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PREFACE

The model investigation reported herein was authorized by the

Off ice , Chief of Eng ineers, U. S. Army (OCE), on 2i~ March 1975 at the
request of the U. S. Army Engineer Division , South Atlantic (SAD) and

the U. S. Army Engineer District , Jacksonville (SAJ) .  Sponsors of the

model study were SAJ and the South Florida Water Management District

(sF~~~ ).
The study was conducted in the Hydraulics Laboratory of the U. S.

Army Engineer Wat erways Experiment Station (WES ) from November 1975 to
July 1977 under the direction of Mr.  H. B. Simmons , Chief of the Hy-

draulics Laboratory , and Mr. J. L. Grace, J r . ,  Chief , Structures Divi-
sion, and under the supervision of Mr. G. A. Pickering , Chief , Locks
and Conduits Branch (LCB) .  The engineer in immediate charge of the

model was Mr. H. 0. Turner, Jr., LCB, who was assisted by Messrs. J. V.

Hines and J. H. Riley , LCB. This report was prepared by Messrs. Turner

and Pickering .

During the course of the investigation , SAJ personnel , Messrs.

Bob Bullock , Henry Anderson , and Charles McManus ; SAD personnel,

Mr. Bert Holler ; and SFWTvID personnel, Messrs . Richard Trons , Joseph

Schweigart , and Richard Slyfield , visited WES to observe model opera-

tion and discuss results. Observations of the prototyte structures

were made by WES personnel , Mes srs . Turner and Pickering.
Directors of WES during the conduct of the tests and the prepara-

tion and publication of this report were COL G. H. Hilt , CE , and

COL J. 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

cubic feet per second 0.02831685 cubic metres per second

feet 0.30148 metres i i
feet per second 0.30148 metres per second

inches 25.I~ millimetres
miles (U. S. statute) 1.60931414 kilometres

~quare miles (U. S. statute) 2.589988 square kilometres I

I,

H  
‘I

____ 
- — —--. 

j-r~~~.. L>>~~W.~F.. . ’ 
~~~~~~~~~~~~~~~~~~~~~~~~ 

. ~~~~~~~~~~~ ~~ 

~~~~~~~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— - .  - .

KISSIMMEE RIVER STRUCTURES, CENTRAL AND

SOUTHERN FLORIDA FLOOD CONTROL PROJECT

Hydraulic Model Investigation

PART I: INTRODUCTION

The Prototype

1. The Kissimme e River control structures are located in Central

Florida (Figure 1) in the floodplain and general alignment of the exist-

ing Kissimxnee River. They were built by the U. S. Army Corps of Engi-

neers as part of a flood control channel improvement project. The

structures are operated by the South Florida Water Management District ,

a state agency authorized to represent local interests.

2. The overall project consists of six structures (S—65 through

S— 6 5E) and six navi gation locks . Each lock is 30 ft* wide by 90 ft long

and has sector gates to provide for navigation of pleasure craft . The

spiliways consist of gated, reinforced concrete structures with crests

desi gned to conform to an ogee shape. The gates are vertical—lift type.

The width of the structures ranges from 87.5 ft (three—gate bays) to

179.5 ft (six—gate bays).

Purpose of Model Study

3. During October 1969 , a heavy rainfal l  associated with tropical

storm Jenny resulted in a flood which caused scour damage to the riprap

downstream from some of the structures. A model study was needed to

study the problem and evaluate the effectiveness of structural modifi-

cations and operating procedures. Specifically, it was expected that

the model would be used to:

S * A table for converting U. S. customary units of measurement to metric
( S I )  units  is given on page 3.
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a. Determine hydraulic condition s that initiate scour of the
ri prap downstream from the st ill ing basins.

b. Determine the optimum size and location of baffle blocks
in the stilling basins to reduce scour tendencies.

c. Determine the size of riprap required for stability with
the exititing stilling basins.

d. Determine a safe level of operation pending implementation
of corrective measures.

e. Check the spillway discharge characteristics.

