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In September 1940 the M.vssissi _i River Co ssion i. niziateda
general study of -the phenomna of urderseepage and its control along

tlowr Yssissippi River levees. The study was prIIed by the oecurrence

of heavy ur erseepe4ge and sand boils along numerous reaches of' these

lerees du-ring4 'he 1937 flood. The results of 'his investigation, which

ti:-zed the combined eff -zs of the Ye' .is, Vi cksburg, a New Or!eans

Di tr s -_ he U. S. Ax f F-gineer Watenays Zke-i_ent Station (WE),

are contained in WE 04 It. 3-421, investigation of Mrderseepage arm,
:ints Control, Leer Mi ssissippi River ctober 1956. A endies A

throalh D, deszribing studies releted t proble of rnderseepage, wee

bowed wis i the reTpoyt

of .i rew erepageot, ix E contains an nalyss r e s of

piezlzetriv eta obtained during the 19931 igh water. The relative h

high river stage which occurred in ! IP, provided arn poxtunity for
checkiz Lthe preous high-ater teyss ani detezib ng wrhether eans

significant changes in. seepage bounda- con-ditions had occurred since
tiatrize. The s.udy r Arte-d i herein was a Ehorized nt- the M (ssissi)pi,

River Co ssion in st indors en dat. 16 June 19i6g1 to o.fMUd eetea er

dIted June 1961, subject "Status c SoeIs Diision rojects f,=iC arI

thoghI, ecrbngsude rlte c h prole of undaerea, were

ThPi reno10& r-Aqet, 5~i .' ontin aund_ analysiJe-s and s"-"r i

pi he ziezozetric data obtained duri e l hL

were furnished by the Ycuredhis 1icksbur, ad New arens Districts.

the anaysis of data contined herein was -arde b d . ssrs. t . C. She -n

and C. C. Tran, and- the re rt was prepared by Mr. frahn under the

Prece ing b MankTh aalss f at onaiedhren asmdebyMess.W.C hemaA
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general. direction of' Messrs~. W'. J. Tuxrnb~ii, W. Si. Shockleyj, 3. R. Cormton,

and W1. C. Shezman, Soils Division, WES.

Director of' the IW during the course of' this investigation was

Colonel Alex G. Sutton, Jr., CE, aa . Technical Director was 14r. j. B.

Tiffany.
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Introduction

1.L- in W l ' the Mississiro River Cccission initiated a ccrnr-ehe-n-

sive study or undernepamge a--- its cotrol al oug the Lover 1Csssnn

ivr levees. - ~~e purpose of this study vras to provide data, an ther 1 -

tion of soil conditions, geoiog;c t eature--z, amF unlerseepage andm- to

zrr.methods for analn-ykng subsurface seep1age. 'The results of this

inesf~atonare ccotan vZ 1W. Nto.----- 17yetigdR-ioU 0± l- der
seenae and its Cotrol-1 t t w-r R!ssissL.rc.i; Ileyees, Otoe 1954iC

= One t-ase of teici-estizte con--ssted or: ~ iwalst ion off niezcer-- s

ateiorAsites along the " er- l-sis r-m ver to obtain datca on

th dievaoepent of suz=rerat.,. hydrost~atic '-s.nesand cian-ces -r
tn eve to the ef fect scirmce cf seenage entry- Analy4-sis of Pen
tic dat a based! inr -vo~t 90n-war data

2.. It ras ±...zrr - the- abovwe me-cin= stusy that the pi= -

ete- systens be- mai-4rml 2nd observed durin periods of signifilcant

3flA& waj7 , and the d4.atabe anlyzed as thybeca-e avai1-h1l - a

nrojeiec fin-ri stage at nost of the sites is consiCcably h er-han: the

river stages expenenced-. since jnsts -:(Y-io of the piezct-ars: therefore,

wa...a P no icn is s' till to be '~ gi- athib river- stages.- Since.

