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Multiple-Purpose Reservoir Operation of
Tennessee River System

PartI. Seasonal Control of Flow
By Crarence E. BLEE, M. Ax. Soc. C.E.

Cmer EnGINEER, TENNESSEE VALLEY AuTnorITY, KNOXVILLE, TENN.

NE 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 effecf of such operation on
the planning and design of the
structures comprising such a system.

ROM one of the most highly developed

river systems in the warld comes this
record of how a river's flow can be
utilized to benefit multiple purposes.
On the Tennessee River 26 mulliple-
purpose reservoirs are operated as a
untt, so regulating the flow as to produce
a minimum discharge of about 30,000
cu ft per sec where, under natural con-
ditions, the discharge had-ranged from
5,000 to 475,000 cu ft per sec. Benefils
that accrue are many. QOver two million
kilowalts of generaling capacily are
made available. The navignble channel
has been extended up river 650 miles lo
Knoxville.  Coordinated operation of
flood gales has removed the threat of
serious floods. Other benefits tangible
and intangible are numberiess. In this
paper, which is presented in hwo parts,
My, Blee tells how the TVA system is
operated. The paper has been adapted
from an address presented before a join!

Thestorms which produce generad,
valley-wide precipitution and which
are potential sources of major floods,
are the Gulf storms which enter the
Valley from the western end with a
generally southwest-northieast storm
truck. These occur between mid-
December and the first of April,
West Indian hurricances, occurning
between June 1 and October 15,
occasiomlly strike along the northern
part of the casterly boundary of the

qatershed and move generally in o
northeasterly direction.  These
storms  produce inlense preeipita-
tion over the limited arcas triversed,

Snow storage of precipitadion does
not play an important part in the
runoff from the Valley as a whole,
Snow oceurs to a depth of a few
inches in all parts of the Valley and
may reach a depth of several feet
in the high mountaing, but even in

Something of a pioneering effort
in this field is the system of reser-
voirs on the Tennessee River and
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 installa-
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 systemn and of the re-
sults obtained may, therefore, be of interest.

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 moun-
tains include the Blué Ridge and Smoky Mountain
ranges, which rise to an elevation of over 6,500 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 Muscle Shoals, and the remainder are fairly
well distributed over the river, but with the flatter
gradients below Pickwick Dam (Fig. 2).

Mean annual precipitation for the Tennessce River
basin as a whole is approximately 52 in., varying from
about 37 in. in dry yvears 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.

session of the Hydraulics and Waterways
Division at the Annual Meeling.

the mountainsg it stays on  the
ground for comparatively  shaort
periods.

As now constructed, the system of dams and reservoirs
designed to develop and control the waters of the
Tennessee Valley consists of 9 dams on the main river
and 12 dams on tributary streams,  Under an agrecinent
with the Aluminum Company of Mwerica, TVA alw
directs the operation and wader dispateling of that
company's five plunts on the Little Tennessee River,
so that the 26 installations operate as one system,  The

Tennessee River and ats tributaries thus become one of
the most highly developed river systems in the world.

Fort Loupoun Dam ox THE Teusesser--A Tyvical TVA Main-
Kiver Project
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The combined gross storage capacity of the reservoirs
- i3 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 plants
amounts to over 2,000,000 kw. In addition, the Author-

ity has available steam-electric generating capacity

totaling 450,000 kw, which may be used to supplement
the supply from the hydro plants. ; o

Data as to present capacities refer 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

- seasonal 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 storage, a
chart or rule curve is prepared for each reservoir showing
the limiting elevations above which the reservoir 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
reservoir as part of the designed requirements for the
whole system. R

Normally 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

Voir 15, No. g

produce power for war
production. In these
cases there wasa com-
mitment that such
" plants would be oper-
ated primarily for
power as long as the
| power was pecessary -
for war production,
As soon as this power
is no longer necessary
to meet the require-
ments of war produe-
tion, these plants wiil
be placed on multiple-
. purpose operation
under the appropriate
rule curves.
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

limited to a definite period., Systematic stream-flow re-

cords covering the past 70 years, and historical 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 eastern edge of the basin or by local thunder-storms,

