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PREFACE

The model i n v e s t igat ion  repor ted  here in  Wa:; authori ~ed by the U. U.

Army Engineer Division , Missour i River , on 23 July 1973 at the request

of the U. S. Ar my Engineer  D ist r i c t , Omaha. The stud ies  w r e  can-iun~ el

by personnel of’ the Hydraul cs Laboratory (IlL), U. U. Army Engineer

Waterway Experiment Station (WES ) dun n, - the period fl~ -s ertLem l~j i3 to

January 1976 under the general supervision of M e s sr s .  H .  B. Ummons,

Chief of EL , and J. L. Grace , J r . ,  Chi  ‘ 1  of t t s  Utri~ t ur ’: D i v i s i o n , U I . .

The tes ts  were conducted by Messrs .  U .  F .  w a i t , J. F . 1 eorge , an~
H. H. Allen , under the supervis ion of M r .  U .  A.  I i r k e r i r i ~~, C h i e f  ~ f the

Locks and Conduits Branch. This repor t  was ~r’p are’ I i- .’ Mt ’,-:rs.

and Pickering .

During the course of the model i r iv e H . i : s i t io n , M e s sr s .  A l ; r - d  U .

Harrison , Alexander Weremy , Robert . i. ’ .c , t a l  F,t ’r ’ E . ~. a t k t  f

the Missour i Division ; Messrs . Lloyd E . U t i l , F r ” wk ~~~~~~~~~ , s s ’ ~~~i

Bockerman , and Carl L . Brezden of the Omaha l i t  r H t ;  ~e. ’- : : r s .  ?:er n e t h  F.

Crabtree , Jon M. Conley , Walter M .  Linden , lIw yrie A . - :~~. I .  ‘:~~ .- r - ~.. r , a r l

Bernard Bubdenbender of’ the Kansas City Di.- t . rict ; Mr. Albt:r’. I

McCormmach of the Walla Walla D i s t r i c t ;  and Ms .  Lancy H. Hsieh a i d

Mr. Charles Denzel of the St. Louis District visited W}IU to discuss

test results and to correlate these results with concurrent design work .

Directors of WES during the tes ting program and the prepara ticn

and publication of this report were COL 0. H. Hilt , CE, and COL .1 . L.
Cannon, CE. Technical Director was Mr. F. R. Brown .
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows :

Multiply By To Obtain 
—

inches 25.14 millimetres

feet 0.30148 metres

miles (U. S. statute) 1.60931414 kilometres

cubic feet per second 0.02831685 cubic metres per second

pounds (mass) 0.145359214 kilograms

kips (force) 14~148.222 newtons

kilowatt—hours 3,600,000 joules
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F )WkRIIOI .i.~V 1 NIAFE GATE CATAPULT STUDY, BIG BEND DAM,

UsIJTH !)AKOJA, AND STOCKTON , HARRY U. TRUMA N, AND

CLARENCE CANNON DAMS, MIS IOUBI

~~draulic Model Investigation

PART I: INTRODUCTION

The Prototypes

1. Fir  Bend Dam is on the Missour i Rive r in cen tral South Dakota

(Figure 1). All discharges from the dam are through the power units

and the spillway . Eight generating units with a dependable capacity

of 538 ,000 kw* are installed in the powerhouse. For full—gate operating

conditions , these units will discharge 103,000 cfs from the reservoir .

2. Stockton Dam is at mile 14 9 . 5  on the Sac River about 2 miles
east of Stockton , Missour i (F igu r e  2 ) .  One generating unit  with a

capac i ty of 145, 200 kw is installed in the powerhouse. For fu l l—r a te

operating conditions , th i s  unit discharges 13,1400 cfs from the reservoir.

3. Harry S. Truman Dam ( formerly Kaysinger B lu f f )  is at mile 175 on

the Osage River near Warsaw , Missouri  (Figure 2 ) .  Six generat ing uni t s

will be installed Ia the powerhouse.

14. Clarence Cannon Dam will lie located in northeast Missouri on

the Salt River at approximately mile 63.0 above its confluence with the

Mississippi River (Figure 2). Power generation plans provide for a

pumped storage operation with a reregulation dam to ‘be constructed

about 9.5 miles downstream of the dam . The power plant will contain

two turbines capable of generating 62,000 kw.

* A table of factors for converting U. S. customary units of measure—
merit to metric (SI) units is presented on page 3.
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Figure 2. Vic in i ty  map , Stockton , Harry S. Truman ,
and Clarence Cannon Dams

Operating Procedure

5. Procedures for watering—up the scroll case area between the

intake gates and the wicket gates vary with each hydroelectric power

plant design . Watering—up operations can ‘be accomplished with bypass

piping, ‘but this procedure takes many hours. Additional piping could

reduce the watering—up time ; however , the cost of this type of modifi-

cation to existing structures would be very high .

6. The intake gate is often used for watering—up operations . The

watering—up operation can be accomplished ‘by simply opening the intake

rite 6 to 12 in. The operation requires very little time and thus

avoids the additional expense and installation of ‘bypass piping . This

procedure has ‘been used at Big Bend and is proposed for use at Stockton ,

har ry  C . Truman , and Clarence Cannon power plants.

7. When the intake gate is used for watering—up purposes , however ,

6
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4 
: ‘e :pect  to si ze , shap e , ‘isO we i  slit -miii W er e  cons t ruc ted  el ::hee l . m et a l .

Roller bear ir i ~ r were mounted on the  la te  to allow it to trlv :rce the

5at ’ slots  wi th  m i n i m um t ’~’ ’ic t i o n . hul l si’ :;eals were attached to t,h

r i o t r o u t  s ide  of the rate and on the  site li 1 .  The odel late  it: :5’:

ill f~i ot’e: o and 5. The w~ 1 ’Irt of i .h r ser ’v i c e  ‘a t e  wm.~- ’ ~u .; u,:t - -~ 101’

~‘:u’ioris test con d i t i o n s  by adding or re-soy ins  lead w i - i .~~lrt5 or, t i t l .- low : . —

Str eal:, r ide of t l i t .- sate.

11. The service “ a te  was suspended f ’  ii c’:iLil e- 1 0 1 1 5 ’  t o s t ’ to

i c t e r r r r in e  t h e  c’ rti ~ - i1t i re iShi t . The cat-ic w i:: !‘ c t - ] : ’ . O’ed a-i th ~ a ri ris

sor , i~ - ‘ti- ... s, which i;rcluie~I a 0. 5— in . — diam rod wiS h a . 1 ’  I_ I t  teaS -se]l ,

1W~ 1 111  t e St s  te ;:ei.:ui’c the u p l i f t  forces t o t i n g  on the i st a k e  S it u .
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sat ; I’ l / . : U- sF1 ‘f ins INc .;cr’oll 5 .150 ‘rrt,i the .IIOWiIt t 1’s- -s irt  on of

model to d I L L  - . re-~~t ~-ociti on: relative to t ie I - C t r c t ~~r.’k inS ~e:t c a
’ -

Mouel Appurtenar :co,;

13. W a t : r  used in  t i r e  operat ion of ;.he :~-s- i .- J w’i:; :;r;’- I ’I f e-S U’,” it

ccc ir’culatins :n:- I. c i i , ‘inS d isch a rr ”es were srearure- .i by a v c n t  us  I s et

D i f f e r en t  Se- f Ins along with various flow conditions w o e  rec -~’d~ - .r

photographically.

114. Piezometers were installed throughout the mu l e - I  to roe ”i:’ri”-

pressures. Also , pressures were measured with pressure cells ss-u;:t

at various locat ion s in the  scr oll case , penstock , overflow p ip e, ‘ t n - I

in the ‘bottom and the upstream side of the service intake rate. The

fast—response transducers used in measuring pressures were rated it

1000 Hz .

15. All force arid pressure—time histories were synchronisc- - i and

10
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W e r e r’ i O i ’ iS , I  : t i ’ ;u ~ - h i i ’ i l ] . y On a soa rer ’ ‘ I ’d  r - o u’ - i e - r ’ . Fb i ’ -  : s - t t , : i I i ? 1  ej’-:r r i t s

( t r r e s i i ’ i:i i~’ : r J — t u — t o l e c t r ic ii -suriver ’ :: iS!: d ey i c e , :) l eC’’it :l ii . a 1 r ’ i ou s  r , r u i t r ~

cr 5 the ; ar,ie L W i r e  t urin~-r;ted by , :h IeI-le-I if i c r  to ‘s~ 1 1  f i t - i ’ :: wi re-re the

o u t p u t s  were st ip r o . -) uJ . to t h e  level requ l  ‘ - i  150’ ‘ i i  h i c u l  r e- S o - s - l i  l r .

Gcru] e Re] ‘ rt i-or::

16. ‘the accepted equati-arr i : :  of ’  1 ,’-] i S .. 15 - . h - i S  I ’  i ’ r , i e ’ -

Froudian l’el’itjOflS , W - .. -I ’u used to c:’: ‘ si :. u t : ’  -s. ’ I s ’ t~ r’ ,-a’ L . - 5. - ‘ a - s.

the - l i m en r i - a i r : and t i l e  :v i ; ’ . - i u l a c  r :j ’ , : , t s  t i ’- :  o f ’  th e  r’ c, 1 . 1 ‘
~ t I ’  t - ’ t , ’:

Oerrer’ii l ~‘el~~tJOns for t r ’ :r ~~e: f , ’r o f ii1 ” l ul  t o ’ s ~~~~~~~~
‘j

~ -
, 

“ 
I ’  e~~

t i e  as u l luw: :

Character”i tic hirr . -rr:iSi ’t Model:Pt’ tO ;:

Len~’t br  L = 1:l~

Area A R 
= 1:251-

Time ~~~~~ T~ 1 :14

Discir-t~’sc- = 1:10214

IF = 1:14096

Force F~ 1:14096

* Dimensions - r u  in 1,e:’;’,: r f  l e nsth .

I,aI r 1 mc - : :urement s  of d i  3 s f ’  55° , t ime , weight , an-S f orce can l’s Ira or—

fe r red  -1u .’rntit utiv;ly to ~ r ’ot- a ty p 1 . e q u i va l e n ts  by 1 - -air: of th is .- 5” s- c edi n g

scale re la t ions .

12

- _



-‘~~ —— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
. 

.

. 

- - ‘ -

PART III: ]}‘tJTf’ PhIl) hI’IIIUL’ltT

ii. The behavior of p e-r i r toc k in take  gates w i t h  various ba ck—of—

gate orifice widths during watering—up operations was studied in the

model . All of the tests were conducted with tire Ifig Bend scroll case

configuration sho~ - . in Plate 1. Testr wul ’.- conduc ted with the following

back—of—gate orifice widths : 6.625 in., Plate 3 (Stockton Dam) which

would also be applicable to Harry S. ~friu’irtn Dam; 8.687 5 in., Plate 1

(Big Bend Darn); 12 in., Plate 14 arbitrarily chosen ; and 71.63 in.,

Plate 5 (Clarence Cannon Darn). Data were obtained for a wide range of

hydraulic conditions for possible use at other power plants. Tests

included determinat ion  of ,-ate catapult heights , upl i f t  for ces on the
gate, discharge coe f f i c ients , and pressures throughout the model. Re-

sults pertinent to these tests are discussed ‘below .

