
231.9 0 0
231.5 0 0
231,2 0 -70
231.0 100 0
230.65 330 0
230.3 300 -70
230.0 400 -230
229.6 350 -200
229.3 100 -225
228.9 200 450
228.5 200 -275
228,2 400 -400
227.8 450 -450
227.2 -50 125
226.8 ~150 600
226.5 ~400 1,000
226.2 ~700 1,450
225.9 ~900 1,725
225.6 -1,425 1,750
225.3 -1,700 1,700
225.0 -1,650 1,600
<24.7 -950 1,500
224.4 ~350 1,300
2240 100 1,000
223.7 175 725
223.4 25 550
223.1 100 200
222.7 -50 0
222,4 (4] 125
221.9 1,425 -450
221.6 1,850 ~500
221.2 2,450 -900
220.8 2,400 -1,456
220.4 3,000 -2,150
220.0 3,350 -2,550
219.7 3,000 -2,300
219.4 2,200 -1,400
219.1 1,400 -750
218.8 600 -300
218.5 ~325 300
218.2 ~725 775
217.8 -1,200 1,000
217.5 -1,125 1,525
217.1 -850 1,400
216.8 -300 700
216.4 0 800
216.1 200 600
215.8 250 800
215.5 200 900
215.2 0 1,550
214.9 -400 1,600
214.6 -1,000 1,000
214.3 -1,150 1,450
(Continued)

(Sheet 1 of 10)
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Table C1 (Continued)

Hydrographic Descending Descending
Range Number Left Bank Right Bank
213.9 -1,000 1,650
213.6 -900 1,45¢C
213.2 -550 1,100
212.9 -550 550
212.6 =500 400
212.2 -100 400
211.9 0 200
211.6 350 0
211.3 625 -250
211.0 700 =590
210.8 550 -825
210.5 0 -1,000
210.1 -150 -1,050
209.9 -100 ~800
209.6 -150 -400
209.3 150 -400
209.0 200 -350
208.6 750 ~100
208.4 1,100 -400
208.1 1,300 -300
207.8 1,050 -150
207.5 600 -200
206.7 ~150 -200
206.4 0 ~-100
206.15 100 =400
205.85 900 -700
205.5 1,350 =-1,175
205.24 1,700 -1,550
205.0 2,150 -1,550
204.6 2,700 -1,850
204.3 2,800 -1,200
204.0 2,600 -350
203.75 2,000 200
203.4 1,125 400
203.13 250 300
202.8 -100 0
202.5 -400 250
202.2 =325 175
201.84 -200 100
201.5 -250 [
201.16 -100 -100
200.85 50 -100
200.54 200 -100
200.33 -150 -200
199.9 -700 600
199.6 -1,200 1,300
199.3 -1,300 1,850
199.04 -1,000 1,825
198,75 -300 1,100
198.45 =200 400
198.15 -50 0
197.85 75 -300
197.56 150 -300
197.3 Q =250
197.0 -200 ~150
196.85 -200 =175
196.45 -50 -125
196.18 100 -150
195.9 200 ~350
195.6 0 -400
195.32 200 -500
194.98 350 -1,000
194.7 300 -1,300
194.4 400 -1,075
194.05 750 -600
193.75 1,000 -225
193,44 500 -200
(Continued)
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Table C1 (Continued)

Hydrographic Descending Descending
Range Number Left Bank Right Bank
193.13 600 -400
192.82 900 ~850
192,48 1,400 -1,000
192,2 1,560 =750
191.9 1,000 -600
191.6 300 =125
191.3 -50 50
191,02 -150 0
190.75 -125 100
190.45 ol 0
190.15 0 0
189.87 100 -100
189.59 50 0
189.32 0 150
189.04 0 300
188.75 -100 325
188,46 -250 450
188.2 -600 700
187.9 -900 1,000
187.6 -1,025 2,000
187.3 ~1,200 1,000
187.0 ~1,500 1,150
186.7 ~1,400 1,400
186.4 ~1,500 2,225
186.1 ~1,400 2,400
185.8 ~1,400 2,350
185.5 ~1,400 2,350
185.2 ~1,400 2,000
184.9 -1,000 1,900
184.6 -900 1,900
184.3 -700 1,550
184.1 -400 1,250
183.8 -250 950
183.5 -300 700
183.2 ~100 200
182.9 0 0
182.6 100 -200
182.0 50 =300
181.7 200 -150
131.5 0 375
181.1 -400 950
181.0 =950 1,500
180.7 ~1,700 2,000
180.4 ~1,650 2,250
180.2 ~1,650 2,900
179.9 -1,600 2,800
179.6 ~1,900 3,100
179.3 ~1,800 2,700
179.0 ~1,300 2,000
178.8 -850 700
178.5 ~200 700
178.1 350 -275
177.9 400 -250
177.6 550 =200
177.3 700 -300
177.1 800 =525
176.8 650 -500
176.5 550 -40y
176.2 475 -325
175.9 225 -100
175.7 100 100
175.4 -200 500
175.2 ~300 600
174.9 -200 600
174.6 ~300 500
174.3 -~300 400
174.0 ~500 100
(Continued)
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Table C) (Continued)