"but neither of these involves sufficient areas to produce

a major flood on the main river (Fig. 3).
FLOOD-CONTROL STORAGE ABOVE 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 primarily 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
reservoirs 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
Tanrs]. PROPOSED STORAGE rox FLooD CoNTROL AS OF MaARCH 16

IN TRIBUTARY RESERVOIRS ABOVE CHATTANOOGA

Drarnace Axza FrLooD Conrnon Caracrry

ProJucr Sgp Moes —
Acre-Ft  In of Runoff
Norris (Clinch River) . . . . 2,013 1,377,000 - 8.
Cherokee {Holston River) . . 3,420 807,000 4.4
Douglas (French Broad River) 4,541 . 1,020,000 4.2
Foatana® (Little Tenn. River) 1.443 577,000 7.5
Hiwamee} (Hiwnsoce River) . 968 408,000 1.9
4,187,000

‘Drdmnuumlnduthudeuhhhnﬂ Gleaville reservoirs..
1 Includes Nottely and Chatuge reservoios. ) .
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-an extent as to greatly reduce the damage that would
otherwise  result at Chattanooga. Furthermore, the

reduction in flood crest resulting from the operation of -

the reservoirs makes it feasible to protect Chattanooga
by a system of levees against the occurrence of a probable
flood considerably larger than the flood of record.

In thé use of the reservoir system for flood control, the’
objective is to regulate. the substantial floods only.
The science of weather forecasting has made notable
advances in recent years but as yet cannot furnish com-
pletely dependable data as to the duration of a storm.
Consequently each flood must be treated as if it might
develop into a major flood. This nieans that available
storage capacity should not be used up in regulating the
smaller floods, but must be held in reserve so far as
possible for the control of 'major floods. -
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T Fe. 2. PRoOPILE OF THE TENNESSEE River Svsre

amount of ground water in
the soil, the progress of the

' season as indicated by vegeta-
tion, and the stream flow and weather conditions prevail-
ing in the last half of March.

Below Chattanooga the reservoirs on the main river
have a combined flood-control storage of about 5,000,000
acre-ft, including the 4,000,000 acre-ft behind Kentucky
Dam, which is located practically at the mouth of the
Tennessee River. . This latter storage is in a particularly
strategic position for assisting in the control of floods on
the lower Ohio River and on the Mississippi River below
Cairo. Studies indicate that with the complcte system
of reservoirs on the Tennessce and ijts tributarics, the
1937 flood crest on the Mississippi would have been

- reduced approximately 2 ft at Cairo and that reductions

of 2 to 3'/; ft would hdve been made in other important
floods. . ) .

[

WATER CONTROL FOR POWER PRODUCTION

This discussion of long-range or seasonal control has
so far been devoted largely to flood control. The long-
range control for hydroelectric power production 18
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 o hydro
energy which should have been in storage during certain
critical dry years of record in order to carry 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 reservoirs 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 isindicated.
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This statement, however, oversimplifies the situation.
Questions of economy are involved in addition to the

_ability to carry the load. The supplementary power

comes from various sources, with widely varying unit
costs. Obviously it is desirable to use the low-cost
energy as far as possible, but this means starting its use
early, and then it may develop that the corresponding
stored erergy will be subsequently lost by spilling. The
questions of when to start supplementary steam-electric
power and how much to use are largely matters of judg-
ment, and the curves are only guides. Factors that must
be considered include the probabilities of various patterns
of dry years occurring, the extent to which the load
might be curtailed or additional supplementary energy
obtained in an emergency, and the current runoff and
ground-water conditions. ,

Data as to actual load, energy in storage, and stream-
fow conditions are plotted on the curve as they develop.
This presentation of the data not only gives a good
record but also affords a basis for forming judgment as
to operating procedures. The master guide curve and
operating record for the 1944 n are shown in Fig. 4.
It will be noteds that during the summer the energy in
storage was drawn down considerably below that called
for by the guide curve. In this particular case, the de-
cision to avoid the use of the more inefficient steam
plants, which would have been required to build up the
amount of energy in storage to that called for by the
curve, was influenced by the fact that a considerable
block of the load was not being furnished as firm power
and so could be-curtailed. Also it was probable that
additional power could be purchased to meeta deficiency
if such an emergency should occur.

