I

il

it

‘:mwmn“;lum‘.i‘n

bt

AD-756 412

INVESTIGATION OF UNDERSEEPAGE AND ITS :
CONTROL, LOWER MISSISSIPPI RIVER LEVEES.
gi};iNDIX E: ANALYSIS OF 1961 PIEZOMETRIC 2

Ag'my Engineer Waterways Experiment Station
Vicksburg, Mississippi

May 1964

RSB
dbiiedi

A

e
il

i

=

I

i

mwmuuullﬂllﬂlﬂului_lﬂl#ll!l‘XIMI M
!

i

i

i

st

TR

bbbl

i

i

A

Jil

vu‘

i

i

DISTRIBUTED BY: -

LN

National Technical Iaformation Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151

[ ———
i

T L

R, S




INVESTIGATION OF UNDERSEEPAGE
AND ITS CONTROL, LOWER
- MISSISSIPPI RIVER LEVEES

APPENDIX E: ANALYSIS OF 1961 PIEZOMETRIC DATA

TR e T e e T o .
R
bl
A
I
i

T e

\
o

i
,m

TECUNICAL MEMORANDU/A HMO. 3524
My 1964

MNAT.TR AL TETHNICAL e g Sp—
nrr T S e A Y Sear SEDCSF Tris gormmant o5 55 S
INELIwAT DN SERLCE e o 5036 3B
tnr ?%zzi TSIEESN AL 73
abribosios: i3 mrooaten
%5

Precared for

A kA Ll

The President, Mississippi River Commission

by

U. S. Army Engineer Waterways Experiment Station
- CORPS OF ENGINEERS
Vicksburg, Mississippi




INVESTIGATION OF UNDERSEEPAGE
AND ITS CONTROL, LOWER
MISSISSIPPI RIVER LEVEES

“ APPENDIX E: ANALYSIS OF 1961 PIEZOMETRIC DATA

=3

L

o N B
AL AT

TECHNICAL MEMCRANDUM NO. 3-525

May ISE2

Ry
ORI

] |
I‘_lu.lbllvvvl

Prepared for

The President, Mississippi River Commission

by

T

U. S. Army Engineer %¥aterways Experiment Station
CORPS OF ENGINEERS
Vicksburg, Mississippi

it

ARMY-UEC VHESSURG, MiSS

™

M

bt b AN A et
LN Pttty )

A

o

I 1‘,\ e

hibi

b
2l

ittty

T

i

:“w‘l il

e

e

il

b

\
|
1
m

§



Preface

In September 1940 the Mississippi Piver Commission initviated a
general study of the phenomenz of underseepage and its control aiong
wer Mississippi River levees. The study was prozpied by the occurrence
f heavy underseepage and sand boils z2long numerous reaches of these
levees during the 1937 flood. The results of this investigation, which
utilized the combined eiforts of the Memphis, Vicksburg, and Hew Orleans )
Districts and the U. S. Army Engineer Waterways Experiment Station (WES), 3

are contained in WES T No. 3-b2%, Investigation of Underseepage znd

Its Control, Lower Mississippi River Levees, October 1956. Appendices &

through D, describing studies related tc¢ the problem of underseepage, were

bound with the report.

= -

This revort, Appendix E, contains an zan2lysis znd su==zry of

piezozmelric data obtained during the 1961 high water. The relztively
high river stage which occurred in 1$61 provided an opporfunity for
checking the previcus high-water anzlysis and determining whelther any
significant changes in seepzge boundzry cunditions had occurred since
that tire. The siudy reporied herein was authorized by the Mississippi
River Commission in 1lst indorsement dated 16 June 1961 to ¥WES letter
deted 1 June 1961, subject “Status ¢ So:is Division Projects fvr MEC and

I2VD for FY 1861 and Request Zuvr Funds for ¥roja~i

>4

b
o
3
]

for FY iocz.”

The piecozetric data obtained duriny ithe 1993 Ligh-waier period
were furnished by the Memphis, Vicksburg, and Hew Orieans Disiricis.
The analysis of data contained herein was mede by Messrs. ¥. C. Shercan

and C. C. Trazhan, and the report was prepared by Mr. Trahan under the
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Preceding page Mank
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genersl direction of Messrs. ¥. J. Twrnball, W. S. Shockley, J. R. Compton,

4y
I

T T

and ¥W. C. Shermen, Soils Division, WES.