‘3 6
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PART II: THE MODEL

De~ c r~ pt ion

14. The 1:20—scale model was built according to prototype as—built

drawings . The model included 250 ft of approach channel , the control

structures , and 800 ft of exit channel. The model was initially con-

structed with the six—bay structure (S—65E) as shown in Figure 2, arid

later modified to simulate one of the four—bay structures , S—65D , (Fig-

ure 3), and then one of the three—bay structures , S—65B , (Figure 1 4) .

The approach and exit channels were molded in cement mortar to sheet

metal templates. A mixture of crushed stone was placed in the appro-

pr iate areas to accurately simulate the prototype riprap. The spillway

structures were construct ed of plastic—coated plywood. The spillway

and gate piers were fabricated of sheet metal.

5. Water used in the operation of the model was supplied by a

constant head tank and discharges were measured with venturi meters .

Water—surface elevations were measured with point gages and pie-zometers .

Water velocities were measured with a pitot tube. Tailwater elevations

were regulated by an adjustable gate at the end of the flume.

Scale Relationshi.ps

6. The equations of hydraulic similitude , based on Froude ’s Law ,
were used to convert model dimensions and hydraulic quantities to proto-

type equivalents as follows :

Characteristic Dimension* Model :Prototy~~

Length L L
R 

= 1:20

Area L~ A
R 

= 1:1400

Velocity L~~~
2 VR 

= 1:14.14721

Discharge L~~
’2 = 1:1788 .85

Time L u/2  T = 1:14.14721R R

* Dimensions are in terms of length .

_ _ _ _ __-  .~~~~~~~~~~~ . 
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Figure 1 4.  Downstream view of 3—bay model facility ,
Structure S—65B
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PAR T III : TESTS AND RESULTS

Structure S—65E

Ri l i t t i tet~t,s

7. In i t i a l  tests were conducted to determine the adequacy of the

ri~~rap protection downstream from Structure S—65E (Figure 5). This is

tJte only prototype structure that has baffle blocks in the stilling

basin. Details of this structure are shown in Plate 1. Tests indicated

that the existing baffle arrangement is satisfactory , since no scour of

the riprap occurred during normal operating conditions . No riprap move-

ment was observed downstream from the prototype structure during the

hip Ft flows of October 1969 shown in Photo 1. Flow conditions in the

model with the design discharge of 214,000 cfs are shown in Photo 2.

8. Scour could be produced downstream from the S—65E structure

only under spray conditions that result when the tailwater is lower than

- -11
_ _  
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that required to maintain hydraulic jump action in the stilling basin.

Plate 2 illustrates the tailwater elevations that permitted spray with

various gate openings subject to the normal pool elevations of 21.0 ft.*

Safe operation of S—65E should result with normal pool elevation , gate

opening , and tailwater combinations that fall above the line shown in

Plate 2.

Discharge calibration tests

9. Tests to determine the discharge characteristics of Structure

S—65E were conducted for the following flow conditions.

a. Free uncontrolled flow. Gates fully open ; upper pool un-
affected by the tailwater.

1. Submerged uncontrolled flow. Gates fully open ; upper pool
controlled by the submergence effect of the tailwater.

c. Free controlled flow. Gates partially open ; upper pool
unaffected by the tailwater ; controlled by the particular
gate opening.

d. Submerged controlled flow. Gates partially open ; upper
pool controlled by both the submergence effect of the tail—
water and the gate opening .

10. Free uncontrolled—flow characteristics were determined by in-

troducing virious constant discharges into the model and observing the

corresponding upper pool elevation . Sufficient time was allowed for

stabilization of the upstream flow conditions. Upper pool elevations

were measured at a point 200 ft upstream from the spillway . Taliwater

elevat i ons were m~asured at a point 1400 ft downstream of the end sill.

11. A similar procedure was followed for various gate openings to

determine the discharge characteristics of free controlled flow .