In addition to the master guide curve, curves are pre-
pared for each reservoir to indicate the desirable dis-

vauE;colxssnnafarMa_y 1945
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tribution of the storage among the reservoifs. The
Tennessee River, with sites for dams toward
the headwaters at relatively high elevations, is well
adapted to an integrated operation whereby the power -

" load s carried largely by the main-river plants during

4he wet season, while the storage dams on the tributaries
. are shut down to permit filling. Then in the dry season
the storage dams are drawn upon heavily, generating
power at the plants located at each dam and utilizing
the released water through all the downstream plants.
Water from the Fontana Reservoir will ultimately be
used through a total of 13 plants having a combined
head of about 1,400 ft. The system had, of ‘course,
to be planned and designed for integrated operation, with
provision for the requisite installed capacity, and with
the necessary transmission lines to accommodate this
method of operation. - - . .

Navigation is one of the primary objectives of the
TVA, but since the main-river dams giving slack-water’
navigation to Knoxville have been completed, very little
in the way of special operating procedure at the reser-
voirs is required for the benefit of navigation. During
the earlier stages of the development and, in fact, until
the completion of Kentucky Dam, the operating require-.
ments under conditions of open-channel. pavigation
were quite exacting. J o

MALARTA CONTROL, AN IMPORTANT FUNCTION

Malaria control is not one of the objectives specifically -
named in the Tennessee Valley Authority Act, but it
has become an important function of the Authority.
.The building of an extensive system of reservoirs in a
region to which malaria is endemic necessarily intro-
duces the prohlem of .controlling the breeding of the
malaria-bearing mosquito (Anopheles . quadrimaculatus)

- in and along the shores of the lakes. (See “Engineering
Aspects of Mosquito Control—=TVA,” by W. G. Strom-

' quist, Civi ENGMNEERING for October 1944) This
becomes & problem of reservoir control and must be

" coordinated with other operating requirements.

In the case of the reservoirs on the main river, the
desirable water-level regulation for malaria control is
to fill the reservoir to the maximum elevation in the
early spring, hold the watet at this level for a short
period, then drop it to the normal upper operating level.
This tends to strand floating debris and to inhibit
vegetable growth ‘around the margin of the reservoir.
Then, during thé mosquito-breeding season (which ex-
tends from about May 15 to October 1 in this region),
_the water levels are subjected to cyclical fluctuations of
about a foot at one-week intervals, combined with a
gradual water-level recession. Water-level fluctuat'on is
one of the most effective methods of combating the
production of mosquitoes, as it strands the eggs and
larvae and also draws them out from the protective
" vegetation, exposing them to their natural enemies.
On the large storage reservoirs it is not feasible to flue-
tuate the water, but the extensive drawdown keeps the
:gge of the water away from vegetation and on a clean

ore.

Supplemental means of mosquito contro! are also
employed, including the application of larvicides by

. spraying from boats or dusting from airplanes. It has
been found that thorough initial clearing, with re-shrub-
bing of a marginal strip just before impoundment, pays
good dividends in reducing the annual cost of larvicidal
treatment. In certain localities, it has proved economical
to dike and dewater large shallow areas. Again, flat,
irregular share areas have been treated by cut-and-fill
excavation to produce a straight, steeply sloping shore.

P



-.Multiple-Puri)ose Reservoir-Operation of

Tennessee River System
PartII. Day-to-Day Conltrol of Flow

By CLARENCE E. BLEE, M. Ax. Soc. C.E.

Chier Encineer, Tennessee VaLLey AurHoriTy, KnoxvilLe, Texw,

ATER control on the
Tennessee Valley Authority
system is centralized in the
office of the Chief Engineer at Knox-
ville, directly under the supervision

of an engineer in the Water Control
Planning Department. This adminis-

trative device has the advantages"

of establishing a unified control of
water operations for all purposes,
and of placing that control in a de-
partment which is familiar with the
-planned methods of operation for
the system.