Hydrographic Descending Descending
Range Number Left Bank Right Bank
173.7 =550 225
173.3 -400 200
173.0 650 -200
172.8 1,000 ~600
172,5 1,125 -1,000
172,1 1,100 -750
171.9 700 -300
171.6 250 100
171.3 100 150
171.0 0 125
170.7 0 200
170.5 0 175
170,2 ] 100
169.9 150 o]
169.6 0 =175
169.? g -200
169.0 100 -100
168.7 75 0
168.4 0 25
168.1 0 100
167.9 -75 0
167.5 0 0
167.2 0 0
166.9 125 0
166.6 125 0
166.3 75 -150
166.0 100 -175
165.2 425 -400
164.9 600 -600
164.6 775 -775
164.2 725 -700
163.9 675 -450
163.6 400 =350
163.3 250 ~260
163.0 250 -250
162.7 100 -175
162.4 0 -275
162.1 -75 0
161.8 -350 200
161.5 ~200 375
161.2 -325 500
160.9 -100 450
160.6 -125 375
160.3 =200 200
160.0 ¢] 0
159.6 0 0
159.3 0 0
159.0 75 -100
158.7 150 0
158.3 100 0
158.0 0 0
157.7 ~100 0
157.4 0 -100
157.0 150 -22%
156.7 600 -250
136.4 1,600 -1,125%
156.1 1,550 ~1,300
155.7 1,300 -850
155.4 925 ~400
155.1 500 =250
154.8 200 ~-100
154.4 100 =200
154.2 125 =350
153.8 0 -400
153.5 0 -500
153.2 0 =275
152.9 -200 -100
(Continued)
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Table Cl (Continued)

Hydrographic Descending Descending
Range Number Left Bank Right Bank
152.6 -325 100
152.3 -650 300
151.9 =750 500
151.7 -750 950
151.3 -~1,000 1,400
151.0 -1,450 1,750
150.7 -1,700 1,775
150.4 -1,550 1,250
150.1 -900 550
149.8 50 -100
149.5 100 -200
149.2 200 -100
148.8 600 -200
148.4 200 -250
148.0 125 [
147.6 -125 50
147.3 0 0
146.9 =75 S0
146.6 0 25
146,2 0 0
145.8 75 0
145.3 100 0
144.9 0 0
144.5 -350 0
144.1 -1,100 775
143.7 -1,350 1,450
143.3 -1,550 2,025
143.0 -1,750 2,000
142.6 -1,350 2,300
142,1 250 150
141.6 1,000 -700
141.2 700 -600
140.8 325 =300
140.4 0 ~125
139.9 -1lo00 0
139.4 -125 0
139.0 -100 75
138.5 0 0
138.1 -200 0
137.6 -400 175
137.2 =300 0
136.8 -100 -100
136.4 -100 -150
135.9 0 -300
135.4 1,675 -675
135.0 1,300 -900
134.6 1,400 ~1,050
134,2 1,550 ~-1,050
133.8 1,350 ~800
133.3 300 100
133.0 -350 200
132.5 -1,050 500
132.1 -1,725 1,500
131.7 -2,100 2,050
131.2 -1,500 1,500
130.9 -2,400 2,700
130.6 -2,250 2,600
130.2 -600 1,275
129.8 400 0
129.4 700 -300
129,0 550 -300
128.5 150 -300
128.05 50 -325
127.7 50 -300
127.3 0 0
126.9 4] -100
126.4 -125 -150
(Continued)
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Table Cl (Continued)

