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SPILLWAY COEFFICIENTS

* H = total head above the ¢rest, including the velocity head of approach'

in feet (Fig. 1;

H, = design head for:a standa.rd crest,

approach, infeet;: & o

mcludmg t}he veloclty head of

k = velocity head of- approach 09/2 g in feet (F1g 1},

L ='gpillway crest length, in feet;
P = depth of the approach channe

'Q = total discharge,"in’ cubic feet’ per second; : W
in feet per second and e

" ¢ = average velocity of approach

"X, Y = crest coordmates, in. feet. _ e
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l erest to river bed m feet (Flg 1 (a)) ;
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WATER CONTROL IN CENTRAL AND
| SOUTHERN FLORIDA
By Harolp A. Scort M. ASCE

. SYNOPSIS

This paper describes the historical efforts made to prowde dramage and
water control for central and southern Florida. Distribution and utilization of
water in the comprehensive plan for flood control and multiple purposes are
described. The need for a secondary water-control plan is emphasized.

Imonuc'rmn

The area descnbed in this paper (Fig. 1) lies south of an east-west lne
through Lake Harney (about 35 miles north of Cocoa) in Florida in the St.
Johns River basin and east of the ridge that extends through Haines City and
Sebring. The ridge divides the waters which flow into the Atlantic Ocean and
. those which flow into the Gulf of Mexico, Water-control problems are quite
f::  common throughout the ares, although there are a few variations in topography
- and goil. The srea congists of approximately 15,000 sq miles of- groveland,
. pastures, rich agricultural lands, Iakes, and marshlands, Elévations range from
b approximately 7 £t in the vicinity of Miami and 15 ft around Lake Okeechobee
B to 80 it in the area of the headwaters of the Kissimmee River basin. : (All
' stages and elevations throughout this peper refer to mean sea level data.)
B However, the lands of a large part of the area are extremely flat, and natural
. water coutses are not comrmaon.  Exeept for the St. Johns River, the Kissimmee
! River, Fisheating Creek, and a few minor stresms, most of the water control is
accomplished by map-made canals and drainage districts. Soils in the’area
vary from sand to peat with a small amount of marl. The areas with higher
elevations in the St. Johns and Kissimmee River basins consist of sand mixed
with a small amount of organic material in the upper 8 in. to 12in. In the low
aresg and marshes, deposits of peat of thicknesses ranging to several feet are
ound. The Everglades is covered with a layer of peat of thickness ranging to
approximstely 15 ft at Lake Okeechobee and graduslly diminishing to gero at
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RATING CURVES FOR FLOW OVER
DRUM GATES

By JosepH N. BRADLEY," A. M. ASCE

Wity DiscussioN by Messrs. Guino Wyss; Sam SavuLits; Bop BUEHLER :
F. 3. CamrBeLL AND A, A, McCooL; AND JosErH N. BRADLEY

SyNopsis.

With water becoming more valuable in the western states each year, there is

_ an increasing demand for better methods of measurement and additional

rating structures. This condition applies not only to the requirements for
main canals and laterals of irrigation works but also to the regulation and
measurement of flow at dams. In fact, the need has reached the point at
which operators are desirous of metering the flow at nearly all control devices
in irrigation gystems, and in other water supply or control systems.

The primary purpose of this paper is to point out that there are numerous
control structures in existence that will serve a dual purpose—that of a metering
station as well as that of a regulating device. Examples of such structures in~
clude spillways, with or without gates; outlet works for dams using gates or
valves; and canal regulating structures using gates. With the accumulation
of information from hydraulic model studies made by the Bureau of Reclama-
tion (USBR), United States Department of the Interior, it is now possible to
prepare reasonably accurate rating curves for many such structures without
the construction of models and without access to the prototypes. The method
is especially useful for the rating of existing structures. This paper describes
the method as it applies to the rating of drum gates and the paper is concluded
with an engineering example. The method is also applicable to the rating of
the Volet gate used in France, the bascule gate manufactured in the United

-States, and others in which the sector of a circle is hinged at or near the crest "

of a spillway. .

Nore.—Published, essentially as printed here, in i?cbruary.- 1953, as Procecdings-Separate No.. 169.

" Pogitions and titles given are.those in effect when the paper or discussion was received for publication,

1 Hydr. Engr., Bureau of Reclamation, U. 8. Dept. of the Interior, Denver; Colo.
403



404 DRUM GATES

InTRODUCTION

The drum gate is a type of gate that floats in a2 chamber and is buoyed into
position by regulating the water level in that chamber. A medium-sized gate
of this type is shoivn in Fig. 1. To use drum gates as metering devices, it is
essential that each gate be equipped with an accurate position indicator.
This indicator may consist of an arm or pointer connccted directly to onc of
the gate pins, and is usually located inside an adjacent pier. The seale, which
commonly indicates ‘‘position of high polnt of gate,’”” may be a cast-metal arc
mounted on the wall under the pointer, or a scale painted on the wall.

This paper presents a method of computing rating curves for all positions
of the gate with an accuracy comparable to that which can be obtained from
an average current-meter traverse of the river. The information required for
rating & drum gateé consists of the over-all dimensions of the gate and overflow
crest, the information contained in this paper, and the coellicient of discharge

Fla. 1.—Drum Gatg, 100 Fr By 18 F1, AT IloovER Dax (ARlZONA'NBVADA)‘

- . for any appreciable head on the spillway with the gate in the completely lowered
position. Should the coefficient data be lacking, the coefficient of discharge
for the designed head can be estimated for nearly any overflow section by 2
method previously published.? _

. -- The method of rating described here is not-intended to replace the mea-

surements taken at river gaging stations. However, it has the following

advantages: (1) The gates can be set in a few minutes to pass a desired dis-
charge and (2) in time of flood, the gaging station may be out of order but the
gate calibration is as accurate as usual. The flood that passed over Grand
‘Coulee Dam (Washington) in 1948 is'an example. The river gage, in the pier
of a bridge downstream, was in error because of a drawdown in the water
surface, adjacent to the pier; at the higher flows. Current-metér measurements
were also attempted during the flood, but the swiftness of the current and
other difficulties rendered these only partially successful. As a result, the
.discharge at the peak of the flood, which was finally estimated as 638,000

" *.'Disc fficients for Irregular Overfall Spillway Sections,” by J. N, Bradley, Engineering

Monograph N ureau of Reclamation, U. B. Dept, of the Interior, Denver, Colo., March, 1952.
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sce-ft, is guestionab]e. Measurement of the flow-
now possible, would have afforded a continuous r
as aceurate for floods as for normal flows.

over the drum gates, which g
record and one that would he

CHARACTERISTICS OF THE Drusm Garte

As a mensuri i
neasuring deviee, the drum gate resembles a sharp-crested weir with

.\\-’ith an adequate
isfactory metering

& curved upstream face over the greater part of its travel

g t
p ] can serve Yy
Osltlonl“ "ldlcatol he dl um gﬂ.te r as & very sat

(a) POSITIVE ANGLE, [4 (V] NE(;ATIVE ANGLE, ¢

(c) CONTROL POINT

¥1a, 2.~Dnrun-Gare Postrions

gate involve g parab'oia' and C,, t} i it
f : € : ;ar o the coefficient of discharge in 0 = i
in which @ is the discharge in second-feet, and L is the lengt}gx of th(:)e gatce'q b

as not included as a variable because drum-gate

;\;etr’ﬁengeﬂiegi?slz u“lfléen the 'approxlzch depth, measured below the high point
3 qual to or greater than twice the head i
e | _ ) A on the gate, it |
;Il)o;vhx; té}:’:t;n z::iil:tth:fr xdn.cr_iase in aﬁ)roach depth produces vefy little }zrl;i:
he ischarge.. Most drum-gate installatj i i
condition, especially when the is'i ai on. Theretos, e
] gate is'in a raised positio Tl i
adequate approach depth the four variable b " ot ith
( % ariables H, 8, r, and €, co 1
the‘ 1fﬁlow over this typt? of gate for positive angl,es 'of, 9, Iig, q2(a)mp elely define
con‘trz}‘sn:}ggtfllve values of 4, Fig. 2(b), the downstream lip of the gate no longer
1€ flow. Rather,.the control point shifts upstream to the vicinity

those of the free crest (as the gate is

_of the high point of the gate for each setting as illustrated in Fig 2(c), and
. »

flow conditions gradually approach.

for this case down to an angle of ‘approximately —15°.

- "Studies of Creats for Overfall Dams,” :
of Reclamation, U, S. Dept. of the lntc':":)’r. %’éﬁi’e';'. %Z}g' 1;343

“lowered). Although other factors enter the problem, the similitude algo holds

, Boulder Canyon Final Reports, Bureau
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Sources oF INFORMATION

The data for this drum-gate study. were obtained from hydraulic models of
various sizes and scales, The experiments were performed over a period of
about eighteen years. The spillway drum gates tested, the principal dimen-
sions of each, the model scale, the laboratory where the tests were conducted,

and other information are given in Table 1. Gates for the first three dama

TABLE 1.—PrincipaL DimeNsions of Drum Gares TEsTED

Maxij.
. No. of] Length | Height | Radius |Approach| mum Model Hydraulie
Dam of gate, [of gate, {of gate, [ depth, {hend on .
gates | e 1Vt | Cinfe | G de | eroste | scole laboratory
in ft
Grand Coufee : .| Fort Collins
{Washington) 1 135 28 66.25 360 | 31.65 | 1:30 [ (Colo)
Bhakra Custowmhouse
. élhx;c:in) . 2 135 - 28 §6.25 410 28 1:80 | (Denver, Colo.)
ta ' .
{California) 3 110 28 66.25 460 28 1:68 | Customnhouse
Hamilton : .
'exas 1 1. 300 28 74,17 50 32 1:30 | Fort Collins
oover, Shape
4-M3h
(Ariz.-Nev,) -4 100 }- 18 20.8 50 26.6 1:20 | Alontrose, Colo.
Hoover, Shape
8-Mss )
(Ariz.-Nev.) 4 100 16 36.0 50 | 206.6 1:20 | Montrose
Hoover, Shape . . .
7-C4 :
%A;‘it.-Nev.) 4 100 168 268.0 50 26.6 1:60 | Fort Collins
riant :
(Californis) 3 100 18 | 470 140 10.0 1:25 | Fort Collins
orris B .
(T:ggesqee) 3 100 14 34.0 200 27.0 "] 1:72 | Fort Collins
en .
{Cana! Zone) 4 100 18 30.0 120 30.0 1:72 | Fort Collins*
Capilano )
(British Columbia) 1 70 23 7.0 | 200 23.0 1:60 | Denver Federal Cepter

.4 Gate down. b Refers to the shape of the spillway eross sectiont.

listed in the table—Grand Coulee Dam {(Washington), Bhakra Dam (India),
and Shasta Dam (California)—dre identical except for the length and number.
The models of each were tested at different times by different personnel. The
results of the tests are nearly identical, which fact indicates the consistency
possible in this type of test. Although identical gates are of value in indi-
cating the consistency of results, test results on dissimilar gates are desirable
because they can give assurance that all factors involved in the establishment
of similitude have been considered. The study includes only eleven gates
(Table 1), but the dimensions of these vary over a fairly wide range, and the
consistency indicated in compiling the results was quite satisfactory.

"~ Cross sections of representative examples of the spillway overflow sections
and drum gates listed in Table 1 are shown in Fig. 3. For Hoover Dam,
Shape 4-M3 is shown. The dats relating the coeflicient, Cy, to the head for
the model drum gates tested are tabulated in Table 2.

- ResuLTs oF BAaziN oN STRAIGET INCLINED WEIRS

The straight inclined weir is' comparable to a drum- gate, having infinite
radius, thus the results of Bazin serve a8 an introduction to this study.

DRUM GATES 407
Thelj:lz::‘xé (l)r;_ tl;rs cvln'ssxc'nl c.\-p?rinfen.ts, studied inclined sharp-crested weirs. !
somial e e \\.efr was varied W increments from 14° to 90° with the hori-
al, an ea.ch werr was 3.7 ft high (vertical dimension). The head on t}
crest of the weirs ranged from 0.32 ft to 1.481t. The results presented in Fi llie
shﬂ pl'ottcd aguinst the Bazin coellicient, Cy (in the Io;'mula @ = C’lgI;I;
2g %), in which & does not include the velocity head of npproac'h (h—.) BThe

_‘:Maxih\um Water Surface £l 1024.00

Crest (Gate Raised) Ef 1 020,00

gMaxlmum Water Surlace E) 1232100

v {a) HAMILTON DAM' AT T

\  300.FT BY 28-FT Crest (Gale Raised)

% DRUM GATE £122140 ) b HOOVER DAM
N 100FT BY 16-FT

DRUM GATE

19.4+Ft Radivs

375Ft

7Ft

Pin E1 1204.4

0

Scale,in Feet

(c) NORRIS DAM 100-FT BY 14-FT DRUM GATE Maximum Water Surface ' ;
: Crest (Gate Raised) El 570.00 {d) CAPILANO DAM

¥ Maximum Water Surface £1 1047.00 = 70T BY 23-F7
=t Ca DRUM GATE

Crest (Gate Raised) Ei 1034.0

17.83-Ft Radius
Pin £) 1019.509 Pin El 546.037
El1014.72

Axis of Crest

n" Axis of Crest
4-11.50 Ft.

I.“m. 3~ExaMrLES 0P Dpuy-Gare Cross Secrions |

angle 8 is also plotted with respect to C, (in the expression, Q. ="C, L HY jn-

which 17 i the total | i i0 i
kil al head. This latter expression will be used throughout

By reference to Fig. 4 it can be obser
. : 8 ved (1) that the coefficient, € i
only slightly with the observed head on the weir, (2) that there ;é ;r‘;::::

[T] . . K
¢ “Recent Experiments on the Flow of Water over Weirs,”

VOM.Obcr, 1888. (T g ¢ by H. Bazin, A s et
'Iwelp&l;?nsl“mn by Arthur Marichal and John (}y Trnuut?i‘ne, '3':’8;, trf;: “P;;:.ntad Chauassbes,

Club of ‘Phi Pa., Vol. IX, No. 4, 1892, p. 316.) nos Engineers'

]



