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So'“ Mistuies in the Desi=n of
: ~ Ficod Controli agfhs i g "
E, W. Lane g Y . 'De ('meur. 1554

a b“c past a nuiber of mistakey in the design of flued

control systens bhave come tO the writers atteantion. The mistakes
are in ’ost ciaces casily g*en wher “‘rf are poiated oub, but mosy

of then escapad the sotics of vcwy able englosers wbho were 0L
ceracd wi;h the ;x;wm,“Jiun sf the ?ldAJ, and it 1s therefor
reasonable to suppose that sicilar nistailes can be aade in thc
future by other able mene In the hops of preventing some of these
nistakes in the fubucs, they are poinved out in the felluwing
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Srrors in the Doglea

One of the most il o 21 control “l‘nu
results ia the ¢L\vx¢;d of lev‘:: by Lhe water fros the main
straam, due Lo inadeguate tying in of the ends of the levess to
the high land., ia one case on = major streaa a loy
to vrﬂtcct a lux ,g area of low ly iz; and wag connected to hizh
laend Lot i eirlae It wasd latex t;?. rared, however, thatl the
IOCal otr:;m wv; a drained ths QfQBbLuui arga enterad the aain
streaa aany niles dovmstreas fros thie end of the lsven, and that
in a major flood the water euif bacik up this sirean and caus
extensive flooding within the flooded arca, In znother case a
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. 2eves was Lullt to protect a C“tj and was adeguately coanected to

hizh land at both ends, Ono end was ¢ometted to a gravsl ridge,

&nd souo tlse elter tha levees vere conploted 1% to reuove

gravel for conisrelul PUrpOLLes Wos Starie AR E: iZee HRHad

this faed not -Leun learnsd Ly Lu flood 9'0 cutlon au nority,

within a short viw a consideruble sectlon of the gravel ridge

would have beon reasved, causing a breauh *: Uha protoction Syst
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which would huwe veen nearly s goerious as u breach in the lev N

it ia not h3l y& nedesiary Lo tile the levasz lato high land
&b the dosmmuaztrean end, On a bihr streas it nay e curriad far
enough downstiyean 30 that the %3 Ly dovile
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stream end 16 low enouzgh that iy will ot tack inte the areq
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wiich it 1s pleamed to protect. Tals uut.,d an me advantage
over the ordinury riug levee arcund the arsay; tnat pueplng }lém,a
are not required to prevent runofi fron l“‘_i rainfall dischargs
ing into the proteculng orva and flooding i, a5 an outlal
channel for this locol drainaze can be built leadisg down to
tie end of tha chee ang thon dizcharging into the maln streanm.
Advantage may sometices be taken of the local struca for all or
part of this Chﬁﬁdomo In the desizn of such an interior drainage
hannel hoaever, iv is necesaary to be cure thet the backwater

ur*e of the local slors runcfl in this chamiel, st.rtlas ab the
lower end of the channel at the cl watdon of the flood water in
the msinstrean channel will not be high ¢aoL;h o overfliow the
banks of this interioyr drciaage Lﬁ”ﬂhfl and czuse damage.. This
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nay reguire that the main river leves be extended conslderably
arther downstrean than would be necessary only to insure that
the flood level at 1ts downstream end was lawxrthan any of the
land within the levee. In one flood protecticn system for a town
thio levee was not continucd faor enough dowmsirean and flooding ;
dansze resulted in the downstreanm vnd of the area proteched Ly
the leveos : ' i Eiis S5 13
Levee systens are often designed by bullding the levees to a
certain helght zbove the greatest previcus floed of record. This
iy not alweys an adequate method since such systeas can at times
be quite complicated and the computation of ths heiiht required
for thoem be very complex, Great care is nocessary to insure that
all of the posciblliities of stream actlon are considersds Cae
czso vhare protection t9 a certain helpht above the highest rocorded
flood vas inadecquate can be 1llustrated with the help of the dia-
gram in Figure le In the largest flood for whiech dota wes availe
able a great flow came down the stream froa A to G, where 1t
divided, mdst of 1t flouwing down the stream Gy to the sea, part
flowing doua the course C8C to the sea, and still another flowing
downs the course SEIPF to the oeae The iattcr floswt washed oul the -
sluice gate and lovee which controlled the flow dowm the channel
DFe & small flow cawe dowa the channel LD and Joined the part of.
the flow from A paszing down DF to the seae. ' The slulece and levee
pear D was rebullt with its grede based on making 1¢ hisher than
this floods lowever, it vas nobt recognlsed thet it might Lo pesw
sible to have larger flows dowm the chaunel ED, wiich combined
with a smaller {lool dowm the stresn AS, would ceuse a flow in
the stretch U2 in the opposite directlon frou that in the great
flood, which uight causc hither stages at the slulce thian that
observed in the highest floced of record. ' In complicated cases
guch a8 this one, ald recascucbly possille cosbinatlons of flows
must be cousldered and the lovees built st each polnt to a helght
sufficient to protect azeinst the nost severe conditions at that
poiante The hizhest flood of record is coiten an inadequate basls
of design, unless very long records are available.

