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PREFACE

The model investigation reported herein was authorized by the Office,
Chief of Engineers (OCE), US Army, on 19 July 1982, at the request of US Army
Engineer District, Huntington (ORH),

The study was conducted by personnel of the Hydraulics Laboratory, US

Army Engineer Waterways Experiment Station (WES), during the period August
1982 to December 1983 under the direction of Messrs, H. B. Simmons and F. A.
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Herrmann, Jr., former and present Chiefs, Hydraulics Laboratory, and under the
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A

general supervision of Mr. J, L. Grace, Jr., Chief, Hydraulic Structures Divi-

e

sion. Tests were conducted by Messrs. R. A. Davidson and T. E. Murphy, Jr.,
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Locks and Conduits Branch, under the supervision of Mr. G. A, Pickering,

»
&

2

Chief, Locks and Conduits Branch. This report was prepared by Mr. Davidson

N RR)
y f

and edited by Mrs. Nancy Johnson, Information Technology Laboratory, under the
Inter-Governmental Personnel Act.

Messrs, D. Armstrong and G. Drummond of the US Army Engineer Division,
Ohio River, and C. Vandervelde, K. Crisp, K. Waddell, W. Barnes, and
R. Spurlock, ORE, visited WES during the study to discuss test results and to
correlate these results with concurrent design work.

COL Dwayne G. Lee, CE, is the Commander and Director of WES.
Dr. Robert W. Whalin is the Technical Director.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

ot

Non-SI units of measurement used in this report can be converted to SI

f?f'

(metric) units as follows:

AN R
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Multiply By To Obtain
cubic feet 0.02831685 cubic metres

degrees ’angle) 0.01745329 radians
feet 0.3048 metres

N
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inches 2.54 centimetres

ety A
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miles (US statute) 1.609344 kilometres
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PART I: INTRODUCTION

14

e
A

Project Description

UNEYRETE P
)

1. The Gallipolis Locks and Dam, constructed in 1937, are located in
the Middle Ohio Valley at Ohio River mile 279.2, about 14 miles* downstream

‘. ." .l
N e

from the mouth of the Kanawha River (Figure 1). The navigation pool extends E{ii
41,7 miles up the Ohio River to Racine Lock and Dam and 31.1 miles up the Efi
Kanawha River to Winfield Locks and Dam. The normal pool elevation is :5:
538.**% The Gallipolis Dam is a high-lift, nonnavigable gated structure. ";f
Because of the location of the locks on an inside bend, the orientation for h;;
approach channels, velocity currents in the river, and the design of the :JE
approach walls, entry of downbound tows into the lock is hazardous and time ;;

ot

consuming during periods of high flow. As a result of increasing traffic and

A
tow sizes, these locks have become a serious problem to vessel movement on the e
VW
Ohio River. Replacement locks will be constructed in the near future to al- N

& 5

leviate these problems. The proposed replacement locks are to be located in a

P
v

canal on the West Virginia side of the river directly east of the existing

-‘J'

lock (Figure 2). The flow from Flatfoot Creek that presently empties into the

Pl

“n a Ny

Ohio River downstream from the existing locks on the West Virginia side will

a s

be directed into a new channel upstream from the replacement locks.

»

NN Y
l"

A
. ¢

2, Two alternatives for filling the locks were considered. Alterna-

tive 1 (Figure 2a) consisted of filling the locks from an intake structure ﬁ}:
located on the river side of the island. The structure would contain three ;;}
intake passages for filling the main lock and an auxiliary lock. A single iiﬁ
barrel entrance would be provided for each intake culvert. Trf
3. Alternative I1 (Figure 2b) consisted of an intake canal extending f;?
P

* A table of factors for converting non-SI units of measurements to SI f\}
(metric) units is presented on page 3. Qﬁi

**% All elevations (el) cited herein are in feet referred to the National
Geodetic Vertical Datum (NGVD).
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from the river to the proposed guide wall. Two filling culverts would have
ported intakes located on the riverward face of the proposed lock guide wall,
and one filling culvert would have a ported intake located in the filling

canal.

