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ST. LOUIS, MO.

1. Theve are many factors which affect the stage-digcharge relation-
ship at Ste. louis. The factérs which are believed to have had some effect
on the St. louls rating curve arc:

A. Discharge measurementse
B. HMan-made obstructions.

ae Levees

be Pile dikes

ce DBridge embankments and others
Ce Hydrology and hydraulic.

o Origin and time of occurrence of storm-producing rainfall

H

bo Rate of rise andAvolume of the flood wave

ce Distribution of the flood waters between liissouri or
Mississippi
._d_o Bed load

2o Prior to 1933, dischargé measurements were obtained at St. Iouis,
Missouri, at ranges in the vicinity of the Engincer Service Base by use of‘boat
and large size price current meterse Since 1933, discharge measurements have
been made from the downstresm side of iachrihur Bridge at St. Louls, Missouri,
by tﬁe Us 5. Geological Survey under the Cooperative Stream Gaging Program for

the S

fox ol

« Louis District, Corps of fngineers. IHeasurements zre usuvally made once

a weck, tnt in times of flood, daily measurements are obtained. There vere come
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exrrors in the measurenents by the Corps of Ingineers as the gside sway of the boat
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caused over-registration of the meteré, élso the soundings recorded were too deep
due to use of lead weight and clothes line. These two procedures tended to make
the results as much as ten percent too large. However, when considering that
instantaneous peak discharge values were not used by the Corps of Engineers and
that the Ue S. Geological Survey now obtains these values and the fact that they
are always larger than the mean daily value, a compensating factor is thus
introduced, tending to make the instantaneous peak discharge more comparable to
the earlier Corps of Enrineer dischargess
3¢ The construction of levees has a marked effect on stage. The restric-

tion: of overbank flood flows to channel confinement by levees raises flood
heighpsk It is believed, however, that the effect of confinement by levees is
BRI A T

wepay accounted for in the rating curves of recent years and the variation in

st £ ma’é"""?':»'-’e';-' 7id
these curves is duz to chwors pthcr\th&awuh@s confinemente

h. Studles by thls offlce anlCuBe that the below nank full cross-sectional

area of the river has not been reduced by the c0ﬁtract10n works built in con-

nectlon hlth Lhe nav1 able chalnol. A study of three reaches, each 20 mlles in

length, reveals that the average below bank iull crogs—gectlonal area has been

reduced 1ess Bbdn one—hulf 01 one porcent from 1908 to 19Lk, 1nclu51ve.

Se Becauge of the economic grow bh oz the couptry and tne successful nine-

the confined channel in the-harbor of ®te Louis in the form of wharves, bridge

annroaches, Gtc. Although the lPleJCHal effect of each is small, the cumulatlve

P s s e -

€f¢€ut of alL may be large and WOqu be reflected in the *atlng Curvese

6. The factors under “Hydrolegy and Hydraulics" are all closely inter-
related, and it is almost impossible o discuss any one individually without

reference to some of the other fAGtorse Besides the Missouri main stem proper,

\
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a number of the major tributaries are conducive to producing large amounts

of sediment during majof floodse An example is the Kansas basin. This
tributary during high intense storm rainfalls, such as occurred in 18LL, 1903,
4§?du}?§1,’garried into the Hissouri large amounts of sedinientes For this reason

it is felt that the origin and time of occurrence of major flood producing

rainfall has a marked influence on the stage-discharge curve at St. Louis,
Missourie

Te Spgd%es to date indicate théﬁbthe rate ofJ?ise’of ?h?,leOd wave may
have some effect on the stage-discharge relationship. The 1943 and 19LL floods
took seven and eight days, respectively, to rise‘from bank full to crest, whereas
the 1947 and 1951 flood both took 2l days to accomplish the same taske In
conformance with the above features, iﬁéwﬁélumés of the floodé are also comparable

as shown helowt

Volume above 540,000 c.fose (bank full flow)