©7 "Ome unusual case of levee follure took placoe on a lovesd
gbtreas due %o -the placing of d leves aCross a large slough leude
ing out of stream, a5 shown on Figure I The point of land €
between the river and sleouzh was high and covered with a thick
grouth of brushe It will e seen that iF no water flous fron the
sBlough back $o the river over point U thers will be no flow dows
the clough anigd conseguently no slope, lieage the water level at
point B, where the levee crouses tne slough, will e as high as
&t Ao Since the point © is high and brusii covered, the resistance
to flow over 1t 15 zreut and the discharge over it will be small,
The flow down the slouzh will not be zero, but will ve suxdl, :
ard therefore the water curface clevuiion abt 5 will be only
slightly less thon at polnt 4s  In Lhio case the levee was
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probably bullt without toking inte account the very small slope

required in the streteh Al, with the result that the crest of the.

leves at B was 5o low as (o te Lelow the flood lovel and was

over toppede Thls Indicates that in developing an adequate desiza

of a levee systom it is not eanouzh to consider only the backwater
- curve for tuac main stread, dud conslderstion must be given to the

effect ol the secondary chennels including lakes in the overbank

aI Lla.

Errors in the Desion of Chonnel Dnlsrgement Projecis

In the desizn of channol enlargesent levee projects, it is
not suificlient o compute vhab the enlarged channel alone would
carry, but its coancction wlth the chanuel dewnstrean rlust also

be considered, For example supposs in Figure 3, line 4B represents
the bottom of the river ¢hannel through a eity in its original
state and €3 represenis the flow line in this channel for the
flood for whieh it is decilded (o desizn the chamnel enlurgeasnte
In several cases which Lave cose to the swriterts attention, it was
decided to enlirzse and deepsn the chanael to & unifora cross .
gection and botton grade with dto Lottow ab, for example, the line
BF, forming levees alons the sides with the excavated materdiale
From the channel c1o3s sectiong roushness and vobton slope, the
depth of fiow reculred to ecarry the flood discharze, with a water
gurface Gil paraliel vo the ghanuel botton, wes conputede lavees
alonyg the cliannel were thea designed to be a uniform height above
tiizs flow line, o oa line I¥d, 3 e e 4

- The mistake in this wothod of design is that the flow line for
the design 1o0d downstreaa from the ehsineld Laprovesent (nelocte-
ing the storage effects meabisned later in this arviele) would not
te lower thon withoul the improvezent. The flow ling elevutvicn
as the downstrean end of the enlarged chanrel with the improvement
vould be ab point D and the flood water surface in the inproved
channel would follow a backwater curve, cuch as GiD, AS this is
above the levee top from K to D, the leveos would undoubtedly be
ovarncipen wd procably extensive flooding of the lower end of the
arga cupposedly protecied by the levess would occur, snother
ervor in this desipn 1s that at the lower eand of the enlarged
channel the bottow froa L to I is belsw ths level of the botionm
further dowasitrean and a pool or decper section would be formed
here &t nost river dischargese. I{ the strsan cnrrliss sedinment,
as nearly all do, soxe of it wowla tend to settle in this pool,
pradually £illing 1v up and thus decrease the discharge capacity
of the channel. If channel improvaaents sro made by channel
deaponing, the bottoa at the dowmstrega end ghould be sloped :
dovaviard at the flatter slops than tiiz nutural slope ol the strean,
80 that a pool will not be formed ot low dischorges.  However,
this smaller slepo nmay causo some sediment depesit, and if the
strean carries a heavy sediment looad, scrious doposlits may occurs
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Thils action nay make channel deepening in a stream carrying heavy
Sedlment load inadvisablee ; : LB

-édVeraw Lffocts of Hiver Strailshtenins .nd tLq Rei ctlen of
L oeboraTe uDAce

Very CTOOx“d rivera ere froquently straizhtened to increase
-the¢& flood carrying capacity, by excavating Chamels 8cross thue
neck of the bguds, or in soms cases Ly uuklainb & straight channel
ceubting off a few bends. In extremo casdes a straight channel i3
excavated for considerable distincs doun the valloj, connccaing
‘ui*h the creoked channel o :ly at a few points where the straizhit
‘channel happens to uaﬁvuﬁct the croocied one., This procedure nay
- des d to umexpzected rcuble, due to the decrease of valley storag
- capacity that stralshtenin; pr0¢uCca, and o the scour which may
yregul* in Lhe utrdiaht caz znvl if-ive. s?ore bQCQ®03 tso gtcuv.