Director of the WES during the course of this investigation was

Colonel Alex G. Sutton, Jr., CE, awd Technical Director was Mr. J. B.
Tiffany.
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IVESTIGATION OF UNDERSEEPAGE AND ITS CONTROL
EPPERDIL B: ANALYSIS OF 1051 PIEZQMZTRIC DAT
Introduction : E
3. -In 140 the Mississippi River Cocission initiated z co—prehen- é
sive study of under .zepege avd its control 2iong the Lower Mississippi E
River levees. The purpose of this study was te provide date on the rela- i 5
tion of soil comditicns, geolagic features, zngd underseepege a2nd o 3

i-prove methcds for Iyzing subsurface seepzze. The resulis of this

S

- - - = = = - - -~ E E - - - 2 = =
investigetion are contained in WIS T fo. 3-52%, Investigation of Under-

-~ = - A= = W= - = ] rA
seepese and Ifs Control., Icwer izpi River Levees, Ocltober IG5F.
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One these of the investigetien consisted of iastalistion of piezermeiers

z£ zeiecied sites a2long the Iower Mississipsi River Lo oblezin daiz

DO e

e develomment of substiratis hydrostelic pressimes, znd distamces from

g"‘“.
£
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=
&,

3 = & 5 S, L
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scurce of seepzge entry. .malysis of piezomet-

i
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o
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high waies, erg the: the dzfe be anslyzed as they becese availzble. Ihe
= 5 & o st - - . s st s s a3
project f1 stage 2t most of the sites is considerzbly nigher thzn the

river stzges experienced since instalizstion of the piezcmetlers: therefore,

v=lrvshle informaticn is still o be gaired =t higher river stzges. Sircce

ukd

- - . - = Tes - - -~ - - - e » -z
comletion of the riferenced study, & relatively pigh water coomrred i

\T3 ezl . s A B - e s
EChi which provi en opportunity for checking the previcus high-water -

an2iysis end determining whether any significent chenges in the secpege

boundery copditions had occomrred since that tize. -

3. During the 1951 high water, the Mississipoi River reached &

T the szme order of magnitude as tist recorded during the i

resulting in leads ranging froo 6 25 15 fL on the levees
iezcmeter sites. As the 1661 high water was oaly the second =sjor

t B2d cccwrread et = majority of the sites since the piezes-

i

n,

eters were jnstalled it was ccasidered thal daia obioined curing thi
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hign wvater weiuld provide & check on the asmalysis made of the 1950 higl

s

water. Tnis appendix presents the analiysis of the piezoreter dzte ob-
tzined during the 1961 high water and a cozperiscn witl

weter anslvsis.

1 6 A ot o A e W Wit

Description of Piezcceter Systex

e

k. TInstaiiation iezometers weas inftizted in 19%3 and completed

of
in 16%8. Thae sites of the pinzometer oyste—s zre shown in fig. El end

ere as follows:

¥Yephis District Vicksourg District Hew Oriezns District

Ceruthersvills, ¥o. Upper Frencis, Miss. ¥elson, La.

Cemen, Arx. Lower FPrancis, Hiss. Ez=ton Rovge, I=.

Cotion Peyou, La.

Cermerce, Hiss. Boliver, Hiss.
Trotiers 5i, Miss. Extew, Miss.
Trotters 5%, Kiss. Liirgent, La.
Stovall, Miss. B-le—in-the-W2ll, La.

;igl
Eﬁ . L
E.Q 0

33 <o > e E L as — - 2 = = - x 4
£31% of the sbcve-listed piezometer sites aze locsisd siong the Mississippi
£ =

Tt
£ T A5 ERen i L . 'y - - x = - ~ >
River with the excepiiom of Cotion B3 wu, Lz., which is iccated on the Red

Gighest stzge Sinces the ziszcreters were in-

zined af 211 of the

1550 frs‘:ﬂ‘%:i water are given

eadings were gbigiped at E

L]
&
]
W
g
8
ot
)

L)
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werse taken; one set
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Fig. 1. Alluwisl v r of 4 - f554
ig- El. Alluvisl Velley of the Lower Hississippi River and loceti-us

of piezeceter instelletions
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taken at about th2 crest of the high water, and one set zbou

;
;

after the river crest. Readings at L'Argent and Hole-in-the-Wall, Is.,

X

ere tazken about 2 week before the trest of the hign water and agein at

'y
\

:

at The crest. At 211 other sites, piezometer readings were taXen

*

e river suage.

