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RESERVOIR OPERATION OVERVIEW

Hiwassee is a multipurpose tributary project located on the Hiwassee River
in western North Carolina. Hiwassee is operated for many purposes,
including flood control, augmentation of flows for navigation and water
supply, hydropower production, water quality, recreation, and aquatic
ecology. It is a concrete gravity dam with 2 hydroelectric units
installed, one of which is a reversible unit capable of pumping water from
the tailwater back into the reservoir. Construction originally began in
1936, and the dam was closed in 1940, with one unit placed into operation
at that time. In 1956, the second unit was placed into operation.

Hiwassee Reservoir has an annual pool variation of about 62 feet during
normal years. This fluctuation is necessary for provide for seasonal
flood storage and for economical augmentation of flows during the drier
seasons of the year. In abnormally wet or dry years, the fluctuation may
be significantly more or less than this. Hiwassee Reservoir is fed by
releases from TVA’s Nottely and Chatuge Dams in addition to unregulated
inflows from the 565 square mile local drainage area.
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FIGURE 2 - Spillway and powerhouse, 1956



)
- ,__,_._.-""’.’ - /."

—_

HIWASSEE
RESERVOIR

Turtletowp ®

1002 YoIEBR

€ JNOId

L ©°9SSemTH



March 2001

Hiwassee 8
FIGURE 4
(B B Ll
13 »jo. Penstock 3 2
? N gaum  Trash Rack T @ §
Shaft~. Shructures | \
- e v A Y Survey Axis D:5000
1 HEH R AT LR Vo ER
13 | @ @
12), T
Peveoe® Lt \
] () 0 1
i Wi jg HH $ s \
i il I }» T Q@ i
s H N il - T y !
i it ] 4 H | \ \ N
' U ¢ U ? 4\ . 3|[
o M '\ID 3
i yi .
~ Conduit Outiets — AN o POWER INSTALL ATION
" N /, comventianal, aqmrm'a-aaw
™7 Wt 2, revercutie, wump motor 121,530 e
ot L/t | (é)mma
SPILLWAY ot Unit2
! e . " NIrashrsck
/ D:5438
Ts \
PLAN
C‘—l
1N Rodial Gates
" i = —F——3 5 ! ¥ -+ - T
,.gﬁa—""“‘l . joints ot 50“07Gc.—: FEIK. - i Contrectioh joints et 50%0%0.c —— ] ,':"I'
L T I i i . 7
pibt Y L|-~ I . {rier Crest ELi5035-" R [~ - (]
! IR rest, Bi/13 A e
Fibi Dyt Ry AR v,-‘n"'
LQ. iR J! & \
. - g
3 grout holes i 5‘ 3 grauf holes
ot 5-0*roc. b ¥ ot 50200,
Excavation ;
profite at Axis — T J T
ala p <—IF
Rock Surfece
DOWNSTREAM ELEVATION.
13
39
a{a
Traveling 25 Traveling
Rodisl Gote Holst —.; ontry C(pne
= = T =
“'T."In\ Cantraction joints ——H—| =2 | | e "TTZ“’
A ; oF 50-0" o.c. F7 Jil
4Dr "‘"’D\n‘ \ : < 3 :' i Top of Fillet & Oroin”” Y Walr
les IR S i /Holn
!li' R < - : l
N 3 h
¢ RES Il ! ‘Rock Surfece
Bk Excavation
'”H{:U s i E mmﬁle at Axis
(Y 8
"'\ BN : > l|ll
%' Orain. ~ 1 ] It i
b ™S e )
B G
el b "Wﬂram Holes

UPSTREAM ELEVATION



March 2001

Figure 5

Roadway,
ELI5375~

ELI524.17 g

Founda*ion.

ar 5-~0"to.c.

SECT/ION A-A

J * grout holes

Hiwassee 9



March 2001

Hiwassee

FIGURE 6

 AXIS - OF DAM -
~Roadwsy, CPLELI5550

{ E115325 ., /i

'-;:-j; AL ELIS26.5
n; —_—
7N v
F . 1 Conduit Emergency
- -y 7] Gate Storsge
"t'q Chamber )
v RI I
AU &
06/5 £ .*Ej

w| £ o

‘ s . . .

£ 8" Formed b )

Cha”ge m s/ope’ .-_'-" Drains P ’ /3-0

5,5132503 S S A EL1355.0
0694 "7 .1 . . ' 02
° - IO
Ongma/ 0 v * ‘ 'z Stope 1in 05
‘- Ground Inspechon Gallery ~fT% o N 44 2e
Surface a: o 1 7
T e, ;,_ —.S‘lope /in Q.25

ST ' 2 37 grout holes
o PR . Foundstion (B/2-0" ot 5-0"to.c:
- 40 x4 Drains—-"%

" ~AXIS OF DAM
SECT/ION B-B Fiz-ez, £1/555.0

SECTIONS
Scale (L . 50 !00 Feet

T T UV T

10



March 2001

FIGURE 7

Traveling Redial Gate Hoist

Radis/ gate,
23*Q"x 3240”7

riginal Ground
» Surface’ ~£//2900

438-0"

Ty

Hiwassee

AXIS OF DAM\..I

Traveling
Gantry Crane
PL £11566.0

Roadway, /
ELIS3757y Ay
b ~Wfll535.5:

——r

s

) Emergency
10 Gate
D:5/40./0~
o 9:0"
Trainin .
. Wall- £ :
£11365.0°~, 8~ For ’”“"“.""‘A |
Change in slope, | " Orsins . " '. AX
ELIBE50 . M IR &
g Cona'uif Gsfe 2’.‘7 | £L /74544
0-65 Opemhng Chamber 2
PR Gall 1 AWy, . Cast Steel
10 o S ery — RO i
. : - ELI3ILO o -G
o, LAV 1 £ 13050
<X . /02"%9.9“/ Sates ———
‘P ] . —__"_._,_._a:’/ 2 123
B RV e . & _&ezs00
ko et (X} Slope linQSs
TSTee Lt -
o ’" 40#(!"07-0,",.—/ 1E~3"grauvt boles
J00" Foundation J at 8-Ofoc

SECT/ION C-C

"\AXIS OF DAM

SECTIONS
mq e L ?-l' A YI‘WFM

11



March 2000

D:5140. /0-
t £7/365, 0

t‘hange in slope |
ELI355.0/ -

/df——g=;'zmmw:_

Hiwassee

FIGURE 8

e ) ——Min HW
ahaft | £/ kso.0

Training', a2y’

2351 0" IOM}'Drams-

SECT/ION D-D

SECTIONS

mq foag ._.%&.‘_ A ;W

{e—HW operating rerige.

12



March 2000 Hiwassee 13

E17/3/120

t DISTR, £//277.0

Min TWEIIZ67.5 :

FIGURE 9

AL, £11555.0
AXIS OF DAM — ;
Access— n/WEL 15265
Gallery T
e Penstock Gere
Penstock Air £ R 853| Operating Chamber
inle - % i3l —Reservoir Gage
AL Float Well i W
A ) W, L .
L e L& ies00
oy RS ;| Y LY
Z . - ,
0! '. A Penstock Trash-
£, - . & ,‘0'90 . Rock Strycture
"D'f;;’;’ef’. T £1.1380.0
N SRR, >
-EL3550y A -o’- / T
=L Y 069 . <,-_ . . A f- Y,
N 3 “500 o ‘:
o g /8”By- ass - ceLizinir
Pensfock p i
et g o el BypassValve R ¥ Serr spection Gallery
P S S T “Chamber v RN & ~Stope lin 05
Y 58 S, A, a/ﬁ;verBoﬁomJ W
& BV~ 3%grout holes at I540%o.c.
& 1240.0 ~4-— J3*grout Holes st 5-0"toc.
sroe | 235400 404f*Orains

SECTION E-E

SECTIONS

T T MU T |

Scale v
[y

'\u/s OF DAM

100 Feet



March 2001

FIGURE 10

Roedway,
EL/5375 Y

Hiwassee

I/'AXIS OF DAM

| ¢ PL, ELISS5.0
/

.;."J’. -

TN o MW E[1526.5
;{n:, ﬁ‘
SRS , 8" Formed
‘ ; Orains
/ " . s ?:.
o6r5/, . - .o .8 AI-0"
/.0'- : s
£ Original~- . .1/ 4 —Inspection gallery,
- . Surfece.. gice -0"
2 "’:.:-—-—-—"""--—‘,’?.——° -_.-‘-.J " a4 -, o=
R I ‘.@.9\"
S /- - Foundetion iy v ;L. Shag@®

304" Drains—" }
/2'-0"

3" grout holes
ar 5-0"ro.c.

AXIS OF DAM

SECTION F-F

Scaleq

SECTIONS

14



March 2001

ELEVATION IN FEET ABOVE MEANTSEA LEVEL

Hiwassee
FIGURE 11
RESERVOIR AREA IN ACRES
) 1000 2000 3000 4000 SG00 6000 7000 8000
) 100 200 300 400 500 600 700 800
e RESERVOIR STORAGE CAPACITY IN THOUSANDS OF ACRE FEET
oo wT
. >
Z - Max. W.S. &1 A EE =t 3B
1500 ettty : - 15409451310
S B Cepachy N e P PR B T w|O
Z oy e — = & or
& —Areg =i - = = <
< 1450+ T B R ) e 130X 1k 1300
2 EY TV e A 1 3 -'"-Jf',-qe n o g s e T M R N A PR N % -4E:
g b RS i 1 iﬁh‘ il o - . b -. a :;.(’
« 1400 A g pilltes === . 1520 {+ 1290
» Wrjmw. . 2 =2 N SR A N Regu/afmg 3 EREn . -3
5 £ I TR Teitwarter 3 | Condurts Open 1= ;_-3 re |
£ wsoff et pr et FEEE=r im0 Sinize0
6 ol : - - + : x{O
5 T T T E TR o Fm m Jonn : 2 e
x 13004 e b e e R 1800 31270
<< [ v o T AT -1 3T 70 N e sl Bt sy - & J
- D R ¢ = e J=% = [ SR AU SR g-kw
e SPILLWAY DISCHARGE IN THOUSANDS OF CF S ;
0 20 40 60 80 100 120 140 E |
0 4 8 12 16 - 20 24 28 |

REGULATING CONDUIT DISCHARGE IN THOUSANDS OF CFS

DISCHARGE,AREA ,CAPACITY, AND TAILWATER CURVES

15



March 2001 Hiwassee 16
HIWASSEE PROJECT

SUMMARY OF PRINCIPAL FEATURES

NOTE :

Elevations are based on the U.S.C. & G.S. 1929 Preliminary Adjustment to
which the dam is built. To correct to U.S.C. & G.S. 1936 Supplementary
Adjustment, subtract 0.62 ft.

LOCATION

On Hiwassee River at river mile 75.8; in Cherokee Coéunty, North Carolina;
13.6 miles upstream from Apalachia Station on Louisville and Nashville
Railroad; 20 miles downstream from Murphy, North Carolina; 60 air miles
south of Knoxville, Tennessee; 60 air miles east of Chattanooga, Tennessee;
100 air miles north of Atlanta, Georgia.

CHRONOLOGY
Authorized by TVA Board of Directors ..........c.c0uu.a. January 10, 1936
Preliminary construction, including access, started ....... July 15, 1936
Stripping of south abutment started ................... November 21, 1936
First cofferdam started ........... e et et e July 13, 1937
First concrete placed ............. ..o et April 20, 1938
Reservoir clearance started ...........ccoiieiinmnnnnnenn October 24, 1938
Last (third) cofferdam unwatered ..................000unn January 3, 1939
River flow diverted through sluice ways .................. April 22, 1939
Reservoir clearance completed ............... e e e December 12, 1939
Concreting by mixer plant completed ..........ovvvuunn.. January 31, 1940
Dam closure (rlng seal gates closed) ................... February 8, 1940
Unit 1 in commercial operation .............. ...t ieecnns May 21, 1940
Unit 2 authorized by TVA Board of Directors .......... September 25, 1951
Unit 2 construction began ........ ... .. i, January 4, 1954
Unit 2 in commercial operation ..............tiiiiinnrnnnnnn May 24, 1956
Reservoir releases improvements (Unit 1) - completed ..... December 1994

Generator and turbine
modernization (Unit 2) - completed .................. December 4, 1998
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PROJECT COST

Initial project, including 1 unit ............ et e e, $16,844,042
Addition of unit 2 ... ... ... it i ettt et et e et et e e e 6,356,211
Reservoir releases improvements (Unit 1) .......... ... .. iven.. 40,000
Generator and turbine modernization (Unit 2) ................. 14,224,012
Total, including switchyard ............ ... it eennnan. $37,464,265
STREAMFLOW
Drainage area at dam:
Total ... .ttt ittt e eeecensenansaeesoannesoanesannns 968 sq. miles
Uncontrolled (below Chatuge and Nottely Dams) ........ 565 sg. miles

Gaging station discharge records:
At Hiwassee Dam, September 1934 to September 1943;

drainage area .........ceceeevecessanenacssoancsoons 968 sq. miles
Below Appalachia Dam, North Carolina,

June 1941 to April 1946; drainage area ........... 1,018 sqg. miles
Near Appalachia, Tennessee, January 1914 to

December 1922; drainage area ...........eveeeuoean. 1,038 sq. miles
Near McFarland, Tennessee, October 1942

to date; drainage area ..........cciitiennnannenn 1,136 sq. miles

Gaging station discharge records
At Reliance, Tennessee, August 1900 to December 1913;
February 1919 to September 1926;

drainage area ...........cciiiiiittteatatiataaaanas 1,181 sgq. miles
Near Reliance, Tennessee, October 1926
to September 1948; drainage area ................- 1,223 sq. miles
Maximum natural flow at dam site (1898) ...................... 80,000 cfs
Maximum regulated flood since closure (1973) ................. 38,848 cfs
Average unregulated flow at dam site,
estimated (1903-2000) ........irieeennreennrennnnooanenns 2,020 cfs

Minimum daily natural flow at dam site
(1925) , @pPProX ... ittt ittt iinasntannaresanennnsoneoeenn 145 cfs
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RESERVOIR
Counties affected: State of North Carolina ............ eee ... Cherokee
Reservoir land at May 31, 1996:
Fee simple .......c ittt eeeneennnnenns ettt 5,645 ac.
EBasements .......... ..ttt cnsaeannnasnea 31 ac.
b X = 0 5,676 ac.
Transferred ........c.uoei et eenenss. et ettt 17,432 ac.
Operating levels at dam:
Probable maximum flood elevation (PMF) .........c.eeue... el. 1548.8
500-year flood elevation ......... ittt iinnnsnnnnnnnnns el. 1530.0
100-year flood elevation .. ........ ..t eaccnnnns el. 1529.0
Winter flood guide level ...........cvcvu.... e el. 1450.0
Summer flood guide level ............(..c. ittt eennntnannn el. 1524.5
Maximum used for design (153,000 cfs) .......civiunn... el. 1532.0
Top of gates (area 6,230 ac.) ........ ittt nnnnnn el. 1526.5
Backwater, length at top of gates level ...................... 22.2 miles
Shoreline, length at top of gates level:
Main shore ... ... ...ttt iieineteteneenonansencanaananansns 161 miles
= ¥ oY = 2 miles
b o o2 T e h e h e e 163 miles
Original river area (to el. 1526 crossing) .......cevveeeaseens 1,000 ac.
Storage (flat pool assumption):
Total volume:
At top of gates (el. 1526.5) ......... .. unnn. 434,000 ac.-ft
At normal maximum pool (el. 1524.5) ............... 422,000 ac.-ft
At normal minimum pool (el. 1450) ................ 128,000 ac.-ft
Reservation for flood control on:
January 1 to January 27 (el. 1526.5-1465) ........... 270,100 ac.-ft
March 15 (el. 1526.5-1482) ........it it nennneeanns 216,000 ac.-ft
Useful controlled storage (el. 1526.5-1450) .............. 306,000 ac.-ft
TAILWATER
Maximum used for design (130,000 cfs) .........cciitiiinnnnn el. 1302.0
Maximum known f£lood (1936) ... ... ittt ineeneeeosnoosenennenna el. 1286.0
Full plant operation (2 units) ........cciiiiiiiiinnneennnaans el. 1276.2
One unit operating at best efficiency. Minimum level ......... el. 1272.0
Minimum level ... ... ... ...ttt iitteeteteesseeeneeasseansanaans el. 1272.0
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HEAD (Gross)

Maximum static (el. 1526.5-1272) ... .. ..ttt ittt eenseennaaannn 254.5 ft
Normal maximum operating ....... ..ot cteinneeenneeens (el. 1524.5-1272.5)
Average operating ......... ...ttt iatcaat et 213.0 ft
Minimum operating ......... ...ttt aeaanans (el. 1415-1278)

RESERVOIR ADJUSTMENTS

Clearing below el. 1528 ... ... ... ...ttt ttieeenneenneannss 3,270 ac.
Wiring down below el. 1410 ... .. ... ...ttt esoeooenscncsoacsannnss 569 ac.
Drainage of isolated pools ........ ...ttt innsnanansonns 395 cu. yd
Highways:
oo 1= 4 11.7 miles
L o 3.4 miles
L0 o T 4 T 8.8 miles
B =S o - oy 3.1 miles
b % o= T8 27.0 miles
RA1lroads ... .ottt ittt ittt s et e eenssanessasascetannaans 1.7 miles
Bridges (highway 11, railroad 3) ......... i enetannnnn 14 bridges
Concrete box cUlverts ..... ...ttt esneserssossssceesannes 40
Families relocated ..... ... ..ttt enntioenensanecaanannansnonnnnns 261
€ = T 571 agreements; 475 removals
Utilities adjusted or constructed .......... .. ittt ienneannn 3.0 miles
DAM
Material and type . ... ... ... it e Concrete gravity nonoverflow
dam and spillway
Lengths:
Nonoverflow dam ........cii it iniiinnneensenneenassenssnnses 1,027 £t
Spillway ..... i e e e e et e et e e e ettt 260 ft
Cutoff wall, right (north) bank ............... .. ..., 89 ft
3 - 0 1,376 ft
Maximum height, foundation to deck level .............. ... ... 307 £t
Maximum width at base:
Spillway section Only ..... . iiiieteeeenuoeenoenssnansnsunsan 240 £t
Including @PTOm ... ittt it et neeeeeneenenannsennnas S e e e 493 ft

Deck level ... .. it it et it e e ettt e e e el. 1537.5
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DAM (Continued)

Outlet facilities:

Spillway clear opening (7 openings at 32 ft) ................ 224 ft
Spillway crest level ......... ...ttt tinnneneannnanns . el., 1503.5
Crest gates . ................ 7 radial gates, 32 ft wide 23 ft high,
......... it ietteatittatats e aae..... Separated by 6-ft-thick piers
Traveling Crane ..........c.eeeeeesenenceesenaeeesaness One 120-ton gantry
Traveling hoist ... ... .. ... . it i it iennean One 40-ton hoist
SlUiCes ... ittt i e e e s e e Four 102-in,.-dia. Steel-lined
outlets with nozzle at outlet end
Centerline sluice inlet ... ... ... ...ttt iteennnrnnnnnns el. 1305.0
Sluice control:
Regulating gates .........ccuiieuennnnnns '.. 4 ring seal gates, screw
hoist operated
Emergency gate ......... ..., .. 1 roller train lift gate on
........ eerirrereeene.... face of dam, operated by gantry
Spillway discharge capacity:
HW el. 1532.0 ... ittt tneienrnoecaeansa e Ceeeaea 130,000 cfs
HW el1.1526.5 (top of gates) ....... ... .. .. iiiinannn 90,000 cfs
Sluice discharge capacity: A
HW @l.1532.0 ... ittt i iiitie et tsnenesosnennsenananas 23,000 cfs
HW @l.1526.5 .. . ittt ittt ennaaatennaeseennnns 22,000 cfs
HighWay . ..o ittt ittt ittt ettt ittt e easaasasananas 19 £t wide on dam
Foundation .. ... ..ttt ittt ittt eaneaaeaanaaaaaanaaas Rock (graywacke)

POWER FACILITIES

INTAKES
NUMD O & ittt it ittt ittt eoeccesosessesosenoesoeesaanreansssssensansssss 2
Gates . ...ttt it e e Two 19-ft-wide by 26-ft-high structural
........................... “e-seeccea.--..steel gates with roller trains
Hoists .........c.ccciveinn. Two 60-ton fixed hoists under roadway in dam
Trashrack structure ........... 2 reinforced concrete semicircular towers
Steel trashracks ....... ...ttt neennanns 160 sections, 2 ft 7 in.

ettt eere e ettt wide by 11 ft 3-1/2 in. high
Gross area at racks (per unit) .......... .0ttt 3,050 sq. ft
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PENSTOCKS
NU DL .. ... ittt it ittt aesenescoaeseensesesoansssesansesnessnneennnees 2
TYPE -t et eeetecennranseeeceennan Riveted steel 3/4 in. to 1-3/8 in. thick
Diametar ... . ittt i ittt ettt ettt 18
Length ..........c0vu.... e et 217 ft 5 in. for unit 1; 189
................................................ ft 9-1/2 in. for unit 2
Alr vents ... ... i it e e e One 30-in.-dia. for each penstock

POWERHOUSE (See Figure 12)

Generating capacity, 2-unit total ......... ittt nnnnn 117,100 kW
Type of construction ....................... Outdoor; reinforced concrete
................................................... and structural steel
Principal outside dimensions, )
including service bay ............... . ..., 190 £t long by 89.5 ft wide
............................................ fieeerceceas... by 76 £t high
Service bay ......c.ii ittt it ittt i i et i e 54.5 £t by 122 ft
Draft tubes: :
B 10,7 =T Elbow, 3 openings
Horizontal length (centerline of
turbine to downstream face) ......... ... ...t it 57.0 ft
Vertical distance from distributor centerline to draft tube floor:

Unit 1 ............. C e et ettt e 37.0 £t

L. 2 T T8 32.5 ft
Net area at outlet opening:

16 o T 15 661 sq. ft
..... Unit 2 ... ... ittt teetatetareaaennannaaaa.. 1,048 sq. ft
Trashrack at pump unit

(Unit 2) ... ... i it i et eaaa Gross area 1,641 sq. ft;
........ @it te e teeateeaieaiiaeiaieireaieaaaea.... net area 1,321 sq. ft
Gates 0 i e i e e 1 set of 3 slide gates, 15 ft
................ eiireteienarna. 4 in. wide by 13 ft high

Gate Hoist = ... ...ttt 25-ton auxiliary hoist on
...... et et eereisiteaccencsenssa--.... pOWerhouse gantry

Erecting crane . ..........¢cccuucennnn 275-ton gantry with two 137-1/2-ton

............................ . main hooks and two 25-ton auxiliary hoists
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FIGURE 12 - Powerhouse and Generating Units, October 1999
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POWER FACILITIES (Continued)

HYDRAULIC TURBINE (Unit 1)

Number ...... St e e e et ae e et ee et ettt et .1
Manufacturer ................ Newport News Ship building and Dry Dock Co

0¥ = = T Vertical Francis
Rated capacity ... ... ittt ensnannas 80,000 hp at 190-ft net head
Rated speed ... ...ttt ittt ettt it et tie e et isnaanannnnanas + 120 rpm
Maximum runaway SPeed ... ... ... vrceeceereeeneeoescaesnnasnananns 235 rpm
Specific speed at rating ...... ...ttt ittt ittt ettt 48
Value of sigma at rating .. ..... ..ttt ittt eeaneeaaaanoanas 0.141
Diameter of runner, intake ........¢c it iritieierneneennonanisonnns 161 in.:
Diameter of runner, discharge ........ ... ... ..t eeeeunn 165,187 in.
Centerline to bottom of runner .......... ... it innnean 55 375 in.
Centerline to top of runner ................... e e et e e 21 in.
Diameter of guide vane Circle ..........ouvevennnenenn. R 189 in.

Diameter of lower pit ...... ... ... .ttt iteiaeaasnaannas 19.6 ft
Spacing of turbines, center to center of units ................. 62.08 ft
GOVEINOLS . .o vttt i tin st e et nnnoasinennens Woodward, cabinet actuator type
Weight of rotating parts ........... Z Approx. 142,000 lb

NUI D@ .« ... ittt it et et o eeeaesaeiaeeeensseeeensneotesensasenssonssneseeas .1
ManuUfactUrer ... ... i it ittt ittt enaene s neanaees Voith Hydro, Inc.
As Turbine As Pump
Type Vertical Francis Centrifugal
Rated horsepower 130,000 121,530
Rated head 235 ft net 200 ft net
Rated discharge : 5,354 cfs 4,835 cfs
Rated speed 105.9 rpm 105.9 rpm
Maximum runaway speed . 160 rpm N/A
Direction of rotation Clockwise Counter clockwise
Specific speed at rating 41.5 138.5
Value of sigma at rating .18 ' 0.22

T™W safety factor at rating (ft.) 32 16

23
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POWER FACILITIES (Continued)

PUMP-TURBINE (Unit 2 continued)

Diameter of runner, intake ......... ...ttt eieneeteonscansans 266 in,
Diameter of runner, discharge ................... @t e e 182 in.
Centerline to bottom of runner ......... ... .. it ernnas 72.25 in.
Centerline to top of runner ................ £ e e et e e et 22 in.
Diameter of guide Vane CirCle .......cueierueeeeneeneaennsanennnn 312 in.
Diameter of Jower pit .. ... ... ittt iiiniteennoeeenoanessensannssns 30.0 ft
Spacing of turbines, center to center of units ...... . 0000, 62.08 ft
GOVELNOLS . v ittt et teeeeeneeeassanseaanans Woodward, cabinet actuator type
Weight of rotating parts ................ivveveve..... Approx. 335,000 1b
GENERATORS

Unit 1 Generator:

Manufacturer ............ ... ... Westinghouse Electric Corp.
Ty P -t i e ittt ot eesnsenseaaasansns Enclosed, water-cooled, vertical-shaft;
......................... vertical cylindrical concrete wall of housing,
.......................... and removable weather cover, furnished by TVA
Rating . ......ciii it 64,000 kvAa, 57,600 kW, 2864 A, 60 degrees
.................................... C rise,0.9 pf, 13.8 kv, 3 ph, 60 Hz
Capac1ty ......................................... 73,600 kVA, 66,240 kW,
.................................... seseess... 3086 A, 80 degrees C rise
Efficiency (tested):

At rated kVA, 1.0 pf ... .. ittt aannanaas 98.34 percent

At 75% kVA, 0.9 pf L. . i i c e 97.79 percent
Flywheel effect:

Calaulated . ..oovvenneeneneeneennnennnnnns AP 60,300,000 1lb-ft2
YL Y AP 62,900,000 lb-ft2
Thrust bearing ......... .. i, Kingsbury type, dia. 76 in.,

Gttt e et e st et acteaa ettt et max load 540 tons
Neutral reactor ... .. ... ..ttt itimnneenasaaneennas .« 0.97 ohm, 6000 A, 1 min

Exciters:

Main ........... pee e ettt et e e et 275 kW, 250 Vv

Pilot .......... e e et e ettt ettt 10 kw, 250 V
Weight of heaviest crane lift, rotor ......... . i 243 tons
Diameter over air housing, less trim ......... ... .. 454 in.
Top of pilot exciter:

Above stator soleplates .........c.tiiiiitiittiietanaaans 153.75 in.

Above turbine f£loor .. .. .. i ittt iteternneeneoeanceeanns 273.75 in.
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POWER FACILITIES (Continued)

GENERATORS (Continued)'

Unit 2 Generator-Motor:

Manufacturer ........... ..., Allis-Chalmers Manufacturing Co.
TYPE ¢ ittt teeeennncaenns Enclosed, water-cooled, vertical-shaft; vertical
.............................. cylindrical concrete wall of housing, and
.............................. removable weather cover, furhished by TVA

Rating as generator .......... 100,000 kvA, 95,000 kW, 4184 A, 80 degrees
.............................. C rise, 0.95 pf lag, 13.8 kV, 3 ph, 60 Hz
Rating as motor .... 121,530 hp, 80 degrees C rise, 0.95 pf lag, 13.5 kV,

Efficiency (guaranteed):
As generator: :
At 100,000 kVA, 1.0 pPf ...t ii it et anaanaann 97.7 percent

As motor:
At 121,530 hp, 1.0 pPf ... ittt it ittt iinnanens 97.6 percent
Flywheel effect ... .uuuiuinnenneenrineieseneennann. ....82,818,700 1b-ft2
Thrust bearing --«--¢-----cccccoaoa... Kingsbury, dia. 87 in., max.
........................................... weeesareesesa.. load 683 tons
Neutral transformer ......................... 75 kVA, 14.4 kV-240 VvV, 1 ph
Exciters:
Main .. ittt ittt ittt it ettt et eeeaaai.. 350 kW, 250 V
= 50 < 20 kw, 250 Vv

GENERATOR AND TURBINE MODERNIZATION

Unit 1 is scheduled to start on September 10, 2001, and complete on January
26, 2002. The work on unit 2 was completed on December 4, 1998. The
principal unit 2 components that were replaced were the runner,
instrumentation, generator stator winding, main and pilot exciter, unit 2
start breaker, units 1 and 2 generator breakers, turbine distributor
bushings (greaseless), protective relays, current and potential
transformers, critical piping and components in the raw water cooling
system, proportioning valve and generator coolers. Principal components
rehabilitated were the wear ring, bottom ring, brake system, servo motors,
wicket gate system, field winding, generator and turbine bearings, and the
generator and turbine shafts.
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POWER FACILITIES (Continued)

ELECTRIC CONTROLS

From control room in powerhouse:

Hiwassee generator No. 1 and generator-motor No. 2, transformers,
switchyard, sources of auxiliary power, station auxiliaries, and
starting of turbine No. 1 and pump-turbine No. 2 by direct control.

Chatuge hydro plant and switchyard by frequency-shift powerline
carrier.

Nottely hydro plant and switchyard by frequency-shift powerline
carrier. :

Apalachia hydro plant and switchyard by frequency-shift powerline
carrier

TRANSMISSION PLANT

(See Figure 13 for Single Line Diagram of Main Connections and Figure 14
for photo of Switchyard)

Step-up transformers:
1 bank of 3 single-phase, 2-winding transformers, bank 1; bank
rated 13.2-161 kV, 56,250 kVA self-cooled, 75,000 kVA forced-air-
cooled; Moloney

1 bank of 3 single-phase, 2-winding transformers, bank 2;
bank rated 6.6/13.2-161 kV, 114,000 kVA forcedoil-air-cooled;
13.2-kV winding tapped at 6.6 kV for starting pump-turbine unit 2;
General Electric

Intersystem transformers:
1 3-phase, 2-winding transformer, bank 3; rated 13.2-7.2/12.47 kV,
1500 kVA self-cooled; Westinghouse

161-kV circuit breakers:
3 1200-A, 2,500,000-kvA, 8/60-Hz, sol, Westinghouse
4 1200-A, 3,500,000-kVA, 5/20-Hz, pneu, Westinghouse

14.4-kV circuit breakers:

2 e e e 600-A, 50,000-kVA sol, General Electric
Structures:

B ittt i e e e e e 161-kV switchyard bays, 36 ft wide

2 it et e et c ettt delta bus and transformer structures

A 26-kV future transformer bay, 22 ft wide

2 i e e e e e ettt 26-kV transformer bays, 18 ft wide

L 12-kV switchyard bays, 11 ft wide
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Figure 13

SINGLE LINE DIAGRAM OF MAIN CONNECTIONS

N
N ~ N X Q
T T K
¢ > X g W
< < X X <
(V) J Q Q : [N
L < % & < ¢
< Q 3 ) Q d
< s < ¥ s ; b T
1y 2 | 4 b ot |
£ . sus2 &t 9t wl wul .
; "§'T 1 - BUS 2 BUS 2
16/ | | - |
Ld
i
i | :' i ' ——BUS ! BUS | —i——-f-
d = ey 8US / —— WL ("T ~
: > , ‘ R R 1 TRI-STATE EMC
;mwﬁv/ﬂﬁ A 3,\«;,1* *”“me EGUIPMENT
"ﬁ :& il 3 § i's
oy '°'V 1 04 ‘ ' ' ’_ T —
GENU) | 2) GEN/MOT
A MUSS m,ws:?
TO 480V A-C
- AUX_ POWER

SYSTEN



March 2001 Hiwassee 28
GURE 14 - Switchyard, October 1999
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TRANSMISSION PLANT DATA
Plant Location { Phase] Serlal MVA Rating Vottage kV ] Cooling] Tap ol Oil Configuration impedance % Contract Manuf | Year of

Number | 85 degraes | 65 degrees Changer{ Preservation { Volume HX | H-Y | X-Y]| Number Manuf
) : System Qal. .

Hiwasseo Hydro [Bank 1 A g40278]  18.75/25[NA 11611132 JOAFA JDETC |Gas-Blanketed | = 7530{WyaDelta 10.65] N/A| NAITV43329  |Moloney | 1939

Hiwassee Hydro [Bank1 B sa0279]  18.75/25]N/A 1181132  |OAFA JDETC  |Gas-Blanketed 7530]Wyo/Della 10.82] WAl NAJTV-43328  IMolonoy | 139

{Hiwassee Hydro [Banik 1 {C 640280]  18.7525|NWA 181/13.2 . JOAFA |DETC {Qas-Blanketed | - 7530{Wye/Delta 10.80] ~A| walTv43329  fMoloney | 1938

{Hiwasses Hydro k2 A ] Bosgeve 38]N/A {161/13.26.6 [FOA  |DETC  |Gas-Blanketed 3890 14.41] 23.20] 8.78fC- lae 1854

JHiwasses Hydro {Bank2 8 | BBses7z ag|na 116113.26.6 [FOA  |DETC  |Gas-Bianketed 3890|Wye/Deita 14.35] 23.08] 8.7a]c-53-22856 |GE 1954

JRiwasses Hydro [Bank2  ]C 8959978 ~ asiN/A 161/18.2-6.6 {FOA  |DETC  |Gas-Bianketed |  3830)WyeDelta 1442] -22.90] 8.88]Cc-53-22856 |GE 1954}

Note: H=High voltage winding

Y=Centared tapped X winding (start winding)
X=Low voitage winding
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Best Efficiency Maximum Sustainable
Gross Plant Turbine Plant  Turbine
Elevation Area Volume Head Output Discharge kWI/CFS Output Discharge KW/CFS

(feet) (acre*1000) (ac-ft*1000) (feet) (mW) (cfs) (mw) (cfs)

1630 6.75 457.3 2537 136.0 7,180 18.94 - 145.0 8,020 18.09
1529 6.69 450.5 2527 136.0 7,210 18.86 145.0 8,030 18.06
1528 6.63 443.9 251.7 136.0 7,240 18.78 145.0 8,040 18.03
1527 6.58 437.3 250.7 136.0 7,270 18.70 145.0 8,050 18.00
1526 " 654 430.7 2497 1359 7,300 18.62 1449 8,070 17.97
1525 6.48 4242 248.7 1359 7,330 18.54 1449 8,080 17.94
1524 6.40 417.8 247.7 135.9 7,360 18.46 144.9 8,090 17.91
1623 6.31 411.4 246.7 1359 7,400 18.39 1449 8,100 17.88
1622 6.20 405.1 2457 135.9 7,430 18.31 1449 8,120 17.85
1521 6.08 399.0 2447 1359 7,450 18.24 144.9 8,130 17.83
1520 5.94 393.0 2437 135.9 7470 18.19 1449 8,140 17.80
1519 579 3871 2427 135.9 7,490 18.14 144 9 8,150 17.78
1518 5.66 381.4 2417 136.0 7,510 18.10 145.0 8,170 17.75
1517 554 3758 240.7 136.0 7,530 18.05 145.0 8,180 17.73
1616 544 3703 239.7 136.0 7,550 18.01 145.0 8,190 17.70
1515 535 364.9 238.7 136.0 7,570 17.96 145.0 8,200 17.68
1514 527 359.6 237.7 136.0 7,600 17.92 145.0 8,220 17.65
1513 5.20 354.4 236.7 136.1 7,620 17.87 145.1 8,230 17.63
1512 515 349.2 235.7 136.1 7,640 17.82 1451 8,240 17.60
1511 5.10 344.1 2347 136.1 7,650 17.78 145.1 8,250 17.58
1510 5.08 339.0 2337 136.1 7,660 17.76 1451 8,270 17.55
1609 5.0 333.9 232.7 136.1 7,670 17.73 1451 8,280 17.53
1508 5.02 328.9 217 136.0 7,680 17.71 145.1 8,290 17.50
1507 4.99 3239 230.7 136.0 7,680 17.68 145.1 8,300 17.48
1506 -4.96 318.9 229.7 136.0 7,700 . 17.66 145.2 8,320 17.45.
1505 492 314.0 228.7 136.0 7,710 17.63 145.2 8,330 17.43
1504 .4.87 309.1 227.7 136.0 7,720 17.61 145.2 8,340 17.40
1503 4.82 304.2 226.7 1359 7,730 17.58 145.2 8,350 17.38
1502 4.77 299.4 225.7 1359 7,740 17.56 1452 8,370 17.35
1501 472 294.7 2247 135.7 7,750 17.53 1451 8,380 17.32
1500 466 290.0 223.7 135.2 7,730 17.49 144.9 8,390 17.27
1499 4.59 285.4 2227 134.6 7,720 17.45 144.7 8,400 17.22
1498 453 280.8 221.7 134.0 7,700 17.40 144.5 8,420 17.17
1497 4.46 276.3 220.7 133.5 7,690 17.36 144.3 8,430 17.12
1496 4.39 271.9 219.7 1329 7,670 17.32 1441 8,440 17.07
1495 4.31 267.6 2187 132.3 7,660 17.28 143.9 8,450 17.02
1494 4.23 263.3 217.7 131.7 7,640 17.24 143.7 8,470 16.97
1493 415 259.1 216.7 131.2 7,630 17.20 143.5 8,480 16.92
1492 4.07 255.0 2157 130.6 7,610 17.15 143.2 8,490 16.87
1491 3.99 250.9 2147 129.9 7,590 17.10 142.8 8,490 16.81
1490 3.90 247.0 2137 128.9 7,570 17.01 141.7 8,470 16.73
1489 . 382 2431 2127 127.8 7,550 16.92 140.5 8,440 16.64
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Best Efficiency Maximum Sustainable
Gross Plant Turbine Plant  Turbine
Elevation Area Volume Head Output Discharge kW/CFS Output Discharge KW/CFS

(feet) (acre*1000) (ac-ft*1000) (feet) (mW) (cfs) (mW) (cfs)

1488 3.74 239.4 211.7 126.8 7,530 16.84 139.4 8,420 16.56
1487 367 2357 210.7 125.8 7,500 16.75 138.3 8,390 16.48
1486 3.61 2320 209.7 124.7 7.480 16.66 137.2 8,370 16.39
1485 3.56 228.4 208.7 123.7 7,460 16.57 136.1 8,340 16.31
1484 352 2249 207.7 1227 7,440 16.49 135.0 8,320 16.23
1483 3.49 221.4 206.7 1217 7.420 16.40 133.9 8,290 16.14
1482 3.47 217.9 2057 120.6 7,390 16.31 132.8 8,270 16.06
1481 3.45 214.4 204.7 119.6 7.370 16.22 131.6 8,240 16.97
1480 344 211.0 203.7 118.6 7,360 16.12 130.4 8,220 15.87
1479 3.44 207.6 202.7 117.7 7,340 16.02 129.2 8,190 16.77
1478 3.42 204 .1 201.7 116.7 7,330 16.92 128.0 8,170 16.67
1477 3.40 200.7 200.7 115.7 7,310 156.82 126.8 8,140 16.57
1476 3.37 197.3 199.7 114.7 7,290 16.72 125.6 8,120 15.47
1475 3.33 194.0 198.7 113.7 7,280 15.62 124 4 8,090 15.37
1474 3.29 190.7 197.7 112.8 7,260 15.52 123.3 8,070 15.27
1473 3.23 187.4 196.7 111.8 7,250 156.42 1221 8,040 1517
1472 3.17 184.2 1957 110.8 7,230 156.32 120.9 8,020 156.07
1471 3.10 181.1 1047 109.8 7,220 16.22 119.6 7,990 14.96
1470 3.03 178.0 193.7 108.8 7,200 15.10 118.3 7,970 14.84
1469 2.95 175.0 192.7 107.8 7,190 14.99 117.0 7,940 14.72
1468 2.87 1721 191.7 106.8 7,180 14.88 115.7 7,920 14.60
1467 2.80 169.3 190.7 105.8 7,160 14.77 114.4 7,890 14.48
1466 274 166.5 189.7 104.8 7,150 14.66 113.1 7,870 14.36
1465 268 163.8 188.7 103.8 7,140 14.54 111.8 7,840 14.24
1464 263 161.1 187.7 102.8 7,130 14.43 1105 7,820 14.12
1463 258 158.5 186.7 101.8 7.110 14.32 109.1 7,790 14.00
1462 2.53 156.0 185.7 100.8 7,100 14.21 107.8 7,770 13.88
1461 2.49 1535 184.7 99.8 7,080 14.09 106.6 7,740 13.76
1460 2.45 151.0 183.7 98.8 7,070 " 13.99 105.4 7,720 13.65
1459 242 148.6 182.7 97.8 7,050 13.88 104.2 7,690 13.53
1458 2.39 146.2 181.7 96.8 7,030 13.77 103.0 7,670 13.42
1457 2.36 - 143.8 180.7 958 7,010 13.66 101.8 7,640 13.31
1456 233 141.4 179.7 948 6,990 13.55 100.6 7,620 13.20
1455 2.30 139.1 178.7 93.8 6,970 13.44 99.4 7,590 13.08
1454 227 136.9 177.7 92.7 6,950 13.34 98.2 7,570 12.97
1453 224 134.6 176.7 91.7 6,940 13.23 97.0 7,540 12.86
1452 221 1324 175.7 90.7 6,920 13.12 959 7,520 12.75
1451 219 130.2 174.7 89.7 6,900 13.01 947 7.490 12.64
1450 216 128.0 173.7 88.8 6,880 12.90 93.7 7,470 12.52
1449 2.14 125.8 172.7 87.9 6,860 12.79 92.6 7.440 12.41
1448 211 123.7 171.7 87.0 6,840 12.69 91.6 7,420 12.30
1447 2.08 121.6 170.7 86.1 6,820 12.58 90.5 7,390 1219
1446 2.05 119.6 169.7 851 6,800 12.47 89.5 7,370 12.07
1445 | 201, - 1175 168.7 842 6,780 12.36 88.4 7,340 11.96
1444 197 115.5 167.7 833 6,760 12.25 87.4 7,320 11 .85
1443 1.93 113.6 166.7 82.4 6,740 12.14 86.3 7,290 11.74
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Best Efficiency . Maximum Sustainable
Gross Plant Turbine Plant  Turbine
Elevation Area Volume Head Output Discharge kW/CFS Output Discharge kW/CFS

(feet)  (acre*1000) (ac-ft*1000) (feet) (mW) (cfs) (mW) (cfs)

1442 1.89 111.7 165.7 81.4 6,720 12.04 85.3 7,270 11.62
1441 1.84 109.8 164.7 80.5 6,700 11.93 842 7,240 11.51
1440 1.80 108.0 163.7 79.6 6,680 11.82 83.2 7,220 11.40
1439 1.75 106.2 162.7 78.7 6,660 11.71 82.1 7,190 11.29
1438 1.71 104.5 161.7 77.8 6,640 11.60 ~ 811 7170 11.17
1437 1.67 102.8 160.7 76.8 6,620 11.50 80.0 7,140 11.06
1436 - 1.68 101.2 159.7 75.9 6,600 . 11.39 79.0 7,120 10.95
1435 1.60 99.6 158.7 750 6,580 11.28 78.0 7,090 10.84
1434 1.57 980 . 1577 74.1 6,560 11.17 76.9 7,070 10.72
1433 1.54 96.4 156.7 731 6,540 11.06 75.9 7,040 10.61
1432 1.52 949 | 1557 = 722 6,520 10.95 74.8 7,020 10.50
1431 1.50 93.4 154.7 713 6,500 10.85 738 6,990 10.39
1430 1.48 91.9 153.7 70.4 6,480 10.74 727 6,970 10.27

NOTE: Does not include energy in storage data.