Year Volume Cofese
1943 2,673,000
194l 2,666,000
1947 5,168,000
1951 35732,000

From thisy; it is possible that there could be direct relationship between rate of
rise and flcood volume and the carrying capacitye

8e Of the investigations conducted so far, the distribution of flood, Missouri
gfyyﬁssissippi, seems to play a nost important part as to whether the rating curve

is favorable or unfavorable. These studies reveal that, if the upper Mississippi

basin flow drops below 50 percent of the water at St. Louis, the rating curve is



1;kely to be unfavorable. Conversely, if the upper Mississippi basin contributes
59 percent or more to the flow at St Louis,.the raiihg curve is likely to be
favorables

9. An analysis of hydrographic surveys over reaches established for studying
the behavior of the river bottom, especially during flood periods, reveals that
sand waves as much as 15 feet in maximum height move through the Ste Louis harbore
The data Qollected and analyzed on.rénges dounstream of the discharge measuring
s§9ti9ndig§%9ate th;ﬁ, during the 1951 flood, the river bottom rose to crest with
ne flood and thereafter fell with the falling stages. Iuch the same conditions
prevailed in 1947; however, in 1943 and 19UL, from other gvailabie data, the river
bottom scoured. Thus, it is believed that the bed load has great effect on the
q}ability pfythe rating curve.

10, In the determinationvof confined design height for a design flood, utiliza~
tion is made of experienced flood data. The characteristics of a flood are analyzed
and data collected therefrom are extrapolated to confined design height by use of
"Mannings® formula, slope-elevation-dischafge diagrams or any other acceptable
nethods. The characéeri;tics of the flood play an important part in the determina-
tion of the confined‘design height selected. Dur%ngwﬁhﬁm}93§ﬁgrgde’determinatio§?
considerable difficu’.ty was experienced in reconciling cbnfincd design heights,
through use of physical data collected on the 1922, 1927, and 1929 floods. The use
ofm}?QQWflood data gﬁye grgater design heights than either the’l922 or 1927 flood:

data. This same condition is applicable to the 19L3-19lk and 19L7-1951 flocds. By

use of the characteristics of the 19L3-19L floods, a design stage of L7 is computed,

52 feet is computbede.
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1. No\two iloodsr¢f record hgve oécgrred in exactly the same manner, and
it is nbt likely that any flood of the future will occur in preciscly the same
manner as any in the past. The naxinum modern stage of confinement is aboﬁt
LO feet on the gage, with a discharge of about 800,000 c.f.se. With 1,300,000 c.f.ce
taken as the design flood, it then requires extrapolation for 500,000 c.f.5ey an
increase of abcut 60 percent above maximum observed, to detersine the stage of the
design discharge.

12. In conclu31on, 1t is belWchd tbat the stare-dlgouarge relationship at

t. Louls, 51nce 1Qh3, 1s governed na 1nly by (l) the amount of bed matermal carrled
bymthe Missouri River, (2) the amount of flow contribution by the upper Missiséippi‘
River, and (3) the rapidity of rise of the flood wave. It is further believed
that future floods confined by the levees, Alton to Gale, and reaghing greater
heights than thosé'experienced.in the recent past, will be erratic in their stage-
diécharge relationships because of the above-cited factors. It is unknown at
this time what the behavior of the rating curve will be for flowus of 1,300,000 cofese
On past experience, if 50 percent more of the flood flows originate on the Mississippi
Masin, theyrating curves similar to l“h;~19hh conditions should prevail, bul based

Fhat €t '3

uwpon past records which how the dl‘“Ourl te~be the greatest contributor during
v £
i lnkalv that the ra ting curve similar to 19L7-1951 conditions &rewld

‘ ’a P !(“",’?1(» . T

major floods,,it
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DISCHARGE MEASURLMENTS