Under the established policy of
the Tennessee Valley Authority,
the operation of the reservoirs is
conducted for the benefit of the fol-
‘lowing objectives: navigation, flood
control, power, and malaria control,
.as well as other miscellaneous and
minor purposes. While the superior

FFECTIVE short-range conirol

of river flow requires the accumula-
tion of considerable data. On the highly
developed TVA Sysiem, extensive rec-
ords are kept of rainfall and stream
gaging, weather, ground-ualer condi-
tions, and a dozen or more other pertinent
factors. Operating problems develop
rapidly during a flood and complete
data must be avatlable at all times. Thus
a routine must be worked out that will
supply the needed dala. This arlicle
by My. Blee is the second pgrt of his dis-
cussion on the operation of the TVA
system of reservoirs. The first part,
which appeared in the May issue, cov-
ered long-range or seasonal flow-control
problems. The malerial for these articles
was presented in an address before a
joint session of the Hydraulics and
Waterways Divisions at the Society's
Annual Meeting in New York.

been invaluable in furnishing infor-
mation from the mountainous re
gions of the watershed—infuormation
which is most essential for predicting

. runofl,

In connection with stream-flow
forecasting, the TV A is using quanti-
tative weather forecusts furnished by
the U.S. Weather Bureau under 'u
cooperative agreement whereby the
Burcau makes special fuorecasts twice
daily covering the Tennessce Valley
and its major subdivisions. About
8 a.m. an early-morning prelimi-
nary forecast is reccived which is
based on conditions as of the preced-
ing midnight. This is followed up
about 11 a.m. by a final forecast
giving predicted weather conditions
for three to five days in advance,
and amounts of rainfull expected in
the various subdivisions of the Valley

rights of navigation and flood con-

‘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 watershed, 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. During 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
of streams are exceeded. From'eachof the
dams information is transmitted to the
office of the Chief Dispatcher of the De-
partment of Power Operations, giving
reservoir elevations and the rate of water
discharge. This information, for the en-

for two days in advance.

Daily information normally starts to come into the
Knoxville office about 6 a,m. As rainfall records are re-
ceived, they are written on an outline map showing the
rainfall and river gaging stations (Fig. 1). This informa-
tion, in conjunction with preliminary weather forecasts,
stream-flow data, and reservoir information, is grouped
according to tributary drainage basins and is then ana-
lyzed by engineers assigned to specific parts of the sys-
tem. Runoff is estimated for the current day and for
the three days in advance. It has been found preferable
to base the primary forecasts of runoff on the rain which
has actually fallen to date.

These estimated runoffs art reviewed in connection
with the amount of rainfall forecast, the storage existing
in each reservoir, and the needs for power production.
Then decisions are reached about noon as to how the
reservoirs shall be operated. A daily bulletin is then

FY L e s
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tire system, i3 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 gagesand 15
stream gages of the radio typeinstalledon .
the system. These radio gages have
* proved very reliablein operation and have

FoNTANA Dau anp Power Hovse—
No. 1 Unrr Was Put oN THE LINE I¢ JANUARY,
AND No. 2 UNiT IN MarcH 1945
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from ground-wéter
sources is an index of

Rioe
«*2| the amount of ground
~-ar./| water in storage. .
7> In routing floods,
AL through a system
"% . formed by a series of
1a P § reservoirs it is neces--

sary to take accoun
of a number of factors.
One of these is the
rate of travelof 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 determine
such rates of travel,
and to compare them

SYMBOLS Lo
© Ranfall Station
" e River Gaging Stabon -
& River Gaging and Rainfall Station

!510. 1. RAINPALL AND RivER RECORDING STATIONS IN THE TVA Svstem

issued giving: the current inflow, discharge, elevation,
and the change in elevation from the previous day for
each reservoir; the discharge, stage, and change of
stage at key points on the main river and tributaries
throughout the Valley; the forecast inflow, discharge,
and elevation at each reservoir for three days in advance.