[aX

a2t periocdic intervals during the rise ard fzii of

7. At cach piezozsler site, the principsl piezozeter line, per-

Tre principal lines are identical with those selected for the anzlysis
of tke 1530 hign-water dztz. The riezoseter readings and hydraulic grade
lire for the condition of maximm river stage at each of these piezozeter

gre snown in even-mu=hered plates B2 through E30.¥ FPlezomsiric dals

instances. AL severzl of the piezczeler sites, piezocelers ~long the

lire selecied for am2lysis were sluggish, indicated low readirngs as

co=pared 1o other adjacesnt piezomelers, or were corpletely ingperative.

£& = -5 Z & 3 3 MAtis it + I 3
AC Ceruthersville, Ho., Stovell, Hiss., and Hole-in-the ¥W2)l, I=., ib

_— : s § 3 £ 5 =i - 3§
renovated or repleced, and the risers of those piezoseters which were

= - _= = - = - - T a = - =
high woler be extended so that the piezometers
can be reed during the next major high weter. Headings of the sbove-

. e - . cvss s . s e e
zentioned piewcoelers would greeily fecilitals analyzing the dats obteired
<

Legend for the generalized stretification shown in these plates is

=F

shown only in plate EZ2.
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and hydraulic gradient in the sand stratum beneath the levee cause flow be-
neath and landward of the levee. Th? principal purposes of the piezometer
installations along the Lower Mississippi River are to determine the hy-
draulic gradients beneath the levee and the distances to the effective
source of seepage entry and exit during high-water periods. The effective
source of seepage entry into the pervious stratum is defined ss that verti-
cal plane riverward of the levee where a hypothetical open seepage entry
face, fully penetrating the pervious aquifer, with an impervious surface
blanket between this plane and the levee, would produvce the same flow and
hydrostatic pressure beneath and landward of the levee as occur under the
actual conditions riverwerd of the levee. It may also be defined as the
vertical line through the point where the hydraulic grade tine intersects
the river stage elevation. The effective seepage exit is aefined as that
vertical plane landward of the levee where a hypotheticel open drain face,
with an impervious blanket between this plane and the landside levee toe,
would result in the same hydrostetic pressure at the levee toe and the same
amount of seepage passing beneath the levee as occur under actual condi-
tions. It can also be defined as the intersection of the hydraulic grade
line with the ground surface or tailwater elevation.

9. Analysis of the 1961 high-water data consisted primarily of de-
termining the hydraulic grade line in the substratum sand, and the distance
from the lands.de levee toe to the effective source of seepage entry and
the effective seepage exit as the principal piezometer line of each site.
The hydravlic grade line at the cres* of the 1961 high water is plctted for
the principal piezometer line of each site (for example, see plate E2).

The distances from the landside toe of the levee {or berm) to the effective
source of seepage (s), and the effective seepage exit (x3) were determined
from piezometers loceted beneath the levee, and berm (if present), using

the following equations (see fig. E2 for nomenclature):

H-hy

S =8y g (1)
h
!
3= "4 (2)

where M is the slope of the hydraulic grade line. Where there were

three or four piezometers beneath the levee, values of s and x3 vere
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Hotation

s = distance from landside toe of levee (or berm) to effective
source of seepage entry

X, = effective length of blanket riverside of levee
X3 = distance from landside %oe of levee (or berm) to effective
seepage exit
L? = base width of levee, and berm if present
H = total net head on levee
h,, h, =

piezometric heads at iwc piezometers on a line perpendicular
to the levee at distances £. and 22 , respectively,
from landside toe of levee

1> "2

M = slope of hydraulic grade line beneath levee

By By

fa -4y

Fig. E2. Nomencleture for determination of s aid x3 from
piezometer readings

determined graphically. In the analysis of data for the 1930 high water,
values of s and x3 were determined on selected days for rising river
stages during the high-water period; these values vere plotted versus
river stage a: shown in fig. E3 for piezometers at the Caruthersville

site. From similar plots for each site, values of s and X3 vere




to project

extrapolated to project flood.* The extrapoiation of x

flood was obtained by solving the following equetion frcm the main
report, using the conditions which were estimated to exiszt at project

(3)

e landside toe cf the lsvee. The

is the excess head at

values of

s and x3 extrapolated %o project flood are shown in

table E2, together with similar values determined for the 1950 and 1961

high water. The 1950 values of s and x3 shown in table E2 are the
through the data points and the

intersections of the curves of best fit

for 1961 are those determined

meximum 1950 river stage. Values shown

for the meximum 1961 river stage.
head on the levee H , wnd excess head at the landside toe of

shown in table E2 are

the net

the

levee (or berm) h ~ for yroject flood, and for the 1950 and 1961 high
H were considered to be the difference bLetween

The values of

the river stage end the average ground surface or tailwater elevation
are actual excess heads

on the landside of the levee. Values of ho

of the levee or berm.

measuced by piezZometers near the landside toe

the tailwater elevation

At several of the piezometer sites,

behind the levee was not recorded when the piezometers were read.