- ls In general, the St. Louis rating curve has the characteristic loop;

that is, the measured discharges for rising stages are greater then the measured

discharges for falling stages with the transition taking place ab creste Stage-

discharge relations for periodé since beginniﬁg of leves ccnstructioﬁ are shown
~on plate 1. The end point of‘each'curva represents the uppertlimit of'discharge
‘observations. Although the ¢urves of the varicus péfiods are closely gfouped
around the lSuto¥20-foot stage;fthere is considerable spread in discharge for
equivalent stage at or about 35 and LO-foot stage; in addition, considering two
¢urves grouped in chronological order, there is a crossing of the curves at
3h-foot stage. E{gﬁm}gggwggul9s;,h;ng}g;ive, there is a marked decrease in dis=-
charge for stages @pazeégéiagWEQ,ﬁeeto

2+ A more detailed analysis of the discharge measurements for the flocds
from 1943 to date has been made and a plotting of thé individval discharge
measurenents is shown on plate 2. The plotted points for the May-June 19&3 and
April-May 19Lk floods are in general agreement at the upper extremitiese. Although
at variance with the LP&B-l?hh points, the June-July 1947 and June-July 1951 floouds
are also in general agreement at the upper extremities. In contrast to. the |

surmer season floods of 1947 and 1951, the spring floods of both periods, though

not atteining notable heights, produced grester discharges for comparable gage
heights. This same phenoménum existed in the spring (April-lay) of 1952 when,
at the crest of this flood, greéter discharges wvere experienced for comparable
gage heights than for all other floodse Igmigéiimﬁivgwqggtinct moderate'flood

crests were experienced, the first beginning in March and the last ending in June,

with the carrying capacity of each flood becoming less than the previous floode



3. It will be nqted that the spread in discharge at about bahk full is
about lS0,000 cefese, while at stage 34-35, the crossing point, it is only
about half that amount and again at maximum stage the spread being about the
same as bank full, however, due to deviation, extrapolated values would have a
greater spread. For example, the flood of June 1945 was measured at about stage
35.2 at 58L,000 c.fes. while the flood of April-lay 1952 was neasured at about
stage 336 at 681,000 c.fes., a difference in stage of 1.6 feet and discharge of

about 100,000 cofese =



Iffect of levees
1. ’?rigpr9%l935, there existed many local levees in the vicinity of and

downstream of St. Louis, the majority of mhlch vere of deficient height and

sectlon, the only levees constructed to 31(?0 btandard.werc the IZast Side levee
Perry County - Presten
and sanitary district,/levee districts Nos. 1 and 2, /and the Bast Cape Girardeau

and Clear Creck drainage districts. Between 1935 and 1943, the following levees
were enlarged or brought up to 1935 grade; portions of the riverfront of tlLe
Prairie du Pont and Columbia, Kaskaskia Islend, (entire levee), Perry County (back
levee), and East Cape Girardeau (enﬁire levee). Althougﬁ the local levee districts
were of deficient height ané section, they all wuithstood the 1942 flood, except the
Ste. Genevieve district, which flood reached a height of 3L.2 fee%ggt‘gzéqéouis,
Missouri, on 30 Junes

2e ?uringﬁ?pénl?qg flood, all levees be@ween Alton and Gale wcré overtopped
or.crevassed except the Chouteau, Nameoki and Venice, Fast Side, Prairie du Pont
(upper flank and river front), Columbia and Kaskaskia Island. During the 19LlL
flood, all levees between Alton and Gale were overtopped.or crevassed except the
Chouteau, Nameoki and Venice, Xast Side, Prairie du Pont (upper flank and river frontl,
Columbia, :Kaskaskia Island and Perry County. During the 1947 flood, all levees
between Alton and Gale were overtopped or crevassed except the Chouteau, Nameoki
and Venice, #ast Side, Prairie du Pont (river front) Columbiz, Kaskaskia Island,
Perry County, Prestbn, Miller Pond, Clear Creek, Horth Alexander and East Cape Girar-
deaus During the l9;l flood all the levees between Alton and Gale remained intact
and withstood the flood except the Grand Tower. During all above floods, the tast
Side district opposite St. Louis and the CGolumbia dis£rict just downstream of