Purpose of Model Investigation

4. A model was considered necessary to determine whether or not vortex

formation would be a problem in either of the alternate filling schemes.
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PART I1: THE MODEL

Descrigtion

5. The model, constructed to a scale of 1:25, reproduced approximately
2,500 ft of the Ohio River begimnning 1,800 ft upstream of the existing lock
guide wall (Figure 3a). Approximately 250 ft of the width of the river was

reproduced. Portions of the model representing upstream topography, approach,
exit, and overbank areas were modeled of cement mortar to sheet metal tem-

plates and were given a brushed finish.

6. Two different alternatives for filling the locks were tested. The

[
.
[

alternative I filling scheme consisted of filling the locks from the river

s
2t
(e

through long culverts. Approximately 310 ft of culvert was reproduced. The

intake structure and culverts (Figure 3b, Plate 1) were constructed of

KRR
5 4 Y

plastic. s
7. The alternative II filling scheme consisted of filling the locks SEE

from a ditch (Figure 4a). Two intakes were located on the riverward side of :2;;

the new lock approach wall, and one intake was located in the filling ditch E:Ef

(Figure 4b). The intakes were constructed of plastic and sheet metal, and the
conduits were constructed of plastic. The intake tower and the new lock

approach wall were constructed with plastic-coated plywood.

Model Appurtenances

8. Water was supplied to the model through a circulating system. The R
headbay and tailbay of the model contained a skimming weir that maintained
essentially a constant upper pool during filling operations. The filling

curves of the locks were reproduced by placing computer-controlled actuators

at the end of each conduit. Dve and confetti were used to study subsurface pf;
and surface current directions in the approach, particularly in the vicinity G;;
of the problem near the intakes. Steel rails, set to grade along both sides l;?
of the model, provided a reference plane for measuring devices. Vel«cities 5§i
were measured with a current and kent meter. ;j:{
9. Discharges through the model were controlled bv means of venturi iﬁia

and orifice meters. Certain flow conditions in the model were recorded o
photographically. S&;:.
. i
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Scale Relations

10. The accepted equations of hydraulic similitude, based on Froudian
relations, were used to express mathematical relations between the dimensions
and hydraulic quantities of the model and prototype. General relations for
transference of model data to prototype equivalent are presented in the fol-

lowing tabulation:

Model to Prototype

Dimension* Ratio Scale Relation
Length Lr = L 1:25
Area A = L2 1:625
T r
Time T = LI/2 1:5
T r
Velocity VvV = LI/2 I:5
T r
Discharge Qr = Lzlz 1:3,125

* Dimensions are in terms of length,

11
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PART III: TESTS AND RESULTS

11. Tests were conducted to determine if any air-entraining vortices
would form at the entrance to the intake structure during a filling operation.
The hydrographs for filling the locks were furnished by the Huntington Dis-
trict and are shown in Plates 2 and 3. Also, if a vortex was found, modifica-
tions were made to alleviate the problem. Two alternate filling schemes were

tested.

Alternative I Filling Scheme

12. The alternative I filling scheme consisted of filling the locks
from the river through long culverts. The intake structure contained three
passages for filling the main lock and an auxiliary lock (Figure 2). Several
different designs were tested in an effort to relieve the vortex problem. A
description and the results of each test are given in Table 1.

Type 1 design intake

13. Flow conditions with both a 2- and a 4-min valve time were observed
and found to be unsatisfactory. Approach flow was found to be unsymmetrical,
and this caused the majority of flow to concentrate along the side of the
approach area. Flow conditions were documented photographically and are shown
in Photo 1. Also the intake approach walls did not begin at the intake struc-
ture's abutments, which caused severe vortices to form at the intake structure
(Photo 2). Velocities measured in the approach are shown in Plates 4-6,

Alternate wall design

14. Tests of different approach wall positions were conducted in an
effort to reduce the severity of the vortices at the entrance to the intake
structure. The wall alignment, designated as the No. 2 wall in Plate 7, was
found to be the best design. This wall reduced the severity of the vortices

(Photo 3) and improved the approach conditions (Photo 4). However, the vorti-

ces were still present. ht
Alternate intake designs 5:&;
15. Various modifications to the intake structure were tested in an ;iis
effort to reduce or eliminate the vortices. These tests were conducted with EE%F
"

both the No. 1 and 2 wing walls in place as described in Table 1.
16. Tests were conducted with gridded bar racks having 1- by 2-ft

12
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openings positioned in the proposed stop log recesses. This design, desig-
nated as type 2 design intake (Plate 8), eliminated the air-entraining vorti-
ces (Photo 5), but the small grid openings would require periodic cleaning.
Thus, this design was not considered feasible,

17. Extensions 10 ft long placed on the center piers, type 3 design
intake (Plate 9), did not decrease the intensity of the vortices (Photo 6).