connetion of the r srerenc-d stni4y, a r elat i ie-w high water occ'-ared -Ln0

iad ic pr_ sided en -x=rinity for checin the 7-.m hg-sae

arallysis amd deternining t-ether amay sigiajlicant chargea inthe seepa,;ge

boua nv conitions bad occurnred since that ti -

3. ifling the lflK-0 high vater, the Kississinni Riv,.er raeda
naznsk.s.e of th ~ ordZer of magjj 4 CAo az ;:- rgce- 4

njnet-

i050 hiv 1 1-wtr resulting z- ~ Led r- 6t 14 f t on th levwees

at he iezcrtr stes- A ti 191 h~h ater vas only the secomnd =?,'or

i-h vpt or that. had c-curren a a rajority of the sit,:es since the piezon-

wtr ere installed, it %a.s considered that data obtained duaring this



hig waePc~ rovide a check on the acml ysis =ade of the 190 hig

wae.This annendi presents the analyssoth #nezetrdao-

telmed dur'n tie 1961 high. water and a cozpariso w te 195 hih

water analysis.

Description of Fiezcceter S-stc

h . ThstafLmtiocn of' piezozeters was in it i Aed in 194 and cfeted

in.. Id"-sies the D l.SA-eter systcAs ae. shc-n n fig. ELand

eeas f ors -

Me;hs DitritVcbr District Nie" Orl.-eans District

Canthersrill1-1e, Meb. upper rniMiSS. Ket-nm, La.
Ge=n, Ark- Lower Francis, Kiss. Batocn RC'2ge,L.

= Ccc=erc-e, M-5c. 7Eclivar, lms -Cta Bayou, Ea.totters ~&ar is
Trotra6 Miss - L"tarnt La.S

Stvf.Mss.Hsei--h--al La.

All1 .o th Ust.d l pietoeter sites are 1loaee" along the~ tticsissinni

River with the exento of Ctten aa= Laa-: is locatedi the -o

Rivwer.

- F -z-'---er cat#'a were ctaneci zrc-am f%-r. above -itei
ites d-crz th zeJvh ar arn the I$5 Idd a..ta r thh e

~asisxnxaer-r-e. t highest staRe sC. e~ th were in-

s&1 1,farl ctnefte piezoizeter rednswereola.r at i o h

sites Aa aa.tie r the I- an- h. ich wamter ar-e given

190± Piezc--ter D

S6. uringthe 191hi&h umater, piezczeter read-g were cltamela

all of the niezometer sites except Cotto-.n Bayoua, La., wh;ere the ba

acin c W-. :.ein;- vrel-atively lo. edings Seet ie=

etes nd concurrent river stages at. each of the sie aenited e

i-w~zbz-ed nates l tbrci- E2.03 At" Umper FrniLovemFanis

Vrlivar, are' JAwr iss., only two) set's of red swere t eken; am sell
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was taken at about the Crest of' the high, water, an on et bu week

after the river crest. Readings at L 'Argent and 12ole-in-the-Wa'1 i LLi...

v ere taken about a week before the zrest of the high water amd agai n at

aotthe crest. 9-- A I oyther sites, piezce-eter readings were taken

at nari&Aic interaLs diut ng ti'e rise and fafl1 of' the river stage.

7. At eachn piezamter site. t-he principal piezr-eter line, per-
-- n-n euler to th -eter line of' h levee, was seleted for analywas.

ph rincipal. lnes are identical with those selected for the analysis

of the 15hi:wter data. The riez meter reains anda hydranli grade

-I- fo9 r the condition of zainriver stage at each of these Dlezc-oter

l_ ines are snownm in evnnz~rdplates B2 through B.*Piezouetric dWa

for other lines use~d 4_" the initial anelycis aerc also shownm in some

intances. At several of the niezcaeter sites. niezoceters lr the

line selecfted for analysis were sluggish, irmlicated laor reain ar

comprn to otnexr ea jacent D petaters_ or were co-n1 etely inotmerative *

tCarxtherrrili:e, Il,.3 Stovrall". Miss., and Hole-in-the fa3!, La, the

-. sers of .iezccm-eters located on the riverside of tEhe levee were s-Tte

A= g the 1961 hi watexer - Those piezcmetsers aleong the lines se3Lece

:or an'lsis whicdh were com~dee to be ftunctionn r=properly am- Uncso

A nwere subzerged dutethe 1961L hig& va-t are listedi table ia1.

R s reccrer-Aed that th e near fltur-e the f''t piezceters be

rew-veted or reolaced;. a=d the risers of those niezcr--eters -which were -

snngdin the 1961 higah water be extendiied so that the niezr-ater_-_s

can beread dumringZ the r-r"I rajor high ureter. Rmmp:Ans Of the above-
metoe r~iez aetErs wouild greatly faciOlitate am 'vimg the- udata Sj j

during Ulmt next =ajor h~i&? water.