St. Louis remained intact and were not crevassed or floodede



3. Table Noe 1 shows the dates and stages at St. Louis when levee failure
occurred for the floods of 1943, 19hL, 1947 and 1951l. It will be noted that there
was very little difference betueen failure stages in 19hl and 1947 whereas there is
some four to five feet difference in stage for failure in 1943, and no failure in
1951 If the levee failure effect were to be of material proporticns, then why are
the 19hk and 1947 stage-discharge curves not in better agréement at their upper

e-tremitiese



IEVEE DISTRICT

Prairie du Pont %
Harrisonville
Fort Chartres

Stringtown

1943

DATA ON LEVEE BREAKS

1oLl
MAY APRIL
DATE STeLe GAGE DATE ST L. GAGE
10 A.Me = 20th 35,5 10 A.H,-28th  37.L!
S PMe » 20th 36021 3:30PM-30th 39.0!
9 PuMe = 20th  3642' L A.Me=20th  36.3!
10 PuMe = 20th  36.3' L A.M.-27th 363"

1947

JUNE
DATE  ST. L. GAGE
9330 Pulfe 30th = 39.5¢
12% 27th  30.3!
M ght 26th  37.2°¢
Night 30th  39.5

1951

DATE ST.L. GAGE

NO FAILUR
 ALL WITHSTOOD

L0+2 FEET.-

#* During the 1943 and 19LL floods the upper flank and upper three miles of the river-front leves

withstood the flood waters without crevassing or overtoppinge

During the 1947 flood

all the district levee remained intact except for the extreme upper portion of the

upper flank levees



EFFECT OF PILE DIKES

Recent studies reveal that contraction by pemmeable dikes has had a negligible
effect on the increase in flood heights, being only one~half of one percent
since the work was first initiated. Three reaches of the Mississippi River,
each 20 miles in length, in which typical channel regulating works and levees
‘were built during the périods 1908, 1927, and 19Ll;, were investigated. The
reaches in upstream order ares (1) that portion of the river betwecn Commnerce,
Missouri, (mile L0) and Poe Landing (mile 60); (2) froﬁ near.the foot of
Crains Island (mile 105) to Little Rock Landing (mile 125); and (3) from
Chesley Island (mile 160) to St. Louis Eads Bridge (mile l&Q)f Aress of the
main channel up to lowest high bank elevation common to all three years are
shown in the fillowing table: '

: Yyo-60 I2S-125 eo-180

Reach Noo 1 Reach Hoe 2 Reach No, 3
Area 5q.7ls Area Sg.¥t.e Area 5q.Tt.

1908 96,000 74,000 80,000
1927 78,000 78,000 80,000
okl . 79,ooo 76,000 - 78,000

The following is‘qucced froa the resulits of surveys made under the direction

of Colonel J, Ho‘Simpson in 1879: "The area of cross~section in front of

Ste Louis at Pinn Street was 41,000 square feet; stage, nine feet; the area
added by a 30-foot stage would be 38,000 square feet; tobtal, 79,000 square feeten
The present area at Pine Street in St. Louis is 79,000 square feet at the |
30-foot stage, hence, the cross~section has remained unchanged, althouzh the

Ste Louis harbor is the most constricted reach of the open river section of the

Mississippl River under consideration.