In selecting the proper factor to convert rainfall into
runoff, good judgment gained by experience and based
on extensive data is required. Taking the watershed as
a whole, the mean annual rainfall is 52 in. and the cor-
responding runoff is 23 in., giving a ratio of runoff to
rainfall of 44%,. This ratio varies considerably in the

various sections of the Valley, and there is a striking .

seasonal variation in the relation of runoff to precipita-
tion even for the average monthly figures, as is shown in

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 growth of vegetation. The sur-

face runoff from a prolonged storm in the wet season may
be as high as 75% of the rainfall, while the corresponding
runoff from a short storm with equal inteansity of rain-
* 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 Authonity’s engineers 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. . . ’

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 Reservoir has
been found to contribute a maximum of 2.7 in. of ground
water, amounting to 420,000 acre-ft, while the corre-
sponding figure for Fontana Reservoir with its deeper
soil cover is 8 in., yielding 670,000 acre-ft from 1,571 sq
miles. The methods developed for estihating the amount
of ground water 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

with the theoretical
. .. values computed from
formulas, are well presented in the paper, ‘‘Translatory
Waves in Natural Channels,” by J. H. Wilkinson, M. Am.
Soc. C.E,, in the June 1944 PROCEEDINGS of the Society.
While the actual rates of travel are affected by a number
of variables, the velocity in open channels is in the order
of 3 to 5 miles per hour, while that in a reservoir is in
the order of 15 miles per hour, . .
Another factor which must be recognized in manipulat-
ing a series of reservoirs is the variation, with rate of dis-
chargq, of the amount of water under profile storage.

‘As the rate of flow increases, the gradient of the back-

water curve steepens, thus increasing the amount of
water in the reservoir as compared with the flat pool
storage on which ca_.pa}cities are generally based. -At
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Fi1c. 2. MoONTHLY .VARIATIONS IN PRECIPITATION AND RUNOFS
ror TENNESSEE RIVER BASIN AS RECORDED AT CHATTANGOGA

Wheelex_' Reservoir during the 1942 flood, when 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.

_ This variation in storage with conditions of flow may
be an asset or it may be a liability. When discharge
rates are being increased, as is 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’



. ge dam. While this is ad-

us, it must be remmembered

that as the inflow is reduced, the

profile tends to flatten, 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 Mississippibelow 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 flood-control storage
located near the mouth of the
Tennessee River, is in a particu-
larly favorable position with re-
spect to such operations. 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-
Iation of the intervening reservoirs. .

In operating the reservoirs above Chattanooga to as-
sist in reducing flood peaks on the lower Ohio and Mis-
sissippi, and in reducing major floods at Chattanooga,
the flexibility 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-
‘nended to supplement the control afforded by the resef-
voir and so protect the city from floods greater
than the flood of record, would remove this limitation.

In'handling floods, centralized control and prompt de- .

cisions are essential. One of the most important factors
in successfully controlling a major flood by a large system
of reservoirs such as the Tennessee River system, and
routing the flood waters past critical points, is timing.
Timing is of the utmost importance andthe 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 cdntrol operations by those inti-
mately familiar with the details of behavior of the system
under control. )

RELATION TO CONTROL OF THE MISSISSIPPI

When a large river system such as the Tennessee is
tribu to another river—in this case, the Mississippi
through the Ohio—it is highly desirable that the dis-
charge from the tribu river, at the time of a major

"flood on the main stem, be coordinated with the control
planned for the main river. Those exercising the control
on the main stem are concerned with the amount and
the time of occurrence of discharges at the mouth of the
tributary into the main river. The obtaining of these
desired discharges from a large tributary such as the
Tennessee can best be assured by a control of operations
which is centralized in the agency responsible for the
planning and development of that river system.

With the multiple objectives prescribed by the Tennes-

see Valley Authority Act, the many projects making
up the reservoir system, and the intricate operating
problems, the control necessarily becomes a function for

Norris Dax oy g CrLincit Rrver Is TypicaL or
DaMs oN TRIBUTARIES OF THE TENNERSSER

localized authority. In meeting the statutory obligation
of the Authority to contribute to the control of floods 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-
dicted discharges are compared, and the discharges to be
released at the mouth of the Tennecssee are coordinated
with that office. This cooperation makes it possible to
reduce flood peaks most effectively on the lower Ohio
and Mississippi rivers. Recently this arrangement has
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
water from the Tennessee River into the Ohio River in
accordance with such instructions as may be issued by
the War Department.