408 DRUM GATES DRUM GArhS 0o
5 2—DRUM-GATE CORPFICIENTS® ABLI: :
TABLE 2—DroM~-GaTE COEFFICIENTS TABLE 2. *—(Continued)
Granp Couren DAM. Brarna Day Suasta Dan HasmiiroNy Dam Frrant Day N "
{Washington) (India) (California) {Texas) (California) [Tana Dast Kmmsty Das (SATILANO Diss
- ritish Columbia)
Reservoir Coefli- " Reservoir | Coeffi- Reservoir Coefi- | Total head Cocfli- Reservoir Coefhi- Reservo; . i ; ———
alevation, . cient,. elevation, cient, elevation, cient, on gate, cicne, e‘?“;ﬂon, cient, clevﬁzg;: Si(z-fr{f- Total head Coefhi- Reservoir Coeffi-
in feet Cq in feet Ca in feet - Ce - in fect Cy - it feet Cy in feet o Oi: li'f'!:‘. cient, elevntion, cient
i . _ : . —_— , ce Ce in leet c,
Gare Erevationd 12600 | Gare ELEVATION? 1552.0 | GATE ELEVvATIONS 1037.0 | GATE ELEvATION® 992.0 GATe ELEVATION' 560.0 | Gare ELEvATION 1020.0 | Gren I
- g g g T E 3
1295 3.820 1580 3.680 1675 3.895 35 3.710 580 TE5 = LEVATION® 232.0 { Gare Evevationt 517.0
1260 3.842 1675 3.645 1670 3.835 30 3645 _ 577 3625 1050 3415 35 3.500 380
1285 3.745 1670 3.550 1065 3.760 25 3.580 574 3550 1959 3.815 30 3.770 $75 3775
1280 3.635 1565 3.420 060 3675 20 3500 571 3900 1045 3.705 © 2% 3.660 570 3.705
1275 3.510 -1560 3.275 1055 3.575 15 3.400 : 508 3310 s 3.670 20 3560 o0 3.025
1270 3352 1555 3120 1030 3465 10 3.290 505 3173 o3 3.550 15 . 2460 - 5 3.530
1265 3.220 ' ' 1045 3.335 5 -3.160 ' 562 2808 1930 g?gg ,g ; 3age 590 3 2‘;8
Garn Evevarion 1263.51 | Gare ELevation 1557.0 |Gars Fusvation 10390 | Gare: EvuvaTion 005.52 Gare Evevarion 8616 | Gare Ervarion 1022.0 3.280
295 3.530 1580 3430 1075 3637 30 3100 ~550 33 _ -0 | Gars Buavatton 236.0 | Gare Erevarron 5554
1290 3.442 1575 3.380 1070 3.565 25 4310 s 331G 1055 3785 30 3
1285 3360 1570 2.205 1065 - 3:490 20 a2 & 3300 1050 3795 5 3850 580 3615
1280 3.280 1565 3.170 1060 3417 15 . 2150 4 3230 1045 3,655 %0 3150 577 3680
1275 3.220 1560 3.040 1055 3.340 - 1 3.085 o8 -200 1040 3.570 15 357 574 3540
1270 3182 , 1050 3250 5 3010 864 295 1030 om0 1 3500 508 345
Gare ErevaTioN, 1287.02 | Gata Euevarion 1662.0 |Gars Krevarion 10410 | Gite Brevarion  999.0 ) 1025 gggg 4 3.410 505 ggég
1295 3.530 1580 3.550 1075 3.550 25 3450 Gatz Evevation 563.0 'G 0 v
1290 3457 1676 3355 1070 3494 20 g3 ‘ (e BLEvATION 1024.0| GaTe Evsvation 2000 | Gars Boreasron 207
1285 3.380 1572 3.250 1065 3.432 15 3.300 880 332G 7035 5765 . g " .1
1280 3.300 1568 3.345 1060 3.365 10 3.195 §77 3.280 - 1050 3.720 30 3.060 583 3.560
1275 3.213 1564 - 3.465 1055 3.290 5 3.080 574 3.240 1045 3 25 3.890 580 3530
1270 - - 3.120 : - ggg g-&gg 1040 3605 fg 3338 577 3,450
Gars Eusvanon 127048 | Gave Eupvation 1667.0 {Gare Enevation 1045.0 | Gats EurvaTion 1006.0 . 565 2.960 1038 3520 10 3775 & ¥ i
1295 3,600 1580 3.065 1075 g.ss? ;g ggﬂs‘u : . 1025 3.000 3.740 568 3130
1260 3.530 1577 3.650 - 1070 .565 635 ATE EL
1285 31462 1573 3.600 1065 30408 12 3605 EvATION B60.0 | Gare Ererazion 1020.0 | Gara Evevason 2350 | Gare
1280 3410 1570 3:635 1060 3415 9 3.560 T80 350 o5 __ -0 [ Gate Fuevation 568.5
1275 3.375 1055 3330 8 3505 - 577 3410 1058 g.gfg 35 3500 5 e
. - 1050 3220 o7 3310 1035 3780 Y 3900 580 3850
Gars EvevaTion 1274.01 | Gara ELevarion 16720 |Gare ELevarion 1050.0 | Gare FLevation 1013.0 568 3:g§g }ggg gggg 10 3:3(}’8 g;z gggg
ol [ [ R k| e e ) | T |
1290 3.862 1678 3.690 1065 3615 8 3615 Gare Euevation £60.0 | Gare Evrvarion 10280 Gare ELevarion 25
1285 3.830 1577 3.500 1060 3.560 [ 3.585 . 180 555 oN 250.0
1280 3.600 1676 3.150 1035 3.495 4 3.530 - : 5§78 5605 ;328 g.suo P} 5550
Gare EnsvaTioN 1277.50 Gare ELevaTion 1055.0 | Gare ELsvaTion 1020.0- g?g gggg }818 32332 11(5) 3;38
1298 3.750 1075 3834 5 3630 572 3,500 1035. 388 5 3,980
1260 3.738 1070 3.827 5 3.810 570 3400 1030 3745
1285 3.240 10685 3.800 4 3.540 s : , :
1280 3.765 1000 g;ﬁg 35 3.400 478 BLEVATION §72.0 | Gate Enzvarion 1030.0
: ' = : 580 375 1055 3800
Gate Evevarion 1281.02 Garg ELevaTion 1060.0 . . ! gg §-720 1050 3800
1305 3.730 1675 3.645 ‘ 574 3o 1045 3883
1292 3.708 1072 3.683 . " 1035 8.880
1288 8705 1069 3740 P . 875
1285 3425 1008 2818 ";a LEVATION 573.0 | GaTs Erevamion 1032.0
- GATR Ersvamion 1284.50 Gatie ELrvaTion 1065.0 578 g;gg :ggg gTTg
- : 3.875 .
i, ] N NE EE e
B X : y 95
1292 387 1072 3910 574 3.000 1033 3.020
38 .950 1070 95! : Gare Erevarion 5750 |Garx Brevarion . 1034.0
Garz Erevarion 12880 ! 5 - . . :
: " . &850 3.780 1055 1 3815
1206 3.750 : s 3.700 1050 3.835.
1204 3.720 : 77 3.840 1045 3855 -
1209 | 3670 g 570 3.950 1040 3.885
1280 3.580 ( 1038 3.045 o
o Coordinates of curves prepared by plotting original data,

ordinates of curves prepared by plotting original data. ¢ Gate down.
= ; b Gate down, I .
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TABLE 2.5—(Continued)

Hoovzx Dan’ (Anzons-Nevada) Hoover Dam {Arizona-Nevada) | Hoover Dast {(Arizona-Nevada)
Suare 4-M3 SuaPE 8-M5 Suare 7-C4
Total head Coofli- Total head Cocfli- Total head Coefli-
on gate, cient, on cient, on gute, cient,
in feet Ce in feet Co in feet Cq
Gare EvgvaTion® 1205.4 Gare Erevation® 1205.4 Gare Frevationt 1205.4
75 3.670 78 3735 26 3605
22 3.605 25 3.705 22 3.615
18 3.540 20 3.650 18 3.540
14 3.472 15 3.565 14 3.450-
10 3.405 10 3.460 10 3.3060
6 3.338 & 3.335 L] 3.200
Gare ELEvATION 1209.4 Gars ELevaTiON 1209.4 Gare Evevation 1200.0
) 3675 %1 3.500 R 3725
17 3.846 20 3.540 19 3.650
14 3.615 16 3.492 15 3.580
11 3.585 12 3.428 11 3.508
8 3.565 8 3.330 7 3.415
Garte Evzvation 1213.4 Gate Erevarion 12134 Gare Erzvarion 12130
70 3. %0 3,765 10 3.800
17 3.875 18 3.765 16 3.845
14 3.876 12 3.725 13 3.825
11 3.870 8 3.668 10 3.750
8 3.870 4 3.600 7 3.640
' Gars ELsvarion 12174 © Gare Erevarron 12174 Gare Erevarion 1217.0
14 3.960 13 3.900 15 . 3960
12 3.980 12 . 3.840 13 3.030
10 4.010 9 3.900 11 3.935
8 4.075 6 3.930 ] 3.970
- 7 4.020
Gate ELEVATION 1221.4 GaTe ELEvATION 12214 Garte EvevaTion 1221.4
10 3.890 i1 3830 11 3315
8 3.930 9 3:840 12 3.820
6 - 4.020 7 3.875 10 3.823
] 4.100 & 3.935 8 3.825
8 Gnte down,

a Coordinates of curves prepared by plotting original data.

sharp reversal in the curve when the angle § approaches 28° and (3) that
the coefficient of discharge is a maximum at this angle. As the angle 8 is in-
creased from 28° to 90°, contraction of the jet gradually reduces the coefficient
to approximately 3.33, which occurs when the weir is vertical. As @ is de-
creased from 28° to 0° the coefficient is gradually reduced—either by approach

onditions, friction, or both—to that for a broad-crested weir, which may be
some value between 2.8 and 3.1. +As the principal difference between the drum
gate and the straight inclined weir lies in the curvature of the gate, the trends
for the two should be similar. ’

- An inconsistency exists in Fig. 4—namely, the coefficient of discharge for a
vertical sharp-crested weir should approximate 3.33, but Fig. 4 shows that
Bazin obtained 3.45. This conclusion is supported by the fact that the USBR,
Ernest W. Schoder, M.ASCE, and Kenneth B. Turner,® and others have not

8 **Precise Weir Measurements,” by Ernest W, 8choder and Kenneth B. Turner, Transactions, ASCE,
Vol. 03, 1929, p. 999,
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of

(Table 2) consisted of first plotting the coeflicient of di_schq‘rgg dnt‘a se

‘been able to check the discharge measurements of Bazin. However, the
actual values are not so important for

the case at hend 28.1s the significance

the trend. . _ ‘ )
Mersobd or ComBiNING TEsT RESULTS .
ﬁ tested

.. N gate
The method for combining results from the eleven drum g ntoly
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h gate as illustrated by the sheet f?r the S} e ).
vg("’ritga:he io_eﬁicient of discharge as the abscissa and H/r as the ordinate, each

¥ro. 0.—~GENeRAL Curves vor THE DETERMINATION OF DISCHARGE Connmyz_ms

downstr

" curve m&S represents a different gate angle 6, which the tangent to the

ip of the gate makes with the horizontal. In all cases, I is the
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total head, including the velocity head of approach, measured above the high
point of the gate, nnd r is the radius of the gate. In F ig. 5, Cq is based on the
relationship, Q = Co L HY. TFor positive values of 8, the head was measured
above the lip of the gate, whereas for negative angles it was observed above
the high point, or crest, of the gate proper. The method of measuring the
head is illustrated in Fig. 2, _ ,

_Upon completion of & similar set of curves for eacly gate tested, the eleven

sets of curves were replotted and combined into the chart exhibited as Fig. 6.

positions. The Bupporting points are not shown in Fig. 6, but the individual
information for each gate is listed in Table 2,

" ANALYSIS OF TEsT ResuLTs

The curves in Fig. 6 show & tendency toward reversal, similar to that ex-
hibited by the Bazin curve in Fig. 4, but the points of inflection vary from
0 =20°t0 ¢ = 30° depending on the value of H/r. Fig. 4 showed the co-
efficients to vary only slightly with the head, but in this case the coefficients
definitely vary with the head. o .

A matter of signifieance is the reversal of the (H/r)-order which occurs at
29° (Fig. 6). The coeflicient of discharge has but one value, 3.88, when # ap-
proximates 29°; thus, it is insensitive to both the radius and the head on the

gate for this angle, The curve for H/r = 0 approximates a drum gate of
infinite radius and was obtained from the data of Bazin (Fig. 4) by apply-
ing a uniform adjustment. ‘ - '

As stated previously, similitude ig valid for small pegative angles of 8, as
well as for positive angles up to 90°; thus, the curves in Fig. 6 are shown
and recommended for use down to § — —15%  As the gate is lowered beyond
this angle, the curves double back and converge, finally terminating in the
free flow coefficient. : - ' -

The discharge coefficients in the region between § = —15° and the gate -
completely down are determined by graphical interpolation. Interpolation is
accomplished by plotting head-discharge curves for several gate angles between
—~15° and the maximum positive angle. Also the head-discharge curve is
plotted for the free crest. This information is then cross-plotted to obtain
velues in the transition zone. The method will be explained in the example
that follows. It will be discovered that negative angles. greater than —15°

(with the exception of the free crest) are not particularly important from an

operator’s standpoint, as o change in gate position has little effect on the dis-

charge in this range. - -

It must be assumed that the coefficient. of discharge is known for at fenst

. _ oné value of the head on the free crest (gate completely down) for the partic-
.~ ular spillway: under consideration.” With the coefficient known for one or ‘

ore heads, the complete coefficient curve for the free crest can be plotted by

" consulting Fig. 7, in-which H, and C, are the designed head andvth_e coeflicient
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for the designed head, respectiveiy. This chart was reproduced from & pre-

vious publication® and represents a curve well supported by tests of some fifty
overfall gpillway crests having wide variation in shape and operating conditions.

X iz 1 . APYLICATION OF RESULTS
:;_—: . _ From the plan and section of the Black
09 Canyon Diversion "Dam (Idaho), ghown in
° 08 ' | TFigs. 8 and 9, assume that it becomes necds-
d: 0.7 t— |1 gary to compute and construct a rating curve
5 06 "'*“‘"‘J | for one drum gate for each 0.5 {t of gate ele-
'2’i V- : vation. The scate on the gate position indi-
sl AL cator is calibrated to show the clevation of
0.2 11 the high point of the gate, and the gate has o
01 constant radius of 21.0 ft. “The gate is 64 b
00‘7 os 09 . 10 11 fong. ) The coefficient of disch.arge for the {ree
PR R,,go,fag " erest is Co = 3.48 for the designed head (Ho)

. o of 14.5 ft. '
Fra. 7.~Cogrrictents or Discegts With the coefficient of discharge known for

yor Ornea Trax T2 DESIGNED AD . . .
: . free flow nt the designed head, the entire free-

flow coefficient curve can be established by consulting Tig. 7. The free-flow
coefficient. curve for Black Canyon Dam spillway (for which H, = 14.5 {t
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D

° . )
u'“d C 3 48 18 COIlBh UCted by ar bltlﬂlll) ”’ssu‘n“)g se‘e“l] H"lues O‘ }j JJ'
lllld lea(h“g the collespond“lg Hlllles Oi C/Co f)o"l ],'lg. :. Ihe Inetho/d 18

illustrated in Table 3, a
' ! , and the head-coeflici ‘
obtained in this manner, is shown in Fig?cllf)nt curve for free flow (gate down),

" Crest (Gate Up) E1 2497.0
= 1
= 7
y /

/
/
/
/

1 .
A riem 12 Ft 9% In.——>
_(Crest (Gate Down) E) 2482.5

fi e

Pt} T Point of Compound
|:_.ne of Pin £ 2481.63 (™ Curvature E12478.2

El 247817

Fia. 0.~'§r x
SrrLrway Cresr Deran, Brack Canvon DM ix Ipanuo

TABLE 3.— ' :
—HEAaD %ND DiscrARGE COMPUTATIONS FOR & FREE CrEST'
(BrAck CANYON‘DAM 1N IpARHO)

Totalhesd, | Jooir | gogns | -
. H,inft elevation, i, Ratio.t ) ) T
inft H/H, Ccyg; . Coefficient, Q. incuft.
@ @ @ ) , pareee
17 5200 ol ) "
18 2499.5 1172 1.020 ©
o | e || BE ol
494.5 J ) x -
10 24025 o827 0980 ) 12298
Lok o) oo B ) i
4 180.5 0414 0.905 327 4736
3 24003 0.278 0.850 3135 - :
2 2 0.207 0.816 2957 1514
484.5 0.138- 0.760 201 b1

s i = 14.5 ft. ?Cy = 3.48. - The discharge for one gate: = ColL ) in which =64.0 f
d (< & Q ol H L
» t.
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Before considering the rating of the spillway with gates in raised positions,

it is necessary to construct a diagram such as that shown in Fig. 11 to relate

- gate elevation to the angle 6 for the Black Canyon Dam gate. The tabulation

in Fig. 11 shows the angle 0 for corresponding elevations of the downstream lip
of the gate at intervals of 2 ft.

Beginning with the maximum positive
angle of the gate, which is 34.883° the
/ computations may be begun by choosing

s represcntative number of reservoir cle-

vations as- indicated in Col. 2, Table 4.
The difference between the reservoir ele-
vation "and- the high point of the gate
i (which is the downstream lip in this case)

/ . constitutes the total head on the gate, and

20

-
(]

[ony
N
—

values of head are recorded in Col. 3.

T ; Col. 4 shows these same heads divided by
. the radius of the gate, which is 21.0 ft.

o0

: , R Entering the curves in Fig. 6 with
A - the values in Col. 4, Table 4, for 8 =

. Total Head, H, in Feet Above Crest

-

in Col. 5 of the set of computations desig-
nated “A,” are obtained. The remainder

0

‘ | Coefficient Cg 7, Table 4, consists of computing the dis-

B Gpap-Cogrmioir Cuve,  charge for one gate from the expression,

L s © Q= CyL HY. A similar procedure of

" computation is repeated for other positive angles of § as in sets B, C, and D of

Table 4. - S - _ o

- As the angle 0 is given negative values, the procedure for determining the

discharge remasins the same for angles between 0 and —15° except that the

- head on the gate is measured above the high point rather than above the lip.