Page 32



March 2001 Hiwassee 33
OINERATOR OUTPUT-MEGAWATYS
7 g R 2 L) 30 L . - L 0 »
% "
250
i 8
0 & 0
:
En 2 T g
gw . § 7 .
g - 1
) t-1
a
gﬁs EFFICIENCY g 3 o :
& &3 z
E ] § & g
&
F i
é £ s g
o
0 s w0 %
4 a0 o0 s iy 2 et
h‘b‘h. 60 pcles - 13,000 e
40 4000 4000 P _Jun":hdrwm:d L -
[T 00 35 Curves A 006 avec ave based a incer sty
g’nc Bom mokef fest Mo 280
et s G ot o Boret pum wts
o 3000 x00 o et prochosky s
- - of oy Dom.
9 o A et ke Qpen o 840 gete a0f
o weke- record of Y oufpol
g 2m a0l ISR ETLCEA
§ § Tads carve w0l b0 ressod a8 el cst it e)tnised
& 0 o0 3
1500 1300
POWERROUSE
1000 1000 UNIT |
2
OPERATING CHARACTERISTICS
S0 00 64,000 KVA UNIT
0 — e °
) o ] ) ) ) ® ® ) %0

GEMERATOR OUTPYT - MEGAWATTS

THIS DRAIING SUFERSEDL S OWC 24y SR 2T H

This is not representative of the unit aftex
after field testing is completed.

NOTE:

HMODS .

Applicable curves will be prepared



March 2001
1 mo 10 20 30 40 0 60 10 80 0 100
GENERATOR QUTRUT ~MW
90 | X
,30¢ ;’ o
00

OVERALL - EFFICTERCY - PERCENT

10

80

%
3
%

¢ N\ R

PooH

S
3

GENERATOR QUTPUT - MW

0 20 330 40

This is not representative of the unit after HMODS.

after field testing is completed.

L) [ 0 60 90 100

Applicable curves will be prepared

3
8

TURBINE DISCHARGE-CFS

Hiwassee: 34

NOTES:

Tra umanMMlM.&lll#m
Aths-Chelmers €3 end /s madified in accordence

il ect
mninc- mm
G
fu foctured &y £ ~Cholngre Co Mite,
CENERATOR: 13000 #vo-3 plvwse-60. &Sal
'H G"':rvrw«wb e Allig-Ehodrwes Og

POWLRHOUSE
UNIT 2

OPERATING CHARACTERISTICS
OF PUMP~TURBINE UNIT
GENERATING

m'_!ms EE PROJECT |

TENNESSEE. VA‘-lEV AUTMNY’I
.  Drrrgron
ey,

N w"l" wreovts ]
AL et

xnoreLLe «o-u[s inla] a4y nza«




March 2001

0

OVERALL EFRICIENCY- %

50

00

70

300

DISCHARGE = LFS

OVERALL EPPICIENCY

Cavitetion Limits

NOTE:

1420 1800 800 2000 2200 00 2600 2000 3000 3200 3400 3600 3800 4000 4200 4400 4GO0 4800 5000  S200

This is not representative of the unit after HMODS.

‘after field testing is completed.

Applicable ‘curves will be prepared

Hiwassee 35

Avq-M:Mmmm-t Md
vORNS R 1hrortiing aperstin ere. ehown uwnhnl
wp‘dam mmyia

I pmmuha
zfmn mmgr\mm’m “Iln
m

Mhz? m
m'll rolf kanq;t"bhm
wity bmg“awtmmnotrm Myettling

HMCI'; IDGMMM W/m
mvm"«wmbr e Allis-Chihmers 47y

NOTOR: 107,000 hy 3 phese, 60 Z, oy
l(’v.’!‘pn wﬁw oy lln‘zﬁ‘é&-ﬂm‘"ﬂ&
Cx Miiwgukoe, Wisconsin,

PONTRHOU K
UNIT -2

OPERATING CHARACTERISTICS
OF PUMP~TURBINE UNIT
PUMPING

S
e e
[, ] T
FRIREN PV A L)

RNOXVR.LE ‘-n-esl [ | M l s |47K2885



March 2001

TVA-River System Operations

Hiwassee Spill Compilation Hiwasse 36

I\/olumes are average daily in day-second-feet, except as shown.
Maximum spill, date of maximum, and number of days of spili in each spitl period, in this order. “Total Days” is for
calendar years and does not always equal the sum of the days in periods because of extension of periods into adjacent years,

MAXIMUM AVERAGE Water niay be spilled through the spillway and/or the sluiceways. All unmarked spill was through the stuiceways.
DAILY DISCHARGE NUMBER OFJ TOTAL Maximum hourly average discharge to date was 38,848 cfs at 11 a.m. on 5/28/73. Unit 2-pump turbine available for system use beginning November 1980.
YEAR] (TURBINE + SPILL) | DATE ]| PERIODS ] DAYS * Spillway #Spillway and sluiceway
1840 3407 10/3 0 0
1941 3467 10/23 0 0
1942 3783 | o 0
1943 9653 110 4 27 |5271~-1/7--12; 4840—--1/21---3; 4753---1/29---5, 5850---2/7---7
1944 7316 4/27 2 11 |*4780—4/2---9; 4063-—4/27—2
1945 7856 12/21 16 |5424---12/23—-14; 5056--12/27--2 ,
19464: - TJ,0801 2112 A 8 38 |S09---1/7—--1; 4968---1/10-—-14; 4822---2/1---4; 4025---2/4---1; 1607—--2/6---1; 7826---2/12-—-12; 2450---2/27--2;
i jo867-—-3/10—-3
1947 8043 1/24 1 7 |4970-—1/24—7
1948 9036 12/28 2 6 [|960---12/10---1; 4872--12/28—-5
1949 9382 113 7 46 16397--1/11--6; 4877—-2/11—3; 4066--2/18--2; 2556---7/19---2; #1290-—-11/19---27; 4933---12/24---3; 4817---12/28---3
1950 4309 216 3 13 ]2138---2/5--6; 1477---2/19---6; 644-—3/19---1
1951 4165 12122 0 0
1952 4133 1131 0 0
1953 3317 2126 0 0
1954 9352 1126 1 3 r5038---1 126—--3
1955 3418 10/2 0 0
1956 4165 2123 0] 0
19587 9080 2/4 0 0
1958 3689 11/26 0 0
1959 4575 116 0 0]
1960 4015 2/22 0 0
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Folumes are average daily in day-second-feet, except as shown.
Maximum spill, date of maximum, and number of days of spill in each spill period, in this order. "Total Days" is for
calendar years and does not always equal the sum of the days in periods because of extension of periods into adjacent years.
MAXIMUM AVERAGE Water may be spilled through the spiltway and/or the sluiceways. All unmarked spill was through the sluiceways.
DAILY DISCHARGE NUMBER OF] TOTAL JMaximum haurly average discharge to date was 38,848 cfs at 11 a.m, on 5/28/73. Unit 2-pump turbine available for system use beginning November 1980.
YEAR] (TURBINE + SPILL) § DATE | PERIODS | DAYS *Spillway #Spillway and sluiceway
1961 8642 3/9 0 0
1962 8562 2/28 0 0
1963 3594 12/9 0] 0
1964 | 6418 12130 0 0
1965 3953 21 0 0]
1 96: ©iRR3729 12/31 0 0
1 9677 8216 12/25 0 0
110
1968 8025 thru 0 0
111
1969 8448 2/6 0 0
1970 5038 11/24 0 . c
1971 5302 2/10 0 0
1972 8388 112 0 0
1973 26333 5128 1 3 }1*19007---5/28---3
1974 8727 117 0 0
1975 8122 217 0 0
1976 6068 7/9 0 0
1977 4549 12/29 0 0
1978 7485 1128 0 0
1879 8231 310 0 0
1680 5798 37 c 0
1981 3690 2/2 0 0

ST
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ofumes are average daily in day-second-feet, except as shown.
Maximum spill, date of maximum, and number of days of spill in each spill peried, in this order. “Total Days" is for
calendar years and does not afways equal the sum of the days in periods because of extension of periods into adjacent years.

MAXIMUM AVERAGE [Water may be spilled through the spillway and/or the sluiceways. All unmarked spill was through the sluiceways.
DAILY DISCHARGE NUMBER OF] TOTAL [Maximum hourly average discharge to date was 38,848 cfs at 11 a.m. on 5/28/73. Unit 2-pump turbine available for system use beginning November 1980.
YEAR] (TURBINE + SPILL) | DATE] PERIODS | DAYS *Spiway #Spiltway and sluiceway
1982 8427 m| o 0
1983 7824 12/24 0 0] )
1984 10114 5/9 1 3 1*614---5/8-3
1985 3022 9/16 2 2 153--12/23---1; 70---12/30—1
1986 3804 11/24 1 1 1103---2/4---1
) 1987. 3596 2/11 ¢] 0
1088 3017 12/12 0 0
1989 10726 6/22 1 2 |"2519---6/22--2
V 1890 8374 . n 0 0
1991 6665 1mn 0 0
1992 7692 1226 0 0
1993 7598 17 0 o]
1994 7800 410 1 1 }2568-—3/30-—1
1995 8220 2/21 0 0
1996 9181 1/29 1 4 |5143---1/29--4
1997 6487 3/10 0 0]
1998 7222 1/31 1 3 [|*1646--5/11--3
1999 3577 8/5 0 0
2000 3667 11/20 1 1 |33-2/7--1

T e
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Hiwassee

ANNUAL MAXIMUM AND MINIMUM ELEVATIONS

'RDER ELEVATION

CagamdwNR

MAXTIMUM

YEAR
1528.02 1973
1526.48 1989
1526.48 1944
1526.17 1946
1526.11 1991
1526.00 1943
1525.94 1961
1525.81 1976
1525.67 1949
1525.58 1984
1525.09 1980
1525.03 1996
1524.85 1850
1524.59 1983
1524.59 1942
1524.44 1940
1524.30 1998
1524 .21 1967
1524.13 1947
1523.92 1997
1523.83 1979
1523.83 1971
1523.79 1960
1523.79 1964
1523.78 1999
1523.64 1965
1523.58 1948
1523.54 1951
1523.29 1955
1523.15 1945
1523.12 1994
1522.98 1992
1522.75 1958
1522.49 1954
1522.46 1962
1522.44 1972
1521.99 1977
1521.95 1952
1521.95 1953
1521.90 1993
1521.48 1959
1521.38 1956
1521.03 1957
1520.79 1990
1520.47 1974
1520.38 1963
1520.11 1966
1519.64 1995
1518.66 1968
1518.53 1975
1517.08 1969
1516.46 1970
1515.09 1987
1513.05 1982
1511.80 1978
1511.37 1941
1508.59 1981

MONTH

MAY
JUNE
APR.
MAY
MAY
APR.
JUNE
JULY
JULY
MAY
MAY
MAY
JULY
MAY
AUG.
JULY
JUNE
AUG.
JULY
JUNE
JUNE
AUG.
AUG.
AUG.
JULY

AUG.
JULY

AUG.
AUG.

AUG.
AUG.
AUG.

RIVER SCHEDULING

TVA OPERATED RESERVOIR SYSTEM
FROM DATE OF RESERVOIR CLOSURE THROUGH 1999

HIWASSEE
MINIMUM

DAY ORDER ILEVATION YEAR
28 1 1318.40 * 1940
21 2 1413.41 1948
24 3 1415.86 1956
21 4 1420.07 1959
18 5 1420.48 1941
29 6 1424.13 1947
22 7 1425.18 1958
7 8 1428.40 1957
23 9 1429.90 1946
9 10 1430.65 1954
31 i1 1433.37 1966
30 12 1434.69 1963
29 13 1434.87 1964
23 14 1435.78 1944
25 15 1436.17 1945
22 16 1436.30 1962
11 17 1437.95 1960
27 18 1438.62 1952
7 19 1439.28 1969
21 20 1439.64 1953
6 21 1440.33 1965
2 22 1442.17 1955
13 23 1442.37 1961
18 24 1442.51 .1951
13 25 1442.93 1967
8 26 1443.44 1970
9 27 1448.90 1968
9 28 1448.95 1943
15 29 1449.41 1950
16 30 1453.70 1971
25 31 1454.71 1949
4 32 1458.12 1974
26 33 1458.65 1978
7 34 1459.11 1993
12 35 1459.48 1985
27 36 1459.58 1999
14 37 1459.88 1994
16 38 1460.31 1998
8 39 1460.38 1975
1 40 ° 1461.50 1997
22 41 1461.85 1942
15 42 1461.88 1977
26 43 1462.60 % 1995
10 44 1464.75 % 1976
4 45 1464.77 1980
31 46 1465.60 1979
2 47 1465.90 1981
28 48 1465.92 1983
4 49 1466.13 1984
16 50 1466.40 1972
8 51 1466.43 1992
17 52 1466.93 1973
6 53 1468.40 1996
13 54 1468.87 1990
26 55 1469.54 1988
12 56 1471.62 1989
26 57 1471.88 1986

MONTH DAY
FEB. 8
JAN. 28
JAN. 14
JAN. 16
MAR. 3
DEC. 31
DEC. 27
JAN. 18
DEC. 21
DEC. 6
JAN. 29
DEC. 31
JAN. 6
DEC. 5
FEB. 9
DEC. 24
JAN. 5
DEC. 30
JAN. 18
JAN. 7
DEC. 30
DEC. 31
JAN. 1
JAN. 5
FEB. 16
DEC. 17
DEC. 27
DEC. 24
DEC. 31
JAN. 2
DEC. 31
DEC. 24
DEC. 4
DEC. 3
JAN. 25
JAN. 2
JAN. 6
DEC. 31
DEC. 25
DEC. 18
JAN. 31
FEB. 12
JAN. 11
DEC. 30
JAN. 8
JAN. 1
FEB. 9
FEB. 1
FEB. 14
JAN. 3
JAN. 31
JAN. 4
DEC. 28
DEC. 17
DEC. 30
JAN. 1
FEB. 11

39
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ANNUAL MAXIMUM AND MINIMUM ELEVATIONS

RIVER SCHEDULING

TVA OPERATED RESERVOIR SYSTEM
FROM DATE OF RESERVOIR CLOSURE THROUGH 1999

HIWASSEE
MAXTMUM MINIMUM
JRDER ELEVATION YEAR MONTH DAY ORDER ILEVATION YEAR MONTH DAY
58 11497.38 1985 AUG. 31 58 1473.67 1987 FEB. 24
59 1497.23 1988 JUNE 2 59 1473.86 1991 JAN. 21
60 1489.62 1986 JUNE 18 60 1476.05 1982 DEC. 31

* CLOSURE
% MIDNIGHT ELEVATION
TOP~OF-GATES ELEVATION 1526.5
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AVERAGE WEEKLY CFS

MAXIMUM, MINIMIUM, MEDIAN, AND MEAN
' Adjusted Flow by Weeks
Hiwagsee
Years=1903-2000

WEEK WEEK AVERAGE WEEKLY CFS
ENDING NO. MAXIMUM YR MINIMUM YR MEDIAN MEAN
JAN 7 1 7,970 1937 480 1940 2,240 2,640
JAN 14 2 7,560 1946 533 1981 2,180 2,540
JAN 21 3 13,300 1947 580 1914 2,340 2,810
JAN 28 4 9,400 15954 510 1940 2,610 2,940
FEB 4 5 14,500 1957 ) 460 1940 2,560 3,030
FEB 11 6 10,800 1921 720 1934 2,600 3,140
FEB 18 7 14,200 1990 720 1934 2,780 3,370
FEB 25 8 10,700 1961 740 1941 2,680 3,160
MAR 4 9 12,200 1917 800 1941 2,770 3,240
MAR 11 10 11,200 1917 1,000 1988 2,910 3,370
MAR 18 11 12,600 1990 1,070 1981 2,710 3,500
MAR 25 12 11,800 1917 918 1988 2,840 3,350
APR 1 13 13,800 1994 918 1988 2,840 3,730
APR 8 14 18,000 1920 1,120 1986 2,920 3,530
APR 15 15 9,410 1979 956 1986 2,570 3,010
APR 22 16 6,670 1994 880 1986 2,600 2,730
APR 29 17 5,770 1958 821 1986 2,570 2,580
MAY 6 18 7,050 1984 671 1986 2,230 2,580
MAY 13 19 8,000 1984 671 1986 2,160 2,420
MAY 20 20 8,430 1976 639 1988 1,900 2,110
MAY 27 21 9,350 1909 500 1941 1,830 2,160
JUN 3 22 9,050 1873 391 1988 1,620 1,940
JUN 10 23 8,180 1909 233 1988 1,550 1,860
JUN 17 24 4,920 1989 163 1988 1,470 1,710
JUN 24 25 7,470 1989 347 1988 1,360 1,540
JUL 1 26 4,330 1994 . 205 1988 1,220 1,510
JUL 8 27 5,250 1989 "387 1986 1,250 1,530
JUL 15 28 10,700 1916 314 1986 1,160 1,580
JUL 22 29 6,700 1906 266 1986 1,220 1,470
JUL 29 30 9,100 1938 374 1986 1,130 1,410
AUG 5 31 5,730 1971 166 1986 1,060 1,310
AUG 12 32 4,100 1938 1278 .1987 1,100 1,260
AUG 19 33 9,830 1920 '213- 2000 1,050 1,290
AUG 26 34 9,980 1967 240 1925 830 1,220
SEP 2 35 4,480 1967 151 1988 780 1,060
 SEP 9 36 6,840 1928 140 ‘1925 817 1,000
SEP 16 37 3,860 1520 ~ 150 1925 766 ‘866
SEP 23 38 3,540 1906 160 1925 765 888
SEP 30 39 6,140 1989 270 1925 787 1,040
OCT 7 40 9,270 1964 231 1981 796 1,140
OCT 14 41 3,560 1906 221 2000 752 892
- OCT 21 42 3,240 1906 232 1954 755 954
OCT 28 43 2,820 1997 275 1954 820 953
NOV 4 44 8,010 1918 257 1954 835 1,100
NOV- 11 45 4,850 1977 360 1931 900 1,110
NOV 18 46 9,680 1929 380 1931 1,000 1,230
Nov 25 47 13,200 1906 469 1981 1,050 1,450
DEC 2 48 7,670 1948 357 1984 1,030 1,500
DEC 9 49 5,740 1983 470 1939 1,540 1,760
DEC 16 50 8,600 19232 430 1939 1,480 1,990
DEC 23 51 8,960 1961 460 1943 1,400 2,130
DEC 31 52 12,400 1932 389 1993 1,930 2,430

AVERAGE FLOW:1903 - 2000 = 2020 CFS RIVER SYSTEM OPERATIONS
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ANNUAL OPERATING CYCLE

Hiwassee 42
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Reservoir Releases Improvements

The aeration system at Hiwassee Reservoir is designed to increase the
dissolved oxygen (DO) concentrations of the turbine releases by about 2.5
mg/L. The system is comprised of two parts, a turbine venting system and
an oxygen injection system.

Turbine Venting System:

Turbine venting utilizes the vacuum breaker ports on the turbine casing to
induce air into the water flowing through the turbine. Baffles over the
existing vacuum breaker ports and vacuum breaker system by-pass piping
were added on unit 1 to increase air induction. Unit 2 was not a
candidate for turbine venting because the turbine setting is too low
relative to tailwater to allow negative pressures to develop for inducing
air. In late summer or early fall when the downstream DO approaches 6.5
mg/L, turbine venting is initiated by opening the valve on the vacuum
breaker line to Unit 1. The valve is typically closed after November 1,
when the DO concentration at the downstream monitor exceeds 7.0 mg/L for
two consecutive weeks with no oxygen injection. The turbine venting
system adds approximately 0.5 mg/L to the Unit 1 discharges, or about 0.25
mg/L at full plant operation.

Oxygen Injection System:

When turbine venting is initiated, the oxygen diffuser system is placed in
service. The oxygen flow rate is maintained 24 hours per day, independent
of unit operations, providing a constant, aerated pool of water upstream
of the turbine intakes to be withdrawn with the onset of generation..
There are three line diffusers that extend approximately 3500 feet
upstream of the plant intake, two of which attached to the supply header
for operation, one each along the left and right banks. The third line,
which is currently inactive, is in the middle of the river channel.

Oxygen is injected into the forebay of the reservoir on a continuous basis
to aerate the volume of water that is to be withdrawn through the
hydroturbines. This oxygen is supplied to the diffuser lines form a bulk
liquid oxygen storage facility located 1000 feet downstream of the dam
along Hiwassee Dam Road. This facility consists of a 11,000 gallon
horizontal liquid oxygen storage tank, 4 evaporators, and various control
equipment. The oxygen diffuser system can supply oxygen to both hydro
units and is placed in operation by manually opening the isolation valves
on the liquid supply line and the pressure build circuit located on the
bulk oxygen storage tank. Flow to either diffuser line can be set by
adjusting the pressure regulators on the supply header located on the
oxygen pad. (Note: These regulators are due to be replaced in FY 2002
with remotely operated flow control valves which can be operated by River
Operations staff in Knoxville.) Oxygen injection is terminated in the
late Fall as the DO exceeds 6.0 mg/L.



March 2001 Hiwassee 45
CONSTRUCTION DATA

PERSONNEL
Dam and Reservoir Dam Construction Unit 2
Construction Only Addition
Peak employed. . . . . . . 1,600 1,200 128
Total man-hours. . . . . . 7,682,640 5,424,683 468,114
Number of injuries . . . . 205 141 6
Days lost. . . . . . . . . 16,509 15,589 2,749
Fatalities . . . . . . . . 2 2 0
Accident frequency . . . . 26.7 26.0 12.82
Accident severity. . . . . 2,149 2,874 5,873
Weight of heaviest crane lift, rotor .......... ... it inen.. 365.8 tons
Diameter inside air housing ........ ... . ittt iennnnnnnan 514 in.
Top of pilot exciter:
Above stator soleplates .......... ...ttt innenannnanns 166 in.
Above generator f£loor . ... ... ... i e e e e e 154 in.
HOUSING FACILITIES
(Initial Project)
Semi-permanent houses built ... ... ... ... ...ttt teenneenasenanannns 42
Low-cost houses built ............ ...t tiieenennnn e 73
Dormitories built: '
Staff (48 capacity) ..... .ttt it i e, e 1
Men (416 total capacity) ............... et et e e e 4
Women (32 capacity) . ...ttt ittt it ettt eeaeeaninaneaaass 1

Public buildings constructed included a cafeteria (240 seats), hospital (17
beds), community and recreation building, school, gas station, and
observation building.
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Dam and power facilities:

Earth excavation
Rock excavation
Unclassified
excavation
Concrete
Structural steel
Reinforcing steel
Highway and railroad:
Excavation

QUANTITIES

Initial Project
64,700 cu. yd
294,500 cu. yd
19,500 cu. yd
792,956 cu. yd

535 tons

1,972 tons
960,000 cu. yd

Hiwassee 46

Unit 2
Addition

125 cu. yd

7,830 cu. yd
23 tons
156 tons
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\TEM 1954 1958

o irlujalmjojalafslofnwlofolrim|[anluw]ola]als]o
1 |_Turtletown yard - consfruction seae = w /
2| Plant buildings & befcher plont - . il -2
3| Unleading incoming meterisls ol ot Kol bumnetl beaentl bl bt ol el Rt A
4| E£rect stif¥leg derrick ot powerhouse 4| = un
5| Placing & Isgging draft fube forms 5
6| Raise cofferdem & dewater 6 :
7| Remove existing concrete ' 7 | = M0 -
8| Remove existing penstock ——
9| Poundation cleanup 9 -
0] Rock excavation /0 | —
/1| Build profecting wall on generating room floor // ..
12| Concrete - powerhouse substructure /2 U | IR | S -
13| Remove powerhouse end wall /3 —
M1 Powerhouse superstructure | # BRI AN IR
I5) Remove stiffleg derrick & re-erect /5 jo— 5
6] Install inteke gate, chains & hoist /6 3
17| Remove temporary bulkhesd 17 _ '{i
Rl . Install new penstock /8 3
9] Extend crane runway /9 | E
20| Turbine - embedded psrfs 20 | T | - £
2I\ Turbine - balance 2/ | |wnn | 8
22| Governor 22 |wmm——— %
231 Generafor 23 }:s
24| Electrical suxiliary 2¢ || vn| | v | s [ | o [ [ [ [ [ [ 4
25| Mechenical euxilisry 25 |umm| vm| onn | oun | oun {ome | om o (o [ oew o [ew | o L/
2| Install trashrock structure 26
271 Swifchysrd 27 |umm | omn | mm R —
28] Remove cofferdem 26| wm| mm * 1-
29| Unwater tsilrsce for final cofferdsm cleanup 2 -
30| Rainting 30 | wm)| oon| o
! Genersl cleanup & plent removal 3 || v -

CONSTRUCTION SCHEDULE-UNIT 2
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INSTRUCTIONS FOR USE OF TABLES

1. Tables Update

These tables supersede the tables dated September 1996. They differ from
those tables only in a few minor details. The September 1996 tables
superseded the tables dated March 1991. Those tables were revised to include
Gate 1 in the spillway gate arrangements. Gate 1 was previously out of service.
The computer code SPILLQ generated the tabulated discharges.

2. Purpose of Tables

These tables provide a means for setting required spillway discharges and for
determining the discharge when a specific arrangement of gates is in use. The
tabulated discharges are based on test results from scale models.

The specific gate arrangements in the tables were determined by considering
erosion data obtained from spillway model studies together with incremental
discharge values required for satisfactory spillway operation.

3. Range of Tables

The tables cover a discharge range from 0 to 126,500 cubic feet per second.
Headwater elevations range from 1503.5 feet to 1532 feet. The tailwater does
not affect the discharge from this spillway.

4. Arrangement of Tables

The discharge tables show spillway discharges in cubic feet per second.
Headwater elevations in 0.1-foot increments are shown at the top of each
column. The headwater range is indicated at the bottom of each page.

The discharge is tabulated under the headwater elevations for specific
arrangements of gate openings, which are indicated by number in the left and
right columns of each page. The numbered arrangements are defined in the
table of Spillway Gate Arrangements on page 5. Reference to this table and to
the drawing showing the location of the gates on page 4 determines the gate
opening to which each gate is to be set for any particular discharge given in the
tables.

5. Discharge Intervals

The tables have been prepared so that the incremental discharge between the
tabulated values for consecutive gate arrangements is generally less than
5 percent of the tabulated discharge. The incremental discharge between
tabulated values of consecutive headwater elevations is generally less than
1 percent. These increments are exceeded at low headwater elevations where
operation is relatively infrequent. In general, it is possible to set any required
discharge within 2-1/2 percent and to know the actual discharge for any given
set of conditions within 1 percent. These tolerances are considered acceptable
and therefore it will not be necessary to interpolate between values given in

these tables.

When the exact headwater elevation does not appear in the tables, the discharge
for the headwater elevation closest to it is used. For example, the column
headed 1512.2 is used for actual headwater elevations between 1512.15 feet
and 1512.24 feet inclusive. When the actual headwater elevation is exactly
halfway between tabular values, the larger value is used.

6. Raising and Lowering Gates

A traveling gantry crane raises and lowers the gates using chains attached to
the ends of each gate. Gate openings are set by dogging each chain using a’
dogging arrangement located just below the deck of the dam.

The gate opening positions are defined by the chain link numbers (number of
links past the zero links) referenced in the Table of Spillway Gate
Arrangements, page 5. The zero links for each gate are identified by wires
wrapped around their centers, and the zero positions are indicated in the Table
of Spillway Gate Arrangements by a dash (-). To set a gate, it is necessary to
count the number of links past the zero link to dog the required link. Gate
opening positions are not interchangeable between gates because a given link
on one gate will not give the same discharge as the same link on another gate
(the actual gate openings are not the same).

An emergency travel hoist powered by a gasoline engine is available for lifting
the gates in the event of a power failure.



7. Special Instruction — Preventing Flow Over Top of Spillway Gates
When Headwater Elevation is Above 1526.5 feet

If the headwater elevation exceeds 1526.5 feet (actually, 1526.3 feet to provide
a 0.2-foot margin of safety) the spillway gates must be set to one of the gate
arrangements listed in the tables to prevent flow over the tops of the gates. The
minimum gate openings are those corresponding to the lowest numbered gate
arrangement for which a discharge value is provided in the tables.

8. Use of Tables

The tables can be used in two ways: (1) to determine the arrangement of gates
needed to pass a required discharge at a given headwater elevation, and (2) to
determine the discharge for a given arrangement of gates and headwater
elevation.

Example | — What gate arrangement is necessary to pass a discharge of 36,000
cubic feet per second with the headwater at elevation 1520.62 feet?

The first step is to find the table in which the headwater elevation appears.
Referring to the contents page, we find that headwater elevations between
1519 feet and 1521 feet are found on pages 17 and 18. The headwater
elevation closest to 1520.62 feet is 1520.6 feet. In the column headed 1520.6
the discharge nearest to the required 36,000 cubic feet per second is 36,230

cubic feet per second located near the top of page 18. By tracing the horizontal
line in which 36,230 cubic feet per second appears, to either side of the page,
we find that gate arrangement 54 is the one for producing the discharge closest
to 36,000 cubic feet per second at headwater elevation 1520.6 feet. Referring
to page S it is found that the gates should be set with the gate chains dogged as
follows: gates 2 and 4 at chain link number 26; gates 1, 3, 5, 6, and 7 at chain
link number 30.

After the gates are set, changes in the headwater elevation may or may not
require changes in the gate arrangement to maintain the desired discharge. For
example, if the headwater should fall to 1519.14 feet, the discharge will be
found in the column headed 1519.1. In this column, the discharge closest to
36,000 cubic feet per second is 36,160 cubic feet per second for gate
arrangement 56. To change from gate arrangement 54 to gate arrangement 56,
gates 2 and 4 would be opened to chain link number 30.

Example 2 -- Suppose the operating records show that the headwater is at
elevation 1522.35 feet, and gate arrangement 47 is in use. The headwater is
found on page 19, which is marked "Headwater 1521 to 1523." The elevation
given is exactly halfway between elevation 1522.3 feet and 1522.4 feet. The
larger value, 1522.4 feet, is used. In the column headed 1522.4 opposite gate
arrangement 47, the discharge is found to be 32,750 cubic feet per second.