Metbod_ Of PaplisSA

8. W'hen a levee is subjee -d to a differential lwdrostatic e as

r es-~ of river stages being higher thran the adjacent le.td, seepg

enters the nevu substrat= through the bed of the river, riverside

borwpits, and/or the riverside topstratc. The resulting artes4 a ha

-iegend for the generalied stratification sh-ocn in these ulates- :s
shot-n only-j in plateE2
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and hydraulic gradient in the sand stratum beneath the levee cause flow be-

neath and landward of the levee. TI.i principal purposes of the piezometer

installations along the Lower Mississippi River are to determine the hy- X

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 as 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 produce the same flow and

hydrostatic pressure beneath and landward of the levee as occur under the

actual conditions riverwsrd of the levee. It may also be defined as the

vertical line through the point where the hydraulic grade line intersects

the river stage elevation. The effective seepage exit is defined as that

vertical plane landward of the levee where a hypothetical open drain face,

with an impervious blanket between this plane and the landside levee toe,

would result in the same hydrostatic 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 landsLde levee toe to the effective source of seepage entry and

the effective seepage exit as the principal piezometer line of each site.

The hydraulic grade line at the crest of the 1961 high water is plotted for

the principal piezometer line of ea,.h 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 located beneath the levee, and berm (if present), using

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

hlh
M (1)

x = (2)

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

three or four piezometers beneath the levee, values of s and x were
3
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Notation

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 toe of levee (or berm) to effective I
seepage exit

L2 = base width of levee, and berm if present

H = total net head on levee

hl, h2 = piezometric heads at two piezometers on a line perpendicular I
to the levee at distances .l and .2 respectively,

ffrom landside toe of levee

M = slope of hydraulic grade line beneath levee

h2 -h2 -2 !

2 1

Fig. E2. Nomenclature for determination of s ai.d 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 were plotted versus

river stage as shown in fig. E3 for piezometers at the Caruthersville

site. From similar plots for each site, values of s and x were
x3
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extrapolated to project flood.* The extrapolation of x to project

flood was obtained by solving the following equation from the main

report, using the conditions which were estimated to exist at project 4

flood: g2

ho s +x3 (3)

where h° is the excess head at the landside toe cf the levee. The I
0 -

vaues of s and x3  extrapolated to project flood are shown in A

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

intersections of the curves of best fit through the data points and the

maximum 1950 river stage. Values shown for 1961 are those determined

for the maximum 1961 river stage. Also shown in table E2 are the net

head on the levee H , vnd excess head at the landside toe of the

levee (or berm) h for project flood, and for the 1950 and 1961 high
0

waters. The values of H were considered to be the difference between 3

the river stage end the average ground surface or tailwater elevation

on the landside of the levee. Values of h are actual excess heads0
measu:ed by piezometers near the landside toe of the levee or berm.

10. At several of the piezometer sites, the tailwater elevation

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

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

age exit (x3 ) and excess head at the toe of the levee (ho) could not

be made at these sites. it is recommended that during the next major

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

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

11. At all piezometer sites, the net nead on the levee during the

1950 high water was higher than the head observed during the 1961 high

water. The difference between the maximam net heads for the 1950 and 1961 A

high waters varied from 0.4 ft at Eutaw, M'iss., to 7.1 f at Keison, La.

No 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 table E3.

JA
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1961 high water. A discussion of the 1961 high-water 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 pie2,ometer line A, which is representative of conditions at

Caruthersville, ., the maximum net head on the levee (H) during the 1961
high water was 8.9 ft compared to 9.4 ft 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

(line D). The 1961 data indicated that piezometer 4 was sluggish as corn-

pared with piezometers 5 and 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 high
water at line A was indicated to be 1-100 ft from the landside toe of the

levee, or just riverward of the abandoned riverside levee (.ee plate E2).

In 1950 the computed source of seepage was 560 ft from the lardside toe

of the levee, or at about the deepest part of the riverside borrow pit. It

is possible that since 1950 silting has occurred in the bottom of the

riverside borrow pit, resulting in an increase ir. the distance to the I
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 I
(see fig. E3). The net head at the toe of the levee (ho) in 2961 (1.8 ft)

was about the same as that observed in 195' (2.0 ft).