Discharge computations for negative angles of the gate down to —15.017°
are tabulated in E, F, and G of Table 4. ,

Plotting values of discharge, reservoir elevation, and gate. elevation from
_Table 4 results in the séven curves in Fig, 12 for which the points are denoted
by circles. The extreme lower curve, on which the points are identified by
x-marks, represents the discharge of the free crest with the gate completely

~ down. " The latter values were obtained from Table 3. »

The discharge values shown in Fig. 12 af_e‘for one gate only. When more
than one gate is in operation, the discharges from the separate gntes may be
totaled ‘providing the gates aré each raised the same amount.  The experi-

"mental models contained from one fo four gates (with the exception of that of

-Grand. Coulee Dam, which contained eleven) so a reasonable allowance for -

. pier efféct on the discharge is already present in the results.

The intervals between the eight curves identified by points (Fig. 12) are
‘too great for rating purposes, especially the gap between gate elevations,
2485.75 ft w“2482.5 ft. This is remedied by cross-plotting the eight curves

/ : | +834.883°, the discharge coefficients, listed

26 30 34 38 of the procedure outlined in Cols. 6 and - ~

the Black Canyon Dam spillway,
accuracy of rating curves obtained
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for vnriou§ constant values of the discharge as shown in Fig. 13. Fortunately,
t.he rgsulf'xs & straight-line variation for any constant value of discharge.. T}i"
lines in Fig. 13 are not quite parallel and there is no assurance that th;ay will
be straight for every drum gate. Ne\-'ertheléss, this will not detract appreci-

