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ONE has but to review a record 
of the dams and reservoirs 

. constructed throughout the 
country during the past decade and 
to examine the list of those proposed 
for construction in the near future, 
to be impressed by the compara
tively large number of multiple
purpose structures included. An
other noteworthy trend, particularly 
with respect to projects having to 
do with flood control, is toward the 
development of a complete drainage 
area by a series of reservoirs. Thus 
an increasing number of engineers 
are becoming interested in the sub
ject of multiple-purpose operation 
of reservoir systems, not only from 
the standpoint of operating pro
cedure as such, but also from that 
of the effect of such operation on 
the planning and design of the 
structures comprising such a system. 

Something of a pioneering effort 
in this field is the system of reser
voirs on the Tennessee River and 

F RO.M one of the most higlzlydcr.•dof>td 
river systems in the u•orld comes this 

record of huw a river's jluw can be 
utt:lized to benefit multiple purposes. 
On /he Tennessee River 26 nwltiple
purpose reservoirs are operated as a 
unit, so regukzting the jluw as lo produce 
a minimum discharf!.e of about 30,000 
cu ft per sec where, unJer natural con
ditions, the discharf!.e ha.d .ranf!td from 
5,000 to 475,000· cu ft per sec. Berze(its 
that accrue are many. Over tu•o million 
kilowalls of generating wpacily are 
tnalk availabk. The ruzviwzble channel 
has been extentkd up rit•er 650 miles to 
Knoxville. Coordinated operation of 
flood gates has remOfJed the threat of 
serious floods. Other benefits lanJ?.ible 
and inlanJ!.ible are numberless. In this 
paper, which is presented in tu·o parts, 
Mr. Blee tells huw the TVA system i.~ 
operated. The paper has been ad~zpted 
from an address presenUd before a joint 
session of the 1/ydraulics arul Waterways 
Division at the Annual Meeting. 

Thl· storms whida produl'c· ~t·ttt·ral, 
valky-widt· prn·ipitatiun and which 
arc poll-ntial sourn·s of m:1jor flood:-;, 
arc the Gulf storms whid1 t·nh·r lh(' 
Valky from the wt·stt:rn c:rul with n 
gclll·rally south wt•st · II• •rt lu·ast st • •nn 
lral·k . Tlll'st• on·ur hd WtTII mid· 
l>L·cc:mht•r ancl the lirsl uf April . 
\Vest Indian hurrit·aru·s, ot'l'Urrin..: 
lx:t Wl'l'n June 1 a tit l Od oht·r I;,, 
occasionally strikt· alon~ tlu· nort lu·ru 
part of the l' . .astc:rly boundary of the 
watershed awl llloVl' J.:l'IU'rally in n 
northeasterly din·dicm. Tlws.· 
storms prodm·e iuh·nse pn·dpita· 
tion over the limih·d an·:L'> lravc·rs~.-cl. 

Snow storagl' of prl'cipital ion clo H'S 

not play an i111portaut part in tlu· 
nmofT from the Valll'y as a whoh·. 
Suow O('Cllrs to a dc·pt h of a fc·w 
inda·s in all parts of tlu: Vallt-y aut! 
may n ·adt a tk-pth of S(.-vc·ral ft·c·t 
in the hiJ,:h nuamtains, hut t•vt·n iu 
the mouutains it slays on llu· 
ground for ('olllparativdy short 
(K:riods. 

its tributaries, operated by the Tennessee Valley Author
ity since 1936 for the multiple purposes of navigation, 
flood control, and power, and now including 26 ins talla
tions. Having no precedent for the multiple-purpose 
operation of such a system, the engineers of the Author
ity have had to develop methods and techniques to cope 
with the situation and to meet the problems which have 
arisen. A discussion of the procedures developed for the 
operation of the Tennessee River system and of the re~ 
suits obtained may, therefore, be of interest. 

As now constructed, the sysh:m of da111s aucl rc~;( ·rvoirs 
dcsib'lled to clcvdop aud cou t rol the wall"r~ uf tlu· 
Tcnncsscc Valky consists of !J darns on the main rivt·r 
and 12 dams on tributary stn·ams. tftull'r an aJ:n·t·uu·ut 
with the Aluminum Company of Amt'ric·a, 'I VA al~· 
directs the operation and water di spatdtiu~ of thai 
company's five plants on the Little Tl'flllf•ssc·t~ J<iv•·r. 
so that the 2G inslallatio11s opt·rat~ as on~: sysll-m. Tlu 
Tcnncs..<;ec l<.ivcr and its tributari(·s tlms lweomc om· of 
the most highly devclopt·tl river systc·ms in thl· world. 

The watershed of the Tennessee River comprises 
41,000 sq miles, about half of which is covered by forest 
growth (Fig. 1). The headwaters of the river are in the 
mountains of eastern Tennessee, of western Virginia and 
North Carolina, and of northern Georgia. These moufl'
tains include the Blue Ridge and Smoky Mountain 
ranges, which rise to an elevation of over fJ,500 ft. The 
main river begins just above Knoxville, Tenn., at the 
confluence of the Holston and French Broad. The 
normal elevation of the river surface at Knoxville is 
about 800 ft above sea level, and at Paducah about 
300 ft. Of the .500 ft of drop, some 100 ft are concen
trated at :'-.fuscle Shoals, and the remainder are fairly 
well distributed over the river, but with the flatter 
gradients below Pickwick Dam (Fig. 2). 

~lean annual precipitation for the TenncsS<:e River 
basin as a whole is approximately 52 in., varying from 
about 3i in. in dry years to 63 in. in wet years. The 
mean annual rainfall over limited mountainous areas 
near the headwaters may be as high as 85 in., whereas 
over other areas in sheltered valleys it may be as low 
as 40 in. 
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0 .. .. --- .. produce power for war 
production. In these 
cases there was a·com-. 
mitment 'that ·such 

;..~~~~~f:::- · plants would be oper-
'~-:7' a~ed primarily for 

~~J::;....,.:> power as long as the 

s. e. 

f 

power was necessary · 
for war production. 
As soon as this power 
is no longer necessary 
to meet the require
ments of war produc
tion, these plants will 
be placed OD multiple
purpose operation 
under the appropriate 
rule curves. 