Gammon. Ark.

14. At Garmon, Ark., line C was selected for determinations of s

and x3  for the 1961 high water. The hydraulic grade line at line C

for the crest of the 1961 high water is shown in plate E4. Values

of s and x 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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ItsI

I..

Fig. E3. Distance to effective see~page source and exit,

E2 and fig. E4i, the 1961 values of s and x were in good agreement

with those values determined in 1950, indicating that, conditions at Gammon,

Ark., W'.ve not charged since the 1950 high rater. The net head on the

levee (H) observed during the crest of the 1961 high -water was 10.1 ft, as

compared to an H of 11.9 ft observed in 1950. The head at the landside

toe of the levee (h) was slightly less in 1961 than, the head observed

0 I .

~IMD .j..j w~re~ -~~lC. o C I U E~IZ-At I14
zI I -240- ..-. -

I I I I I 1 1 111#
Sjr .SI I I j I I~

/a I\ ~ F . It
!.Mt I* D )~

Fig. E4 Distance to efectivre seepage source and exit,
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during the 1950 high watze (:ea table E2). The head at the toe (h)
in percent net head (11) was about the same in 1961 as in 1950.

Co=erce, Miss.

15. Piezometer line H was selected as representative of conditions
at Co=erce, Miss. As in previous high waters, piezometric data at
Co=erce indicated that the piezometric heads measured by piezometers with -

tips at greater depths in the sand aquifer were 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 data from
piezometers H-14Y, -1!Z, and -7Y located at middepth of the aquifer
(see fig. E5 for piezometer data). As seen in table E2 and fig. E5, the

distance to the effective seepage entrance in 1961 was about 100 ft less
than that determined during tne 1950 high water. This decrease in

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

1 . . .. to . . . . . . . . .

..... *WC -{' I" Z" l"

4 IS4i

.r . . . . .

Fig. .S D.tac .o .fetv see.g sor noweit

'.~ Commerce, Miss.
..t . e . crest of the 1961 high . . . head on the levee

~at line H wa-. 3.0 ft, as compared to a maximum net head of 9.2 ft observed
in 1950. in 1961 the maximum head at the toe (he) was 2.2 ft. the same

as that observed in 1950. in general, tne piezometric heads observed
landside of the levee in 1961 were about the same as those observed in
1950. In 1961 the average tailwater just !andside of the levee was ateat lne wa 8.0ftas o~ard t a aximm nt" ead f 92 'it.,obsrve



Ell

about elevation 197.0, or about 0.5 ft less than the tailwater observed

in 1950. This slight difference in tailwater resulted in a greater value

of' comuted for 1961 as compared to x computed for the 1950 high
- 3

water (see fig. E5).

Trotters 51. Miss.

17. Line H was selected for determining s and x3 . The hydraulic
grade line at line H is shown in plate ES. As seen in this plate, the

reading of piezometer 2-X was low as cmpared to adjacent piezometars.

P-ezometric data shown in plate E7 indicated that the piezometer was slug-

gish; therefore, values of s and 7- were determined from piezometers.5

5-X and 4-X. As seen in fig. E6, the 1961 values of s and x a-re con-
.3

siderably less than similar values determined from the 1950 data. it is

considered that the decrease in s may be the result of changes in condi-

tions of the riverside borrow pits. The net head on the levee during the

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

the crest of the 1961 high water, h°  was 1.2 ft as compared to 3.0 ft in

1950.

ane
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anaze re ten cTM 3-3ge orce andereet, e
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18. Th -96 hihwae dat at, Tr r 54 .is eepeiul

analzed nd te reultsrepotedin WS TM3-34, Cotrolof ndersee0 __
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Fwand Fiezo-netric Data, Jul3y 196U. in te analysis of t data, valus

of s were camputed f.:- ri sing ri ver stages at. the three i -zo-ter lines

(lie 14, 111 and Q)perpendicu"1  to th'e lee. Mae 1061 trezometer

observations at 'xotters are a.n in plate E9; hyd raulic ade iinefo

various river stages at !in,- -' hown in plate ElO. The average values
ofs orth tre ~ ~ e'Unes are plotted vs river stage in

fig. E7, together with sim--..~ for previous igh-water periols. in

194 _ _ --

192_____I___ _

190 _i

188 0

00

-j

a fa

w 186

z

00

1823

1-- 1184IHWAE

182

180 1963 HIGH WATER

.4CT - DAT A PLOTTED ARE FOR

1781 RISING RIVER S. AE

800 g00 1000 1100 1200 1300 1400
DISTANCE TO EFFECTIVE SEEPAGE ENTRANCE FROM WELL SYSTEM IN FEET

Fig. E7. Distance to effective seepage source, Trotters 5I4. Miss.