N
O= 934003 .
g \ .
) L} £)2497,0
~ ’ .
€ 249% 0
. \\ - €12493.0
» \ £12491.0

\.
L £12489.0

12487,
€1 2405, 78— 1 L 2asne

€1 2407.2

37—~

—F1 panas . El24030
e EL
T gee s, T :
€1 Crest 2482,8 N8 €1 20025 e ——El2483.0

€1 PinzagLe) -~

~~~~~~ 1% A s1z2esiey
RS L ITN ] o f12431.0

- ) "’.s.,-\

Eizare,20

ELEVATION
noHeoNT | gyng | B ] 6 i

[ of cave DEGREES| DEGREES
2492.% CEENTY)
__!_l_ 5. 18 19168 1.0 ~13,047
| 2407.2 "|. 30841 [ir.7 <8793
483, 41918 124753 [~ 1284
0 .53z% [32.7 + §.133]
493.0 - ;_A‘gﬁ_g-1 40,297 |via.i25
) . 760391 49.500 | ¥29.43
€1 24618 5
B 437, 207414 ] 60.950 | + 347583

Fro. ll.——l’h:(.n.ﬂo.vsmr or Gate ELevation 1o ANGLE §

a}b]y frt?r'n the accurncy obtained. Interpolated information frorﬁ Fig. 13 is
tlcn_ utilized .to construct the additional curves in Fig. 12. If all curves are
considered, Fig, 12 shows the completed rating for the Black Caryon Dam

spillway for 0.5-ft gate inter_v_als._ For intermediate values, straight-line

- interpolation is permissible.

CoNcLusioNs

This paper has demonstra_._ted how an existing ‘control structure, such as

can also serve ag a rating station. The

: by the method is estimated to appr
! _ _ ated. oach
that of an average current-meter traverse of the river providing thatp(pl) the

gate posjtion indicators are made as large as possible and are accurately cali-
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brated, (2) the reservoir gage can be read to within 0.05 ft, (3) nearly atmos-
. . « . ~
- pheric pressure exists under the sheet of water after it springs from the gate, -
and (4) all gates are set at approximately the same elevation. . :
: \ °
TABLE 4.—Hgap anp DiscuaRGE CompuTaTiONS FOR DruM GATES | : \ -
IN Raisep PosiTions \
. \ "
Reser- . . Reser- - .
voir H, Ratio, | coefi-| MY, Ql:l ll‘é ) v;:rl H, Ratio, | Coefhi- | #1, Q“ ll';
Set | eleva- | in H  ]cients,| in cper Set | elevn- | in H |eicots, | in cl'm_ -
%:‘o?i fte T Cq ft sech :-“‘0?6 fta v Ce fe sech T
mp @ 1 @ (8) (6) 7y (1)) @ (3) (4 (5) (6) (7) )
. . .
Gare ELEVATION 2497.0; 0 = 4 34.88° Gars: FLEvATION 2480.0: 0 = — 1.28° g
g
g - 123
24080 1 0048 | 388 { 1 247 o
A|2i90) 2 | D05 | 38y | 2828 ) 60 21900/ 1 o048 321 |1 205 \ - E
25000( 3 | 0143 | 385 | 5196 | 1.283 24920] 3 | 0143 | 334 | 5096( 1111 <.
. B j2:040] 5 10238 1345 1118 | 2460 [
24 3 . 59 : -
Gare ErLevation 2495.0; 0 = + 23.43° W00 T | 038 [ B0 (288 | a2 =8
- i 25000 | 11 | 0.524 | 3.605 {3048 8.627 ‘;’
o
3i070| 2 |00t | 5o | bses| oos g% 3
B |54s0] 3 o163 | 355 | 5708 1581 Gare BLevation 2487.2; 0 = - 8.28° i
24000] ¢ | oo | 387 | 800 | 1979 ] = &
25000 5 | o238 | 388 [11.18 | 2770 3 a
24880 0.8 | 0.038 { 3.02 | 0.716 138 o% %
. 2480.0{ 1.8 | 0086 | 310 | 2415 479 s 3
Gare ELevaTioN 2493.0; 0 = + 14.22° 24900 | 2.8 | 0.133 | 317 | 4685 950 2 A
e 220l a8 [ 0220 1331 Jros2 | 2220 5
o) g8 oo i | oo ul :
21096. . K 3. 26. 5, @ —— s
O 3 0048 1 359 | 1eog]| 238 24980 108 | 0515 | 358 |3549 | 8131 - ®E g
clza060] 3 10143 | 375 5.106 | 1,247 2500.0 [12.8 | 0.610 | 3.635 [45.79 10,653 =1 | & O
249801 5 | 0238 | 380 {1118 | 2710 : \ £ g
25000 | 7 | 0333 | 384 |1852 | 455 3 5 ¢
: Gatz ELevaTioN 2485.75; ¢ = — 16,02° \ ’2 ~§ ‘5"
= (=
Gate ELEVATION 2401.0; 0 = 4 6.13° ) ‘16 k] §
2187.0 | 1.25] v.oco | 300 | 1.308 208 (< £
: _ 248801 2251 02107 | 307 | 3375 663 % & w g
249207 1 [0048 | 347 | 1 222 21890 | 325) 0155 | 3'15 | 5850 | 1,181 Y : z
240301 2 | 0095 | 351 | 2828) 635 | 124010156251 0250 | 3275 [12.08 | 2522 e — o 5
p|24940] 3 J 0143 | 357 | 5196 | 1,187 21930 | 7.25| 0345 | 3375 1952 | 4216 9, § o
24060 5 | 0235 | 363 |11.18 | 2597 21950 | 925 0:440 | 31465 |28113 | 6.238 AN o
230801 7 10333 | 370 [1852 | 4380 24970 |11.251 0:536 | 354 (3773 | 8548 . \ % 3 wE
25000 ) 9 | 0.420 | 377 {27.00 | 8515 21990 |13125 | 0.631 | 3595 |4823 | 11,007 ‘ \ o Ju ;j
. . o,
X \ X33 g& \K/ / f
s H i3 the total head on the gate. * The dischnrge for one gate: @ = Co L 1, : \ " ‘é Foa < o
' 2\ N\ 93 )
v : \ =% NS S g
. . B . ‘ . ) A\ AT 1‘ [ 2]
~“In connection with provision (3), the blunt piers on the Black Canyon Dam \ W) ‘%,“3}& N \\ P
. . . > . . - o
spillway, Figs. 8 and 9, provide effective aeration under the averfalling sheet - AGRAN \ o
. . . { @
of water for all but very small heads with gate completely raised.. In the L‘ \ O\ \ \\\\ \\ ¥
‘case of provision (4), uniform operation of the gates is also most desirable from . $ N\\\\ ‘\\\\\ \‘ S
. Iy are . . o . . .
the standpoint of stilling basin operation for minimum erosion downstream. - » \‘\ \ \ §_
- . . X . . . A
-+ Discharge measurements on the prototype are desirable whenever possible - R \\\\\\\ \~ N \\ \\ Bl
a8 & check on the accuracy of the foregoing method. Sufficient observations _ : ‘“js A \‘\ N SN\
ghould be taken, however, to establish the fact that the prototype information o SN N N
is consistent and reliable.-- 8 2 §S 83 8 2 8 & v om pratdig
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DISCUSSION

Guipo Wrss®..—The information presented by Mr. Bradley is of utmost .
value for determining the quantities of discharge over drum gates under various
heads for any gate position. This information will permit operators in the.
field to adjust the gate position from ecorresponding chart values in such o
manner a8 to obtain the desired flow. The-use of drum gates as an actual
metering device for spillway quantity discharges is unique and the results
obtained are more practicable and reliable -than those obtained by stream
gaging, especially when this gaging is conducted during periods of high floods.

It would have been interesting if the author had presented an investigation
of the flow, profiles of the upper and lower nappe surfaces, as well as the actual
water pressures on the upstream plate of the drum gate by use of charts. This
would afford an opportunity to obtain the true loading conditions on the gate
during the cycle of operation {rom fully-raised gate to fully-lowered gate. ‘This

" information would be important in the determination of the buoyaney and
- loading criteria of the gate structure.

Sam Suvrnrrs,” M. ASCE.—An outstanding contribution to the design and
operation of drum gates has been presented in this report of the author’s work
at the USBR.  The paper and its complement? fill a great need.

Sinee 1928, when the Freeman Scholarships were established, there has
been a tremendous development of hydraulic model research in the laboratories
of the United States. Although these luboratories are unexcelled in size and
quality, many hydraulic engineers have pondered the procession of models
(spillways, stilling pools, and river reaches) in the period from 1928 to 1953
with few, if any, summaries or proposals for design to reduce the dependence

~onmodels. InMr. Bradley’s work there is strong evidence that the laboratories

will produce correlations and syntheses—not more models.

When it is realized that mauy of the most famous and productive labora-
tories in the United States did not exist prior to 1928, the lack of correlation
and synthesis for general use is understandable. The hope is that other works.
of similar quality will be added to engineering literature.

- Bop BuEnLER,® A. M. ASCE.—An interesting and clever use of data has
resulted in a method by which records of gate settings at dams can be made &
substitute for missing stream-flow records and can be used to augment existing
records. The construction of a dam and reservoir often floods an established
stream gage. - Unless the gage is replaced below.the dam or upstream from the
feservoir, subsequent stream flow usually is not accurately known, Sometimes
a series of dams (each causing the water to back up to the dam above) prevents

continuing_ established gages at t_he ,st;ategic points where they had been

¢ Méch. Engr., Bureau of Iteclnﬁntiqn, U. 8. Dept. of the Interiqi-; Denver, Colo.
7 Asgociate Prof., Director, Hydr. Lab., Civ. Eng. Dept., Pennsylvania State College, State College, Pa-
" 8 Hydr. Engr., TVA, Knoxvills, Tenn, o ' . : .
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located. The less accurate—and more costly—slope stations dre not com-
pletely satisfactory alternatives to the single-line rating stations.

If the spillway of a dam can.be rated with an accuracy comparable to the
accuracy obtainable with a gage (as demonstrated by Mr. Bradley for certain
spillway types), and if allowance is made for flow through other whter outlets
guch as turbines, locks, and sluices, the structure is then superior in some
respects to the gage. For example, the rating of the dam should be permanent,
whereas the rating of a gage usually requires {requent checking. '

{ .. Mr. Bradley’s method for rating drum gates not only allows records for
ordinary stream flow to be supplemented, but also probably gives a more
accurate determination of extreme flood rates than do most gnges. He has
made an important contribution to the planning and design of drumn-gated
structures. ) ap

The author has presented a method for rating a spillway at all heads pro-
vided the coeflicient for oneé appreciable head is known. He also states that
a coefficient for the designed head can be estimated for most spillways by &
method previously published? The writer, on the other hand, offers a method
by which an ogee spillway can be rated, provided its profile shape is known.
The method is based on an équation derived by R. N. Brudenell, A. M. ASCE,
incidental to studies made on radial gates.® Mr. Brudenell's equation is

J1.62 .
397L I )

Qm——l{—oﬁ‘p_““ ........................

in which @ is the spillway discharge, in cubic feet per second; L denotes the
length of the spillway, in feet; H is the total head on the spillway crest, in feet:

TABLE 5—FRrie DiscEARGES FOr BLack Canyon DaM 1N Ipano

’ Usivg Eq. 1 Using F1a. 14
Total head, | , Discharge,
in fest in cubic fegt | - Discha Piscl
per secon: ,Jiseharge, Diflerence,  Aiseharge, Differenco,
";::’E;:j:at in percent “;):r"‘;:gmﬁt ’ in porcent:
) @ ® @ 0) (6)
17 15950 15,847 ~0.65 15,910 —~0.25
16 14,420 1,4363 —0.39 14,421 -0.01
14.5% 12,296 12,247¢ ~0.40 12,286 /]
.12 9,072 9,013 -0.065 9,040 -0.25
10 6,759 6,708 —0.75 6,735 —0.36
8 - - 4,736 4,673 —1.33 4,692 -0.93
: 2,949 2,932 -~0.58 2,944 -0.20
4 1,514 1,621 +0.46 1,527 +4-0.86
3 9 954 +1.17 958 +1.59
2 478 404 +3.356 496 +3.76
IR

-"7.s From Col. 8, Table 3. 5 Head st which Cy = 3.48. ¢ Cy would be 3.466 for this discharge.

abd_:Hb répresents.the design head in feet. The design head is that head.
which produces a standard lower nappe that agrees closely with the spillway
pyoﬁle. - : : R . :

¥+ “Flow over Rounded Crests,” by R. N. Brudenell, Engineering Newa-Recard.‘Julf 18, 1935, p. 95.
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I'J«!. 1 was intended to be used with heads greater than /4, although the
equation h{\s been found to ngree closely with model data for somewhat lower
“heads.  Without knowing any coeflicients, Eq. 1 givés discharges that agree
closely with those obtained by-Mr. Bradley for Black Canyon Dam. In the
case of Blz.lck Canyon Dam, Mr. Bradley used one known coefficient and the
curve of Fig. 7. Free-flow discharges computed by the two methods are shown
in Cn'ls. 2 and 3, Table 5. The procedure by which Eq. 1 was applied will be
described subsequently. '

18

H
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F1a. 14.—CoMPARISON OF VALOES OBTAINED Frox Fia, 7 aNp Eq. 1

- It is nssumed that in choosing Black Canyon Dam for his example,

» : T yon Dam for his example, the
aTuthor knew that his method would yield discharges close to knownpva'lues.
E_he good 'agreement for all except the low heads shows that, in this example

q. 1 (using only the shape of the spillway) nlso produces suitable 'results'.

e
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that there must be a close relationship
urve that can be derived from Eq. 1.
ere computed

This gbod sgreement suggests, too,.
- between the curve in Fig. 7 and a similar ¢ . be ;
To examine the relationship, theoretical discharge coeflicients w

by usine Q= CoL TP e R @

and Eq. 1, from which
3.97 1% . )

q=m ..........................

c

was found (by a method to be described subsequently)

e e sed in making the test.

to be 45 ft for Black Canyon Dam, and this value was u

Thus, for Hp = 45 {t, _

| | o, = 2B ST )
a H3?

.

| head, H, varying from 2 ft to 58.5 ft, cor-
The resulting C, of 3.97 for a head . of -
efficient, C,. Then the. (H/H,)
d for all other heads in the
ine in Fig. 14. The dashed

For several assumed values of tota
_ responding C,-values were computed.
45 ft (H,) was taken arbitrarily as the krniown co
-ratios and the (C./C,)-ratios were poniputl(?d :
assumed range. The resulting curve 18 the soli ‘The
curve is from Fig. 7. The agreement is close—as expected. Still using Hp

equal to 45 ft, the remainder of the process was rfapeated using thehcoialfﬁcug)t

" for the 25-ft head as C,, and then using the coefficient for t}xe 12-ft czlx ntSI e.,e
There was no discernible difference in the curves resulting from t}neF 1r1
separate selections. A similar procedure, using Hp equal to 29 f(;; t,l]n t,‘t({,'eré
also showed no differences from Fig. 14. It can probably be proved tha

should be no difference.

Thecurve derived fron; Eq. 1 thenwas applied to the Black Canyon Damspill-

way, assuming (as did the author) that the coeﬂici(’n‘\t is 3;48 at n 14.5-1t head.
The resultant free discharges are shown in Col. 5, Table 5. ) . ]."' .

. The free-flow coefficients in Table 2 invite furthe;: comparisons with ]J(l.ld
for the four projects for which spillway profiles are given in 1'1g.. 3.' Itls mu.iS
be remembered that this comparison tests the use of only the spillway s m{Je u
a guide to free discharge. for the entire range of he.zads. Col. 4, Tab_lg 6, 8 :z:::
that for appreciable heads the maximum erro.r in -the four cases is nm? té -
mately 2% (Hamilton Dam). Observed coefficients in model tests often scatte

as much. :

The same coefficients permit testing the curve in Fig. 7 for all eleven.spill-

ways. - This test is not as severe, however, because it is necessary to assullr)le
one known coefficient at which head agreement becomes _perfect. At néa{-. g’
higher and lower heads, large divergences woplfl nof; be e:fpef'tidt'l ; ,;te;-
Table 6, shows that for appregiabl&t;c)aads the maximum error 18 sLghtly £

tha ser Dam, shape 8-M5). :
'tcl':,ar;riﬁ (t,]i:\I: ozg’:/lc)',)-fatiospeis designated b_y a .f.ootnote for each pro;e.cb.
These arbitrary selections were made for medium high heads.

‘ ' .

The base coeflicient selected to obtain

¢
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The solid-line curve in Fig. 14 also was tested in this manner. The same -
cocllicient at each project was assumed to be known as when the curve in
Fig. 7 was tested. Col. 8, Table 6, shows that for appreciable heads the maxi-
mum error is slightly more than 29, (Madden Dam). ‘ :

These comparisons show that the direct applieation of Fq. 1, Fig. 7 (or
Fig. 14) (derived from BEq. 1), all give highly accurate free-flow spillway dis-

TABLE 6.—ComparisoN oF Free-I'now Sprinnway COEFFICIENTS

s Usixa Eq. 1 Usixe Fra. 7 Usixa Fia. 14
Coetlicient :
Tu}ulfhmul, ; ol)minc&l . -
tn feet rom model . . . .
Difference. Difference, Difference,
test ) Ce in percent Ce in percent Ce in percent
[¢)) 2) 3) G ) (6) n (C))
Grano Courer Daxt (WABHINGTON)
35 3.920 3.91-.1 - 0.15 3.802 ~0.46
30 3.842 3.831 - 0.29 3.827 ~0.39
25 3.745 3.745% 0 3.745¢ 0
20 3.635 3.655 + 0.55 3.651 +0.
15 3.510 3.550 + L14 3.524 +0.40
U] 3.352 3.370 + 054 3.356 4+0.12
5 3.220 3.138 - 254 3.168 —~1.62
Buaxra Dav (Inpia}
28 3.680 3.736 + 1.52 3.732 +1.41
23 3.645 3.615e 0 3.645¢ 0 .
18 3.550 3.547 - 0.08 3.543 -0.20
13 3.420 3.434 4+ 0.41 3.404 ~0.47
8 3.275 3.215 - 1.83 3.208 —~2.04
3 3.120 2,748 -11.92 2.854 -8.53
SuasTa Dar (CALIFORNIA)
38 3.895 3.910 + 0.39 3800 | 4010
a3 3.835 3.839 + 0.10 3.831 —-0.10
28 3.760 3.760 V] 3.7600 0
23 3.675 3.077 + 0.05 3.674 —{).03
18 3.675 3.5m +. 0.45 3.568 —-0.20
13 3.465 | 3.455 - 0.20 3.429 —-1.04
8 3.335 3.215 — 3.60 3.230 —-3.15
IamiLTon Dax (Texas) Hp = 52 Fr
a5 3.710 3.785 +2.02 3.741 + 0.84 '3.730 40.54
30 3.645 3.716 +1.95 3.662 + 047 3.659 +0.38
25 3.580 - 3.635 +-1.54 3.580¢ 0 3.580s 0
20 3.500 3.539 +1.11 3.494 - 0.17 3.490 —0.29
15 3.400 3.420 +0.59 3.394 - 0.18 . 3.369 ~0.91
10 - 3.200 3.258 —0.97 3.222 - 2.07 3.208 —-2.50
5 3.160 2.997 -5.16 3.000 - 5.08 3.029 —4.14
Friant Dan (Ckuroaxu)
20 3.650 3.717 + 1.84 3.706 +1.53
17 3.025 3.639 + 039 | .3.632 +0.19
14 3.550 3.5500 : 0 3.5500 0
11 3.460 - 3.458 — 0.08. -3.452 -0.23
8 . , 3340 .3.348 + 0.24 3.319 ~0.63
5 3.175 3.142 - 1.04 | 3.31 ~1.38
2 2.963 2723 —--8.156 | 2812 ~5.10
o Coeflicient assumed to be known. '
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TABLE 6.—(Continued)
Usine Ea. Uswna Fra. 7 Ustna Fla. 14
oo Cog)m.ciegt
Total head, obtaine! - ' S
i i I3t e, I ,
"zm "eet fr?m";‘t‘)de‘ Ca . %t&r&g& Co x1?1‘ p%'r‘i:x!‘z:w Ce in percent
. 8
T @ @ @ ® © ) ®
Nogrnis Dan (Tennessee) Hp = 38 Fr
0.20
38 3.934 4 049 3923 + ‘
gg g'g:g 2:383 1{35 %‘9‘2%. + g.m g.%g‘ +g.oa :
X : 1.25 i 0
s 350 3 ix 12 3.675 + 014 3671 +
e 5550 B 5sh +1.01 3560 + 053 3513 ~0:20
B 2550 e 0.77 33 Z o008 | 3318 —0.50
lg 3?32 g.ﬂg io.ss 31155 + 0.96 3185 +182
MavoEN[DAMI(CaNAL ZONE)
192 | 3814 ~2.20
EH 3% gﬁ?ﬁ —~ 0.60 3.740 —g.so
» - 3500 3.660¢ 0 3.660¢ Lo
£ 3500 3.572 + 034 3.508 922
® 350 3470 + 029 344t 049
s 3 3.204 ~ 211 3.279 253
R g'ggg 3.067 — .40 3.000 -
5 X :
CAPILANO Dan (Bm-nsn:CownmA) Hp =48 Fr
' 0
5 3783 + 021 3.775
% 3 3;% +o.4g 37050 o %’%23’ 9.
B 3o 5004 Y g ¥ 0% 3516 ~040
3 ¥ T Zo62 3405 Z 029 3379 105
13 33},3 2;3%‘1‘ -(1) 51 3.168 — 252 3.183 2.06
Hooven DaM (ARIzONA-NEVADA) Suare 4-M3, Hp = 50 Fr
' -3.677 +0.19
‘ 670 0 3.681 4 030 0
1ol ) Sa | dme | Do, | ow
ﬁ g'i;g 3.2(1)3 —184 3430 ~ 095 3414 -l
: X —3.38 . ~ 2. K -
% 3% %3;3 238 | o ~ 82l 3082 | ~767
Hoover Dax Szaps 8-M5
3814 212 | 3800 F1.74
® TR g%z : 1 1.27 3749 +i1
S600 3.850a Q 3.650 0 s
T4 s 3.537 - 078 3.530 918
" s 3387 - 211 3.358 =298
2 %‘3%2 3.059 ~ 828 3.088 -
5
. Hoover Dam Saare 7-Ci
i
I y + 091 3.087 +0.60
2 i 3_2?;. 0 3.615° _3 2 ) |;
% 30 3.535 T— 014 3.532 023 !
18 3550 3.449 - 0.03 3.423 -918
1 4 3315 — 1.34 3.290 208
5 %ﬁ%% : . 3073 — 397 3.001
8 ;

- g . 1) 8 q ap lied dlrectly tO the
(}h&t es ogee dams t all but 10W heads. Eq. 1, P :
Bpﬂ{W ayfs;ape has the advantage that no coefficients need be known or esti

]

mated in advance.
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The cowparisons in Table 6 show n tendency toward errors of some impor-
tance at low heads when Eq. 1 or its companion curve in Fig. 14 is used, as