HIWASSEE DAM

LOCATION OF SPILLWAY GATES AND SLUICE GATES

Spillway Gate Numbers

1 2 3 4 5 6 7

Crest EL. 1503.5

Powerhouse

0 0 0 Ollooolooo

1 2 3 4 el &l

Sluice Numbers

DOWNSTREAM ELEVATION




HI

WASSEE DAM

SPILLWAY GATE ARRANGEMENTS

Gate Number

Gate Number

Arrange-

ment

Number | 1 2 3 4 5 6 7
1 - - - - 4 - -
2 - - 4 - 4 - -
3 - - 4 - 4 - 4
4 4 - 4 - 4 - 4
5 4 - 4 - 4 4 4
6 4 4 4 - 4 4 4
7 4 4 4 4 4 4 4
8 4 4 |4 4 6 4 4
9 4 4 6 4 6 4 4
10 4 4 6 4 6 4 6
11 6 4 6 4 6 4 6
12 6 4 6 4 6 6 6
13 6 6 6 4 6 6 6
14 6 6 6 6 6 6 6
15 [¢] 6 6 6 | 10| 6 6
16 6 6 | 10| 6 | 10} 6 6
17 6 6 10 6 | 10| 6 | 10
18 10| 6 | 10| 6 | 10| 6 | 10
19 10| 6 (10| 6 { 10| 10| 10
20 10/ 10| 10| 6 10 10| 10
21 10|10 10| 10| 10 | 10 | 10
22 10 10| 10| 10 14| 10| 10
23 10 10| 141 10 14 ] 10| 10
24 10| 10 14 | 10| 14| 10| 14
25 14 |10 14 | 10} 14 | 10 | 14
26 14 (10| 14 { 10 | 14 | 14 | 14
27 14 | 14| 14 | 10 | 14 | 14 | 14
28 14| 14 14 | 14 | 14 | 14 | 14
29 14 ] 14| 14 | 14 | 18 | 14 | 14
30 14 | 14 | 18 | 14 | 18 | 14 | 14

Arrange-

ment

Number{ 1 2 3 4 5 6 7
31 14 | 14 1 18 | 14 | 18 | 14 | 18
32 18| 14 | 18 | 14 ! 18 | 14 | 18
33 18 | 14 | 18 | 14 | 18 | 18 | 18
34 18| 18 | 18 | 14 | 18| 18 | 18
35 18| 18| 18| 18 | 18 | 18 | 18
36 181 18|18 ) 18| 22 | 18 | 18
37 18 18 1 22 18 | 22| 18 | 18
38 18| 18 | 22 | 18 | 22 | 18 | 22
39 22 | 18| 22| 18| 22 | 18 | 22
40 22 | 18 | 22 1 18 | 22 | 22 | 22
41 22 |1 22| 22|18 22| 22| 22
42 22 | 22| 22| 22| 22| 22 | 22
43 22 12222122 26|22 22
44 22 122 1 26| 22| 26| 22 | 22
45 22 |1 22| 26|22 | 26| 22| 26
46 26 | 22 | 26 | 22| 26 | 22 | 26
47 26 1 22| 26| 22| 26| 26| 26
48 26 | 26 | 26 | 22 | 26 | 26 | 26
49 26 | 26 | 26 | 26 | 26 | 26 | 26
50 26 1 26 | 26 | 26 | 30 | 26 | 26
51 26 | 26 | 30 | 26 | 30 | 26 | 26
52 26 | 26 | 30 |26 | 30 | 26 | 30
53 3026130 26| 30| 26 30
54 30 26 | 30| 26 30| 30| 30
55 3030|3026 | 30| 30| 30
56 30 30(30;301!30(30] 30
57 30303033830 30
58 30| 30|38 |30| 38! 30| 30
59 30|30 3813|3830 | 38
60 30| 38|30} 38| 30| 38

38

Gate Number

Arrange-

ment

Number] 1 2 3 4 5 6 7
61 38 | 30|38, 30| 38| 38| 38
62 38| 38|38 |30 38| 38| 38
63 38! 3838|3838 38| 38
64 38 | 38|38 | 38| 46| 38 38
65 38 | 38| 46| 38 | 46 | 38 | 38
66 38 | 38|46 | 38| 46 | 38 | 46
67 46 | 38 | 46 | 38 | 46 | 38 | 46
68 46 | 38 | 46 | 38 | 46 | 46 | 46
69 46 | 46 | 46 | 38 | 46 | 46 | 46
70 46 | 46 | 46 | 46 | 46 | 46 | 46
71 46 | 46 | 46 | 46 | 54 | 46 | 46
72 46 | 46 | 54 | 46 | 54 | 46 | 46
73 46 | 46 | 54 | 46 | 54 | 46 | 54
74 54 | 46 | 54 | 46 | 54 | 46 | 54
75 54 | 46 | 54 | 46 | 54 | 54 | 54
76 54 | 54 | 54 | 46 | 54 | 54 | 54
77 54 | 54 | 54 | 54 | 54 | 54 | 54
78 54 | 54 | 54 | 54 | 68 | 54 | 54
79 54 | 54 | 68 | 54 | 68 | 54 | 54
80 54 | 54 | 68 | 54 | 68 | 54 | 68
81 68 | 54 | 68 | 54 | 68 | 54 | 68
82 68 | 564 | 68 | 54 | 68 | 68 | 68
83 68 | 68 | 68 | 54 | 68 | 68 | 68
84 68 | 68 | 68 | 68 | 68 | 68 | 68

GATE OPENINGS

Figures in columns under each gate number refer to gate chain link number

dash (-) indicates closed gate




6 HIWASSEE DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

%‘z HEADWATER ELEVATION Egg
%% 1503.0 [1503.1 | 15032 | 15033 | 15034 | 15035 | 15036 | 15037 | 1503.8 | 1503.9 | 15040 | 1504.1 | 15042 | 1504.3 | 1504.4 | 1504.5 | 15046 | 1504.7 | 1504.8 | 15049 | 15050 &
1 0 0 0 0 0 0 5 10 15 25 35 45 55 70 85 95 100 110 120 130 1401 1
2 0 0 0 0 0 0 5 15 30 50 90 110 140 170 190 200 220 230 250 260 2
3 0 0 0 0 0 0 10 25 50 75 100 140 170 210 250 280 310 330 350 370 390! 3
4 0 0 0 0 0 0 10 35 65 100 140 180 230 280 330 370 400 430 460 490 510 | 4
5 0 0 0 0 0 0 15 45 80 120 170 230 290 350 410 460 500 540 570 610 640 | 5
6 0 0 0 0 0 0 20 50 95 150 210 270 340 420 500 560 600 650 690 740 770 | 6
7 0 0 0 0 0 0 20 60 110 170 240 320 400 490 580 650 700 750 810 860 890 | 7
8 0 0 0 0 0 0 20 60 110 170 240 320 400 490 580 650 710 770 830 890 940 | 8
9 0 0 0 0 0 0 20 60 110 170 240 320 400 490 580 660 720 800 870 9401 1,000 9
10 0 0 0 0 0 0 20 60 110 170 240 320 400 430 580 660 730 810 890 970 | 1,040 10
1 0 0 0 0 0 0 20 60 110 170 240 320 400 490 580 670 750 9301 1,020| 1,110 | 14
12 0 0 0 0 0 0 20 60 110 170 240 320 400 490 580 680 770 860 960 | 1,060 | 1,170 |12
13 0 0 0 0 0 0 20 60 110 170 240 320 400 490 580 680 780 880 990 | 1,100 | 1,210 13
14 0 0 0 0 0 0 20 60 110 170 240 320 400 490 590 690 790 910 | 1,020 1,1501{ 1,270 | 14
15 0 0 0 0 0 0 20 60 110 170 240 320 400 490 590 690 790 910 1,020 1,150 1,270 (15

HEADWATER 1503 to 1505 ' ' NOVEMBER 2004



HIWASSEE DAM
SPILLWAY DISCHARGE

’ IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
15050 | 15051 | 1505.2 | 15053 | 15054 | 15055 | 15056 | 1505.7 | 1505.8 | 15059 |1506.0 [1506.1 | 15062 | 15063 | 15064 | 15065 | 1506.6 | 1506.7 | 1506.8 | 15069 | 1507.0

GATE

GATE
ARRANGE-
MENT

MENT

ARRANGE-

1 140 140 140 150 150 150 160 160 160 170 170 170 180 180 180 190 190 190 190 200 200
2 260 260 270 280 280 290 300 300 310 320 320 330 330 340 350 350 360 360 370 370 380
3 390 400 410 430 440 450 460 470 480 480 490 500 510 520 530 540 540 550 560 570 580
4 510 530 560 570 580 600 610 620 630 650 660 670 680 690 700 710 720 730 740 750
5 0 650 670 690 700 720 740 750 770 780 800 810 830 840 850 870 880 890 910 920 930
6 770 790 810 840 860 880 890 0 950 970 990| 1,000 1,020 1,040 1,050 1,070 1,090 1,100 1,120 1,130
7 890 920 940 70 990 1,010f 1,040 .1,060| 1,080{ 1,100( 1,120 1,140( 1,160 1,180 1,200( 1,220| .1,240| 1,260| 1,270| 1,290 1,310
8 940 980 1,020 1,060 | 1,100| 1,130| 1,160 | 1,190 | 1,220| 1,250 | 1,280 | 1,300) 1,320| 1,350 | 1,370, 1,390| 1,410 | 1,430 1,450 A, 1,490
9] 1,0001 1,050 1,110 1,170 1,220 | 1,260| 1,300 , 30| 1,370| 1,410 | 1,440| 1,460 | 1,490 1,520 | 1,540| 1,570 1,590; 1,620f 1,640| 1,660 1,680
10( 1,040 1,120 1,190| 1,260| 1,330| 1,380 1,430| 1,470| 1,520| 1,560 | 1,590 | 1,620 | 1,650 1,680 1,710| 1,740 | 1,770 , 1,820 1,850 | 1,870
11] 1,110 1,190| 1,280{ 1,370 | 1,450 | 1,510| 1,570 | 1,620 | 1,670| 1,720 1,750| 1,790| 1,820| 1,850 | 1,880 | 1,920 | 1,950 | 1,980| 2,010 2,040, 2,070
12| 1,170 1,270 | 1,370| 1,480| 1,580 | 1,640 | 1,700 1,760 1,820| 1,870| 1,920 1,950 1,990 | 2,020 | 2,060 2,09 2130 2,160 2,200| 2,230| 2, 260
13| 1,210| 1,330 1,450 | 1,570 1,690 1,760 1,830 | 1,900 1,960 2,020 \ 2,110 | 2,150 2,190 | 2,230| 2,260 | 2,300, 2,340| 2,380 | 2,410| 2,450
141 1,270 | 1,400 1,540 | 1,680 | 1,810| 1,890 1,970 | 2,040 | 2,110| 2,180| 2,230| 2,280| 2,320| 2,360 | 2,400 | 2,440 | 2,480 | 2,520 2,560 2,600 2, 640
16 1,270 1,400| 1, 1,680 [ 1,810 1,900 1,990 | 2,070| 2,160 | 2,240| 2,300{ 2,360 2,430| 2,490 | 2,550 2,610 | 2,670 | 2,730| 2,800 | 2,860, 2 920
16| 1,270 | 1,400| 1,540 | 1,680 1,810 1,910( 2,010| 2,110( 2,210 2,300 | 2,380| 2,460 | 2,540 2,630| 2,710| 2,790 2,870| 2,960 3,040 | 3,130 3,210
171 1,270 | 1,400 1,540 | 1,680 | 1,810 1,920 | 2,030| 2,140| 2,250 | 2,360 2,450 | 2,550 | 2,650 | 2,750 | 2850 ,960 | 3,060 3,170 | 3,270 3,380 | 3,490
18| 1,270 | 1,400| 1,540 1,680 | 1,820 1,940| 2,050 | 2,170| 2,300| 2,420| 2,540 2,650 | 2,770 | 2,890 | 3,010 | 3,140 | 3,260 3,390| 3,520 3,650 | 3,780
19| 1,270 | 1,400 | 1,540 | 1,680 1,820 | 1,950 ( 2,080 | 2,210 | 2,350 | 2,480 | 2,620| 2,750 | 2,890| 3,030 ( 3,170( 3,320| 3,460 | 3,610( 3,760 3,920{ 4,070
20f 1,270 1,400 | 1,540| 1,680| 1,820 1,960| 2,100 2,240| 2,390| 2,540 | 2,690 | 2,840| 3,000| 3,160 3,320| 3,480 3,650 | 3,820 3,990 | 4,170 4,350
211 1,270 | 1,400 1,540( 1,680 | 1,820| 1,970 ,120 | 2,280 | 2,4401 2,600( 2,770 2,940| 3,120 3,300} 3,480 | 3,660 3,850 | 4,040 | 4,240 4,440 | 4,640
221 11,2701 1,400 ,540 | 1,680 820 1,970 120 2,280 2,440 2,600 2,770 2,940 120 3,300 | 3,480 | 3,660 | 3,850 4,040 4,240 . 4,640

—
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8 - HIWASSEE DAM
.SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
15070 | 1507.1 | 1507.2 | 1507.3 | 15074 | 1507.5 | 1507.6 | 1507.7 | 1507.8 | 1507.9 |1508.0 |1508.1 |1508.2 [1508.3 [1508.4 | 1508.5 | 1508.6 | 1508.7 | 1508.8 | 1508.9 | 1509.0

GATE
ARRANGE-
MENT

1 200 200 200 210 210 210 210 220 220 220 220 230 230 230 230 230 240 240 240 240 2501 1
2 380 380 390 390 400 400 400 410 410 420 420 430 430 440 440 440 450 450 460 460 460 | 2

3 580 580 590 600 610 610 620 630 630 640 650 650 660 670 670 680 680 690 700 700 7104 3
4 750 760 770 780 790 800 810 820 8 850 850 860 870 880 890 900 910 920 930 | 4

5 930 940 950 970 980 990 | 1,000 1,010 1,020| 1,030} 1,040| 1,05 | 1,070| 1,080 | 1,090| 1,100 1,110| 1,120 1,120 | 1,130| 1,140| 5

6] 1,130 1,150 1,160 1,170| 1,190 | 1,200 1,220| 1,230 | 1,240| 1,260| 1,270 1,280 | 1,290| 4,310 | 1,320| 1,330 1,340 1,350 | 1,370 1,380| 1,390 6

Il 1,3104 1,320 1,340\ 1,360 | 1,370| 1,390 | 1,410| 1,420| 1,440 1,450{ 1,470 | 1,480 1.500| 1.510| 1.530| 1.540| 1 550 1,570 | 1,580 1,590| 1,610 7

8 1,480 1,510| 1,530 | 1,550| 4,570 | 1,590 | 1,610| 1,630 | 1,650 | 1,660 | 1.680| 1.700 1.710| 1.730| 1.750| 1760 1,780 1,800| 1,810| 1,830 1,840} 8

9 1,890 1,710| 1,730 ,760) 1,780| 1,800 | 1,820 1,840} 1,860 | 1,880} 1,900 | 1,920 | 1,940| 1,960 | 1,980 | 2.000| 2 020 ,030 | 2,050 , 2,090 9
10| 1,870 1,900 | 1,920| 1,950 | 1,970{ 2,000| 2,020 | 2,050 | 2,070 2,090 | 2,110| 2,140 | 2.160| 2,180 | 2200, 2,220 2,240 | 2,260 2,280 2,300 2,320 10
120701 2,100 2,120 | 2,150 | 2,180 | 2210 2,230 | 2,260| 2,280 2,310 2,330 | 2,360| 2,380 2,410| 2,430 | 2,450 | 2, 480 2,500 | 2,520 2,550 2,570 11
12| 2,260 2,290 | 2,320| 2,350 2,380| 2,410| 2,440| 2,470| 2,500| 2,530 2560 | 2,580 | 2.610| 2.640| 2,660 | 2 630 \ 2,740 | 2,760 | 2,790| 2,810 12
13] 2,450 2,480 | 2,520, 2,550 | 2,580 | 2,610| 2,650 2,680 | 2,710| 2,740| 2,770 | 2.800| 2.830| 2,860 2.880| 2.910| 2 940 2,970 1 2,990 | 3,020f 3,050 13
4] 2,640 2,680 2,720| 2,750 | 2,790 2,820| 2,860 | 2,890 | 2,920| 2,960 | 2990 | 3.020| 3.050| 3.080| 3.120| 3.150 3. 180 3,210 3,230 3,260 | 3,290 | 14
15) 2,920 2,980 | 3,040 3,100| 3,160 | 3,210 | 3,250 | 3,290 | 3330 \ 3,400 | 3,430 | 3,470| 3,500| 3,530| 3,570| 3,600| 3,630 3,660 | 3,700| 3,730 |15
16| 3,210 3,300 3,380 3,470 3,540 3,590| 3,630 | 3,680| 3,720| 3,770| 3,800 | 3,840 | 3,870| 3,910| 3,940 | 3,980 | 4,020 4,050 4,090 4,120 4,160 16
171 3, 3,600 ( 3,710 3,820| 3,910| 3,970 4,020( 4,080 4,130, 4,170| 4 210 , 4,290 4,320 4,360 | 4,400 | 4,440 4,480| 4,520 | 4,560 ) 17
18( 3, 3,910 | 4,050 | 4,180 | 4,290 4,350 4,410 | 4,470 | 4,520 | 4,570 | 4,610 4,650 | 4.690| 4.730| 4.770| 4 810 . 4,900 | 4,940 4,980 502018
191 4,070 4,230 | 4,390 | 4,550 | 4,660 | 4,730 | 4,800 | 4, 860 19201 4,9701 5020| 5060 | 5100| 5140 | 5180| 5230 5280 | 5,320f 5370 5410| 5.460 |19
20( 4,350 4,530 | 4,720 4,900 | 5040| 5120| 5190 | 5260| 5320 5380 | 5430| 5470, 5510| 555 | 5600| 5 650 5700| 5,750 5,800| 5840 | 5890 |20
21 4,640 4,850 | 5060| 5270| 5410| 5500 5570| 5650| 5720| 5780] 5830| 5870| 5920| 5960| 6010 6060| 6 120 6,170 | 6,220 | 6,270| 6,320 21
22| 4,640 4,850 5060| 5270| 5410| 5510 5610 5710 5800, 5880 | 5960 | 6,030| 6,100 6.170| 6. 250 X 6,420 | 6,500| 6,580 | 6,660 6,740 (22
23( 4,640 4,850 5000| 5270 5430t 5550| 5670 5790| 5900| 6010| 6110| 6210| 6.310| 6,410 6.520| 6.630| 6 740 6,850 [ 6,960 . 7,180 | 23
241 4,640| 4,850 ! 5,060 , 5430 | 55701 5710 , 5,990 6,120 6,240 | 6,370 | 6,500 | 6,630 | 6,760| 6,900| 7,040 | 7,180| 7.320| 7,460} 7.600 | 24
25 4,640 4,850 | 5060 5270 | 5450 5610| 5770| 5930| 6,090 | 6240 6400} 6,550 6.710| 6,860 | 7.030| 7.190| 7.360| 7,530 7,680 | 7,860 | 8,030|25
26 4,640| 4,850 5060 5270| 5470| 5650 5830| 6,010| 6,190 | 6,370 6,550 | 6,740| 6,920| 7,100| 7,200| 7,490 | 7,680 7,880 8,070 | 8,270 | 8,470 26
27 4,640 4,850 | 5060 | 5270 5470 5660 5860 6,070 6,270 6,480 | 6,680 | 6,890 | 7.100| 7.320 7.540| 7.760| 7.980| 8 200 8,430 | 8,660 | 8,890] 27
28] 4,640 4,850 5060| 5270 | 5480| 5700| 5920| 6150 | 6.380| 6,610{ 6,840 | 7.080| 7.320 . 7,8001 8,050 8,300| 8550 | 8810 9,070 9,330 28
291 4,640! 4,850 | 5060 | 5270| 5480 5,700 \ 6,150 6,380 | 6,610 6,840 7,080| 7,320| 7,560, 7,800| 8,050| 8300| 8550 8, 9,070 | 9,330 |29
30( 4,640 4,850 | 5060 5270 5480 5,700 . 6,150 | 6,380 | 6,610 6,840| 7,080 7,320( 7,560 | 7,800 | 8,050 | 8,300| 8550 8810 9.070| 9 33030
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HIWASSEE DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

GATE

ARRANGE-

MENT

o2 HEADWATER ELEVATION
°2711509.0 | 1509.1 | 1509.2 | 1509.3 | 15094 |1509.5 | 1509.6 | 1509.7 | 1509.8 | 1509.9 | 1510.0 | 1510.1 | 1510.2 | 1510.3 | 1510.4 | 15105 | 15106 | 1510.7 !1510.8 | 1510.9 | 1511.0
1 250 250, 250 250 250 250 260 260 260 260 260 270 270 270 270 270 280 280 280 280 280
2 460 470 470 470 480 480 480 490 490 500 500 500 510 510 510 520 520 520 530 530 530
3 710 710 720 720 730 740 740 750 750 760 760 770 770 780 90 0 0 800 810 810 820
4 0 930 940 950 950 960 970 980 980 990 | 1,000| 1,010 1,010 1,020f 1,030| 1,030| 1,040| 1,050 1,050 1,060| 1,070
5( 1,140} 1,150 1,160 | 1,170{ 1,180 1,190 | 1,200 1,210 1,220| 1,220 1,230 ,240| 1,250 1,260 | 1,270 1,280! 1,290 1,290 | 1,300| 1,310 1,320
6 1,390 1,400( 1,410} 1,420 1,430| 1,440| 1,450 | 1,470 | 1,480 1,490 1,500| 1,510 1,520} 1,530| 1,540 1,550 1,560 | 1,570 | 1,580 | 1,590 1,600
71 1,610 1,620 ‘1,630 {1, 1,660 | 1,670 11,6801 1,700 1,71 1,720 | 1,730| 1,750| 4,760 1,770 1,7801 1,790 1,810| 1,820 1,830 1,840| 1,850
8! 1,840( 1,860| 1,870| 1,800 1,900{ 1,920{ 1,930 | 1,950| 1,960( 1,970 1,990{ 2,000| 2,020 2,030| 2,040| 2,060 2070| 2,090 ( 2,100( 2110 2,130
9] 2,090| 2,100} 2,120 2,140 2,150| 2,170 2,190 | 2,210] 2,220! 2,240 | 2,250 | 2,270 | 2,290 2,300 2,320| 2,330 | 2,350 2370| 2,380 | 2,400| 2410
10| 2,320 2,340 | 2,360 2,380 | 2,400 | 2,420 | 2,440 | 2,450 | 2,470 | 2,490 2,510 2,530 2,550 | 2,560 | 2,580 2,600 2,620| 2,630| 2650 , 2,690
111 2,570 2,590 2,610| 2,630{ 2,650| 2,670 2,690 | 2,710 2,730| 2,750| 2,770| 2,790| 2,810| 2,830| 2,850 2,870} 2,830 | 2,910| 2,930| 2950| 2,970
12| 2,810 2,840| 2,860 | 2,880f 2,910 2,930| 2,950 | 2,970| 3,000 3,020| 3,040} 3,060 | 3,080{ 3,100| 3,120| 3,150| 3,170+ 3,190} 3,210| 3,230 3,250
13 3,050 3,070 | 3,100 3,120| 3,150 3,170 | 3,200 | 3,220 | 3,250 | 3,270 3,300| 3,320 . 3,360 | 3,390| 3,410 3,430 | 3,460 3,480 | 3,500 3,530
141 3,290} 3,320 3,350 | 3,380 | 3,400 | 3,430 3,460 3,480 | 3,510 3,530] 3,5 3,590 | 3,610 3,640 3,660| 3,690| 3,710| 3,740 3,760| 3,790 ( 3,810
15] 3, 3,760 \ 3,820 , 3,880 3,910 3,940 3,970| 4,000 4,030 4,060| 4,090 4,120 4,150 4,180 4,210 4,240| 4,260 | 4,290 | 4,320
16| 4,160 4,190 | 4,230 4,260 | 4,290 4,330 | 4,360 | 4,400| 4,430| 4,470| 4,500 4,530, 4,570| 4,600| 4,630 | 4,660| 4,700 4,730 4,760 | 4,790| 4,830
17| 4,590 4,630 | 4,670| 4,700| 4,740 4,780| 4,820 4,860 | 4,900| 4,930| 4,970| 5010 5040 5080 5120| 5150 5190 | 5230] 5260| 5300( 5,330
18| 5,020 5,060| 5100| 5,140| 5180( 5,230| 5270| 5310| 5350 5400| 5440| 5480 ( 5520| 5560( 5600( 5640| 5680 | 5720 5760 5800( 5 840
191 5,460 | 5500| 5540| 5580 5630| 5670| 5720| 5770| 5820| 580| 5910| 5950 | 6,000| 6040| 6080| 6,130| 6,170 | 6,220| 6,260| 6,300| 6,340
20| 5,890| 5940| 5980 6,020| 6,070 6,120| 6,180 | 6,230| 6,280 | 6,330 , 6,430 | 6,480 | 6,520 | 6,570| 6,620 | 6,670, 6,710| 6,760 6,810 6,850
211 6,320( 6,370 | 6,420 6,460 | 6,520 6,570 6,630 6,680| 6,740 6,790| 6,850 | 6,900| 6,950| 7,000 7,050| 7,110, 7,160| 7,210( 7,260 | 7,310( 7,360
22| 6,740| 6,820| 6,900| 6,960 . . 7,130 7,190| 7,250 7,300| 7,350| 7,400| 7,450| 7,500| 7,550| 7,610| 7,660| 7,710| 7,760 | 7,810| 7,860
23| 7,180| 7,290 7,390 | 7,450 7,510| 7,570 | 7,630| 7,690, 7,740| 7,800| 7,850 7,890| 7,940| 8,000| 8,050| 8,100| 8,150 8,210 8,260, 8 310 8 350
24| 7,600| 7,740 | 7,860 7,950 | 8,010| 8,070| 8,140 | 8,190| 8,250| 8300 8350 8390 | 8,440 | 8,490 | 8550 | 8,600| 8,650 8700| 8750| 8800| 8 850
25| 8,030 8,210| 8,350| 8,440|-8,500| 8570 | 8,630 8690| 8,750 8,790| 8,840| 8880 8,930 , 9,040 | 9,090| 9,150 | 9,200 9,250 | 9,300| 9,350
26| 8,470 | 8,680 | 8,840| 8930| 9,000| 9,070| 9,130| 9,190| 9,240! 9,290 | 9,330| 9,380 | 9,420| 9,480| 9,530| 9,590 | 9,640 | 9,690| 9,740} 9,790 | 9, 840
27| 8,890 | 9,130 9,320] 9,430 9,500 9,570 | 9,640 | 9,700| 9,750 | 9,800 | 9,840| 9,8380] 9,920| 9,980 10,030 | 10,090 | 10, 140 | 10, 190 | 10,250 { 10, 300 | 10, 340
28| 9,330 9,600 | 9,810 9,920 | 10,000 | 10,070 | 10,140 | 10,200 | 10,250 | 10,290 | 10,330 | 10,370 | 10,410 | 10,470 | 10,530 | 10,580 | 10,640 | 10,690 | 10,740 | 10,790 | 10, 840
291 9,330 9,600| 9, 9,940 | 10,0 10,140 | 10,240 | 10,330 | 10,410 | 10,490 | 10,570 | 10,640 | 10,720 | 10,810 10,900 | 11,000 ( 11,090 | 11,170 | 11,260 | 11,350 { 11,4
30| 9,330( 9,600 | 9,820 9,980 10,110 | 10,240 | 10,370 | 10,490 | 10,610 | 10,720 | 10,830 { 10,940 | 11,060 | 11,180 | 11,310 | 11,440 11,560 | 11,690 [ 11,810 | 11,940 | 12, 040
311 9,330| 9,600 9,820 9,990| 10,150 | 10,310 | 10,470 | 10,630 | 10,770 | 10,920 | 11,070 | 11,210/ 11,370 | 11,530 | 11,690 | 11,850 | 12,010 | 12,170 { 12,330 | 12,490 | 12,630
32| 9,330] 9,600 9,840 10,040 | 10,220 | 10,410 | 10,600 } 10,790 | 10,970 | 11,150 | 11,330 | 11,520 | 11,700 | 11,9 12,090 | 12,290 | 12,480 | 12,680 | 12,880 | 13,080 | 13,230
33| 9,330|- 9,600 9,850 10,080 | 10,290 | 10,510 | 10,730 | 10,950 | 11,160 ( 11,380 | 11,600 | 11,820 | 12,040 | 12,270 | 12,500 | 12,730 | 12,960 | 13,190 | 13,430 | 13,670 | 13,840
34| 9,330| 9,600{ 9,850 | 10,090 | 10,340 { 10,580 | 10,830 | 11,080 11,330 | 11,580 | 11,830 | 12,090 | 12,350 | 12,610 | 12,870 | 13,140 | 13,410 13,680 13,950 { 14,220 | 14,430
35/ 9,330 | 9,600| 9,860 10,130 | 10,410 | 10,680 | 10,960 | 11,240 | 11,530 | 11,810 | 12,100 | 12,390 | 12,690 | 12,980 | 13,280 | 13,580 | 13,890 | 14,190 | 14,500 | 14,810 | 15,040
36| 9,330! 9,600 | 9,860 10,130 | 10,410 | 10,680 | 10,960 | 11,240 | 11,530 | 11,810 | 12,100 | 12,390 | 12,690 | 12,980 | 13,280 | 13,580 [ 13,890 | 14,190 1 14,500 | 14,810 | 15,040
371 9,330 ,600 | 9,860 | 10,130 | 10,410 | 10,680 | 10,960 | 11,240 | 11,530 11,810 12,100 | 12,390 | 12,690 | 12,980 | 13,280 | 13,580 [ 13,890 | 14,1 , 500 , 81 ,
38f 9,330 | 9,600 9,860 10,130 10,410 10,680 | 10,960 | 11,240 | 11,530 | 11,810 | 12,100 | 12,390 | 12,690 12,980 | 13,2 , 13,890 | 14,190 | 14,500 | 14,810 | 15,060
39| 9,330 9,600 9,860 | 10,130 | 10,410 10,680 | 10,960 | 11,240 | 11,530 | 11,810 | 12,100 | 12,390 | 12,690 | 12,980 | 13,280 | 13,580 | 13,890 | 14,190 14,500 | 14,810 15,080
40| 9,330| 9,600| 9,860} 10,130 | 10,410 | 10,680 | 10,960 | 11,240 | 11,530 | 11,810 | 12,100 ; 12,390 | 12,690 | 12,980 | 13,280 | 13,580 | 13,890 { 14,190 | 14,500 |- 14,810 | 15,100
41| 9,330| 9,600 9,860 10,130 10,410 | 10,680 | 10,960 | 11,240 | 11,530 | 11,810 | 12,100 | 12,390 | 12,690 | 12,980 | 13,280 ' 13,580 | 13,890 | 14,190 | 14,500 | 14,810 | 15,100
42| 9,330| 9,600 9,860 10,130 | 10,410 | 10,680 | 10,960 | 11,240 | 11,530 | 11,810 | 12,100 | 12,390 | 12,690 | 12,980 | 13,280.| 13,580 | 13,890 14,190 | 14,500 | 14,810 | 15,130
43| 9,330| 9,600 9,80 10,130 | 10,410 | 10,680 | 10,960 | 11,240 | 11,530 | 11,810 12,100 | 12,390 | 12,690 | 12,980 | 13,280 | 13,580 | 13,890 | 14,190 14,500 | 14,810 | 15,130
44| 9,330 9,600| 9,860| 10,130 | 10,410 | 10,680 | 10,960 | 11,240 | 11,530 ( 11,810 | 12,100 | 12,390 | 12,690 | 12,980 | 13,280 | 13,580 | 13,890 | 14,190 | 14,500 ( 14,810 | 15, 130
45 9,330| 9,600 9,860 10,130 | 10,410 | 10,680 | 10,960 | 11,240 | 11,530 [ 11,810 | 12,100 | 12,390 | 12,690 | 12,980 | 13,280 | 13,580 | 13,890 | 14, 190 , 14,810 | 15,130
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10 HIWASSEE DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

e HEADWATER ELEVATION ol
%= 1511.0 [ 1511.1 [ 1511.2 [ 1511.3 [ 15114 | 15115 [1511.6 | 15117 | 1511.8 | 1511.9 | 15120 [ 15121 | 15122 | 1512.3 | 15124 | 15125 | 15126 [ 15127 [1512.8 [ 15128 [ 15130 |%"

1 280 280 290 290 290 290 290 300 300 300 300 300 300 310 310 310 310 310 310 310 3201 1

2 530 540 540 540 550 550 550 560 560 560 570 570 570 580 580 580 580 590 590 590 600 | 2

3 820 820 830 830 840 840 850 850 860 860 870 870 880 880 890 890 890 900 900 910 910 3

4| 1,070| 1,070 | 1,080} 1,090| 1,090| 1,100 1,110| +4,110| 1,120| 1,130] 1,130| 1,140| 1,140 1,150 1,160 | 1,160| 1,170 1,180 | 1,180} 1,190| 1,190 | 4

5( 1,320 1,330 1,330 | 1,340 , 1,360 | 1,370 | 1,370 | 1,380 | 1,390] 1,400} 1,410| 1,410 1,420 | 1,430 | 1,440 | 1,440 1,450 | 1,460 1,470| 1,470 | 5

6/ 1,600! 1,610| 1,620| 1,630| 1,640 1,650 1,660 ( 1,670( 1,680| 4,690( 1,700 ( 1,710 1,720| 1,730| 1,740( 1,750 1,760| 1,760\ 1,770 | 1,780 1,790 ( 6

71 1,850 1,860 1,880 1,890| 1,900| 1,910| 1,920 | 1,930 | 1,940| 1,950 | 1,970 , 1, 2,0 2,010 2,020 2,030| 2,040| 2,050| 2060| 2070! 7

8 2,130 2,140| 2,150 2,170 2,180 | 2,190} 2,210 2,220 | 2,23 2,24 , 2,270 | 2,280 2,300 2,310| 2,320 2,330 | 2,340 2,360 s 2,380 | 8

9 2,410 2,430 | 2,440| 2,460{ 2,470 | 2,490 2,500| 2,520 2,530 2, 550 , 2,570 | 2,590 | 2,600 2,620| 2,630 | 2,650 2,660 2,670| 2,690 2,700| 9
10| 2,690 2,700 | 2,720 2,740 | 2,750 | 2,770 2,790 , 2,820 | 2, 84 2,850 2,870| 2,880 | 2,900 2,920| 2,930 | 2,950 2,960 ,980 | 2,990 3,010 |10
111 2,970 2,990| 3,010 3,030| 3,040 3,060/ 3,080| 3,100| 3,120| 3,140| 3,150 | 3,170 | 3,190 3,210| 3,220 3,240| 3,260 | 3,280| 3,290| 3,310 3,330 | 11
12| 3,250 | 3,270 , , 3, , 3,380 | 3,400 3,420 ,440 | 3,460 | 3,480 3,500 3,520| 3,530 | 3,550 , 3,590 | 3,610 3,630| 3,650 12
13( 3,530 3,550 \ 3,600 3,620| 3,640( 3,660 3,680( 3,710( 3,730| 3,750| 3,770| 3,790 3,810 , . 3,870 3,900{ 3,920 3,940| 3,960 |13
141 3,810 , 3, 860 , 3,910 3,930 3,960 | 3,980| 4,010| 4,030 4,050f 4,070 4,100 4,120 N . 4,190 | 4,210 4,230| 4,260 | 4,280 | 14
15| 4, . 4,380 4,400 | 4,430| 4,460 | 4,490 | 4,520 4,540 4,570 | 4,600 | 4,620| 4,650 , 4,700 | 4,730 4,750 | 4,780| 4,810 4,830] 4,860 |15
16| 4,830 | 4,860| 4,890 4,920 4,950 4,980| 5010 5040 5080 5110 51401 5170| 5200| 5,230] 5250 5280( 5310| 5340| 5370 | 5400| 543016
17 5,330| 5,370 | 5,400 5,440 5470| 5510t 5540 5580 5,610| 5,640 . . \ 5780 5810| 5850 5880| 5910 5940 , 980} 6,010} 17
18| 58401 5,880 5910| 5950| 5990 6,030 6,070 6,100 6,140| 6, 180 . 6,250 | 6,290 | 6,330 6,360| 6,400| 6,440{ 6,470 6510| 6550 | 6,580 18
19| 6,340 6,380 | 6,430| 6,470 | 6,510 6,550 | 6,590 | 6,630 | 6,680 | 6,720| 6,760 6,800 | 6,840| 6,880 | 6920 6,960 , 7,040 | 7,080} 7,120| 7,160 |19
20{ 6,850 | 6,900 6,940| 6,990| 7,030 7,080 7,120y 7,170| 7,210 7,260 7,300 | 7,350 | 7,390 7,430 , , , 7,610 7,650 | 7,690] 7,740 |20
21| 7,360| 7,410| 7,450| 7,500| 7,550 | 7,600 7,650 | 7,700 7,750| 7,790 | 7,840| 7,890| 7,940 7,980| 8030| 8,080 8130| 8 170| 8220 8,270| 831021
22| 7, 7,910 | 7,950 | 8,000f 8,050 | 8110| 8,160 | 8,210f 8,260 8310| 8,360| 8,4 8,460 | 8,510| 8,560 | 8,610 | 8660| 8,710 | 8 760 ,810| 8,860 | 22
23| 8/350| 8,400 | 8450| 8500| 8560 | 8610| 8,670 | 8,720 8,770 | 8820 | 8880 | 8930 8980| 9,030 9,090 | 9,140| 9,190| 9,250 |- 9,3 9,350 | 9,400 | 23
24| 88501 8900 8950| 9,000 9,060 9,120 9,170 | 9,230 | 9,280 | 9,340 9,390 | 9,450, 9,500| 9,550 | 9,610| 9,670 | 9,720 9,780 | 9,830| 9,890 | 9,940 |24
25; 9,350 | 9,390| 9,440, 9,500 \ ,620 | 9,68 9,740 | 9,790 | 9,850 | 9,910 | 9.960 | 10,020 | 10,080 | 10,1 10,200 | 10,250 | 10,310 | 10,370 | 10,430 | 10,490 | 25
26 9,840 | 9,890 | 9,940 | 10,000 10,060 | 10,130 | 10,190 | 10,250 | 10,310 | 10,360 10,420 | 10,480 | 10,540 | 10,600 | 10,660 | 10,730 | 10,790 | 10,850 | 10,910 | 10,970 | 11,030 | 26
27| 10,340 | 10,390 | 10,440 | 10,500 | 10,570 | 10,630 | 10,700 | 10,760 | 10,820 | 10,880 1 10,940 | 11,000 | 11,060 | 11,1 11,190 | 11,260 | 11,320 | 11,390 | 11,450 | 11,510 | 11,580 | 27
28| 10,840 | 10,890 | 10,940 | 11,000 | 11,070 | 11,140 | 11,200 | 11,270 | 11,330 | 11,390 | 11,460 | 11,520 | 11,580 | 11,650 | 11,720 | 11,790 | 11,850 | 11,920 | 11,990 | 12,050 | 12,120 | 28
291 11,440 | 11, 11,550 | 11,620 | 11,680 [ 11,750 | 11,810 | 11,870 [ 11,930 | 11,990 | 12,050 | 12,110 | 12,170 | 12,240 | 12,310 | 12,370 | 12,440 | 12,500 | 12,570 | 12,630 | 12,690 | 29
30] 12,040 | 12,100 | 12,160 | 12,220 | 12,290 | 12,350 | 12,410 | 12,470 | 12,530 | 12,590 | 12,640 | 12,700 | 12,760 | 12,830 | 12,890 | 12,950 | 13,010 | 13,080 13,140 | 13,190 | 13,260 | 30
31| 12,630 | 12,710 | 12,770 [ 12,830 | 12,890 | 12,960 | 13,010 | 13,070 | 13,130 | 13,180 [ 13,230 | 13,290 | 13,350 | 13,410 | 13,480 | 13,540 | 13, 13,650 | 13,710 13,760 | 13,820 | 31
32| 13,230 | 13,310 | 13,370 | 13,430 | 13,500 | 13,550 | 13,610 | 13,670 | 13,720 | 13,770 | 13,820 | 13,880 | 13,940 | 14,000 | 14,050 | 14,110 | 14,170 | 14,220 | 14,280 | 14,330 | 14,380 | 32
33| 13,840 | 13,920 | 13,980 | 14,040 | 14,100 | 14,160 | 14,210 | 14,260 | 14,310 | 14,360 | 14,410 | 14,470 | 14,520 | 14,580 | 14, 14,690 | 14,740 | 14,800 | 14,850 | 14,890 | 14,950 | 33
34| 14,430 | 14,530 | 14,590 | 14,650 | 14,710} 14,770 | 14,820 | 14,870 | 14,910 | 14,960 { 15,010 | 15,060 | 15,120 15,1 15,230 | 15,280 | 15,330 | 15,380 | 15,420 | 15,470 | 15,520 | 34
35| 15,040 | 15,140 | 15,200 | 15,260 | 15,320 | 15,370 | 15,420 | 15,460 | 15,510 | 15,550 | 15,600 | 15,650 | 15,700 | 15,760 | 15,810 | 15,860 | 15,900 | 15,950 | 15,990 | 16,030 | 16,090 | 35
36| 15,040 | 15,160 | 15,260 | 15,360 | 15,450 | 15,540 | 15,630 | 15,720 | 15,800 | 15,890 | 15,980 | 16,070 | 16,170 | 16,260 | 16,350 | 16,450 | 16,540 16,630 | 16,710 | 16,770 | 16,830 | 36
37| 15,060 | 15,220 | 15,360 | 15,490 | 15,620 | 15,750 | 15,880 | 16,010 | 16,140 | 16,2 16,390 | 16,530 | 16,670 | 16,800 | 16,940 | 17,070 | 17,210 | 17,340 | 17,440 | 17,500 | 17,550 | 37
381 15,060 | 15,240 { 15,420 | 15,590 | 15,760 | 15,930 | 16,100 | 16,260 | 16,430 | 16,6 16,770 | 16,950 | 17,130 | 17,300 | 17,4801 17,660 | 17,840 | 18,010 18,160 | 18,230 | 18,290 | 38
39( 15,080 | 15,300 | 15,510 | 15,720 | 15,930 | 16,140 | 16,340 | 16,550 | 16,760 | 16,970 | 17,180 { 17,400 | 17,620 | 17,840 18,060 | 18,280 | 18,500 | 18,720 | 18,880 | 18,960 | 19,010 | 39
40| 15,100 1360 | 15,610 | 15.850 | 16, 100 | 16,350 | 16,590 | 16,840 | 17,090 | 17,350 | 17,600 | 17, 860 18,120 | 18,380 | 18,640 | 18,500 | 19,170 | 19,430 | 19,610 | 19,680 | 19,730 | 40
41| 15,100 | 15,380 | 15,670 | 15,950 | 16,230 | 16,520 | 16,810 | 17,100 | 17,390 | 17,680 | 17,980 | 18,280 | 18,580 | 18,880 | 19,190 | 19,490 | 19,800 20,110 | 20,330 | 20,420 | 20,470 | 41
42| 15,130 | 15,440 | 15,760 | 16,080 | 16,410 | 16,730 | 17,060 | 17,390 | 17,720 | 18,060 | 18,400 | 18,740 | 19,080 | 19,420 | 19,770 | 20,120 | 20,470 | 20,820 | 21,050 | 21,150 | 21,200 | 42
43] 15.130 | 15,440 | 15,760 | 16,080 | 16,410 | 16,730 | 17,060 | 17,390 | 17,720 | 18,060 | 18,400 | 18,740 [ 19,080 { 19,420 | 19,770 | 20,120 | 20,470 | 20,820 | 21,050 | 21,180 | 21,270 | 43
441 15,130 | 15,440 | 15,760 | 16,080 | 16,410 | 16,730 | 17,060 | 17,390 | 17,720 | 18,060 | 18,400 | 18,740 | 19,080 | 19,420 | 19,770 | 20,120 | 20,470 | 20,820 | 21,090 | 21,250 | 21,390 | 44
45| 15,130 | 15,440 | 15,760 | 16,080 | 16,410 | 16,730 | 17,060 | 17,390 | 17,720 | 18,060 | 18,400 | 18,740 | 19,080 | 18,420 | 19,770 | 20,120 | 20,470 | 20,820 | 21,090 21,280 | 21,460 | 45
46| 15,130 | 15,440 | 15,760 | 16,080 | 16,410 16,730 | 17,060 | 17,390 | 17,720 | 18,060 | 18,400 | 18,740 | 19,080 | 19,420 | 19,770 | 20,120 | 20,470 | 20,820 | 21,120 | 21,360 | 21,580 | 46
47| 15,130 | 15,440 | 15,760 | 16,080 | 16,410 | 16,730 | 17,060 | 17,390 | 17,720 | 18,060 | 18,400 | 18,740 | 19,080 | 19,420 | 19,770 | 20,120 | 20,470 | 20,820 | 21,150 | 21,430 , 47
48| 15,130 | 15,440 | 15,760 | 16,080 | 16,410 | 16,730 | 17,060 | 17,390 | 17,720 | 18,060 | 18,400 { 18,740 | 19,080 | 19,420 | 19,770 | 20,120 | 20,470 | 20,820 | 21,150 | 21,460 | 21,780 | 48
491 15,130 | 15,440 | 15,760 | 16,080 | 16,410 | 16,730 | 17,060 | 17,3 , 18,060 | 18,400 f 18,740 | 19,080 | 19,420 { 19,770 | 20,120 | 20,470 | 20,820 | 21,180 | 21,540 | 21,900 | 49
50( 15,130 | 15.440 | 15,760 | 16,080 | 16,410 | 16,730 | 17,060 | 17,390 | 17,720 | 18,060 | 18,400 | 18, 740 19,080 | 19,420 | 19,770 | 20,120 | 20,470 | 20,820 | 21,180 | 21,540 | 21,900 | 50