Catapult Test s

18. Catapult tests were conducted to determine the safe range of

gate openings during watering—up operations for Big Bend and Stockton

back—of—gate configurations . Each test ‘began with the desired head ,

predetermined gate opening, tailwater elevat ion , and a steady flow
beneath the test gate and through the wicket, gate (Figure 6). The

wicket gate was quickly closed (1 sec , model) to fill the scroll case

area downstream of the intake gate. The intake gate was subjected to

an uplift force after the scroll case filled and flow ‘began to pass

th,rough the three ‘back—of—gate orifices. All catapult tests were con-
ducted with the test gate in the left bay (looking downstream ) and dummy

gates in the middle and right gate bays. These tests did not take into

account the unknown effects of cable stretch or the variable seal fric-

tion, since they could not ‘be accurately reproduced in the model .

19. The gate roller friction was measured outside the model on a

horizontal piece of plastic similar to the model bearing plate material .

The fr ic t ion force varied from lI~ to 15.5 kips (prototype) when the
gate was loaded to simulate the force caused ‘ry the head due to the

13 
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hi~ be r et l - c ’u l .  This  W ’ i, ’- ’ ’ u ; r , ’ i S  I tt - I; i , ) ! ’ ’’  t h i n  t hr I .- L’’.,l1 rb - U ’. ’ - I 1 1 1 ; ’ 1
lii t he  p r ’  ‘I  . - ‘ t y r  - ‘ - (5 k i n : ) .

00. I u r ’ ’i 511 cat ipu ft to-ct:; upl i f t  force :: could not i-c- mearu  i- t I  ~~
- I

the ‘ t h . f i -  cu m r s , -c t I on:  , ‘rut the he I :lbI t: Cr I ’ catapult ws- r o- r : C ’ a : ;u r ’ ’ !  for e a c h ,

test. Identical te::ts would not r e p r odu ce identical  catapult l i e - f e - h I,:: ,

altiroush close L’S ;- ,! - i r  i : :on : : ; w -so observed in most tests. The i to - I s b i l , sf ’

c .i t u t  ul t W i J  cu r l s  l ie - Sc - I l less ::i r- ’ r ii f ican t  than the i n i t i a l  c o n d i t i o n s

required u’ rs r t ç ’ult .

21. The w o i 1-iit of the intake gate was va r ied  and sub ,Iec ted  to

-II I’t ’cr’e -ni t heads to determine what effect the change in weight had oh

the height of catapult . I’e,:t:.1 were conducted with the Big Bend t’ack—-:rf—

gate ..:r i f ic e  using r -ates weighing 110 , 137, and 150 kips  ( prototype )

that were subjected to in i t ia l  heads of 96, 120 , and 1140 ft. Additional

tests were conducted with Stockton conditions usin)’ a gate wei °hino

131 kips (prototype) this t v-i s subjected to init ial  heads of 100 , 120 ,

and 1140 ft. The results of these tests indicate that no catapult

problems should occur if the intake gate is opened 1 ft  or less for

there conditions. These data are shown in Plates 6—9 and in Tables 1

and 2.

22. Other catapult tests were conducted using the Clarence Cannon

back—of—s-ito orifice design with the Big Bend scroll case configuration

and bay arrangement (Figure  7). The results of these tests usiri,- a

weigluni- 131 kips (prototype) that was subjected to heads up to 120 f t .

indicated the  intake’ . gate will not catapult for gate openings of 5 f t

or less. The conside~,’able difference in results of the Clarence Cannon
catapult te~ ts when compared with the previous Big Bend and Stockton Dam

catapult tests was due to the radically different back—of—gate orifice

design .

Total Uplift Forces

23. Tests were conducted to determine the uplift forces totiS-

t h -  intake gate Our 1;::’ w ’ i t o r i r : s— u p  operations . The u p l i f t  force  re—

i ur ’Ie -S i nc lude :  th e  e l i  iS. o f ‘ate- submergence and the uplift force

15
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r e I u l . t’ t .’sI to s - v e r c u r : e  the downward force on the  ga te  caused by leak- ti ” .’
o ver ’ t he  tori t n - i  around the ’  S I d s -: of i i ’  r ’rite (Fir’ure ~‘) . ‘l ’h i: ; f ur’-’ --

~‘ e t c ’t ’ i ’ t. d to is the total upli it force  and w i ,  ii , e’a::ured from the st r i  p

~ h i r t  as shown in 0l:rt e 10.

‘it . The total up l i f t  f o r c e  dr .i t i  that  are .Lu t  t e l  from the r i  ‘1 1

c, .’r i n ’c t I - n  t ,c- : 1 w . - r ’ s: ‘ i t i  I t i e -S at the t. j r: the tin : ’: 1 nun  upli fi, force

u S c ’ i” i n-S . ‘ l i r e  - . t: .o’- t ion a: those  1’ -: r-: -: was 5’ ‘1 . - e r r - l e n t - ‘n the initial

raia , 1 i ni .1  ,a it c ’  - , ‘~ -e rr  I n i ’ . The ‘is tosS h r e n d  on the c:.it . e at the t ime c, j ’  ;- , ‘1xi —

Srui : : 1511 f t c’ L i 0  - - I  : : - ‘ ‘.~ -a- : :,t f rom t }r e  ~:u t i : s i  he’ s-i r e- i.. i-sitar’-.: eac h to: ’.

‘ L i t - i  a-- :: r- - s i r  h e : for u - ~ i n  ‘iri t ly : :  i s  of i ot a .  For all r i g i d  c o n neC t  i art

t es ts  the  we ’ll ’ of t i r e  in t a ke  gate was 131 ki r: (p ro to type ) .

2 5 .  [J r - l i  rO . fu r-ces were measured u s l n r r ~ I s c k — o f — r ’;ite o r i f i c e  WI oths

of 1 .625,  0.6875, 12, ~nr i 7 1.65 i n .  The major i ty  of the upl i f t  for ’cu .-:

wo -r e c i t ’ r f n: ’ . -d w i t h  t i : :  test  — ‘ate in the lef t  bay ( looking downs t ream)

i:i i l r i r . ’ s O - c : , : i s ,  r : s~ r : i iSle an - i  r i g i r t  gate bays. The same t e s ti  n-

I :‘O’ si- -iU : ’t ’  u sed  in the c a t - ~ uu1 t t ’:sts was followed for the n e-id con—

sect ion:  tests  a-i t i~ —
~~‘~ n i  s:~: -ate open:  I t,, s subjected to 80— , 100— , an i

ic - —f t initial ::s-aO:.

Left

06. T o t  results w i t h  the test  sate i;,  t b ’  le In l ’s.’ t o t ’  f i r  ~~~.‘ 
- 

— ,

9. - “- — , ar-i I J O — i n .  i — a s k — i f— s at e  orif ’i ’: -: w i - i t -h r  i n d i c a t e  r ‘:‘rt upi 1” ,

f o rc e s  iru.’rease with gate opening ‘an S head ; I:aw”-’re s- , t ney . ie cren:a-  w i t

inc re -asc i i i ’ - i o k —of ’ — c - u r.e c~si’i flee widths . These -~nta  ‘u’ - oar s! ;t r ’ed ri

Plat5.-:: 11—13. Url i ft  fo rces  and pres sur ’c— ; ;t:o’.r : u r c - i dur ins  these t e st s

‘ ir’e shown in  ~~rj Fj~~eS 5— 5.
27. D i f f e r e n t  resul ts , however , w e r e  ind ica ted  w i i . i  the Cl : i r ’ e r r ce

Cannon I - 1 s 5 — a f — r -’ate on flee  Ie :ir ’n (‘7 1. 1° — i n ,  w i d t h )  for the r ime tes t

cond i t i ons .  T u e  result::  indicate t h at the r.rr-1i f t  forcer  wi th  small

oç :e nin s s -S e-crc’a,;e w i t h  an increase in l i e -a l (Plate 114 and Table ) .

,\~- i ’ ir e n i t l y  the  i -hv . s  ical conf igura t ion  allowed a t-reater downward force

f -act on the  in take  c-site ’ . Upli ft forc — s were also obtained for various

sate  o r e -n i n e - s  r u b l e - c l  - - I to a 50—ft initial prototype head . Thc’ rs-: ,I ts

show that i l : (  up l i f t  forces were approximately the same throughout  t i re

r a n : ’- -  o f ’  ,‘rit,r.- - : t ’ e n i n i ’: t o ted ~1 lat - 114 , Table 6). 0 e - n ’r a i l~~v , all

17
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u i - S  f t  fo c i ’’: wi t ,’: t u e  C I ‘ t i l t :, ’ - - Cannon c1e~ I go for g;j t,e sp ent  i rig,:: -e l iw

5. e- ft wet’ s- i’i’l’t t i v -  -l y low cot ’ :[ LI’ o--J to t h e -  l ry  a” - i , - i i r , O f ’  h i t-a’, - sates

b i g h t .  i - - t v

23. U p l i f t  t ’ r ”ro .i: u -c c  s:eo::ured wi th  toe  to-st ‘ it i :  iii  the  ri lh t

i a y ( l ook ing ,  du~~ r -s t r ’ o- urr ) w i  t i  O t u c k t o r i  ccii i I r ~ ( ) t i ,  t’ -t’C-’IUS e,I to I f r ;  5—

r r : i n i c ’ wh it e f fe c t  t h t h :  would h a v e  on there ic-i c’s.-: . bur nr . :’ “at :,: we- ,”

;-~~s it  i ‘t ’u -d  in the  ito It ar,d p r i - I d l e  a ’ , . ‘ i ’iie - -OI o i t ’t f o r ce . ,  wc .- r -  — . ,L t , a  I n o r

U:: i ns  v’ o ’ I s i t s’ g at - .’ c r : - ’ :n i i n : g , : , :ub~~o-~’ ’ s - ~ to i U — .-— it  — i i . i t r it I a ~ n a s h , :

‘arid ;ir . j r ’ escn ted  i n 7” il ’ J - - 7 . Co: ip- : r r  i s’ s,, - of s i j - li f t  ~‘- si’ro si:r ‘ r r  O1 , -s - ; k ! , n r ,

c ’:xtd~~t ions  ;:reai:w’e’si w i t h  f l o w  e ’ r t t ’ - r ’ i n t g  ‘ le- -o r ” I i  c ar e -  t t i r ’s’~~sr i t 1 o -  r I - n ’

i-:i:-/ relative to the le:’t i.ay (I- akin, ’ ,low ;i : tr ’ eain ’, ) I o i i - : ’at e  t i r a t , t ir e  u —

lint forces are less wk,e-ni the  r I g i r t  i nt ak e  “ate I:; u se-C ’ ‘i t ’  wU - -n t., ’— -i

TUrfs reduction in uplift f’’r’ce- :’ w ’-i: :ittnibstc”.i :o t h e  : -;r ’ u l :  c’i, -:e c r —

I ‘o a t  lo r t , p ie r  al ign -or :  n t , an’ S er i f  i C’!i of’ ‘Or e v i  c k ’- ’, ri te -S i r : r I O  I -

to t i te  r ight  bay ( Plate 1) . She-se ‘r ita , se-sente- I i n  f ’ia t c - :  I S sir: I IC

also indica te  that no ca :, ;i[ uJ t [ - r o i - J s - ; r : :  shoal I O’ss’Us if the gate is

ur - o - n r e-- . i 1 ’ , ’t or less.