18. Vortex suppressor plates were installed at the same elevation as
the roof of the conduit and were extended upstream over the full length of the
intake piers, type 4 design intake (Plate 9). This design eliminated air-
entraining vortices (Photo 7) but did not provide access for cleaning the
trashracks; therefore, the type 4 design intake was not considered to be a
feasible solution.

19. Tests conducted with types 5, 6, and 7 design intakes (Plates 10
and 11) indicated little improvement in eliminating air-entraining vortices
during filling operationms.

Recommended design

20. Vortex suppressors were installed at the same elevation as the roof
of the conduit and were extended upstream 17 ft along the length of the intake
piers. The vortex suppressor had a thickness of 15.4 ft. This design, desig-
nated type 8 design intake (Plates 11 and 12, Photo 8), eliminated the vortex.

21. The invert of the approach channel from the intake to 50 ft up-
stream was graded to el 490 and then extended upstream on a 1V on 3H slope to
el 501 (Plate 13). Approach wing walls were installed in position No. 2 at a
30-deg angle. A dike was placed between the old lock approach wall and the
mooring pier immediately upstream of the old lock approach wall (Photo 9,
Plate 13). Flow conditions were documented photographically and are shown in
Photo 10. Without this dike in place, small vortices occurred during some
runs (Table 1). But with this dike in place, the air-entraining vortices were
completely eliminated during filling operations. Velocities measured in the
approach area are shown in Plates 14-16.

Log boom

22. Log booms constructed of 1- by 2- by 20-ft timbers were tested in
the approach area to the intake structure (Photo 11) to determine if ice could
be kept from entering the approach area to the intake structure during a fill-
ing operation. Simulated ice was placed upstream of the log booms and allowed

to flow downstream during a fill operation (Photo 12).
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23. The ratios of cable length to chord length (straight-line distance
from one end of cable to another) used in successful boom designs have varied
from 1.06 to 1.25. A cable to chord ratio of 1.15 was tested and found to be
95 percent effective in keeping ice out of the approach area during a filling
operation. A cable to chord ratio of 1,06 was also tested and found to be
99 percent effective in keeping ice from entering the approach area to the

intake structure during a f£fill operation.

Alternative II Filling Scheme

Original design (type 1
design approach wall)

24, The alternative II filling scheme involved filling the main and
auxiliary locks from the river through a ditch (Figure 2, Plate 17). The
location of the three intake structures is shown in Photo 13. Flow conditions
were observed near the intake during the filling of both the main and auxil-
iary locks simultaneously. The 4-min valve opening time caused a more severe
condition in the model than the 2-min valve time. Therefore, all tests were
conducted with a 4-min valve opening time. An upper pool or river stage of

538.0 was maintained during the tests. Flow conditions were documented phcoto-

A

87 e e
s

graphically and are shown in Photo 14. Velocities measured in the ditch are

E A

-

AR

shown in Plate 18.

g
7

A
A7
o Y e

5

l-

25. With the 4-min valve opening time, air-entraining vortices formed

at the intake tower (Photo 15). WNo vortices formed at either of the wall

)

intakes.
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Alternate designs

26. Several different approach wall shapes, lengths, and positions

%

*

(Plates 19-22) were tested in an attempt to alleviate vortex formation at the

haie
o %

L’

intake tower. Results of tests with various designs are described in Table 2.

As shown in from this table, some of the modifications were successful in

~

eliminating air-entraining vortices while others were not. ?f:
Recommended design :-::-:
27. The type 11 design approach wall (Plate 19) was considered the best :ﬁ:}
design of all the approach walls tested. This design included a quarter of an ::::
ellipse with a major axis of 90 ft and a minor axis of 46 ft placed "
immediately upstream from the intake tower (Photo 16). No air~entraining ‘3:
” ,i;.