HEADWATER 1511 to 1513 ' ‘ NOVEMBER 2004



HIWASSEE DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

ol HEADWATER ELEVATION B
%% 15130 1513.1 | 15132 | 15133 | 15134 | 15135 | 15136 | 15137 | 15138 [1513.9 |1514.0 | 15141 | 15142 [ 15143 [ 15144 | 15145 | 15146 | 15147 | 15148 | 15149 | 15150 |°%
1 320 320 320 320 320 320 330 330 330 330 330 330 330 340 340 340 340 340 340 350 350 | 1
2 600 600 600 610 610 610 610 620 620 620 630 630 630 630 640 640 640 650 650 650 650 | 2
3 910 920 920 930 930 0 940 940 950 950 960 960 970 0 970 980 980 990 990 | 1,000| 1,000| 3
41 11901 1,200 1,210 1,210 1,220 1,220 | 1,230 1,230| 1,240| 1,250 | 1,250 | 1,260 | 1,260| +4,270| 1,270 | 1,280 | 1,290 1,200 | 1,300 | 1, 1,310 | 4
5[ 1,470 1,480 | 1,490 | 1,500| 1,500| 1,510| 1,520 | 1,520 1,530 . 1,550 | 1,950 | 1,560| 1,570 | 1,570 | 1,580 1,590 | 1,500 | 1,600 | 1,610| 1,620 | 5
6] 1,790 1,800 1,810 | 1,820| 1,830| 1,840 1,840| 1,850 | 1,860 | 1,870| 1,880 1,890 | 1,900| 1,900| 1,910| 1,920 | 1,930 1,940 1,950 1,950 | 1,960 6
71 2,070 2,080 2,090| 2100| 2,110| 2,120 , 130 | 2,140 2,150 | 2,160 | 2,170 2,180 | 2,190 | 2,200 2,210 2,220| 2,230 | 2240 | 2,250 | 2 260 , 7
8| 2,380 2,390 | 2400 . 2,430 | 2,440 | 2,450 | 2,460 | 2,470 | 2,490 | 2,500 | 2,510| 2,520 2,530 | 2,540 | 2,550 | 2,560 | 2,580 | 2,590 | 2.600| 2.610| 8
91 2,700 2,710 2,730 2,740} 2,750 | 2,770| 2,780| 2,790 | 2,810 2,820| 2,830 | 2.850| 2.860| 2.870| 2890 | 2.900| 2 810 2,920 | 2,940 | 2,950 2,960 | 9
10( 3,010 3,020 | 3,040 . 3,070 3,080} 3,100 | 3,110| 3,130| 3,140! 3,160 | 3,170 3,190 | 3,200 | 3,220 | 3,230 | 3,240 | 3,260| 3,270 | 3.290| 3.300 |10
1M 3,330 3,350 | 3,360| 3,380 | 3,400 3,410| 3,430 3,450| 3,460 | 3,480 | 3,490| 3,510| 3,530 | 3,540| 3,560 3,570 | 3,590 | 3,610| 3,620 3,640 | 3,650 | 11
-12| 3,650 3,670 | 3,690 3,700 3,720 | 3,740| 3,760 | 3,780( 3,800| 3,810, 3,830 3.850| 3,870 3.880| 3.900| 3.920| 3.940| 3950 | 3.970 3,990 | 4,000 12
13| 3,960 | 3,980 | 4,000 4,020| 4,040 4,060| 4,080 | 4.100| 4, 120 . 4,160 | 4,170 ! 4,190| 4,210 , 4,250 | - 4,270 | 4,290 | 4,310 4,320] 4,340 |13
14 4,280 4,300 4,320 | 4,340| 4,360! 4,390 4,410 | 4,430 4,450 , 4,490 1 4,510 4,530| 4,550 4,570 | 4,590 4,610 | 4,630 4,650 | 4,670 | 4,690 | 14
15 4,860 | 4,880 4,910 | 4,930| 4,90 4,980 : 5030 5060 5080 5100| 5130| 5150 | 5180 5200{ 5220| 5250| 5270 | 5,290 | 5320| 5 34015
16| 5430 | 5,460 | 5490 | 5520| 5650 | 5570 | 5600 5630! 5660 5690 5710| 5740| 5770 5790| 5820| 5850| 5870 5900| 5 930 59501 5,980 16
171 6,010 6,040 6,070 6,110 6,140 6,170| 6,200 | 6,230 | 6,260 | 6,290| 6,320| 6 350 6,380 , 41 6,440 | 6,470 | 6,500 6,530| 6,560 | 6,590 | 6,620 |17
18| 6,580 6,620| 6,650 | 6,690 | 6,720| 6,760 6,790 | 6,830 | 6,860 | 6,900| 6,930 6,960| 7.000| 7.030| 7.060) 7.100{ 7.130| 7.160| 7 190 7,230 7,260 | 18
19( 7,160 7,200 7,240} 7,270| 7,310 , 7,390 7,430 7,460| 7,5800| 7,540( 7,570 | 7,610| 7,650 | 7,680 7,720| 7,760{ 7.790| 7,830 7,860 , 19
20f 7,740f 7,780 | 7,820| 7,860 7,910| 7,950| 7,990 8,030 8,070| 81 8150} 8,190| 8,230| 8,270| 8,310 8350 | 8,390 8430| 8470 8500 | 8 540
211 8,310) 8,360 8,400 8,450| 8,490| 8540 8580| 8,630 8670| 8710| 8760 8800| 8840| 8890 | 8930| 8970| 9,010| 9 060 9,100t 9,140 9,180
22| 8,807 8,910 890 9,000| 9,050| 9,100| 9,150 | 9,190 | 9,240 9,290| 9,340 9,380 9.430| 9,480 | 9520| 9.570| 9.610| 9660| 9. 700 9,750 | 9,790
23| 9,400| 9,450| 9,500 | 9,560 | 9,610| 9,660 9,710| 9,760 | 9,810| 9,860 9,920| 9, 970! 10,020 | 10,060 | 10,1 10,160 | 10,210 | 10,260 | 10,310 | 10,360 | 10,410
24; 9,940 10,000 | 10,050 1 10,110 | 10,160 { 10,220 | 10,270 | 10,330 | 10,380 | 10,440 | 10,490 | 10,540 | 10,600 | 10,650 { 10,700 | 10.760 | 10,810 10.860 | 10,910 | 10 360 11,010
25( 10,490 | 10,540 | 10,600 | 10,660 | 10,720 | 10,780 | 10,840 | 10,890 | 10,950 | 11,010 | 11,070 | 11,120 | 11,180 | 11,240 | 11,290 | 11,350 | 11,410 | 41,460 | 11,520 11,570 | 11,620
26| 11,030 | 11,090\ 11,150 | 11,210 | 11,280 | 11,340 | 11,400 | 11,460 | 11,520 | 11,590 | 11,650 | 11,710 | 11,770 | 11,830 | 11,890 | 11,950 | 12,000 | 12,060 | 12,120 | 12, 180 12,240
271 11,8801 11,640 ) 11,700 | 11,770 | 11,830 11,900 | 11,970 | 12,030 | 12,100 | 12 160 | 12,220 | 12,280 | 12,350 | 12,420 | 12,480 | 12,540 | 12,600 | 12.660 | 12,730 | 12. 790 , 850
281 12,120 | 12,180 | 12,250 | 12,320 | 12,390 | 12,460 | 12,530 | 12,600 | 12,670 | 12,740 | 12,800 | 12,870 | 12,940 | 13,000 | 13,070 | 13,140 | 13,200 | 13 270 | 13,330 | 13 400 13, 460
291 12,690 | 12,750 | 12,820 | 12,890 | 12,960 | 13,030 | 13,100 | 13,170 | 13,240 | 13,310 | 13,370 | 13,440 | 13,510 | 13,580 | 13.650 | 13,720 | 13,780 | 13.850 | 13,920 | 13 980 14, 050
30( 13,260 | 13,320 | 13,390 | 13,460 | 13,530 | 13,600 | 13,670 | 13,740 | 13,810 | 13,870 | 13,940 | 14,010 | 14,080 | 14,160 | 14.230 | 14 300 | 14,370 | 14,430 | 14. 500 14,570 | 14,640
311 13,820 | 13,890 | 13,960 | 14,030 | 14,100 | 14,170 | 14,240 | 14,310 | 14,370 | 14,440 | 14,510 | 14,580 | 14,660 | 14,730 | 14,800 | 14,870 | 14,940 | 15,020 | 15 090 15,160 | 15,230
32| 14,380 | 14,450 | 14,520 | 14,590 | 14,660 | 14,730 | 14,800 | 14,870 | 14,940 | 15,010 | 15,080 | 15,150 | 15,230 | 15,300 | 15, 380 | 15,450 | 45,520 | 15,600 | 15, 670 15,740 | 15,810
337 14,950 115,020 | 15,090 | 15,160 | 15,230 | 15,300 | 15,370 | 15,440 | 15,510 | 15,570 | 15,640 | 15,720 | 15,800 | 15,880 | 15.950 | 16.030 | 16,100 | 16,180 | 16,250 | 16. 330 16, 400
341 15,520 | 15,590 | 15,660 | 15,730 | 15,800 | 15,870 | 15,940 | 16,010 | 16,080 { 16,140 | 16,210 | 16,290 | 16,370 | 16,450 | 16,530 | 16,610 | 16,690 | 16,760 | 16. 840 16,910 | 16,990
35| 16,090 | 16,160 | 16,230 | 16,300 | 16,370 | 16,440 | 16,510 | 16,580 | 16,650 | 16,710 | 16,780 | 16,860 | 16,950 | 17,030 | 17,110 | 17,190 | 17.270 | 17,350 | 17.420 | 17,500 | 17,580
36| 16,8301 16,890 | 16,960 | 17,030 | 17,100} 17,160 | 17,220 | 17,280 | 17,340 | 17,410 | 17,470 | 17,550 | 17,630 | 17,700 | 17,780 | 17,850 | 17,920 | 17,990 | 18,060 | 18, 140 18, 220
371 17,550 | 17,610 | 17,680 | 17,740 | 17,800 | 17,860 | 17,910 | 17,970 | 18,030 | 18,090 | 18,150 | 18,220 | 18, 18,360 | 18,430 | 18,490 | 18,560 | 18,630 | 18,700 | 18,770 | 18, 850
381 18,290 | 18,350 | 18,410 18,460 | 18,520 | 18,570 | 18,620 | 18,670 | 18,720 | 18,770 | 18,840 | 18,900 | 18,970 | 19,030 | 19,090 | 19 150 | 19,210 | 19,270 | 19,330 | 19. 410 19, 490
39( 19,010 | 19,060 | 19,120 | 19,170 | 19,220 | 19,260 | 19,310 | 19,350 | 19,400 | 19,450 19,510 | 19,570 | 19,620 | 19,680 | 19,740 | 19,790 | 19,850 | 19,800 | 19, 960 20,030 | 20,120
40| 19,730 | 19,780 | 19,830 | 19,880 | 19,920 | 19,960 | 20,000 | 20,040 | 20,080 | 20,130 | 20,180 | 20,240 | 20,290 | 20,340 | 20,390 | 20,440 | 20,480 | 20 530 | 20,590 | 20 670 20,750
411 20,470 | 20,520 | 20, 570 | 20,610 | 20,640 | 20,680 | 20,710 | 20,740 | 20,780 | 20,820 | 20,870 | 20,920 | 20,970 | 21,010 | 21,060 | 21,100 | 21,140 | 21,180 | 21,230 | 21, 300 21,390
421 21,200 1 21,240 | 21,280 | 21,320 | 21,350 | 21,380 21,400 | 21,430 { 21,460 | 21,500 | 21,550 | 21,590 | 21,630 | 21,670 | 21710 , 21,780 | 21,810 1 21,860 | 21,940 | 22,020
431 21,270 | 21,360 | 21,450 | 21,530 | 21,610 | 21,690 vy 21,840 | 21,920 | 22,010 | 22,100 { 22,200 | 22,290 | 22,380 | 22,470 | 22,550 | 22,640 | 22,690 | 22,740 | 22,810 | 22,880
441 21,3901 21,530 | 21,660 [ 21,790 | 21,920 | 22,050 | 22,170 | 22,290 | 22,430 | 22,570 | 22,710 | 22,850 | 22,990 | 23,130 | 23,270 | 23,410 | 23,510 | 23,560 | 23,610 | 23.670 | 23.730
45| 21,460 | 21,640 | 21,820 | 22,000 | 22,180 | 22,350 | 22,530 | 22,700 | 22,880 | 23,070 | 23,260 | 23,450 | 23,640 | 23,830 | 24,020 | 24,210 | 24370 | 24 440 | 24,480 | 24 530 24,590
461 21,580 | 21,810 1 22,040 | 22,260 | 22,480 | 22,710 | 22,930 } 23,160 | 23,390 | 23,620 | 23,860 | 24,100 | 24,340 | 24,580 | 24,820 | 25,050 | 25,230 | 25,300 | 25,340 | 25,390 | 25,430
471 21,710 | 21,980 | 22,250 | 22,520 | 22,790 | 23,070 | 23,340 | 23,620 | 23,900 | 24,180 | 24,470 | 24,750 | 25,040 | 25,330 | 25,620 | 25,910 | 26,110 | 26. 180 | 26,210 | 26. 250 26,290
481 21,7801 22,100 | 22,410 22,730 | 23,050 | 23,380 | 23,700 | 24,030 | 24,360 | 24,690 | 25,020 | 25,360 | 25,700 | 26,030 | 26,370 | 26,720 | 26,970 | 27.060 | 27.090 | 27. 120 27,150
49| 21,900 | 22,260 | 22,630 | 22,990 | 23,360 | 23,740 | 24,110 | 24,490 | 24,860 | 25,240 | 25,630 | 26,010 | 26,400 | 26,790 | 27,180 | 27,570 | 27,850 | 27,940 | 27,960 | 27,980 | 28,000
50| 21,900 | 22,260 | 22,630 | 22,990 | 23,360 | 23,740 | 24,110 | 24,490 | 24,860 | 25,240 | 25,630 | 26,010 | 26,400 | 26,790 | 27,180 | 27,570 | 27,850 | 27,970 | 28,050 | 28. 120 28,190

NOVEMBER 2004 HEADWATER 1513 to 1515



12 HIWASSEE DAM
| SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
15130 | 15131 [ 15132 15133 | 15134 [ 15135 | 15136 | 15137 | 15138 | 15139 [1514.0 | 1514.1 [ 1514.2 [ 1514.3 [ 15144 [15145 [15146 | 15147 | 15148 | 15149 [15150

0] 24,490 | 24,860 | 25,240 | 25,630 | 26,010 | 26,400 { 26,790 | 27,180 | 27,570 | 27,880 | 28,050 | 28,180 | 28,310 | 28,440 | 51
0 24,490 | 24,860 | 25,240 | 25,630 | 26,010 | 26,400 | 26,790 | 27, 180 | 27,570 | 27,880 | 28,080 | 28,270 | 28,450 | 28,630 | 52
0] 24,490 | 24,860 | 25,240 | 25,630 | 26,010 | 26,400 | 26,790 { 27,180 | 27,570 | 27,910 | 28,170 | 28,400 | 28,640 | 28,880 | 53
0| 24,490 24,860 | 25,240 | 25,630 | 26,010 | 26,400 | 26,790 | 27,180 | 27,570 ( 27,940 | 28,250 { 28,540 | 28,830 | 29, 130 | 54
0] 24,490 | 24,860 | 25,240 | 25,630 | 26,010 | 26,400 | 26,790 | 27,180 | 27,570 | 27,940 | 28,280 | 28,630 | 28,970 | 29, 320 | 55
0
0
0
0
0

60| 21,900 | 22,260 | 22,630 | 22,990 | 23,360 | 23,740 | 24, 24,490 | 24,860 | 25, 240 | 25,630 | 26,010 | 26,400 | 26,790 | 27,180 | 27,570 | 27,970 | 28,360 | 28,760 | 29,160 | 29,570 | 60

HEADWATER 1513 to 1515 NOVEMBER 2004



HIWASSEE DAM 13
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
15150 | 16161 | 15152 | 15153 | 15154 | 16155 | 15156 | 15157 | 15158 | 15159 [1516.0 [1516.1 | 1516.2 [ 15163 | 15164 | 15165 | 15166 | 1516.7 | 15168 | 15169 | 1517.0

GATE
ARRANGE-
MENT

1 350 350 350 350 350 350 360 360 360 360 360 360 360 370 370 370 370 370 370 370 3801 1

2 650 660 660 660 670 670 670 670 680 680 680 680 690 690 690 690 700 700 700 710 710 2

31 1,000 1,010 4,010( 1,010| 1,020| 1,020| 1,030 | 1,030! 1,030 1,040| 1,040/ 1,050| 1,050 1,060 | 1,060| 1,060 1,070 1,070 | 1,080 | 1,080 | 1,080| 3

41 1,3100 1,310 1,3201 1,320| 1,330 1,340| 1,340 | 1,350 1,350 | 1,360| 1,360 1.370| 1.370| 1.380| 4.380| 1.390| 1.390 1,400 1,410 1,410| 1,420 4

5| 1,620| 1,620 1,630 1,640| 1,640| 1,650 | 1,660 | 1,660| 1,670 | 1,680| 1,680 1:690| 1,700 | 1.700| 1.710{ 1720| 4.720| 1.730| 1.740 1,740 1,750 | 5

6| 1,960 19701 1,980| 1,9901 2,000 2000 2,010 2,020| 2,030| 2,040| 2,050 | 2,050 | 2,060| 2,070 2.080| 2,090 | 2,090 | 2 100 2,110t 2,120} 2,120 6

74 2,270 2,280 | 2,290 2,300 2,310 2,320 2,330 | 2340 2,350 2 360 370 | 2,380 | 2,380 2,390 2,400| 2,410) 2,420 | 2,430 2,440 2,450 | 2,460 | 7

8| 2,610 2,620 26301 2,640| 2,650 2,670| 2,680 | 2690 2,700 | 2710| 2.720{ 2,730| 2.740| 2.750| 2.760| 2770 | 2.780| 2 790 2,800 2,820 2,830 8

91 2,90 2,970 2,990 3,000| 3,010 3,020| 3,040 | 3,050 | 3,060| 3,070| 3,090 | 3,100 3.110| 3.120| 3.140| 3.150| 3.160] 3 170 3,180 | 3,200 3,210| 9
100 3,300 3,310 3,330 | 3,340| 3,360 3,370 | 3,380 3,400 3,410{ 3,430 | 3,440 3,450 | 3.470| 3,480 | 3490 3.510 ) 3,540 | 3,550 | 3,560 3,580 | 10
M1 3,650| 3,670 | 3,680, 3,700| 3,710| 3,730 | 3,740| 3,760| 3,780 3,790 | 3,810| 3,820 3,840| 3,850 | 3,870| 3,880 | 3,900| 3,910| 3,930 3,940 3,960 | 11
12( 4,000| 4,020| 4,040 4,050 | 4,0 4,000 | 4,100 4,120\ 4,140 | 4,160 4,170| 4,190 4,210 | 4,220 4,240 | 4,260 | 4.270 | 4,290 | 4,310 | 4.320| 434012
13| 4,3407 4,360 4,380 | 4,400 4,420| 4,430 4,450 ! 4,470 | 4,490 | 4,510 4,530 | 4,550 4,560 | 4,580 | 4.600| 46201 4.640| 4650 4.670| 4600 | 4 71013
14| 4,690 4,710 | 4,730| 4,750 4,770 | 4,790 | 4,810 | 4,830| 4,850 | 4,870 | 4,890 4,910| 4,930 | 4,950 | 4,970| 4.990| 5010| 5030| 5050 | 5070| 5. 090 | 14
15] 5,340 ) 5,380 | 5,410 | 5,430 4 5480 | 5500 5520 5540| 5570| 5590 | 5610 5630 | 5660 5680| 5700 5720| 5750 5770] 5,790 | 15
16| 5980| 6,000 6,030 6060| 6080 6110| 6,130| 6,160 | 6,180| 6,210| 6,240 | 6,260 6,290 | 6,310 6,340| 6,360 | 6,390 | 6,410 6, 430 6,460 | 6,480 | 16
171 6,620 6,650| 6,680 6,710| 6,740| 6,760 | 6,790| 6,820| 6,850 | 6,880| 6,910| 6,940 6.960| 6,990 7.020| 7. 050 , 7,100} 7,130| 7,160 | 7,180 |17
18 7,260| 7,290 | 7,320 7,350 | 7,390| 7,420 7,450 | 7,480| 7,510 7,540| 7,570 7,600| 7,640| 7,670| 7.700| 7.730| 7.760| 7.790| 7.820| 7 850 7,880 | 18
J9l 7,900| 7,930 | 7,970| 8,000| 8,040| 8,070 8,110 | 8140| 8170 8210| 8,240 | 8280 | 8.310| 8,340| 8370| 8.410| 8440  8.470| 8510| 8 540 8,570 | 19
20( 8, 8,580 | 8,620 8,660 8690 8730| 8770| 8,810 8840 | 8880 | 8920| 8950 | 8990 9,020| 9,060 9,100| 9,130| 9 170| 9.200| 9.240| 9 270 20
211 19,1801 9,220 9,260/ 9,300 | 9,340| 9,380 | 9,420| 9,460 | 9,500| 9,540 9,580 9,620| 9,660 | 9,700 | 9,740| 9,780| 9,820| 9,850{ 9,890| 9, 930 9,970 | 21
22| 9,790 9,840 9,880 | 9,930 9,970| 10,010 | 10,060 | 10,100 | 10,140 | 10, 180 | 10,230 | 10,270 | 10,310 | 10,350 | 10.390 | 10.440 | 10,480 | 10,520 | 10,560 | 10600 | 10,640 | 22
23| 10,410 | 10,450 | 10,500 | 10,550 | 10,590 | 10,640 | 10,690 | 10,730 | 10,780 | 10,820 | 10,870 | 10,920 | 10,960 { 11,010 | 11,050 | 11,090 | 11,140 | 11,180 | 11.230 | 11.270 | 11,320 | 23
247 11,010 | 11,070 | 11,120 | 11,170 | 11,220 11,270 | 11,320 | 11,360 | 11,410} 11,460 | 11,510 | 11,560 | 11,610 | 11.650 | 11,700 | 11,750 | 11.800 | 11,850 | 11890 | 11. 940 11,990 | 24
25( 11,620 | 11,680 | 11,730 | 11,790 | 11,840 | 11,890 | 11,940 | 12,000 | 12,050 | 12,100 | 12, 150 | 12,200 | 12,250 | 12,300 | 12,360 | 12,410 | 12,460 | 12.510 | 12560 | 12,610 | 12660 | 25
26| 12,240 | 12,290 | 12,350 1 12,410 | 12,460 | 12,520 | 12,580 | 12,630 | 12,690 | 12,740 | 12,790 | 12,850 | 12,900 | 12,960 | 13,010 | 13,070 | 13,120 | 13,170 | 13,230 | 13,280 13,330 | 26
27| 12,850 | 12,910 | 12,970 | 13,030 | 13, 13,150 | 13,210 | 13,260 { 13,320 | 13,380 | 13,440 | 13,500 | 13,550 | 13,610 | 13,670 | 13,730 | 13,780 | 13,840 | 13,900 | 13,950 | 14,010 | 27
281 13,460 | 13,520 | 13,590 | 13,650 | 13,710 | 13,780 | 13,840 | 13,900 | 13,960 | 14,020 | 14,080 | 14, 140 | 14,200 | 14,260 | 14.320 | 14.380 | 14,440 | 14.500 | 14,560 | 14 620 | 14.680 | 28
29( 14,050 | 14,120 | 14,180 | 14,250 | 14,320 | 14,380 | 14,450 | 14,510 | 14,580 | 14,640 | 14,710 | 14,770 | 14,830 | 14.900 | 14.960 | 15020 | 15,090 | 15 150 | 15,210 | 15 280 X 29
30| 14,640 | 14,710 | 14,780 | 14,850 | 14,920 | 14,990 | 15,060 | 15.130 | 15,200 | 15, 260 15,330 | 15,400 | 15,460 | 15,530 | 15,600 | 15,660 | 15.730 | 15,800 | 15, 860 15,930 | 15,990 | 30

39| 20,120 | 20200 | 20,280 | 20’ 370 20 450 20'530 20,610 | 20,690 | 20,770 20 860 20 950 | 21,040 | 21,130 | 21,220 | 21,310 | 21. 400 21’480 21.570 | 21,660 %;;gg 21,840 | 39

44 23 730 23' 800 23‘ 860 | 23,910 | 23,970 | 24. 020 %ﬁ ggg 24’ 140 | 24,210 | 24280 | 24,350 | 24,430 | 24. 500 24’570 24' 640 | 24,710 | 24, 730 24’ 870 | 24.960 | 25, 060 %g ggg 44

, ’ , ) 1
50| 28,190 | 28,260 | 28,330 | 28,390 | 28,450 | 28,500 | 28,570 | 28,650 | 28,740 | 28820 | 26,900 | 26,970 | 29,050 | 29120 | 29,200 | 29,230 | 28,270 | 29,350 | 29,430 | 29,510 | 29,590 | 50
NOVEMBER 2004 . HEADWATER 1515 to 1517




14 ’ HIWASSEE DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
15150 | 15151 | 1515.2 | 15153 | 15154 | 15155 | 15156 |1515.7 | 15158 [1515.9 [1516.0 [1516.1 | 1516.2 | 1516.3 | 15164 [ 15165 | 15166 | 15167 [ 15168 | 15169 | 1517.0

591 29,570 | 29,970 | 30,380 | 30,790 | 31,200 | 31,620 | 32,030 | 32,450 | 32,870 { 33,290 | 33,720 | 34,140 | 34,570 | 35,000 | 35,340 | 35570 | 35,770 | 35,960 | 36,160 | 36,350 | 36,540 | 59
60} 29,570 | 29,970 | 30,380 | 30,790 | 31,200 | 31,620 | 32,030 | 32,450 | 32,870 | 33,290 | 33,720 | 34, 140 | 34,570 | 35,000 | 35,370 | 35,650 | 35910 | 36,170 | 36,430 | 36,690 | 36,940 | 60

611 29,570 | 29,970 | 30,380 | 30,790 | 31,200 | 31,620 | 32,030 { 32,450 | 32,870 | 33,290 { 33,720 | 34,140 | 34,570 | 35,000 | 35,400 | 35,740 | 36,060 | 36,380 | 36,700 | 37,020 | 37,330 | 61
, \ 32,450 | 32,870 | 33,290 | 33,720 36,160 | 36,530 | 36,910
63| 29,570 { 29,970 | 30,380 | 30,790 | 31,200 | 31,620 | 32,030 | 32,450 | 32,870 | 33,290 | 33,720 | 34,140 | 34,570 | 35000 | 35,440 | 35870 | 36,310 | 36,740 37,180 | 37,630 | 38,070 | 63

641 29,570 | 29,970 | 30,380 | 30,790 | 31,200 | 31,620 | 32,030 | 32,450 | 32,870 { 33,290 | 33,720 | 34,140 | 34,570 | 35,000 | 35,440 | 35870 | 36,310 | 36,740 | 37,180 | 37,630 | 38,070 | 64
65| 29,570 | 29,970 | 30,380 | 30,790 | 31,200 | 31,620 | 32,030 | 32,450 | 32,870 | 33,290 33,720 | 34,140 | 34,570 | 35,000 | 35,440 | 35870 | 36,310 | 36,740 | 37,180 | 37,630 | 38,070 | 65

HEADWATER 1515 to 1517 ' NOVEMBER 2004




HIWASSEE DAM 15

SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

2 HEADWATER ELEVATION 5
o= 15170 | 15171 [1517.2 [1517.3 [ 15174 [ 15175 [ 15176 | 1517.7 | 1517.8 | 15179 | 1518.0 | 1518.1 | 1518.2 | 15183 | 15184 | 15185 | 15186 I 1518.7 | 1518.8 | 15189 | 1519.0 655
1 380 380 380 380 380 380 380 380 390 390 390 390 390 390 390 400 400 400 400 400 400 | 1
2 710 710 710 720 720 720 720 730 730 730 730 740 740 740 740 750 750 750 750 760 760 | 2
3 1,0801 1,000 1,000 1,100| 1,100| 1,100| 1,110| 4,110] 1,110| 1,120 1,120} 1,130 | 1,130| 4,130 1,140 1,140 1,140| 1,150 | 1,150( 1,160| 1,160 3
4| 1,420 1,420 1,430 1,430 | 1,440| 1,440| 1,450 | 1,450| 1,460| 1,460| 1,470 | 1,470 1,480| 1,480 1,490 1,490 1,500 | 1,500 | 1,510 1,510| 1,520 | 4
5 1,750| 1,760 1,760 1,770| 1,770 1,780| 1,790| 1,790| 1,800 | 4,810 1,810| 1,820 1,820 | 1,830 | 1,840| 1,840| 1,850 | 1,850| 1,860 1,870| 1,870} S
6] 2,120] 2,130 2,140 2,150 | 2,160 2,160| 2,170 | 2,180 | 2,190 | 2,190 | 2,200 2,210 | 2,220 2,220| 2,230| 2,240 | 2,250{ 2,250 | 2,260 | 2,270{ 2,270| 6
71 2,460 | 2,470 | 2,480| 2,480| 2,480 | 2,500 2,510 2,520 2,5 2,540 2,550 | 2,550{ 2,560 2,570 | 2,580| 2,590 | 2,600 2,610 2,610| 2,620| 2,630 7
8| 2,830 2,840 2,850 2,860 2,870 2 880 , \ 2,910 1 2,920 2,930 2,940 2,950 2,960 \ 2,980 2,990 3,000| 3,010{ 3,020 3,030 8
9 3,210 | 3,220 | 3,230| 3,240| 3,250 3,270 , 3,290 3,300 3,310 3,320 | 3,340 3,350 3,360 \ 3,380 | 3,390 3,400| 3,410 3,430 3,440 9
10| 3,580 3,590 | 3,600| 3,610| 3,630 3,640 \ 3,670 3,680 3,690| 3,710 3,720| 3,730 , 3,760 3,770 3,780 | 3,790| 3,810 3,820 | 3,830 10
111 3,960 | 3,970 3,990 | 4,000! 4,020| 4,030| 4,040| 4,060| 4,070 4,000 4,100 4,120 | 4,130| 4,140 | 4,160 | 4,170 | 4,190 ! 4,200| 4,210 | 4,230 4,240 | 11
12 , , 351 \ 4,390 | 4,400 4,420 | 4,430 4,450 | 4,470 4,480 4,500 , 51 4,530 | 4,540 | 4,560 4,570 | 4,590 \ 4,620 | 4,640 4,650 12
13| 4710 4.720| 4,740 4,760 | 4.780| 4,790| 4,810| 4.830| 4,850 | 4,860 | 4,880 | 4,900| 4,910 | 4,930| 4,950 | 4,960 | 4,980 | 5000| 5010| 5030( 505013
141 5090 | 5,1 5130 5150 | 5160 5180 5,200| 5,220 \ 5260 5280 | 5290 5310| 5330 5350| 5370| 538 | 5400| 5420] 5440| 546014
15( 5,790 | 5,810 | 5,830 | 5850 | 5,880 5900| 5 920 , 5,060 | 5980| 6,000| 6,030| 6,050| 6,070| 6,090| 6,110} 6,130| 6,150| 6,170 6,190 | 6,210 15
16] 6,480 | 6,510 6,530 | 6,560 6,580 | 6,600 6,630| 6,650| 6,680 6,700| 6,730 6,750 | 6,770| 6,800 | 6,820 | 6,840 | 6,870 | 6,890| 6920 | 6,940 | 6,960 16
171 7,180t 7,210t 7,240 7,260 . 7,320 340 \ 7,400 7,430( 7,450 7,480 7,510 ,530| 7,560| 7,590 7,610| 7,640 7,660 | 7,690| 7,7 17
18| 7.880| 7.910| 7,930 7.960| 7,990| 8,020| 8050| 8080| 8 110| 8140| 8,170| 8,200| 8230| 8,260 | 8290| 8,320 | 8,350 8380| 8410| 8430 8,460 18
19| 8570 | 8.600| 8.630| 8,670| 8,700| 8,730| 8760| 8800| 8830| 8860 8890 8930} 890 | 8990 9,020| 9,050| 9,090 9,120| 9,150 | 9,180| 9,210 19
201 9,270 9,310 ) 9,380 | 9, 9450 | 9,480 | 9,520 9,550 | 9,590 | 9,620 | 9,660 9,690| 9,730| 9,760| 9,800| 9,830 | 9,870 | 9,900| 9,930 9,970 |20
211 9,970 10,000 { 10,040 | 10,080 | 10,120 { 10,150 | 10,190 | 10,230 | 10,270 | 10,310 | 10,350 10,380 | 10,420 | 10,460} 10,500 | 10,530 | 10,570 | 10,610 | 10,640 | 10,680 | 10,720 | 21
22} 10,640 | 10,680 | 10,720 | 10,760 | 10,800 | 10,840 10,8 10,930 | 10,970 | 11,010 | 11,050 | 11,090 | 11,130 | 11,170 | 11,21 11,250 | 11,290 | 11,330 | 11,370 | 11,410 | 11,450 | 22
23| 11,320 | 11,360 | 11,400 | 11,450 | 11,490 | 11,530 | 11,580 | 11,620 | 11,660 | 11,710 | 14,750 [ 11,790 | 11,840 | 11,880 | 11,920 | 11,960 | 12,010 12,050 | 12,090 | 12,130 | 12,170 | 23
24| 11,990 | 12,030 | 12,080 | 12,130 | 12, 170 | 12,220 | 12,270 | 12,310 12,360 | 12,410 | 12,450 | 12,500 | 12,540 [ 12,590 | 12,630 | 12,680 | 12,720} 12,770 | 12, 810 | 12,8 12,900 | 24
25 12 660 | 12,710 | 12,760 | 12,810 | 12,860 | 12,910 | 12,960 | 13,000 | 13,050 | 13,100 | 13,150 | 13,200 | 13,250 | 13,300 | 13,340 13,390 | 13,440 | 13,490 | 13,530 | 13, 580 13,630 | 25
26] 13,330 ] 13,390 | 13,440 | 13,490 | 13,540 | 13,600 | 13,650 | 13,700 | 13,750 | 13,800 | 13,850 | 13,910 | 13,960 | 14,010 | 14,060 | 14, 110 | 14,160 | 14,210 | 14,260 | 14,310 | 14,360 | 26
271 14,010 | 14,060 { 14,120 | 14,180 | 14,230 | 14,290 | 14,340 | 14,390 | 14,450 | 14,500 | 14,560 | 14,610 | 14,660 | 14,720 | 14,770 | 14,820 14,880 | 14,930 | 14,980 | 15,030 | 15,080 | 27
28| 14,680 | 14,740 | 14,800 | 14,860 | 14,920 | 14,980 | 15,030 | 15,0 15,150 | 15,200 | 15,260 | 15,320 | 15,370 \ 15,480 | 15,540 | 15,590 | 15,650 | 15,700 | 15,760 | 15,810 | 28
29| 15,340 | 15,400 | 15,460 { 15,520 | 15,5 15,6 15,700 | 15,760 | 15,820 [ 15,880 | 15,940 | 16,000 { 16,060 | 16,120 | 16,180 | 16,240 | 16, 300 | 16,350 | 16,410 | 16, 470 , 29
30( 15,990 16 060 | 16,120 { 16,190 | 16,250 | 16,310 | 16,380 | 16,440 | 16,500 | 16, 560 16 630 | 16,690 | 16,750 | 16,810 | 16,880 | 16, 940 17, 000 17 060 | 17,120 | 17,180 | 17,240 | 30
31| 16,640 | 16,710 | 16,780 | 16,850 | 16,910 16,980 | 17,040 | 17,110 | 17,180 | 17,240 | 17,310 | 17,370 17,440 | 17,500 | 17,570 | 17,630 | 17,700 | 17,760 | 17,830 | 17,890 17, 950 | 31
32| 17,300 | 17,370 { 17,440 | 17,510 | 17,570 | 17,640 | 17,710 { 17,780 | 17,850 | 17,920 | 17,980 | 18,050 | 18,120 | 18,190 | 18,260 | 18,330 \ 18,460 | 18,530 | 18,600 | 18,660 | 32
33} 17,950 18,020 | 18,100 | 18,170 | 18,240 | 18,310 { 18,380 | 18,460 | 18,530 | 18,600 | 18,6 18,740 | 18,810 | 18,880 | 18,960 | 19,030 \ 19,170 | 19,240 | 19,310 | 19,380 | 33
34| 18,600 | 18,680 | 18,760 | 18,830 | 18,910 | 18,980 | 19,060 | 19,130 | 19,200 | 19,280 | 19,350 | 19,430 | 19,500 | 19,580 | 19,650 | 19,730 | 19,800 | 19,870 | 19,950 | 20,020 | 20,090 | 34
35 19 260 | 19,340 19,420 | 19,500 | 19,570 19,650 { 19,730 19 800 19 880 | 19,960 | 20,030 | 20,110 | 20, 190 20 270 20 350 20,430 | 20,500 | 20,580 | 20,660 | 20,730 { 20,810 | 35
36| 19,910 | 19,990 | 20,070 | 20,160 | 20, 240 | 20,320 | 20,400 | 20,480 | 20,560 | 20,640 | 20,720 | 20,800 | 20,880 | 20,960 | 21,040 | 21,120 | 21,210 | 21,290 | 21,360 | 21,440 | 21, 520 | 36
37| 20,560 | 20,640 | 20, 730 | 20,810 | 20,900 | 20,980 | 21,070 | 21,150 | 21,230 | 21,320 | 21,400 | 21,480 | 21,570 | 21,650 | 21,740 | 21,820 } 21, 900 | 21,990 | 22,070 | 22,150 | 22,230 | 37
38| 21,200 | 21,290 | 21,380 | 21,470 { 21,560 | 21,650 | 21,730 | 21,820 | 21,910 | 21,990 | 22,080 | 22,170 | 22,250 | 22, 340 | 22,430 | 22,510 | 22,600 | 22,680 22,770 | 22,850 | 22,940 | 38
39} 21,840 | 21,940 | 22,030 | 22,120 | 22,210 | 22,300 | 22,400 | 22,490 | 22,580 | 22,670 | 22,760 | 22,850 | 22,940 | 23,030 | 23, 110 | 23,200 | 23,290 | 23,380 f 23,470 | 23,550 | 23,640 | 39
40| 22,490 22500 | 22,680 | 22,780 | 22,870 | 22,970 | 23,060 | 23, 160 | 23,250 | 23,340 23,440 | 23,530 | 23,620 23,710 | 23,810 23,900 | 23,990 | 24,080 | 24,170 | 24,260 | 24,350 | 40
41| 23,140 | 23,240 | 23,340 | 23,440 | 23,540 | 23,640 | 23,730 | 23,830 | 23,930 | 24,030 | 24,120 | 24,220 | 24,310 | 24,410 | 24,500 | 24,600 | 24,690 | 24,780 | 24,880 | 24,970 | 25,060 | 41
42 \ 23,890 | 23,990 | 24,100 | 24,200 | 24,300 | 24,400 | 24,500 | 24,600 \ 24,800 | 24,900 | 25,000 | 25,100 | 25,200 | 25,290 | 25,390 | 25,480 | 25,580 | 25,670 | 25,770 | 42
43| 24,480 | 24,580 | 24,680 | 24,780 | 24, 880 \ , \ 25,280 | 25,380 | 25,480 | 25,580 | 25,680 | 25,780 | 25,870 | 25,970 | 26,070 | 26, 160 | 26, 260 | 26, 360 | 26,460 | 43
44} 25 160 | 25,260 | 25, 360 | 25,460 | 25,560 | 25,660 | 25,760 | 25,860 | 25,960 | 26,060 | 26, 160 | 26,260 | 26, 360 | 26,450 | 26, 550 | 26,650 | 26,750 | 26, 850 | 26,950 | 27, 050 27,150 | 44
45( 25,850 | 25,950 | 26, 040 26,140 | 26,230 | 26,330 | 26,430 | 26,530 | 26,630 | 26, 730 | 26, 830 26,930 | 27.030 | 27,130 | 27,220 | 27,320 | 27,420 | 27,520 | 27,630 | 27, 730 27 840 | 45
46| 26,530 | 26,630 | 26,720 | 26,810 | 26,910 | 27,000 | 27,100 | 27,200 | 27,300 | 27,400 | 27,500 | 27,600 | 27,700 | 27,800 | 27,900 | 27,990 | 28,090 | 28,200 | 28,310 | 28,420 1 28,530 | 46
47| 27,220 | 27,310 | 27,400 | 27,500 | 27,590 | 27,680 | 27,770 | 27,870 | 27,980 | 28,080 | 28,180 | 28,280 | 28,380 | 28,480 | 28,580 | 28,670 | 28,770 | 28,890 | 29,000 | 29, 110 | 29, 220 | 47
48| 27,910 | 28.000 | 28,090 | 28,180 | 28,270 | 28,360 | 28,450 | 28,550 [ 28,650 | 28,750 | 28,860 | 28,960 | 29,060 | 29, 150 | 29,250 | 29,350 | 29,450 | 29,570 ( 29,680 | 29,800 | 29, 910 | 48
49| 28600 | 28,690 | 28,770 | 28,860 | 28,950 | 29,030 | 29,120 | 29,230 | 29,330 | 29,430 | 29,530 | 29,630 | 29,730 | 29,830 | 29,930 | 30,030 | 30, 130 | 30,250 | 30,370 | 30,490 | 30,610 | 49
50| 29, 590 29 670 | 29,7401 29,810 | 29,880 | 29,960 | 30, 040 30 130 | 30,220 | 30,310 | 30,400 | 30,490 | 30,570 30 660 30 740 | 30,830 | 30,940 31,050 | 31,170 | 31,280 31,400 | 50