- ‘ i  i t l e  ; , :

20.  -‘, h i i t i c ,nai t’ .-r’ t.- a’-~r ’e c .ir , , I .~~:tc ,i to  I-  ‘ - -:‘;,ine the u r l i f t  fT’s:’ .- :

‘C i r i S  or , the  s i  - i t  I. e i;~ :r k t -  s it s :  h u r ’  is:’ water ’  I o, ’— SI 5[ e r - it  ions w I  t h  P ig

-o c-r: i ’.~ . a: r I r o s e’s . ‘i: : 5[~ iS ‘ Oi’ cs i , : w e r e  - . 5 tS : r : ’ . I w i t h  van -a:

s-it , ” Or c i i i  I i , ’,: - s r  , e ’cte l to -96 — , 10 1— , ‘dt ,I 1,.: )— f~ i n i t i a l  heads sin -i  are

I - ‘ -b — - i i i i  l i i i —  3. - ‘ 7u ; . r  a r ’ i s on i s  of tb -.. f e - f , :j l uj . I if t  f o r c e r  i c r ’  b ig

I c’ - r r .h i t i  - t i . ;  i i, -a , ’. U t ’ s :,h w itS , f I u ~ ~- r : t -r i 1:g f - I r e ’  r c rc — 11 case th rou gh :  the

- n , ’ er bay r - - l - 1t ly e -  - ‘ 1 e  . tef ~ i a y  ( 1 - ic- k i i i , ’ .:ss rs t r eam ) are shown in

j i t t e r  1’(—l ’ . T h r r ’ , :e h ’ i t i i s :  i . ’ t ’ e -s n i g n i l 01 ‘j O t  - i i  f fe r er : cv  in u p l i f t

r oes ‘wi t l  the I’low e r i t - - r ’ I ; i - l  e i t h ’ - r ’  -sti r -  01’ ‘ 
~ :L ’ :’e’

~0. - - , : t S  w ( - r - -  - ‘ ,,; , - I  oc ’ - .1 i .e- i - - t - : r ’ u , i  n e  t as ~-f f ’.’ct on up l i f t  forces

witS , , ta - a , : t t t i  t , i ,r c -c  i - r i s k —  ‘— ‘‘ i t , - - n ’  L i c e - s  - .0 c-ti w i t h  the  same test

ri-l i  t I sr i :  . The t s - : t . : WI n c s r - I c e s  i e-~ is i r is  Big, ‘c -ni - i condi t ions  w i t h

t h e  .est  s it e  ifl  1. 1 : ’’ r ri ol le i- . ;, in - l u ;- : !: ’ ‘a ’ - , : in t i r e ’  l e f t  nn- .I r igh t

bay:; . The - s j  .1 1 I t  f’ on ’ .’c ’ : : ‘w ‘ - s ’  r, . i :: l o r ’ - - I for ‘car ic:’us i ’ate oponi  ne-s subject

to tit  80—ft  m i  t ,ial i , - s i I .  ‘l i r e upli ft . I”~r ,OeJ U’s - i ’ s o i l  am eS w i t  hr  all

t h r e e  i r ic k — o f — r it e  or i f i  ce-s i i’- - t t - . - - i , t i r e -  r j  ‘bit ‘at e : I of .  sealed , the h.’f i