well as when Fig. 7 is used. In most cases the errors are negative. These
errors are of little concern in planning the safety of a structure against extrente
floods, or in considering most other operations such as emptying the reservoir.

" The errors nanetheless affect the analytical rating of drum gates in the lowered
or slightly raised positions. The frec-flow coeflicients help to determine the
direction of the general curves at the large negative angles shown in Fig. 6.
Free discharges form the base curve of the rating curves in Fig. 12 and help
define the curvature of the low ends of the cross-plot curves in Fig. 13. Low -
to ordinary heads, corresponding to normal stream flow, can exist for a large
part of the time at dams whose reservoir capacities are small. Further study
of data for low heads might lead to valuable refinements.
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Application of Eq. 1.—Since the factor Hp in Eq. 1 represents the head at
which a standard lower nappe sliape is a reasonable approximation of the
-gspillway shape (as designed or built), it is only necessary to find this head to

- apply the formuls. Spillway coordinates for a standard crest having a vertical

upstreain face hiave been used fo find this head.® These coordinates are shown
in Table7. The last column in Table 7 refers the horizontal (z) coordinates to
the spillway crest because this form is the sxmplest to apply. In Table 7,y
is the distance below the crest elevation.

Using these dimensionless coordinates, standard spillway shapes were

‘plotted (Fig. 15) for values of Hp from 10 ft to 60 ft In Fig. 15 negative

" H) ydroelectrlo Handbock " by William P. Creager and Joel D. Justin, John Wiley & Som. lne s
New York, N. Y., 2d Ed., 1950, p. 362.
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horizontal distances indicate the distance upstream from the crest. The Tnl}-
way shape as designed or built is then drawn on 'trnnspnrent paper. This
paper is laid over Fig. 15, and the value of Hp which gives the best fit is selected.
In deciding the best fit it may be found that the profile upstream from the crest
indicates one value and the downstream profile indicates a different value.

The higher of the two indicated values of Hp should be used. For example,
' the shape of Black Canyon Dum

TAKB.LE 7.—COORDINATES OF A STANDARD-  gpiliway upstrenm from the
.SpreLway Crest crest indicated a value of ap-

- proximately 45 ft for //p. The
C Valwpo! ! | Value of Value of 7= downstream shape indicated a
F;EB "Hp referred to crest value of approximately 25 ft.

'0 0.128 —-03 - The larger- value was used.

o3 2% :8'} The 'dgte.rminz.ttlon ofv the
o8 - S0y % .IIp-value which gives a reason-
- 08 0.063 9.3 able fit requires a certain amount

13 o289 07 of judgment. When the profile
i3 055 W upstream from the crest is the

25 13 17 eriterion, the lip of the dam will

: : sometimes Le the determinant. .

Sometimes, however, the lip

dmopé sharply downward and indicates s lower value than other parts of.

the upstream profile, When the downstream shape is the criterion, good
results have been obtained by assigning a value of Hp based on the avemgt:
fit in the zone between points on the spillway where tangents range from 20
to 86° from the horizontal. The exact value of Hp is not too ‘important.
.8ince it enters Eq. 1 in the 0.12 power, a difference of 109 in its vulug affects
- the discharge by only 1.15%. ' o
°  The writer's application of Eq. 1 has been limited to fairly Iugh da}ns.
Although the total bead used in Eq. 1 should include the approach vel(')mt}:,
the accuracy of Eq. 1 when used for low dams, where approach velocity is
large, has not been tested. . o .

. Bo_far as is known, the application of standard nappe shapes (for which
dischafge coefficients are known) to actual spillways on & basis of rensonable
best fit was first suggested by W. M. Borlund.®* Mr. Borlund u‘sed a curve of
_observed C,-value plotted against H/H,. In 1942, C. E. Kindsvater, M.

ASCE, suggested a similar procedure in which the curve of C; versus H/H, -

was derived from Eq. 1. Mr. Kindsvater’s work (not published) should give
results comparable to those obtained herein. = :

.- The material preserited is regarded as an excellent check on.tl.lat part of
Mr, Bradley’s work which relates to free discharge over an ogee spillway.

" R.B. CAﬁPBELL," M. -‘ASCE, aND A. A. McCooL® J. M. ASCE.—The .

experimental data on discharge coefficients for flow over drum gates are a wel-

" 4 “Flow over Rounded Crest Weirs,” by W. M. Borlund, thesis presented to the University of Cola- -

1 i i i i Scionce.
t der, Colo., in 1938, in partial fulilment of the requirement for the degree qf Master o r
wéoi’a(t}!?t?‘;ye;r.;lingt.. Anslysis Branch, Corps of Engrs., U. 8. Waterways Experiiment Station, Vicks-

g

13 Hydr. ' U. 8. Waterways Experiment Station, Vicksburg, Miss. .
» : i - .
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come nddi_tion to the published information on flow over spillways, or the ob-
servation and recording of the flow of streams. * A paper by Robert E. Horton has
been a guide for the estimation of flows over spillways since its publication.
The basic information for the discharge over curved crests which fit the under
side of a nappe from a sharp-crested weir can be deduced from investigations
made by Bazin,'*1% although the published record of these experiments has not
been generally available to engineers in the United States, The investigations
conducted by the USBR (proposed by E. 1V, Lane, M. ASCE) embraced and
extended the scope of Bazin’s work which is often used as the basis for overflow
spillway shapes® Although good estimates for discharge over free-overflow
crests can be accomplished rather simply, the problem becomes complicated
when flow through partly opened crest gates is involved, : .

The commonly used types of erest gates are vertical lift gates, tainter or
radial gates, and drum gates. The coefficient for a partly opened vertical lift
gate depends on the location of the plane of the skin plate or lip with respect
to the axis of the curved crest. The discharge eoefficient for tainter gates ig .
affected by the radius of tlie skin plate, the elevation of the trunnion with
respect to the crest, and the location of the gate seat with respect.to the axis
as well as the crest curvature. To complicate any investigations further,
observers define the gate opening variously as (1) the length of the are [rom
the gate seat to the gate lip, (2) the vertical distance from the lip to the face;
and (3) the distance from the lip to the face measured normal to the face.
The last method is believed to give the proper dimension, whereas. the fore-
going considerations are gecometrical. The effective head for a partly opened
vertical lift or tainter gate depends on the pressures on the face of the concrete
and the pressures within the issuing jet. The author has given a good outline -
of the geometrical variables and the head-measurement method for analyzing
partly raised drum gates. :

The drum gate has the very attractive feature of requiring no mechanical
hoisting equipment for operation, Many of the dams constructed by the
USBR have spillivays controlled by drum gates. For example the Arrowrock
Dam in Idaho (constructed in- 1915) and the Tieton Dam in Washington (con-
structed in 1925) are both equipped with drum gates. B. F. Thomas and
D. A, Watt eredit H. M, Crittenden with the design of what is apparently the
first drum gate.?? The gates were installed in Dam No. 1 on the Osage River
in Missouri in 1911, However, the refinements of the modern drum gate have
been developed principally by the USBR. :

The discharge coefficients presented by the author are based on model

* studies. There should be opportunity to check the coefficients for relatively
_Iow heads with partly raised gates in the p{Ototype by current-meter measure-

1 “Weir Experiments, Coofficiants and Formulas,” by Robert E. Horton, Water & and Irrigation
);ager No. 200, 8::&9: and Geodetic Burvey, U, 8. Dept. of Commerce; Washingto;': 15‘.?5{?1907 (reviai:u
p ! /

'aper No, 150). ) _ ) . .
. B “Recent Experiments on the Flow of Water over Weirs,” by H. Bazin, Annoles.des Ponts et Chauastes
October, 1888. g?‘mnslation by Arthur Marichal and John Cy Trautwine, Jr., Proceedings, Engineers’
Club of Philadelphia, Pa., Vol. VII, No. 5, 1880, p. 350.) % T Troceedings, Engineers

¥ Ibid., Val. IX, No, 3, 1202, p. 231, . .
17 “The Improvement of Rivers,” by B, F. Thomas and D.'A. Watt, Jobn Wiley & Bons, Ine., New

" York, N. Y., 24 Ed., 1913
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ments; Only on rare occasmns thh large floods is it possxble to venfy the

coefficients for high prototype heads over the drum gates in the lowered position.

" The author’s mention of the failure to obtain discharge measurements during
the 1948 flood over the Grand Coulee Dam spillway emphasizes the importance
of this condition. - The writers have studied the basic data for high heads over

the drum gate in the lowered position.
- It' becomes evidént from a study of Table 2 that the ratio of gate radius

- to maximum head has a wide range. The writers use the ratio r/Hp, in which
Hp is the design head for the spillway. *This is the inverse of the ratio used n

by Mr. Bradley, used so that circular arcs can be traced on dimensionless

profiles of z/Hp and y/Hp.
A comparison hag been made of the coeflicients for various (r/Hp)- values

with the gate down. Only the high-overflow sections with negligible velocity -

of approach were selected from Table 2 for a study of discharge coefficients.
Table 8 shows the value of the discharge coeflicients for the condition when the
drum gate is down. The percentage difference of the coefficient from that of
the Madden Dam coefficient is also shown. It is expected that the accuracy
of the dlscharge measurements and thus the coefficient of discharge is less than
l%
TABLE S—COMPARISON oF DiscHARGE COEFFICIENT
WITE THE G&’I‘E Downx

-~ pam R‘*;:‘“ he“,gi::;;::i.:;g e | oo | RS
Madd | 300 30.0 1.00 3.77 0.0
NJS—;Z“?I Zone) . 340 27.0 - 1.26 3.80 0.8
oo o) 6.2 ale 2.00 3.87 2.6
(W ashungton) 562 28.0 237 3.78 —0.3
(caemo'"m) : 47.0 < 190 2.47 3.64 . =385

Ca(pcllamomm) . 71.0 23.0 3.08 3.62 —4.0
(Bnt.mh Columbla) - X

€. .7 " aFrom Table 1. From Table2.

ey
H

chronologlcal order of the time of their design conception.

. Because of the increase in the ratio of r/Hp (Table 8), it is of interest to
: plot the profile.for the lower surface of the nappe from a sharp-crested weir
thh an approach slope of 2 on 3 in terms of z/Hp and y/Hp and to super-
1mpose on it.the arcs of circles with radii of r/Hp equal to 1,2, and 3, as is

_done in Fig. 16. The center of the radius is located on the axis of the crest.

It can be seen that the arc represented by r/Hp equal to 1 is a fair approxi-
mation of the true nappe shape. The ares of r/Hp equal to 2 and 3 indicate
a very flat curvature in comparison to the shape of the nappe. -

- One is tempted to assume, for a crest with 2 ratio r/Hp = 3, that the coefﬁ-
cnent would be that for one third the design head of & crest with 4/Hp =

Tha: dams for w.hlch the data are listed in Table 8 are in the approximate

R e i ey e O R s v

e .
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. Model studies for Madden Dam"reportcd by Richard R. Randolph, Jr.,t¢ indi-

cate that the coefficient for such a condition is approximately 3.40. Such a
coefficient is not in agreement with that for Capilano Dam with r/Hp equal
to 3.62 at_full head. "The lack of agreement does not necessarily vitiate the
initial -assumption. The difference in the coefficient may be caused by the

o
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difference in shape of the two crests upstream from the ¢ircular are. TFurther-
more, the scale ratio of the Macdden Dam model was ounly 1:78, and a 10-t
prototypé head would be 0.128 ft on the model, which is near the lower limit
of relinbility for conformity of the discharge coefficient. , '

Josepn N. BRADLEY," AM. ASCE —DMr. Shulits’ statements regarding

* the lack of correlation in laboratory studies are well founded, and the writer i is

in complete agreement with his views.

Mr. Buehler's analysis for - the determination of the desxgned head,
Hp, for overflow sections formed by a single radius, or for a shape that conforms
closely to a single radius, gives satisfactory results. The comparison of discharge.
coefficients for free flow over various dams, using Eq. 3 with the method.
offered in the paper, is gratifying. Mr. Buehler’s method certainly has merit be-
cause following the determination of Hn, coechxents of discharge can be com-

* puted directly for all. heads.

Messrs. Campbell and McCool undertook to show that a definite relatxou- '
ship exists between the coefficient of discharge at the designed head and the
ratio r/Hp for overflow shapes. This relationship is valid if the overflow shape
can be approximated by an arc of a single radius and if the approach conditions
are favorable—that is, if the approach depth below the crest is at least twice
Hp. This method results in a coefficient of discharge for the designed head only.
When overflow sections are encountered where a single radius does not approx-
imate the overflow shape, or when the approach conditions are’ unusual an
engineering monograph’ may prove helpful.

u “{Iydranlic Tests on the Spillway of the Madden Dam,” by Richard R. Randolph, Jr., Transactions,
ABCE, Vol. 103, 1938, p.
¢ Hydr. Engr., Bureau or Reclnmat:on, U. 8. Dept. of the Interior, Denver, Colo.



432 : ' BREADLEY ON DRUM GATES

‘Mr. Wyss. suggested that pressures and water surfaces for drum gnies‘nt'
various positions and reservoir levels would be useful to designers in computing
gate loadings. A limited amount of information is available, and this will

“be presented.
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: ‘Because.there was good correlation among the discharge coefficients, it was
reasoned that the pressures and related flow patterns would also be well corre-
lated through the same variables. S ‘ .
. - Pressures and water-surface profiles are plotted in dimensionless coordi-
_nates (in terms of the radius of the gate) in Fig. 17. Five positions of the
* gate are shown for various reservoir levels producing flow over the gate. Pres-
- sures and water surfaces are shown for some levels whereas only pressures are

-
v e

_angles. :
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available for others, * The broken lines rcpiesent pressure, measured vcrticali_v,
for the reservoir levels indicated at the left of the charts. Upper water-suriace.

. profiles are shown by solid lines; and lower water-surface profiles are identified

by dnsh lincs. The charts represent a composite, in graphicdl form, of informa-
tion from model tests performed on the Grand Coulee, Hamilton, Norris,
Friant, and Hoover dams. . . : o o
~ To determine graphically the most adverse water load on a particular gate,
it is necessary to investigate the pressures for several gate positions. Assuming
that the first position is #=41°, the gate is drawn in this position on a piece of
transparent paper to the same scale as that used in Fig. 17. The maximum
expected reservoir is indicated for this gate position on the left side of the -
transparent sheet. o ' S

The transparent sheet is then placed over Fig. 17 (a), disregarding the origin
of coordinates, and matching only the downstream tips of the two.gates.
The downstream part of all drum gates, regardless of size or radius, will coincide
for any given value of 8. The height of the gate, or length of arc, can be expected

‘to vary; this will have a negligible effect on pressures or water-surface profiles

in the majority of cases. Should the gate under investigation differ from the
height shown in Fig. 17(a), & small increase or decrease in the approach-depth
results. ) ' . -

Beginning with the chosen reservoir level, the pressure curve is traced from
Fig. 17(a) onto the transparent paper. It may be nécessary to.interpolate
between two of the pressure curves. The result will be similar to that shown
in Fig. 17(f). ' _ .

A similar procedure is then followed for gate positions of 23°, 9°, —3°, and
—35°, utilizing Figs. 17 (b), 17(c), 17(d), and 17 (¢), respectively. 'The result is
s composite plot similar to that shown in Fig. 17(f). . It should be noted that
the pressures shown for negative angles of the gate are not as reliable as those .
for positive angles, Fortunately, the greater water loads occur for positive

Water loads can be determined by scaling the pressures vértically over the

~ gnte as indicated by point A in Fig. 17(f). If a gate angle other than those

shown is desired, interpolation can be made directly on the sheet corresponding
to Fig. 17(f). Following the establishinent of the maximum-pressure curve,
values of z/r and y/r are scaled from the sheet corresponding to Fig. 17(f)

. and are trensferred to dihensional values by multiplying by r. "Should water-

surface profiles be desired, the same method of tracing and scaling can be used.
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1. Purpose

A headwater rating curve for Tims Ford Dam is required as input to TVA’s SOCH and TRBROUTE models, which perform
flood-routing calculations for the Tennessee River and its tributaries. The headwater rating curves for each dam provide tota] -
dam discharge as a function of headwater elevation. This calculation presents the headwater rating curves for Tims Ford Dam.

TVA developed methods of analysis, procedures, and computer programs for determining design basis flood levels for nuclear
plant sites in the 1970s. Determination of maximum flood levels included consideration of the most severe flood conditions that
may be reasonably predicted to occur at a site as a result of both severe hydrometerological conditions and seismic activity. This
process was followed to meet Nuclear Regulatory Guide 1.59. At that time, there were no computer programs available that
would handle unsteady flow and dam failure analysis. As a result of this early work and method development, TVA developed a
runoff and stream course modeling process for the TVA reservoir system. This process provided a basis for currently licensed
plants (Sequoyah Nuclear Plant, Watts Bar Nuclear Plant, and Browns Ferry Nuclear Plant). The Bellefonte Nuclear Plant
(BLN) Units 1 & 2 Final Safety Analysis Report (FSAR) was also based on this process.