Flo. 1. T1m TBHNBSSRB RlvBa 5YaTBK 

In establishing the 
storage space to be 
reserved for :flood con
trol, ·recognition is 
given to the fact that 
the flood season in the 
Tennessee Valley is 

The combined gross stOrage capacity of the reservoirs 
is 21,000,000 acre-ft, of which 13,000,000 acre-ft are 
usable within normal operating levels. The continuous 
length of the slack-water nagivation channel extending · 
from Paducah, Ky., to Knoxville, Tenn., with a navi
gable depth of 9 ft, is 650 miles. The present total in
stalled hydroelectric generating capacity of the 26 plailts 
amounts to over 2,000,000 kw. In addition, the Author
ity has available steam-dectric generating capacity. 
totaling 450,000 kw, which may be used to supplement 
the supply from the hydro plants. . · · 

Data as to present capacities refel' to projectS com
pleted or under active construction. Fontana Dam was 
closed in November 1944; the first unit went into opera
tion in January 1945 and the second unit went into 
operation in March" 1945, completing the installation 
planned for the present. The fourth and last unit of the 
Watts Bar Steam Plant started operating in April. 
The first three units at Kentucky Dam are in operation, 
and the fourth will go on the line in the fall of 1945. 
The use of the Kentucky Reservoir for flood-control 
storage was limited this season, as the reservoir reloca
tion work had not been entirely completed. 

In taking up the subject of water control as applied to 
the operation of this river system, it may be observed 
that this subject has two phases:· (1) long-range or 
!ieasonal control, and (2) short-range or day-to-day 
control. . 

Long-range control is that which is required to provide 
the proper reservation of storage space for :flood control 
and to determine the general method of operating for 
power production to meet the forecast power load. In 

. the case of the provision for flood control stoiage, a 
cbart or rule curve is prepared for each reservoir $owing 
the limiting elevations above which the resei voir is not 
to be filled throughout the :flood season except in con
trolling a :flood. These limitations are established by the 
:flood-control requirements assigned to -the particular 
aesa voir all part of the designed requirements for the 
whole system. . • 

Nonnally they would remain constant, except for 
some change in the basic assumptions or a change from 
one stage in the development of the system to another. 

· There has been one departure from this procedure, and 
that concerns certain plants authorized specifically to 

.limited to a definite period. Systematic stream-flow re
cords covering the past 70 years, and. ~torical records 
extending our knowledge to cover a period of more than 
100 years, are available. . Such records demonStrate that 
major :floods on the Tennessee ·River are confined to the 
period between the latter part of December and the first 

· of April. Intense precipitation may be caused in the 
summer months by West Indian hurricanes striking along 
the easter:n edge of the basin or by local thunder-storms, 
'but neither of these involves sufficient areas to produce 
a major tlood on the main river (Fig. 3). 

FLOOD-CONTJI.OL STORAGE ABOvB CHATTANOOGA 

The locality in the Tennessee Valley most vulnerable 
.to flood damage is the city of Chattanooga. A repeti· 
tion of the :flood of 1867-the largest :flood of record"'"" 
would, if uncontrolled, submerge the business and in
dustrial district up to a depth of about 20 ft; causing 
very serious and extensive damage. Therefore above 
Chattanooga the operation of the reservoir system is 
directed p~y toward the protection of 'that city, 
but it also benefits lands and other. communities along 
the tributaries and main river, as well as on the lower 
Ohio and Mississippi. The system of reservoirs as now 
constructed provides over 4,000,000 acre-ft of storage 
for :flood control as of March 15, 1945, in the tributary 
resei voirs above Chattanooga, as indicated in Table I, 

In addition there is a flood storage capacity of some 
815,000 acre-ft in the main-river reservoirs above Chatta
nooga. This, combined with the storage in the tributary 
reservoirs, affords a total flood-control storage of ap
proximately 4.5 in. of runoff from the entire watershed 
of 21,000 sq miles above. Chattanooga. This storage is 

TABLB L PaoPOSBD SroRAOB POR FLooD CoNTRoL ASOP MAam 15 
IN fimUTARY RBslar.VOIIlll ABoVB !=RATTANOOOA 

Nonlo (Cihodo ltlft<) •••• 
Claerokee (Hobtoa Rlftl') • • 
Douala (PreD<b ....... Rl..r) 
Poataua• (Little Teau. Rhu) 
m-t(W-RIYU) • 

I,Dll ··-•• 641 . 
1.<48 -

A<:ft.Pt Ia. alR-
1,871.000 . 8.8 

807,000 ••• 1.020.000 • •• 671.000 7.6 
coo.ooo 7.8 

<.187.000 

• ~ ueaudade that of N .. tahala..s Gle:a:rille a:sa;ob:a.. 
t lad.._ Nottt17' ad Cltatup :w uuiu. 



":R;vy /. rs, No.5 : I V I L E N G I N B E II. I N G jtJr Ma:y 1915 Ul --- ---oiO 20 oiO 20 0 
1600 

110 co 20 00 JO 

100 ' 200 

3200 

~2800 
12400 

J2000 .. 
j:: 

800 

-o-A \ 

Nonl>ho'!.:,_'/1-
TloMtl '::" ""~''-

,Nita~ 

p.,._....._ht.,.loo 
. 4000 

~ o10 110 eo ~. m 
Utllo y,_- (MIIft- _.,, 

t-

The Table I figures of 
available storage for flood 
control are for neat the end 
of the flood season-March 
15. A considerably larger 
reservation is maintained as 
of January I. This provides 
some additional reserve 
against the contingency or 
one major flood following 
another at a short interval. 
·Filling of the reservoirs after 
March 15 is restricted, until 
April 15 at ll'BSt, and ia dic
tated by consideration of the 
conditions in the individual 
year as the end of the major 