12. Submerged—flow characteristics for both controlled and uncon-

trolled flows were determined by introducirip- several constant discharges

into the model and varying the tailwater from an elevation at wh ich ~o

interference with spillway flow was evident to an elevation at whic the

flow was highly submerged . The elevation of the upper pool for each

t- iilwater r i ov n t i o n  was recorded.

l~ . Basic data obtained are presented in plots of approach channel

• 
* AlL]. elevations (el ) are in feet referred to mean sea level ( m s l ) .
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C
energy elevation (water surface plus velocity head based on average ve-

locity) versus tailwater elevation . These data are shown in Plates 3—8.
].14 •  The flow conditions and equations used to satisfy the calibra-

t ion data are iden t i f i ed  as follows :

a. Free uncontrolled flow:

Q = CLH 3’~ , where C is a function of He
1. Submerged uncontrolled flaw:

Q = C Lh Y 2gMI , where C is a funct ion of h/H e
c. Free controlled floij:

Q = C LG V2gH , where C is a function of H and C
g o  g g g 0

d . Submerged controlled flow:

Q = C
g 

LhY2gAR , where C is a function of h/C

Symbols used in these equations are defined as follows :

Q = total discharge , cfs

C = discharge coefficient for free uncontrolled flow

L = net length of  spi l lway crest , ft

H
e 

= total energy head on weir , ft
C = discharge coefficient for submerged uncontrolled flow

Fi = tailwater elevation referred to weir crest, ft

g = acceleration due to gravity,  ft/sec2

AR = differential  between total energy of the approach channel and
depth of tailwater in reference to the crest in ft (H

e — h)
C = discharge coefficient for free controlled flow
g

C = gate opening , ft

H
g 

= total head on gate , ft (He — G /2)

C~. = discharge coeff ic ient  for submerged controlled flow

15. Known quantities determined from the basic data were substi—

tuted in  the equations , and the discharge coeff ic ients  for the respec-

tive flow conditions were computed. These coefficients are shown in

Plates 9—12.

Structure S—65D

16. Structure S—65D (FIgure 6) was selected as a typical four—bay

12
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L’ fl(f~ 1. H. i i  I n~- f~ i::in ~trui ciowrt~~tr’~ im ri ~rur , modei
H,r u i f , ii ri . fl—( 1 5D , Type 1 de~~ ip -n  ( } r ’ t~~ t :/~ ~

)

s t I u o t u r l  f o r  model t o : ; t i ~ ij ~ . 1 : t ,:~ wor e eori i Ae (,e1 w i t h  ~i r~~i r i p - o  of Fie ~e 1—

wat~ r ~L r t ’~ Ut w : t L .  r- condi t I en :: so t hat r e: :ui  t , : :  would he ~i f r i  I r~iLI  to

I I tf~er o P t fi ~ f’uur—Utj :: ? . n : : . o t:j I is of St ruc ture  ~— ( 5h  are shown

It I i~~. l’i. T h i s  s + ,ru (-l i r I . fu :: ne t  have : c t f ~ie  l iock s in the : .t i l l iy ip-

Ut: :  o a r t  U :t v ,j  ::eour hur iap -’ ‘ occur r e I J owls: I, ro :t.rr i dur i r i p -  the high flows

in  l~~~’ ( sos Photo ~) . rp~~0 ~ r r s t t i  vs ’s wor e  “On:: (b roIl to remedy this

l I n t : ba f f l e  blocks c old 0 a 11 ( 1 on the stilling basin apron sr

U size of’ ~ r ’ t ‘c lye . r’1e w fl ::tre aj~ could t o lt! 0:ts d .

ra t i on  ~ i ~ :~ . t i n ~~~: : t  r O o t e r s ’ : :

l ’(. m l  r!~ r t t , :  Ill we. ’ t i l l - I  I t ,  r r r I i r l e  a s ofe  r anp -e of ’ ef s s i : I t ! u n l