18
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r it e  slot re ;~Ied , ‘ant i lath left arid r ight  late slots sc riled . The r’~::.:ul C:

~~~~ t ha t  t r i t e  upl i f t  forces are -  less when t ’ ,. - ri,’ht r io t  is r e - ’i l e c ’ - -: -  —

~ared with the  l e f t  slot l u - l o g  sealed.  This is a t t r i h - u t e , I  to  the p - a : 1—

t ion  ~‘I
’ t l i e  r igh t l :i ’ j  in relat ion to the’ I- e W e - r ’ i i o .i,:s: g e o m e t r y .  I ’let r  of ’

t f i c- ::e’ ‘bat a a r e  shown in b ’la te  20 , ‘arid the data arc I I  ,.~ted In  ‘ is t Ie  9 .

E f f ’e- ;t  ‘0 ’ sk i r t  plate

3.1 . The intake i -ate  us.,; - , :ted w i t h  a sk in  pla te  on the - b un : ti ’e- :o ;,

, : 1 , I€ ’ ;.,’ ,r ’ u s s i , cu t  i t s  en t i r e  Length u s i ng ,  Stoc kton ’ s ba ck—- s f’ — atc’ -sr ’i f i ce

vi I t h .  I l l i f t  forces w~’ r ’ :- sieriscu’ed wi th  t~ is: t es t  sate in the l e f t  bay

‘ si r I .lu_risy ‘ate -sr  in th - . ’ n ;r i ,dd le -‘inn r i  c - i t t, ba ,’: . The force s were -s I:t’si ne--i

t ’-:t’ v - i r’ iou : ;  ,t ’at e  open i r rg , r  :-ut- ,~e’ct to in i t ia l  heads of 100 and 120 f t .

‘l-. - -. -u ~t.; of these tests indic:ste’- h t ,i i ’a . the skin plate }r ;id l i t t l e  e f f e ct

- -5 C r : e  5! 51 f t  u ’cc’ ,’ ’j-..’ t i r l , ’ on the intake gate .  These data and -J ’at ’j

- ‘P t  -a I n I w i  ‘; r , ,i it ‘a :k i t :  1 .1 a t e-  s ire cor: r r r i i - e h  in I-later 21 an d 22 , ‘:r :-i ‘“c

l 1:t- . ’ - t  ~~ ‘d - ie 10.

- ‘ t. - . - r ’ i t :  ta c k len~ t~i:

t i - o r ’  tests ,iei’-s osnr-ls ’o to-I with Big Bend condition:s to deter—

:;. i i, ’.: ‘ a - - ’ -  !‘!‘ei ’t  o f the  ! e r l : ;t oCk - n r s t : .  upotrear ;: Ores , the  JC-t ’V i,5 ’ - c-Ste 05,

t he -  ‘ ‘ al : 1  : ‘ t fo r c e s . The n ” ’ n r , : t ,,c1: f - - n : - ” w’ .~: in- ::’eas;e- .i f r s s . 21s

( t  r’ev i - - ::  tes ’ ,:) to 10,1 ft  i ’. -s b - -vt  in  PliS’’ H. i ’ n ’ l i  f t  ;‘- -- : .ce- s we t ’ s -

- C i i  r~~- I w i t n t  v-sr 1 ur , : c--ate o h : s .’r , ings  r uH  cc tech ta initial c c:: -of 80,

, ‘ir -l  10- i  f t .  The t, ,s, : t ,  ‘‘ r I - c -  u’ . : I :S ’O s - l  i : t  the l ef t  I a ’,’ wi l t :  .b at’s ’

‘-s c’s i i i  tb :e’ O t t e r  ‘ C u - ba t; . ( l - ’t ;r r - ’ sn ’ i sons  of ’ b at s .  w i t h ,  the tw- .. - l e ;~.gt i r r

‘ii’ - ::,‘o~~~r i t :  P l a te- , :  05— 6 ;i t i , i ’ I ’ a r - i o  11. fin -r i g n i f i c a r r t  : li f f e r e n c e  in

t h e -  ‘-u . ’ ; i t s-i, e ‘ iri S durat ion of t I c: or ~1 I f t  forces r ’e - :u it c . i  w i t h  the d i f —

‘ser i f 1- ‘r- ’trrr of tt:n,:tock. Tin s us: r o b - a l  ly -las t a tb :c ’  penstock

- ‘n  O’ i ’f ir e ’ lit b e  effect on t r i t e  U!- : ;t t ’ e :e ’, f l n . w I : ttern .

Di sc hrai’ge (.‘oe- IT’ I ci ~:ots

55. Test ,,; were conducted  to ‘leter s i ne I ho ‘e -b ’ ;r r’ate ’ -ii~~cIrat’ ,’e

coefficient: for flows beneath the irrf’ikr gate  ( - “ f r — l i p o r i f i c e )  and

t i r rou g h  the back—of—ga t~ ’ orifice. TU ner ’s I, - - :t: w o , ’r rd i i - s  t o - -l  w i t h  t’I -ow

un , n l e n  t I r e  te.; t sate i. n t t i ~ : l e f t  L i ,y ( l o o k  i s o  r . swr i- :t ream ) and Ir e -  t i : r ’on t ’} ,
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the i’ : ick—a t ’ — ”it - ’ orb t’bce. A : ; c i t o - r r c .i t . i c  b :” n~’lt is of i b , e  t o r t  c - r - I f ’  n r r n , :

i s  s i t s -w i t  in  P l at e -  21.

35 . For each t s ’~ t , t f : e  water r n i t ’ : ” i - o ’ ’  I i :  t he r’i, ’b:t .an:i s.f . 1 - o f ’ -  c-St e

slots ‘cli:: allowerri  to reach equil i l  slut:.  so that  ‘i l l  of t h e  0 .1 ow

sti: -Iet’ n :ea t r t  the gate a--or ; forced th t ’uu - ’ the back—of’— ’ste- at ’i I ’ l i o n -  it : f b i

i e - f t  bay and then t rans;’e- r ’r ’ - .- -i  to ~ r ~ w i t  I: a “— ‘ i - C - s i :  WE’ i r fa t ’  rs , .-ce ’sr ’T,

The equat ion :  used to cQr i, ‘n t e  ‘Ore - -sn: , ‘ f l  c i  or , Cs lire -

=
1

I . 2. D

w:. e”e

C
1 

= b r i c k—of—s ate  o r i f i c e  ,i1s: t ar~ge coe;’ f ’ic’ f c-nt

= ;‘iow tiir’ -~usis ~ : i o - ; — o I ’— g ’ :t -: - , r ’ i f ’i :o

g = acceoler:s f I or: IUC to  - :r sv i  t~.

= Pea-ri d i f ’;’ ;‘- :a tial be twe -or:  ‘-Or e v- 1. 1 1. an : ‘rite ‘w - I i :  ~~ ‘ : :

2, = wI  . i I ~h i  o f  gate bay

d = d’s 1 n t h i  of :—sick—af’—gate or’i fT c-;

C = “i t e - — I . i I  o r i f i c e  dis-o i~; :r ’ . ’~- ~‘u e f ’” f  :1 - ‘nO

I) = flow thr :u’hr ‘ate- l i p  o r i f i c e

=

H
2 

= head -Ii  f f - s r e- n t.ial between -c-oi ‘Li t , 1  gate- wel ls  2 a;: i

D = hei ght of ~‘at-e—1ip orif ’ici.- or - ‘ate-  op t -sire’:

Each gate opening ur is  tested with a ;- . i n f n r u ” :  of ~~~~~~~ heads vs’s- I re- f ror : .

75 to 150 ft above the intake ga te  invert . A plot of the c o e f f i c i ” n f s

for various ga te-  o p e n i n g s  is shown i n  P i a f , e 00 .
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$5. rJt~~~ c”-e f : ’ o ’ ’ i ’ . r r t : :  1 ’- -r ir e  i : n i S— e i ’— n r t t i : o r i fi c e  t’ : i n t , ’cn , l f rom

-a - - : ‘ 0.-o: to 1.0 i ’or’ t he . ‘t ’ ’ktc ,n : , h i , ’ lie n -i , :i rc ’.1 1 0— l i t .  -oi l 1 1 c c, : . I h i :

c , :  :‘ t i : i - r e t ’ t l .’ f s ’  :r i n t i ’ ’r ’ t i r : i r r  had i s - e r r  :ir r tlc i t , :tf -:-n (0.25 to rj 6u ) i l -u —

o - V o - r , t o r n  coe ;’ r ’ i c i ’:r :t  is : a . ;u br r i - :r’ 1’o-d c S I i ’ l C ’: c - , e f ’ r ’o c i e ’ r i t  i f ,  I -S c: , ’.: not

r~~ Lode ’ o t i t e -  r ci- L b  ;‘ t ; ’ : i - c t o n ’ :  such ar -fl’s., ’ . i i :  t Ine - ’  -Ic t e --n ;r , i  n.a r . I - - r r  c - f  t h e -

~‘1:ir ’ s ’n n ce -  Ca r i r r o r r  h n ; i c k — - n : ’ — , ’:ite ori f i c e  ccs .-f ’l ’ i .cient , Cv ’. . o r i r ’i c e  w i d t h s

D - : 1  D . a ’ .’ :-: ;r:c- i ( P l a t e  “i ) .  ‘ l I r e -  l i r ; e r , , : i o r i  D Wi sO c::ed as ‘or e1 1
s r i  ; ‘ i o - ’ ’wi i L l :  u n t i l  ii . L-c-c : r r ;:e le-r::- than , ro ts: war  are - c r . he

-I Lr: en r . :  I , ‘ r r  Lb v ’ 5 i ’ io d  v i  f r i  e :ich gat e -  c’° -or ,  in g .  Ti ,i : ;  ski f t  in ,s’;r : t i-cl is

r n :  icate,i by the nil , ;con t l r n u i  ty in : the curve rh ’cwr~ irr Plate ;, a The

r e-s uit s  in d i c :i t - -  t he  -ii  sc h - ’s r ’ ’e- c o ef f i c i e n t  va r i e s  f r o nt . -t . 6u to 0.80.

36. The d i rc ha r , ’e c a of f i  c i  en ts  for  the ‘at e— l i p  or i:’i-c e ramr ged

1- e t w e-e n  0.H :int d 0.l~:5 f-or ’ all condition s te, : t0 . 1 . 7s.r-,’ in, ° the head had

little e- ;’r ’ect  on the  d i : :c h r :sr ’ te coo f ’;’i . c ier r t s  r o e -  e i t h e r  the L a c k — o f — g a t e

o r i fi c e or t I r e  c-ate-—l i a - r i f L e .

. t ’ o r , ;ure r

37 . P r -  s ir’-.’: u- . ;’ ‘ 0  ‘al ;ns: I at van su s l o c a t i o n s  t r o ” .;’uc-i:-s-ut t he

1 . 1 l o s i n g  —ill rj , O  .n c sr r r ’r c t i o r :  t e s t s  is an e:’f ’ o r t  to o ’: - te-r rc i r -,n w i : r , t

c r , t :’ b  u-  I C ‘ :, e i n ta k e  “0 - - s at n ip u l a i r n s .  Pre ss-sr -er  were

mea:’.lr ’: n i n  ‘ i , - : cr — i S l care arc”,, - o r :  r e .” r , -s: i t h r  t he  i rt t ake  sa tc  , c’r : the

C n ’ - ‘ or. i .i- ~ of tb :e ’  m t  ~ike c-’ st ’~ , it .  the p-or:.; C-;. iS, snui m i  the st a n d s - ir e

( t . ;  ir C ’aSUt ’ f ’  t n t -  i o- ’j ~, c-c- i ) io r ’ i sc -  w’~f-or i  nt ’— n~ - ‘r -u’r jt i on s . The locations

Sc C rest :  1 n”:. .: o r ,;- : ‘w- ~~
- ‘ c ’ ,: .ir ”. - n ir e  :ha~~ inn  Plate- 51 . Pre-r,s,or-es

nea :s re -1  n u n ’  l r , s ’c’sr’ I- ,, . ‘o: ’Cs  ‘ t t ’ n ‘ : i , owt~ it .  Tables s— ( .
38. Theon’ei, I sal lfc , this i l I I f t  f a r ’c e - .; r :,~ “r. : - t r ’ ~;- - 1 i n  previo-ss tests

sn r - s ~~ . i,e equal to the  I ‘- . ;5,i r” ~~~~~ i n o  si l i ’S I r e -  g a te  r:i.rl’ i plied l-l~’ C  t i c

~ n’a ,~ected area of the in t ake  “ate  ( t h i  ck n c - : s  ~~w i  n t t ~ . T h i s-  us:; not  the

case with pressures recorded from ; f e - i  !, - - : ‘ : , ‘i nS  the r’ s -a s o - r  ~ o~’ the

differenc= Wa:: not readily apparent .

39. Pressure f I  n , ’tUa t iOf lS  osoar  I in  the  , ‘ :‘r’  I :  case d u n n, ’

watering—up but were quickly dampened as t b : - -  01 ow ia . : , ’ ,’ b t I n  i’ou, ’lr t u e
‘~:~‘~k— ~~f’ — e- ’at ,c: on I ’ic ’-  . ‘rhese f L e - c t u r i t i  or , :; d i  I l : °’ ’. “ I  ~ - - ‘ e- to have t b n to

01-
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c i , ’ t t ’ : t ct s ’ n ’ i : t i s ’ : :  i ) t ~ Ii u’S ’’ r r : i r : r : - - t ’ — ’ ’: - s- ’ ‘k -~~~~c : 1. , . :  t r - - , : ‘~ f : o  ‘c- - r ’ -~

nnit ’ nt - r r ’~ - _ l 1; : t : : - ’ r - ’ ’ r n , t_ - , r’, ‘ r ,’’ e ’i ‘ r t t  cnn :  ‘ 2 ’ -  ,r ’ : ;  ,‘ ‘ - - - ir ’ :  s I I ’  o’’ ‘. n ~~- rc’

- “ Se -  ‘~ n n  W - :’e :‘ - - r ; : . h t 0  hc ’ r t - 1 ’ n ’ - ’ x i : ’ . ’ , ’ ’ - l , ’ e - ! l r ’ t l  Co t r : n ’ ” e : - - r ’ - ,’ . 1 : ’

~ Pi ’ t t c  3,. ) .  I ’ I i - :  - ;: r I - n n l - - r : ; .  CI -a’ ot ’ - , : n n i - n  I l : , -  1 - - ‘ of f i n i  i ntak ’.: c-a ’ - - sn , - h

i t t  ‘ : ,‘ - r : c r ’ - o f  1 ’ ’  i - C  ! “ . O ’t ’t : t c-i the - I c ’ I ~~’, ’s n , ’,t i - o r :  - : ; ‘ :: rw ;;: roc i r  t ,h : c ’  0]

f l i t ’ - ‘ i ’. - ‘c’ r: t h e -  I - n ’ t - : : : : c n i ’ ~o On t . : n ’ -  in ’ - ’. ’ ‘n:. s i - I , :  of the i n S  ‘ike ‘a ’,’

b r ’ ’ - , - u r ’ e — ’. i . rr :t - - I : i r r t - s ’ i es ‘c ‘ i: : lyre’- I j o  : ‘ t 1. ‘ -n. ’

‘t l i z e -  t he - :‘ : i s t ir tg  r ’ i f ’ i  to ‘-s t a n - l i : ’ : ic’:i 5. :o t ’ i t - - r ’ i : ,  f ’ s ‘ : - r  I

a - c -u , :-: ‘, “ ‘ - ‘ : ‘ i o - ’— r n -  - : - c  .~
,.O i-on , :- . b - c -  c - ’ , t b p - ; e  et ’ ;’- , r ”. : w- -r ’ e  on , su c c ’ n r : f s ± .