300 
400 500 600 700 800 800 

flood season approaches. 
r...-- (Milos- uouu.1 These conditions include the 

.· . . • amount of ground water in 
Flo. 2. I'ROPILB OP TBB TttNNBSSBB Rmut 5YBTIIII the soil, the progress of the 

· · Sl'ason as indicated by vegcta· 
sufficient to control the largest floods of record to such tion, and the stream flow and weather conditions prevail· 

~an extent as to greatly reduce the damage that would ing in the last half of March. 
otherwise result at. Chattanooga. Furthermore, the Below Chattanooga the reservoirs on the main river 
reduction in flood crest resulting from the operation of have a combined flood-control storage of about 6,000,000 
the reservoirs makes it feasible to protect_ Chattanooga acre-ft, including the 4,000,000 acre-ft behind Kentucky 
by a system of levees against the occurrence of a probable Dam, which is located practically at the mouth of the 
flood considerably larger than the flood of record. Tennessee River •. This latter storage is in a particularly 

In .the use of the reservoir system for flood control, the' strategic position for assisting in the control of floods on 
objective is to regulate .. th~ substantial. floods only. the lower Ohio River and on the Mississippi River below 
The science of weather forecasting has made notable Cairo. Studies indicate that with the complete system 
advances in recent years but as yet cannot furnish com- of reservoirs on the Tennessee and its tributaries, the 
pletely dependable data as to the duration of a storm. 1937 flood crest on the Mississippi would have been 
Consequently each flood must be treated as if it might · reduced approximately 2 ft at Cairo and that reductions 
develop into a major flood. This means that available of 2 to 3 1

/ 1 ft would have been made in other important 
storav.e capacity should not be used up in .regulating the floods. . · , , 
smaller floods, but must be held in reserve so far as 

\ possible for the oontrol of'major floods. . . 

.,_. h 
.c: 
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Flo. 3; D~nwmamonnul'TUOH cnr F'LOoDII AT CHATTANOOGA, TBNH. 

WATER CONTROL POR POWER PRODUCTION 

This discussion of long-rang~ or seasonal control baa 
so far been devoted largely to flood control. The ion$'· 
range control for hydroelectric power production 11 
something of a complement to the flood-control opera
tions, starting in where the latter leave off. As a guide 
to reservoir operations, a master guide curve is prepared 
each year, based on the predicted power load or range 
of loads for the year. This curve is an envelope of a 
number of curves, each showing the amount of hydro 
energy which should have been in storage during certain 
critical dry years of record in order to cany the desig· 
nated load with all the steam-electric plants on the 
TVA system operated to capacity. In general, when 
the energy actually in storage in the rell'fVoirs is above 
this curve, no steam or purchased energy is essential; 
when the stored energy is below the curve, the need of 
supplying all available supplementary energy is indicated. 

·, 
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KALAlUA coN'l'JtOL, AN JHPOII.TANT l"UNcriON 

Malaria controi is not one of the objecti~ specifically 
named in the' Tennessee Valley Authority Act. but it 
bas become an important function of the Authoril:y. 

FIG. 4. 0PBilATINO GIJIDBS woa 1944 ON CoiiiiJHJID TVA- ·The building of an extensive system of resenoirs in a 
.AJ.coA SY8rBK region to which malaria is endemic nee ess rily intro

duces the problem of -controlling the breeding of the 
. , . ,: · . malaria-bearing mosquito (Anopheles . quadrimaculalus) 

This statement, however, oversimplifies the situation. • in and along the shores of the lakes. (See "Engineering . 
Questions of economy are involved in addition to the Aspects of Mosquito Control-TVA," by W. G. Strom-' 

_abUity to carry the load. The supplementary power 'quist. Civn. ENGINBmUNG for October 1944.) This · 
comes from various sources, with widely varying unit becomes a problem of resei voir control and must be 
costs. Obviously it is desirable to use the low-cost _ • coordinated with other operating requirements. 
energy as far as possible, but this means starting its use In the case of .the resei voirs on the main river, the 
early, and then it may develop that the corresponding desirable water-le-.rel regulation for malaria control is 
stored energy will be subsequently lost by spilling. The to fill the resei voir to the maximum elevation in the 
questions of when to start supplementary steam-electric early spring, hold the watet at this level for a short 
power and how much to use are largely matters of judg- period, then drop it to the normal up~ operating level. 
ment, and the curves are only guides. Factors that must This tends to strand floating debris and to inhibit 
be considered include the probabUities of various patterns vegetable growth ·around the margin of the resei voir. 
of dry years occurring, the extent to which the load Then, during th~ mosqui~breeding season (which ex
might be curtailed or additional supplementary energy tends from about May 15 to October 1 in this region), 
obtained in an emergency, and the current runoff and . the water levels are subjected to cyclical fluctuations of 
ground-water conditions. . about a foot at one-week intervals, combined with a 

Data as to actual load, energy in storage, and stream- gradual water-level recession. Water-level fluctuat.'on is 
Bow conditions are plotted on the curve as they develop. one of the most effective methods of cOmbating the 
This presentation of the data not only gives a good production of mosquitoes, as it strands the eggs and 
record but also affords a basis for forming judgment as larvae and also draws them out from the protective 
to operating procedures. The master guide curve and - vegetation, exposing them to their natural enemies. 
operating record for the 1944 ~n are shown in Fig. 4. On the large storage tesei voirs it is not feasible to flue
It will be notedo that during 'the summer the .energy in tuate the water, but the extensive drawdown keeps the 
storage was drawn down considerably below, that called edge of the water away from vegetation and on a clean 
for by the guide curve. In this particular case, the de- shore. 
cision to avoid the use of the more inefficient steam Supplemental meanS · of mosquito control are also 
plants, which woUld have been required to build up the employed, including the application of larvicides by 
amount of energy in storage to that called for by the spraying from boats or dusting from airplanes. It has 
curve was influenced by the fact that a considerable been found that thorough initial clearing, with re-shrnb
block' of the load was not being furnished as finn power bing of a marginal strip just before impoundment. pays 
and so could be- curtailed. Also it was probable that good dividends in reducing the annual cost of larvicidal 
additional power could be purchased to meet a deficiency treat;ment. In certain localities, it has proved economical 
if such an emergency should occur. to dike and dewater large shallow areas. Again. :flat, 

In addition to the master guide curve, curves are pre- irregular shore areas ~ve been treated by cut-and-fill 
pared for each reservoir to indicate the desirable dis- excavation to produce a straight. steeply sloping shore. 