11,s decr-eased with increasing river stages, but at, a imich slower

rate than f-or previous high waters. The 1961 datu indicated that S

probably wo-ald nolt be less than the ralue of c00 ft selected for design
she welsystem

19. Thu -mxum net head on televee /ii) observred i191was 12.9

fas ccm-& 13.8 ft observed in 1953. in 19,r0, plezac--ters were

read w4hen the relief well system -was opened and when it was closed: in

1961 t :ie wellIs --ema-ined open durn ff the entire high water. The ccma~team

'values f1~ and observed hi in- 1951 were thierefore smalller than those

values ob--ailned with wells closed in the 1950 hi-gh. atrsee table :-;) .

The ratio o,-. h /Hi ;was 1- rercent in196' as camaxed to 22 rerca:nt in
0

1950.

-tovaI Miss.

20. At Sto-vall, aiss.., l-ine B3 was selected for dette'rm ig s and"

x- Data f rom selected pieza--Pmeers at Sitor4-ll are shown- in plate E: enez

hydraulic grade line at line B for the 1961 high water is szhown in plate

E1.Duig'hI16 high wat'r thle readings of piezomet er E-13 were --cw;er-

than- readings off adjacent Aiezxm-eters and the riser of npiezcieter E-I'2 was

clogged. Values of s and Z were determined from readings of pie zo-
-3

eters E-l1 and -15. A~s shown in fig E8 and table E2, vaplues of s

amax.determined in 1961 were in good agreement wihthose values
3

detCermined for th 95 0 high wa ter,incaight odt'sa;

. .. . . .- - - - -~ - - - -- -

:2 M

-..-. - - - ~- -

-A-vo W~ -Io IM It
, r I* I

-9 -C Soo~t 3....
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Stovall have -not changed gm A.

mami= net heed on the levee (Oz obser-ved at lin B -i,1961 was 1,.-- ft,
as cc-_zmared to a .- )dm net hea of i-1.9 ft observed in 1950. The

obsez-ed excess -head t the tee of the bem (ho0) inn i961 (5.6 t)was

only slij !hty less -than the hc--d Observed in 10,0 (6.0 ft).

Farrell. Miss.

21. -At Far-re!!, 14iss., only one piezo-_eter line (line A) -das

inst la~edr-nse- -iu1-r~ to the- i* ;,ee. At line .A piezzeters were

instaleled i---- -ate1_y below the topstratu-- and also jus below" a clay
sea about 225 -I-t below grourmm: surface (see plate R111). in the analsis
of, 1950 .- -werda~tal the spa.d stratm- above tihe clay sea=- was desig-
hated ~the th' as" ri e san stux2i below the clay seam was
nated etu-*- "oer, mer." Mh- - "