f t j y  
~~~~~~~~~ : t , r i j u t ,u r s : rr ~~. 1 1 s r ’  ly e  rr i er t :;ur e: ;  coul d he imple—

r i .  ‘Ihese lo i , ;l e n- s shown in  Plate i) i a n t  were obtained by se t tinp -

a p-at~e o;. rp -  an t i maintain i r ip - ii ~~~~~lM r u ,  pool whi le the tai lwater  was

‘r : t l w d  l y  I o ws .r e l m l 11 movement of t i m e  exist .iri p- l O — i n .  r ip rap  occurred.

~:tf” e !s . r r t t , i o n  w i l l  resul t i f  tai lwater  and p -ate opening combinat ions
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fall above a selected normal pool line .

Baffle block tests

18. Tests w€- r ’- conducted with various sizes of baffle blocks at

different locations on the st i l l ing basin apron in order to increase

energy dissipation and reduce the downstream scour potential . Veloci-

ties were measured above the end sill with the design flow conditions

to obtain the relative effectiveness of each type of baffle block de—

s i r n .  Table 1 lists the different baffle designs that were tested arid

the veloc ities measured . The average velocity over the end sill meas-

ured at el 9.0 was used to compare the efficiency of each design in

reducing the potential for downstream scour. The Type 5 (two rows of

3.5—ft—high baffles) and Type 15 (two rows of 14.3—ft—high baffles) de-

signs resulted in the lowest average velocities at e1 9.0. Plates 15,

i(, and 17 show velocities measured with the Type 1 (prototype), Type 5,

and Type 15 designs. The designs of Types 5 ood 15 resulted in satis-

factory flow conditions and velocities downstream . However , the baf-

fles were slightly smaller with the Type 5 design (Figure 7), and it
we:: recommcrlde (1 for the prototype modification . The design consisted

of two row:: of 3.5—ft—high baffles located 32 and 14i ft downstream from

l , l u o  toe of the ::iillway crest . The baffles were 3 ft wide and spaced

3 ft a p ar t .  Flow conditions with the Type 5 design are shown in
Photo ~~ Minimum safe operating conditions obtained with this design

and f i t s existing 18—in. riprap are shown in Plate 18.

P ij i S ij I  t est : :

19. Tests were conducted with larger riprap downstream from the

ori ginal basin to determine the size required for stability with the

critical hydraulic conditions shown in the operations log . This coridi—

tion for Structure S—65D was selected from the log entry dated 5 October

1969. On this date, the headwater was at el 31.114, the taliwater was

at el 23.20, and the gate opening was at el 10. In order to verify

that th i s condition would cause riprap failure , a test was conducted

with the existing 18—in . riprap for a simulated time of 2 hr (26 .8 3—min

model). This flow condition in the model is shown in Photo 5. The

results of this test are shown in Figure 8. The 18—in. riprap was
S r

114 r
r
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Figure 7. tillin g b- u,:-in and downstream riprap , model structure
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Figure 8. Downstream scour at model structure S—65D , Type I design
(prototype), after 2—hr test at headwater el 31.214, tailwater el

¶ 23 .20 , all gate :; open 10 ft
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I.

replaced with a 30—ft—long blanket of 214—in. riprap immediately down-

stream from the basin. This stone was displaced near the end of the

blanket during the test condition as shown in Figure 9. Thus, the size

of riprap was increased to 36 in. This stone size was stable , but fail-

ure occurred at the downstream end of the blanket in the 18—In. ripraj

due to turbulence created by the larger stone. A t r a n s i t i o n  blank of

2 14—in .  riprap was added in order to prevent this  type of fai lure.

Several lengths of each stone were tested and the best plan (Figure 10),

consisted of a 50—ft—long blanket of 36—in. riprap (5), in. thick) fol—
lowed by a 30—ft reach of 214—in . riprap (36 in. thick).

Discharge calibration tests

20. Calibration tests for Structure S—65D were performed and

analyzed as discussed in paragraphs 9— 12. Basic data , presented as

plots of approach channel energy elevation versus tailwater elevation ,

are shown in Plates 19—23. Discharge coefficients of Structure S—65D

for the four types of flow are shown in Plates 214_27.

Structure S—65B

21. Structure S—65B (Figure 11) was selected as a typical three..

bay structure for model testing. Again , tests were conducted with a

range of headwater and tailwater conditions so that results would be

applicable to any of the three—bay structures.  Details of Structure

S—65B are shown in Plate 28. None of the three—bay structures have

baffle blocks in the stilling basin. Heavy scour was observed down—

stream from those structures after the high flows in 1969 (see Photo 6 ) .
Since SM had determined from an economic analysis that placing baffle

blocks in the basin of the S—65D structure was less expensive than in-