.Multiple-PurPose Reservoir·Operation of 
· Tennessee River System 

Pari//. Day-lo-Da!J Control of Flow 

By CLARt:NCE E. BLEE, M. AM. Soc. C.E. 
CHIEF' ENGIN£r;R, Ti!!:NNEssEe: VALLEY AUTHoRITY, KNoxviLLE, Tcl'IN. 

WATER control on the EFFECT/'VE short-range ctmlrol 
Te11nessee Valley Authority of river flow requires the accr•m,•la
system is centralized in the lion of ctmSiderab/e dam. On tile higllly 

office of the Chief Engineer at Knox- developed TVA System, extensive rec
,·ille, directly under the supervision ords an kept of rainfall and stream 
of an engineer in the Water Control gaging, U'tlllher, gr~nd-u'Cller condi
Planning Department. This adminis- lions, and a dozen or more other pertinent 
trative device has the advantages · factors. Operating problems det:tlop 
of establishing a unified control of rapidly during a · flood and complete 
water operations for all purposes, data musl be aooikbte at all.times. Thus 
and of placing that control in a de- a routine must be U'Orked otlt that will 
partment which is familiar with the supply the needed data. This article 

-planned methods of operation for by Mr. Btee is the second pqrt of his dis-
the system. cussion on the operation of the TVA 

Under the established policy of system of reservoirs. The first part, 
the Tennessee Valley Authority, which appeared in the May issue, COf1· 

the operation of the reservoi11> is ered long-range or seastmal flow-control 
conducted for the benefit of the fol- problems. The material for these articks 
lowing objectives: navigation, flood was presented in an address before a 
control, power, anc;l malaria control, joint session of the Hydraulics and 
as well as other miscellaneous and Waterways Divisions at the Society's 

·minor purposes. 'While the superior Annual Muting in Nt:UJ York. 
rights of navigation and flood con-

been invulunlJic in furnishing infur
mation from the ruuuntninous r .. -
gions of the wutcl'llhc.-d-iufurm:llion 
which is must csscnti:ll fur prt.·dkting 

. runoff. 
In councctiun with stream-flo\\ 

fort'C'a.c;ting, the TVA is U!iing <Jllltnli· 
tativc weather fore<--.L<~ls fumisln·cl bv 
the U.S. Weather Uurcnu undt'r 'u 
cooj,erutivc agreeme-nt wh"rchy tlu: 
Bureau makes sp«ial fnrcca.'lts 1 wil'e 
daify covering the Tc-nna"<:e Valley 
and its major subdivh.ions. AIKIUt 
8 a .m. an early-morning prc.-limi· 
nary foreca.'lt is rcct.-ived whic.-h is 
based on conditions as of the prc."<"ctlw 
ing midnight. This is followed up 
about 11 a .m. by 11 final fort'("t\St 
giving predicted weather conditions 
for three to five duys in advance, 
and amounts of rainfall expected in 
the various subdivision11 of the Vulle\" 
for two dnys in udvuncc. • 

·trol are recognized at all times, every attempt is made to 
coordinate. the requirements of the various programs so 
that the needs of each may be met in so far as possible 

. without injury to the others. Unified control is a prime 
·\ necessity in operating a· system such as that of. the Ten

nessee Valley Authority, with its multiple functions. 

FORECASTING STREAM: FLOW 

To supply information on rainfall and stream flow 
· throughout the wat~hed, an extensive network of pre

cipitation and stream-gaging stations is . maintained. 
About 150 key stations on this network normally report 
each morning by telephone or telegraph to the central 
forecasting office in Knoxville. Dwing flood periods, 90 
additional stations send in reports, and all stations make 
reports at, more frequent intervals if certain predeter
mined criteria as to amount of rainfall and rate of rise 

Daily information normally starts to come into the 
Knoxville office about 0 a,m. As rninfatl fl'("(Jrds are re· 
ceived, they are written on an outline mnp showing the: 
rainfall arid river gaging slations (Fig. 1 ). This informn· 
tion, in conjunction with preliminary weather forecnst.~. 
stream-flow data, and reservoir information, is grouped 
according to tributary drainage basins and is then ann· 
lyzed by engineers assigned to specific parts of the sys· 
tern. Runoff is estimated for the current day oQJ1d (or 
the three days in advance. It has been found prcft.-rnblc: 
to base the primary forecasts of runoff on tl•e rain which 
ha.'l actually fallen to date. 

of streams are exceeded. From' each of the 
dams information is transmitted to the 
office of the Chief Dispatcher of the De
partment of Power Operations, giving 
rese.rvoir elevations and the rate of water 
discharge. This information, for the enw 
tire system, i.; forwarded to the Knox
ville office by teletype. 

To report the amounts of rainfall and 
the stages of streams in locations remote 
from telephone or telegraph lines, the 
Authority has developed rain and stream 
gages which automatically report their 
information each. two hours by radio sig
nals. There are. now 22 rain gages and 15 
stream gages of the radio type installed on . 
the system. These radio gages have 
prov~d very reliable in operation and have 

FoNTANA DAM AND Pown Housa-
No. t Ul'flT WAS PuT ON THB LINB 111 JAHUAJlY • 

.uro No. 2 Ul'flT m MARCH 1945 

These estimated runoffs ar1! reviewed in connection 
with the amount of rainfall forecast, the storage existing 
in each reservoir, and the needs for power production. 
Tl).en decisions are reached about noon as to how the 
reservoirs shall be operated. A daily buUctin is then 
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from ground-water 
sources is an index of 
the amount of ground 
water in storage. 