I f - s l o t ’  n ’s - C ’ -;’: c ’ , - o : i n t c -  the  ‘at ’ ‘ 0 Sri ’ ‘ s 1 - : o l t  ‘s he -  n’ t h : ’ :.’: t O e  s 1 : I ft  ir ,  01 :-u

ccn ’ r ’ -ol n o o n : :  w n d s ’n’  the c-a te  ‘ . t . l : ’ -  I - O K  S 0 - . - W e - c  ~,;.C i:H’s. -;- i ;

t h t ” t ’ ssf . O’ O , t i n t :  t ’ - : : t  r’cn ’jl r.: s iS t ,n :n :t’ f- s ia’ ~‘a1iJ ci n , l Y  - c ; ’  tb- - :1:-ri - .: tO -ar ::

tc ’: ted -in :  I :i nr - ] . i c ab l l . e- to Ic-i t t : ]  i o n , :  with - ‘ : 1  f a r ’  :t n o , ’ t a r  .

‘in . b s- . ‘- ,‘ i n ’  he r - I s
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A i r l’ f V :  [‘P 2:1 C ~df0 ~‘-~ flS T ;, ’ l o f l 0

‘f e :  I s  o -  i’ c r ,  i - f ’  r r - . n  I - . - -n r ’ n : : i ne the ’ -’in: , ’- -  of ’ ‘at e  - a r - - s i r

-~r r :  hi ~~.I n ’ : ssi I In; , n i . i i l . f ’ o i : :  a ’ w h i l s i :  i :- .- :a’ r ” i i c e  ‘ci t . .:,: at h i,;  H e n r i , f f t - , -ck —
t , n ; i , ‘ i t t - I  - : L : . i t ’ er , - ’ t ’ 0 -a in ’t :  p.. w- .-r’ h -:: r . - -:0 L’IIO be s::ed n t -  w : , t . e r i t : , ’— .~ 1 , 1 , - -

:c: ’ ’H ca,.:e - , r - - -~ . ‘[‘he ~.- : :f ,  - i t t :, :i:’ “o f I also be o~ -~ h eat ] e f:; H ’ar n -,’ :1.

‘o’cts :sr n  ~~~~~~~ - i . e .  !- ‘, - ‘ s :r,’ -’ r : rer it s  of sO r e  ,;‘ t t ’ s r - ’olt h - ’ f r ’h ts , - .a-l i :0 f nr ; ’-.o:

i ,:c h’jt’,’,- -c - n  n ’ I ’ jc  1- ;: C: , -
‘ r io pre sssn r ’ ’ -: - ;. “ -os :f - ‘U ’ t I r e  s,-j ;: ten: w , - r -  - a’ , nc

for  v : i r’iuu :  , ‘s.t e o: ins :; :tttd pool el

~2. A l t I :o r n g : :  the ;; : ‘ ; -Ic - l .  - ‘-ate was s u : :r - e r : d e -t  Or cor :: a wi re  -cat-ic- , cah I n

- m n . :  t s ’nt s io f l  W e’ s- t r o t  simulate- - I .  Also , roller Pear l  n ,  and se -n i

t’n ’ i c t i o r :  we t ’ - - ,:, ~ , - . .-wi: :st  gi-eater’  in the model t u ri n in the p r o t - O r f ; I - e . Thus ,

:ome c:s,ot ion chould f - e  u r e l  in spr :- Ij ca t  ion of t I r e  fits to pr-s t ct~’on:

s i r su l- i tj ons .  For ax -e rn ie , i: ‘t In y ;::aveoer,C of the  gate , however- rn ;r all ,

- , c - :u r r ’ - ’ ,j  in t i e  r achel , if, Os u .l I he-’ :s: :urse-:.1 t hat  the I r ” :t o : : t ’ .- , “~~.e w il l

- ,‘ .- , ‘. ‘ m; t i l t ;  - s r - n - r a t i on w i t h  t I~~ :’’; . n t , I i ’ l - : n t :  sb :o- o i - -t Pc av a i - i o h .

05 .  The n i r : c  m a r ’ , ’,: c- ,or ’r ’i c j e st s  t :n ’it were- ;:n’’o::l r’ s - i  t ot’ f low sm i-a ’ —

neath ‘-‘e ‘at’.’ w-: -: ’ s - a ’t ’out ‘a, : cx ,’— no -ct~- :  , - I ’ ia -w-.:’j - . -r , the -r i r n c b ar s e  coe;’—
;‘ b c i e r i t s  :0-;’ ‘ore- h ’ mO , — “— -- . t e -  or i : ’j ces  w e r e -  c ’an : r ij en ’ :,tlv h i g h e r ’  tie -i n had

- I .  i f : ’ -  : ‘ , - ,- : — -  - : ‘— ,“t ’ o r i f i c e  is ‘ in : t o a l l , ,- a : ,b :: - - n ’ ’- r , ven :,i —

-~al ::i:,;-nt. ‘ 0 ‘ . f h : ’ - n ” - is ;. . - : .  a I h-;-ntitul :s~~-r 1°’ of data cs-rrcer’r :ing

Ii:’ fi’it ’ -~~
e co’: [’ : b ’ - r . ’.~ Ocr ..

~ ‘p - r ’t j c a l  - s i  f i c e , but the I i r:: i t ed  ar, ’:- un: t

,,; ‘ i n n - o n ’ : : , ‘Or ion ‘ n r a ’. I s - tv ’ i i  i- ,l,le I n , , i I Sate :;  that  C i - - - c o e f f i:  I ,- - r n ’ ..: b e - t e n ’—

m i n e - I  i n  t i n s ,:t : .n I .  “i ’ ’ r i- : ’ h i l l ’  “ - S ib is- .

f ) , T i e  r - r e . o : ar ’ - - , ;‘ s- : s .  .5. ::e-. [ H~~. loca:. i,; :s: in t i m -s  c sr ns t e - .:k ,

on the ‘- st e . and in tOre scroll ‘c’ ise ’ - mr’ s~ were not ‘Irisicative of a blow

lu - to water }: ‘ , . ; r :t : - - r’ , ‘, I threush t 1 ‘ ‘ i ’ - - was a j - n ’ a n i o u n r c : - - - b  cn r an : ’c- i n  [‘r-esrunes

s f ,  the  time when the scroll r ise Pecan-:; f u ll and flow started up t }te

“ate  slot .  The pres r ns n ’ e:: mea sure- I underneath the , ‘:ite on the botton’s

:tr ’uc ’sinri l member ec,n 0 .f I not be d i r ec t ly  related to the up l i f t  fo rce .

[ 5 .  At t , enopt . : were made to i ;en era lize  the - I ’ i t a  so that  an up li f t

force c-sAl-I be c o r i l i r  t e .I when the  Fr ostS , , ‘at ,e -o .: r i , ’ , a i r - I  o r i f i c e  uS 10,

‘s t e  known . However , t , f rc .ste : i t t e -n , I n f S  were not .succe:sful . Elven if t h i s

could b r i e- ’  f e - - r n  ‘ i s ;n som b - l  ished , I t is nI ,o u b I ~ f’ :r f  u s C  the i n f o r m a t i o n  - , - ‘ n i - F
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I-c s r  ‘~ I l n : : : f ’ t l j : i t , j o t t r ’, ‘ ‘ n ’- ‘ I : ’ -  a ’ :’ I f  ‘‘a, ’-  c- n n [ ’ i  ‘ n r c ’ i - o n :  :~~~~:~
‘n ’ - -~-

fr - -n’ . t he  - c - r n ’ L l ’ : ’ ’ n :- : , e r r -  :I.’i .L±~,’ i n ’ ‘ :.‘-  n , ’ - - I c!’ - -  ~j ,’ 0 ‘1’ , ’ -  t ’ - , r ,  - - - . - - : ‘

l i n t :  j - c : i m ’ , . 1 : s t . :t S e  i” . i r ’: :j 0 l , e ’i i n ,  ‘ t i n  il’t,” f ~~r ’’:..

i t . A f t - - : —  t im ’ : - I - i a ,  s . O. S n , - ’, n - i -  - ‘ . : ‘- c o i r ’ - - _ - r  , c - ’ .’ c I ’_ i :  n ’:, : i ‘0

.‘ :‘ I ’ . -c i ’ i ’a , re’.’~ ’ ; ’ - , ,  - .‘ :s’ l ’a s l n , r n ,  c o r e -  1 - ,,: , f’ - s: tn,s’ ‘. - , ‘.s

- ‘ , n, i r ::  - ‘ - a. i-c ‘0:’: n ‘i,:  c -u i  1:5 :-c’ - 0 ,n ’ i n . - . I ‘r.  a: ’ I n i t  ~ cKe ’-  si ’.

I :  fnie -’ c - : - : n : n - j : r ’ - i  5 - - ’ ,-:— ‘ ‘ — - - C e - - - t ’ I I ’ ’ e- ’t : ’ -:’a i , ’ O ’ - - ’ ‘ i ’s,
‘ Ir e  - s n - - c  o: ’ t h e  “ , t e ’  n ’ .- r , n : ’, ‘ ‘‘  “ m ’ . , l ,

, Pi’ , s r ; m ’ a . r k i r :  Let ’. ’ I: ’ :s ’k 0 C : ’: . ‘ j ’~~
s O t

- i f ’ t::(i ’a~ r ;’ as: , t -:: , ,~~ ’ ‘ ,fi c r ’ t Sn ,

‘l’lte .;o~,~ ’ i - s s r ” c tO-:r , u :  ‘, : ,‘ m 5 ~~~ , c o r n - c : : , ‘ , :,~~~~~~~ , , t , tiSi 3

ar ‘ : ‘ : ‘- - c C  ‘sri ‘ c o r - f l  n ” 0 : ‘ ‘ . .- ,
‘
: c , ’ , ‘ ; .s  ~~ c t - c  Its .

‘~-S C K ’ ’. 1’ ’ t ’ - - ‘ - ‘ ‘ 0 .  ‘1, a’ ‘ - .t. :’- I c ‘ - a n ’  -
.

n n i ~~’ . T’. ,o , t i ’  [rO se- “iCi- ’ fl , ’.:, ‘.5 ‘:‘e-s~~ . ‘

.0 le u- - : I’e- t’ c-~ -
. n’ _ ’,,’— ‘ So ‘S m ’ ‘a

1 .- n ’ r r-;: ,otn’ eanr, :‘e;. ’’ ,s~c -r ~, t - : c ,: e  . ‘:“. ‘:‘ - “

i f  ‘o t i s  w a s  ::- ‘, n ‘ ‘ - r e’ : , . .  ‘ :0 .  - ‘

e. !i I n  ;,o — f— “S,e C 
- ‘‘ ‘ ‘ , - ‘ , :  - ‘ n . ,  c - 

‘ , . u  ‘r n - - I
if ’ ’ : .c - - ‘ ‘a, :, S 5, - , , ,  “ - - . . - : ,

n ’ - -  — 

. ,u.,~e a : ’ ‘ :,e- t :S 5’’: ’ ‘ ‘ . , . 
- ‘ 

n .e-ed fo r  t ’ C-c ~‘.r - -: r. 1, : - ° t : t r ’ 0 t 1 e- , ‘ . _ ‘ - :  r - ~ - r  , - - —
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C ‘a l l ’ :  1

l - ’, C ’ m : ~~~1t i I ’ s i g ; , ’r , :, :1 ,’ i - ”on : -i ~f o n , I i t j a - n r : ,

-s  ,~~ 
— m t .  P e e K — - s - f ’ — 0~t’~ D r ’ i f ’ j c c

C a t er  ~ol, t i - s i g h t : :
late -  Op en: ]  nm ~ In ’~ ~ti-L i i e - ’a  s-n on ’

_______________ 
_~t’ ft 1. 0 ft Ta -

[ a t e f . lfl ,00t -sf , ‘ rI, ’ ‘,-;e L }:t

‘.5 0 0 -1
5 •() 0 0.10 0

1.5 0 -- 0
0.0 - .1”) 0.)) O . 2 r
2.5 : •35t -- 0.80
3.0 0.1-tO 0- 26

L~t~.85. r) 31,1 . - - - —  — -

[at e i3 .~, ’ ’ D’~ Tb, Try t’:e ight

0.5 0 0 0
1.0 0 ‘0 0
1.5 0 0 0
2.0 0 0 0
2.5 3.1-) 0.1-5 0.2-)

3. 0 0 .0 - )  0. 2-1 15.
3.5  0.’sO 3.2 --
li..O Q.n,-5 --

c-ate 150,000 l’b, Dr,’ i- ;ei , -I, t

0.5 0 0
1.-C 0 0 0
1.5 0 0 0
2.0 0 0 0
2.5 0.05 0.10 0.00
3.0 0.10 0.20 0.3’]
3 .5 0.20 0.30 0.80

0.3’) 0.80 12.0
0.30 -- --

5.0 ~~~~ 11.2 30. 1+
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T I l e -

“ m C ’ , : , . C .  - - I . : , t s ,,,,, - 0. .., se t .j r .  f- u :, S I  C

- . — I ’,, . . ‘ ‘ m~~e - — U f ’— i n ’t t e -  ‘t ’ I f ’i s e

Cat n m a i f  t i - s i c - F , ’;:, f t , a ’.

f O e  ‘-
~ 

cots ’ lnnItlal f lea1 01’ 
—~~

ft  I f~. :y ft  I - .

‘0 .0 3.0 0.)
- ‘ 5  0.3 0.0 0.3

1.0 0. ) .0 0 .0

1. ’ 0.1) .) 0.3

1, 5 0 .3  .).0 0.-Cd
- P 0.-C .0 --
2.-- 0.3 ‘ .08 0.1’. .
0. 0.0 .08 --

2.5 0.io .0 -  11.2
2 .5  0.10 - .6- --
3. - 0.32 -- .8
3, ~ f, — —

3.5 11.2 1 ;.72 - -

3.5 8.0 1, .‘ --

:2 .02  11.2-0  ——
:1.23 --

N o t e :  Dry w e igh t  of g a t e  = 181 S
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- -cc ’ S t  :~~~

‘e t t . : Jistet 
_______

:n ’e e- - cs- .4. I ,-e. , ,_ r— 5 , , r  :1 :a . ,-
- , c ,, , ,, 5, ‘~ i i t  o,, ,~~~~~~ - ‘ -~ 

, . “ r2,, ,‘. — - s- -,- iSt

5’ , n ’ a ~~i’t ~~y Invert m i s  t~’ - _ - -

: , , :t ,a  head

3’ . - - - i , , . 3- .-,
.1, ’ ‘ 3 ,  , , ‘ , 1 3 1 - - -

- - , - . -,t , ’
- 1 .. - 5 . - , - ,

1 ,  - : , - ‘-,,-, - - -0 
~~ 

‘ in ,-’
- —  I ; ’ . t _ _  - - _

- - : n -  - - -- - , - , .3 - . -, - - ‘ 
-

- ‘ ‘ I, , - --5 . ’~ t 3 ,  - ‘ 1 . - . ‘ - -

I, ’ , , , - - ‘ , ‘ - ,“ ‘ , - ‘ , , 3  ‘ .
~3. 1-. , — c  ‘ - . n - , . . - - , n -

— . 1.3 , -3 , , , - ,, - - ,-~ -

1- .-’ “ - ‘ ‘ ‘- . ‘ .3 -3

- ‘ ‘ - -~ ‘ ‘ 
~8’ ”. .~~~: 

‘ 
, ,  ‘ ‘ .

,

- - .‘ t 3 , ’ “1 .5  ‘‘ . ‘ ‘ - -  —

- ‘ H. , ’ . ‘5’ ‘., - . .3

- ‘ : - - , .  :~~n , ’ e ,   ‘,,- ‘  ‘, ,  - ‘ .-

- ‘ : - . 1 i t ’ , - ‘a- , -  , ,~ n- ,
-‘ ,: n -- - ci, ‘ - ,: ‘ . ‘- - _

— ‘ - : - - - , : s- , -- “5 , ;  - . -  ‘. -

— - . 11 ,. , , ’ ‘, ‘ . ‘ - ‘  - - , ‘ - - - 3  -

1 W . -’ . x ,3  ‘ ,‘ , . - ‘

is n , s- 1 - ~~. ’ .. ,

- ‘“ - 3  5 ” .’ .4’,. ~~5 ‘u. n , .

- ‘ , ‘ I . , - S -
- - 3’ , .. s v , - .1

- - 3’l. ’ 1’ . - i S’  3’~, — 33- ’
I - ‘ , - - . - - ‘ . - -‘ ‘ — ‘ . -.

‘3. ’ 1.:, ’ - - , - a , - ,,
I:-- , -. I .  I . ’ ‘ - 

- I ,  _ ‘
I t - , 121. - ’ ‘: . - : ,  ‘ - - . 3  - 3 ,3

- ‘  - ‘ 3 , ,  1,3 ,  3 , ., - ‘ - -  ~,‘ . -
- ‘ :3. - 1,3. - - 1 . ’, ‘ -‘ - - ‘ .1 ‘ , -

- I” , , . ’ 5 3.  435 ‘ - ,,~ 
- 

‘ 
- n ,

- - e-~ , : 1 3 ,  - ‘ , ,- , ‘—i ’ ‘ ‘7
I n - , — - —, - , _ -

a , - “ , I ,  ,- - - . I : ’  - 7 / .3  -

i t , , - , , 5’ ... 3 , ,
2 1 , ,’ I: ,, , ; 4 , , -- , - , -

- 3- . , 13 ,‘. I; ’ , , - - - .“ ‘ ‘ , ,
n - - . 1. ’ , ” 113. ’ ,, -“ .1

- i n ’  - - — i . - : .  -
I I  ‘., - r 7 — ‘ — ‘

- “ i , ” I a , , ’ : -  ,. ‘ - , - . 
- 

1.

“ 5’ ’, A l l  ;r” v s  r e ,  .rc r el ’p r o , .  -p- I  t •.,. .~~ ‘‘ . ‘c n r,- ,r r ’ a,,I w ere rca , - r e t  at t , —e ’ —axi s - -,’ a- : t 5  - - r”‘