Hydrographic Descending Descending
Range Number Left Bank Right Bank

126.0 75 ~100
125.6 -100 0
125.2 -200 250
124.75 =300 875
124.4 -300 1,000
124.,1 -300 500
123.7 -500 1,000
123.2 -375 625
122.7 0 ~100
122.3 250 ~250

¢ 121,8 600 -300
121.3 550 -456
120.8 150 -300
120.35 100 ~-100
119.9 -100 0
119.5 -150 -50
119,08 0 -100
118.6 100 ~75
118.2 400 ~300
117.9 325 -250
117.4 400 -350
117.0 150 -300
116.5 150 -250

) 116.1 100 -100
115.6 -125 -100
115.2 ~25C S0
114.8 -300 (4}
114.4 -275 50
114.0 -300 0
113.6 -0 S0
113.2 -300 0
112.7 -400 150
112.3 -325 200
111.9 -150 200
111.6 -150 350
111.3 -200 200
110.95 ~600 325
110.6 ~575 700
110.3 -500 475
110.0 -400 400
109.7 -~200 [
109.4 100 0
109.05 200 0
108.7 150 -150

l 108.3 100 -300
107.9 350 -200
107.5 600 -37%
107.1 800 -250
106.6 650 -400
106.2 650 -400
105.7 650 ~-450
105.2 500 -200
104.9 200 100

L 104.6 -150 350
104,2 0 200
103.8 -100 350
103.4 -200 250
102.95 =75 0
102.5 -50 100
102.2 4] 100
101.8 200 M -100
101.4 550 -300
101.0 675 -450

b 100.6 550 -100
100.2 330 -100

} 99.7 550 -300
99.3 450 ~10C

(Continued)
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Table Cl (Continued)

Hydrographic Descending Descending
Range Number Left Bank Right Bank
98.9 100 -100
98.4 50 -100
97.8 0 0
97.4 100 -150
97.0 0 100
96.6 0 0
96.2 75 -200
95.8 100 -100
95.3 0 0
94.9 ] 0
94.4 o] 0
94.1 -150 -100
93.7 -50 50
93.3 100 100
92.8 100 50
92.4 -50 0
91.95 100 100
91.5 0 [¢
91,05 0 o]
90.3 0 0
89.9 -100 0
89.6 -150 -50
89.3 100 -200
89.0 200 ~-150
88.8 350 =200
88.5 600 -400
88.1 850 -950
87.8 100 -800
87.4 1,000 -1,000
87.1 1,000 -800
86.8 950 -850
86.5 1,100 -800
86.2 625 -750
85.9 0 -350
85.7 -100 0
85.4 =200 300
85.0 -200 300
84.7 ~250 100
84.4 -300 0
84.1 ~350 -100
83.8 -200 -200
83.4 -50 -300
83.1 0 -350
82.8 0 -200
82.6 -100 -50
82.3 0 [o]
82.0 -300 200
81.7 -450 650
Bl.4 =725 825
81.1 -850 1,200
80.8 -650 1,200
80.4 -400 850
80.1 -150 250
79.7 ] -200
79.4 ~150 -150
79.0 -200 -200
78.7 -350 200
78.4 -350 150
78.1 -200 -175%
77.8 375 . -375
77.5 350 =325
77.3 350 -325
77.0 200 -350
76.6 100 -200
76.2 0 -200
75.8 -100 -125
75.5 -125 -100
(Continued)
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Table C! (Continued)