In routing floods , 
through a system 
formed by a series of 
reservoirs it is neces
sary to take account 
of a number of factors.' 
One of these is the 
rate of travel- of trans
latory waves through 
both open channels 
and reservoirs. The 
results and conclusions 
from a series of experi
ments carried out on 

· the Tennessee River 
system to d.etermine 
such rates of travel, 
and to compare them 
with the theoretical 

Fm. I. R.uNPALL AND RxvBa RBcoltDJNG STATIONS IN 1'HII TVA SYSTEM • . . values computed from 
issued giving: the current inflow, discharge, elevation, formulas, are well presented in the paper, "Translatory 
and the cllange in elevation from the previous day for Waves in Natural Channels," by J. H. Wilkinson, M. Am. 
each reservoir; the discharge, stage, and change of Soc. C.E., in the June 1944 PROCEEDINGS of the Society. 
stage at key points on the main river and tributaries While the actual rates of travel are affected by a number 
throughout the Valley; the forecast inflow, discharge, of variables, the velocity in open channels is in the order 
and elevation at each reservoir for three days in advance. of 3 to 5 miles per hour, while that in a reservoir is in 

In selecting the proper factor to convert rainfall into the order of 15 miles per hour. . 
runoff, good judgment gained by experience and based Another factor which must be reaignized in manipulat
on extensive data is required. Taking the watershed as ing a series of reservoirs is the variation, with rate of dis
a whole, the mean annual rainfall is 52 in. and the cor- charg~ of the amount of water under profile storage. 
responding runoff is 23 in., giving a ratio of runoff to 'As the rate of flow increases, the gradient of the back
rainfall of 44%. This ratio varies considerably in the water curve steepens, thus increasing the amount of 
various sections 'of the Valley, and there is a striking . water in the reservoir as compared with the flat pool 
seasonal variation in the relation of runoff to precipita- storage on which capaciti~ are generally based. · At 
tion even for the average monthly figures, as is shown in 6 · ' · • 
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~ 
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1:77: rAverage Monthly Preeipitation 

W/ 1'/'T/ . P77 
Fig. 2. The runoff from individual storms or locations 
is affected by many factors such as conditions of the soil 
surface, depth to ground water, rate of precipitation, 
soil cover, and state of g1:0wth of vegetation. The sur- . ~ 3 

face runoff from a prolonged storm in the wet season may i 2 

be as high as 75% of the rainfall, while the corresponding ~ 1 
runoff from a short storm with equal intensity of rain
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fall, but at the end of a dry period, may not be more than 
25% of the rainfall. This is one reason why summer 
storms do not result in more severe floods. 

Several. references have been made to the influence of 
ground water on the available supply of water. This 
has in the past been recognized in a qualitative way but 
the Authority's engin~ have recently been attempting 
to estimate the available ground water in storage so that 
it may be depended upon with something like the reliance 
,that is placed upon water stored in surface reservoirs. 
The soil of the Valley is in general fine grained and not 
particularly favorable for the storage and giving up of 
ground water. 
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' FIG. 2. MONTIO.Y -VAJUAnoNS IN Pll.aCIPrrATION AND RUNOPP 
POa TIINNIISSIIB RlvBa BASIN AS RBcoRDBD AT CHATTANOOGA 

Wheeler Reservoir durfug the 1942 flood, wh~ the dis
charge into and out of the reservoir was 220,000 cu ft 
per sec, the volume under profile storage was 1,410,000 
acre-ft, whereas the level pool storage is 1 131·000 acre-
ft. an increase of 279,000 acre-ft. ' ' 

. 

Moreover, there is a wide variation in the ground
water characteristics of different basins in the Valley. 
The 2,912 sq miles tributary _to Norris ~eservoir has 
been found to contribute a maxnnum of 2.7 m. of ground 
water amounting to 420,000 acre-ft, while the corre
sponding ~~ for. Fo!'tana Reservoir with i\s deeper 
spil cover 15 8 1n., ytelding 670,000 acre-ft from 1,571 sq 
miles. The methOds developed for estimating the amount 
of ground wa~ in storage are interesting, but space does 
not permit a detailed description of them. Basically 
they depend upon the hypothesis that the rate of flow 

. This variation in storage with conditions of flow may 
be an asset. or ~t may be a ~bility. When discharge 
rate;; are being mcreased, as 15 generally the case in the 
earlier stages of a flood, the reservoir is able to absorb 
more stored water than it would under flat pool condi
tions, at the same time holding a constant level at the 



• ~ dam. While this is ad
f!'JfagOOus, it must be remembered 
that as the intlow is reduced, the 
profile tends to 1latteD, and the de
creasing amount of storage results 
in a surplus of water which must be 
taken care of. 
· In operating for ·the reduction 

of flood peaks on the lower Ohio 
and on the Mississippi below Cairo, -
the obvious strategy is to discharge 
as much water as possible from the 
Tennessee system ahead of the 
peak on the MissiSsippi at Cairo, 
and then hold back the water 
originating in the Tennessee basin 
until the peak at Cairo has passed. 
As was mentioned in the previous 
installment, Kentucky Reservoir, 
"With its large fiood-co.ntrol storage 
located near the mouth of the 
Teruiessee Rivet; is in a particu
larly favorable position with re-
spect to such operatio~s. Also, 
with the main Tennessee River con-
verted into a continuous series of dams and reservoirs, 
even .the storage reservoirs on the upstream tributaries 
can be made quickly effective on the Ohio by manipu-
lation of the intervening reservoirs. . 

In operating the reservoirs above Chattanooga to as
sist in reducing 1lood peaks on the low~ Ohio and Mis
sissippi, and in reducing major 1loods at Chattanooga, 
the 1lexibility of the operations is limited by the rate of 
flow which can be discharged past Chattanooga without 
damaging the city. Construction of levees ,and other 
protective works at Chattanooga, which has been recom

\uended-to supplement the control afforded bythereset
voir system and sO- protect the city from 1loods greater 
than the 1lood of record, would remove this limitation. 