BLN Units 3 & 4 Combined Operating License Application (COLA) was submitted using data and analysis that was determined
for the original BLN FSAR (Unit 1 and Unit 2) and was documented in a 1998 reassessment. In 1998, the analysis process and
- documentation was brought under the nuclear quality assurance process for the first time. A quality assurance audit conducted
by NRC staff in early 2007 raised several questions related to the documentation of past work regarding design basis flood level
determinations. This calculation supports a portion of the effort to improve this design basis documentation.

Preparation of all calculations supporting nuclear development and licensing are subject to TVA Standard Department Procedure
NEDP-2. This standard dictates the process in which calculations are prepared, checked, verified, stored, and cross referenced in
a goal to provide the highest quality nuclear design input and output possible.

Figure 1 is a plan and elevation view of Tims Ford Dam (Reference 2.1). For headwaters in the normal operating range,
discharge is passed through the turbines, sluice, and the spillway. The spillway consists of three (3) spillway bays, each with
radial or tainter gates to control discharge. If headwater rises above the normal operating range, discharge may also pass over the
non-overflow sections, and the top of the spillway piers. However, the probable maximum flood (PMF) event value provided in
the Tims Ford Blue Book (Reference 2.4) is lower than both the top of the dam and the top of the tainter gates when fully raised.
Therefore, the initial dam rating curve contained in this calculation does not consider the effects of these potential overflow
points.

The initial dam rating curve is based on the current configuration of Tims Ford Dam as defined on the current design drawings.
The purpose of this calculation does not evaluate the design loading conditions for the dam or embankments.
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3. Assumptions & Methodology

(\

The headwater rating curves developed in this calculation will be used in simulations of probable maximum flood events.
Consequently, the rating curves have been calculated well above the normal operating range.

3.1 Assumptions

3.1.1

313

Assumption: Power generation will continue during a PMF event until the powerhouse is flooded.

Technical Justification: Power generation is assumed to stop when the tailwater reaches an elevation of 789.0 feet, at
which point water will enter the powerhouse (Reference 2.1). Turbine discharge will be considered for rising headwaters
until the tailwater reaches an elevation of 789.0 feet.

Assumption: The tailwater rating curve (Attachment 6) is sufficient for computing submergence effects on the headwater
rating curve.

Technical Justification: The attached tailwater rating curve was provided in the TVA Blue Book for Tims Ford. The
maximum estimated overflow represented in the tailwater curve is 110,000cfs which places the tailwater clevation at
approx1mately 789.6 feet. Since the crest elevation is 853.0 feet, tailwater needs to rise another 63.4 feet from its
maximum before impacting flow through the spillway.

Assumption: All spillway gates will be set to the maximum openings specified in the Spillway Discharge Tables
(Reference 2. 5)

Technical Justification: A TVA position paper justifying the operability of the gates in included as Reference 2.6.

3.1.4 Assumption: The sluice unit is only in operation when the main unit is not operational.

3.1.6

Technical Justification: The Tims Ford Blue Book (Reference 2.4) notes that the sluice unit was installed in 1986 to
provide a minimum continuous flow of water and to improve the ecosystems downstream of Tims Ford Dam. The blue
book further states that the sluice unit normally operates whenever the main unit is shut down. Even if the sluice was open
during 2 PMF event, the magnitude of the discharge would be insignificant (< 0.5% of total discharge) compared to the
combined spillway and turbine discharges.

Assumption: The maximum headwater assumed in 910 (top of the dam).

Technical Justification: Higher elevations, if required to support the SOCH/TRBROUTE hydraulic analysis, will be
identified by the analyst and a revision to the calculation will be performed.

Assumption: The fully raised spillway tainter gates will remain in their open position and will not fail when flow passes
over the spillway deck.

Technical Justification: Appendix C shows that the calculated load on a fully open gate at a headwater of 910 feet is less
than the design load of the gate (headwater at the top of the gate).

3.2 Unverified Assumptions (UVA) )

N/A
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3.3 Methodology — Discharge Equations

Discharges past the dam are computed as either “free” discharge or “orifice” discharge. Free discharge refers to free surface
overflow and is computed using a weir-type equation as follows (Reference 2.3 shows weir flow equations for overflow
discharges):

Qf = CfLHcl'5 . (Equation 1)

_in which variables are defined as follows:

Q= free discharge (cfs)

Cy = free discharge coefficient (may vary with HW)

L= length of overflowing section (ft)

H. = head on crest (ft) = HW — Z,

HW = headwater elevation (ft)

Z. = top, or crest, elevation of overflowing section (ft)

This equation need not be modified to account for tailwater submergence, as no portion of the dam which has free surface
overflow is expected to be submerged by tailwater.

Flow over the spillway crest is treated as free discharge for headwater elevations below H, = H i, the head at which the
overflowing nappe first touches the bottoms of the open gates (Appendix A). Hj ., varies with gate opening, V, defined as the
vertical distance between the bottom of the wide-open gate and the surface of the spillway crest directly below the gate lip.

For headwater elevations above H, = H, ;;, flow through the spillway gates is treated as orifice discharge. Orifice discharge refers
to flow passing through a contracted opening and is computed using an orifice-type equation as follows (Reference 2.7):

Q,=C,GLJ2g(H,-H,,) | (Equation 2)

in which variables are defined as follows:
Q. = orifice discharge (cfs)
C, = orifice discharge coefficient (varies with gate opening and H.)
V = effective gate opening (ft)
= length of overflowing section (ft)
g = acceleration due to gravity (ft/s?)
H, = head on crest
Values may be made dimensionless by dividing by the standard crest design head, H,.

This equation need not be modified to account for tailwater submergence. Attachment 2 indicates tailwater effects are not
significant until d/Hc (see Definition Sketch, Appendix A) approaches a value of 0.6. Calculation of d/He durmg headwater rating
curve calculations confirms that tailwater effects can be neglected.

3.4 Methodology — Low Level outlet Discharges

The discharge from the low level outlet (sluice unit) will be neglected. The Tims Ford Blue Book (Reference 2.4, Attachment 4)
states that the sluice unit normally operates when the main unit is not in operation in order to provide a minimum continuous
flow for sustaining the downstream aquatic ecosystem. Additionally, the Tims Ford Spillway and Sluice Discharge Tables
(Reference 2.5, Attachment 5) rate the maximum flow at a HW elevation of 900 feet at 250 cfs, which can be considered
negligible against the spillway discharge at the same HW elevation.
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3.5 Methodology — Spillway Discharge Calculations

The discharge coefficient, Cr, for free discharge over a spillway crest varies with head, He. For the Tims Ford spillway crest,
limited model data is available to determine the relationships of Humin(G) and CH(Hc). The standard flow equation for free flow
~ over a spillway is used to calculate these flows (Equation 1).

Hy min Was determined by using the relationship between HLmin/Ho and G,/H, found in Attachment A9. An equation is derived for
the straight-line portion of this graph. This is discussed in more detail in Appendix A.

Once H, exceeds Hy i, gated discharge occurs. For gated discharge over the spillway crest, C, also varies with head, H,. For this
calculation, the gated discharge equation published in Reference 2.7 was used (Equation 2).

Under the assumption that all three spillway gates are fully open, the two end bays are likely subject to end contraction and
approach effects. These conditions, which reduce discharge through the three bays, are implicitly included in the model data.

3.6 Methodology — Discharge Coefficients .

The value of the discharge coefficient, Cy, for flows over the open spillway bays are estimated using the available limited model
data (Attachment A7 and A8). Only a small portion of this model test was conducted under free flow conditions. The
relationship for C¢and head, H,, is available from the free flow model test data for H:>39 feet. Length, L, and crest elevation, Z,
in each case are determined from TVA drawings (all relevant drawings are defined as References). A value of C; for H=0 was
assumed to be 3.0665. A polynomial was then fit from the cluster of model data to the assumed point. This process and the
associated results are discussed and shown in Appendix A, Section A.6.

Once the headwater reaches an elevation which produces a nappe which touches the bottom of the radial tainter gates, the flow
conditions warrant a different flow equation and likewise a different discharge coefficient. The limited model data was evaluated
to determine a relationship between orifice discharge coefficient, Cq, and head, Hc, for various gate openings, V (up to V =
36.067 feet). From the eight data points representing the highest two gate openings (28 feet and 32 feet), C, values were
calculated. The results were scattered in a manner that a relationship could not be determined. In lieu of an equation, the results
were averaged together to give a composite C,, value. This process is discussed in detail and results shown in Appendix A,
Section A.7.

Although not used in this calculation, values of the discharge coefficient, Cy, for flows over the embankment, the tops of the

spillway piers, and the tops of the spillway walls are estimated using Hydraulic Design Chart 711 (Reference 2.2) and can be
found in Appendix B.

3.7 Methodology - Turbine Discharge

The elevation of the switchyard is such that the tailwater will not impede its operation until significant headwater or tailwater
levels are reached (i.e. flows of over 110,000 cfs). It is assumed that the turbines may be in operation at the time of a flooding
event and that the most efficient operation of the turbine will not be the highest priority. Therefore, the discharge values shown in
the maximum sustainable column were chosen from the Reservoir and Power Data sheets from the Tims Ford Blue Book
(Reference 2.4, Attachment 4). This value was chosen as the most conservative value from the data sheets and is assumed to be
the maximum flow that the turbine discharge pipes can handle. The turbines will be inoperable after a tailwater elevation of 789.0
feet since the powerhouse would be flooded.
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4. Design Input
Sect. Input Parameter Source Symbol Value
4.1 Acceleration of Gravity Common Knowledge g 32.2 fi/sec’
4.2 Spillway Crest Parameters
42.1 Crest Length 3, 40’ wide bays, Reference 2.4 L 120 ft
4.2.2 Crest Elevation Reference 2.4 Z. 853.0 ft
4.2.3 | Free Discharge Coefficient Computed in Appendix A CdH,) Eqn. A6
4.3 Spillway Gate Parameters
4.3.1 | Vertical Opening Reference A3 \4 36.07 ft
4.3.2 | Effective Gate Opening Computed in Appendix A G 36.09 ft
4.3.3 | Mid-point Elevation of Opening, | Computed in Appendix A Hpp 18.03 ft
relative to crest
4.3.4 | Distance from spillway crest to Computed in Appendix A Hymin 44.24 ft
point at which nappe touches gate
4.3.5 | Headwater Elevation at which Higin + 897.24 ft
nappe touches gates Z.
4.3.6 | Orifice Discharge Coefficient Computed in Appendix A C.(Hy) Eqn. A7
4.4 Spillway Gate Overflow (Gates Fully Open)
4.4.1 | Overflow Discharge Coefficient Computed in Appendix B Cs 3.12_.
4.4.2 | Overflow Elevation Computed in Appendix A Z. 912.99 ft
4473 Overflow Length 3, 40’ wide bays, Reference 2.4 L 120 ft
4.5 Spillway Piers Overflow
4.5.1 | Discharge Coefficient Computed in Appendix B Cs 2.65
4.5.2 | Overflow Elevation Computed in Appendix B Z 910 ft
453 Overflow Length 2, 7.5’ piers, Reference 2.4 L 15 ft
4.6 Spillway Walls Overflow
4.6.1 | Discharge Coefficient Computed in Appendix B Ct 2.65
4.6.2 | Overflow Elevation Computed in Appendix B Z. 910 ft
4.6.3 | Overflow Length Computed in Appendix B L 24 ft
4.7 Embankment Overflow
4.7.1 | Discharge Coefficient Computed in Appendix B C 2.65
4.7.2 | Overflow Elevation Computed in Appendix B Z. 910 ft
4.7.3 | Overflow Length Reference 2.4 : L 1421 ft
4.8 Turbine Discharge
4.8.1 | Maximum HW Elevation Refer to Attachment 4 895 ft
4.8.2 | Maximum TW Elevation Refer to Section 4.13 789 feet
4.8.3 | Minimum Gross Head Reference 2.4, pg 32 H, 111.2 ft
4.84 | Maximum Discharge Reference 2.4, pg 32 QTmax 4000 cfs
4.9 Tailwater Rating Curve Refer to Section 4.11 TW(Q) Eqn. 3 &4
4.10 Upper Limit on Headwater Refer to section 4.12 HW .« 910 feet
Elevation for Rating

4.11 Tailwater Rating Curve

The tailwater rating curve used in this calculation is shown in Attachment 6. Attachment 6 lists points scaled from the tailwater
plot (Reference 2.4), and shows a polynomial fit to the result. The polynomial indicated in Attachment 6 and repeated below is
used for the headwater rating curve calculations.
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TW =-9x10°Q°® + 1x10°Q° - .0005Q*+ 0.0133Q°- 0.1969Q*+ 2.31Q + 744.5 for 0<Q <30 cfs (Equation 3)
and
TW = 0.00001Q” - 0.0038Q? + 0.6264Q + 752.38 for Q > 30 cfs (Equation 4)

in which Q = total discharge past the dam in cfs divided by 1000 (“1000 cfs”).
4.12 Upper Limit on Headwater Elevation included in Rating Curve

The headwater rating curve needs to include all headwater elevations that may occur during a PMF event. The headwater at
Tims Ford Dam is not expected to rise past 910 feet (rounding of value in Reference 2.4, see Assumption 3.2.1). The
embankment, spillway piers and spillway walls are indicated at 910 feet (Reference 2.4). Therefore, they will not be overtopped
and are not considered in this initial headwater rating curve.

5. Special Requirements/Limiting Conditions
N/A
6. Calculations

The calculations consist of computing spillway and overflow discharges (from Equations 1 and 2) for a list of headwater
elevations ranging from 853 feet up to 910 feet [4.14], the assumed PMF elevation. The headwater rating curve is a plot of
headwater elevation versus total dam discharge.

Below an elevation of 853 feet, no discharge passes through the dam spillway. Flow can be passed through the turbine in this
case but at an inefficient rate in terms of kW/cfs until the headwater reaches an elevation of 860 feet per Reference 2.4.
Beginning at 853 feet, the discharge passes through the spillway. Flows are calculated as outlined in section 3.8. Total discharge,
given in “1000 cfs,” is the sum of all discharges in cfs past the dam divided by 1000.

Table 1 shows the spreadsheet calculations for the headwater rating curve (spreadsheet included as Attachment 6). The final
result, the rating curve, is defined by the first two columns, HW vs. Total Discharge. The third column (TW) gives the tailwater
elevation associated with the “Total Discharge” from the tailwater rating curve polynomial fit [4.13]. This is computed to verify
that tailwater does not affect discharge.

Spillway discharge is computed in the seventh column. Hc and CiCgare the parameters used to determine the spillway discharge,
QrQg.. Free discharge occurs for elevations below 898.05 feet [4.3.5] and orifice discharge occurs for headwaters above this
elevation. The transition point is indicated by a horizontal line. Above the transition line, the llsted discharge coefficient is Cr
[4.2.3] and below the transition line the listed discharge coefficient is Cy[4.3.6].

The term G/H, is computed to verify the absence of tailwater submergeﬁce effects on the spillway discharge (G/He < 0.6 — see
Attachment 2). The values in this column demonstrate that the tailwater elevations are far below the crest elevation and therefore
have no effect on the flow through the gates.

Column Q1{Qg is the spillway discharge computed from Equation 1 for free discharge and from Equation 2 for orifice discharge.
Cells with zeros indicate that the data was not applicable for the given headwater elevation.

The column following the spillway discharge column shows the “Overflow Discharge” for the turbine flow. Zeros indicate that
the flow is an assumed flow.

There are no overflow discharges for overflow of the embankment, open spillway gates, spillway piers, or spillway walls,
therefore no columns including these items are shown. The calculation method of each column has been covered previously.
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Table1: Headwater Rating Curve Calculations for Tims Ford Dam
Spillway Parameters
L=120 feet Overflow
Z. =853 feet Discharge,
G = 36.088 feet Qsincfs
Hmp = 18.03 feet Turbine  Sluice
Q Flow Flow
Total Spiltway Ci=
Discharge feet feet cfs Z.= feet
HW 1000 cfs ™ H. GCi|Cy G/H, dMH, Q| Qq L= feet
853.0 4.00 75132 0.0 3.067 0.00 0 4000 0
854.0 4.37 751.78 1.0 3.083 36.09 101.22 370 4000 0
856.0 5.94 75351 3.0 3.114 1203 33.16 1,941 4000 0
858.0 8.21 75563 50 3142 722 19.47 4,215 4000 0
860.0 11.04 757.95 7.0 3.167 5.16 1358 7,038 4000 0
862.0 14.33 760.49 9.0 3.189 4.01 10.28 10,334 4000 0
864.0 18.05 763.23 1 1.0 3.210 3.28 8.16 14,052 4000 0
866.0 22.15 765.93 13.0 3.228 278 6.70 18,155 4000 0
868.0 26.61 767.92 150 3.244 2.41 5.67 22,613 4000 0
870.0 31.40 768.61 17.0 3.258  2.12 4.96 27,401 4000 0
872.0 36.50 77067 19.0 3270  1.90 433 32,498 4000 0
874.0 41.88 77268 21.0 3281 172 3.82 37,884 4000 0
876.0 47.52 77464 23.0 3.290 1.57 3.41 43,543 3980 .0
878.0 53.42 776.52 250 3297 1.44 3.06 49,461 3960 0
880.0 59.56 77832 27.0 3.304 1.34 2.77 55,624 3940 0
882.0 65.94 780.03 29.0 3.309 - 1.24 2.52 62,020 3920 0
884.0 72.54 781.64 31.0 3314 1.6 2.30 68,640 3900 0  when TW hits
886.0 79.36 783.16 33.0 3.318 1.09 212 75,476 3880 0 powerhouse
888.0 86.38 784.58 35.0 3.321 1.03 1.95 82,520 3860 0 (EL. 789),
890.0 93.59 785.92 37.0 3.324 0.98 1.81 ; 89,767 3820 0 turbines cut off
892.0 100.99 787.18 39.0 3.326 0.93 1.69 © 97,214 3780 0
894.0 108.60 788.40 41.0 3.328 0.88 1.58 104,858 3740 0