designt~d- lm--3-mer auier. Th mxi et head on %he levee in

1961-ias 34-- Athich ..as one-halif the mad--m--.- net1 head obsered in

~~~1950- Data -rm_ sele --el piez =_eters at Farr eil are shmm. in pate

E13. Dm Lg te I_961 high -mter, the piezo-_,ters jusi below the to_-tra-

tumm i-ere d-r.. indcating Ithrt no seepage occuerred -in the ugper aciifer.

'7he !rWdraui#ic grade l-ine i- icated by piezo-_eters in the lower awedur
is sh ..r. i plate E-14. Th.e value of s co-- e frrem this ade lAn
umws W70 ft (see fig. Eq). As seen- - fig. E9, the ltter value uras L-i e

good agree-n t with the value of s (860 ft ) co- ,. for the 1,00 high-.

water. n !9G61 the hydraulic Orade 1!-e intersected the averagme grmi

• ~~~ ~; CO -tnt +•
IA

s#se

I I I

Fig. E9 . Distance to effective seepage turce a exit Farer. , Miss.

A

raxizxnnet eanon he lvee(H)obsevedat ine in196 was14. ft

as c'znzed o araxnn nt had o 149 f obsrve in 950 Th



surfact. at about t'-he lar-.dside bersm toe, irletn au fzr o

* k Ti s wc au' verify the trend observed during the 19 hih -water

(see plot of x3 vs river stage, fig. E9).

Upper Francis, Miss.

22 Fiezorer lin B -as coni~ee t-ical of cordiions at Upper

zraci. Mss Te hdrnwic grade line at the ~~'196] river stage at

line B is shown in -niate FEi6. As seen in ths plate, izree -

indicated a low reading and -was I,± ablDy not Punvt-oning pory.Values

of s and x~were deter-ined gra;4 caly _'r rcm pliezc~rsters E-2. -3J. and

-4 (see plate E15 for naiezcre-ter data,-). As seen _r.fig. E1,., the 1961

values of s were in good agreement. wit h nates obt a in ed fo tn 195

nish waiter. Dur = i g the 1961 bigh water, there was no excess head at.

th te ofthe levee w-here the g r=i surfac-? is alt about elevatio 11

nrowe-ver, -nezsri~eer data- indicare tnat excess hea of f-rczz I to 2 f7t dJnn

exist TiAwr of the ±-evee where the~ ground surface is be4-' elevwation

16). _In the an1alysis of the 1950 hihwaterlue ofA wreir

nitted onthe assun=tion that the avenage ground surface labadof the

levee was at. elevation 160. Using this sane asstzpt icn, a value of 50

ft -was ccnutmed for for the rmn-Ttz 196-51 rivwer stage. Althcuah

this value is very =.%_311, it verifies tl-he trendz of increasing values of- m
v wizh rising ri-ver stages obser-ved for the 1950 h -water (see plot.

aof - vs river *tage in fig. £10)-
73

t6 "tu

?g E11. Ditac to efe11*sepg orc xt

Up:I- FcisMi.
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Low-er Francis, Miss.

23. Line C was selected for determining values of s and x3 for

Lower Francis, Miss. The hydrz-aulic grade line at the crest of the 1961

nghh wter at line C is shown in plate BI8. Also shown is the hydraulic

grade !ine at line E and the piezoetric head along the levee toe (line H).

The net head on the levee in 1961 was 9.6 xt as cooa-red to a net

head of 13.6 observed in 1950. The excess head at the toe of the berm as

=rasured by piezoveter C-T in 1061 -as 1.5 Ct as co-parerd to an excess head

of 1.7 ft observed in 1950. Values of s and x3 were commuted for the

1061 data using piezmczters C-4 and -6 (see plate E-7 for piezo-eter data).

As seen in fig. Ell, the 1961 values of s and x were in good agreement
3

with values determined in 1950, indicating that seepage conditions at Upper

rraencis have not charged since 1950.

Bolivar, MisS.

24. r line D was considered representative of conditions at

Boizar, Hiss. The hydraulic grade line at line D for the -axin 161
rwver stage is shon in nalte E2. The tin of niezometer D-! was anier-

entty cloed, end values of s and were determned using data

piezcreters D-2 an -3 (see plate E19 for niezmeter data). The value of

s in 1061 as showna in fig. R12 is in good agreement with values deter=ined

for the 13950 hgh water.. A Bolivar, there are borrw pits directly behind.

the landside toe of the levee. During the 1061 hit water, the water

.t . n

i-- !  , ,. -In
... .. __ __:= - _ ..' _' f _

Fi;g. EU.. D2istance to effective seepage source and exit,
Lower Francis, Miss.
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:.mm face in these borrw pits (tail-water) was not recorded when the piezarn-
Seters wer- read; therefore, it is not possible to accurately eom-ite 1961

vabaues for 7 and h° . Waiung the 1950 f:Lood, the water sur-face i