~~~~ ~~~~~~~ ---- ~~~--~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
, -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~~~~~~~ - ‘ .‘ 
~~~~

‘ -
~~~~~--

Ta , ‘ so -

: a r ’ ’’ .~~~ I. — : : . ,  ~--~ K— -~~~-- - i ’,”

See ’. cii ’ W ater
“ triOS amn e

ci i’resit ure on i5’e~ s, ,re ct 2cr 11 f , n r e

ps ’ - . - ~~‘ - ‘ac it:- ., rr , 55 i n ”, ‘r e c, :  ,re On k~ttom ot ’ Oe: ’ -,.re ‘l~~<j :scc’, i’ r’ e,,., .z’,’ ,t

_______ - , e ,~~’: lnc i aj  1 ol I~~f t  Bay Invert ;~~te j: 0: ’n’ ~~~~ ~ ‘.

:30— f’ In i t ia l  Sea-i

1. - 0s-- . ,f “ .“ - .-- -- 2 - . 21’ . ,,
1. ~~. .

- ‘ , . .  -—

1. ‘ ,
~~~~ :‘ .~~ tt, .5 -— ‘- .3

20 113.2 :5. - - ‘ .- .n --  -‘. .‘ ‘- . . -

2 . ” 1,1- - .1 - - . ‘ - ‘- . 
, —— . - .

2.  1-) 53 9 5 .  - 
‘ 1.’- — —  3’ . . ‘ 3’ .,

3. - 11’ . . ’- “ ‘5 55” . ’ -— “ .8 . -

3. OS lO - ‘ I .  - S’S .) —— n _ n, ,)  .3
3.-? 11’.. ’, ‘S.

’
.’ ‘ - - .-- -— -.3.3 ~~‘

. -

- 13 .1 ‘2/,’ ‘1.5 —— .~( -.-. . 
-

12- . .010 - - .- -  -- 4 5 3
- 12’’ .’- siC . ‘ - .3 — —  .iO 3 ,~~

5 . .5 0. ’ . ’ “ .3 - . — — —  4.” —

5. : 03.:- - - : , - - 
“ -- - -  .7

1’- . - ‘  “53 — —  -“ .1 lOS-

1 - - ‘ - n t  I nit i al  lead

1. 0 -‘ - ‘ . 0  131. ts.3 —— .0:’ .’~ ,- 
-
.

1.~ -‘5 .’ . 100.0 00.1 —— 3 0 . 2
1. ’ :1” .r’ 101.0 ‘0: .? — — - . 3  3, . ’

2. - 1 ’ S ”  101. ” En ’- .0 — —

2. S Ic’ S 1-22. 0 tli ,f — —

2, 0 110 .2 132.3 6n1 .6 --  3’..’, .5
3, 12 .5 132..” ‘s. f —— .— -s-S O

3 .1  1~ L.2 101.0 760+ — —  1-. . -
- —1. -;

3. l,~~’0 103. 6 80 .5 —— ‘i/- “.7
ln,2.1 102.8 83.3 -- 55.’- - I .-
i” -..3 103.6 88.7 -- 50. -

- 1- ’s.8 106.2 “1.7 —‘. I , . , . ., . , -

2 1 . 3 109.7 ‘in , r, —~~ nc, , L .
- ‘ . 0 1’ S . )  108.0 3:.” —-1_ c .,, 106 .2 01.’,, -- ‘. r .

120-ft Initia l lead

1. — “2 .2  121. ‘11,1 ‘. ‘ . 0 ~ ‘ . ‘.. . -

“1 .8 122.3 -
“ ,~~ 

n, : 35” 3
is i)L.t, 122.3 -. 1. ’ 5’ .’ 1”:. -

2. : 12 .0 122.3 “10. 3- .’ ~~‘ . ,  ‘
2 . - 131.5 12~’.3 7’;. - —— ‘~5~ - .2

11’ .7 121 .7 ‘(5 , l~ —— 5-0-’ -‘

3. : if ‘ .5 12-1 .2 “n . .3 —— 52.,,
3. n 5-f . ‘ 12’ .2 c~--n’  — —  63. .9 .
3. n 1’ . ’ . 123. ’ - + - ; .: —- 6o. ” 3. -

- ~~~- • r4 125.1’ 103. i . 03.- ‘70. 3 - 5 )
1 - ’  .‘ 12 ’ .0- 102. ” - - “1’ . ’ - - ‘ . 5

1 .2 ‘l I , ’- “,~~, c ‘,‘1 .3 - . .0

- . 23’ .’:  125 .2  111.] - — 03.3 . 5
3’ .‘ ‘  122.3 1- - ‘ .‘ —— 13 , 7  -

- 5 3 . 5  1 2 . ’~ 111.1 —— 3’~+ , - .2

- -Se : All press re c are referenced to the  el ’S ay in :ce r t  and were nea s- ,r e-i at t - .e I - c
up l :n ” . o-c- ; , r re - i .

~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~--
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Table 6
‘.J j- l I i t  !“orce ,n ’in,I F’reciscir es, Ci,at’-ci , s ’ .’ stru t ~:, as’:, 2_

[‘ask—of— : it , ’  ‘ .;r i i ’i - ss-, [3j ~~j ,j S ’J r S c ’ S S t  -: ., L ’ . 5~. c - :;

IS” - ’, of Water

Max imum Case
Gate Uplift Pressure “ii Pressure - .~rs

Opening Force Head Left Bay Bottom ci’ at M ax: :-
ft  kips Pool Inver t  ;-~t - .  

-

_________

50—ft  In i t ia l  Head

0 .5  30 .7  49.2 43.0 n ,( , ,
0.5 26.0 18.1 16.5 19.8 31.1

1.0 6o .c 19.9 38.9 f: - .o 2 5 . ,
1.0 63.1 18 .1 11.0 15 .2 26 . ’
1.5 59.0 50.3 1+2 .1 15.3
1.5 59.0 1+9.2 11.0 143.6 0. 8
2 .0 59.0 1+ 9.2 143 ,7 13.8 30, 1
2 .0 60.2 19.2 5:1. 1 5 .1 30.- .

2.5 59.0 1+9,9 13.7 13.6 31.5
2 .5 60.2 1+ 7 ,7  2+1 . 1+ 2 + 3. 6 32.6
3.0 57.8 18.1+ 1+5,8 1+5.5
3.0 63.7 50.3 16.5 15.5

3.5 59.0 1+9.2 18.5 17.3 36.9
3 . 5  59.0 19.2 1+7.1 1+6 .0 3 7 3

L .a 57.8 1+8,1+ 1+7.1 1+6, 1 31. 7
1.0 53.1 1+9.2 15.8 1+ 5.1 31. 5
1.~ 60.2 50.3 1+7.8 s’OO 37.6

50.7 17.7 17,8 , ‘7 ,Q 16.9

5. 0 61.1 1+9.2 1+5.5 (.8 :- .2
61. 2+ 50.3 50.6 5u .2 .2

5.5 70.8 51.0 1+8.5 16.6 0.7
5.5 60.2 1+9.2 50.6 1+9.3 5 ,, .6

6.0 70.8 1+9.2 51.9 51 .9  - . 5 . 1 ’
6 .0 67.3 1+9. 2 1+8.5 1+7 .8 -IT o
6.5 73.2 50,3 52.6 1,2.1 11.2
6.5 63.7 50.3 51.2 51.7 Ii.,

7.0 55.5 1+8 .1+ 51.2 50.2 11/1
7.0 55.5 19.2 51.2 50.2 11.-

80— ft Ini t ial  Head

0.5 1+ 7 , 7  80.0 1+2.0 38.9 11.7
0.5 1+8.9 80.3 19.9 1+7. 1+ 19.5
0.5 1+2.2 81.1 12.6 36.0 10.2
0.5 12.2 8o ,o 1+ 3 .3 36. 1 S c . : ,
0.5 1+i.0 81.8 13.3 36.6 -.s

1.0 62.0 80.3 1+8.5 0’., ’ 15 .5
1 .0 68.0 80.3 19.2 1+3 , 6 15. ,

(ContInued )

N- ~ ‘en All pressures are referenced to the l e f t  bay invert and were measured at f h t ’
time maximum uplift force occurred . (001-c’, ” 1 -at 5)

~~ i, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  - -
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Table 6 (Continued )

Feet of Water
Scroll

Maximum Case
Gate Up li f t  Pressure on Pressure on Pressure

Opening Force Head Left Bay Bottom of at Maximum
ft kips Pool Invert Gate U jO i f S

80— ft Initial Head (Continued)

1.0 o(.2 81.8 50.7 1+0. 6
1.0 66.2 81.1 149. 2 39,9 1,3.4
1.0 66.2 80.3 50.0’ 1+o .6 1+5 . 14
1.0 

- 
11i ,9 82 .1 53.0 2 , 5 , 5  1 + 5 . 2

1.0 36.14 81.6 59.8 146.2 1+5.9

1.5 59.0 81.8 59.3 1+5 .3 50.2
1.5 55.1+ 81.14 62.5 18.8 53.8
1.5 51.8 81.8 62.8 50.2 53.8
1.5 73.9 80.3 53,1+ 1+5 .5 1+14,5
1.5 65.6 80.7 57.0 L5~ 14 50.2