895.0 112.47 788.99 42.0 3.330 0.86 1.52 108,754 3720 0
896.0 116.42 789.58 43.0 3331 0.84 1.47 112,699 3720 0
897.24 117.66 789.76 44.2 3.332 0.82 1.43 117,659 0 0
898.0 116.59 789.61 45.0 0.646 0.80 1.41 116,590 0 0
900.0 120.82 790.23 47.0 0.646 0.77 1.34 120,817 0 0
902.0 124.92 790.82 49.0 0.646 0.74 1.27 124,917 0 0
904.0 128.89 79140 51.0 0.646 0.71 1.21 128,888 0 0
906.0 132.74 791.96 53.0 0.646 0.68 1.15 132,739 0 0
908.0 136.48 79251 550 0.646 0.66 1.10 136,482 0 0
909.0 138.32 792.78 56.0 0.646 0.64 1.08 138,316 0 0
910.0 140.13 793.05 57.0 0.646 0.63 1.05 140,126 0 0
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Results/Conclusions

For convenience, the headwater rating results are shown in Table 2, separate from the calculation details provided in Table 1, are
tabulated as total discharge in cfs versus headwater elevation in feet. The headwater rating curve is plotted in Figure 2.
In addition to the results shown below, a conclusion drawn from the calculation is that tailwater does not impact the calculation.

Note the discontinuity that appears in Figure 2 at headwater elevation of approximately 898 feet. This is the result of the flow

transitioning from free flow over the spillway crest to orifice flow through the tainter gates. This d1scontmu1ty was anticipated and is
typical for this type of flow transition.

Table 2 Headwater Rating Results

Q
HW 1000 cfs TW
853 4.00 751.32
854 4.37 751.78
856 5.94 753.51
858 8.21 755.63

860 11.04 757.95
862 14.33 760.49
864 18.05 763.23
866 22.15 765.93
868 26.61 767.92
870 31.40 768.61
872 36.50] . 770.67
874 41.88 772.68
876 47.52 774.64
878 53.42 776.52
880 59.56 778.32
882 65.94 780.03
884 72.54 781.64
886 = 79.36 783.16
888 86.38 784.58
890 93.59 785.92
892 100.99 787.18
894 108.60 788.40
895 112.47 788.99
896 116.42 789.58
897.24 117.66 789.76
898 116.59 789.61
900 120.82 790.23
902 124.92 790.82
904 128.89 791.40
906 132.74 791.96
908 136.48 792.51
909 138.32 792.78
910 140.13 793.05
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Figure 2: Headwater Rating Curve
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Appendix A: Spillway Discharge Coefficients for Tims Ford Dam

TVA has model test data describing the relationships between discharge, headwater, tailwater, and gate opening for most of its
spillways. These data are used in the headwater rating curve calculations. Use of reference book discharge coefficients for
standard crests would result in inferior results because TVA’s spillway crests are not standard.

Tims Ford Dam has three spillway bays, each controlled by a radial (tainter) gate as illustrated in Attachments A2 and A3
(References A3 and A2, respectively). For headwater rating curve calculations, the gates are assumed to be open to their
maximum opening position as specified in the Spillway Gate Arrangements table in Reference 2.5 and included in the calculation
as Attachment 5. As shown in this table, all three gates are set to their maximum opening position, indicator reading “30” for gate
arrangement number 65. 1971 Field measurements (Attachment A8) relate gate opening (referenced from the crest elevation) to
the indicator reading on the gate hoist. The average maximum gate opening, V, is 36.067 feet for gate indicator reading 30.

A.1 References .

Al. “Hydraulic Design Criteria,” Hydraulic Design Chart 711 (HDC 711), USACE (U. S. Army Engineer Waterways
Experiment Station), Eighteenth issue, Vicksburg, MS, 1988 (Attachment 2).
A2. TVA drawing No: 51W202R3 (Attachment A3).
A3. TVA drawing No. 54W200R5(Attachment A2).
A4. “Hydraulic Design Criteria,” Hydraulic Design Chart 311 (HDC 311), USACE (U S. Army Engineer Waterways
Experiment Station), Eighteenth issue, Vicksburg, MS, 1988 (Attachment Al).
A5.  “Hydraulic Design Criteria,” Hydraulic Design Chart 111-1 and 111-2/1, USACE (U. S. Army Engineer Waterways
Experiment Station), Eighteenth issue, Vicksburg, MS, 1988 (Attachment A4).
A6. Drawing AEL99B104 (Attachment AS5).
A7.  “Design of Arch Dams,” Figure 9-21. Coefficient of discharge for flow under a gate. (A Water Resources Technical
Publication), Denver CO, 1977 (Attachment A6).
A8. TVA files, Tims Ford Model Data Summary. “Tims Ford 1:100 Spillway Model.” Dated 2/27/1971 (Attachment A7)
A9. TVA files, Tims Ford Average Gate Opening Measurements. Dated 1/13/1971 (Attachment A8)
A10. Drawing AEL998105 (Attachment A9)

All. TVA Tims Ford Model Data and Cf_Hc Relationship (Attachment A10)
A.2 Discharge Equations

Figure A2 is a definition sketch for flow over the Tims Ford Dam spillway. Free discharge occurs for headwater elevations below
the elevation at which the overflowing nappe first touches the bottom lip of the gate, or He < Humin, and is computed using a weir
equation (e.g., Reference Al):

Q, = CfLI‘IC]'5 : (Equation A1)

in which
Qf= free discharge (cfs)
Cr= free discharge coefficient (varies with Hc)
= length of overflowing section (ft),
Hc= head on crest (ft) = HW - Z¢
HW = headwater elevation (ft)
Zc.=top, or crest, elevation of overflowing section (ft).

This equation need not be modified to account for tailwater submergence.
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For headwater elevations above the elevation at which the nappe touches the gate lip, or He> Himia, orifice flow occurs and is
computed from (e.g., Reference A7):

Q,=C,GL\2¢g(H,-H,,) . (Equation A2)

in which

Q, = orifice discharge (cfs)

C, = orifice discharge coefficient (varies with gate opening and H,.)
V = effective gate opening (ft)

L = length of overflowing section (ft)

g = acceleration due to gravity (fi/s?)

H. = head on crest

Values may be made dimensionless by dividing by the equivalent standard crest design head, H,, which is approximated and
verified in Section A.3. This equation need not be modified to account for tailwater submergence.

A.3 Determination of H,

The equivalent standard crest design head, H,, of the spillway must be determined. The referenced design head (H,) is not readily
available for the Tims Ford Spillway Crest. One method to determine this value is to compare the standard crest values to the

“known design values of the Tims Ford Crest. However, Reference A2 shows that the downstream spillway crest section for Tims
Ford varies significantly from a standard crest after 3.391 feet. Beyond this point (PT) the spillway profile takes on a linear slope
of 8:1. As a result of this configuration, a very limited data set is available for graphical comparison.

Along with the referenced data point, Reference A2 also includes a formula for both upstream and downstream crest line. The
downstream crest line is shown here to be represented by the formula:

1.8
X

3825

y for 0 < x<3.391] (Equation A3)

Whereas the downstream quadrant of a standard crest is represented as (Reference A5):

1.85
X

= W (Equation A4)

y

where x = distance downstream from crest, y = vertical distance downstream of crest, and H,= design head (H, in Reference Ad).

According to Reference 2.3, H, corresponds to the head at which a free issuing jet of water will conform to the shape of the crest
contour. TVA crests are nonstandard and therefore the deviation between the shape of a free issuing jet of water and the crest
contour increase as the distance from the crest centerline increases. In order to justify using H,= 40 feet for Tims Ford Dam, the
coordinates for the upper third of the crest (x =0 to x = 3.391 feet) were compared to the coordinates (calculated from Equation
Ad4) for the standard crest at various design heads. It was found that H, = 40 feet minimized the sum of square errors (i.e.

(Tims Ford y coordinate — standard crest y coordinate) across the upper third of the dam’s crest. Results of this analysis, as well
as results for bracketing H, values are listed in Table Al. A plot comparing the standard crest with H,= 40 feet to the Tims Ford
crest is contained in Figure Al.
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Table Al: Coordinates of Tims Ford Crest and Standard Crest for H,= 39, 40, and 41 feet

Tims Ford
Crest |Standard Crest, H,=39 Standard Crest, H,=40 Standard Crest, H,=41
x (ft) y (ft) y (ft) Square Error (ft?) y (ft) Square Error (ft?) y (ft) Square Error (ft?)
0 0 0.0000 0.0000 0 0.0000 0 0.0000
1.503 -0.054 -0.0450 0.0001 -0.0462 0.0001 -0.0452 0.0001
2 -0.091 -0.0764 0.0002 -0.0784 0.0002 -0.0767 0.0002
2.5 -0.136 -0.1155 0.0004 -0.1184 0.0003 -0.1160 0.0004
3.391 -0.235 -0.2029 0.0010 -0.2081 0.0007 -0.2038 0.0010
Sum of Square Error 0.0017 0.0013 0.0017
Tims Ford Crest Versus Standard Crest
—&— Tims Ford Crest —— Standard Crest
0 0.5 1 15 2 2.5 3 3.5 4
0

o
o
(83

-0.15

Distance From Crest EI. (ft)

-0.25

Distance Downstream From Crest Center (ft)

Figure Al: Standard Crest Versus Tims Ford Crest Profile
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A4 Geometry

Parameters G, Hyy, Z, (gate overflow elevation), and B (angle plotted against discharge coefficient in Reference A1) are
computed from crest and gate geometry as described in Figure A3. Table A2 gives the values for V=75, 8°, 12, 16°,20°,22°,
24°,28°,32’ and 36.067".

Table A2: Geometrical Parameters for Relevant Gate Openings

V, feet G,feet | H, feet | Z,, feet B, deg.
5 5.001 2.499 899.43 69.39
8 - 8.001 3.999 901.69 74.69
12 12.010 5.996 904.36 81.19
16 16.020 7.993 906.68 87.28
20 20.021 9.993 908.64 92.87
22 22.018 10.994 909.50 95.52
24 24.014 11.995 910.27 98.10
28 28.004 13.999 911.53 103.18
32 32.000 16.000 912.43 108.50
36.067 36.088 18.030 912.93 113.04

As an example, the procedure for computing the geometrical parameters for V = 36.067 feet is given here. From Attachment A2
(Reference A3),

R =41.0 feet

Z.= 853 feet

Z,. =872 feet
Z,=2872"—-852.86" = 19.14 feet
Z, =895 - 872 =123 feet

where the parameters are defined in Figure A4. Referring to Figure AS:

Angle 6: 6 =sin" 2 +sin"[% =61.952°
41 41

Angle a: a=tan™ 872 ~853—36.067 =-24.60°

J412 — (872 - 853 - 36.067)°

Overflow Elevation Zo: Z, = 872 + 41sin[61.952 — (— 24.60)] = 912.93 feet

Gate lip y-coordinate: y, = 872 —853 -36.067 = —17.07 feet

Gate lip x-coordinate: X, = \/412 - (— 17.07)2 = 37.28 feet

From Attachment A3 (Reference A2):
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Upstream:
3
y=f(x)=="= for0’ <x<12’

In which y =y, - 19" and x = x,— 38.76’ In terms of x; and y, (From Figures A4 and A5):

y, =19+
Downstream:
y=/f(x)=

In whichy =y, — 19’ and x = %, — 38.76’ In terms of x; and y, (From Figures A4 and A5):

y, =19+

(x, —38.76)"

(38.76 —x,)"*

343

343

38.25

5 for 0’ <x$3.391’

, for 38.76" < x, < 50.76’

, for 35.369° < x, < 38.76’

The downstream equation is used for V =5’ and 36.067°. The upstream equation is used for V = 8’, 12°, 16°, 207, 22°, 24°, 28,
and 32’. x, and y, values were found through a series of iterations.

Table A3: Spillway Values for Each Gate Opening

V, feet Xs Ys
5 38.592 19.001
8 39.462 19.001
12 40.184 19.008
16 40.477 19.015
20 40.473 19.015
22 40.383 19.012
24 40.236 19.009
28 39.756 19.003
32 38.879 19.000

36.067 | 38.258 19.008

To determine effective gate opening, G, at V =36.067’, calculate y; for x; = 38.258 feet:

v, = £x,)=194

(38.76 - 36.067)"*

G, is calculated as follows:

38

25

=19.008 feet

e G, =+(3826-37.28) +(19.008 — (—17.07)) =36.09 feet
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And

(19.008 — 2(— 17.07)) _ 18.03 feet

e H, =36.067-

. ﬂzg_mn_l(—n.mj_tan_,( 38.26-37.28
2

=113.04"
37.28 19.008—(—-17.07))

A.S Determination of Hy i,

The flow does not transform into orifice flow as soon as the water height reaches the elevation of the bottoms of the gates. There
is a transition zone in which unknown behavior of the flow is anticipated. The relationship between normalized effective gate
opening, G/H,, and H/H, shown on Attachment A9 was used to determine the value of Hy,;, at V = 36.067 feet when H, = Hj in.
The straight line portion of this curve is fit by:

Hypi/H, = 0.0414 + 1.18*G/H,. (Equation A5)

AtV =36.067 feet, Hy i, = 44.24 feet.

A.6 Determination of C{H,)

The equation for free flow was derived from 1:100 model data for H, >39 feet by TVA. The portion of the model data for a free
flow condition was used to calculate Cyvalues. This cluster of data was plotted and a value for Cyat H,=0 was inserted to form a
curve for values of C¢ for H, between 0 and 39 feet. The chosen value for Crat H, = 0 (3.0665) used to create the polynomial was
derived from model data when creating the Tims Ford Spillway Discharge Tables (Attachment 5). This information is shown and
discussed in Reference A1l (Attachment A10). The resulting polynomial is given and shown below in graphical form in Figure

A2,

Cp=3.0665 + 1.6826E-2(H,) — 3.8028E-4(H.)> + 3.0666E-6(H,)’ (Equation A6)

Tims Ford Model Data
Free Discharge Coefficient, Cf(Hc)

¢ Data from 1:100 Scale Model

Poly. (Data from 1:100 Scale Model)

3.50
3.45
3.40
3.35
3.30

6 325

3.20 -
y = 3.0666E-06x? - 3.8028E-04x2 + 1.6826E-02x + 3.0665E+00
3.15 R = 9.9319E-01 .

3.10

3.056

3.00

Figure A2: Tims Ford 1:100 Model Data, Calculated Cf vs. Ho
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Vil

A.7 Determination of C, (H,)

As headwater rises, it eventually reaches a level at which the nappe touches the bottoms of the raised gates. For headwaters
above that level, discharge is predicted using an orifice type equation. Reference A8 gives 1:100 scale model data for Tims Ford
Dam for gated flows at different values of V in feet (5, 8, 12, 16, 20, 22, 24, 28, and 32). This data was evaluated to obtain a
mathematical relationship between H, and C,. The data was limited in nature making it difficult to observe a definitive
relationship.

The maximum gate opening (V) for Tims Ford spillway is 36.067 feet. Because no model data is available for this value of V,
the two highest gate openings, V = 28 feet and 32 feet were used to establish a value of C,. It was observed that the values of C,
stabilized somewhat at these two gate openings. However, the data did not occur in predictable patterns and subsequently an
equation could not be generated. The average value of these eig{ht data points was taken to determine a reasonable value of C,,.
These results are shown below in Table A4.

Table A4: Summary of Model C, Values for Large Gate Openings

Summary of Model Cg Values for|
Large Gate Openings
V (ft) Hc (ft) Cg
28 37.72 0.643
40.13 0.648
41.92 0.642
47.62 0.648
32 424 0.648
45.42 0.644
47.7 0.646
49.02 0.649
Average Cg 0.646

All available model data for Tims Ford Dam provided in reference A8 is represented graphically in Figure A3.
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Tims Ford 1:100 Model Data

140000
120000
100000 * V=5
m V=8
V=12
80000 ' X V=20
.g Curve fit for X V=28
; He = Himin ® V=32
) Transition - V=16
Y 60000 - V=24
free
~ Himin Transition points
40000 Pmme e T el e ] Poly. (Himin Transition points)

20000

He (ft)

Figure A3: Graphical Summary of Tims Ford 1:100 Model Data
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Appendix B: Overflow Parameters for Tims Ford Dam

Overflow parameters for each portion of the Tims Ford Dam can be found in the following calculations.

B.1 References

B1. “Rating Curves for Flow over Drum Gates,” Joseph N. Bradley, Paper No. 2677, Transactions of the American Society of -
Civil Engineers, Vol. 119, p. 403 — 433, 1954 (Attachment B1).

B2. “Hydraulic Design Criteria,” Design Chart 711, USACE (U. S. Army Engineer Waterways Experiment Station), Eighteenth
issue, Vicksburg, MS, 1988 (Attachment 2).

B3. TVA Water Control Project Manual (Blue Book) for Tims Ford Dam, TVA River Systems Operations, July 1999
(Attachment 4).

B4. TVA drawing no: lON200R3 (Attachment 1).

BS. TVA drawing no: 5S1W202RS5 (Attachment A3).

B.2 Spillway Gate Overflow for Gates Fully Open
The following values are computed from Appendix A:
@ = 3.449°
R =41.0 feet
0=61.952°
a=-24.599°
Zc=912.93’ (computed in Appendix A)
L =120’ (Reference BS)

Using Figure 6 on page 412 from Reference B1, Cr(called Cq) can be determined as follows:

0<H<910°-91293’=-293

and 0 £H/r<-2.93'/41’=-0.0715=0
therefore 3.28 < Cr<3.28

Use: Cr=3.28

B.3 Spillway Piers Overflow

B =29’ (Reference B4)

Zc =910’ (Reference B4)
L=2x75"=15" (Reference BS)

0 Sﬁ < 910'-910' _

B 29

0

Therefore, using Reference B2, Cr= 2.65.

B.4 Spillway Walls Overflow
B=16+16=32" (Reference B4)
Zc =910’ (Reference B4)
L=12+ 12 =24" (Reference B5)

OSES 910'-910' _

B 32

0

Therefore, using Reference B2, Cr= 2.65.
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B.5 Embankment Overflow
B =32’ (Reference B4)

Zc =910’ (Reference B3)

L = 1421’ (Reference B3)

0 H 910910

B 32

0

Therefore, using Reference B2, Cr= 2.65.
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Appendix C: Hydrostatic Loads on the Spillway Tainter Gates

The hydrostatic loads on the spillway tainter gates for Tims Ford Dam can be found in the following calculations.

C.1 References

CI.
C2.
C3.
C4.

TimsFord.xls — Hydrostatic Forces tab (Attachment 6).

“Engineering Fluid Mechanics,” Clayton T. Crowe, John Wiley & Sons, Inc. 8% ed, p. 53-55, 2005.

TVA drawing no: 54W200R5 (Attachment A2).

TVA Water Control Project Manual (Blue Book) for Tims Ford Dam, TVA River Operations, July 1999 (Attachment 4).

C.2 Calculations for Closed Gate when water level is at top of gate

The following is a summary of known values. The values are computed in Appendix A. The parameters are defined in
Figure C1.

Table C1: Tainter Gate Parameters
(References C3 and C4)

Known Values
Z 853 ft
Zy 872 ft
Zo 895 ft
R 41 ft
L 40 ft '

-Z,
a; = sin 1[ j
R

. [872 853"
= s1n
41

=27.61°

o= sin” '(Z —Zy j
R

(899 872'
= 1n

41
= 34.12°

0=qa, + a,=61.73°

APll'ojcc!cd =L (Zo - Zc)
=40’ (895 —853°)
= 1680.0 sf

Aglicez = IR? (02/360°)
=JI* (41’)2 *(34.12°/ 360°)




TVA

Rev: 0 A

Calculation No. CDQ000020080022 Plant: GEN Page: C-2
Subject: Initial Dam Rating Curve, Tims Ford Prepared | CJG
Appendix C : Checked | WBB

= 500.567 sf

d I:Rx = YhCAProjcclcd (Refercnce C2)

= (62.4 pef) ((0.5) (895° — 853°)) (1680 sf)

=2201.47 kip

e =)

=17.059’

- 41'_[41'*c08(8i“l ("(895‘4—%2')))}

o Fry =yVol=)L[(Z, = Z, )%, = Agipy + 0.5(R — X, (Z, — Z,)] (Reference C2)
= (62.4 pcf) (40°)[(895" - 872°)(7.059°) - (500.567sf) + 0.5(41° — 7.059°)(895’ — 872")]

=130.06 kip

. 2,=2Z, —(%(ZO _Zc))

= 895'—~(§(895’—853’)J

= 867.0°

o Fp =4/(130.06kip)’ +(2,201.47kip)? (Reference C2)

=2,205.31 kip

Table C2: Summary of Calculated Values for Closed Gate at PMF

Summary of Calculated Values
a4 27.61° X4 7.06 ft
Oy 34.12° Z, 867.0 ft
&) 61.73° Frx 2,201.47 kip
Aprojected 1,680.0 sf |Fgy 1.30.06 kip
Asiice2 500.57 sf - |Fgr 2,205.31 kip