-se bo.row iits was at a elevation I. ss that the t 41ter_

a w-

on th e levee in 1961 would halqe bDeau 6.o --. as ca.eared to 6.8 1-1 in -1050.

Th e. o iVe7ue- of x*> c ted on this asm-watiOn was n 85 -. Tis vaute-

is so=:e-.hcat s~a!ller than val!u-es determined for the !1,050 hi gh water. How'-

iever, considerin the scatter f data obtained for i t9,0 high aes, the
et61 vaues of x aper to ci re reasonibly with 1950 va ues (see

Eut. a,, Miss.

25. Only one line of piezo-eters, line D, was -:-_ist a!ed pertendicu-
ato to ceter line of the levee at f. Piheo ters were instaiUi,

in e sit sand strat a beenth the onay t.pstrat ar in the deeler -was at +3 idesare eleva1 io nedr sin 1961 ig, the tiezo rraxric heads n

ideep m d as sh= in plate E22, w-ere soze arht greter than the head in the
sio " stnh slretve. At the been 161 river stre,-e h the deep
hsand were from 3 to 6 cc g ter th the heads in the silty sand strau.

i o h cl1t. Values of s ane x for the I195 hirh w ter. How-

ever,~~~ cosdrn th cte fdt bandf rt 195 high wa-teth

tav, -, 7,in -0 .e

i5.,ly from readine -of piezereters, D-i, -2, was instad pee

plete MIg). As seen fig. Ell the 1961 values f s were in toodcze=sna sson.npae.2,wr....a getrtantehadi h
NI

~-i ty end tratm. A the .e~- 196 r-Ive stgehehad n h d



agreement with values co=uted for the 1950 high w.ter. As the water

level in the borrow pits behind the landside toe of the levee berm was not

recorded during the 1961 high water, an accurate estimate of X. could

not be determined for the 1961 high-water data. In the analysis of the

1950 high-water data it was assured that the average ground surface

and tailwater !a;ndside of the levee were at elevation 135. Based on this

same assumtion, the mairr net head on the levee in 194 was 5.8 ft as

compared to 6.2 ft observe-d in 1950; h in 1961 was 2.0 ft as coriparred to
0

6.0 IL in 1950, and the comuted -- in 1961 was 2( ft. The latter value

is considerably less tban x values for the 1950 high water (see fig.
E13)3

.!- oefeteseM sre t

Yv rtr- r.a, 3 _ _ _ _ _ I Mr. lt

Distatrice _____ to efetv- seaeouc -dtBam. p-i;

217 Cnly one piezometer lin-e. line B, was installed rrm e.nli ' to

Uhe levee. Piezometer obSez.vatIons at line B. as shown L plate E,23. wer.:
nsui Go hc grade line. Fur.her

tfcet4 szWs - cur I =ruU as

sha--yn in plate E241, readings of piezrmeers B-! ar.A -3 t'erzx evidently in
er ror. N~ezo eter B-1 _4r _icated a readine at the sani elevation as the

river~ wtge mean. u if correct. seepage eetrance at the river-

side toe P. Zh eee 7-~tr 3i~ae
t:an the head at --te o P the leree. Because of tie edata a

SL'Arjerst s a r 0 were no c=&-ed. It is recczen-ed Ithat all

____ ____ ____ 1 _________

E4 ,.



piezometers along line B be flushed and pumped before the next high water.
- Hole-in-the-Wall, La.

28. Piezometer line B was considered rep;'esentative of conditions at

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

plate E26. At 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 determine 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 ii 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.

,so . . . . . . . .1 . . .1- 0'Z 0

io" .* . . . . . . . . . . . . . . . * . . . " " * • D IS) i. . . . . . Iee s I- e eth r o

"l o t st u of s t of silt 20

. L!GU/, 5a.

29WtKlon aaline ofA pizoer (line B)'/ wa intale

bene Fig. t e1- Ditane to effectivt e hyrseicpescurcsie sandyt

is underlain v-e rvious sand. The hydraulic grae line in the silty sand
siltstrtum iretlybeneth he lvee Th sily snd sratm i

undelai by t~~ ckstrtumof cay nd astrtumof sltwhic intur
isudran 1 riu ad h yrui rd iei h it ad
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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 were determined from piezometers

A-2, -3, and -4. ' value of s computed for 1961 is 240 ft, which

agrees well with th 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 x., showm in fig. E15.3

LAND I" L ic II -i i

.. .. Ill '

o I 1- -4 s

a o

.1 I -
. . --.-- *. V ; : I:9"8. O_ i  

- , ! .~ 801 '

30 0 598
-- - I I I I

.:oIo FtET 3 IN FECT

Fig. E15. Distance to effective seepage source and exit,
Kelson, La.

Baton Rouge, La.

30. Piezometer line C was considered representative of condi-.