DERIVATION, FREQUENCY CURVE, ST, LOUIS, MISSOURI

1. The method used by the St. Louis District in computing the
frequency curve of discharge at St. Louls, Missouri, is the Hazen
methods Only the highest daily flow on a calendar year basis for
each year of the period 18L3 to date was used in the derivation of
the frequency curve. The formule P = 2m - 1 was used in which

on
P = the plotting position, m = magnitude of flood and n = number of
years of record. From the annual crest discharges, the mean flood,
coefficient of variation, and coefficient of skew were determined
and from these the frequency curve was derived,

2. Discharge observations have been obtained at St. Louis for
the following periods: 18664, 1872, 187L, 1880-1881, 1892, 18956-1905,
1909-1910, 1912-1915, 1919, 1922-192%, and 1927 to date. Gage
readings at St. Louils are intermittent from 1826 to 1860; however,
the crest of floods worthy of note were determined by levelling from
the city directrix. The records are continuous from 1861 to date.
The height of the historic flood of 1785 is also fairly well established,
however, some doubt still exists as to correctness of height and flow.

3. Actual discharge measurements in excess of one million cefes.
were obtained at St. Louis in 1892 when, on 20 and 21 May, flows of
1,013,000 c.fes. by meters and 1,106,000 c.f.s. by floats were obtained;
howeover, former engineers of the district discarded these measurements
because they were considered unreliable, as flow cstimated atb L43,000
cefese along the left bank railroad was not measured. DBecause of
levee breaks at Fast St. Louis and downstream thersof, the 1903 flood
was measured at Thebes, Illinois, 136 milcs below St. Louis, the
maximun measured discharge being 1,011,000 c.f.s. by meters on 1L June.
Discharges in excess of 1,000,000 c.fes. werc also measured at this
station on 15 June. At Chester, Illinois, 6l miles downstream of
St. Louis, a flew of 1,060,000 c.f.s., was measured by rod floats on
27 April 1927. The above constitute all measurcments of discharge in
excess of 1,000,000 c.f.s.

Lis The discharge observations were grouped by years and mean ,
stoge~discharge relationships for the selected periods were establisheds
The stage-discharge relstionship periods as established weret 1872-1881,
1896-1915, 1919-1928, and 1929-193li. The highest yearly discharge for
use in determining the frequency curves was determined by applying the
highest yearly ctages to the stage-discharge relation curve of the
appropriate period, except for the period from 1935 to date, where
regular discharge megsurements have clearly defined the flood discharge
valuc .,




5+ The highest flood at St. Louis for which there are authentic
records othor than discharge is that of 18L4L. The sccepted value of
discharge for this flood is 1,300,000 c¢cefes. A determination of the
18L); discharge value is printed in House Document 722, 59th Congress,
lst session. Subsequent to this determination, the peak discharge
value for this flood was checked about 1925 by Uppcr Mississippi Valley
Division hydraulic personnel and in 1951 by hydraulic persoanel of the
St. Louis District, each using a different method.

6. Floods in excess of 1,000,000 c¢.fes. for which values were
computed or determined from stege-discharge curves and used in the
frequency curve determination are as followss

Year Stage Discharge
(£t .) (Coefess)

1785  L1.5(+)  1,340,000(+)
18LL 1.3~ 1,300,000 ~
1851 ©  3%6.6 -~ 1,022,000
1855 37 .1 1,050,000
1858 37 .2 1,05L,000
1903 38.0 1,019,000 (1)

(1) Due to levee breaks, crest discharge estimated to be 1,040,000.

7« It may be interesting to note several comnparisons of maximum
measured discharge versus maximum stege-discharge curve discharge. In
1881 the mean of two crest rod measurcments was 833,000 c.f.s. as
compared to 822,000 c.f.s. determined from the stage-discharge curve and
used in the frequency curve determination, In 1892, a maximum of
1,116,000 cof.s. was measured by floats, but because of reasons previously
stated, only 926,000 c.f.s. was used in the frequency curve determination.
" In 1909, a maximum of 851,000 c.f.s. was measurc’ by meters as comparcd

to 861,000 c.f.s, which was used in the frequency curve determinatione
Inasmuch as discharges at St. Louls were measured by various methods

prior to 1935, it is believed that the adopted discharge for any flood

used in the frequency curve determination is well within the accuracy

of the methods of mcasurements. 4 study was previously made of the
relationship of discharges measured by the Corps of Bngineers using

various types of equipment and measuring devices, floats (surface,
subsurface, and rod) and meters (large old tvpe and present small

type). In general, it was found that the old mothods and equipment

gave results about ten percent larger than results obtaincd by present

day methods and equipment. Thisg error would bo compensated for some-

what though not fully and would tend to make the older mnximum di scharge
values comparable to present day meximum valucs as the instantaneous maximum
peak discharge is always slightly larger than the mean daily maximum discharge.