In 'handling 1loods, centralized control and prompt de- . 
cisions are essential. One of the most important factors 
in successfully controlling a major 1lood by a large system 
of reservoirs such as the Tennessee River system, and 
routing the 1lood waters past critical points, is timing. 
Timing is of the utmost importance and 1:.he accomplish
ment of this necessitates accurate data as to hydraulic 
factors, -adequate means of controlling the release of 
water, and the prompt issuance and execution of instruc
tions governing the oontrol operations by those inti
mately familiar wjth the details of behavior of the system 
under control. · 

NoRRIS DAll ON tua CuNcu R.JVBa I a TYPICAL or 
DAY! ON TaWtrrAJUBS OP THV TBNNR&l!IUl 

localized authority. In meeting the statutory obligation . 
of the Authority to contribute to the control of ftoocls on 
the Mississippi River, it has been the practice of the 
Authority's engineers, at times of expected floods, to 
exchange information ·with the Office of the Division 
Engineer of the Corps of Engineers. Actual and pre· 
dieted discharges are compared, and the discharges to be 
released at the mouth of the Tennessee are coordinated 
with that office. This cooperation makes it potsible to 
reduce flood peaks most effectively on the" lower Ohio 
and Mississippi rivers. Recently this arrangement bus 
been formalized by an amendment to the current Flood 
Control Act which directs that, in case of danger from 
floods on the Lower Ohio and Mississippi rivers, the 
Tennessee Valley Authority is to regulate the release of 
watet: from the Tennessee River into the Ohio River in 
aecordance with such instructions as may be issued by 
the War Department. 

IIBCHANICS OP WATER CONTROL 

In carrying out the mechanics of water control -for 
the Tennessee Valley system, written instructions or 
memoranda are issued periodically by the Water Control 
Engineer, setting up operating requtrements and limita· 
tions in advance. In the case of a flood or other emcr· 
gency, instructions are given by telephone and confinnfd 
by memorandum. All instructions are issued to the 

RBLAnON TO CONTROL OF 1'HB' IIISSISSIPPI .· Superintendent of Power Operations and transmitted 
When a large river system such as the Tennessee is by him through the Load Dispatcher to the power sta· 

tributary to another river-in this case, the Mississippi tions at the dams concerned, where the actual gate oper· 
through the Ohio-it is highly desirable that the dis- ation5 are performed by the power-house cff.-ws. The 
charge from the tributary river, at the time of a major reliable and positive transmission of instructions, par· 

' 1lood on the main stem, be coordinated 'With the control ticularly in times of 1lood, is an important matter. And 
planned for the main river. Those exercising the control it must be borne in mind that during an exceptional flood · 
on the main stem are concerned with the amount and ordinary means of communication, such as commercial 
the time of occurrence of discharges at the mouth of the telephone and telegraph · lines, arc liable to be int<.-r· 
tributary into the main river. The obtaining of these rupted at the time when they are most needed. 
desired discharges from a large tributary such as the On the TVA system there is a power-generating st.a· 
Tennessee can best be assured by a control of operations tion located at, or a short distance from, practically 
which is centralized in the agency responsible for the every dam, and the communication facilities devdopcd 
planning and development of that river system. for load dispatching are used for transmitting instruc-

With the multiple objectives prescribed by the Tenm~s- · tions for water control. . Each power house is connected 
see Valley Authority Act, the many projects making with the main lines of the commercial telephone system 
up the reservoir system, and the intricate operating by substantially built extensions. In addition, communi· 
problems, the control n~y becomes a function for cation is provided by a carrier-current telephone syst<.-m 

26{ 
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UNLOADING CARGO OP WIIBAT PROM ST. LouiS AT KNOXVILLE TBRXJNAL 

Navigation Is an Objective of TV A Reservoir System 

\t\t· 15, .. ~~· 6 

. The ~ll.nd-water 
that of reserviit~Qdex of 
portion or layer ~nd 
reservoir for flood COb ... 
-has been used in the~ 
design of a number of, 
multiple-purpose projects. j 
The Norfolk Dam, recently • 
constructed in Arkansas by 
the Corps of Engineers, is 
an example of this method 
of approach to multiple
purpose operation. · The 
planning of the W-atauga 
and South Holston proj
ects in the northeastern 
end of the Tennessee Valley 
is based on reserving ex
clusively for flood control 
the space above a certain 
fixed elevation in each 
reservoir. In the case of 
these projects, the topog
raphy arid the lack of de
velopment in the area are 
such that reservoirs of com

which operates by radio transmission, following chan- paratively large storage capacity may be obtained at 
nels nfiorded by high-voltage transmission circuits. reasonable cost, but damaging floods may occur in any 

With respect to the design of the structures forming a season of the year. 
part of the Tennessee River system, there are but few The third method-that of utilizing the same space 
features which are peculiar to the method of operation. in a reservoir for flood control during one season and for. 
:-\.11 the tributary storage dams are provided with sluice- other purposes during another-is the method generally 
ways or low-level outlets as a means of discharging water used as the basis of planning and design for the system of 
when the reservoir level is below the spillway crest, and water control in the Tennessee Valley as now constructed. 
when wasting of water is required to maintain or restore The following conditions favorable to such a method of 
space for flood control storage. Precautions are taken multiple-purpose operation are present to a high degree 
to insure the reliable operation of spillway gates, but such • in the Tennessee Valley: · 
measures would be taken with any dam of equal im- 1. · Major .floods are consistently con1ined to a definite/ 
portance. · flood season. · · 7 . 

TYPES OF MULTIPLE-PURPOSE PROJECTS INVOLVING 
FLOOD CONTROL 

The mpst important factor in the successful operation 
of a multiple-purpose water-control system is that the 
system shall have been planned and designed for the 
method of operc1tion to be carried out. There are three 
different methods of approach or conceptions as to the 
design of multiple-purpose projects involving flood con
trol: (1) the idea that a reservoir must at all times be 
kept empty for flood control; (2) the view that there 
must be a designated portion or definite layer of the 
reservoir reserved for flood control and another portion 
for other of the multiple uses, with no common use of the 
same space; (3) the view that the same space in a reser
voir may be used both for flood control and for other 
purposes at different seasons of the year . 