CTRRE €\ geveral cases crooied s»reuns were traightcned in the
‘middle but not zt the lower length of their COLrEQ. The stralghtened
channel was much steeper than the crosked stream; in fact, so much
L Bteeler bhhu the flow in the otralzhtencd cl wnnel very badly scoured
~its banks and bed, and carrded awcy large quantities of carth,
ctrecs and brusz.‘ vhen this material TLnCﬂ“d ‘the weltered section
-Lof the strexan ¢t annel, this chamnel, because of its flutter slope,
s - secould not carry the additional s;dinent load resulting from the
3 cscowr and barg were deposited in the ¢h 1nuo&, gred atliy rzuu“lng
. - 2 3%8 cupucity. On theoe bars the trecs and brush scoured off of
i the banks fw-ther upstrean cellected, still fwrther reducing the
cehanhel ea p“cit! and induecing sdditional cedinent to ceposite The
$ creduction of channel capacity LHU» pr’qucﬁh,g;:raVat d vy the
cdnereased rate of £1ood flow caused by the cuteffs, as explainad
cin the 1cllantnu paragraph, led t¢ the complete abandennent of
fleyge arens of Fornls rlf yruductive ferss in the lower ends of
Jthsse v@llg/ ; BT L B 2 et Rt v e
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o In onc case an er*“ onu the 10”er end 01 a lonu, crooked
wriver was “rotec ed from f'qus by cutbting off meny of the bonds
~in this secliones Loter the cutting off of the bends was extinde
“for a long dista ee up the strean. This reduced the overflcw of

the bobttem lund slong the upper end of the river, thus reducing
‘the spzsce in which the water flo”in; into tiis section of the:

- channel could be stored as tk@ ficod levels rose, and thus
vinercasing the rate of flood discharge of the c‘anncl. The accuiie
“lative effect of the redvction of ubor ge duz vo the cutting off
of the tends alcrw the length of the utre“m was 80 preat that the
A ‘rate of flend di harge at “the lower end of the rivor was larger
“than the straig! wtencd channel vouald carry, wnd levees hed to be
» butlt to V?th?u the land shich had formerly been adequately pro-
v “tected by the cutoffs, S ok 1 by TR
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- In general, it may be sald that any flood coutrol consgruc-
tion, such as levees or cuteffs, wiich reduce the space in which
the leood water of a streaw can be stored as the flood rises will
cause an lacrease in the rale of discharge of that strcaie Where
the reduction in storage space is great, the increase in discharge
rate - is likely also to bg larze. This fact wust be considercd in
determaining the effect of the coastruction of floodway channels,
In the design of one floodway channsl storuse effects were noglected,
but amounted to mearly 400 of the floodway capacity with the result
that a major disaster would have resulved had the {loodway been
built @3 first designed and a flood ¢f the size contemplated in the
deosign occwred, : - : : ', 14
- To understuna this situstion, consider a hypothetical case
where it is propoced o build a leveed floodway channel to carry
the excoess flew of a river in flood time, Lo prevend ovecrflow,
tae leveed c¢hanunel ruaning parallel Vo tae river. Juppose the
river will carsy a maxdimue flow of 3,000 cublc melers per secoad
witoout daaage, for wiidch elevatlon of ths water swrface at the
epper end of the flogdway s 30 meters. wuppose however that a
flood of 5,300 cuble meteors pzr cecond Cun bu expecved 1o CcoOne .
dowa ths river to the head of the channcl, and protection against
ais flood by means of the leveed floodway is coatemplataed. It
would scam 3t {first zlance that ¢ floodway whilen would carry 2,000
cubic nevers por scdid ab aa ¢lsvation of JO meters at 1ts upper
ent would have been @aple. Howoever, this 1s not the case, Hud
the 5,000 cuble mrbter per second flood occwrred in the river vwithe
out thwg fiocodway, 1t would have reachied a higher elevatioan than
30 meters; for exuaple suppose 1t would have reached to an elevation
of 35 materse 7TO take tine toval flow down the river and the oy
floodpay wishout reacihring en elevation higher than 30 meters would

el

- requlre that the floodway chanmel would huve Lo ¢arry nov oaly

tho 2,000 cubic meters per swcond, bub zlso the volume of water

whtich would have veen stored in the river channsl and overbvank
area upstream froa the floocdway, betwsen the flow live of the

natural flood (which reach zn eleyation of 35 wmsters st the upper .
end of the floodway) and that produced with the floodway constructed
(which reached an elevation of 30 meters at the same point)e