NOVEMBER 2004 HEADWATER 1517 to 1519




16 HIWASSEE DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
1517.0 [1517.1 | 15172 [1517.3 | 15174 [1517.5 | 1517.6 [ 1517.7 [1517.8 | 15179 | 15180 | 1518.1 [1518.2 | 15183 | 15184 | 15185 | 15186 |1518.7 | 15188 | 15189 |1519.0

51( 30,570 | 30,630 | 30,690 | 30,740 | 30,800 ( 30,870 | 30,940 | 31,020 | 31,090 | 31,170 | 31,250 | 31,320 | 31,390 | 31,460 | 31,540 | 31,630 [ 31,730 ( 31,840 31,960 | 32,070 | 32,180 | 51
52| 31,550 | 31,600 | 31,640 | 31,690 | 31,730 | 31,780 | 31,850 | 31,910 | 31,980 | 32,040 | 32,100 | 32,160 | 32,220 | 32,280 | 32,340 | 32,430 | 32,530 | 32,640 | 32,740 | 32,850 | 32,960 | 62
53| 32,520 | 32,550 | 32,580 | 32,610 f 32,640 | 32,690 | 32,740 | 32,790 | 32,840 | 32,890 | 32,940 32,990 | 33,030 | 33,080 | 33,140 | 33,220 | 33,320 | 33,420 | 33,520 | 33,630 | 33,730 | 53
54| 33,500 | 33,510 | 33,530 | 33,540 | 33,560 | 33,600 | 33,630 | 33,680 | 33,720 | 33,750 | 33,790 | 33,820 | 33,850 | 33,880 | 33,940 | 34,020 | 34,120 | 34,210 | 34,310 | 34,410 | 34,510 | 54
55| 34,490 | 34,500 | 34,500 | 34,490 | 34,500 | 34,520 | 34,550 | 34,580 | 34,610 | 34,630 | 34,650 | 34,670 | 34,690 | 34,710 | 34,750 | 34,820 | 34,920 | 35,020 | 35,110 | 35,200 | 35,300 | 55

59| 36,540 | 36,720 | 36,910 | 37,090 | 37,280 | 37,490 | 37,690 | 37.900 | 38,100 | 38,310 | 38,510 | 38,710 | 38,920 | 39,120 | 39,340 | 39,590 | 39,850 | 40, 110 | 40,360 | 40,620 | 40,880 | 59
60| 36,940 | 37,180 | 37,430 | 37,680 | 37,940 | 38200 | 38470 | 38,740 | 39,010 | 39,280 | 39,540 | 39,810 | 40,080 | 40,350 | 40,630 | 40,940 | 41,250 | 41,560 | 41,870 | 42,180 | 42,500 | 60

61| 37,330 | 37,650 | 37,960 | 38,280 | 38,600 | 38,930 | 39,260 | 39,590 | 39,920 | 40,250 | 40,590 | 40,920 | 41,260 | 41,590 | 41,940 | 42,300 | 42,660 | 43,030 | 43,400 | 43,760 | 44,130 | 61
62{ 37,670 | 38,050 | 38,430 | 38,820 | 39,200 39,600 | 39,990 | 40,380 | 40,780 | 41,180 | 41,580 [ 41,980 | 42,380 | 42,780 | 43,190 | 43,610 | 44,030 | 44,450 | 44,870 | 45,300 | 45,730 | 62
63| 38,070 | 38,520 | 38,960} 39,410 | 39,870 | 40,320 | 40,780 | 41,230 | 41,690 | 42, 160 | 42,620 | 43,090 | 43,550 | 44,020 | 44,490 | 44,970 | 45,440 | 45,920 | 46,400 | 46,880 | 47,360 | 63
64| 38,070 | 38,520 | 38,960 | 39,4101 39,870 | 40,320 | 40,780 | 41,230 | 41,690 | 42, 160 | 42,620 | 43,090 | 43,550 | 44,020 | 44,490 | 44,970 | 45,440 | 45,920 | 46,400 | 46,880 | 47,360 | 64
65| 38,070 | 38,520 | 38,960 | 39,410 | 39,870 | 40,320 | 40,780 | 41,230 | 41,690 | 42, 160 | 42,620 | 43,090 | 43,550 | 44,020

HEADWATER 1517 to 1519 NOVEMBER 2004



HIWASSEE DAM 17
IN CUBIC FEET PER SECOND

E%E HEADWATER ELEVATION %’;
°%%]1519.0 | 1519.1 | 15192 | 1519.3 | 15194 | 15195 15196 | 1619.7 | 1519.8 | 15199 | 1520.0 | 1520.1 | 1520.2 | 1520.3 | 1520.4 | 1520.5 | 1520.6 | 1520.7 | 15208 | 15209 | 1521.0 |%&=
1 400 400 400 410 410 410 410 410 410 410 410 420 420 420 420 420 420 420 420 430 430 | 1
2 760 760 760 770 770 770 770 770 780 780 780 780 790 790 790 790 800 800 800 800 800 | 2
3 1,160 | 1,160| 1,170 | 1,170 | 1,170 | 1,180 | 1,180 1,190 | 1,190 | 1,190 1,200 1,200 1,200¢ 1,210 1,210| 1,210| 1,220| 1,220 | 1,220 | 1,230 | 1,230 | 3
4] 1,520 1,520 1,530 1,530 1,530! 1,540 | 1,540| 1,550{ 1.550 | 1.560 1,560 | 1,570 | 1,570 | 1,580 1,580 | 1,590 1,590 | 1,600 | 1,600! 1.610| 1,610 | 4
5| 1,870| 1,880| 1,880| 1,890| 1,900 | 1,900{ 1,910| 1,910| 1,920 | 1.930| 1,930 1,940 | 1,940 1,950| 1,950| 1,960 | 1,970! 1,970 1,980 | 1,980 1,990| 5
6 2,270 | 2,280| 2,290| 2,300 | 2,300 | 2,310| 2,320! 2,330 | 2,330 2340 2,350 | 2,350 2,360 2,370 | 2,370 | 2,380 | 2,390 2,400 2,400 | 2,410 2,420 6
7| 2,630, 2,640 2,650 | 2,660| 2,660 2,670 | 2,680| 2,690 | 2,700 | 2 710 2,710 | 2,720 2,730} 2,740 2,750| 2,750| 2,760 | 2,770| 2,780 | 2,790 | 2,790 | 7
8| 3,030 3,040 3,050 3,060| 3,070! 3,080| 3,080| 3,090| 3,100 | 3 3,120 | 3,130 | 3,140 | 3,150 ,160( 3,170 3,180 | 3,190 | 3,200f 3,210 | 3,220 8
91 3,440 | 3,450| 3,460 3,470| 3,480 | 3,490 3,500 | 3,510 3.520 | 3,540 | 3,550 3,560 | 3,570 | 3,580 ,590 1 3,600 3,610| 3,620 3,630| 3,640 | 3,650 | 9
10| 3,830 | 3,840 | 3,860 | 3,870 | 3,880 | 3,830 | 3,910| 3,920 | 3,930| 3,940 3,9 3,970 | 3,980 | 3,990 | 4,000 ,010 | 4,030 4,040 4,050| 4,060{ 4,070} 10
1] 4,240| 4,250 4,270 | 4,280 4,300| 4,310| 4,320 | 4,340 4,350 | 4,360 4,380 | 4,390 | 4,400| 4,420 | 4,430 | 4,440 4,460 | 4,470 | 4,480 4,500 4,510 | 11
121 4,650 | 4,670 4,680 4,700 4,710 4,730 4,740 | 4,760| 4.770 4,790 4,800| 4,810 | 4,830| 4,840 4,860 4,870 4,890 | 4,900| 4,9 4,930 | 4,940 1 12
13/ 5,050 5060 5080 5100 5110 5130| 5140| 5160 5,180 5,190 5,210 | 5220| 5240 | 5260 5270 52901 5300| 5320 5330 535 | 5,370 13
14| 5,460 | 5470 | 5,490 | 5510 | 5530 | 5540| 5560! 5580 | 5600! 5, 610 5630 | 5650| 5670 5680 5700| 5720| 5730 5750| 5770| 5,780 5,800 | 14
15 6,210 6,230 | 6,250 | 6,270 | 6,290| 6,310| 6,330 6,350| 6,370 6,390 6,410 6,430 6,450 | 6,470 6,490 | 6,510 | 6,530 6,550 6,570 | 6,590| 6,610 15
16| 6,960 | 6,980 7,010( 7,030 7,050f 7,080] 7,100 | 7,120| 7,140 71701 7,190 7,210| 7,230 7,260| 7,280 7,300| 7,320| 7,340| 7,370| 7,390 | 7,410 16
17y 7,720 7,740 7,770 , 7901 7,820 7,840| 7,870 | 7,890| 7,920 7,940| 7,970| 7.990| 8 020| 8 040 8,070 | 8,090| 8120| 8,140 | 8,170| 8,190 | 8,220 17
18| 8,460 | 8,490 | 8,520 | 8,550 | 8,580 | 8,600| 8630| 8660 8690 8 720 8,740 | 8,770| 8,800| 8,830 | 8,850 | 8880 | 8910{ 8,930 8960 | 8990 9,020 | 18
191 9,2101 9,240 | 9,270 | 9,310 9,340 | 9,370 | 9,400{ 9,430| 9,460 | 9,490 | 9,520 9, 550 , 6801 9,610 9,640 9,670 | 9,700 9,730 9,760 | 9,790 9,820 19
20| 9,970 10,000 | 10,040 | 10,070 | 10, 100 10 140 | 10,170 | 10,200 | 10,240 | 10,270 | 10,300 | 10,330 | 10,370 | 10,400 | 10,430 10 460 { 10,500 | 10,530 | 10,560 | 10, 590 10 620 | 20
211 10,720 | 10,750 | 10,790 | 10,830 | 10,860 | 10,900 { 10,930 | 10,970 | 11,010 [ 11,040 | 11,080 11,110 11,150 | 11,180 | 11,220 { 11,250 | 11,290 | 11,320 | 11,360 | 11,390 | 11,420 | 21
221 11,450 | 11,490 | 11,520 | 11,560 | 11,600 | 11,640 | 11,680 | 11,720 | 11,760 | 11,790 | 11,830 | 11,870 11,910 | 11,950 | 11,980 | 12,020 | 12,060 | 12,100 | 12,130 | 12,170 | 12,210 | 22
23| 12,170 | 12,220 | 12,260 | 12,300 | 12,340 | 12,380 | 12,420 | 12,470 | 12,510 | 12, 550 12,590 | 12,630 | 12,670 | 12,710 | 12,750 | 12,790 | 12,830 | 12,870 | 12,910 | 12,950 | 12,990 | 23
241 12,900 { 12,940 | 12,990 | 13,030 | 13,080 | 13,120 | 13,170 | 13,210 13,250 | 13,300 | 13, 340 13,390 | 13,430 | 13,470 | 13,520 | 13,560 | 13,600 13, 13,690 | 13,730 13,770 | 24
25( 13,630 | 13,670 13,720 | 13,770 13 810| 13,860 | 13,910 | 13,960 ( 14,000 | 14,050 | 14,100 | 14,140 | 14,190 | 14,230 | 14,280 | 14,330 14,370 | 14,420 | 14,460 | 14,510 | 14,550 | 25
261 14,360 | 14,400 | 14, 450 14,500 | 14,550 | 14,600 | 14,650 | 14,700 | 14,750 | 14,800 | 14,850 | 14,900 | 14,950 | 15, 000 15,050 | 15,100 | 15,140 | 15,190 | 15,240 | 15,290 | 15,330 | 26
271 15,080 | 15,140 | 15,190 { 15,240 | 15,290 | 15,350 | 15,400 | 15,450 | 15,500 | 15,560 | 15,610 15,660 | 15,710 | 15,760 | 15,810 | 15,860 | 15,920 | 15,970 | 16,020 | 16,070 | 16, 120 | 27
28| 15,810 | 15,870 | 15,920 | 15,980 | 16,030 | 16,090 | 16,140 | 16,200 | 16,250 | 16,310 | 16,360 | 16, 420 16,470 | 16,530 | 16,580 | 16,630 | 16,690 | 16,740 | 16,800 | 16,850 | 16,900 | 28
29| 16,530 | 16,580 | 16, 16,700 | 16,760 | 16,820 | 16,880 | 16,930 { 16,990 | 17,050 | 17,110 | 17,160 | 17,220 { 17,280 | 17,330 17, 390 ,450 1 17,500 | 17,560 | 17,610 { 17,670 | 29
30| 17,240 | 17,300 | 17,360 | 17,430 | 17,490 | 17,550 | 17,610 | 17,670 | 17,730 | 17,790 17,850 | 17,910 | 17,970 | 18,030 | 18,090 | 18,150 | 18,210 | 18, 260 18 320 | 18,380 | 18,440 | 30
311 17,950 | 18,020 | 18,080 | 18,140 | 18,210 | 18,270 | 18,340 | 18,400 | 18,460 | 18,530 | 18,590 | 18,650 | 18,710 18,770 | 18,840 | 18,900 18,960 | 19,020 | 19,080 | 19, 140 | 19,200 | 31
32| 18,660 | 18,730 | 18,800 | 18,860 | 18,930 | 19,000 | 19,060 | 19,130 | 19,200 | 19,260 | 19,330 | 19,390 | 19, 460 19,520 | 19,590 | 19,650 | 19,710 | 19,780 | 19,840 | 19,900 | 19,970 | 32
33| 19,380 | 19,450 | 19,520 | 19,590 | 19,660 | 19,730 | 19,800 | 19,870 | 19,930 | 20,000 | 20,070 | 20, 140 { 20,210 20,270 | 20,340 | 20,410 { 20,470 | 20,540 | 20,610 | 20,670 | 20,740 | 33
341 20,090 | 20,170 | 20,240 | 20,310 | 20,390 | 20,460 | 20,530 | 20,600 | 20,670 | 20,740 | 20,810 | 20,880 | 20, 950 21,020 | 21,090 | 21,160 | 21,230 | 21,300 | 21,370 ,440 | 21,510 | 34
351 20,810 20 890 | 20,960 | 21,040 | 21,110 | 21,190 | 21,260 | 21,340 | 21,410 | 21,480 | 21,560 | 21,630 | 21,700 | 21,770 | 21, 850 , 920 21 990 | 22,060 | 22,130 | 22, 200 22 270 | 35
36| 21,520 | 21,600 | 21,680 | 21,760 | 21,830 | 21,910 | 21,990 | 22,070 | 22,140 | 22,220 | 22,290 | 22,370 | 22,450 | 22,520 22,600 | 22,670 | 22,740 | 22,820 | 22,890 | 22,970 | 23,040 | 36
371 22,230 | 22,310 | 22,390 | 22,470 | 22,550 | 22,630 | 22,710 | 22,790 | 22,870 | 22,950 { 23,030 | 23, 110 | 23, 180 23,260 | 23,340 | 23,420 | 23,490 | 23,570 | 23,650 | 23,720 | 23,800 | 37
38 22,940 | 23,020 , 23,190 | 23,270 | 23,350 | 23,430 | 23,520 | 23,600 ] 23,680 | 23,760 | 23,840 | 23,920 | 24,000 | 24,080 | 24, 160 | 24, 240 24,3201 24,400 | 24,480 | 24,560 | 38
391 23,640 | 23,730 | 23,810 | 23,900 f 23,980 | 24,070 | 24,150 | 24,240 | 24,320 | 24,400 | 24,490 | 24, 570 24,660 | 24,740 | 24,820 | 24,900 | 24,990 | 25,070 | 25,150 | 25,230 | 25,310 | 39
40] 24,350 | 24,440 | 24,530 | 24,610 24 700 | 24,790 | 24,870 | 24, 960 25 050 25 130 | 25,220 | 25,310 | 25,390 | 25,480 25 570 25 650 | 25,740 | 25,820 X 25 990 | 26,070 { 40
41( 25,060 | 25,150 | 25,240 | 25,330 | 25,420 | 25,510 | 25,600 | 25,690 | 25,780 | 25,870 | 25,960 | 26,050 | 26, 140 26,230 | 26,310 | 26,400 | 26,490 | 26,580 | 26,660 | 26,750 | 26, 840 | 41
42| 25,770 | 25,860 | 25,960 | 26,050 | 26, 140 , 230 | 26,330 | 26,420 | 26,510 | 26,600 | 26,690 | 26, 790 | 26,880 | 26,970 | 27,060 | 27, 150 | 27,240 | 27, 330 27,420 | 27,510 | 27,600 | 42
43| 26,460 | 26,560 | 26,650 | 26,750 | 26,850 | 26,940 | 27,040 | 27,130 | 27,230 | 27,320 | 27,420 | 27,510 | 27,610 27,700 | 27,790 | 27,890 | 27,980 | 28,070 | 28,160 | 28,260 | 28, 350 | 43
44} 27,150 | 27,260 | 27,360 | 27,460 | 27,550 | 27,650 | 27,750 | 27,850 | 27,950 | 28,050 | 28, 150 , 8,340 | 28,440 | 28,530 | 28,630 | 28,730 | 28,820 | 28,920 | 29,010 | 29, 110 | 44
45| 27,840 | 27,940 | 28, 050 28 150 28 250 | 28,350 | 28,460 28 560 28 660 | 28,760 | 28,860 | 28,960 | 29,060 | 29, 160 29 260 | 29,360 | 29, 460 , 560 29 660 | 29,750 | 29,850 | 45
46| 28,530 | 28,630 | 28,740 | 28,850 | 28,950 | 29,060 | 29,170 | 29,270 | 29,370 | 29,480 | 29,580 | 29,690 | 29,790 | 29,890 | 30, 000 30,100 | 30,200 | 30,300 | 30,400 | 30,500 | 30,600 | 46
47| 29,220 | 29,330 | 29,440 | 29, 550 ,660 | 29,770 | 29,880 | 29, 990 , 30,210 [ 30,310 [ 30,420 | 30,530 | 30,630 | 30,740 | 30,840 | 30,950 | 31,050 | 31, 31,260 | 31,360 | 47
48] 29,9101 30,030 | 30, 140 | 30,260 | 30,370 | 30,480 | 30,590 | 30, 700 , 30,930 | 31,040 | 31,150 | 31,250 | 31,360 | 31,470 | 31,580 | 31,690 | 31,790 | 31,900 | 32,010 | 32,110 | 48
| 49| 30,610 | 30,730 | 30,840 | 30,960 | 31,080 | 31,190 | 31,310 | 31,420 | 31,540 | 31,650 | 31,760 | 31,880 | 31,990 | 32,100 | 32,210 32,320 | 32,430 ,540 | 32,650 | 32,760 | 32,870 | 49
50( 31,400 | 31,510 | 31,620 | 31,740 | 31,850 | 31,960 32 070 | 32,190 | 32,300 | 32,420 | 32,530 32 640 32 750 32 860 | 32,970 | 33,080 33 200 | 33,310 33,420 | 33,530 | 33,640 | 50
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18 | HIWASSEE DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
1519.0 | 1519.1 | 15192 | 1519.3 | 1519.4 | 1519.5 | 15196 | 15197 |1519.8 | 15199 [1520.0 | 15201 [15202 [1520.3 | 15204 [ 15205 | 15206 | 15207 | 1520.8 | 15209 | 1521.0

511 32,180 | 32,290 | 32,390 | 32,500 | 32,610 | 32,720 | 32,840 | 32,950 | 33,060 | 33,180 | 33,290 | 33,400 | 33,510 | 33,620 | 33,730 | 33,840 | 33,960 | 34,070 | 34,190 | 34,300 | 34,410 | 51
92| 32,960 | 33,060 | 33,160 | 33,270 | 33,370 | 33,480 | 33,600 | 33,710 | 33,820 | 33,930 | 34,040 | 34,150 | 34,260 | 34,370 | 34,480 | 34,600 | 34, 710 | 34,830 | 34.940 | 35 060 | 35 170 | 52
531 33,730 1 33,830 | 33,930 | 34,020 1 34,130 | 34,240 | 34,350 | 34,460 | 34,570 | 34,680 | 34,790 | 34,900 | 35,010 | 35,120 | 35.230 | 35,350 | 35,470 | 35.590 { 35.700 | 35 820 | 35,940 | 53
541 34,510 | 34,600 | 34,700 | 34,790 | 34,890 | 35,000 | 35,110 | 35,220 | 35,330 | 35,440 | 35,550 | 35,660 | 35,770 | 35,880 | 35,990 | 36,110 | 36,230 | 36,350 | 36.470 | 36,590 | 36.710 | 54
55| 35,300 | 35,390 | 35,480 | 35,560 | 35,660 | 35,770 | 35.880 | 35,990 | 36,100 | 36.210 | 36,320 | 36,420 | 36,530 | 36,640 | 36,750 | 36,870 36,990 | 37,110 | 37,240 | 37,360 | 37,480 | 55

56] 36,080 ¢ 36,160 | 36,250 | 36,330 | 36,420 | 36,530 | 36,640 | 36,750 | 36,860 | 36,970 | 37,080 | 37,180 | 37,290 | 37,390 | 37,500 | 37,630 | 37,750 | 37,880 | 38,000 | 38, 130 | 38,250 | 56
571 37,670 | 37,810 37,950 | 38,090 | 38,240 | 38,410 | 38,570 | 38,740 | 38,900 | 39,070 {*39,230 | 39,350 | 39,440 | 39,530 | 39,630 | 39,730 | 39,840 | 39,940 | 40040 | 40, 140 | 40’ 240 | 57

59| 40,880 | 41,130 | 41,390 | 41,650 | 41,910 | 42190 | 42, 460 | 42, 740 | 43,010 | 43,290 | 43,520 | 43,630 | 43,690 | 43, 750 | 43 820 | 43 890 | 43,950 | 44’ 000 | 44’ 060 | 44 110 | 44 170 | 59
60| 42,500 | 42,810 | 43,120 | 43,440 | 43,760 | 44,000 | 44,410 | 44,750 | 45,080 | 45,410 | 45,650 | 45, 750 | 45,800 | 45,840 | 45,890 | 45, 940 | 45,980 | 46,010 | 46. 040 | 46.070 | 46 110 | 60

611 44,130 | 44,500 | 44,880 | 45,250 | 45,620 | 46,010 | 46,390 | 46,780 | 47,160 | 47,550 | 47,810 | 47,890 | 47,920 | 47,960 | 47,990 | 48,010 | 48,030 | 48,040 | 48,050 | 48,050 | 48,070 | 61
62| 45,730 | 46, 150 | 46,580 | 47,010 | 47,450 | 47,880 | 48,320 | 48,760 | 49,210 | 49,650 | 49,960 | 50,050 | 50,070 | 50,090 | 50,110 | 50, 120 | 50, 110 | 50, 100 | 50,080 | 50,060 | 50,060 | 62
63| 47,360 | 47,850 | 48,330 | 48,820 | 49,310 | 49,800 | 50,300 § 50,790 | 51,290 | 51,790 | 52,120 | 52,200 | 52,200 | 52,210 | 52,210 | 52.190 | 52,160 | 52,130 | 52,090 | 52, 040 | 52,020 | 63
64| 47, 360 47,850 | 48,330 | 48,820 | 49,310 | 49,800 | 50,300 | 50,790 | 51,290 | 51,790 | 52,120 | 52,240 | 52,320 | 52,400 | 52,470 | 52,530 | 52,580 | 52,620 | 52,660 | 52, 700 | 52.750 | 64

49,3 49,800 | 50,300 | 50,790 | 51,290 | 51,790 | 52,160 | 52, 360 | 52510 | 52,660 | 52,800 | 52,940 | 53,060 | 53,190 | 53,310 | 53,420 | 53,560 | 65

0

0

8 800

0| 49,800 | 50,300 | 50,790 { 51,290 | 51,790 | 52,250 | 52,680 | 53.120 | 53550 | 53,990 | 54. 420 | 54. 860 | 55,290 | 55. 730 56,170 | 56,610 | 69
0| 49,800 | 50,300 | 50,790 | 51,290 | 51,790 | 52,290 | 52,800 | 53,300 | 53,810 | 54,320 | 54,830 | 55,340 | 55,860 | 56,380 | 56,890 | 57,410 | 70
0
0
0
0
0

49,800 | 50,300 | 50,790 | 51,290 | 51,790 | 52,290 | 52,800 | 53,300 | 53,810 | 54,320 | 54,830 | 55,340 | 55,860 | 56, 380 | 56,890 | 57,410
49,800 | 50,300 | 50,790 | 51,290 | 51,790 | 52,290 | 52,800 | 53,300 | 53,810 | 54,320 | 54,830 | 55,340 | 55,860 | 56,380 | 56,890 | 57,410
49,800 | 50,300 | 50,790 | 51,290 | 51,790 | 52,290 | 52,800 | 53,300 | 53,810 | 54,320 | 54,830 | 55,340 | 55,860 | 56, 380 | 56,890 | 57,410 | 73
49,800 | 50,300 | 50,790 | 51,290 | 51,790 | 52,290 | 52,800 | 53,300 | 53,810 | 54,320 | 54,830 | 55,340 | 55, 860 | 56,380 | 56, 890 | 57, 4]18

47,360 .
75| 47,360 | 47,850 | 48, 330 | 48,820 | 49,3 49,800 | 50,300 | 50,790 | 51,290 | 51,790 | 52,290 | 52,800 | 53,300 | 53,810 | 54,320 | 54,830 | 55,340 | 55,860 | 56,380 | 56,890 | 57,4
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HIWASSEE DAM 19
IN CUBIC FEET PER SECOND

Egg HEADWATER ELEVATION Eg;
| 15210 15211 | 15212 | 15213 | 15214 | 1521.5 | 1521.6 |1521.7 | 1521.8 | 15219 [15220 |1522.1 [ 15222 [1522.3 [1522.4 [ 15225 | 15226 | 15227 | 1522.8 | 15229 | 15230 |°%
1 430 430 430 430 430 430 430 44 440 440 440 440 440 440 440 440 450 450 450 450 450 | 1
2 0 810 810 810 810 820 820 820 0 830 830 830 830 830 840 840 840 840 0 850 | 2
3| 1,230 1,240) 1,240 1,240| 1,250 | 1,250| 1,250 | 1,260 1,260 | 1,260 | 1,270 | 1,270 | 1,270 | 1,280 1,280 | 1,280 | 1,290 | 1,290 | 4,290 1,300 | 1,300 3
4] 16101 1,610 1,620 1,620| 1,630; 1,630| 1,640 1,640 1,650 | 1,650 | 1,650 | 1,660 1.660{ 1.670| 1670| 1.680| 1.680| 1,690 1.690 | 1 690 1, 4
5/ 1,990 | 1,990 | 2,000 2,000| 2010 2020| 2,020 2,030 2,030 | 2,040| 2,040 2,050 | 2,050 2,060 | 2,070 | 2,070 | 2,080 2/080| 2,090 2 090 2,100 | 5
61 24201 2,420| 2,430 | 2,440| 2,440 | 2,450 | 2,460 | 2,460 | 2,470 | 2,480 | 2,480 | 2,490| 2,500| 2,500 | 2,510] 2,520| 2,520 2,530| 2 540 2,540 | 2,550 | 6
7| 2,790 2,800 2,810\ 2,820| 2,830 | 2,830 2,840| 2,850 2,860 | 2,860 | 2,870 | 2,880 | 2,890 | 2,900 2,900 2.910| 2920| 2/930| 2930 | 2 340 2,950 7
8| 3,220 3,220)] 3,230, 3,240| 3,260 3,260 3,270 3,280 3,290 | 3,300 | 3,310| 3,310 | 3.320| 3.330| 3,340 | 3,350 | 3 360 , 370 | 3,3 3,380 | 3,390 8
9 3,650| 3,660| 3,670| 3,680| 3,690| 3,700| 3,710 ,720 | 3,730 | 3,740 | 3,750| 3,760 ) 3,780 3,790| 3,800| 3,810 ( 3,820 3,8 3,840 | 3,850 9
10| 4,070 | 4,080 | 4,100 | 4,110 4,120 4,130| 4,140 150 | 4,160 | 4,180 4,190 | 4,200 4,210 4,220 | 4,230 | 4,240 | 4,250 | 4,270| 4,280 | 4,290 4,300 10
1] 45101 4,520 4,530 | 4,550 | 4,560 | 4,570 4,580 | 4,600 4,610 | 4,620 4,640| 4,650 | 4,660 | 4,670| 4,690 4,700| 4,710| 4,720 4,740| 4,750 4,760 | 11
12| 4,940| 4,960} 4,970 4,990 | 5000 5010| 5030| 5040 5060 | 5070 | 5080, 5100| 5110| 5130( 5140 5150 | 5170| 5180| 5190 | 5210| 52201 12
13 5370| 5380 5400| 54107 5430 | 5440 5460 5470} 5490 | 5500 | 5520 5530| 5550 5560| 5580 5590 | 5610| 5620 5640| 565 | 567013
14| 5800| 5820| 5830 5850 5870 580| 5900 | 5920| 5930 5950 5970| 5980| 6,000/ 6,020 6 030 ,0501 6,060 6,080 6,100 61101 6,130 | 14
15( 6,610| 6,630 | 6,650 | 6,670) 6,690 | 6,710| 6,720 6,740 6,760 | 6,780 | 6,800 6,820 | 6,840 6,860 | 6.870| 6,890 6,910 6.930| 6.950| 6970 6.980 | 15
16| 7,410) 7,430| 7,450| 7,480| 7,500} 7,520 7,540| 7,560| 7,580 | 7,600 | 7,630| 7,650 | 7,670| 7,690| 7,710| 7,730| 7,750| 7.770| 7.790| 7.810| 7,830 16
17 8,220| 8,240 8,260 82901 8310| 8,340/ 8360| 8380 8410 | 8430 | 8460, 8480 | 8500 8530 | 8550 | 8570| 8600| 8620| 8640| 8670| 869017
18 9,020 9,040| 9,070 9,100 9,120| 9,150 | 9,170 9,200 | 9,230 | 9,250 | 9,280 9,310| 9.330| 9,360 | 9,380 | 9,410 | 9,430 | 9.460| 9480 | 9.510| 9 54018
191 98201 9,850 9,870| 9,900 9,930 | 9,960 | 9,990 | 10,020 | 10,050 | 10,080 10,100 | 10,430 | 10,160 | 10,190 | 10220 | 10,250 | 10,270 | 10,300 | 10,330 | 10360 | 10,380 | 19
20| 10,620 | 10,660 | 10,690 | 10,720 | 10,750 | 10,780 | 10,810 | 10,840 | 10,880 10,910 | 10,940 | 10,970 | 11,000 | 11,030 | 11,060 | 11,090 | 11,120 | 11,150 | 11,180 | 11,210 11,240 | 20
211 11,420 | 11,460 | 11,490 { 11,530 | 11,560 | 11,600 | 11,630 | 11,660 [ 11,700 | 11,730 | 11,760 | 41,800 | 11,830 | 11,860 | 11,900 | 11,930 | 11,960 | 11,990 | 12,030 | 12, 060 12,090 | 21
221 12,210 | 12,250 | 12,280 | 12,320 | 12,360 | 12,390 | 12,430 | 12,460 | 12,500 | 12,540 | 12,570 | 12,610 | 12,640 | 12,680 | 12,720 [ 12,750 | 12,790 | 12,820 | 12,860 | 12 890 | 12,930 | 22
231 12,990 | 13,030 | 13,070 | 13,110 | 13,150 | 13,190 | 13,230 | 13,270 | 13,300 | 13,340 | 13,380 | 13,420 | 13,460 | 13,500 | 13.530 | 13,570 | 13,610 | 13,650 | 13,690 | 13720 | 13,760 | 23
241 13,770 | 13,810 | 13,860 | 13,900 | 13,940 | 13,980 | 14,020 | 14,060 | 14,110 | 14,150 | 14,190 | 14,230 | 14,270 | 14,310 | 14,350 | 14,390 | 14,430 | 14 470 | 14.510 | 14550 | 14,590 | 24
25 14,550 | 14,600 | 14.640 | 14,690 | 14.730 | 14,770 | 14, 820 14,860 | 14,910 | 14,950 | 14,990 | 15,040 | 15,080 | 15,120 | 15,170 | 15,210 | 15,250 | 15,300 15,340 | 15,380 | 15,420 | 25
26( 15,330 | 15,380 | 15,430 | 15,480 | 15,520 | 15,570 | 15,620 | 15,660 | 15,710 | 15,760 | 15,800 | 15,850 | 15,900 | 15,940 | 15,990 | 16,030 | 16,080 | 16,120 | 16,170 | 16,210 | 16,260 | 26
271 16,120 | 16,170 1 16,220 | 16,270 | 16,320 | 16,370 | 16,420 | 16,470 | 16,520 | 16,560 | 16,610 | 16,660 | 16,710 | 16,760 | 16,810 | 16,850 | 16,900 | 16.950 | 17.000 | 17.050 | 17,090 | 27
281 16,900 | 16,950 | 17,010 | 17,060 | 17,110 | 17,160 | 17,220 | 17,270 | 17,320 | 17,370 | 17,420 | 17,470 | 17,520 | 17,580 | 17,630 | 17,680 | 17,730 | 17,780 | 17,830 | 17.880 | 17,930 | 28
291 17,670 | 17,730 | 17,780 [ 17,840 | 17,890 | 17,950 | 18,000 | 18,060 | 18,110 | 18,160 | 18, 220 X 18,330 | 18,380 | 18,430 | 18,490 | 18,540 ,590 | 18,650 18,700 | 18,750 | 29
30| 18,440 | 18,500 | 18.5 18,610 | 18,670 | 18,730 | 18,790 | 18,840 { 18,900 | 18,960 | 19,020 | 19.070 | 19,130 | 19,190 19,240 | 19,300 | 19,350 | 19,410 | 19,460 | 19,520 | 19,580 | 30
311 19,200 1 19,260 | 19,330 | 19,390 | 19,450 | 19,510 | 19,570 | 19,630 | 19,690 | 19,750 | 19,810 | 19,870 | 19,930 | 19,990 | 20,040 | 20,100 | 20, 160 | 20,220 | 20,280 | 20,340 | 20,390 | 31
321 19,970 | 20,030 | 20,100 | 20,160 | 20,220 | 20,290 | 20,350 | 20,410 | 20,480 ,940 | 20,600 | 20,660 | 20,720 | 20,790 | 20,850 ,910| 20,970 | 21,030 | 21,090 | 21,150 | 21,210 | 32
33| 20,740 | 20,800 | 20,870 | 20,940 | 21, 000 ,070 1 21,140 | 21,200 | 21,270 | 21,330 | 21,400 | 21,460 | 21,530 21,590 | 21,660 | 21,720 , 780 | 21,850 | 21,910 | 21,970 | 22,040 | 33
341 21,510 | 21,580 | 21,640 | 21,710 | 21,780 | 21,850 | 21,920 | 21,990 | 22,060 | 22, 130 | 22,190 | 22,260 | 22,330 | 22,400 | 22,460 | 22,530 | 22,600 | 22,660 | 22730 | 22,800 | 22, 860 | 34
35| 22,270 | 22,350 | 22,420 | 22,490 | 22,560 | 22,640 | 22,710 | 22,780 22,850 | 22,920 | 22,990 | 23,060 | 23,130 | 23,200 | 23,270 | 23, 340 23,410 | 23,480 | 23,550 | 23,620 | 23,690 | 35
36| 23,040 | 23, 110 | 23,190 | 23,260 | 23,340 | 23,410 | 23,480 | 23,560 | 23,630 | 23,700 | 23,780 | 23,850 | 23,920 | 23,990 | 24,070 | 24,140 | 24,210 | 24,280 | 24,350 | 24,420 | 24,490 | 36
37 23,800 | 23,880 | 23,950 | 24,030 | 24,110 | 24,180 | 24,260 | 24,330 | 24,410 | 24,480 | 24,560 | 24,630 | 24,710 | 24,780 ,850 | 24,930 | 25,000 | 25,070 | 25,150 | 25,220 | 25,300 | 37
381 24,560 | 24,640 | 24,720 | 24,790 | 24,870 | 24,950 | 25,030 | 25,110 | 25,180 | 25,260 | 25, 340 | 25,410 | 25,490 | 25,570 | 25,640 | 25,720 | 25 790 | 25,870 | 25.940 | 26,020 | 26. 100 | 38
391 25,310 | 25,390 | 25,470 | 25,560 | 25,640 | 25,720 | 25,800 | 25,880 | 25,960 | 26,030 | 26, 110 | 26,190 | 26,270 | 26,350 | 26,430 ,500 | 26,580 | 26,660 | 26,740 | 26, 820 | 26,900 | 39
40| 26,070 | 26, 160 | 26,240 | 26,320 | 26.400 | 26, 490 | 26,570 26,650 | 26,730 | 26,810 | 26,890 | 26,980 | 27,060 | 27,140 | 27,220 | 27,300 | 27, 370 27,450 | 27,530 | 27,620 | 27,700 | 40
41] 26,840 | 26,920 + 27,010 | 27,090 | 27,180 | 27,260 | 27,350 | 27,430 | 27,510 | 27,600 | 27,680 | 27,760 | 27,850 | 27,930 | 28,010 | 28,090 | 28,170 | 28,250 | 28,340 | 28,420 | 28,510 | 41
42( 27,600 | 27,680 | 27,770 | 27,860 | 27,950 | 28,030 | 28,120 | 28,210 | 28,290 | 28,380 | 28,460 | 28,550 | 28,630 | 28,720 | 28,800 | 28,880 | 28, 970 , 050 | 29,130 | 29,220 | 29,310 | 42
43| 28,350 | 28,440 | 28,530 | 28,620 | 28,710 | 28,800 | 28,890 | 28,980 | 29,060 | 29, 150 | 29,240 | 29,330 | 29,420 ,500 | 29,590 | 29,670 | 29,760 | 29,850 | 29,930 | 30,020 | 30,110 | 43
441 29,110 | 29,200 | 29,290 | 29,390 | 29,480 | 29,570 | 29,660 | 29,750 | 29,840 | 29,930 | 30,030 | 30,120 | 30,200 | 30,290 | 30,380 | 30,470 | 30560 | 30.650 | 30.740 | 30830 | 30 920 | 44
45( 29,850 | 29,9 30,040 | 30, 140 | 30,230 | 30,330 | 30, 420 ;520 | 30,610 | 30,700 | 30,800 | 30,890 | 30,980 [ 31,070 | 31,170 | 31, 260 31,350 | 31,440 | 31,530 | 31,620 | 31,720 | 45
48| 30,600 | 30,700 ; 30,800 | 30,900 | 31,000 | 31,090 | 31,190 | 31,290 | 31,380 | 31,480 | 31,570 | 31,670 | 31,760 | 31,860 | 31,950 | 32,050 | 32,140 | 32,230 | 32,330 | 32,420 | 32,520 | 46
47( 31,360 | 31,460 | 31,560 | 31,660 , 760 | 31,860 | 31,960 | 32,060 | 32,160 | 32,260 | 32,360 | 32,460 | 32,550 | 32,650 | 32,750 | 32,840 | 32,940 | 33,030 | 33,130 | 33,230 | 33,320 | 47
48] 32,110 | 32,210 | 32,320 | 32,420 | 32,530 | 32,630 | 32,730 | 32,830 | 32,940 | 33,040 ; 33, 140 | 33,240 | 33,340 | 33,440 | 33,540 | 33,640 | 33,730 | 33,830 | 33,930 | 34,030 34 48
491 32,870 | 32,980 | 33,080 | 33,190 | 33,290 | 33,400 | 33,510 | 33,610 | 33,710 | 33,820 | 33,920 | 34,030 | 34,130 | 34,230 | 34,330 | 34,430 | 34,530 | 34,630 | 34,730 | 34.830 | 34930 | 49
50| 33,640 | 33,750 | 33,860 | 33,970 | 34,080 | 34,180 | 34,290 ;400 | 34,500 | 34,610 | 34720 | 34,820 | 34920 | 35,030 | 35, 130 | 35,240 35,340 | 35,440 | 35,540 | 35,640 | 35.740 | 50