MECHANICS OF 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 requirements and limita-
tions in advance. In the case of a flcod or other emecr-
gency, instructions are given by telephone and confirmed
by memorandum. All instructions are issued to the
Superintendent of Power Operations and transmitted
by him through the Load Dispatcher to the power sta-
tions at the dams concerned, where the actual gate oper.
ations are performed by the power-house crews. The
reliable and positive transmission of instructions, par-
ticularly in times of flood, is an important matter. And
it must be borne in mind that during an exceptional flood
ordinary means of communication, such as commercizl
telephone and telegraph-lines, are liable to be inter-
rupted at the time when they are most needed.

On the TVA system there is a power-gencrating sta-
tion located at, or a short distance from, practically
every dam, and the communication facilities developed
for load dispatching are used for transmitting instruc-
tions for water control. Each power house is connected
with the main lines of the commercial telephone system
by substantially built extensions. In addition, communi-
cation is provided by a carrier-current telephone system
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which operates by radio transmission, following chan-
nels afforded by high-voltage trausmission circuits.
With respect to the design of the structures forming a
part of the Tennessee River system, there are but few
features which are peculiar to the method of operation.
All the tributary storage dams are provided with sluice-
ways or low-level outlets as a means of discharging water
when the reservoir level is below the spillway crest, and
when wasting of water is required to maintain or restore
space for flood control storage. Precautions are taken
to insure the reliable operation of spillway gates, but such
measures would be taken with any dam of equal im-
portance. . s

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 beén planned and designed for the
method of operation 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 definjte 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.

, Euch of these conceptions has its proper place and each
has been successfully and economically employed. The
first i3 essentially the detention-basin type of develop-
‘ment and can have little if any other use than for flood
control. The reservoirs of the Miami Conservancy Dis-
trict in Ohio are an example of this type of project. In
studying the flood control problem of the Upper French
Broad River in the Tennessee Valley, the Authority’s
engineers have tentatively proposed the use of deten-
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
may be expected in any season of the year. _
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that of reservinindex of
portion or Inyer\“ll\md
reservoir for flood con
~—has been used in the)
design of a2 number of,
multiple-purpose projects. |
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 Watauga
and South Holston proj-
ects in the northeastern
endof 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 and the lack of de-
velopment in the area are
such that reservoirs of com-
paratively large storage capacity may be obtained at
reasonable cost, but damaging floods may occur in any
season of the year.

The third method—that of utilizing the same space
in a reservoir for flood control during one season and for-
other purposes during another—is the method generally
used as the basis of planning and design for the system of
water control in the Tepnessee Valley as now constructed.
The following conditions favorable to such a method of
multiple-purpose operation are present to a high degree
in the Tennessee Valley: f

1. " Major floods are consistently confined to a deﬁnite/
flood season. - ' : L

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. : o,

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
1s 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 muitiple-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 fioods 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.
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PRINCIPAL FEATURES OF WATER CONTROL PROJECTS