2.0 142.3 82.1 61.2 15.1 51.6
2.0  1+5.8 82.1 62.5 148.6 53.1
2. 0 1+8 .2 82.9 68.1+ 52.8 59.6
2.0 1+5.8 81.8 62.8 145. 1 52 .14
2 .0  142 .2 81. 8 614 .2 1+7.2 53.8

2.5  149. 1+ 82.2 67.0 1+7. 0
2 .5  1+9. 14 83.3 69.8 51. 2 59.3
2.5  60.2 82 .9 70.5 52.6 58 .9
2.5  65. 6 80.3 59.9 1+5 .8 51. 6
2 .5  1+7 ,7 80.3 63.2+ 2+9.1+ 52 .14

3.0 65. 6 81.1 70.6 56.9 59.5
3. 0 56 .0 80.7 61.9 50.6 51+ .5
3.0 66 .2 82.9 68.14 148.2 53.1
3.0 61.14 81.8 68.2+ 1+8. 2 53.8
3. 0 55, 1+ 82. 2 71.9 53.1 58 . 2
3.0 6g.14 81, .2 68.0 51. 1+ 58.0
3.0 63 .5 83.2 68.6 51.7 60.9

3.5 57.2 82.6 71.3 57. 1+ 60. 2
3.5 63.2 80.7 66.3 50. 1+ 56 .6
3.5 71.1 82. 2 69. 8 2+8.0 55.3
3 .5  72.2  83.3 76.1 57.1 59.6
3.5 72. 2 82. 2 71.2 50.1 53.1

14 .0 63.2 81.1, 69.8 51, . 1+
63.2 80.3 68.1+ 53. 0 58.0
65.0 82.2 71.2 149.2 56.7

14 .0 66. 2 82.9 70.5 1+7.1 56.0
.0 65.0 83.3 71.9 1+8.5 58.9

14 .0 71.1 81+ .2 7 1+ .7 58.3 63.8
69. 1+ 81+ .~ 68.6 50.6 58.8

14.5 62.6 82.9 78.2 60.2 (7.6
14 .5 7~~. 1+ 82.2 76.5 55.0 59,4

83.3 76.8 56.0 (-1.8
(14.8 95.8 7i ,8 61.7 (1,5

69.1 50,0 53.8

5.0 8~ .8 85.8 80.9 (-5 .2 73.0
5.0 8i.i 83.7 73.1+ 55.1 E~ .2

IC’ n l.ir:u€’ I ) 
(t-heet 2 i -f  5)

—m ~. — ~~~~ ,,,~~~,,
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‘I’able it (Continued )

Feet 01’ Water
Scroll

M:t x i r n t n r ,  Case
‘S i t s ’ U pl if t  Pressure on Pressure ‘‘ii Pressure

Opening 5” ‘r ic o 11,- i I Left Bay Bottom of at M aximum
f t  ki ps Pool Invert Gate ‘J j .O 1 f t

80— ft Initial Head (Continued)

5. 0  72 .2 81.1+ 81.0 (2 . 1  67.6
5.0 tIL .3 85.1 83.8 6~.6 70,6
5.0  77 .1  81 .8 87. 1, 62.1 69.8
5. 0 71.6 82 .9 78. 14 65. 2 71.6
5.0 77 .5  82.9 78. 1, 65.2 ((- .2

5 .5  6~ . 1+ 8 5 .3  71, .7 55.6 (-5 .5
5.5 72.9 86.3 81.5 61.7 73.7

6 .0 9140) 86.8 87.6 75.6 79.8
6.0 80.0 86.3 81.5 63.8 69.14

6.5 95.2 86.3 81.2 69.9 77.3
6.~ 97.6 86.8 88.3 76.2 83 .7

7.0 101.1 86.3 85.6 66.9 75.2
7. 0 103.5 86 .8 81, .s’ 66.9 76.6

100—ft I n i t i a l  Head

0.5 5’7 .6 101.0 2+1.9 35.8 37.9
0.5 ‘2+ .? 101.0 1+1.9 36.5 140. 7
0 .5 148 .2 101.0 1+1.2 31+ .1+ 39,3
0.5 62 .6 ioo. 6 149,1+ 36. 0 38.6
0 .5 68 .8 100.3 149, 14 36.6 39.3

1.0 31+ ,9 102 .1 63. 0 149 , 0 52. 14
1.0 28 .2 101.7 53.7 1+14.1 51.6
1.0 36 .1 101.0 62.1 50. 8 51, ,8
1.0 1+7.0 101.0 62. 8 51.9 51.8
1.0 39.7 101.0 57.9 2+ 6 .2  50.9

1.5 1+1.0 103.2 75.2 57.2 61.8
1.5 26 .5 101.0 66.3 1+9.6 55,5
1.5 21.1 101, 1, 61.2 2+8.8 55•5
1.5 214 .1 101 . 1+ 69. 14 53.1 58.3

2.0 30.1 102.9 77.5 60 .0 61.0
2.0 21.1 102.9 71, .0 57 .9 58 .3
2.0 214 .1 101.14 69.8 17.9 51+ .$
2.0 38.5 102.5 73.8 52.1 58 .9
2.0 29. 1+ 101.3 69.3 1,9.3 55.9

2. 5  38.5 102.9 78.1 52. 1+ (-5 .1
2.5  36 .1 103.6 77.5 51.1
2 .5  33.7 98.8 78.2 56 .9 59. 0
2.5 1+14.6 102.9 76. 8 53.1+

3. 0 1+1 .6 103.6 78.2 5 0 . 5
3.0 36.1 102.1 76. 1+ 1” .9 56 .9
3. 0 39.7 101.8 73.3  1r . . f ‘0+ . ’
‘9 , 7, 1+ 5 , 8 103.9 78 .5 ~1.5 0 . - ’
3.0 57.6 103.0 78 .1 ‘ ‘ .2 00
3.0 1+8.1’ 102.9 78.8 [,(~~( 56.~

(Continued ) (.m’-’ ‘ 3 ot 5’)
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.

- 
-

-‘ 
~~~~~~~ 

“ - -
~~~~~
:‘
—-- ——



Table ~~- ( f l i c i t  I nui ’, I )

Feet_ of’_Water  
__________

[t a - s in  C- ,:;,’
CaSe  IJ~ [ II ’ S Pressur e on I x ’e,, o ~~r ’_- r .

Opening F~ t ’ , ’u h .’rt , I I,eft Bay ist’, nt ; ~n ’ o ’ I-1 - ,x i i .  ins
ft  k i ,~’ s ; P -- I I nver t  ; :+ t - -  3 1 ’

100—ft  I n i t i a l  Head ( C o n t i n u e - i )

05 7.3.1 [‘20 .9 8i.T 51.1 ‘0 .6
71.1 [06 .9 92. 1+ 615 3 71+ .2
514 .2 103.6 75. 14 1+ 7 , 3  “ .2

7.5 1,’.,’ 99.9 76.1 53.7 00.
3.5  50.6 102.5 78.2 50.8 59.0

14.0 6~’.2 102.5 80.3 53.5
14.0 ‘(2.2 ioi.8 80.3 52.0 (. j , 9 -‘

1,0 65. 0 101.1+ 78.2 149.2 50 .3
14 .0 90. 5 105.2 89.0 68 .1 73.0
14 .0 69.1+ 108.2 93.1 71. 6 90.9
1+ .0 72.2 102.9 82 .14 50.6 5 8 . 9
14 .0 69.8 102.9 85. 2 53, 8 61.i

l+ ,5 53.0 1014 .7 97.7 78. 1 85.1
14 .5 60.2 1014 .7 90.7 68.1 ‘(9.5
14 ,5 66.2 103.6 81.1+ 56 .1 5-0 .3
14 .5 75.9 106.2 92. 14 66.’. 71.3 0
14 .5 72.2  1o1+ .7 86.0 57, 0 , 41 .7

5. 0 814 .3 106.6 96.7 71.2 01 . 5
5.0 87.9 105.1 97, 14 ~6 . c- 85. 1
5.0 81 ,3 103.6 90.7 1.5 . 1  72. 5
5.0 75.9 io2+.i 92.1 (- ‘1.2 76 .0
5.0 81.9 105. 14 98. 1+ 8o.o 88.6
5.0 81.1 105.6 89.7 C1~.9 73. C
5.0 76. 14 103.9 80.9 52.3 60 . 9

5.5 81 .6 106.9 99 .2 75. 8 87.3
5.5 81.6 1014.3 92. 1+ 67.5 76.6

6.0 107.0 109. 1+ 101.6 81.9 88 .7
6.o  91+.0 107.7 96.5 73.6 85.°
6 .5 111.7 106. 1+ 95.3 72.0 80.1
6.5  111.7 108.2 102.6 79.6 90.1
7.0 135.2 1014 .7 102.6 85.7 92 .3
7.0 11+0.0 108 .6 101.9 81.5 90. -S

120—ft Ini tial  Head

0.5 25.3 120.2 1+1.1, 16 .4
0.5 12.2 121.0 2+1 .2 35.8 SOs
0.5 1+1.0 121.0 141.9 36.5 5 9 , 5

0.5 36.1 120.6 141.9 35.1 19.3

1.0 28.9 120.2 60.0 + 8 , ‘

1.0 18.1 120.2 55.8 15 1 ‘1 .9
1.2 19.3 120.6 61+.: 52. ’ ‘ -‘0
1.0 ~‘( . 0 1 1 1 . 8  60 , 5  + 7 s  ‘
1.0 ‘. 1 . 2  101 , 14 61 .:’ ,,‘n ,7 ‘0 . 0

( C - o r : ’ i nu e d )  (: ‘ i , , - - ” 0~ of ~)

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 6’ ( C - - i n c l u d e d )

_____________ 
Fee t ~~ ~ Mat i-c

20,r ’ - i I
-i :i,~ ir s-an ,’:;

Gate U p l i f t i’r essure  or: 5-r’e ;:sore . ‘ r + Pr essur e
Opening I ” - r , ’e Head Left Bay !1- .- f t  ,nr , ., i ’ at M’~st

ft Oj -c Pool liverS 
— 

Site 
______

120— ft I n i t i a l  h ead ( C ’ s - - n t  I r i se ’S

1.5 2 1 . 1  119.1 83.0 65.1 :0 9
1.5 10. -” 120 .2 76. 8 58 .0 : 5 7
1.5 12.0 119.5 77.5 59.5 1-

2.0 30. 7 121. 0 814.2+ 60.0 (5 . -.
2.0 12 .0 0 , - I . E  86.5 63.5 71.7
2.0 IcS .1 119.8 83.8 58.6 ‘ 5 . 1+
2.0 35.1 121 .~+ 77 .5 53.5 ‘ ‘- . 3
2 .0 15 .3 2~~1.8  78. 1’. ~4 . 3 ‘ ‘- .1
2 .0 19.2 121.3 78. 6- 50.7

2.5 36.1 12 0 . 0  85.5 51 .2- ‘.9, 3
2.5 38.5 1 0 . 3 Os . :- 53~~3 5~ .8
2.5 25.3 24 .1 78 , ,  56.3 51.3
2.5 37.3 7 . ? a . 1  ‘ ‘, J 6o.~
2.5 33.7 00 1.0 “ 7 .  ‘ so ., .