NOVEMBER 2004 ' HEADWATER 1521 to 1523




20 HIWASSEE DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION

1521.0 | 15211 | 15212 | 15213 | 15214 | 15215 | 15216 | 15217 |1521.8 |1521.9 |1522.0 | 1522.1 | 15222 | 1522.3 | 15224 | 15225 | 1522.6 | 15227 | 1522.8 | 15229 | 1523.0

: 7
55| 37,480 | 37,600 | 37,720 | 37,840 | 37,960 | 38,080 | 38,200 | 38,310 | 38,430 | 38,540 | 38,660 | 38, 770 | 38,890 | 39,000 | 39, 110 | 39,230 | 39,340 | 39,450 | 39,560 | 39,670 | 39,780 | 55

56| 38,250 | 38,370 | 38,500 | 38,620 | 38,740 | 38,860 | 38,980 | 39, 100 | 39,220 | 39,330 | 39,450 | 39,570 { 39,680 | 39,800 | 39,910 | 40,030 | 40, 140 { 40, 250 | 40, 370 | 40, 480 | 40,590 | 56
57| 40,240 | 40, 340 | 40,450 | 40,550 | 40,660 | 40,760 | 40,860 | 40,960 | 41,060 | 41,160 | 41,260 | 41,370 | 41,480 | 41,590 | 41,700 | 41,810 | 41,920 | 42,020 | 42,130 | 42,240 | 42,340 | 57
58| 42,200 | 42,290 | 42,380 | 42,470 | 42,550 | 42,640 | 42,720 | 42,800 | 42,890 | 42,970 | 43,050 | 43,160 | 43,260 | 43,370 | 43,470 | 43,580 | 43,680 | 43,780 | 43,880 | 43,980 | 44,080 | 58
591 44,170 | 44,240 | 44,310 | 44,380 | 44,450 | 44,520 | 44,580 | 44,650 | 44,710 | 44,770 | 44,840 | 44,940 | 45,040 | 45,140 | 45,240 | 45,330 | 45,430 | 45,530 | 45,620 | 45,710 | 45,810 | 59
60| 46,110 | 46,160 | 46,210 | 46,270 | 46,320 | 46,370 | 46,420 | 46, 470 | 46,510 | 46,550 | 46,610 | 46, 700 | 46,800 | 46,890 | 46,990 | 47,080 | 47,170 | 47,260 | 47,350 | 47,440 | 47,530 | 60

61| 48,070 | 48,100 | 48, 140 | 48,180 | 48,210 | 48,250 | 48,280 | 48, 310 | 48,330 | 48,360 | 48,410 | 48,490 | 48,580 | 48,670 | 48,760 | 48,850 | 48, 930 ; 49, 020 | 49, 100 | 49, 180 | 49,280 | 61
62| 50,060 | 50,070 | 50, 100 | 50,120 | 50, 130 | 50, 150 | 50, 160 | 50, 170 | 50, 180 | 50, 190 | 50,220 | 50,290 | 50, 380 | 50,460 | 50,540 | 50,630 | 50, 710 | 50,790 { 50,860 | 50,940 | 51,030 | 62
63| 52,020 | 52,020 | 52,020 | 52,030 | 52,030 | 52,020 | 52,020 | 52,010 | 52,000 i 51,990 | 52,010 | 52,080 | 52,160 | 52,240 | 52,320 | 52,390 | 52,470 | 52, 540 | 52,610 | 52,680 | 52,770 | 63
64| 52,750 | 52,830 | 52,910 | 52,990 | 53,060 | 53,140 | 53,210 | 53,280 | 53,340 | 53,410 | 53,510 | 53,650 | 53,800 | 53,940 | 54,090 | 54,230 | 54,380 | 54,520 | 54,660 | 54,800 | 54,950 | 64
65| 53,560 | 53,710 | 53,860 | 54,010 | 54,160 | 54,310 | 54,460 | 54,610 | 54, 760 | 54,900 | 55,070 | 55,280 | 55,490 | 55,700 | 55,920 | 56,130 | 56,340 | 56,550 | 56, 760 | 56,970 | 57,190 | 65

661 54,280 | 54,510 | 54,730 | 54,960 | 55,190 | 55,410 | 55,640 | 55,860 | 56,080 | 56,310 | 56,550 | 56,830 | 57,110 | 57,390 | 57,660 | 57,940 | 58, 220 | 58,500 | 58,780 | 59,060 | 59, 350 | 66
67| 55,070 | 55,370 | 55,670 | 55,970 | 56,270 | 56,580 | 56,880 | 57,180 | 57,480 | 57,780 | 58,100 | 58,440 | 58,780 | 59,120 | 59,470 | 59,810 | 60, 160 | 60,510 | 60,850 | 61,200 | 61,550 | 67
68| 55,880 | 56,250 | 56,620 | 57,000 | 57,380 | 57,750 | 58,130 | 58,510 | 58,890 | 59,270 | 59,660 | 60,060 | 60,470 | 60,880 [ 61,300 | 61,710 [ 62,120 | 62,540 | 62,950 | 63,370 | 63,790 | 68
69| 56,610 | 57,060 | 57,510 | 57,960 | 58,410 | 58,870 | 59,320 | 59,780 | 60,230 | 60,690 | 61,160 | 61,630 | 62,110 | 62,590 | 63,070 | 63,550 | 64,030 | 64,510 | 65,000 | 65,480 | 65,980 | 69
70| 57,410 | 57,940 | 58,460 | 58,990 | 59,510 | 60,040 | 60,580 | 61,110 | 61,640 | 62,180 | 62,720 | 63,260 | 63,800 | 64,350 | 64,900 | 65,440 | 65, 990 | 66,550 | 67,100 | 67,660 | 68,210 | 70

75| 57,410 | 57,940 | 58,460 | 58,990 | 59,5 60:040 60, 580 61,640 | 62,180 [ 62,720 | 63,260 | 63,800 | 64,350 | 64,900 | 65,440 | 65,990 | 66,550 | 67,100 | 67,660 | 68,210 | 75

HEADWATER 1521 to 1523 ' NOVEMBER 2004



HIWASSEE DAM 21
IN CUBIC FEET PER SECOND

%‘% HEADWATER ELEVATION . E%E
552 15230 |1523.1 | 1523.2 | 1523.3 | 15234 | 15235 | 15236 | 15237 |1523.8 | 15239 |1524.0 | 1524.1 | 15242 | 1524.3 | 15244 | 15245 | 15246 | 1524.7 | 1524.8 | 15249 | 15250 |°%°
1 450 450 450 450 460 460 460 460 460 460 460 460 460 470 470 470 470 470 470 470 470 | 1
2 850 850 850 860 860 860 860 860 870 870 870 870 870 880 880 880 880 890 890 890 8 2
3| 1,300| 1,300 1,310| 1,310| 1,310| 1,320| 1,320| 1,320 1,330 | 1,330| 1,330 1,340| 1,340| 1,340{ 1,350 1,350} 1,350 | 1,350} 1,360| 1,360| 1,360 | 3
41 1,700 | 1,700 1,710 1,710 1,720 1,720 | 1,720 1,730 1,730 1,740 | 1,740| 1,750 | 1,7501 1,750 | 1,760} 1,760( 1,770 | 1,770 1,770 | 1,780| 1,780 | 4
5( 2,100 2,100 2,110| 2,110| 2,120 2,120{ 2,130 | 2,130| 2,140 2,150 2,150 | 2,160 2,160 2,170| 2,170 | 2,180 | 2,180 2,190 | 2,190 | 2,200} 2,200 5
6| 2,550| 2,560 2,560 | 2,570 | 2,570 | 2,580 | 2,590 | 2,590 2,600 | 2,610| 2,610 | 2,620 | 2,630| 2,630| 2,640 | 2,640| 2,650| 2,660{ 2,660| 2,670 2,680 6
7] 2,950 | 2,960 | 2,9601 2,970 | 2,980 | 2,990 | 2,990 | 3,000| 3,010| 3,010| 3,020 3,030 | 3,040 3,040f 3,050 3,080, 3,070 3,070| 3,080| 3,090 3,090 | 7
8] 3,390 | 3,400 3,410 3,420 | 3,430 3,440 3,450 3,450 3,460 | 3,470 3,480 3,490 | 3,500| 3,500| 3,510 3,520 3,530 3,540 3,5 3,550 3,560 | 8
9| 3,850 3,860 | 3,870| 3,880 3,890 | 3,900 3,910 3,920 | 3,930| 3,940 3,950 | 3,960 | 3,970 3,980 | 3,990 | 4,000| 4,010 ,020| 4,0 4,040 4,050 9
10| 4,300 4,310 4,320 | 4,330 4,340 | 4,350 | 4,370 | 4,380| 4,390 | 4,400| 4,410 | 4,420 4,430 | 4,440 | 4,450 | 4,460 J470 | 4,480 | 4,490 4,500| 4,510 (10
111 4,760 | 4,770 | 4,780 4,800 | 4,810| 4,820 4,830| 4,840 | 4,860 | 4,870 | 4,880} 4,830 | 4,900| 4,920 4,930 | 4,940 4,950 | 4,960 | 4,980 | 4,990 | 5,000 | 11
12| 5,220 5,230 | 5,250| 5,260| 5,270 52901 5,300| 5,310 53307 5340 5 350 ,370 | 5,380 0390 | 5410 5,420 | 5430 5450 | 5,460 | 54701 5,480 |12
13 ,670 | 5,680 5700 57101 5,720 5740| 5750 5 770| 5780 | 5800| 5810| 5,820 \ 5850 | 5870| 5880| 5900| 5910| 5920 | 5940} 5,950 13
14| 6,130 | 6,140 6,160 | 6,170 | 6,190 | 6,210| 6,220| 6,240 6,250 | 6,270 | 6,280 | 6,300| 6,310| 6,330| 6,350 | 6,360 | 6,380 | 6,390 | 6,410{ 6,420 | 6,440 14
15 6,980 | 7,000 7,020; 7,040 ,060| 7,080| 7,090 | 7,110| 7,130| 7,150| 7,160 7,180 | 7,200| 7,220| 7,240 | 7,250 | 7,270| 7,290{ 7,310 7,320| 7,340 |15
16| 7,830 7,850 | 7,870| 7,900 | 7,920| 7,940 7,960| 7,980 | 8,000| 8020} 8040| 8,060! 8080 8,100| 8120 8,140| 8,160 | 8,180 | 8 200| 8220 8,240 | 16
17| 8,690 | 8,710 | 8,730| 8,760 8,780 | 8,800| 8,830, 8,80 | 8,870 | 8890 8920| 8940 | 8,960 8,980 | 9,000 9,030 L0501 9,070 9,090 | 9,110 9,140 17
18 9,540 | 9,560 ! 9,590 | 9,610 9,640| 9,660| 9,690| 9,710{ 9,740 | 9,760 | 9,790 | 9,810| 9,830| 9,860 | 9,880 | 9,910| 9,930 | 9,960 | 9,980 | 10,010 | 10,030 | 18
191 10,380 | 10,410 | 10,440 10,470 | 10,490 | 10,520 | 10,550 | 10,580 | 10,600 | 10,630 | 10,660 | 10,680 | 10, 10,740 | 10,770 | 10,790 | 10,820 | 10,850 | 10,870 | 10,900 | 10,920 | 19
201 11,240 | 11,270 | 11,300 | 11,330 | 11,360 | 11,390 | 11,420 | 11,450 | 11,480 | 11,510 | 11,540 11,570 | 11,600 | 11,630 | 11,660 | 11,680 | 11,710 | 11,740 | 11,770 | 11,800 | 11,830 | 20
211 12,090 | 12,120 | 12,160 | 12,190 | 12,220 | 12,250 { 12,280 | 12,320 | 12,350 | 12,380 | 12,410 12,440 | 12,470 | 12,510 | 12,540 | 12,570 | 12,600 12,630 | 12,660 | 12,690 | 12,720 | 21
22| 12,930 | 12,960 | 13,000 | 13,030 | 13,070 | 13,100 | 13,130 | 13,170 | 13,200 | 13,240 | 13,270 | 13,300 | 13,340 | 13,370 | 13,410 | 13,440 470 | 13,510 | 13,540 | 13,570 | 13,610 { 22
23| 13,760 | 13,800 | 13,840 | 13,870 | 13,910 | 13,950 | 13,980 | 14,020 { 14,080 | 14,090 | 14,130 | 14,170 | 14,200 | 14,240 | 14,270 | 14,310 | 14,350 | 14,380 | 14,420 | 14,450 | 14,490 | 23
241 14,590 | 14,630 | 14,670 | 14,710 | 14,750 | 14,790 | 14,830 | 14,870 | 14,910 | 14,950 | 14,990 | 15,020 | 15,060 | 15,100 | 15,140 | 15,180 | 15,220 | 15,260 | 15,290 | 15,330 | 15,370 | 24
25| 15,420 15,470 | 15,510 15 550 | 15, 590 ,630 | 15,680 | 15,720 | 15,760 | 15,800 | 15,840 | 15,880 | 15,920 | 15,960 | 16,010 | 16,050 | 16,090 | 16,130 | 16,170 | 16,210 | 16,250 | 25
26| 16,260 | 16,300 | 16,350 | 16,390 | 16,440 | 16,480 | 16,530 | 16,570 | 16,610 | 16,660 | 16,700 | 16,740 | 16,790 | 16,830 | 16,870 | 16,920 | 16,960 | 17,000 | 17,050 | 17,090 | 17,130 | 26
27| 17,090 | 17,140 | 17,190 | 17,230 | 17,280 | 17,330 | 17,380 | 17,420 | 17,470 | 17,510 | 17,560 | 17,610 | 17,650 | 17,700 | 17,740 | 17,790 | 17,830 | 17,880 | 17,930 | 17,970 | 18,020 ; 27
281 17,930 | 17,980 | 18,030 | 18,080 | 18,130 | 18,180 | 18,220 | 18,270 | 18,320 | 18,370 | 18,420 | 18,470 | 18,520 | 18,560 | 18,610 | 18,660 | 18,710 | 18,760 | 18, 800 ,850 | 18,900 | 28
291 18,750 | 18,800 | 18,860 | 18,910 | 18,960 | 19,010 | 19,060 | 19,120 | 19,170 | 19,220 | 19,270 | 19,320 | 19,370 | 19,420 | 19,470 ,520 ] 19,570 ) 19,620 | 19,670 | 19,720 | 19,770 | 29
30| 19,5801 19,630 | 19,690 | 19,740 | 19,790 19,850 | 19,900 | 19,960 | 20,010 | 20, 070 20 120 20 170 | 20,230 | 20,280 | 20,330 | 20,390 | 20,440 | 20,490 | 20,540 | 20,600 | 20,650 | 30
31| 20,390 | 20,450 | 20,510 | 20,570 | 20,620 | 20,680 | 20,740 | 20,790 | 20,850 | 20,910 | 20,960 | 21,020 | 21,080 | 21,130 | 21,190 | 21,240 | 21,300 | 21,350 | 21,410 | 21,460 { 21,520 | 31
321 21,210 | 21,270 | 21,330 | 21,390 | 21,450 | 21,510 | 21,570 | 21,630 | 21,690 | 21,750 | 21,810 [ 21,870 | 21,930 | 21,990 | 22,040 | 22,100 | 22,160 | 22,220 | 22,280 | 22,330 | 22,390 | 32
33] 22,040 | 22,1001 22,160 22,230 | 22,290 | 22,350 | 22,410 , 470 X 22,600 | 22,660 | 22,720 | 22,780 | 22,840 | 22,900 | 22,960 | 23,030 | 23,090 | 23,150 | 23,210 | 23,270 | 33
34| 22,860 , 930 , 990 ;060 | 23,120 | 23,190 | 23,250 | 23,320 | 23,3801 23,450 | 23,510 | 23,570°) 23,640 | 23,700 [ 23,760 | 23,830 | 23,890.] 23,950 | 24,020 | 24,080 | 24,140 | 34
35| 23,690 | 23, _750 , 820 890 | 23,960 | 24,020 | 24,090 | 24,160 | 24,230 | 24,290 | 24,360 | 24,430 | 24,490 | 24,560 | 24,620 | 24,690 | 24,760 | 24,820 24 890 24 950 25 020 | 35
361 24,490 | 24,560 | 24,630 | 24,710 | 24,780 | 24,850 | 24,920 | 24,990 | 25,060 | 25,130 | 25,200 | 25,260 | 25,330 | 25,400 | 25,470 | 25, 540 25,610 | 25,680 | 25,740 | 25,810 | 25,880 | 36
37] 25,300 | 25,370 | 25,440 | 25,520 | 25,590 | 25,660 | 25,740 | 25,810 | 25,880 | 25,950 | 26,030 ; 26,100 | 26,170 | 26,240 | 26,310 | 26,380 | 26,450 | 26, 530 | 26,600 | 26,670 | 26,740 | 37
38| 26,100 | 26,170 | 26,250 | 26,330 | 26,400 | 26,480 | 26,550 | 26,630 | 26,710 | 26, 780 | 26,860 | 26,930 | 27,000 | 27,080 | 27,150 | 27,230 | 27,300 | 27,370 | 27,450 | 27,520 | 27,590 | 38
39| 26,900 | 26,970 | 27,050 | 27,130 | 27,210 | 27,290 | 27,370 | 27,450 | 27,520 | 27,600 | 27,680 | 27,760 | 27,830 | 27,910 | 27,990 | 28,060 | 28, 140 | 28,220 | 28,290 | 28, 370 | 28,440 | 39
40| 27,700 | 27,780 | 27,860 27 940 28 030 28 110 28 190 | 28,270 | 28,350 28 430 | 28,510 | 28,590 | 28,670 | 28,750 | 28,830 | 28,910 28 990 | 29,070 | 29, 140 29 220 29 300 | 40
41| 28,510 | 28,590 | 28,680 | 28,760 | 28,850 | 28,930 | 29,010 | 29,100 | 29,180 | 29,260 | 29,350 29,430 | 29,510 | 29,590 | 29,680 | 29,760 { 29,840 | 29,920 | 30,000 | 30,080 | 30,160 | 41
42( 29,310 | 29,400 | 29,490 { 29,570 | 29,660 | 29, 750 | 29, 830 | 29, 920 , 30,090 ; 30,1801 30,260 | 30,350 30,430 | 30,520 | 30,600 | 30,690 | 30,770 | 30,850 | 30,940 | 31,020 | 42
43| 30,110 ¢ 30,200 | 30,290 | 30,380 | 30,470 | 30,560 | 30,640 i 30,730 | 30,820 30,910 | 30,990 | 31,080 | 31,170 | 31,250 | 31,340 | 31,430 | 31,510 | 31,600 | 31,680 | 31,770 31,860 ; 43
44| 30,920 | 31,010 | 31,100 | 31,190 ] 31,280 | 31,370 | 31,460 | 31,550 | 31,640 | 31,730 | 31,820 | 31,910 | 31,990 | 32,080 | 32,170 | 32,250 |- 32,340 | 32,430 32,520 | 32,610 | 32,700 | 44
451 31,720 ,810 | 31,900 | 31,990 | 32,080 | 32,170 | 32,270 | 32,360 | 32,450 | 32, 540 32 630 32 720 32 810 32 890 | 32,980 ,070 33 160 | 33,250 | 33, 33 440 | 33,530 | 45
46| 32,520 | 32,610 32,700 | 32,800 | 32,890 | 32,980 | 33,070 | 33,170 | 33,260 | 33,350 | 33,440 | 33,530 | 33,620 | 33,710 | 33,800 { 33,890 | 33,980 | 34,080 | 34,170 | 34,270 | 34,360 | 46
47| 33,320 | 33,420 | 33,510 | 33,610 | 33,700 | 33,800 | 33,890 | 33,980 | 34,080 | 34,170 | 34,260 [ 34,360 | 34,450 | 34,540 | 34,630 | 34,720 | 34,810 ( 34,910 35,010 | 35, 110 [ 35,200 | 47
48| 34,130 | 34,220 | 34,320 | 34,420 | 34,510 | 34,610 | 34,700 | 34,800 | 34,890 | 34,990 | 35,080 | 35,170 | 35,270 | 35,360 | 35,450 | 35,540 | 35,640 | 35 740 | 35,840 | 35940 | 36,040 | 48
491 34,930 | 35,030 | 35,130 | 35,230 | 35,330 | 35,420 | 35520 | 35,620 | 35,710 | 35810 | 35,900 { 36,000 | 36,090 | 36,190 | 36,280 | 36,370 | 36,470 | 36,570 | 36,680 | 36,780 | 36,880 | 49
50 35 740 | 35,840 | 35,940 | 36,040 | 36, 140 | 36,240 | 36, 340 | 36,440 | 36,540 | 36,640 | 36, 740 36 840 | 36,930+ 37,030 | 37,130 37 220 | 37,320 | 37,430 | 37,530 | 37,640 | 37,740 | 50

NOVEMBER 2004 HEADWATER 1523 to 1525




22 | HIWASSEE DAM
| SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
15230 | 15231 | 15232 | 15233 | 15234 | 15235 | 15236 | 15237 | 15238 | 15239 |1524.0 |1524.1 | 1524.2 [ 15243 [1524.4 | 15245 | 15246 | 1524.7 | 1524.8 | 15249 | 1525.0

511 36,550 | 36,660 | 36,760 | 36,860 | 36,960 | 37,060 | 37,170 | 37,270 | 37,370 | 37,470 | 37,570 | 37,670 | 37,770 | 37,870 | 37,970 | 38,070 38,170 | 38,280 | 38,390 | 38,490 | 38,600 | 51
52| 37,360 | 37,460 | 37,560 | 37,670 | 37,770 | 37,870 | 37,980 | 38,000 | 38,190 | 38,290 | 38,400 | 38,500 | 38,610 | 38 710 | 38,810 | 38,910 39,020 | 39,120 | 39,230 | 39,340 | 39,450 | 52
53 38,160 38,260 | 38,370 | 38,470 | 38,580 | 38,690 | 38,790 | 38,900 | 39,010 | 39,120 | 39,230 | 39,330 | 39,440 | 39,540 | 39,650 | 39,750 | 39, 860 39,970 | 40,080 [ 40, 190 | 40,290 | 53
94 38,970 1 39,080 | 39,180 | 39,290 | 39,400 | 39,510 | 39,620 | 39,730 | 39,840 | 39,950 | 40,060 | 40.170 | 40, 280 | 40390 | 40,500 | 40,610 | 40,710 | 40’ 820 40,930 | 41,040 | 41,150 | 54
55| 39,780 | 39,890 | 40,000 | 40, 100 | 40,210 | 40,330 | 40, 440 40,560 | 40,670 | 40,780 | 40,900 | 41,010 | 41,120 | 41,230 | 41, 340 41,450 | 41,570 | 41,680 | 41,790 | 41,900 | 42,010 | 55

56| 40,590 | 40,700 | 40,810 | 40,920 | 41,030 | 41,150 | 41,270 | 41,380 | 41,500 | 41,620 | 41,730 | 41,850 | 41,960 | 42,080 | 42,190 | 42,300 | 42, 420 42,530 ﬁ,%g 42,750 | 42,870 | 56

: : 640 : , : , , : )
591 45,810 | 45,920 | 46,030 | 46,150 | 46,260 | 46,380 | 46,490 | 46,610 | 46,720 | 46,830 | 46, 950 | 47,070 | 47,190 | 47.310 | 47,430 | 47.540 | 47,660 | 47, 780 47,900 | 48,010 | 48,130 | 59| .
60| 47,530 | 47,640 | 47,760 | 47,870 | 47,980 | 48,100 | 48, 210 | 48,330 | 48, 440 | 48,550 | 48,670 48,790 | 48,910 | 49,030 | 49,150 | 49,270 | 49,390 | 49. 510 | 49, 630 49,750 | 49,860 | 60

611 49,280 | 49,390 | 49,500 | 49,620 | 49,730 | 49,840 | 49,960 | 50,070 | 50,180 | 50,290 | 50,410 | 50,530 | 50,660 | 50,780 | 50,900 | 51,020 | 51,140 | 51,260 | 51,380 51,500 | 51,620 | 61
621 51,030 | 51,140 | 51,250 | 51,370 { 51,480 | 51,600 | 51,710 | 51,820 | 51,930 | 52,040 | 52,160 | 52,280 | 52410 | 52,530 | 52, 660 | 52,780 | 52 900 | 53,020 53,140 | 53,260 { 53,390 | 62
63} 52,770 | 52,880 | 53,000 | 53,110 | 53,230 | 53,340 | 53,450 | 53,560 | 53,670 | 53,780 | 53,900 | 54,020 | 54,150 | 54.280 | 54. 410 | 54.530 | 54650 54,780 1 54,900 | 55,020 | 55,150 | 63
64| 54,950 | 55,130 | 55,310 1 55,490 | 55,670 | 55,850 | 56,000 | 56,080 | 56,170 | 56,250 | 56,340 | 56,440 | 56. 540 | 56.650 | 56,750 | 56.850 | 56.960 | 57, 060 57,170 | 57,270 | 57,380 | 64
65| 57,190 | 57,430 | 57,680 | 57,920 | 58,160 | 58,380 | 58,510 | 58,570 58,630 | 58,680 | 58,740 | 58,820 | 58,900 | 58,990 | 59,060 | 59, 140 | 59. 230 59,320 | 59,410 | 59,500 | 59,590 | 65

65,980 . ) 68, 460 X 68, 340 68, 340
70| 88,210 | 68,770 | 69,330 | 69,900 | 70,460 | 70, 930 71,060 | 70,990 | 70,920 | 70,840 | 70,770 | 70,730 | 70,700 | 70,670 | 70,630 | 70,600 | 70,600 | 70,600 | 70,610 | 70,610 | 70.610 | 70
711 68,210 | 68,770 gg ggg 69,900 | 70,460 | 70,930 ;} (2)88 71,110 71,130 | 71,150 | 71,170 | 71,220 | 71,280 | 71,330 | 71,390 | 71,440 71,530 | 71,620 | 71,710 | 71,790 | 71,880 | 71

) . \ 75
75( 68,210 | 68,770 | 69,330 | 69,900 | 70,460 | 71,010 | 71,460 | 71,840 | 72,230 | 72,620 73,010 | 73,410 | 73,810 | 74,220 | 74,630 | 75,030 | 75.450 | 75,870 | 76,300 76,720 | 77,150 | 75

101 68,770 | 69,330 | 69,900 | 70,460 | 71,010 | 71,480 | 71,960 | 72,440 | 72,920 | 73,410 | 73,900 | 74,390 | 74,890 | 75,380 | 75,880 | 76,380 | 76,890 | 77,400 | 77,900 78,410 | 76
101 68,770 1 69,330 | 69,900 | 70,460 | 71,030 | 71,600 | 72,170 | 72,740 | 73,320 | 73,890 | 74,470 | 75,050 | 75,630 | 76,220 | 76,800 | 77.390 | 77,980 | 78.570 | 79 160 79,760 | 77
781 68,210 | 68,770 ] 69, 330 | 69,900 | 70,460 | 71,030 | 71,600 | 72,170 | 72,740 | 73,320 | 73,890 | 74,470 | 75,050 | 75,630 | 76,220 | 76,800 | 77.390 | 77,980 | 78,570 79,160 | 79,760 | 78
10| 68,770 | 69,330 | 69,900 | 70,460 | 71,030 | 71,600 | 72,170 | 72,740 | 73,320 | 73,890 | 74,470 | 75,050 | 75,630 | 76.220 | 76,800 | 77.390 | 77.980 | 78.570 79,160 | 79,760 | 79
10| 68,770 | 69,330 | 69,900 | 70,460 | 71,030 | 71, 600 72,170 | 72,740 | 73,320 | 73,890 | 74,470 75,050 | 75,630 | 76,220 | 76,800 | 77,390 | 77,980 | 78.570 | 79.160 | 79,760 | 80