Without a record of teilwater, an accurate computation of effective seep-

age exit (x3) and excess head at the toe of the levee (ho) could not
is recommended that during the next major

be made at these sites.

high water the elevation of the tailwater (water in ditches behind the

ievee) be recorded at the same time that piezometers are read.

At 211 piezcmeter sites, the net nead on the levee
1950 high water was higher than the head observed during the
the maximum net heads for the
at Eutaw, Miss., to 7.1 £t at

The difference between

high waters varied from O.4 £t

during the
1961, high
1950 and 1961
Kelson, La.

Ho indications of excessive seepage or sand boils were reported for the

¥ Project flood stages referred to in this report are those existing
prior to 1956. A list of these stages for each piezometer site to-
gether with the current (1963) project flood stages adapted in 1956

is shown in teble E3.
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1961 high vater. A discussion of the 1961 high-vister data and a comparison
of 1961 and 1950 high-water data at each piezometer site are presented in
the following paragraphs.

Analysis of Data from Piezometer Sites

Caruthersville, Mo.

12. At piewometer line A, vhich is representative of conditions at
Caruthersville, Mo., the maximum net head on the levee (H) during the 1961
high water was 8.9 ft compared to 9.4 £t in 1950. The hydraulic grade
line for the maximum 1961 river stage is shown in plate E2. Also shown in
this plate are piezometric data at line C and along the toe of the berm
(1ine D). The 1961 data indicated that piezometer U4 was sluggish as com-
pared with piezometers 5 aand 6 (see plate El), and the riser of piezome-
ter 3 was submerged during the crest of the 1961 high water; therefore,
only piezometers 5 and 6 were used to determine s and x3 at line A.
Insufficient data precluded determination of the hydraulic grade line at
line C.

13. The effective seepage entrance for the crest of the 1961 hig
vater at line A was indicated to be 1100 £t from the landside toe of the
levee, or just riverward of the abandoned riverside levee (cee plate E2).
In 1950 the computed source of seepage was 5€0 ft from the lardside toe
of the levee, or et about the deepest part of the riverside borrow pit. It
is possible that since 1950 silting has occurred in the bottom of the
riverside bporrovw pit, resulting in an increase ir the distance to the
effective seepage entrance (s). The value of X3 computed for the 1961
high water was 480 ft, or about twice the value determined in 1950
(see fig. E3). The net head at the toe of the levee (ho) in 2961 (1.8 £t)
vas about the same as that observed in 195 (2.0 f%).

Gammon. Ark.

1l4. At Gammon, Ark., line C was selected for determinations of s
and x3 for the 1961 high weter. The hydraulic grade iine at line C
for the crest of the 1961 high water is shown in plate EL. Values
of s and x3 were determined graphically using data from piezometers

C-3, -4, and -5 (see plate E3 for piezometer data). As seen in table
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E2 and fig. E4, the 1961 values of s and ¥  wvere in good agreement
with those values determined in 1950, indicating that conditions at Gammon,
Ark., hsve not changed since the 1950 high rater. The net head on the
levee (H) observed during the crest of the 1961 high water was 10.1 £t, as
compared to an H of 11.9 £{ observed in 1950. The head at the landside
toe of the levee (ho) vwas slightly less in 1961 than the head observed
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during the 1950 high wztz. (cse table E2). The head at the toe (ho)
in percent net head (H) was about the same in 1961 as in 1950.
Comrerce, Miss.

15. Piezometer line H was selected as representative of conditions

at Comrerce, Miss. As in previous high waters, piezometric data at

Commerce indicated that the piezometric heads measured by piezometers with

tips at greater depths in the sand aquifer vere significantly greater than
the head just beneath the topstratum (see plate E6). Values of s and

x3 for the 1961 high water were determined graphically using date from
piezometers H-14Y, -11Z, end -7Y located at middepth of the aquifer

(see rig. E5 for Piezometer data). As seen in table E2 and fig. E5, the

distance to the effective seepage entrance in 1961 was abtout 400 ft less

than that determined guring tne 1950 high water. This decreases in

distance may have resulted from erosion of the bottom of the riverside
borrow pit since 1950.
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Soibing i

16. At the crest of the 1961 high water, the net head on the levee

at line H was 8.0 ft, as compared to a maximum net head of 9.2 fi observed
in 1950. 1In 1961 the maximum head at the toe (h ) was 2.2 £t, the same

as that observed in 1950. In general, tne piezormebtric heads obszrved

s

hine

landside of the levee in 1961 were aboubt the same as those observed in

1950. In 1961 the average tailwater just landside of the levee was at
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about elevetion 197.G, or about 0.5 ft less than the tailwater observed
in 1950. This slight difference in tzilwater resulted in a grester value
of x3 computed for 1961 as compared to x3 computed for the 1950 high
water (see fig. E5).