IN THE

TENNESSEE RIVER BASIN

DAM AND APPURTENANCES

RESERVOIR DATA AND OPERATING LEVELS

‘ R .
DATE war) [OVERALL  MAX. YOLUME ﬁgb#gf WA LEEO'E L0ck AREA AT [TOTAL VOLUME| USEFUL | LENGTH® BACKWATER | o MAXIMUM MINIMUM "| AVERAGE
PROJECT FigsT|  RIVER WELGHT | ety STALETHY |conomere | (AMD/OR | OR UNDER | LLTIMATE | size | Max | 198 0F SELOR P | COMIROLLED | Orie | LevaT | SoMTROLLED FooL LEveL| LBV
USE (FEET) | YFEET)| ~(CFS)  |{cU.YDS) | ROCK FILLICONSTRUCTION ) CAPACITY | creeT) | LIEY 1 (4eREs) |cache FE€T) | (ACRE FEET)| LINE | (MILES) |' i) {EL.) TEL. )
(el. Yos.){ Kk« L (FEET) (RILES}
Kentucky 19uY ITennesses 206 [ 9u12 1,300,000 |1, 355,000( 4,063,400 160,000 | 160,000 | vi0x800| 73 261,000 | 6,002,600 | 4,010,800 | 2,200 184, 3 k103 354 310
Plekwick Landlng | 1938 |Tennesase 13 | 1718 750,000 | 630,300] 2,966, 000 144,000 [ 216,000 | 110x800| 63 us, 800 | 1,091,400 u18, oo ugé 50.1 s uos 352
Lock & Dam Ka. 1 | 1926 |[Tannassas 20 220 x X x ] 1} G0x297 8 x * 0 5 2.6 X x x
Wilson. 1925 [Tenneusee 137 | uB62 765 .000% 1, 259, 400 i 335,200 | U36.000 | 60x300 '
) ; gor2gz2 | 92 15,900 562,500 52, 500 15y 15.5 507,88 504, |- Uty
Khealer 1936 [Tennosses 72 | 63u2 687,000 | 625, 200 0 129,600 | 259,200 | 60x360] 52 68,300 | 1,151,800 3u8,900 | 1063 M 556.3 550 507
Gunteravilie 1939 |Tennessee g4 | 3979 625,000 | 289,700} 813,900 72,900 97,200 § 50x360] UuS 70,700 { 1,018,700 162,900 962 82.1 595. Uy 593 557
Hales Bar 191U [Tennessee 83 2315 600, 000 % x 51,100 99,700 | 60x267|. 38 6,100 135, 100 11,800 100 39.9 631 629% 598
Chlckasayga 1940 (Tennesses 129 5800 600,000 | 491,800(2,635,800 81,000 [ 108,000 [ 60x360 5% 39, U0t 705 300 329, 400 810 %8.9 685, Uy 675 635
Watts Bar 192 |Tennessae 112 | 2960 550,000 | ueo,20011,173,000 | 150,000 | 150,000 | 60x360| 10 43,1004 1, 32,0009 3776009 [ 783° 2.4 5 135 682
Fort Loudoun 19U3 {Tennessas 122 4190 380,000 £75.00011, 783, 000 60x360 &0 15, 500 386, 500 109, 300 368 h5.¢ 815- 807 739
Fort Loudoun Ext.] & [Littie Tenn 100 | 320 86, 450 §5, 00012, 035, 000 64,000 | 128,000 17,600 455, 000 130,000 268 3 815 807 739
Apalnehla 1943 [Hiwassee 150 | 1308 153.000 | yus, 500 0 75,000 75,008 1,123 58, 570 35,730 31 9.8 1260 1240 auo"
Hiwasase 1940 [HIwassas 307 1287 150,000%| 793,000 . 200 57,500 | 115,200 6,280 438, 000 364, TOD 180 22 1526.5 1415 1212
Andrawa P 192y |Hiwasaes 50 385 % x % 1,800 1,800 X 283 x ) 1.5 X ' x |l
Chatuge 19Uz |Hiwassse wy | 28501 19,000 21,900 2, 3u7, 400 0 x 7,150 2uT. 800 220, 300 132 13 1928 18560 16804
Dcosa No. 1 1912 fOcose 135 auc . U5, 000 160, 000 0 18,000 18, 000 1,900 91, 300 33, 100 18 1 B37.65 816.9 T
Ocoes No, 2 1913 |Ocoas 30 u50 x 0 0 19, 900 19, 500 x x Di‘ ¥ 0 1106. 2 o su3"”
Ocose No. 3 1943 [Ocoee 110 612 100, 0G0 111,000, B2,000 27,000 27,000 606 114, 4HO 9. 370 2 7 Ml w3 1mg"
Biue Ridge 1931 [Toccoa 167 1000 55, 000 ] 1, 500, 000 20, 000 20,000 3,290 197,500 183,000 60 10 1650 1590 1543