HEADWATER 1523 to 1525 ‘ _ NOVEMBER 2004



HIWASSEE DAM 23
IN CUBIC FEET PER SECOND

o HEADWATER ELEVATION r
%[ 1525.0 1525.1 | 15252 | 1626.3 | 15254 | 15255 | 15256 | 1525.7 | 1525.8 [ 15259 [1526.0 | 15261 | 15262 | 1526.3 | 15264 | 15265 | 1526.6 | 15267 | 1526.8 | 15269 | 1627.0 |°&
1 470 470 480 480 480 480 480 480 480 480 480 480 490 490 1
2 890 890 0 900 900 900 900 910 910 910 910 910 920 920 2
3| 1,360 1,370 1,370 1,370 1,380 | 1,380 1,380 1,390| 1,390 | 1,390 1,400 | 1,400 | 4,400 1,400 3
4 1,780 1,790 1,790 1,790| 1,800 1,800 | 1,810 1,810| 1,820 1,820 | 1,820| 1,830| 1,830| 1.840 4
5| 2,200 2,210] 2,210 1220 2,220 2,230 2,230| 2,240 2,240| 2,250 | 2,250 | 2,260 2,260 | 2,270 5
6] 2,6801 2,680 | 2,690 | 2,690 2,700| 2,710{ 2,710 2,720| 2,720| 2,730| 2,740| 2,740| 2,750| 2 750 6
7{ 3,090 3,100| 3,110| 3,120 3,120 | 3,130| 3,140| 3,140| 3,150 | 3,160| 3,170| 3,170| 3.180| 3.190| 3,190 | 3,200| 3,210| 3,210 7
8| 3,560 | 3,570 3,580| 3,590 | 3,600 | 3,600 3,610/ 3,620| 3,630 | 3.640| 3,640| 3,650| 3.660| 3,670 | 3.680| 3.680| 3.690 | 3700 8
9 4,050 | 4,060 4,070 | 4,080 | 4,080 4,09 | 4,100 4,110 4,120| 4,130| 4,1 4,150 | 4,160 4,170 | 4,180 | 4,190 | 4,200 | 4,200 9
10| 4,510 | 4,530 | 4,540 4,550 | 4,560 | 4,570 ,580 | 4,590 4,600| 4,610| 4,620 | 4,630 ,640 | 4,650 | 4,660 | 4,670 4,680 | 4,690 10
111 5,000 5010 5020 5030 | 5050 | 5060| 5070 5080| 509 | 5100| 5110| 5130| 5140| 5150| 5160 | 5,170| 5,180 5,190 11
121 5,480 | 5500| 5,510 ,9201 5,830 | 5,550 5560 5570 | 5590 | 5600 5610 | 5, 620 ,640 | 5,650 | 5660 | 5670 | 5690 | 5700 12
13 5,950 | 5970) 5980 | 5990| 6,010 6,020| 6,030 | 6050 6,060 | 6080 | 6090 6100| 6120| 6,130| 6.140| 6.160| 6.170| 6. 180 13
14| 6,440 | 6,450 6,470 6,480 | 6,500; 6,510| 6,530 6,540| 6,560 | 6,570 6,590 | 6600| 6,620| 6,630| 6640| 6660| 6670, 6,690 | 6700 6720| 6730/ 14
15| 7,340 , 7,370 | 7,390 | 7,410| 7,430 | 7,440 7,460| 7,480| 7,490 | 7,510| 7,530 7,550 7,560 | 7,580| 7,600 | 7,610| 7,630| 7.650| 7.660| 7.680 |15
16 8,240 8250 | 8270 | 8290 | 8,310| 8,330, 8350 | 8370 839 | 8410| 8430| 8450 8470| 849 | 8500 | 8520 | 8540| 8560 8580| 8600] 8 62016
171 9,140 | 9,160 | 9,180 | 9,200 | 9,220 | 9,240 | 9,270| 9,290 | 9,310 | 9,330| 9,350 | 9,370 | 9,390| 9,420 | 9,440 | 9.460| 9,480 | 9,500| 9,520 540 | 9,560 | 17
18| 10,030 | 10,050 | 10,080 | 10,100 | 10,120 | 10,150 | 10,170 | 10,200 | 10,220 | 10,240 | 10,270 | 10,290 | 10,310 | 10,340 | 10,360 | 10,380 | 10,410 | 10,430 | 10,450 | 10,480 | 10.500 | 18
191 10,920 | 10,950 | 10,980 | 11,000 | 11,030 ; 11,050 | 11,080 | 11,110 | 11,130 | 11,160 [ 11,180 | 11,210 | 11,240 | 11,260 | 11,290 | 11,310 | 11,340 | 11,360 | 11,390 | 11,410 | 11,440 | 19
20| 11,830 | 11,860 [ 11,880 | 11,910 | 11,940 | 11,970 | 12,000 | 12,030 | 12,050 | 12,080 | 12,110 | 12,140 | 12,170 | 12,190 | 12,220 | 12,250 | 12,280 | 12,300 | 12,330 | 12,360 | 12,390 | 20
211 12,720 | 12,750 | 12,780 | 12,810 | 12,850 | 12,880 | 12,910 | 12,940 | 12,970 | 13,000 | 13,030 | 13,060 | 13,090 | 13,120 | 13,150 | 13,180 | 13,210 | 13,240 | 13,270 | 13,300 | 13,320 | 21
22| 13, 13,640 | 13,670 | 13,710 | 13,740 | 13,7701 13,800 | 13,840 | 13,870 | 13,900 { 13,930 | 13,970 | 14,000 | 14,030 | 14,060 | 14,100 | 14,130 | 14,160 | 14,190 | 14,220 | 14,250 | 22
231 14,490 1 14,530 | 14,560 | 14,600 | 14,630 | 14,670 [ 14,700 | 14,740 | 14,770 | 14,810 | 14,840 | 14,880 | 14,910 | 14,940 | 14,980 | 15,010 | 15,050 | 15,080 | 15,120 | 15, 150 | 15, 180 | 23
24| 15,370 | 15,410 | 15,450 | 15,480 | 15,520 | 15,560 | 15, 600 ,630 | 15,670 | 15,710 | 15,740 | 15,780 | 15,820 | 15,850 | 15,890 | 15,930 | 15,960 | 16,000 | 16,040 | 16,070 | 16, 110 | 24
25( 16,250 | 16,290 | 16,330 | 16,370 | 16,410 | 16,450 | 16,430 | 16,530 | 16,570 | 16,610 { 16,650 | 16,690 | 16,720 | 16,760 | 16.800 | 16,840 | 16.880 | 16 920 | 16. 960 17,000 | 17,030 | 25
26| 17,130 | 17,470 | 17,220 | 17,260 | 17,300 | 17,340 | 17,390 | 17,430 | 17,470 | 17,510 | 17,550 { 17,590 | 17,640 | 17,680 | 17,720 | 17,760 | 17,800 | 17,840 | 17,880 | 17,920 | 17,960 | 26
271 18,020 | 18,060 | 18,110 + 18,150 | 18,190 | 18,240 | 18,280 | 18,330 ; 18,370 | 18,420 | 18,460 | 18,500 | 18,550 | 18,590 | 18,630 | 18,680 | 18,720 | 18.760 | 18,810 | 18,850 | 18,890 | 27
28| 18,900 | 18,950 | 18,990 | 19,040 | 19,090 ;130 | 19,180 | 19,230 | 19,270 | 19,320 | 19,370 | 19,4101 19,460 | 19,500 { 19,550 | 19,600 | 19,640 | 19,690 | 19, 19,780 | 19,820 | 28
291 19, 19,820 | 19,870 | 19,920 | 19,970 | 20,020 | 20,070 | 20,120 | 20,170 | 20,220 | 20,270 | 20,310 | 20, 360 ) 20,460 | 20,510 | 20,550 | 20,600 | 20,650 | 20, 700 | 20, 750 | 29
30{ 20,650 | 20,700 | 20,750 | 20,810 | 20,860 | 20,910 | 20,960 | 21,010 21,060 | 21,110 | 21,170 | 21,220 | 21,270 | 21,320 | 21,370 | 21,420 | 21,470 | 21,520 | 21,570 | 21,620 | 21,670 | 30
311 21,5201 21,570 | 21,630 | 21,680 | 21,740 | 21,790 | 21,850 | 21,900 | 21,950 | 22,010 | 22,060 { 22,110 | 22,170 | 22,220 | 22,270 | 22,330 | 22,380 | 22,430 | 22,480 | 22,540 | 22,590 | 31
32| 22,390 | 22,450 | 22,500 | 22,560 | 22,620 | 22,670 | 22,730 | 22,790 | 22,840 | 22, 22,960 | 23,010 | 23,070 | 23,120 | 23,180 | 23,230 | 23,290 | 23,340 | 23,400 | 23,450 | 23,510 | 32
33| 23,270 ) 23,330 | 23,380 | 23,440 | 23,500 | 23,560 | 23,620 | 23,680 | 23,740 | 23,800 | 23,860 | 23,910 | 23,970 | 24,030 | 24,090 | 24, 150 | 24,200 | 24.260 | 24.320 | 24. 370 | 24430 | 33
341 24,140 1 24,200 | 24,260 | 24,330 | 24,390 | 24,450 | 24,510 | 24,570 | 24,630 | 24,690 | 24,760 | 24,820 | 24,830 | 24,940 | 25,000 | 25,060 | 25, 120 | 25, 180 | 25,240 | 25,300 | 25.360 | 34
35| 25,020 | 25,080 | 25,150 | 25,210 | 25,270 | 25,340 | 25,400 | 25,470 | 25,530 | 25,590 | 25.660 | 25,720 25,780 | 25,840 | 25,910 | 25,970 | 26,030 | 26,090 | 26, 160 | 26, 220 26,280 | 35
36| 25,880 | 25,950 | 26,010 | 26,080 | 26,150 | 26,210 | 26,280 | 26, 350 | 26,410 | 26,480 | 26,540 | 26,610 | 26,680 | 26,740 | 26,810 | 26,870 | 26,940 | 27,000 | 27,070 | 27,130 | 27,190 | 36
37| 26, 26,810 1 26,880 | 26,950 | 27,020 | 27,080 | 27,150 | 27,220 | 27,290 | 27,360 | 27,430 | 27,500 | 27,560 | 27,630 | 27,700 | 27,770 | 27,830 | 27,900 | 27,970 | 28,040 | 28. 100 | 37
38| 27,590 | 27,660 | 27,740 | 27,810 | 27,880 | 27,950 | 28,030 | 28, 100 | 28,170 | 28,240 | 28,310 | 28,380 | 28,450 | 28,520 ,590 | 28,660 | 28,730 | 28,800 | 28,870 | 28,940 | 29, 38
39| 28,440 | 28,520 | 28,590 | 28,670 | 28,740 | 28,820 | 28,890 | 28,970 | 29,040 | 29,110 | 29,190 | 29,260 | 29,330 | 29,410 | 29,480 | 29,550 | 29,620 | 29,700 | 29, 770 | 29, 840 | 29,910 | 39
40| 29,300 | 29,380 | 29, 460 ,530 | 29,610 | 29,690 | 29,770 | 29,840 | 29,920 | 29,990 | 30,070 | 30, 150 30,220 | 30,300 | 30,370 | 30,450 ,520 | 30,600 | 30,670 | 30,750 | 30,820 | 40
41| 30,160 | 30,240 | 30,320 | 30,400 | 30,480 | 30,560 | 30,640 | 30,720 | 30,800 | 30,880 | 30,960 { 31,040 | 31,120 | 31,190 | 31,270 | 31,350 | 31,430 | 31,500 | 31,580 | 31,660 | 31,730 | 41
42( 31,020 | 31,100 | 31,190 | 31,270 | 31,350 | 31,430 | 31,520 | 31,600 | 31,680 | 31,760 | 31,840 | 31,920 | 32,000 | 32,080 | 32,170 | 32,250 | 32,330 | 32,410 | 32,480 | 32,560 | 32,640 | 42
43| 31,860 | 31,940 | 32,030 | 32,110 | 32,200 | 32,280 | 32,370 | 32,450 | 32,540 | 32,620 | 32,710 | 32,790 | 32,870 | 32,960 | 33,040 | 33,120 | 33,200 | 33,290 | 33,370 ,450 | 33,530 | 43
44 32,700 | 32,790 | 32,880 | 32,960 | 33,050 | 33,140 | 33,230 | 33,310 | 33,400 | 33,490 | 33,580 | 33,660 | 33,750 | 33,830 | 33,920 | 34,000 | 34,090 | 34,180 | 34,260 | 34,340 | 34,430 | 44
45| 33,530 | 33,620 | 33,710 | 33,800 | 33,890 | 33,980 | 34.070 | 34,160 | 34 250 | 34, 340 34,430 | 34,520 | 34,610 , 34,780 | 34,870 | 34,960 | 35050 | 35.140 | 35,220 ,310 | 45
461 34,360 | 34,460 | 34,550 | 34,640 | 34,740 | 34,830 | 34,920 | 35,020 | 35,110 | 35,200 | 35,290 | 35,380 | 35,470 | 35,570 | 35,660 | 35,750 | 35,840 | 35,930 | 36,020 | 36,110 | 36,200 | 46
47 35,200 | 35,300 | 35,400 | 35,490 | 35,590 | 35,690 | 35 780 | 35,880 | 35,970 | 36,070 | 36,160 | 36,260 | 36,350 | 36,440 | 36,540 | 36,630 | 36,720 | 36,820 | 36,910 | 37,000 | 37,090 | 47
48 36,040 | 36,140 | 36,240 | 36,340 | 36,440 | 36,540 | 36,630 | 36,730 | 36,830 | 36,930 | 37,020 | 37,120 | 37,220 | 37,310 | 37,410 | 37,510 | 37,600 | 37,700 | 37,790 | 37.890 | 37,980 | 48
49| 36,880 | 36,980 { 37,090 | 37,190 | 37,290 , 3901 37,490 | 37,590 | 37,690 | 37,790 | 37,890 | 37,990 | 38,090 | 38,190 | 38,290 | 38,390 | 38,490 | 38,590 | 38,680 | 38,780 | 38, 880 | 49
50| 37,740 | 37,840 | 37,950 | 38,050 | 38, 150 | 38,250 | 38.360 | 38, 460 | 38,560 | 38,660 | 38,760 38,860 | 38,960 | 39,060 | 39,160 | 39,270 | 39,370 | 39,470 | 39,570 | 39,670 | 39,770 | 50

NOVEMBER 2004 See special instruction for preventing gate overflow on page 3. HEADWATER 1525 to 1527
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HIWASSEE DAM

SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION

1525.8 | 1525.9 | 1526.0 | 1526.1 | 1526.2

59( 48, 130 28 550 48’ 360 48‘ 480

70{ 70,610 | 70,610 | 70,600 | 70,590

711 71,880 | 71,960 | 72,040 | 72,120
72| 73,220 | 73,390 | 73,560 | 73,730
73| 74,470 | 74,730 | 74,980 75,230
74| 75,800 i 76, 140 | 76,480 | 76,820
75| 77,150 | 77,570 | 78,000 | 78,420

82, 760

83'370

58’260 58,370 | 58,480 | 58,590 | 58, 700

49 740

71,120

73,730
76,400
78,970
81, 600
84,270

69’ 320 | 69,420 69’ 530 | 69

90,800 | 91,440 | 92,070 | 84

HEADWATER 1525 to 1527

NOVEMBER 2004




HIWASSEE DAM

SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

25

HEADWATER ELEVATION

GATE
ARRANGE-
MENT

1527.0

15271

1527.2

1527.3

15274

1527.5

1527.6

1627.7 | 1527.8 | 1527.9 | 1528.0 | 15281 | 1528.2

1528.3

1528.5

1528.6

1528.7 | 1528.8

1528.9 | 1529.0
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50, 700
52, 480

50, 830
52,610

26, 650
27,580
28, 500
29,420
30, 340
31,260

43 970

16, 360 ~16'400 16‘430 16‘470

) : 1
39 960 | 39,650 | 39,750 | 39,840 | 39,9401 40,030

51,330 | 51,450 | 51,580 | 51,700 | 51.820 | 51.950
53.120 | 53.250 | 53,380 | 53,500 | 53.630 | 53, 750

44 730

1528.4

44, 840

20,490
21,450
22,410

40 310

20, 530
21,490
22,450

32,060 | 32,130

33,010 | 33,080
33,960 | 34,040
34,890 | 34,970
35,830 | 35,910
36,760 | 36,840

37,690 | 37,780

27,430 | 27,490 | 35

31,240 31‘310 39

45, 380 45’ 480 | 54

NOVEMBER 2004
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HIWASSEE DAM

SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION

1527.6

1527.8

1527.9

1528.0

1528.1

1528.2

70 040

94, 580
95,270

54, 810
56, 620
58, 430
60, 400
62, 360

95, 920

98, 520

94, 260

95, 490
96,740
97, 930
99, 180

99, 840

100, 500

101, 200

101, 800

61, 730
63, 670

65, 580
67, 480
69, 420
71, 360
73,300

102, 500

43 510

103, 200

94‘ 480 94' 680 | 94,880 | 79

103, 800 (104, 500 {105, 200 | 84

HEADWATER 1527 to 1529
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HIWASSEE DAM

SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

27

HEADWATER ELEVATION

1529.0

1529.1

1529.2

1529.3

15294

1529.5

1529.6

1529.7

1529.8

1529.9

1530.0

1530.1

1530.2

1530.3

1530.4

1530.5

1530.6

1530.7

1530.8

1530.9

1531.0

. 540
54| 45, 480

80| 96,880

81 98,940
821101, 000
831103, 100
841105, 200

27,540

105, 900

32,410

33, 380
34,340

35, 280
36, 240
37,170

106, 500

107, 200

42,100

43, 060
44,000
44,950
45, 900
46, 860

100, 500
103, 000
105, 400
107, 900

31‘ 650

108, 600

32,690
33,670
34, 640

98, 640
101, 300

109, 300

34,710
35,670
36, 640
37,580

38, 540
39,500
40, 460
41,430
42,390

101, 700
104 500

7,200
110 000

102, 100
105, 000
107, 800
110, 700

53, 980
55,830

57,710
59, 590
61,470
63, 440
65, 400

102, 500
105, 500
108, 400
111, 400

34,940
35,900
36, 870
37, 830

38,790
39,760
40,730

41,700
42,670

99, 870
102, 900

112, 000

100 200
103, 300

112, 700

100, 500

103, 700
107, 000
110, 200
113, 400

100, 900

104, 200
107, 500
110, 800
114, 200

42, 060
43, 040

101, 200

104, 600
108, 000
111,400
114,900

56, 600
58, 510
60, 420
62, 330

64, 290
66, 250

101, 600
105, 000

115, 600

42, 240
43,220

47,150

48,130 |

49,120
51,030

101, 900

105, 500
109, 100
112,700
116, 300

105, 900
109, 600
113,300
117,000

102, 600

1086, 300
110, 100
113,900
117,700

NOVEMBER 2004
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special instruction for preventing gate overflow on page 3.
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28 HIWASSEE DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
15310 [ 1531.1 | 1531.2 | 15313 | 16314 | 1531.5 | 1631.6 | 1531.7 | 1531.8 | 1531.9 [1532.0 [1532.1 | 1532.2 | 15323 | 15324 | 1532.5 | 1532.6 | 1632.7 | 15328 | 15329 | 1533.0

56| 49,540 | 49,650 | 49,760 | 49,860 | 49,970 | 50,070 56
971 61,480 f 51,590 | 51,700 | 51,810 51,920 | 52, 040 57
58| 53,420 | 53,530 { 53,650 | 53,770 | 53,880 | 54,000 58
59| 55, 330 55,570 i 55,690 | 55,820 | 55,940 59
60| 57,240 | 57,370 | 57,500 | 57,620 | 57,750 { 57, 880 60
61( 59,180 59,310 | 59,440 | 59,580 | 59,710 | 59, 840 61
62( 61,120 | 61,250 | 61,390 | 61,530 | 61,670 | 61,800 : 62
63| 63,050 | 63,200 | 63,340 f 63,480 | 63,620 | 63,770 | 63,910 | 64,050 | 64,190 | 64,330 | 64, 470 63
64| 65,020 | 65,160 | 65,310 | 65,450 | 65,590 | 65,740 | 65,880 | 66,020 | 66,160 | 66,300 | 66,450 : 64
65| 66,980 | 67,130 | 67,270 | 67,420 67,560 | 67,700 | 67,850 | 67,990 | 68,130 68,280 | 68,420 65
661 68,920 | 69,060 | 69,210 | 69,350 | 69,500 | 69,640 | 69,790 | 69,930 | 70,070 | 70,220 | 70, 360 66
671 70,850 1 70,990 | 71,140 | 71,290 | 71,430 | 71,580 | 71,720 ( 71.870 | 72,010 | 72,160 | 72,300 67
68| 72,810 | 72,960 | 73,110 | 73,250 | 73,400 | 73,550 | 73,690 | 73,840 | 73.980 | 74,130 | 74,270 68
69| 74,780 | 74,930 | 75,070 | 75,220 | 75,370 | 75,520 | 75,660 | 75,810 | 75.950 | 76,100 | 76 240 69
70| 76,740 | 76,890 | 77,040 | 77,190 | 77,340 77,480 | 77,630 | 77,780 | 77,920 | 78, 070 78,220 70
711 78,860 | 79,010 | 79,150 | 79,290 | 79,430 | 79,570 | 79,710 | 79,850 | 79,990 | 80,130 | 80, 270 71
72| 80,980 | 81,120 | 81,260 | 81,390 | 81,530 | 81,660 | 81,790 | 81,930 | 82,060 | 82,190 | 82, 330 72
731 83,070 | 83,200 | 83,330 ; 83,460 | 83,590 | 83,710 | 83,840 | 83,960 | 84,090 , 84, 350 73
741 85, 85,280 | 85, 400 , 85,640 | 85,760 | 85,880 | 86,000 | 86,110 | 86,230 | 86,370 74
75| 87,280 | 87,390 | 87,510'| 87,620 | 87,730 | 87,850 87,960 | 88,070 | 88,180 | 88,290 | 88, 430 75
76| 89,400 | 89,510 | 89,620 | 89,730 | 89,830 | 89,940 [ 90,040 | 90, 140 { 90, 240 | 90,350 | 90, 490 76
771 91,520 | 91,620 | 91,730 | 91,830 | 91,920 | 92,020 | 92,120 | 92,210 | 92,310 | 92,410 | 92550 7
78] 95,450 | 95,650 , 840 [ 96,030 | 96,220 | 96,400 | 96,590 | 96,780 | 96,960 | 97, 160 | 97, 390 78
791 99,450 1 99,730 |100, 000 |100, 300 |100, 600 {100, 80¢ {101, 100 {101, 400 |101. 700 {102, 000 |102. 300 79
80(103, 300 (103, 700 {104, 000 {104, 400 {104, 800 105,100 [105, 500 {105. 900 [106, 300 106, 600 [107, 000 80
81(107, 200 |107, 700 |108, 100 {108, 600 {109, 000 {109, 500 |110, 000 (110, 400 |110, 900 {111, 300 {111, 800 81
821111, 200 {111,800 |112. 300 112, 800 113, 400 |113, 300 114,500 (115, 000 |115, 600 (116, 200 (116, 700 82
83(115, 100 [115, 800 |116. 400 {117, 100 {117, 700 |118, 300 119, 000 1119, 600 |120, 300 1120, 900 {121, 600 83
84|119,100 [119; 900 {120, 600 |121, 300 {122, 000 {122, 800 123, 500 (124, 200 | 125, 000 |125, 700 (126, 500 84

HEADWATER 1531 to 1533 See special instruction for preventing gate overflow on page 3. NOVEMBER 2004
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INSTRUCTIONS FOR USE OF TABLES

1. Tables Update

These tables supersede the tables dated September 1996. They differ from
those tables only in a few minor details. The September 1996 tables
superseded the tables dated March 1991. Those tables were revised to
reflect the discharge values obtained from SPILLQ, which is a computer
code used in TVA software for monitoring spill discharges and determining
gate arrangements.

2. Purpose of Tables

These tables provide a means of setting up or determining the discharge
through the four spillway sluices in Hiwassee Dam. They give the total
discharge in cubic feet per second when the headwater elevation and
operating sluices are known. . The discharges are based on coefficients of
discharge obtained from prototype measurements.

The combination of sluices operated at any one time was determined to
minimize scour on the spillway apron and to reduce the tailwater level
below the powerhouse.

3. Arrangement of Tables

The tables give the total discharge of sluice 3; sluices 2 and 4; sluices 1, 3,
and 4; and shiuices 1, 2, 3, and 4 at full gate openings. Only these
combinations of sluices should be used. The locations of the sluices are
shown on page 4.

The discharge for each combination of sluices is tabulated for each 1-foot
of headwater elevation between elevations 1410 feet and 1532 feet.

The interval between tabulated discharges caused by a change of 1-foot in
headwater elevation is so small that it is unnecessary to interpolate between
values given in these tables.

HIWASSEE DAM

SLUICE DISCHARGE IN CUBIC FEET PER SECOND

Headwater SLUICES OPERATING
Elevation
3 28&4 1,3, &4 1,2, 3, &4
1410 4120 8250 12370 16500
1411 4140 8280 12420 16560
1412 4150 8310 12460 16610
1413 4170 8330 12500 16670
1414 4180 8360 12540 16730
1415 4200 8390 12590 16780
1416 4210 8420 12630 16840
1417 4220 8450 12670 16890
1418 4240 8470 12710 16950
1419 4250 8500 12750 17010
1420 4270 8530 12800 17060
1421 4280 8560 12840 17120
1422 4290 8590 12880 17170
1423 4310 8610 12920 17220
1424 4320 8640 12960 17280
1425 4330 8670 13000 17330
1426 4350 8690 13040 17390
1427 4360 8720 13080 17440
1428 4370 8750 13120 17500
1429 4390 8770 13160 17550
1430 4400 8800 13200 17600
1431 4410 8830 13240 17660
1432 4430 8850 13280 17710
1433 4440 8880 13320 17760
1434 4450 8910 13360 17820
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SLUICE DISCHARGE IN CUBIC FEET PER SECOND

SLUICE DISCHAR

HIWASSEE DAM
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GE IN CUBIC FEET PER SECOND

Headwater SLUICES OPERATING Headwater " SLUICES OPERATING
Elevation Elevation
3 2&4 1,3, &4 1,2,3,&4 3 2&4 1,3, &4 1,2, 3, &4
1435 4470 8930 13400 17870 1460 4780 9570 14350 19140
1436 4480 8960 13440 17920 1461 4800 9590 14390 19190
1437 4490 8990 13480 17970 1462 4810 9620 14430 19240
1438 4510 9010 13520 18030 1463 4820 9640 14460 19290
1439 4520 9040 13560 18080 1464 4830 9670 14500 19330
1440 4530 9060 13600 18130 1465 4850 9690 14540 19380
1441 4550 9090 13640 18180 1466 4860 9720 14570 19430
1442 4560 9120 13670 18230 1467 4870 9740 14610 19480
1443 4570 9140 13710 18280 1468 4880 9760 14650 19530
1444 4580 9170 13750 18340 1469 4890 9790 14680 19580
1445 4600 9190 13790 18390 1470 4910 9810 14720 19620
1446 4610 9220 13830 18440 1471 4920 9840 14750 19670
1447 4620 9240 13870 18490 1472 4930 9860 14790 19720
1448 4630 9270 © 13900 18540 1473 4940 9880 14830 19770
1449 4650 9300 13940 18590 1474 4950 9910 14860 19820
1450 4660 9320 13980 18640 1475 4970 9930 14900 19860
1451 4670 9350 14020 18690 1476 4980 9950 14930 19910
1452 4690 9370 14060 18740 1477 4990 9980 14970 19960
1453 4700 9400 14090 18790 1478 5000 10000 15000 20000
1454 4710 9420 14130 18840 1479 5010 10030 15040 20050
1455 4720 9450 14170 18890 1480 5020 10050 15070 20100
1456 4740 9470 14210 18940 1481 5040 10070 15110 20140
1457 4750 9500 14240 18990 1482 5050 10100 15140 20190
1458 4760 9520 14280 19040 1483 5060 10120 15180 20240
1459 4770 9540 14320 19090 1484 5070 10140 15210 20280
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SLUICE DISCHARGE IN CUBIC FEET PER SECOND

HIWASSEE DAM

SLUICE DISCHARGE IN CUBIC FEET PER SECOND

SLUICES OPERATING

SLUICES OPERATING

Headwater Headwater
Elevation Elevation .
3 28&4 1,3, &4 1,2,3 &4 3 2&4 1,3, &4 1,2,3,&4

- 1485 5080 10170 15250 20330 1510 5360 10730 16090 21460
1486 5090 10190 15280 20380 1511 5380 10750 16130 21500
1487 5110 10210 15320 20420 1512 5390 10770 16160 21540
1488 5120 10230 15350 20470 1513 5400 10790 16190 21590
1489 5130 10260 15390 20510 1514 5410 10820 16220 21630
1490 5140 10280 15420 20560 1515 5420 10840 16260 - 21670
1491 5150 10300 15450 20610 1516 5430 10860 16290 - 21720
1492 5160 10330 15490 20650 1517 5440 10880 16320 21760
1493 5170 10350 15520 20700 1518 5450 10900 16350 21800
1494 5190 10370. 15560 20740 1519 5460 10920 16390 21850
1495 5200 10390 15590 20790 1520 5470 10950 16420 21890
1496 5210 10420 15630 20830 1521 5480 10970 16450 21930
1497 5220 10440 15660 20880 ~ 1522 5490 10990 16480 21980
1498 5230 10460 15690 20920 1523 5500 11010 16510 22020
1499 5240 10480 15730 20970 1524 5520 11030 16550 22060
1500 5250 10510 15760 21010 1525 5530 11050 16580 22100
1501 5260 10530 15790 21060 1526 5540 11070 16610 22150
1502 5280 10550 15830 21100 1527 5550 11090 16640 22190
1503 5290. 10570 15860 21150 1628 5560 11120 16670 22230
1504 5300 10600 15890 21190 1529 5570 11140 16710 22270
1505 5310 10620 15930 21240 1530 5580 11160 16740 22320
1506 5320 10640 15960 21280 1531 5590 11180 16770 22360
1507 5330 10660 15990 21320 1532 .5600 11200 16800 22400
1508 5340 10680 16030 21370
1509 5350 10710 16060 21410
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3. Free earth support analyses Hable to be misleading; fixed carth

ing a bending moment reduction factor are

t methods should always be usged, o . . . ,
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RATING CURVES FOR FLOW OVER
DRUM GATES

By JosepH N. BRADLEY,' A. M. ASCE
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F. B. CamppeLr AND A, A. McCooL; aND Joserr N. BrapLEY

Synorsis.

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 systems, 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 Buresu 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 gaté used in France, the bascule gate manufactured in the United

‘Btates, and others in which the sector of a circle is hinged &t or.near the crest

of a spillway. .

Nore.—Published, essentially as printed here, in Fcbruary. 1053, as Proceedings-Separate No.. 169,

.Positions and titles given are.those in effeet when the paper or discussion was teceived for publication.

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



404 DRUM GATES

InTRODUCTION

The drum gate is a type of gate that floats in a chamber and is buoyed into
position by regulating the water level in that chamber. A medium-sized gate
of this type is shown 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 connected directly to onc of
the gate pins, and is usually located inside an adjacent pier. The scale, which
commonly indicates “position of high point of gate,” niay be a east-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 a drum gate consists of the over-all dimensions of the gate and overflow
crest, the information contained in this paper, and the coeflicient of discharge

Fie. 1.—Dgrux GatE, 100 Fr By 16 Fr. AT LlooveEnr Dax (ARXZONA—NEVADA)A

_ 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 a
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-meter 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

’ ’5'Dischaaetﬁcients for Irregular Overfall Spillway Sections,” by J. N. Bradley, Enoé'nezrinﬂ

Monograph ureau of Reclamation, U, 8. Dept. of the Interior, Denver, Colo., March, 1952.

were negligible. When the approach depth
of the gate, is equal to or great
?hown’ that a further increase
in tl}e coeflicient of discharge.. Most drum
condition, especially when the ga :
adequate approach depth the four variables
the flow over this type of gate for positive angl’es of 6, Fig. 2(a).

:ngrfd)' Although other factors enter the problem
or this case down to an angle of ‘approximately —15°

DRUM QATES )5
sec-ft, is guestxonable. Measurement of the flow over the drum
now possible, would have afforded a continugus i
as aceurate for floods as for normal flows.

gates, which is
ecord and one that would be

CHARACTERISTICS OF THE Drum Gare

As a measuring device, the drum g
a curved upstream face over the great
positioning indicator, the drum gate ¢
device.

ate resembles a sharp-crested weir with
cr part of its travel.  With an adequate
an serve as a very satisfactory meterfng

» measured below i i

et than twice the head on the gat:: i?ﬁ::s‘;i:;ﬁ
In approach depth produces very little increase
ost -gate installations satisfy this
te is'in a raised position. Therefore, with
9, r, and C, completely define

For negative values of 8, Fig. 2(b), the dow

» the similitude algo holds

2 “Studies of Cresty for Overlall Dams,” Bulletin No. 8, Py,

of Reclamation, U, S, Dept. of the Interior, Denver, Colo. lglgl' Boulder Canyon Final Reports, Bureaw



406 _ DRUM GATES

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- _

sione 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 dams

TABLE 1.—PriNciPAL DIMENSIONS OF Drum Gares TrsTED

‘Maxi-
Length | Height | Radius [Approachf mum |, .
No. of]| Model Hydraulic
Dam of gate, | of gate, { of gate, | depth, |herd on - -
gates 't inft | inft in ft crest,e scale lnf‘;orntory
. in ft
Grand Coulee - .| Fort Collins
{Washington) 11 135 28 66.25 360 31.65 | 1:30 | (Colo.)
Bhakra Custoinhouse
éllfat.lsia) - 2 135 - 28 66.25 410 28 1:80 | (Denver, Colo.)
ta .
{California) 3 110 28 66.25 4060 28 1:68 | Customnhouse
Hamilton ’ . .
{Texas) 1 4. 300 28 74.17 50 32 1:30 | Fort Collins
Hoover, Shaps
4-M3}
(Ariz.-Nev.) 4 100 - 16 26.8 50 26.6 1:20 [ Montrose, Colo.
Hoover, Shape
8-M5° '
(Ariz.-Nev.) 4 100 16 38.0 50 . 26.6 1:20 | Montrose
Hoover, Shape . )
7-C4® : .
%Ap‘z.-Nev.) 4 100 16 26.0 50 26.6 1:60 ( Fort Collins
riant :
g:ali.fomia) 3 100 18 . | 470 110 19.0 1:25 } Fort Collins
orris " .
(Tennessee) 3 100 14 34.0 200 27.0 1:72 | Fort Collina
adden
(Cali:lal Zone) 4 100 18 30.0 120 30.0 1:72 { Fort Collins*
apilano .
(Blgti.sh Co!_umbia) 1 70 23 71.0 | 200 23.0 1:60 | Denver Federal Center

-6 Gate down. ® Refers to the simpe of the spillway ¢ross scction.

listed in the table—Grand Coulee Dam (Washington), Bhakra Dam (India),
and Shasta Dam (California)—are 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 identieal 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 data relating the cocflicient, C,, to the head for
the model drum'gates tested are tabulated in Table 2.

ResuLts oF BaziN oN StrarenT INCLINED WEIRS

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

QOctober, 1888. (Transiation by Arthur Marichal and J
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" Buzx:;, in his c.ln.ssical cxp'erinfents, studied inclined sharp-crested weirs ¢
1e nngle of the weir was varied in inerements from 14° to 90° with the hori
zontal, and en'ch weir was 3.7 ft high (vertical dimension). The head ]:l“-
crest of the weirs ranged from 0.32 ft to 1.481t. Theresults presented i %ﬂ 'lie
show 0 pl.ot.tcd against the Bazin coeflicient, €'y (in the fo;'mula Q —"C ]ng;
29 A), in which & docs not include the velocity head of nppronéh (h—:) ‘The

£Maxiinum Water Surface El 1024.00

—_— Crest (Gate Raised) E} 1020.00

N o BTN !gMaxlmum Water Surface £ 1232.00
a ON DAM' T
' 300fT BY 28-FTM Crest (Gate Raised)
DRUM GATE B11221.40 y () HOOVER DAM
N 100-FT BY 16-FT
DRUM GATE

19.4-Ft Radius

3.75 Ft

7Ft

Pin E11204.4

Scale,in Feet

(c) NORRIS DAM 100.F7 BY 14-FT DRUM GATE Maximum Water Surface . .
: Crest (Gate Raised) EI 570.00 (d) CAPILANO DAM

¢ Maximum Water Surface £1 1047.00 == 707 BY 23-F1
—— M Wat . DRUM GATE -
\

Crest (Gate Raised) £t 1034.0

17.83-Ft Radius

Pin £/ 1019.509 Pin El 546.037
El1014.72 :

Axis of Crest. A;tis of Dam

Axis of Crest

E1482803 B S¥1s0m

Fla. 3.—~ExamrLes o Dpus-Gare CroBs Secrioxs |

nngle 0 is nléo plotted with r
which II is the total head.
the paper.

By reference to Fig. 4 it can be observ

; ; ved (1) that the coeflicient, C i
only shght]y with the observed head on the weir, (2) that there ié :r‘;:;:::

¢ “IRtecent Experiments on the Flow of Water over Weirs,”

espect to C, (in the expression, Q = C, L HY) in
This latter expression will be used throughout

l(gly H. Bazin, Annales des Ponts et Chaussées

Club of Philadelphia, I’a., Vol X, No. 4, 1892, p. 410 obn C. Trautwine, Jr., Proceedings, Engineera’

o

(-
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TABLI: 2.°—(Continued)
TABLE 2.—DruM-GATE COEFFICIENTS®
- Friant Dan Nonnis Dax MapDEN Day CAPILANG Dy
B A Dan Suasta Dast I'lAM(l,}:TON )DA-“ (Californin) (Tennessee) {Canal Zone) (British Columbia)
Granp Counez Dau HAIK*;". P (California) exas o »
hington) (Indin :
(Washing l’h a|  coom l}oscrtyoir Cpc!:i- Illmc?'oir C_ocl{ - [ Total l;end Coefhi- I‘Ioseryoir C_oef:'-
” . " . . Total hea oelh- elevation, cient, elevation, cien on gate, cient, clevation, cient,
Reservoir Coeffi- I}BSETtYd’ S{;";ﬂi' :}ST":::: %3;,‘2 on %uzcé. c'ﬁ{;ﬁ in feet C, in feet Ce in feet Ce in leet Cy
elevation, .|  cient,. i Co in feet Ce - In ie - -
H eet ¢ .
o feot o N —— ; $1037.0| G \1‘!‘ EvLrvationt 9920 GaTe ELEVATION® 560.0 | Gare Evrvarion® 10200 | Gare EvevaTiont 2320 | Gare ErevaTiont 547.0
Gare Evevation® 1260.0 | Gare ELevaTion® 15852.0 | GaTe ELEVATION E _ 580 3.650 1035 3.915 35 3.900 580 3.775
5550 075 3805 35 577 3.625 1050 33845 30 3770 575 3.705
1205 ~3.920 1680 3645 1070 © 3.835 30 574 3.550 1045 3.705 25 3.660 570 3.625
1290 3.842 1575 3550 1065 3.760 25 571- 3.460 1040 3.670 20 3.560 565 3.530
1585 3745 1570 3420 1060 3675 20 568 3340 1035 3.550 15 3460 560 | 3415
1280 3.635 1565 3575 1055 3.575 18 565 3.175 1030 3.390 10 3.365 555 3.250
1275 3810 160 | 328 1050 3405 10 562 2.905 1025 3.125 5 3.280
}%g 3.220 i 1045 - Ciarr ELevaTion 005,52 Gare ELzvation 6615 | Gate Evevarion 1022.0 | Gare Evevarton 236.0 ! Gate ELevatioN 555.4
Eievarion 1263.51 | Gate ELevaTioN 1557.0 |GATE FLEVATION 1039.0 iare ELe o . T T Trer = ST - - o
L X B 3 .3 783 . - 3.615
Gare ST 1580 3.430 1075, 3-“; ;2 : 3310 677 3.300 1050 3.725 25 3.750 577 3.580
im0 | 3442 g0 | 3 | oo | 4% | 30 | de 51 20 | ol | dooe 1 sgeo | i | dew
. 205 35 - T : 3.15 L X 21 .
1285 3.360 510 3298 1060 3417 1 3085 568 3125 1035 3460 10 3500 568 3420
1280 313 1560 3.040 1055 3340 5 - 3010 564 2,050 a3 3300 5 3410 505 3320
1270 3.182 ) 3ATE FBrevamion  999.0 - -
Gate ErevaTion 1267.02 | GaTe Enevation 1562.0 |GaTe ELevaTion 1041.0 Ln\‘N: L 1T Gare ELevarion 563.0 Gare EvevaTion 1024.0 Gare ELevation 240.0 Gare Evevarion 5611
T8 SO ) = 3.550 25 pichel . 3 :

: 3.550 1075 3.55 3.390 - — - . ,

m O [ w (W[ m @RI R IE | E T m
1250 3.380 1572 . 3.200 1065 3365 10 3103 574 3240 1045 3,670 20 3835 577 3.190
380 3.300 1568 3.345 1083 3290 5 3.080 571 3.176 0 3.605 15 3.800 574 3.435
S B R AL I BEEE IR EE
— - e Gare E TION ' 1567.0 { GATE BLEvAaTION 1045.0 | GATE ELEVATION 1006.0 . ’ 1025 3.000 )

; 270.48 | GaTe Erpva - i - ;

e 31600 1580 3.065 | 1075 gggz ;g g:’;’;g Gare Evevation 560.0 § Gate Erevarion 1026.0 | Gare Erevation 21450 [ Gare Frevation 568.5
1208 3530 * | 1577 go0 | 190 3490 12 3008 580 3450 ) 1055 3835 5 3500 58 3785
1285 3.462 1573 5535 1060 3415 g 3505 . . 577 3.410 /1050 3.810 20 3.900 580 3.850
1280 3.410 1670 1055 3.330 : 574 3.310 1045 3.780 15 .800 577 3.800
1276 3.375 1050 3.220 . 671 240 1040 3.740 10 3910 - 574 3925

50.0 { Gare EvLevaTion 1013.0 568 3.085 1035 3.685 5 3.935

. ELzvaTion 1274.01 | Gare Evevarion 1672.0 {Gare EvevaTton 1050, T 1030 3.580 ‘

ELEVATI 8 . K - L
G"fsoo ) 3 7'25 1580 3.780 }g;g 2(7;_% {% 3.600 Gate ELevarion 569.0 Gare ELevation 1028.0 | Gate ELevarioy 250.0
- 3.755 - 3 8 3.045 e -
1205 3.695 1679 3.69 1065 3.615 95 580 3.025 1055 3.800 20 3.750
SN N BN NN NS NEE oo | opR |am | B[R
- 150 : . B4 .575 . .
1280 3.600 1576 8 , 3ats ELavation 1020.0 574 3.550 1040 3845 5 3.980
: . Gate EusvaTion 10550 | Gatr ELe 572 3.500 1035 3815
Gate Ensvarion 1277.50 575 3851 ) g%’ig 570 3.400 1030 3.745
Y 5 J _ T
iz 3750 1070 827 H - 3510 Gars Evevamion 6720 | GateEvevamion 1030.0
g : . X 3.5 E -
1285 gra0 , : © 1060 3780 = '. 580 7% 1055 3500
S T (U ... B g dm | w8
- Gate ELevaTiON 1060.0 3.680 -
1281.02 : 674 .620 1040 3.880
Gate EvevaTion 7% 3615 ol 1035 3875
1295 3.730 1072 3.683 . -
3.708 3.740 Gate ELevation 573.0 |Garg ELevaTion 1032.0
1282 3705 e 3315 : : -
: . 3.725 IR . | 3.920 3.760 1053 3870
1285 : - __ 1063 578 3760 1050 35875 ’
e ; ’ Garte ELevarioNn 1065.0 576 3.765 1045 3.880
- Gare ELpvarion 1284.50 ; 575 3.780 1040 3.895
300 | 3810 1076 3810 ; 674 3900 1035 392
o1 R . s -
" 1296 3.830 1072 3.910 i Gate Evevation 575.0 | Gare ErevaTion 10340 |
- 1202 3.875 1070 3.950 H i : . . :
1288 3.950 i &8 3750 1080 55
Gare Erevarion 1288.0 ) - ) B » g% gg;g ;8:3 gggg
14 | 2730 . : RN S ' 1096 | 3048 . ,
}gg% N gggg I : i : o ¢ Coordinates of curves prepared by plotting original data, 5 Gate down,

- ’ ’ &“ ordinates of ¢urves prepared by plotting original data. * Gate down. :%
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TABLE 2.5—(Continued)
Hoovmn Dan’ (Amona—Nevnda) Hoover DaM (Arizona-Nevada) | Hoover Das (Arizona-Nevada)
Suare 4-M Suare 8-M5 Siare 7-C4
Total hend Coofti- Total head Coefli- Total head Coefli-
on gale, cient, on ;iate, cient, on gate, cient,
in feet Ce n {eet Ce in feet Ce
Gare ELevATION® 1205.4 GaTe ELEVATION? 1205.4 GaTte FrLevarton® 1205.4
26 3670 78 3735 56 3605
22 3.605 25 3.705 22 3.615
18 3.540 20 3.650 18 3.540
14 3.472 16 3.5G5 -14 3.450-
10 3.405 10 3.460 10 3.360
3.338 5 3.335 6 3.200
Gatz ErevaTion 1208.4 Gare EvevaTion 1209.4 Gare Evevation 1209.0
20 3.675 2% 560 73 3725
17 3.645 20 3 510 19 3.050
14 3.615 16 3.492 15 3.580
11 3.685 12 3.428 11 3.508
8 3.555 8 3.330 7 3.415
Gare Evevarion 1213.4 Gate Erevation 12134 Gare ELevation 1213.0
20 3880 %0 3765 10 3800
17 3.875 18 3.765 16 3.845
14 3.875 12 3.725 13 3.825
11 3.870 8 3.868 10 3.750
8 3.870 4 3.600 7 3.640
. Gu‘m Euevarion 12174 - © Garg EnevarioNn 12174 Gate Enevarion 12170
14 3.960 15 3.900 13 3060
12 3.980 12 . 3.840 13 3.030
10 4010 9 3900 11 3.915
8 4.075 6 3.930 9 3.970
7 4.020
Gatr ELEvaTION 1221.4 - Gare Erevation 12214 Gare ELevaTiON 12214
10 3.890 T 3.830 11 3815
8 3.930 9 3:840 12 3.820
6 - 4.020 7 3.875 10 3.823
5 4.100 5 3.935 8 3.825
® Gate down.