Trotters 51. Miss.

17. Line H was selected for determining s and x3 . The hydrauiic
grade line at line M is shown in plate ES. As seen in this plate, the
reading of piezometer 2-X was low as compzred to adjacent piezometers.
FPrezometric data shown in plate E7 indicated that the piezometer was slug-
gish; therefore, values of 3 and x3 were determined from piezometers
5-X and k-X. As seen in fig. ES, the 1961 values of s and X, are con-
siderably less than similar values determined from the 195C data. It is
considered that the decrease in s may be the result of changes in condi-
tions of tThe riverside borrow pits. The net head on the levee during the

1961 high water was 6.4 ft, as compared to 9.0 £t observed in 1950. At

ck
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f the 1961 high water, h = was 1.2 ©t as compared to 3.0 £t in
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Trotters Sk, Miss.

18. The 160l high-water data at Trotters Sk, Miss., were previously

analyzed and the results reported in WES TH 3-3&1, Control of Underseepage

by Relief Wells, Trotters, Mississippi; Appendix G: Analysis of 1961 Well

il

el

A

i bt g

I o

ity




Flow and Piezometric Dete, July 1962. 1In the analysis of the data, values

of 5 were computed £ rising river steges at the three piszzometer lines

(1ines M, R, and Q} perpendiculaer to the levee. The 196l viezomeier

observations at Trotters are ‘.wn in plate EQ; hysraulic grade lines for

various river stages at linc . -.© shown in plate E10. The average values
of s for the three p.zivt. .'-. o lines are plotted vs river stage in
fig. E7, together with sim.. -* .,z for previous high-water pericis. In
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» S decreased with increasing r

o

ver stages, but at a2 mich slower

rate than for previcus high waters. The 1961 datu irdicated that s

orobably would not be le

5f the well systenm.

19. Thec maximum net head on the levee {H) observed ir

5 -

£2 as cox=ared i3

[4]
(4]
ct
&
g
o
-
m

value of 900 fi selected for desigr

s}

1961 was 12.9

.8 £t cobserved in 1950. In 1950, piezo—eters were

read when the relief well system was opened and when it was closed; in

s
ng th

1961 tae wells ~emsined open during the entire high water. The ccoputea

and observed n

values (¥ x
3 o

in 1961 were tiherefore smaller than those

values obvained with wells closed in the 1950 high waier {see table E2).

The ratio ox 2’&0/5 was 1 percent in 196" es compared to 22 percent in

1G5
=7

]

Tovall, Miss.

. At Stovell, Miss., line

»
-

¥, - Date from selected piezozet

]

-t
hydraulic grade line at line B for the 1961 high water is show

El2. During the 1g61 high wat.r

E wzs selected for determining s and

ers &t Stovell are shovm in plate Ell; the

5
[M
iy
[¢]

the readings of piezormeter E-13 were lower

then reedings of adjacent yiezometers znd the riser of piezcmeter BE-12 was

clogged. Values of s and .:3

eters E-11 end -15. As shown in

were determined from readings of piezem-

Pig. E8 and lable E2, velues of s

- Ipd I 3 3 YINLY .- 4 Py S 3 -
ani ) determined in 19%) were in good agreement with those values
- s . e St e et e s s tes .
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Stovall nave not changed appreciably since the 1950 high water. The

raximun net heed on the levee (H) observed at iine B in 1961 was 1k.3 £t

as coxpered to 2 maxirunm net head of 14.9 £t observed in 1950. The

observed =xcess head at the toe of the berm {(h_) in 1961 (5.6 £&)

e}

only s5lightly less then the hecad observed in 1950

iﬁ‘

Farrell, Miss.

2i. At Farrell, Miss.