creasing the size of the downstream protection , only baffle blocks
were considered as a corrective measure for the three—bay structures.

Operation of existing structures

22. Until corrective measures can be implemented , the informa—

tion shown in Plate 29 was obtained as a minimum operating guide.

This information was obtained by setting a gate opening and maintaining

16 H
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Figure 11. Stilling basin and downstream riprap , model
s t ruc tu re  i— 65B , Type 1 design (prototype)

a constant pool while the tailwater was gradually lowered until move-

ment of the existing 18—in. riprap occurred. Safe operation will re-

sult if tailwater and gate opening combinations fall above a selected

normal pool line.

Baffle  block tests

23. Tests were conducted with various sizes of baffle blocks at

different locations in the still ing basin apron in order to increase
energy dissipation and reduce the downstream scour potential. Veloci—

ties were measured above the end sill with the design flow conditions

to obtain the relative effectiveness of each design . Table 2 lists

the different baffle designs that were tested and the velocities meas-

ured. The average velocity over the end sill measured at el 23.0 was

used to compare the efficiency of each design in reducing the potential

for downstream scour. Of the designs tested , Types 19 and 25 produced

the lowest average velocities at el 23•O. The existing riprap

18
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downstream from the structure was stable for all expected flow condi—

t, i ons with either the Type 19 or Type 25 design and either design could

be used for the prototype modi f i ca t ion . I ) e s ip - r u  flow c o n d i t i o n s  in b oth

the Types 19 and 25 designs are shown in Photo 7.
Discharge calibration tests

214 . Calibrat ion tests for Structure  S—65B were performed and

analyzed as di ::cu ::::ssl in paragraphs 9— 12 . Basic data , presented as

plots of approach channel energy elevation versus tailwater elevation ,

are :o ow’ru in Plates 3O— ~~3. Dischar !re c o e f f i c i e n t s  of ~;t ruc ture  s—65B

for the four types of flow are shown in Plates 314—37.

r
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PART IV: T ) ] f l 1~IJ ’b1T’b1’J OF RESIJLTS AND CONC LUSTO II S

25. ~~-our- of the downstream riprap prot ect i o n  has been observs- i

at • ; I ’ v ” r s L l  of the Kissirurre ’ ’ River structures . A model study was needed

to deti’ r rru ir m : ~~~~ mcdi f i r - aitorm s could be ma le to the structures to re—

duer ’  the scourmnp- t, ’’ rsri r ’ru c- i es and to obtain a ::rtfe operat ing sche ’b ’bLr ’

unt I I these  m e l  1 1 r ations could be implemented.  Since the structures

vary in wid th  aru l num ber of bay s , three t y p ical  structures were modeled.

The::e W I- re  S—65E , six ba’i:;; S—65D , four bays ; and S—65B , three bays.

26. The only existi nup- structure with baffle blocks in the stillinu i-

basin  is ~—(Y P. It ha:: not experienced riprap scour down::tr oarr i  from

the ba ::inu , a n 1  no scour ~a:; letected in the model until flow ::pr~r e d  off

the baf fle blocks, a condition caused by extremely low tailwater. Thus,

rue 1 : 1 , 1 1  f i c a t i oru s  ar ’ needed at: thi:: ::tructuro.

27. None of the  o t h e r  structure:: have baf f l e  blocks in the s t i l l—

inp - basin and iu - ’av y  :;r :our  darruap-e occurred downstream dur inp-  the high

f1,ow:: in  l)(,O . To -riley I etc this rei.I (0 , two alternative:” were

or u s i 1 r r u : h a p - f l :  blo b~, : ’ could be ‘ti :l - ’oI on the still i nu p- ‘basin : m :  r ’ : ,  or’

the sie’ of the p r e t e ct i v l  : : i , o r m e  r ’ofl “I be incre :nsr’I . After tests W’:ro

(au fl i l i to t e ; to rjr ’ l , r rm iru ’’ tb’ optir- I Ar. size and confip-uration of the baffle

blocks aes t h e  rize and extent of riprap required , it was determined

from an ec~ ruos’~ical analysis teat  the baffle blocks would be less costly .

i’wo rows of ‘baffles were more effective than one in increasing energy *

diss ipation erie reliecinig velocities downstream. The optimum size and

local, ion of Lh’-se 1 lock:: were determined for each structure .

28. [ , u f ’ rma t ,ion was obtained to I ( - V ( ’] e r f a guide for safe operation

u n t i l  the l a p - f l ”  blocks can : be added. This in format ion  will  allow the

opera tor  f ,o r lef ,s :rmini e a cru r r u ir i r u : t t ,ion of headwater , tai lwater , and gate

openi nip - that will not displace the existing 18—in. riprap .

‘ b ’ ) .  Althoup-Fu m o b - ]  tests * had been conducted prior  to these ts’:;ts

* U. S. Arsty Engineer Waterways Experiment Station , CE , “ I’,’joical
Spil iway Strur f,ur~- for Cent ral and Southern Florida Wat er Control
Project , Hydraulic Model Investigation ,” Technical Report 2—633,
Sep ~~~~~~~ Vicks burg , M i : : : ; .  r

20

- - 