. Each of these conceptions has its proper place and each 
has been successfully jind economically employed: The 
first j§ essentially the detention-basin type of develop
·ment and ca.n ha\'e little if any other use than for flood 
~ontrol. The reservoirs of the Miami Conservancy Dis
trict in Ohio are an e.xample of this type of project. In 
studving the flood control problem of the Upper French 
Broad River in the Tennessee Valley, the Authority's 
engineers have tentatively proposed the use of deteD.
tiqp.-type reservoirs for such a project. Here the stream
flow distribution is not favorable for power development; 
economical sites for reservoirs of large capacity are not 
available· .and the record indicates that major floods 
tnay be ~pected in any season of the year. · . 

2. Topographic conditions and the extent of improve
ment in the reservoir areas are such as to .favor relatively 
large storage capacities at moderate cost. · 

3. The annual runoff cycle is such as to favor the re
quired degree of filling of the reservoirs after the end of 
the flood season. 

The important thing, and the point which I wish to 
stress here, is that in considering a multiple-purpose proj
ect, all available basic data must be assembled and the 
proposed method of operation determined by an. engi
neering analysis directed toward serving the desired 
purposes in the most economical manner. This problem 
is like other engineering problems where we have certain -
controlling conditions which can be-determined and ap
praised, and also certain objectives which must likewise 
be appraised and balanced one against another, so that 
the solution arrived at will fit all the factors involved. 

In planning the reservoirs forming the Tennessee 
River System, the engineers of the Tennessee Valley 
Authority have studied the controlling conditions and 
have adopted the methods of multiple-purpose operation 
that most economically produce reliable flood control, 
adequate navigation facilities, and substantial power 
production. The operation of the system has been car
ried out over the past several years as planned. During 
that time a number of moderately large floods have oc
curred and have been successfully controlled. No ex
tremely large floods have been experienced, but the 
planned reservations of reservoir space for flood control 
have been maintained, and such a flood may be awaited . 
with confidence that it will be controlled as planned. 



PRINCIPAL FEATURES OF WATER CONTROL PROJECTS 
IN THE 

TENNESSEE RIVER BASIN 

DAM AND APPURTENANCES RESERVOIR DATA AND OPERATING LEVELS 

DATE " OF MAX, 
PROJEC'r fl RST Rl VER HEIGHT 

I FEETJ USE 

Kentucky 19LUI Tennessee 206 
Plck'lllck Land I no 19)8 Tennees11e Ill 
lock & Dam No. 1 1926 Tennessee 20 
Wilson 1921 Tennessee 1)7 

Whealsr 1936 Tennessee 72 
Guntersvl lie 19)9 Tennessee 9" 
Hales Bar 19111 Tennessee 83 
ChiCkiiiiUQI 19110 Tennessee 129 
Watts Bar 191.12 Tennessee l '112 
Fort loudoun 19ll3 Tennessee 122 
Fort Loudoun Ext. • LJ tt·le 7enn 100 
Apalachla 19ll3 Hiwassee 150 
Hlwueee 19110 HI wasaee 307 
And rewa P 19211 Hlwuau IO 
Chatuge 19112 Hiwassee 1'4 
Ocoee No, I 1912 Ocoee Ill 
Ocoee No. 2 1913 Ocoee 30 
Ocoee J4o. 3 19113 ,~. ItO 
Blue Ridge 1931 Toccoa 167 
Nottely 19ll2 Nottely 184 
NorrIs 1936 Cll nch 265 

Cal derwood•• 1930 Little Tenn 2)0 
Cheoah .. 1919 Little Tenn 2)0 
Fontana 1911U Little Tenn """ San teet r a11•• 1928 Cheoah 200 
Hanhhlla•• 19112 Nantahala 250 
Glenville .. 19ll1 Tuckasegee ISO 
Doug 1 11 19ll) F re11ch 6 road 202 
Marshal I P 1910 French Broad • 
Greanavtlte P 191) Not lchucky • 
Waterville II 19]0 Big Pigeon 200 
Cllerokee 1911-2 Holston 175 
Soutll Holston • S Fork Holston 290 
Wilbur P 1912 Watauga • 
Watau~a • Watauga JIB 
Great Falls• 1916 Caney Fork 92 

• Not In Tennessee Val lay 
•• Property of Alu~lnua Co•pany of Amarlca; 

operation coordinated with TVA systa~a 

x No definite figure available 
u Fro• deepeat axcavatfon 011 bue II ne 

to roadway or_ deck 

OVERALL 
CREST 
LENGTH 
(FEET) 

8ij12 
"T715 

220 
1.1862 

6)1.12 
3979 
2315 
IBOO 
2960 
ll190 
3120 
1308 
1287 

385 
28501 

840 
•so 
612 

1000 
2)002 
1660 

897 
770 

2)85 
1150 
10112 
900 

11053 

• 
• 

870 
676011 

1550 
363 
900 
80<> 

1 ·Sad<ll• cla•a and lj)lllway, 1,1180 ft additional 
2 Saddle da•, )110 ft adell tiona I 
3 Saddle daMS, ),670 ft additional 
II Sadella da•a, 1. 770 ft additional 

MAX. VOLUME VOLUME POWER I LOCK 
USEFUL h LENGTHc 

SPILLWAY OF EARTH INSTALLED 
UlTIMATE CAPACITY CONCRETE 'AND/OR OR UNDER Sl ZE 

ROCK Fill aliiSTII>:TIIXO CAPACITY (FEET) (CFSl !CU. YDSI (KI) (CU, YDS.) .. 
,, )00, 000 1, 355.000 11,06),1100 160,000 160,000 ltOx600 

750,000 6)0, 300 2,966,000 111ll,OOO 216,000 11QK60Q 

• • • 0 0 60k297 
76S.ooo• 1,259,LIOO 0 335.200 ll)6.000 6Qx)OO 

60x292 
687,000 626,200 0 129,600 259. 200 60x)60 
625.000 289,700 81).900 12. goo 97.200 60x)60 
600,000 • • 51. 100 &9. 700 60x267 
600,000 Ll91,800 2, 635.800 81,000 108,000 60•)60 
550.000 U90,200 1,17),000 150,000 150,000 60•360 
JSO, 000 575,000 I, 78),000 60x)60 