3.0 21 .1 1 +9 , 5  0 ‘ . 5 50.3 6 1.1
3.0  30.1 1 : 1 .2  -“ ‘ . 5- 51 ,2  61.8
3.0 28.9 12,1 .1 1’ ( , - + 58.1 7 1.7
3.0 1+7,3 121.0 85 .9 ~6.(
3.0 51.0 1,~i.0 5-5 .9 5(. t 70 .9
3.0 31.9 121.7 86.7 5f1 . -~ 00 .3
3.0 33.7 12-1.0 86. - : - 52. 1 (- 6 ,2

3 5  1,8 ,~ [ ‘ - .2 93 .1  61.3 71.3
3.5 36.1 i: ‘- . ‘ ‘1. - 68.~ 7 1.7
3,5 32.5 I~’ .-. Z~7 .7  ( -5. 0 7(1.0
3.5 2+1 .6 r , - i . o  “ ‘ .~~ 50 4 , 54 (1.. , ”

14 .0 18.2 1.’ + 0 0  9 O~~~. 58.~. ~1.5
1.0 51. 8 1 , ,  .8 

~~~
- .-“ 59.1 71.7

1.0 51 .2 , - ,-~ 
“ - . : 51.3

58.8 , n ” .~ -3- . . -. 6” .t  ‘13.8
1,0 58.8 11+ .5 - -1 .1 58.3 7.0
1,0 63.8 0 0 . 5- 9-0 .3  55 . ’
1+ .0 51.8 ‘ 0 ~~~‘ .

- 5 ’7 .o p 1 . 8

21 .5 (-2.5 9.6
10 ( 1 .1 93. 5 - 7 . ,  ‘ 0 ’ , )

1.5 H:~~ ? 0 ( 1  ‘0( 1 . ’ 6-5 .1 7 ° .1
1.5 75.9 121.7 901 . -) 63.0 72 , 7
1,5 65.0 1. ‘- .2 93.1 570~ (50

5.0 72. 2 1~0 . 7  98.2 63.5 71.3
5 .0 - ‘,+ •

‘- 123.2 101 .0 75,5 85.o
5 2  ‘ ,, , cn i , o . 8  oo- , 0 , 7 4 , + 85. 8
5.-I’ 814.3 125.0 0 -  - .7 101.3 1 .2” . —

5.’- 70.5 ~~‘55 - -~~ 0 , , c~ p 1 0.
5.0 85.- ’ 12 1, 73 0 5 .1 7 .5  7Q . 0.

5.5 70.5 1 1 1 . 0  (1 .1 ‘0 . ’ 0-s- .1
5.5 70.5 123 .6 -  ‘0 0  0 . 0 ,

6.’ 88.2 119.5 , I 5 0 ,’~ ‘(5 , 1

6.ai 95 .2  l210~ — 
, 1 . ’~ 57 7

- - - ,
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1 1 n ~’. I 4 : .’SO , f,~~: C ,
PiLe n - s n O r t , ’ ‘00 i Y n i ’  1-0, P’,~’~ on ’

0.5 3oj .+~ I T . ’.

0 .5  , ‘ ‘, . (  “7. - .

1.0 - - ‘,- .O 0~~ •

1. 0 “ - .2  2

1.5 ‘5.3

1.5 .2 57.2

2.0 - :5 .3
2.0 32.  -

2 . 5  27 .1

i i i .3

3.0 120.1 15 ‘.7

3.0  112.0 11-7 .8

3 .5  lo S . ’ 00.7.5

3.5 033 . .: 1-1 .0

1- 0 0 .9  12S .1

1 4 . 0  135.2 163.2+
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Table 8

Bi~ Bend Da,,’:i, Max imum Uplil’t :s- c’rse:s- I-1eac’~nre’i in

1- 112-u s 
~~~~~~~~ 

0 .~ .” 17s_ 1r:. Pn~icY ,— ’J ”- oS--

a .
~~~ I -peal tog 1-~ x j r r :u i~: ~j~~i :”. Force , kI p:~ , 00 In:

I ’ S 5 . - I ’ s 100 ft

‘00 121 .’’ 23.8 io,~~. -

— —  — —  23.)

: 5 0421 . 5 211. ‘3 - 
, 7

- . - ‘5 (59.0 35.21
(5 — —  — —

. 5  -- --

1.0 85.0 ~
i :1  0’ - .)

1.0 i3~~o Ii

1.5 ]Ou ,( 2±j, . 81- .
.5 115. ( 108.5 ‘ “ .2

2.0 l2o . 2 +  13’~- . .5
2. 0 128 . 1, 13 - . . ‘- . 1. 1 .

2.5 1500 Jo6 .’-
2.5 130.3 ‘3 .5 1 - - .3

3 .0 1221.6 151-0 2+ -

3.0 131.2 131.2 1 ’ ’ .-

3.5 15 .7 15°.5 23 -
.

3.5 , 0 ‘[ [s O - -- .0

5.0 155. - 150. 
. 

-

5.0 152.u 1:1:1, - 2

23c .l ~~. 5 5
8.5 1s3.6- 300-. 0°-i .1
1+ ,

~~~ 
~~- -- 2- - .6

5.0 166 .’ 255 .7
5.0 165., ’ 3 ’, ’i° . I  523.6

~

. - -  , - ~~~~~~~ —~~~ 
-
~~ ~ ~~~~~~~~~ ~~~~~~~~~~~~~ ~~ 

- - —

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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‘Soils

I — ‘ - n t  ‘:.n:., ‘-I’ : :’: l~aun ’ . !J~ 1ift or” - . ; 5.e’’:’ure-l

0. ‘ - O n o , - 0’ i~, ,

- - I ’ — - “to r I f O .’e

- I t  t~~~t i ; l  leod, - I n~:~~n1u n, ~~ .~ ‘9 )- ‘orce, ki~~s
ste }~o 1 1 ’;.t ‘ - - Left Al l  ‘l at e

) : e n i i r n7 5.o ,’’t S t e  P’ [,Ont ste Sate -.IL~ts [lOt;’.
:~ i,ot [n e ’ l , d  21 t ,csle-3 7eo [-~ai 

________

0.5 1 ,2 4 1 9 0 1, ‘2.3 1 . - .9
-2 ,5 50.2 k 51.) .7 --

0.75 83.5 (8. - ’ 1.], 5 .5
0.75 75.1 5-02+ 1100. Oo.0

1. . - 103.:’ ;)n .3 i lo.9 87.0
1.0 90.3 ‘70.3 125. - 87.0

1.5 i:’-: .8 ~D - .6 1 -21 .21 109.7
1.5 131.3 106.0 J7~~ .1 115 . 7

— , , ‘ .~ ~~~ ,_~~~
, ,

~
, ,,

~,
. ,, .,,, ‘ , ,,,‘,, , •, q’.., ~~ — _ , ,  .-~ - —. b- — ‘ *.‘ — - . - ‘ —~~ s . i  - , - ‘

~~ ~~

~iiç,_~~~~ !’ ~~~~~~~~ ~ ‘~‘~~~~~~~ - —



T O  I . e 10
[l4”o~~kt , s - ’n  - ‘is , 1-:’~~: B u ~t 0 0 n t  I’-Ies ‘5 - 2  ~s- ’+s- 12. ‘ . 0

7 it O— ut  Ok in I lotte - ‘ii I -i,~~ n :t n ’s - ’ - -  .‘ ide 03 i1:t ’~~- t I ‘ate

h~ I , ’ - 01, ;uij , 
‘ ,~~ 5-— 2 in.  :;st -,’ r ;— - , n ’ — ‘.0.~ -’ r OS

1l’e-n i rr . - .u- U~~21 f t  i’ ori.re , -- 7 j~~
150 - ‘ I — f t  Initi’ ’) eel L O— 2 1 ’ ’ il - ‘0

~1 s - i ; i t . ~ ’ S it ’:io ’. nt I- ,’ t i, ‘,-; tinc- -dt ,, 1 ‘3:
i t . ‘ i - : i r n  I [ste  , : 1+ :  , ‘:te 2’ i” t ; , l ’ ’t ’  ‘ k i n ,  I lote

1. — ‘‘55.0 1211.” 1 “ ..~ 
1211:.

1. 0 ;‘3, s. 0’ [1 .0 1.3 .7
1.2 93. 8 -- -- --

20 132.’) lb .9 1 ,1.8 1216 . -
? .0 131. . ‘0 1’ ’ 0 11-3 .0 19’ , -

3.0 13-5.0 22’- .-- 38 .0 503.1;

3 .1’ 213.0 2l .I2 3 [ s  .8 531.0
3 .0 —— fl5’: 3 31’3.5 — —

21 .0 n66 .2 7211.2 563.7 552 .8
14~~~ 2157.0 - 5 - .~~ 379.7 558.8

5 . 0  5 15.3  507.0 607.7
5. 0 530.0 3 1- 1.7 553.5  62+ 7. )
5. 0 —— :1r 3 ” — —  ——
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‘[ n - i S l e  11
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‘: , - ,~~~~- l i n t  ; - J n ’ ,’ -~~,~~~~ ~~~~~ l, - 1:— f t j ’,~o~
- ‘ , . , - :01 -,, ‘ - ‘ - . , . ‘ , , .— n  — — 1

- -  - ‘ - n ~ , ’

Maxis:s-. - p 3 1 0 ’t [-‘orco- , Sips
ate - ‘— “' I - I t : - - - ,2 1 — “. r,7, [- -1 Iie ’~d L . — r ’t n : tL . l s ”-

-~~)e’ n; . ’ lOI n s -c t  12 ; . ‘ ‘21 - r’.: I,s, 121 ,srt Lo’, -
I t  Pe r : r t - ’ :21 Le os ’— . si: I’ii r , n , t , -.,’ ’. Pe t :s t- cI: i’eos tc- :k Per , s ’:- ,-O :

1.0 °0. (37 ” :48 .7 ‘ .3 -06. 7 113.2
1. )7 ,,s 01 .21 0’5 . ’i “[05 ‘:3 .0 — —

1.5 13 - .‘ 1~~ . ) 110.3 t + ~~.L l I o 2 1 . 5  101.3
1.5 01 . ‘ . ‘ 3 ’  l loO ’  lJ” .2 .11 .0 — —

2.0 17’ . 115.0 120101 131.1 153.3 155.5
2.0 113.- ~~~~~~ 131.2 3 : 2 1 .7 . 0012 .5 119.2

2 .5 135., 11 .0 13 .5 3 7 , 0  1 . 1  165 .0
2.5 12- ’ . 1)7.2 l3s - .0 1u6.21  ~~~~~ 15-21.2

3.0 127.: 1 . 1, ’. . 155.6 1211+.5 21’3: .’ 223.0
3.0 ~~~~ 125.0 12+5. 6 174. 6 10121.0 202.7
3 ,5 s O -  

.- .- 15-- .5 175.2 197.5 23 . 1 .7 219.5
3.5 J- 12 . 3.215,5 loS.1 1(12.7 251.7 243.2

21 .0 1 ~ . 
- 7 -  . .  l8~~.l 203.5 1235.8 25-9 .9

21.0 12+3.: 1- 1.5 180.2 20~
)o., .002.0 25o .4

21 .5 l ’s-2 ,, . ~~~, - .u 2121 7 .0 208.3 00,001. 3)21 .9
21 .5 1 21 . 21 171. - - - 250.6 232. 2+ 2( .n: :.6 275.2

5.0 202.5 ~~~~~ 232.7 256.5 21:2. 20.1
5.0 220. 1) - -

. 
-

- 2l’~:.3 26~ .7 296.2 3721.0
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