o
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at Ot. Louid, Mo,

The request for the history of shifts at the géging station on
the Miuvsissippi River at St Louls, Mo. creates 4 rroblem that cannet be
answeren with a brief study if reasons for the onifts are to be glven,
The amount of the sﬂifts in general through the yoors can be shown.

o study the shifts at St. Louls tne yeriod 1934 to 1961 was
usea.  The study shews a g*kbrvl degradation of ths low water channel, a
loop effect for eacn flcood, a shifiing of the loop durlns any year which
has sevaeral flowds ana the cccurraence of {ne widest pﬂft of the loop

between 20 and 35 feet pape heighte.
2] [

For the perica 1%93,-61 an average gage helg

ht was determined
for various discharges at intervals from 50,000 Lo 8CL,07°0 cfs.  These
resulits were plotied on sheet Noo 1. The small circles indicate the
range in stage ir any one year for discharge shown. Lotis: lines
indlcate that the ray neAhnt for that particular year was not reached by
the range for that year. “This plofting indicates a genersl degradation
belew gag: height of 2% feet with it being more evident at low suages.
Avbove 25 feet not enouwrn years of high flow have cccurred to be specific
apout & trono, bul there is a scour effect shown after a periou of high

flow witn a f1 11:rg in during a following pericd of jyears of low flow.

Luring a veriol of low~{low yvears the rate of scour al low stages is

freater, which iu provacly f"fluenyeo 1" drcug*xg ol the chanrel ard by
less siluy water entering the area. Plotting on sheet Ko. o shows

degsradation of more than 8 feet for stages reypresenting 5 , 00 efs for
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On ali tlonus there is 4 loop effect showing & greater
discharge on the rising than on the falling stape for a given rage

hwlgﬁt. This toor i widest between 20 and 35 feet rage helghis.

Gag: helrht of 3L feev is considerea flood stage, but abvove 20 feet the

flO\r«' ine

leave the maln channel at places downstrean and effect of

encroscenrent may influerce the stape-aischarpge reolation. For the few
high vears of record stuaied, the looy is always narrow above 35 foot

stage. It appears the bank overf{low has a decided effect on the loop

fect. On the recea

on the water slope ana velocitles are always

¢, R composite plotiing of several high

lower L*&n on tbe‘risénr ﬁiﬁg
years is shown on sneel No. 3. Thils demonstirates that the width of the
Joop is graateszt beuwsen 26 and 35 feet. More information is needed to
explainhhhe variation shown aoove 35 feot.
To show the seasonal change in.a particular y.ar two prints

of gage height veo discharge are shown for 1951 and 1961 on shects 4
and . The shilting of the peaks frow right teo left is clearly depon-
strated in these prints. The pattern 1s closely the same each year,
From February to July the pesks progress from the right to the left.

Then any risg ip 'zt\ghe and Uctober move back toward the right. The
sediment load possibly has an effect cu this transition. ADuring those
years when the flow receuwes Lo 8 low stage the recession curve will
remain to the left until the lste months in the calencar year. Then
during the low yeriod dlscharpge measuruﬁﬁﬁta will besin tc show a
trend towara the right.  Any deber rise vill show a stage-aischarge

relation to the »ipat of the previous recessgion curve, This is the

yearly pattern Lo peneral.  In effect 1L anight be stated that the loop
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exbends down to & Jow clage.
Many facters are undoubt:dly causirg these changes A
detalled stuay of tae cause and ¢ffect is besurnnd Lhe scope of this
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