W

installed perpendiculer to the levee. A% line A

=
4

i2S

“1

(6.0 £t).

cnly one piezozeter line (1ine &) was
F 3

piezozeters Were

installed irmediately below the topstratum and also just below z ciay

-

sear aboub 25 £T belcow ground surface (see plate Eil).

in the ansliysis

of 195C high-wrter data, the sznd stratum above the clay seen was desig-

3 . ) {13 ~ == - z -~ .
nated the "u;rcr zauifer, and thz sand strazitun below
designated the =~

[l

1961 was 3.

e “lower aguifer.” The maxirum net heed on the levee in
in

£t, which wes one-hzlf the maximum net

1G50. Date from selected piezomsters at FParrell zre shown in plate

E13. During ihe 1961 high water, the piezo—eters

tu were dry, indicating that no seepage occurred

The hydraulic grade line indicated by plezormeters

is shown in plate ElU. The velue of s cozmuted

was 70 fi (see fig. E9). As seen in fig. EQ, the latter valuz was in

the cizy seam was

Just below the topstra-

KB

the lower zguifer

frozm this grade line

-~sa

the upper aguaifer.

good egreezent with the value of s (860 £t) commuted for the 1950 high

water. In 1961 the hydraulic grade line intersected the average
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the iandside berc toe, indicating z value of zerg for

x . This would verify The trend observed during the 1950 high water

(see plot of x3 ¥s river stage, fig. ES).

e,

Urper Francis, Kiss.

z2. Piezormever line B wes considered typiczl of conditions af Uppar

Prancis, Miss.

line B is shown in plate ElC.

irdicated 2 low reading and was rrobebly not funciloning prorerly.

-k (see plate E15 for piczometer dafz). 4s seen in

high water. During the 1951

-

were deter=ined grerhically frc= piezczeters B-2, -3

The hydraulic grade line at the maximum 1981 river stage

- = -

a5 seen in this plate, plezczeier B-

b

-

g. EIC, the 1861

| 20

- -
3

were in good agreezent with values oblained for tme 1950

hign water, there was po excess neazd zt

£the toe of the levee where the ground surfacs is at szbout elevation 161;

however, piezometer date indicate thal excess head of fraz I to 2 £5 4id
LT

exist landward of the levee where fhe ground surface is below ele

£0. In the anzlysis of the
puted on the assu—plion that

levee was 2t eleveticn 160.

19590 hign water, velues of %, Were coz-
the averzge ground suriace lemdward of the
Using this seme sssu—piicn, & valve of 50

Eltheonine
e -

the mexizun IG51 river stege.
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Lovwer Fremncis, Miss.

23. Lipne C wes selecied for determining values of s and 33

Lower Frencis, Miss. The hydraulic grade line gt the crest of the 1661

for

hignh weter at line ¢ is shown in piste E18. Also shown is the hydraulic
grade line at line E and the piezozetric head along the levee toe (linme H).
Tae caximr net head on the levee in 1951 was 9.6 £t as cozpered to a met
head of 13.6 observed in 1950. The excess head zt the ioe of the berm as
reasured by piezozeter C-T7 in 1951 was 2.5 £t as cozpared to an excess head
of 1.7 £t cobserved in 1950. Velues of s and x, were co—puted for the

3

1961 datz using piezomzters C-% and -6 (see nlate ELT for piezometer date).

As seen in fig. B13, the 16501 velues of s apd x3 were in gocd agreecent
o

ith values determined in 1950, indicating thet seepege conditions et Upper
Frercis have not changed since 1850.

Bolivar, MHiss.

2k. Picz~ cter line D wes considered representative of conditioas et
Boliser, Miss. The hydreulic grzde line at line D for tke cexdimm 1961
river stege is shown in plefe 220. The tip of piezo—eter D-1 was apper-
ently clogged, and velues of s end x3 were determined using dste frox
piezo—eters D-2 zrnd -3 (see plate R1Q for piezozeter datz). The velue of

s in 196l as shown in fig. Ei2 is in good egreerent with values detercined

ere are borrow pits directly behind

P . &t s = 2
the lands During the 1961 high water, the water
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Fig. E12. yistence to effective seerage source and exit, Bolivaer, Miss.

surface in these borrow pits (teilwater) was not recorded when the piezom-
eters were read; therefore, it is not rossible to accurately compute 1661
vzlues for x3 apd b. . Buring the 1950 flood, the weter surface in
these borrow pits was at sbout elevation 1kl. Assuming that the tailwvater
wes at this sare elevation during the 1961 hign water, the meximar: net head
n the levee in 1661 wouid heve been 6.0 £t as compaered to 6.8 £t in 1950.
Tee 1661 value of x, c%?.r;eé; on this assu=ption was 185 ft. This value
is sorewnat scaller :‘:p.as ues determined for the 1850 high water. How-
ever, considering the scatter of data obtained for the 1950 high weter, the
1661 values of x3 eppear to coxpavre reasonsbly witl
plot of X3 Vs river stage, fig. E12).