The amount of additional discharge capacity reguired would
depend not only on the storage ospace between thase two flow lines
but also on the rate at which this space would ve filled up by
the 5,000 cubie meter per second flood in the river without the
floodway constructed. It should be noted also that the incroased
dischirge that would require the increase in discharge capacity

for the floodway will also increase the flood discharzes in the

river dowastrean from the floodways This incrsased discharge

downstreun must ve taken into account in designing the levee
heights not only in the river downstrezam frow the floodway but
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also 1n the flocdway itself and adlongz the main river in the stretch
paralleing the floodway. The effect of the greater discharge in
the river downstreas from the floodway and consecuently the hizher
vater levels thers is to reduce the slope in both the floodway and
the river parallel to the floolway. Considerable inforaation on
the effect of storage reduction ou the desizn of floodways is given
by Liader.* i .

Mistakes Involvins leaserveoirs

A mistzke which has {requently been made in estimating tha
eifect of constructing & recervoir to reduce the flocd on & river
is Lo uossune that all of tho storage capacity of the reservoir 1s
aveilable for reduclng the flool flows The omount which is actually
avallable is ounly the volume by which the sterage available when

iy

the reservoir 1s constructed exceceds the velume within the reservoeir

whiich would be filled by the river during flood bLefore the reszrvoir
is constructedse 1In the case of reservoirs on lurge streamss, thoe
voluwie within & reservolr wiich iuw occupied by the river in its
natural condition may be very largze, and constitute an appreciadle
part of the total capacity of the reservoir proposed. In such

cases it is important that thls nastural £illing space be accurately
deterained, :

/
A point which is sometimss overlocked In placning flood cane
trol schomes invoiving rescorvoirs with outlets which are bullty with-

"oub gates Lo regulate their cutflow, is that under certaln conditions

geuch reservolrs can inerease the peak flow in the rivers downstreaum,
rFor exanple, ceasider the effect of such an uncontrelloed reservoir
o & smull tributary of & large river. The maximun discharge of the
tributery mey, under natural condlilouns, cccur say three days after
the rain storm preducing a flood, and the maximuwa flow of the larse
river iz likely to coue later, say six dayas after the rainstora.

The ressrvoir nay naterially creduce the maximmm flood flow on the
trivutery stream on which it is located, bubt it may produce a lurger
flow into thic mein strean slx days after the stons, vhen the naln
stream reaches its crest, then would have flowed cub of the tribusary
stream a% that tirme if the reservolr had not been coastrutted. A4An
increase in ths heipht of tho flood in the maln streanm would thus

oe causeds Flood control reservolrs with uncontrolled autlets pros
duce their maxiumie: outflows later than the maxinun filow in the
streast on which they are located, and the possibility that this
could increase the size of the floods downstroam should be investl-
gated whenevor such outlets are planned. The difficulty ca

ususlly oe rezoved Ly using controlled outlets, but controlled
outlets also have disadvantages.

% Diversions from Alluvial Streans, C. P. Linderi americon Soclety
9

of Civil tngineers, Separate lioe, 112, Jenuary 1952,
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A8 a result of tho construction of reserveirs for flood con-
trol on streams carcying a very heavy scdient load unexpectsd
detrizental effects may arise because sedimant 1o likely to be
deposited, not only in the reservolr bubt also upstrean from 1t,
Jwhen the heavily sediswent laden water comiug down the stream
reaci:es the level at which waber is being stored in the reservoir,
it will drop & large part of its sediment load, causing she river
bed at this point Lo i1l up souevhiat,. This will decrease the
slopo in the river upstreae and cuuse deposits and a rise of the
river level liaere also. osowme of this deposil aay wash out later,
but if the river Lanks and ved are of eauily erodible naterial the
deposits provably will lacrease with time end may cause & wnalterial
raisinz of the streaam bed for a loag distance upstreanm I{rom the
resexvolr. This same effect occwrs above storage and wuler powar
reservoirs, usually even to a greaver exteat than in flood coatrsl
resServolirs. :
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