-

~~~



• -- -
~~~ w — - - — - -

I

to determine  dj sc iu c r r p - e  ‘r,:ir :t ,ctr ’r- i : : tic : :  for a t ’/n ical ::pillway ::trucbure

a l imi ted amount of’ ‘I i  : :c ima r p - e  ca l ibra t ion  data were obtained for each of

the s t ruc tu res .  Discharge coe f f i c i en t s  o b t a i n u e l were very close to
t, Fj o : ; s ’~ • : i u e w r u  in the r e f e r en r - ’rj  report .

t
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Table 1

ri : : : :  or;:’:’: h iver S— 65D, Baffle Bl ock Tests

A v o ’re p- r  ‘ Voloc i L ie s  Taker :
P ap - I ’l l  e c i ru p -  LocaL i On i,”,we— ; t l , ’ ,Vr’ End Sill
Block ; ‘, - ‘ t w ’ ” ’n  str-eer , of Toe ( i ;t : r +bP D/ S L

De:: ip -n Height  Blocks 1st Row ‘bnd bow El ‘b . O  El 15. 5 El 22 .0
_________ 

f t  f t  ft fr f t / ::’:~ ft/sec ft/,:c’c

1 -- -- -- -- 16.5 13.3

2 3.5 ‘ i . O  3~’Ji —— 11.3 114.14 1 , . ) 4

3 3.5 ~~jj 27.0 -- 11.7 114.5 11.0

14 3 .5  3 .0 37.0 -- 11.3 iI : .8 1 . 5

5 3 .5 3 .0  32.0 14i.o 5.3 114.8 1,1.5

6 3.5 3.0 27.0 36.0 9.7 114.7 ll.li

7 2.7 ~.7 22.0 -- 11.9 1)4 . 1 4

8 2.7 :.7 17.0 —— 13.0 1)4 .0

9 2 .7  b . 7  27 .0  —— 12.1 1)4.3 9.5

10 2.7 2 .7  27.0  3 14.0 10.3 114.8 9. 14
11 2.7  2 .7  32.0 35.0 10.3 15.0 10. 6,

12 14.3 .0 27.0 —— 11.5 114.~4 11.3

27 .0  38.0 5 .7 114.7 12.1

114 1 4 . 3  ~i .O 3.? .O —— 11. 14 114.8 11.2

15 14 .~~ 
)~•Q 32.0 143.0 9.2 15.1 12.1

— —- •~~~~~~~~ 
~
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_
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T;rl ’le 2

h i : : : :  I r um ” P i y r  S— 6 5B ,  Baff le  Block Te::l,::

Averap -e Veloc i t i e s  Taken
B a f f l e  l1 ) u : t c  1 r p - l ocat ion  1 ) ’ ) w n u —  above End 11111
Block l ’ ; r ’ L w r ’ e a  ::t ,x -eam of ‘1 00 (St e  0+83 1)/5)

Desip -n  Hr I O I u t  Blocks I :yt , Row 1 us d Row El : ‘  ~~. 0 El 15.5 El 22 .0
Type ft ft ft I L  I t/ : :r ’ s  IL/ ::ec f t/ sec

1 - -  -- -~~ -- 17.1 13.7 0.7
2 3.1 14 3.1 14 29 .0  —— 12.0 114.8 11.1

3 3.114 3.114 2 14.0  —— 12.2 114 .3 10.9

14 3.114 3.114 214.0 32.0 10.7 114.8 11.9

5 3.114 3.114 29.0 37.0 19.3 15.14 11.9

6 3.114 3 .l ~m 3 14.0 142.0  10.0 15.2 11.6

7 3.114 3.114 314.0 —— 11. 14 114.6 10.6