Butaw, Miss.

1650 values (see

§~'

25. Only one line of piezozeters, line D, was instelled perpendicu-

Izr 0 the cepnter line of the levee 2t Eutaw. Piezorebers were instaliesd

tﬁ
?5

||>l

n the silty sand stratu= beneath the clay topstratum ard in the deeper
deriying sand. In 1961, as well zs in 1950, the piezometric heads in the

deep sand, 2s shown in plate E22, were sozewhat grezler than The head in th

ml‘l

r sand stretum. A% the maxdmm 1661 river stage, the heads in the dsep
7

sand were from 3 to 6 ft greater then the heads in the

silty sand sirstum.
26. Values of s and x3 for the 1961 high water were cozputed
graghically fronm reading . of piezcmeters D-3, -2, -5, -7, and -10 (see

-

piate B2L). As seen in fig. E13 the 1661 velues of s were in good
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agrmerent with values computed for the 1950 high water. £5 the water
level in the borrow pits behind the landside toe of the levee bernm was a0t
recorded during the 1961 high water, an accurate estimzle of x, could
not be determined for the 1961 high-water data. In the ana:!.:,'s:;-s, of the
1950 high-water data it wes assumed that the average ground surface

and tailwater landside of the levee were at elevation 135. Eased on this
same zssurption, the mexirum net head on the levee in 1951 was 5.8 ft as

compered to 6.2 £t observed in 1650; h  in 1961 was 2.0 fi as compared to
°

6.0 <L in 1950, and the cczputed % in 166l was 260 ft. The latter value
is considerzbly less then :-:3 values for the 1950 high water (see fig.

E13).
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27. ©Lniy one piezomeier line, lime B, was incstalled perpendiculzr to
the levee. Piezozeler observations at line B, as shown in plate E23, werc
insufficient to establish an accurate hydrzulic grade line. Further, as
shown in plate EZ%, resdings of piezemeters B-1 and -3 were evidently in
error. Piezcmeter B-1 indicated 2 reading a2t the sore elevation as the
river stage; this would mean, if correct, seepage entrance at the river-
side toe »f the 1

evee. Piezozeter B-3 indicezted 2 piezcmetric head greater

ent, s and X, were not ccoputed. It is recomzended that 211
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plezometers along line B be flushed and pumped before the next high water.
Hole-in-the-Wall, La.

28. Piezometer line B was considered representative of conditions at

Hole-in-the-Wall, La. The hydraulic grade line at line B is shown in

rlate E26. AF line B the risers of piezometers B-1 and -2 were submerged
during the crest of the 1961 high water; therefore, only piezometers B-3,
-4, -5, and -6 were used to determiae the source of seepage entrance (see
plate E25 for piezometer data). The values of s computed in 1961 were
considerably greater than the values computed for the 1950 high water (see
fig. E14). At the crest of the 1961 high water, the net head on the levee
was only 5.4 ft. As seen in plate E26, no excess head developed landward
of the levee during the 1961 high water, and therefore it is considered
that artesian flow did not exist. Consequently, the values of s

determined for 1961 probably are unreliable.
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Kelson, lLa.

29. At Kelson, la., a line of piezcmeters (line B) was installed :

el b L o

beneath the levee to determine the hydrostatic pressures in the sandy

silt stratum directly beneath the levee. The silty sand stratum is

underlain by & thick stratum of clay and a stratum of silt, which in turn

is underlain Y¥§- : 2rvious sand. The hydraulic grade line in the silty sand

il Bl




E20

stratum at the crest of the 1961 flood is shown in plate E28. From the

piezometer data shown in plate E27, it appears that piezometer A-1 was not
functioning properly and values of s
computed for 1961 is 240 ft, which

A-2, -3, and -k.

™ » yalue of s

were determined from piezometers

agrees vell with tk values computed for the 1950 high water (see fig.

E15) indicating that seepage continues to enter the silt stratum in the

bottom of the borrow pit adjacent to the levee.

There was no excess head

landward of the levee during the 1961 high water; therefore, there is no

value of Xy shovn in fig. E15.
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30. Piezometer line C was considered representaiive of condi-

The hydraulic grade line at the crest of

tions at Baton Rouge, La.

Kelson, La.

the 1961 high water is shown in plate E30.

a very Tlat hydraulic grade line, as did the 1950 data.

s and x

The 1961 data indicated

Vaiues of

3 were determined graphically from the readings of piezom-

eters P-21B, P-21C, P-i5, and P-24 (see plate E29 for piezometer data).