tions at Baton Rouge, La. The hydraulic grade line at the crest of

the 1961 high water is shown in plate E30. The 1961 data indicated

a very flat hydraulic grade line, as did the 1950 data. Values of

s and x3 were determined graphically from the readings of piezom-

eters P-21B, P-21C, P-45, and P-24 (see plate E29 for piezometer data).

The 1961 value of s was considerably higher than the s compu.ed

for the 1950 high water at the same river stage. However, because of

the flat hydraulic grade line the computed values of s for 1961 may

not be accurate. The 1961 vlue of x3 was in good agreement with
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values of x3  computed for the 1950 high water, as shown in fig. E16.

ii- ,-i | ' i'
M2Z

, , € ,P, h : -

Cn i n e e 250

S IN I I
Fig. E16. Distance to effective seepage sousrce and exit, Baton Rouge, La.

Conclusions and Reco~endat ions

Conclusions

31. The following conclusions are based on the data and studies pDre-

sented in this retDort:

a. Txhe 1961 high water, which was the second major high water
to have occurred at the majority of the piezometer sites since
the piezometers were installed resulted in net heads on the
levee only slightly lower than those produced in the 1950
high water. TI? - difference between the maximum net heads
for the 1950 and 1961 high waters varied from 0.4 ft at
Eutaw, Miss., to 7.1 ft at Kelson, La. No indications
of excessive seepage or sand boils were reported for the 1961
high water.

S

b. With some exceptions, the distances to the effective source
of seepage entry (s) in 1961 were generally in the same order
of magnitude as those determined in 1950. At Caruthersville
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 hbraulic grade line at the latter site,
the value of s couzpzed for the 1961 high water may not be
accurate. At ifole-in-the-Wall the value of s increased
by a factor of 1.7; however, as a truly artesian flow did
not exist beneath the levee in 1961, the value of s de-

termined for 1961 was probably unreliable. At Conanerce ancd
Trotters 51 substantial reductions in the value of s were
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noted and these redvctions 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 2.961 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 which, as pointed out in the main report, may
result in errors of as much as 20 percent.

d. The maximum 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, -ras generally about equal to or less than
that observed in 1950.

Recommendations

32. It is recommended that:

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

b. Faulty piezometers listed in table E' be renovated or re-
placed and the risers of those piezometers which were sub-
merged in the 1961 high water be extended so that the piezom-
eters can be read during the next major high water.

z. 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.

U!



Table E!

Piezometers Functioning Improperly or Submerged During 1961 High Water

Piezometers
Functioning Piezometers with Risers

Site Inrproperly Flooded

Caruthersville, 14o. 3

Trotters 51, Miss. H-2X -

Stovall, Miss. E-12> E-13 D-10

Upper Fralcis, Miss. B-1 -

Bolivar, Miss. D-1 -

Hole-in-the-Wall, La. -- B 3, -2

Kelson, La. A-1
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Tabl.e E3

Comparison Between Elevations of Project Flood Flow Line

in Main Report and Present (1956) Pro-ect Flood Flow

Line for Lower Mississippi River Levees

Project Flood, El*
Prior to

Piezometer Site Station 1956** 1956

Caruthersville, Mo. 26/0+00 (287.:2) (283.8)

Gammon, Ark. 138/26+00 (244.2) (342.5)

Comerce,, Miss. 23/1C-75 (220.2) (218.9)

Trotters 51, Miss. 52/22+00 (208.7) (206.4)

Trott~ers 54, Miss. 54/1+05 (207.7) (26.1)
Stovall, Miss. 77/380 (194.3)(1.)

Farrell, Miss. 81/24+00 (192.1) (31)

Upper Francis, Miss. 39+00 -185.0 182.2

Lower Francis, Miss. 130-00 182.6 181.3

Bolivar, Miss. 2199+:75 167.2 163.7

Eutaw, Miss. 2860+00 161.1 157.6

"'Argent, La. 35"2+33 90.0 86.6

Hole -in -the-W1all, La. 3618,95 89.5 86.1

Kelson, La. 27004-71 53.7 50.6

Baton Rouge, La. 94+42 48.o 45.2

*Elevations in parentheses are in ft mgl; all other elevations are in
ft MSl.

SShown in main report.
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