C.3 Calculations for Open Gate when water is at Flood Level

Known values are computed in Appendix A. The parameters are defined in Figure CI.

o Z,=V+Z
=36.067" + 853’
= §89.07°
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Z,~Z
® a3 = Sin_l [___2_____”'_)
R

: _1(889.067'—872'
=sm | —
41
= 24.60°

HW, -Z
. ot4=sin“(~——M‘}‘e ”')—a3

=sin—l[w —24.60°
41

=43.347°

o Z,=2Z,+Rsin (6 + a3)
=872° + 41’ sin (61.95° + 24.60°)
=912.93

b AProjcctcd =L (HWmux - ZZ ) .
=40’ (910°- 889.067")
=837.32 sf

HW, —Z
o Fpe= }/hc APrujecred =7 ((—Amzr_—_‘z—')‘)AProjected

= (62.4pcf (1/2)(910'-889.067')837.325f)
=546.86 kip -

e x,=Rcosa, —R> —(HW,, —Z,)

= 41¢0524.60° — ,[41° — (910'-872')’
=21.88’

hd ASlich = HR2 ((14/3600)
= 1 * (41°) * (43.347° / 360°)
= 635.87 sf

®  Avrhange = 0.5*@Q*R*sin(a,/ 2 ))*(R*cos(oy/2))
=0.5* (2)(41)(sin (43.347° / 2)) (41)(cos( 43.347°/ 2)) -
= 576.93 sf

¢ Fuy =1Vol =yL[<HWmax = 2,)(0) = 0.506, S HW o = 2,) = gy +0.5QRsin"4)(R cos(%)»}

= (62.4 pcf)(40")[(910'-889.067')(21.88") — 0.5(21.88')(910'~889.067") — 635.87s/ +

43'3470)(41'cos(43'3470)))]

0.5(2)(41'sin
X 5 5




TVA

Calculation No. CDQ000020080022 Rev: 0 Plant: GEN Page: C-4
Subject: Initial Dam Rating Curve, Tims Ford Prepared | CJG
Appendix C Checked | WBB

= 424.58 kip

o F, =(546.86kip)’ + (424.58kip)’

= 692.33 kip
Table C3 — Summary of Calculated Values for Open Gate at PMF
Summary of Calculated Values

Qs 24.60° Agiangle 576.93 sf

Z; 889.07 ft X2 21.88 ft

Z, 912.93 ft Frx 546.86 kip
Aprojected 837.32sf |Fgry 424.58 kip

Aglice 3 635.87 sf  [|Fr 692.33 kip

C.4 Conclusion

The resultant force on the closed gate when water is at the PMF is 2,245.31 kip. The resultant force on the open gate when water
is at the PMF is 644.92 kip. Therefore, the open radial gate will not fail when water is at the PMF.
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INTRODUCTION

The discharge at overflow spillways is determined by the
spillway width, spillway gate position, a representative head (or water
depth), and a discharge coefficient. For rating purposes, the spillway
width and head are usually specified and the discharge coefficient is
determined from scale model tests. Most of the spillways for the
Tennessee Valley Authority (TVA) dams were model tested at the TvA
Engineering Laboratory.

The original development of specific TVA spiilway discharge
coefficients (Kirkpatrick, 1957; TVA, 1962) did not establish an orderly
connection between the discharge characteristics of various spiliways,
and therefore, the data could not be directly applied to other
installations. However, revised discharge coefficient curves which did
establish usable relationships were developed (TVA, 1972) and were later
augmented by additional model tests. Presently data from Apalachia,
Boone, Fort Patrick Henry, Hales Bar, Hiwassee, Melton H111, Nickajack,
Watts Bar and Wheeler model tests are used to define discharge
coefficients with respect to gate openings, headwater elevations and
crest shapes. Using these relationships, the coefficients for
installations of similar design may be obtained without model testing.
Discharge coefficients for Normandy Dam (TVA, 1984) were determined in

this manner. 4
This report describes the discharge coefficient relationships

‘established by TVA and how they are used to compute spiliway rating
-~tables for similar spillway installations in lieu of model testing.

DISCHARGE CRITERIA

The major factors which influence the discharge coefficient are
the position of the gate seal point with respect to the highest point of
the spillway crest, the curvature (or shape) of the crest and the
curvature of the gate. Although no systematic attempt has been made to
determine the quantitative effect of these factors 1individually, the




basic trend of the coefficient data has been established with respect to
crest shape. The crest shapes ueré jdentified by their relative
similarity to standard crests (Creager, 1950; Corps of Engineers, 1954;
Bureau of Reclamation, 1960) which approximate closely the lower portion
of a free jet issuing from a sharp-crested welr.

For each standard crest shape there is a corresponding head at
which flow over the crest will not separate from the surface of the
crest, but will conform exactly to the crest contours. This head is
termed the "standard crest design head." The TVA spillway discharge
coefficlent relationships are based on normalized . data from the nine
spillway models tested, together with standard crest design heads
determined by comparing the model crest shape with standard crests.

In given situations, 1f the flow over the spillway crest touches
or impinges upon the gate, the discharge is computed using a formula for
gated discharges. If the flow does not 1impinge upon the gate, the
discharge is computed using a formula for free discharge.

Discharge coefficients were determined for gated and free
discharge using spillway models consisting of three spillway bays placed
across an open channel with uniform flow. The width of the channel
corresponded to the distance between the centerlines of the end plers to
include the effect of flow contraction around pilers. These spiliway
crests approximate standard crests from a point near the upstream face of
the spillway to a point downstream near the gate seal point. The gate
seal point is usually located below the crest elevation on the downstream
portion of the crest to prevent discharge Jets from overshooting the
spillway for small gate openings under high heads.

The discharge nappe was unrestricted due to low tailwater
elevations 1in the model tests. Therefore, the spillway discharge
coefficient relationships do not 1include the effects of tailwater

submergence.

GATED DISCHARGE

At multipurpose reservoirs, spillway discharge is wused to
regulate reservoir water levels and downstream water flowrates.




Therefore various spillway gate positions are needed to provide a range
of discharge rates for each headwater elevation. To release water, the
gate s raised to a predeterm1ned' position which allows a prescribed
discharge to pass over the spillway crest.

The gated discharge shown in Figure 1 is determined by the area
of the open1ng'under the gate, by the water velocity through the gate
opening and by the discharge coefficlient of the gate opening. The area
s based on the vertical distance, G, between the gate bottom point and
the spillway point directly below. The water velocity 1s a function of
the acceleration due to gravity and the mean water depth over the gate
opening, Hm’ defined as the distance from the surface of the headwater
to the gate opening mid-point.

The equation for gated discharge through one spiliway bay is:

Q =CLGV2gH (M
where

0 = discharge, ft3/s

C = discharge coefficient, dimensionless

L = spillway bay width, ft

G = vertical gate opening, ft

g = acceleration due to gravity, ft/s2

Hm = head on the vertical gate opening mid-point measured

from the reservoir headwater elevation, ft

The discharge coefficients were developed as a function of
vertical gate opening, standard crest design head, and headwater
elevation as shown in Figures 2a and 2b. The general uncertainty of the
gated discharge coefficient relationship is considered to be within +2
percent based on the maximum deviation from the average trend. At small
- vertical gate openings (3.e., less that two feet) the error may be
greater (Kirkpatrick, 1972). ,

To use Figure 2a, the headwater elevation, HL], at which the
sp11liway discharge touches, but does not impinge upon the spillway gate
must be determined. Starting with the desired gate opening, G, and the
standard crest design head, Hy» the ratio Hc/H0 can be determined
from Figure 2b. Then HL, can be determined by using the equation:
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COEFFICIENTS
I. FOR HL  SHLSHLs
C= f(G/Ho, HL)
2. FOR HL > HLg
C=f (G/Hy, HLg)
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HL, = HL  + R Ho (2)
Where: :
HLy = headwater elevation at which spillway discharge
touches but does not impinge upon the gate, ft

Hlep = spillway crest elevation, ft
He = head on crest, ft
Ho = standard crest design head, ft
He/Hg = dimensionless ratio specified by G/H, in Figure 2b

Once HL.I is known, the discharge coefficients for higher headwater
elevations can be determined as shown in Figure 2a. For transition
headwater elevations HL] through HL5 in Figure 2a, increased
headwater elevation may not cause increased discharge and may even cause
decreased flow because of flow contraction losses and friction losses
resulting from increased water impingement upon the gate. At headwater
elevations greater than HL5 there 1s no significant 1increase in the
various flow losses, and therefore the discharge coefficient 3%s constant
and equal to the d1scharg¢ coefficient for headwater elevation HLS. At
small gate openings (say less than a foot), there may be 1ittle, or no
transition and the discharge coefficients may be constant at some
headwater elevation less than headwater elevation HLS. The general
uncertainty of the HC/Ho Vs G/HO relationship 1s within 410 percent
at small vertical gate openings and +2 percent at large openings based on
the maximum deviations from the trend.

At headwater elevation HL]. gated discharge is equal to free
discharge described 1later 1in this report. However, due to the
uncertainties of the discharge coefficlent relationship and the Hc/Ho
relationship to headwater elevation HL], either the gated discharge
coefficient for headwater elevation HL] at large vertical gate openings
or the headwater elevation HL] at small vertical gate openings may
require adjustment as described later in this report to mathematically
ensure gated discharge equivalent tq free discharge.

o In some cases, headwater elevation HL1 may be the headwater
elevation for maximum spillway discharge at the maximum vertical gate
opening. This maximum spillway discharge elevation 1is critical In
extreme flood control situations. Although the relationship between




headwater HL1 and the ratio Hc/Ho in Figures 2a and 2b {is
satisfactory for most spillway operations, deviations from the average
trend are inherent due to variations in gate designs and locations.
Other computation methods may have the same uncertainty because they
‘require friction factors, kinetic energy factors, etc., that are best
evaluated through individual model or prototype tests.

FREE DISCHARGE

Free spillway discharge occurs when water discharges freely
. through the vertical gate opening, as shown in Ffigure 3, without
impinging on the gate. For each vertical gate opening, free discharge 1is
Timited by headwater elevation HL1 previously described. The equation
for free spiliway discharge through a single spillway bay is:

Q=CLHY (3)

in which

discharge, ft3/s

discharge coefficient, dimensionless

spiliway bay width, ft

head on crest measured from the reservoir headwater
elevation, ft

T OO0

i a8

This equation is similar to the general equation for weirs
across open channels. The free discharge coefficient varies with the
head on crest, Hc, shown 1in Figure 3, and with the standard crest
design head. The relationship between discharge coefficients, head on
crest, and the standard crest design head is shown in Figure 4. The
uncertainty of the discharge coefficient relationship is within +1
““bercent based on the maximum deviation from the average trend
(Kirkpatrick, 1972).

GATE ARRANGEMENTS AND IDENTIFICATION

Gate opening arrangement, or the pattern of open gates across
the spiliway is important at instaliations with several spillway bays and
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gates. Some gate opening arrangements will produce flow patterns in the
st1114ng basin that are hazardous to the structural stability of the dam
and 'st111ing basin and to navigation downstream.

In practice, each gate is assigned an 1dent1f1cation number and
a diagram showing the spiilway gate number and location ts included 1in
the spiliway rating tables. For a given flow and headwater elevation,
the gates to be opened and the regquired amount of opening to obtain the
~given flow are 1identified by a specific gate arrangement number.
Increasing gate arrangement number indicates increasing flow.

RATING TABLES

Spillway rating tables are used for daily water control
operations .and water control planning. For each gate arrangement number,
discharge rates are 1isted as a function of headwater elevation. At
multiple gate spillways, the 1isted discharge represents the total
discharge for the gate positions prescribed in the table of gate
arrangements. The primary purpose of the spiliway rating table is to
determine the appropriate gate opening arrangements required to pass the
11sted discharge for the given headwater elevation. The alternate use is
to determine the discharge for a given gate arrangement and headwater
elevation.

Only discrete discharge rates are listed in the rating table.
In -the event that a preferred rate is not 1isted, the rate nearest to it
w'ihou1d be used to minimize gate arrangement adjustments and to avoid
using gate arrangements not authorized in the rating table.

The TVA discharge coeffictient relationships can be used in lieu
of ca]ibration data to prepare rating tables for spiliways that meet
conditions of geometric similitude and have an established table of gate
arrangements. Seven major parameters must be evaluated for each spillway
rating.

1. Standard crest design head: determined by crest shape.

2. Vertical gate openings: determined by gate positions.

3. Gated discharge headwater elevations: determined for each gate
opening by the relattonships 1in Figures 2a and 2b for
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transitional headwater elevations based on headwater elevation
HL7. Note adjustment 1isted in (4) below for headwater elevation
HLI'

Gated discharge coefficients: with minor adlustments, they are
determined for each vertical gate opening and headwater elevation
by the relationships in Figure 2a. At headwater elevation HL].
the gated discharge must be equivalent to free discharge.
However, due to the uncertainties of the discharge relationships,
the gated and free discharge equations may not converge. In this
case, the gated discharge coefficient 1s adjusted so that the
gated discharge from equation (1) 1is equal to the free discharge
from equation (3). Also the adjusted gated discharge coefficient
at headwater elevation HL1 must not be lJess than the constant
gated discharge coefficient at headwater elevation HLS. If the
coefficient must be readjusted to be equal to the constant
coefficient, headwater elevation HL1 must be adjusted also by
using equations (1) and (3) which are solved iteratively to
establish headwater elevation HLI for equivalent discharges.

After adjustment, the coefficients are plotted as a function of
transitional headwater elevation. An average, monotonically-
decreasing curve 1s drawn to pass through the maximum and minimum
coefficient points to define interpolated coefficients in the
transitional headwater range. For headwaters greater than the
transitional headwaters, the discharge coefficient is constant
and equal to the minimum coefficlent. At small gate openings,
the interpolated coefficients may be equal or they may become
equal at some headwater within the transitional headwater range.
Free discharge coefficlents: determined for each crest elevation
and headwater elevations 1less than, or equal to headwater
elevation HL], by the relationship in Figure 4.

Adjacent gate effect: the discharge coeffieients 1include the
effect of flow contraction around spillway piers when the gate
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openings for adjacent bays are equal. Although reduced discharge
occurs due to contractions at plers between adjacent gates with
dissimilar gate openings (Kirkpatrick, 1957), the reduction 1is
not significant when compared with the accuracy of discharge
coeffictent relationships where 1interior adjacent gate openings
do not vary more than one position. At end gates, the dam
abutment may have the same effect as a closed gate. Where the
abutment approximates one gate, the estimated end gate discharge
reduction varies from one percent at median gate positions to
three percent at the maximum gate position. If the approach
channel corresponds to the spillway end plers, there 1s no
discharge reduction.

7. OQvertopping discharge: the spiliway discharge coefficent
relationships cannot be used to estimate discharge over the gates
or over the dam. At small gate openings, the top of the gate
elevation may be lower than the top of the dam elevation and,
therefore, gated discharge headwater elevations must not exceed
the top of the gate elevation in discharge calculations for small

gate openings.

A representative discharge rating curve for one gate is shown in
Figure 5. Some, or all, gates at a particular dam may have identical
discharge characteristics at all gate positions and will have duplicate
discharge rating curves. Discharge rates for each gate arrangement are
determined by summing individual rates according to the prescribed gates,
gate positions, and headwater elevations for each gate arrangement
number. The spillway rating table normally 1lists discharge rates to the
nearest 10 cubic feet per second for rates less than 100,000 and to the
nearest 100 cubic feet per second at higher rates.
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RESERVOIR OPERATION OVERVIEW

Tims Ford is a multipurpose tributary project located on the Elk River
in central Tennessee. Tims Ford provides flood protection for
downstream locations on the Elk River, generates hydropower, and
provides water supply. Part of the original authorization for Tims
Ford was recreation, and to accommodate this objective, a minimum
recreation pool is maintained through October 15 each year, and hydro
operations during much of the year are adjusted to accommodate
downstream recreation to the extent practicable. Tims Ford was also
TVA’s first hydroelectric facility retrofitted with a small generating
unit for the purpose of maintaining instantaneous downstream minimum
flows. The average annual planned pool fluctuation is about 18 feet.
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FIGURE 1 - Site Plan
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FIGURE 2 - Plan and Downstream Elevation
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FIGURE 3 - Section A-A
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FIGURE 4 - Section B-B
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