Nottely 19uZ [Nottely 18y | 23007 us, 0oo 17,7601, 552, 300 0 * u, 290 184, UDQ 184, 000 106 20 1760 1640 , 1612
Korrls 1936 ICI Ineh 265 | 1860 240,000% 1,002, 300) 18t 700 100, 860 100, 800 ug, 200 | 2,567.000 | 2,281,000 800 |72 Clinch
- . 56 Powel4| 1034 ‘930 B26
Calderwood*® 1930 [Littis Tenn 230 897 260, 000 % 1] 121, 500 121, 500 538 ui, 16¢ 4,090 * 8 1087.5 1079.5 872"
Cheoah** 1919 |Littte Tenn 230 770 200, 000 x a - 76,000 95, 000 6U0 35,670 7, 260 x 10 1276.6 1263.6 1067.6
Fontana 19ui |Little Tenn uso | 2385 218,000% 2,795,000 100,000 | 135,000 | 202,500 10,670 | 1.uuy, 300 1,157, 300 ] 2 1710 1525 1278
Santeetlah** 1928 |Chaoah 0o 1150 92, 000 x 0 Y5, 000 15, 000 2,850 156, 000 131,000 85 x 1835.8 1864. 2 12157
Nantahula** 19u2 [Nantahata 250 | 10uz 59,000 x 11,823,000 43, 200 u3, 200 1, 605 137, 300 124,900 x ' o121 2882, 1 20077
Glenvl|iass 19UY [Tuckaseges 150 900 56, 060 x u58, 000 21,600 21,600 1,462 T, 110 66,670 x u,§ ug1,7 16,7 2215"
Douglas tQu3{French Broad | 202 17053 | 330.000%] sus,200] 622,800 60, 000 $20, 000 31,600 | 1,514, %00 1,419, 700 556 u3 1002 920 873
Marshall P 1910 [French Broad X H x x % 3,000 3,000 X - ® x x P x x x
Greanavi|ie P 1913 [Nol Ichuecky x x H % 3 10, 560 10, 560 930 16,000 B, 050 x x x L] X
Watsrvilla P 1930 (Blg Pigeon 200 870 60,000 124, 200 0 108, 000 108, 0G0 3o 25. 280 20,500 | x _5.5 2258 2175 13977
Charokes 1942 [Holston 175 §760 | 288,000°| 681,400 3, 2u0, 300 &0, 060 120, 000 ; 31,100 | 1,565, W0 1,473,100 us3 59 1075 980 925
South Hiolsten o |S Fork Holsten| 200 | 1550 105, 000 59, 50¢5, 458,000 0 50,000 9,100 783,000 660, 000 21 25 1742 1616 | 1ugd
Wilbur ® 1912 [Watauge x 63 25,000 x x 3,700 T ox 1] x uz? 3 1.5 16U0. 5 1637.5 1585
Watauge o Iwatavga 318 900 62,000 65, 3001 3. 533, 000 0 50, 000 7,100 £77,000 627,000 "7 17 1975 1815 1650
Graat Fzlts® 1916 [Canay Fork 92 800 150, 000 X -% 31,860 31,860 2,280 54, 500 ug, Yoo 120 22 BOW. 9 762 855"
* Not in Tennesses Valley a Not meximum capacity, but capacity at 20,5 foot head q BDBmsed on rated capacity Chiaf Enginser's Gffice
** Proparty of Alusminum Company of America; b Includes capaclty of discharge ¢onduits h From waximum controlled lavel to July 1, 1945
apsration coordinatead with TYA systanm ¢ At ctearing IIne alevation minimum sxpected pool level . .
x Mo definite figure available d Inciudes Little Tennesssa area above proposed k Resarvalr sllted '
xx From despest excavation on base !lns fort Loudoun Extensiofi Dam & Hinlmum for mavigation to Chattancaqa
" to roadway or. deck e Canstruction deferred, featuras shown ars for n  Except during drawdown [n advance of

1 :Saddw dams and spiitway, 1,480 ft additiona| .
2 Saddie dam, 3u0 ft additional

3 "Saddle daws, 3,670 ft adaitional
U Saddle ¢ams, 1,770 ft additional

praposed projacts
Two lifts

floods at main=river plants
Privately owned piant
At remots powerhousa