86,LIOO 65,000 2, 035.000 6li,OOO 128,000 

153,000 l,jii8,50EI 0 75,000 75,000 
150,000b 793,000 111. 200 57,600 115.200 

• • • 1,800 1,800 
39,000 21,900 2, )117,1100 0 • 
115,000 160,000 0 18,000 18,000 

• 0 0 19.900 19.900 
100,000 111,000 82,000 27,000 27.000 
ss. 000 • 1, 500,000 20,000 20,000 
ll8,000 17.700 1, 5')2. 300 0 • 

2110,000b 1,002, 300 181,700 100,800 100,800 

260.000 • 0 121,500 121,500 
200,000 • 0 76,000 95.000 
218,000b 2. 795.000 100.000 1)'),000 202, 500 
92. ooo • 0 U5,000 115,000 
59,000 • 1.829,000 ll3,200 U3, 200 
56,000 • 1458,000 21,600 21,600 

330,000b 5116, 200 622,800 60,000 120,000 

• • • 3.000 3,000 

• • • 10,560 10,560 
60,000 1211,200 0 108,000 108,000 

. 288,000b 681,1100 3. 2110,300 60,000 120,000 
105,000 90, soo 5.958.000 0 so. 000 
25,000 • • 3,700 • 
62,.000 6), )00 3. 533.000 0 so.ooo 

150,000 • ·• 31,860 31.860 

a Not •axl111um capacity, but capacity at 20.5 foot Iliad 
Includes capacity of discharge conduits 

c At clearlno I rne alavatlon 
I nel udea Ll ttl e Tennenee area above proposed 

Fort Loudoun Extenaloil Dalll 
e Cons-truction deferred, features shown are for 

proposed projects 
Two llftt 

AREA AT TOTAL VOLUME 
MU. TOP Of 8ELDI TOP CONTROLLED OF 

GATES OF GATES STORAGE SHORE Ll FT 
(FEET) (ACRES) (ACRE FEET) (ACRE FEET) LINE 

(MILES) 

7) 
6) 

8 

92' 

52 
"I 

.)8 

55 
70 
80 

261,000 6,002. 600 11,010,800 2. 200 
ll6,800 1,()91,Ll00 LUB,\100 

• • 0 

15. C)OO 562.500 52. sao 
68, )00 1,151,800 )118, 900 
70, 700 1,018, 700 162. goo 
6,100 1)5.100 11,800 

39 • .00 
11),10011 

705.)00 
1,1J2,000d 

329. LIDO 
J77,600d 

15, S00 )86, 500 109 • .)00 
17,600 ll55-000 1)0,000 
I, 123 sa. 510 35. 7)0 
6. 280 1138,000 )611, 700 

• 28) • 
7. 150 2117.800 229. 300 
1,900 91.300 ''k 100 • • 0 

606 111,11110 9. 370 
).290 197.500 18), 000 
ll, 290 18ll,ll00 1811,000 

110,200 2.567,000 2,281,000 

5)8 111,160 ll,090 

6.0 )5. 670 7,260 

10,670 1,11llli,)OO 1, 157.)00 

2.aso IS6,000 1)1.000 

1,605 137.)00 1211.900 
.. 1, tUi2 71,110 66.670 

)1,600 1, 51ll,100 1,1119.700 

• • • 
9)0 16.000 a.o5o 
l"O 25.280 21), 500 

)1,100 1, 565. uoo 1,1173.100 
9. 100 78),000 660,000 

M • "" 7,100 677,000 627,000 

'· 280 5"· 500 U9,UOO 

Based 011 rated capacIty 
Froa •axllllu• co'ntrollad lave!' to 

mlnt•u111 expected pool level 
Reservoir eltted 

• t11nllllum- for n-evigatlon to Cllattanooga 
11 Except during clrawdown In advance of 

floods at lllaln-rlver plants 
p Privately owned plant 
r At . raaote powerllouea 

•96 
5 

15" 
1063 
962 
100 
810 
78Jd 
368 
268 
)I 

180 

• 
132 

18 

• 
'" 60 

106 
800 

• 
• 
"" 85 
• 
• 

556 
• 
• 
• 

"" 241 
3 

117 
120 

MINiMUM n MAXIMUM 
BACKWATER CONTROLLED EXPECTED LENGTH POOL LEVEL POOL LEVEl 

(MILES) ( Et. l ( EL.) 

1811.3 )75 l5" 
50.1 .,. •oa 
2.6 • • 

15·5 507.88 5011.5 
71.1. I 556.3 550 
82.1 595-lll.l 59) 
39.9 6)1 629" 
se.g 685oiiLI 675 
72,1.1 '"5 735 
ss.o 81) 807 
33 815 807 
g.B 1280 """ " 1526-5 11115 
I. 5 < • 

ll 1928 1860 
7 837.65 816.9 
0 1106.2 • 
7 11135 lUI) 

10 1690 1590 
20 1780 16110 

72CIIncll 

" Powell 103U 9)0 

8 1087.5 1079-5 
10 1276.6 1263.6 
29 1710 1525 

• 1939.8 1861l.8 
•• 6 )012.1 2882.1 

"· 5 
)U91. 7 )1116. 7 

"l 1002 920 
• • ' • • • 

.1. 5 2258 2175 

59 1075 980 . 

25 17112 1616 
1.5 161111.5 16)7.5 

17 1975 1815 
22 80U.9 762 

Chief Engineer• a Offtca 

July 1, 19'5 

AVERAGE 
TAILIATER 

LEVEL · 
(EL.J 

)10 
)62 

• 
"'" 
507 
557 
598 
6)1 
682 
739 
7)9 
B.O' 

1272 

• 
180" 

"" 8113' 
1119' -
15113 
1612 

826 
872r 

1087.6 
1278 
1275' 
2007r 
2275' 
87) 

• 
• 

1397' 
925 

'"90 
1585 
"50 
655r 