The 1961 value of s

for the 1950 high water at the same river stage.

the flat hydraulic grade line the computed values of s

not be accurate.

The 1961 value of X3 was in good agreement with

was considerably higher than the s compu.ed

However, because of

for 1961 may

»
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= Conclusions and Recomrendations
7 Conclusions % =
. 31. The following conclusions are based on the datz and studies pre- :
B sented in this report:

- . The 1961 high water, wnich was the second major high water

: to have occurred at the majority of the plezomeler sites since
the piezometers vere installed resulted in net heads on the
levee only slightly lower than those produced in the 195C
high water. Th» difference between the maximum net heads

for the 1950 and 1961 high waters varied from 0.4 £t at

Eutaw, Miss., to 7.1 ft at Kelson, La. No indications

of excessive seepage or sand boils were reported for the 161
high water.
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t. With some exceptions, the distances to the effective source
of seepage entry (s) in 1961 were generally in the same order
of megnitude as those determined in 1950. At Caruthersvill
the distance increased by a factor of about 2, and at Baton
Rouge the distance increased by a factor of 3; however, be-
cause of the flat hyiraulic grade line at the latter site,
the value of = coouprced for the 1961 high water mey not be
accurate. At Holz-in-the-Wall the value of s increased
by a factor of 1.7: however, as & truly artesian flow did -
not exist benczth the levee in 1961, the value of s de- g
termined for 1961 was probably unreliable. At Commerce and E
Trotters 51 substantial reducticns in the value of s were =

W0y e T

e b= |




noted and these xrzductions are probably due to increased
scour in riverside borrow pits.

c. Except at a few sites, the distances to the effective exit
computed for the 19€1. high water did not agree closely with
values computed for the 1950 high-water data. The lack of
agreement is attributed to faulty piezometers, uncertain
tailwater elevations, and variations inherent in procedural
technique vhich, as pointed out in the main report, may
result in errors of as much as 20 percent.

e

The meximum excess hydrostatic head at the toe of the levee

or berm in 1961, expressed as a percentage of the net head
acting on the levee, was generally about equal to or less than
that observed in 1950.

Recormendations

32. It is recommended that:

a. The existing piezometer systems be maintained and observed
during significant high waters and the data analyzed as they
become availatle.

k. Faulty piezometers listed in table %l be rencvated or re-
placed and the risers of those piezometers which were sub-
nmerged in the 1961 high water be extended so that the piezom-
eters can be read during the next major high water.

During the next major high water, the elevation of the
tailwater (water in ditches behind the levee) be recorded
at the same time that piezometers are read.
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Table E1L

Piezometers Functioning Improperly or Submerged During 1961 High Vater

Site

Caruthersville, Mo.
Trotters 51, Miss.
Stovall, Miss.

Upper Frarcis, Miss.
Eolivar, Miss.
Hole-in-the-Wall, Ia.

Kelson, ILa.

Piezometers
Functioning Piezometers with Risers
Improperly Flooded
4 3

H-2X ’ -
E-12, E-13 D-10

B-1 _—

D-1 -

- B-i, B-2

A-1 —

i
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Table E3

Comparison Between Elevations of Project Flood Flov Line

in Main Report and Presert (1956) Project Flood Flow

Line for Lower Mississippi River Levees

Plezcometer Site _Station
Caruthersville, Mo. 26/0+C0
Gemmon, Ark. 138/26+00
Comnerce, Miss. 23/1C+75
Trotters 51, Miss. 52/22+00
Trotters Sk, Miss. 5k/1+05
Stovall, Miss. 77/38+00
Farrell, Miss. 81/24+00
Uprer Frencis, Miss. 35+00
Lower Francis, Miss. 130+00
Bolivar, Miss. 2199+75
Eutaw, Miss. 2860+00
L'Argent, La. 3542+33
Hole-in-the-¥all, La. 3618+95
Kelson, Le. 2700+7L
Baton Rouge, La. gl+L2

Project Flood, E1*

Prior to
1956%%
(287.2)
(2k4.2)
(220.2)
(208.7)
(207.7)
(19%.3)
(192.1)

185.0
182.6
167.2
161.1
90.0
89.5
53.7
48.0

(283.8)
(342.5)
(218.9)
(206.4)
(2c6.1)
(190.7)
(137.1)
32.2
181..3
163.7
157.6
8.6
85.1
50.6
L5.2

A

¥ FElevations in parentheses are in £t mgi; all other

£t msl.
¥%* Shown in mein report.

e, 4 W

elevations are in
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