Hvdrographic Descending Descending
Range Number Left Bank Right Bank
75.1 =275 0
74.8 ~350 100
74.5 =450 125
74,2 -600 150
73.9 -300 0
73.5 ~100 -150
73.2 -100 -400
72.9 50 -400
72.5 200 -400
72.2 400 =475
71.9 300 ~-300
71.5 -200 200
71.2 ~175 100
70.8 =375 200
70.5 -200 200
70.2 -200 7]
69.9 0 4]
69.5 100 -50
69.2 150 ~300
68.5 600 -1,000
68,1 1,250 -825
67.8 1,000 -500
67.5 500 ~350
67,2 200 =350
66.8 75 =300
66.6 0 -150
66,2 ] -100
65.9 -150 ~150
65.6 -250 0
65.2 ~300 0
65.0 =400 ~100
64.6 -400 0
64.3 =300 o]
63.9 -200 100
63.5 -300 -100
63.2 =350 -100
62.9 =175 -250
62.6 0 -200
62.3 175 ~200
€2.0 150 -200
61.8 0 -200
61.4 -100 0
61.1 -200 o]
60.7 -400 0
60.4 -500 250
60.1 -400 500
59.8 0 -100
59.6 450 -350
59.1 700 ~-400
58.8 400 =400
58,4 250 -300
58.0 -100 -200
57.7 0 =200
57.3 -200 -100
57.0 =200 -50
56.6 -150 -175
56.3 =150 ~-50
55.9 -200 -100
55.7 -250 -100
55.3 ~100 -100
55.0 100 -~200
54,7 0 =250
54.4 0 N -250
54.0 0 -300
53.7 0 -350
53.5 0 =350
53.1 200 -350
(Continued)
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Table C1 (Continued)

Hydrographic Descending Descending

Range Number Left Bank Right Bank
52.8 400 -250
52,5 425 -300
52.1 o ~50
51.7 -100 125
51.4 -200 100
51.1 -250 100
50.7 -300 0
50.3 -500 0
50.0 =450 100
49,7 -500 -50
49.3 ~250 ~100
49.0 -150 ~150
48.6 0 ~250
48,2 100 ~250
47,8 0 0
47.5 0 0
47,2 -150 150
46.9 ~100 300
46.5 -300 200
46.1 -250 150
45.8 -600 100
45.5 -750 100
45,2 -500 50
44.8 300 ~450
44.4 1,000 ~900
44,1 1,500 -1,125
43.7 1,500 ~600
43.4 975 -100
43.0 200 0
42,7 -200 -50
42.3 300 0
41,9 260 50
41.6 -200 0
41,3 -150 0
41,0 -225 -50
40.7 -200 0
40.4 -150 0
40,0 =75 =175
39,6 -50 =200
39.3 -25 -250
39.0 0 -200
38.6 ] -300
38.3 -75 =200
38.0 -50 -200
37.6 -200 -250
37.3 0 -350
37.0 =75 -375
36.6 200 =450
36.2 500 -525
35.8 675 -600
35.5 650 ~700
35.2 675 -825
34.9 100 -600
34.6 -200 -100
34.3 -500 200
33.8 -1,000 700
33.4 -1,750 950
33.0 -1,350 1,450
32.6 -550 900
32.3 =300 500
32.0 -300 125
31.6 ~300 -100
1.3 0 -250
30.9 -125% -225
30.6 =75 =400
30.3 125 -400
30.0 450 -450
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Table C1 (Concluded)

Hydrographic Descending Descending
Range Number Left Bank Right Bank
29.6 500 -350
29.3 400 -250
29.0 0 =400
28.6 -100 =275
28.3 -150 -400
28.0 -200 -225
27.6 -100 -250
27.3 -100 -150
26.9 -150 -250
26.6 0 =200
26,2 -5S0 -250
25.9 0 -300
25.6 0 -200
25.2 0 -250
24.8 600 Q
24.4 0 0
24,0 -300 125
23.7 -500 100
23.4 -600 50
23.0 -600 75
22.8 -700 200
22.4 -500 0
22,1 -300 -50
21.9 0 -500
21.6 0 -900
21.3 150 -800
21.0 150 -450
20.6 0 -350
20.2 100 ~450
19.9 -100 -400
19.6 -200 -200
19.4 -400 200
19,1 =500 300
18.8 -550 500
18.5 -300 -100
18.2 -250 -50
17.9 ~-150 o}
17.6 -50 -100
17.3 -100 -100
17.0 0 0
16.7 -100 -100
16.4 -100 0
16.1 0 =75
15.9 0 -100
15.6 -50 0
15.3 0 0
15.0 -200 0
14,7 -200 0
14.4 -300 0
14.1 -100 0
13.8 -100 0
13.5 ~200 n
13,2 -200 -125%
12.9 0 ~170
12.6 200 -200
12.4 [4] -150
12.1 0 -200
I1.8 200 -150
11.5 -300 100
11.2 -300 100
10.9 -325 =50
10.6 -300 100
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