= Coordinates of curves prepared by plotting original data.

sharp reversal in the curve when the angle 0 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 coeflicient
to approximately 3.33, which occurs when the weir is vertical. As 6 is de-
-ereased from 28° to 0° the coefficient is gradually reduced—either by approuach
conditions, 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,A

Ernest W. Schoder, M.ASCE, and Kenneth B. Turner,® and others have not
8 “Precise Weir Measurements,” by Ernest W. Schoder and Kenneth B. Turner, Transactions, ASCE,
Vol. 93, 1929, p. 899.
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been able to check the dischargé measurements of Bazin. Howexerr, the
actual values are not so important for the case at hand as is the signif icance

of the trend. _ _
Meraod oF CoMBINING TEST RESULTS

leven drum gates tested
The method for combining results from the e csted
(Ta.ble 2) consisted of ﬁrst plotting the coeﬁ’xcmnt of dxsclnrg,e dnta sejlarately
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“for each gate as nllustrated by the ls:h
he coefficient of discharge as the
Zztg:tm ﬁ 5 represents a different gate angle 8, which the tangent to the

dowvnstr ip of the gate ma

eet for the Shasta Dam gate (Tig. 5) =
abscissa and H/r a8 the ordinate, each .

kes 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, and r is the radius of the gate. In Fig. 5, Cy is based on the
relationship, Q = €, L HY. TFor positive values of 8, the head was measured
above the lip of the gnte, 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 a similar set of curves Ior each gate tested the eleven
sets of curves were replotted and combined into the chart exhibited as Fig. 6.
The results from the various gates showed good general agreement; and the
curves in Fig. 6 constitute the general experimental information needed for
determining the discharge coeflicients for gates in raised or partly raised
posttions. ‘The supporting 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 a tendency toward reversal, similar to that ex-
hibited by the Bazin curve in Fig. 4, but the points of inflection vary from
0 = 20° to @ = 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 coeflicients
definitely vary with the head.

- A matter of significance 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 & drum gate of
infinite radius and was obtamed from the datn of Bazin (Fig. 4) by apply-
ing a uniform adjustment,

As stated previously, similitude is xahd for small negative 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 8 = —15° As the gate is lowered beyond
this angle, the curves double. back and converge, finally termmatmg in the
free flow coefficient. .

The discharge coeflicicnts in the region between 8 = —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
values 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 4 change in gate posmon has llttle eﬁ'ect on the dls-

charge in this range.

It must be assumed that the coefficient of dxscharge is known for at Ieast
one 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

more heads, the complete coefficient curve for the free ¢rést can be plotted by

consulting Fig. 7, in-which H, and C, are the designed head and the coefficient
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for the designed head, respectively. This chart was reprodtuc:doffr(;(r)nmtem fr‘:;t.y
vious publica,tioxi’ and represents a eurve we\} supportcd by estg o o,
overfall spillway crests having wide variation in shape and operating

o ,_._._.,.l - - APPULICATION OF RESULTS
i —y— ion of the Black
1 From the plan and section o il C
b + ' Canyon Diversion Dam (1daho), shown in
- | : | Figs. 8 and 9, assume that it becom‘cs ncce?-
A 4 saryto compute and construct a rating curve
o ' h 0.5 {t of gate ele-
g 05— |1 for one drum gate for eac { gate o
% sl ‘ vation. The scale on the gate position In¢ 1;
R ‘ : 4 cator is calibrated to show the elevation ©
o the high point of the gate, and the gat? lm: fa
01— - constant radius of 21.0 {t. ~The gate 18 64 ft
K . long. The coefficient of discharge for the free

7 o8 o0s. 10 11 crest is Co = 3.48 for the designed head (Ho)

R Ratio, C-.: of 14.5 {t. for
. . . M Y“
Fra. 7.—Courricrents oF DISCHARGS With the coefficient of discharge know

i ire free-
ron Oraea Taax s Destanzo B340 ¢ oo oy ot the designed head, the entire
. + eotublih onsulting Fig. 7. The iree{\o;\;
Black Canyon Dam gpillway (for which H, = 14.5
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and C, = 3.48) is constructed by arbitrarily assuming several values of H/1,
and reading the corresponding values of C/C, from Fig. 7. The method is
ilustrated in Table 3, nnd the head-cocflicient curve for free flow (gate down),
obtained in this manner, is shown in Fig, 10. :

Crest (Gate Up) £12497.0

===
— v
, /
-/
/
/
/ / '
i
e 12 F£ 95 In.
1(Crest {Gate Down) €1 2482.5
[ S,

—

i ~. Point ot Compound
Center Line of Pin £} 2481.63
L}

Curvature El 2478.2
€l 2478.17

Fia, 8.—S8riuLway Cresr DetalL, Brack Canvon Dad v Ipano

TABLE 3.—HEAD anp D1scHARGE COMPUTATIONS FOR A FREE CrREST
(Brack CanyoN Dam 1n IpaRO) .

Reservoir . . . . . e
Total head,- : Ratios Ratiop ' Coeflicient, . ineu ft .
H,inty eleyation, H/H, €u/Ce - Ce Garonet
(1) @ (3) 4) (5} ©)
17 2499.5 1.172 1.020 3.55 15,950
16 2498.5 1.104 1.012 3.52 14,420 »
14.5 2497.0 1.0 1.0 3.48 12,298
12 2454.5 0.827 0.980 3.41 0.072
10 2492.5 0.690 0.080 . 334 68.759
8 2400.5 0.552 0.940 3.2? 4,736
] 2488.5 0.414 “0.905 - 3.135 - 2,949
4 2488.5 0.276 0.850 2957 1,514
3 2485.5 0.207 0.8156 2.835 943
2 b '0.138 0.760 2.642 478

. . y, S
() ) 6°507 ‘ é ), 4820 -
s S o o o m/
/2 o ///W q’hg blbgo o
. 0% / T E S
e _
A ' / 450
\\' ’ /,> o~ S

I, = 1451t YCy = 348. +Tlie discharge for one gate: @ = Co.L H1, in which L = 64.0 ft.
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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 6 for corresponding elevations of the downstream lip

of the gate at intervals of 2 ft.

2 Beginning with the maximum positive
angle of the gate, which is 34.883°, the

/ computations may be begur by choosing

16 a representative number of reservoir ele-

vations as indicated in Col. 2, Table 4.
The difference between the reservoir ele-
vation and- the high point of the gate

(which is the downstream lip in this case)
/ . constitutes the total head on the gate, and

12 : /

values of head are recorded in Col. 3.
Col. 4 shows these same heads divided by
the radius of the gate, which is 21.0 ft.

" Entering the curves in Fig. 6 with
the values in Col. 4, Table 4, for ¢ =

. Total Head, H, in Feet Above Crest

4 p
/ in Col. 5 of the set of computations desig-

0 , nated ““A,” are obtained. The remainder
26 30 34 38 of the procedure. outlined in Cols. 6 and
. Cosfficient, Cg 7, Table 4, consists of computing the dis-

“Fig, 10.—HEAp-C Curve,
e Cf;f,;nf’gf;'c'mn_&‘;‘;"’ charge for one gate from the expression,
@ = CoL HY. A similar procedure of

computatlon is repeated for other posmve angles of 6 as in sets B, C, and D of
Table 4. - i

As the angle 0 is given negative values, the procedure for determmmg the
discharge remaing 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, ¥, and G of Table 4.

Plotting values of discharge, reservoir elevation, and gate elevation from

.Table 4 results in the seven 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 dlscharge values shown in Fig. 12 are for one gate only. When more
than oné gate is in operation, the discharges from the separate gates may be
totaled : -providing the gates are each raised the same amount. The experi-

' mental models contamed from one to four gates (with the exception of that of
-Grand Coulee Dam, which contained eleven) so a reasonable allowance’ for

- pier effect 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,

2485.76 1t “2482 5 ft. This is remedied by cross-plotting the eight curves

A

+34.883°, the discharge coefficients, listed
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for vmiou§ constant values of the discharge as shown in Fig. 13. F ortunately,
t.he re'sult.xs a straight-line variation for any constant value of discharge, Th;
lines m‘ Fig. 13 are not quite parallel and there is no assurance that they will
be straight for every drum gate. Nevertheless, this will not detract appreci-

/\-
[EXINTT
£12497,0
~ ' -
/ \\\ « u.u.o
‘ > £12493.0
/ \\ RTINS

\ El 24890

fae= "

€1 24872 gr2487.0 .
£1.2885.18

El 24850
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L e
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€1 Crest za82.8
€1 Pin 2401043
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18.70"

ELEVATION
MBRPOINT | syw g | B 1N [0 N
OF GATE DEGHEES) DEGREES
2482,5 37,317
2485.75 1,19166 | 11050 |~15.0i7]
2367, 36321 |1T. 183 [ 8.388
489, L4198 1247 - 1,284

-5329 3372 +E35]

a8

4 . 64663 |40.2 $14.225
495, . 16039 43,900 | +23.433
497, - 87414 ] €0.950 | +34. 003

£12461.3 I

Fi1a. 11.—-RevLATIoNSTIF OF GATE Evuevation T0 AncrLE 8

ably from the accuracy obtained. Interpolated mformatxon from Fig. 13 is

. then utilized to construct the additional curves in Fig. 12. If all curves are

considered, Fig. 12 shows the completed rating for the Black Canyon Dam

spillway for 0.5-ft gate mtervals For interm
ediate val -
interpolation is permlssxble . relues, stroight line

CoNcLusions

Thls paper -has demonstrated how a
the Black Canyon Dam splllway,
accuracy of rating curves ~obtained
that of an average current-meter tr.
gate posxhon ihdicators are made a

n existing control structure, such as
can also serve as a rating station. The
by the method is estimated to approach
averse of the river providing that (1) the
] large a8 possible and are accurately cali-
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brated, (2) the reservoir gage can be read to within 0.05 {t, (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, ] ' K‘
0
TABLE 4—Hzeap anp DiscHaree ComrurarioNs ror Drum GATES | ' j\ -
IN Raisep Positions \
' v\ i
Reser- | . . Reser- . s
voir | H, | Retio. | Coefi | #), | @00 vou | m, | Ratio | Coom- | #Y, | 00 \
Set etl_eva- ;rt\ H ciccpts. if‘t‘ cplvjer Set | eleva- (in H cicé\ts, ifn °;;” \\\ -«
ion, 8 T | tion, ta - t -
in ft T ! | s in [lc oLt sech \\
| @ @) @ (5) 6) @ (O @ (3) 4) (5 {6) ) ’ \
- _ ALY 2
Gars ELEvation 2497.0; 6 = + 34.88° Gare: ELEvATION 2480.0: 6 = — 1.28° : \ \\‘ :
, v \\ E
249801 1 [ 0048 | 38 | 1 247 \ \ b
A|HES| G (SRS |38 | dem) B ool 4 fodeian (4| AN :
2500.0 0143 | 388 | 5.196 ) 1.283 21020 3 | 0.143 | 33¢ | 5496 111 \\\ R
RIERL 8 loss i, L) 2 \ :
: 196 33 54 5 2 = 3
Garz ELeVATION 2495.0; § = + 23.45° 21080 | © | 0420 | 363 |2700 | 6273 ©E
: 25000 | 11 { 0.521 [ 3.095 [36.48 .| 8.627 \ \ \\\ 7
20001 1 100481 380 | Lape| 20 \ \ of &
B |54080] 3 | 0043 | 587 | 3190 | 1988 Gare EppvaTion 2487.2; 8 = - 8.28° \ \\ \\ N
24990 4 | o0.190 [ 3.87 | 800 | 1979 3 \ —— z 2
2500.0 | 5 | 0238 | 388 [11.18 | 2770 \ A\ | g 4
21880] 08 | 0038 | 302 | 0716 138 : AN % =
, 24800 | 18 | 0.086 | 310 | 2415] 479 A\ L \ 2 2
Gare ELEvaTion 2403.0; 8 = +14.22° 2400.0 [ 28 | 0133 [ 317 | 485 950 \ g a
e 2920 48 | 0220 | 331|105y | 2220 , \ \\\ \ \ E
sl |0 on i | i ; ;]
2106. X g E 26. 586 ' £
gueol 1 foss | aee |1 | me | [amdles 830 2a B B AANANIVIRAY : £
cl2e060] 3 | 0.143 | 375 5.106 |- 1,247 2500.0 [12.8 | 0.610 | 3.635 }45.79 10,653 . \ \ ] = ] £ O
24080} 5 | 0238 | 380, [11.18 | 2719 \\ \ \\ 2 g ¥
25000 7 | 0333 | 384 |1852 | 4552 |3 g ¢
Gate ELEvATION 2485.75; 0 = — 15.02° \N Y \ \ \ 3 ~% A
g X r=1
Gare Evevarion 2491.0; 0 = -+ 6.13° \\ \\\\ “o & §
pmelim e |a A mE | \ 5§ »
N 2. R .25 N K > % s e
24020) 1. ] 0.048 | 347 | 1 299 2189.0 | 3.25| 0155 | 3.15_ | 5850 | 1181 \ S& \\\K \ \ \\ 2 I 1° §
24930| 2 {0095 | 351 | 2828] 835 | o |24010{ 5251 0250 | 3275 [1203 | 2622 KN \ A N g
pl2e8s0] 3 10143 | 357 | 5196 1,187 |G | 24030} 725 0345 | 3375 11952 } 4216 A\ A \\ \ A\ \© £ ©
24060] 5 | 0235 | 363 {1118 | 2597 21950 | 9:25] 0440 | 3.465 [2813 | 6238 \ \ ol 1% ©
240801 7 | 0333 | 370 [1852 | 4386 2197.0 1125 | 0536 [ 254 (3773 | 8518 \ \\ \\ \ % 3 - w %
25000 9 | 0420 27.00 | 6.515 2499.0 1325 | 0,631 | 3505 |4823 | 11,007 _ AN S | u §
¢ H is the total head on the gate. » The discliarge for one gate: @ = Cq L i N , / < ‘::‘a‘
T g
~'In connection with provision (3), the blunt piers on the Black Canyon Dam \\ ™
spillway, Figs. 8 and 9, provide effective aeration under the overfalling sheet b4
of water for all but very small heads with gate completely raised. In the : &\ \ :'5—1
case of provision (4), uniform operation of the gates is also most desirable from : \ Q\ =
. . . » . . . v } [
the standpoint of stilling basin operation for minimum erosion downstream. - \ \\ S+
" Discharge measurements on the prototype are desirable whenever possible NN \\ < El.
a8 & check on the accuracy of the foregoing method. Sufficient observations N
should be taken, however, to establish the 1act that the prototype information. e NN
: . . [+ ™ - -~
823 8838388885883 omna
N oo ¢ % 9 <+ © © o
N N NN NN v 8 & 3 s § -
N & o~

is consistent and reliable. -
: ~ .
: ) 1994 u) ‘vonensy3 Jjoalasay
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DISCUSSION

Guipo Wrysst.—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 a
manner as 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 from fully-raised gate to fully-lowered gate. This

information would be important in the deétermination of the buoyaney and
loading criteria of the gate structure.

Saam - Suunits,” 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.

Since 1928, when the Freeman Scholarships were established, there has
been o tremendous development of hydraulic model research in the laboratories
of the United States. Although these laboratories 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. In Mr. Bradley’s work there is strong evidence that the Iaboratories

will produce correlations nnd syntheses—not more models.

When it is realized that many 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 gencral use is understandable. The hope is that other works.
of similar quality will be added to engineering literature.

- Bos BugHLER,® 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 a
substitute for missing stream-flow records and can be used to augment existing
records. The construction of a dam dnd resefvoir often-floods an established
stream gage. - Unless the gage is replaced below.the dam or upstream from the
reservoir, subsequent stréeam flow usually is not accurately known. Sometimes

- aseries of dams (each causing the ivnter._to‘ back up to the dam above) prevents
’ qontinuing established gages at the strategic points where they had been

¢ Mech, Engr.., Bureau of Reclmﬁntiqn. U. 8. Dept. of the In&erio_'r; Denver, CL‘)'O.
T Associate Prof., Director, Hydr. Lab., Civ. Eng. Dept., Pennsylvania State College, State College, Pa-
¢ Hydr. Engr., TVA, Knoxville, Tenn. o ’ :
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located. The less accurate—and more costiy—slope stations are 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 water outlets
such 8s 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 frequent 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 gages. 1le has
made an important contribution to the planning and design of drum-gated
gtructures. _ .

The author has presented a method for rating a spillway at all heads pro-
vided the coefficient for one appreciable head is known. He also states that
a coefficient for the designed head can be estimated for most spillways by a
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. ASCL,
incidental to studies made on radial gates.’® Mr. Brudenell’s equation is

3.97 LI _
Q= 72 LR R (1)

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—TrEr DiscHARGES For Brack CANYON DAM IN Ipano

’ Using EqQ. 1 Ustno Fra. 14
Total hend, , Discharge,
in feet in cubic (e‘elt‘ | - Discha Pischrgo
per secon , Dlseharge, Difference, e l."m‘ P Difference,
‘!;)::‘Eelgo{rﬁt in percent hl‘):;'.;:gull:(li‘ : in poreent:
KO v @ . ® ) ) (©)
17 15950 15,847 —0.65 15,910 —~0.25
1 14,420 1,4363 —~0.39 14,421 —0.01
14.5b 12,286 12,247¢ —0.40 12,2906
12 9,072 9,013 -~Q0.G5 9,040 —-0.25
10 6,759 6,708 -0.75 6,735 ~0.38
8 4,738 4,673 -1.33 4,692 -0.93
2,949 2,932 -0.58 2,944 -0.20
-4 1,514 1,521 +0.46 - 1,527 +0.86
.3 043 9 +1.17 958 +1.59
-2 478 - 494 +3.35 496 +3.76
ot -

!t a From Col. 6, Table 3. > Head st which Cy = 3.48. ¢ C, would be 3.486 for this discharge.

a.nd,':H D répresent's,tﬁe deéign head in feet. The design head is that head.
which produces & standard lower nappe that agreés closely with the spillwvay
profile. : S . :

¢ “Flow over Rounded Cr.ests." by R. N. Brudenell, Engineering News-Record, Jul} 18, 1935, p. 95.
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I'J«!. [ was intended to be used with heads greater than /4, although the
equation has been found to agree closely with model data for somewhnt Jower
heads. Without knowing any coefficients, Iq. 1 gives discharges that agree
closely with those obtained by- Mr. Bradley for Black Canyon Dam. In the
case of Black 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 Cols. 2 and 3, Table 5. ‘The procedure by which IBq. 1 was applied will be
described subsequently.

1.8

1.4

-~

H
”’l

Vaiue of the Ratio
o
(=]
.

A
fq. 1 .
1~ A rig 7
7
//
0.4 ‘ /, 4
> ,
=7
0.2 -1
—==
0 X
0.75 0.80 0.85 0.90 0.95 100 1.05 1.10

Yalue of the Ratio f.!.
CO

F1a. 14.—Couparison or VALUES OBTAINED FrOM Fia. 7 anp Eq. §

- It is assumed that in choosing Black Caﬁ { t his example,

‘ » : T yon Dam for his example, the
;‘uthor knew that his method would yield discharges close to knownpva'lues.
_ _he good .agreement for all except the low heads shows thaf, in this example
Eq. 1 (using only the shape of the spillway) also produces suitable 'results'.

4
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ests, too, that there must be a close relationship
lar curve that can be derived from fq. 1.
Ticients were computed

This good agreement Sugg ’

- between the curve in Fig. 7 and a simi
To examine the relationship, theoretical discharge coel

by usin _ , '

Y Q= Co LTI i @

and Eq.. 1, fromn which
3.97 v @)

¢=W2 ..........................

C
“The design hz;,ad, Hp, was found (by a method to be described supsequcntly)
to be 45 ft for Black Canyon Dam, and this value was used in making the test.

Thus, for Hp = 45 ft,

2.5143 1112 L )
Cq = ———H—.‘I‘E—‘—' ........ R

d, H, varying from 2 ft to 58.5 ft, cor-

The resulting C, of 3.97 for n head of
ient, C,. Then the (H/H,)

For several assumed values of total hea

_ responding C,-values were cplmpute;d.k i
45 £t (H,) was taken arbitrarily as the knownco : j
-1'53.:'1055 a.)nd the (C./C,)-ratios were gomputgd f.or 'all ?ther l)ea‘(lis x‘n lthcl
assumed range. The resulting curve is the solid line in Fig. 14. "1 e das ;(Iz(
curve is from Fig. 7. The agreement is close—as expected.. Still usx{r;.g. ‘;;
equal to 45 ft, the remainder of the process was rfapcated using the cot:l xc\cc \

" for the 25-ft head as Cs, and then using the coefficient for t]le 12-ft hea ntsl o
There was no- discernible difference in the curves resulting from {;heF 1rele
separate selections. A similar procedure, using Hp equal to 20 f;; 1]11 t,t({. ! (;
also showed no differences from Fig. 14. It can probably be prover that the:

should be no difference.

Thecurve derived from Eq. | thenwasap ) thel
way, sssuming (as did the author) that t!nc coefﬁ(_:_lc’n‘lt is 8;48
The resultant free discharges are ghown in Col. 5, ‘I'nble 5. o ]c" ;

The free-flow coefficients in Table 2 invite further comparisons with Jq.ld
for the four proiects for which spillivay profiles are given in l'xg.. 3. It Shm‘.'
be remembered that this comparison tests the use of only the spillway shn{)e a's
a guide to free discharge for the entire range of hgads. Col». 4, Tab_l(? 6, 8 \0\}\'5
that for appreciable heads the maximum error in the four cases 18 approxi-
mately 2% (Hamilton Dam). Observed coefficients in model tests often scatter
as much. o .

The samé coeflicients permit tes
ways. - This test is not as severe, 3 ‘ !
one known coefficient at which head agreement becomes perfect. At near-by
higher and lower” heads, large
Table 6, shows that for appreciabl

‘than 2% (Hoover Dam, shape 8-M5):
C, from the (C,/C.)-ratios is ) f
thesé arbitrary selections were made for medlgm high heads.

‘ ' .

plied to the Black Canyon Damspill-
at o 14.5-ft head.

ting the curve in Fig. 7 for all eleven spill-

le heads the maximum error is slightly greater

however, because it is necessary to assume.
divergences would not be expected. Col. 6,

The base coefficient selected to ob.tain :
designated by a footnote for each project.

;x
i
|
H

¢
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The solid-line curve in Fig. 14 also was tested in this manner, The same -
cacflicient at ench project was assumed to be known as when the curve in
Fig. 7 was tested. Col. 8, Table G, shows that for appreciable heads the maxi-
mum error i8 slightly more than 255 (Madden Dam). :

These comparisons show thiat the direct application of Iiq. 1, Fig. 7 (or
Ifig. 14) (derived from Eq. 1), all give highly accurate free-flow spillway dis-

TABLE 6.—CompArtsoN oF Free-Frow Sricnway CORFFICIENTS

Coellici Usixa Eq. 1 Usia Vra.7 Ustva Fia. 14
vellicient :
']'u.tu]‘h--nd, ‘ obtninc&l ) -
tn fect oI model . .
Difference, Difference, Difference,
test ) Ce in percent Cs in percent Ce . in percent
[¢3] @) ) @ (5) (6) @ (&)
GRrAND Couﬁ:n Dast (WARHINGTON)
35 3.920 3.914 —~ 015 3.902 ~0.46
30 3.842 3.831 - 029 3.827 ~0.39
25 a.745 o 3945 4] 3.745e 0
20 3.635 3.655 + 0.55 3.651 +0.44
15 3.510 3.550 + 1.4 3.524 - 4040
i} 3.352 3.370 + 0.54 3.356 +0.12
5 3.220 3.138 — 254 3.168 ~1.62
Buagra Das (Inpia)
28 3.680 ’ 3.730 + 1.52 3.732 -+1.41
23 3.045 3.6454 4] 3.G45=
18 3.550 3.547 - 0.08 3.543 ~0.20
13 3.420 3.43¢ -+ 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 Dan (CALIFORNIA)
38 3.895 3.910 4 0.39 3.899 40.10
33 3.835 3.839 + 0.10 3.831 -0.10
28 3.760 3.760 0 3.7600 114
23 3.676 .077 I 0.05 3.074 -~0.03
18 3,675 4.501 + 045 3.508 —-0.20
13 3.465 | 3.455 -~ (.29 3.42Y —-1.04
8 3.335 3.215 — 3.60 3.230 -~3.15
HamiLron Dast (Texas) Hp = 52 ¥r
35 3710 3.785 +2.02 3.741 + 0.84 3.730 +40.54
30 3.645 3.716 +1.95 3.662 - 4 047 +0
25 3.580 3.035 +1.54 3.5800 3.580¢ [}
20 . 3.500 3.539 +1.11 3.494 - 017 3.400 ~0.29
15 3.400 3.420 +0.59 3.354 ~ 0.18 3.369 -0.91
10 - 3.290 3.258 -0.97 3.222 - 207 3. -2.50
L] 3.160 2._997 -5.16 3.000 - 5.06 —4.14
FRIanNT Dan (C;\Lxroxnu)
20 3.850 3.717 + 184 3706 | +1.53
17 3.625 3.639 + 0.39 3.632 +0.19
14 3.550 3.5508 [1] 3.5500 - 0
11 3.460 - 3.458 ~ 0.08 -3.452 -0.23
8 3.340 - .3.348 + 0.24 3.319 -0.63
5 3:176 . 3.142 - 1.04 3.131 ~1.38
2 2.965 . 2723 ~-8.156 2.812 —5.16
a Coeﬂieién_t assumed to be known. .
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TABLE 6.—(Conlinued)
Using Ea. 1 Usina Fia. 7 Usixa Fro. 14
;. C%efﬁciegt
Total head, obtaine ~ . S
f model i Diflerence, Difle .
' 'm 'feeb rf’th Co %%Z:i:?e Ca iu percent Ce in porcent
' 8,
iV &) )] 1) () © o (8
Nornis Dan (Tennesses) Hp = 356 Fr
23 +40.20
1.38 3.934 + 049 392
£ gg}‘g giggg 11.35 3.852 + 018 g%g o8
ROl BB || omm g ) G| B e
n N ) Dol 3.569 4 0.53 3543 -0.2
h 355 e 7 3388 — 0.06 - 3.373 —0.50
w 3‘?32 gfﬁg 3.'53; 3.155 + 096 3.185 +192
MapDENDAMI(CANAL ZoNE)
-~ 192 |- 3814 220
b 257 7 - 069 3740 ~080
2 - 3450 3.660e 0 3.060° 0
R 3.572 + 0.34 3.568 +g 23
kT A 3.470 + 0.29 3444 -4
T 3500 3204 - 211 3.279 -2.5 3;‘
3 3'365 3.067 — 6.40 3.006 -5
CapiLaNo Dax (Brirtsu CoLumsia) Hp = 48 Fr
0. 3783 + 02t 3.775 0
b 3708 %Zz% 1%.2% 37058 o 37050 B
3'102 3.634 40.25 3623 — 0.05 :';Asm -on
mo|oam | B | BB | i | rom | ot | Chd
4 3350 R ity 3168 T2 | 3183 Z2.06
Hoover Dam (Amzo&ﬂ-Nr:v.«m)'_Suum 4-M3, IIp =50 Fr
- 677 40.10
; 0 3.681 + 030 3.677 0
b3 g'g.([)g ?,232 —0.22 3.605° 0. 3803 o
% 540 3.512 —0.79 3526 — 040 3.522 -951
ﬁ gfi%z 3.408 -1.84 g.g%g - 990 3414 -10
9 3% S Y] 3064 — 821 3082 Zyer
Hooves Dam Snare- 8-M5
" 21z | 3800 +1.74
% e %’.%li i 1.27 3.740 +(1).19
prd i 3.8500 0 3.650¢ 008
0 380 3.537 - 0.78 3.530 =098
i+ 9] 3.387 - 211 3.358 i
2 3’3.%2 3.059 - 828 088 -1
Hoover Dam Saare T C4
; 801 4+ 071 3.687 40.60
2 3800 38150 0 3615e o
n ] 3535 - 0.14 3.532 —023
8 EE] 3.440 “oo03 | 3am -o78
1 L34 3.315 - 1.34 3.200 208
" Eg'ggg 3.073 - 397 3.091 )

charges for 6gee dams at all but low

- gpillway shape, has
mated in advance.

heads.

Eq. 1, applied dlrectly to the

the advantage that no coefficients peed be known or esti-

D ————— 2t

in Table 7.

the spillway crest because this form is the sxmplest to apply.
is the distance below the crest elevation.

‘plotted (Fig. 15) for vslues of Hp from 10 ft to 60 ft.

The comparisons in Table 6 show a tendency toward errors of some impor-
tance at low heads when Iiq. 1 or its companion curve in Fig. 14 ig used, as
well ns when Fig, 7 i3 used. In most cases the errors nre negative. These
errors are of little concern in plunning the safety of a structure against extreme
floods, or in considering most other operations such as éemptying the reservoir.
The errors nonetheless affect the analytical rating of drum gates in the lowered
or slightly raised positions. The frec-flow cocflicients help to determine the
direction of the general curves at the large negative angles shown in Fig. 6.
Frec discharges form the base. curve of the rating curves in Fig. 12 and help
define the curvature of the low ends of the eross-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 shape is a reasonable approximation of the

-gpillway shape (as designed or built), it is only necessary to find this head to

apply the formula. Spillway coordinates for a standard crest having a vertical
upstreamn face have been used to find this hiead.™ These coordinates are shown
" The last column in Table 7 refers the horizontal (z) coordinates to

In Table 7, y

Using these dimensionless coordinates, standard spillway shapes weré
In Fig. 15 negatwe

New York, N.

10 "Hydroelectno Handbook,”

by lelmm P. Creager and Joel D. Justin, John Wdey & Sona, Inm.
. 2d Ed., 1960, p. 3
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horizontal distances indicate the distance upstream from the crest. Theapill-
way shape as designed or built is then drawn on transparent 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 upstreatn from the crest
indicates orie 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 Dam

TABLE 7.—COORDINATES OF A STANDARD spillvay upstream from the
-SpiLLway CREST crest indicated & value of ap-

. i . proximately 45 ft for /p. The
Valuoof | Valuoof Value of 7 downstream shape indicated a
fp HD | referred to crest value of approximately 25 ft.

0 0.128 —0.3 The larger- value was used.

o o938 =a2 " The ‘determination of the
o8 9007 % {Ip-value which gives a reason-
o8 9088 33 :_!.bl-e fit requires n'certnin amount

}:g 8:3% 8:;_ qf judgment. When the ]')roﬁle

14 &ggg ﬁ up.stre.zam fron} the crest is tl‘xc

2.0 131 17. criterion, the lip of the dam will

- sometimes be the determinant. -

‘ - : : Sometimes, however, the Ilip
droops sharply downward and indicates a lower value than other parts of.
the upstream profile. . When the downstream shape is the ecriterion, good
results have been obtained by assigning a value of Hp based on the average
fit in the zone between points on the spillway where tangents range from 20°
to 35° from the horizontal. The -exact value of Hp is not too important.
. Bince it enters Eq. 1 in the 0.12 power, a difference of 10% in its value affects

- the discharge by. only 1.15%,. '

‘' The writer’s application of Eq. 1 has been limited to fairly high dams.
Although the total head used in Eq. 1 should include the approach velocity,
the accuracy of Eq. 1 when used for low dams, where approach velocity is
large, has not been tested. . .

So far as is known, the application of standard nappe shapes (for which
discharge coeflicients are known) to actual spillways on & basis of reasonable
best fit was first suggested by W. M. Borlund.* Mr. Borlund used 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. I. Mr. Kindsvater’s work (not published) should give
results comparable to those obtained herein. S
- - The material presented is regarded as an excellent check on that part of
Mz, Bradley’s work which relates to free discharge over an ogee spiliway.

R rB.:CAl‘-JPBELI.,,“ M‘._ ASCE, AND A, A. McCoor,® J. M. ASCE.—The .

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

*1i “Flow over Rounded Crest Weirs,” by W. M. Barlund, thesis presented to the University of Coln-:

ado, at Boulder, Colo., in 1038, in partia! fulilment of the requirement for the degree of Master of Seienco.
" 13Chf, Hydr. Engr., Analysis Branch, Corps of Engrs., U. 8. Waterways Experiient Station, Vicks-

burg, Mi T . . .

1 Hydr. ' U. 8.-Waterways Experiment Btation, Vicksburg, Miss. .

» . ) . .

R e e

© York, N. Y., 2d Ed., 1813
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come t.\ddi_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]ms
1.)?cn a g.ui(.ie for the estimation of flows over spillways since its publication ¢
'I.Jxe basic information for the discharge over curved crests which fit the unde'rr
side of a nappe from a sharp-crested weir can be deduced from investigations
made by Bazin,'t18 although the published record of these experiments has not
been gencrally available to engineers in the United States. The investigations
conducted by the USBR (proposed by E. W, Lane, M. ASCE) erhbmced and
ex.temied the scope of Bazin’s work which s often used as the basis for overflow
spillway shapes.? Although good estimates for discharge over fres-overflow
crests can be accomplished rather simply, the problem becomes complicated
when flow through partly opened crest gates is involved.

"l‘he commonly used types of erest gates are vertical fift gates, tainter or V
radial gates, and drum gates. The coefficient for a partly opened 'verticnl 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 coeflicient for tainter gates ig
affected by the radius of the skin plate, the elevntion 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 investigntions further
observers define the gate opening variously as (1) the length of the are Iro'm’
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 i;zce"
lee Inst u.lethod is believed to give the proper dimension, whereas the forc:
Roing cor‘nsnierz}tions are geometrical. The effective head for a partly opencd
vertical lift or tainter gate depends on the pressures on the face of the concrete
n;)zzl the presstu{eslwit_hinbthe issuing jet. The author has given a good outline
ot the geometrical variables and the head- i
sty o roan iab d m.easurement method for analyzing

.T‘hc_ drum gate has the very attractive feature of requiring no mechanica!
hmstmg eqpipment 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 credit 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. : :

’.I_‘he -discharge cocfficients presented by the author are based on model
studies. There should be opportunity-to check the coefficients for relatively

low heads with partly raised gates in the prototype by current-meter measure-

14 “Weir Experiments, Cocflicients and Formulas,” by Robert E, Horton, Water Supply and Irn'gat"m'

) ts A 3
g‘aﬁer No. 200, Const and Geodetic Syrvey, U. 8. Dept. of Commerce, Wnshingt_on. D. C., 1807 (revision

aper No. 150).

. 1 "Recent Experiments on the Flow of Water over Wajre.” by H. in, 2

October. ioaa Timents on t t Weirs, . Basin, Annoles.des Ponts et Chauasbes

Club of ‘Philadelphin. Pa. Val. xi‘.’fq“:’sf“x%‘;&f‘:‘. 559 tobn & Trautiie, . Hottdings, Engrocens
lbid, Vol IX, No. 3, 192, p. 231, . o
* “The Improvement of Rivers,” by B. F. Thomas and D. A. Watt, Jobn Wiley & Sons, Ine., New
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ments. Only on rare occaswns Wxth large ﬂoods isg it posmble 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 spiliway emphasizes the importance
of this condition. - The writers have studied the basxc data for high heads over
the drum gate in the lowered position.

* It becomes evident 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

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

profiles of z/Hp and y/Hp.
A comparison has been made of the coefficients for various (r/H D)-vnlues

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 accuraey
of the dlscharge mea,surements and thus the coefﬁcnent of discharge is less than
l% ’
TABLE 8'——COMPARISON oF DiscHARGE COEFFICIENT
wiTH THE GATE Doww

’ . Radius . Maximum Ratio, o Difference, in
- Dam of gate, head on erest, T Coeﬂ(i:cmnt.’_ ercent, from
. . m feets in feets Hp A tadden Dam
Madden ' 30.0 30.0 1.00 . 3.77 0.0
(Canal Zone) :
No(ma . ) . 340 ’ 2710 . 1.26 3.80 0.8
‘Tenncsses :
Grand Coulee 66.2 . 31.8 2.09 3.87 . 2.6
(Washington)
hasta - - 66.2 28.0 2.37 3.76 -0.3
California) - . :
ri(ant SO ) 470 B 19.0 247 3.64 - -3.5
California,
Ca&)uétlxo 3 ) - 71.0 23.0 3.08 3.62 —40
.{British Columbia) : . i

e Frc;m Table 1. 3 From Table 2.

‘ The: dams for thlch the data are listed in Table 8 are in the apbroximate_

chronolovlcal 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
with an approach slope of 2 on 3 in terms of z/Hp and y/Hp and to super-
lmpose on it the arcs of circles with radii of »/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 arcs of r/Hp equal to 2 and 3 inlicate
a very flat curvature in comparison to the shape of the nappe. -

- One is tempted to assume, for a crest with a ratio 7/Hp = 3, that the coefﬁ-

cxent would be that for one third the design head of & crest with 4/Hp =

yoon
T~

ot e A R
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- Model studies for Madden Dam'feportcd by Richard R. Randolph, ‘Jr.',“ indi-

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

Or

3,
: Fayawe & o
L 02 SNkt w N
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Value of 1~
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F1a. 16.~—~LowER SURFACE of NAPPE FROM Sroring Wein CoMPARED wirl CIRCULAR ArcS

difference in shape of the two crests upstream from the circular are. Further-
more, the scale ratio of the Madden Dam model was on]y 1:78, and a 10-ft
prototype head would be 0.128 ft on the model, which is near the lower limit '
of rehalnhty for conformity of the discharge coefficient.

Josepn N. BRADLEY,® A.M. ASCE ~—Mr. Shulits’ statements regarding

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

in complete ngreement 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 HD, coefficients of discharge can be com-
puted directly for all heads.

Messrs. Campbell and McCool undertook to show that a definite relutxon- ‘
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 & single radius does not approx-
imate the »ov'erﬂow'shape, or when the approach conditions are unusual, an
engineering monograph? may prove helpful.

18 " Hydraulic Tests on the Spillway of the Madden Dam,” b,
ABCE, orlio Tests on o P v adden Dam Yy Richard R. Randolph Jr., Transactions,
¥ Hydr. Engr,, Bureau of Reclnmnuon, U. 8. Dept, of the Interior, Denver, Colo.
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Mr. Wyss suggested that pressures and water surfaces for drum gaies_ut
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. h \ : :
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Becahse.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 positi_ons of the
" gate are showni for various reservoir levels producing flow over the gate. Pres-
. sures and water surfaces are shown for some levels whereas only pressures are

I

- transparent sheet.

BRADLEY. ON DRUM GATES 433

available for others, * The broken lines represent pressure, measured vertically,
for the reservoir levels indicated at the left of the charts. Upper water-surface.

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

by dash lines. The charts represent a composite, in graphical form, of informa-
tion from model fests performed on the Grand Coulee, Hamilton; Norris,
Friant, and Hoover dams. . o B

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

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 are, 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), a small increase or decrease in the approach-depth
results. _ S -

Beginning with the.chosen reservoir level, the pressure curve is traced from
Fig. 17(a) onto the transparent paper. It may be necessary to . interpolate
between two of the prossure 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(e), respectively. The result is
a 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 .

_angles. .

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

. gate 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 establishment of the maximum-pressure curve,
values of z/r and y/r are scaled from the sheet corresponding to Fig. 17(f)
and are transferred to dimensional 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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