8 2.75 2.75 29.0 —— 12.0 114.5 i u . 6

9 2 .75  2 .7 5  214 . 0  —— 12.0 llt . 14 10.9

10 2.75 2.75 314.0 —— 11.9 114.5 10.14

11 2.75 2.75 314.0 141.0 10.5 15.1 11.1

12 2.75 2.75 29.0 36.0 10.3 15.1 11.6

13 1 .75 2.15 214 .0 31.0 10 .6 15.0 11.8

l~4 ‘l.( ( ‘ 3.67 29.0 — —  11.3 114.8 11.5

15 1.67 3.66,’ 214.0 — —  11.7 114.7 11.7

16 ‘;.61 3.67 314 . 0  — —  11.1 15.0 .11.2

11 ‘3.67 3.67 19.0 38.0 10.0 15.2 12,6

18 ~~~ 3.67 214.0 33.0 10.6 15.0 12.6

19 ‘-1.67 3.67 314.0 143.0 0.5 15.3 11 .3

20 14 .140 14. 14Q 1’9.O —— 11.0 114.9 11.9

21 14.140 14.14O ~“ 14 .o —— 11.5 114.6 11 .0

22 14.140 14.)4o 314 .0 -- 10.1 15.2 12.2

23 14.140 14 .140 ~“ .0 140.0 10.1’ 114.8 12.9

214 14 . 14o 1~.)4Q 214.0 35.0 0.7 15.3 13.5

25 14.140 14 .140 314.0 1414.0 9.2 15.7 13.6

• :~~~~~~‘
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In accordance with letter from DAEN -R D C , D A E N-A SI  d ated
22 Jul y 1977 , Subject: Facsimile Cata log Cards for
Laboratory T e c h n i c a l  Publications , a facsimi le catalog
card in Library of Congress MARC format is reproduced
below . -

Turner , Herman U
Kissimmee River s t ruc tures , C e n t r a l  and Southern Florida

Flood Control P r o j e c t ;  h ydrau l i c  model i nves t i ga t ion  / by
Herman 0. Turner , Jr , Glenn A. Picker ing.  \‘icksburg. Miss ,
U. S. Waterways Experiment Station ; Spring field , Va . avail-
able from National Technical Information Service , 1979.

29 p ., 37 leaves of p lates : i l l .  ; 27 cm . (Technical re-
port - U. S. Army Engineer Waterways Experiment Station
H L - 7 9 -4 )

Prepared for U. S. Arm y Eng ineer District , Jac ksonv i l l e ,
Jacksonvi ll e , Fla. , and South Florida Water Management
District , West Palm Beach , Fla.

1. Central and Southern Florida Flood Control Project. 2. Con-
trol structures. 3. Flood control -- Florida. 4. Hydraulic
models. 5. Kissimmee River . I. Pickering , Glenn A. , joint
author. II. South Florida Water Management District.
Ill. United States. Army. Corps of Engineers. Jacksonville
I ) i s t r i c t .  IV. Series: United States. Waterways Experiment Sta-
tion , V icksburg . Miss. Techiucal report ; HL-79-4.
TA7.W34 no .HL-79-4
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