':_.-::.-
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vortex formed during any part of the filling operation (Photo 17). The trash-
rack guides caused a slight disturbance of flow near the face of the intake
tower, but this was not considered objectionable and did not cause an air-
entraining vortex to form. A layout of the recommended alternative II filling
scheme i1s shown in Plate 23. Photographic documentation of flow conditions 1in
the ditch using the type 11 design approach wall during a filling operation
can be seen in Photo 18. Velocities obtained in the ditch are shown in

Plate 24,
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PART IV: DISCUSSION OF RESULTS AND CONCLUSION

28. Model tests were conducted to determine if there would be a problem
of vortex formation at the intakes of the proposed locks. Observations of
flow conditions with both alternative I and alternative II filling schemes
showed that a vortex problem would exist in either of the alternate filling
schemes as originally designed.

29. 1In testing of the alternative I filling scheme, it was observed

that several factors contributed to the formation of severe air-entraining

vortices:

a. The flow entering the intake structure was unsymmetrical.
b. The intake approach walls did not begin at the intake abut-

ments, thereby causing water to swirl around the abutments.
c. There was not enough submergence for this intake design.

30. As a result of the testing ol several intake designs and different
approach wall positions, a design that eliminated all air-entraining vortices
was developed. The invert of the intake was lowered from el 505 to el 490.
The invert of the approach channel from the intake to 50 ft upstream was
graded to el 490 and then extended upstream on a 1V on 3H slope to el 501, A

15.4-ft-thick vortex suppressor was placed at the same elevation as the roof

of the conduit and was extended 17 ft upstream along the intake piers. The 5_
flow entering the structure was made more symmetrical by starting the intake S;f
approach walls at the intake abutments and by placing a dike upstream of the N
existing lock guide wall. Ei;i
31. In testing of the alternative Il filling scheme, it was observed ;E&ET
that during a filling operation the water swirled around the sharp corner of ::::'

the upstream front face of the intake tower, causing a severe air-entraining ’
vortex to set up during most of the fill, Et&(
32. As the result of testing several different approach walls, in an ;Eis
attempt to streamline flow along the face of the intake tower, a design that E:::
eliminated all air-entraining vortices was developed. This design included a 2@::
straight vertical wall and a quarter of an ellipse with a major axis of 90 ft f{_g
and a minor axis of 46 ft immediately upstream of the intake tower. f :}
N

)
%

(¢
(4

16

'ia

X

4

1*\- -
o

RIS

W

(Ve MG C Vo = "_.. et AT TN R IR LG LTI . ORI . NS e
$N”N§ﬁﬁ AT A A R T T T A N N AT
o ¥ . iy 5% o o - B




S AN, ......| .. v..........:... . .-r o r\....,.\..\... - ......-..&. s 2 Ma Fada e »&.—. X RARRAABRS Graras ..vu I AT Wl g .a\...m..mn\..n\..».-nw
(s 30 1 3934Sg) { 23B1d 3935 4
(peonutauo)d)

‘unx 3sal
yoea Bulanp swil ayiy jo
juasiad (g pal1xnddo SaVII
-loa Sujureijua-aie adie] 0°106 Ing 9¢ 1 adAg Y
‘uni
3523 Yoea jo {yiZua] SIATIUI
aYy3 3Isowle pa3linddo S3IDII
-10A Sujujeiiua-ie adie] 0°50S ing 9¢ 1 °dfL 9
‘uni
31833 yoea Jo yidua[ ay3l jo
jsouw Sujanp paiinddo SIDII
-I0oA Sujuieajua-aje 9die] 0°66Y ang o€ 1 adA&g €
*uni
31833 Yoea 3o {|i3ua] 31FIud
9yl 3ISOW[E PII1INIdO0 SIVII
-10A BUTUFEBIIUI-ITE IABAIS 0° 106 Ing (419 [ ad4L A
‘uni
31823 yoea jo yidual aifus
2y 31Sow[e palinddo SIDI3I (1 @314 ?3S)
-J1oAa BUTUIBRIIUI-ATE JI9ADS 0° 606 IinQ 0t 1 ad4yL 1
S3U3UWOY ajeaju] #8-1 ST19D No ﬂo u3disag *ON
ajeau s
¥ mewmwuﬂm WEP123J0D 7 -oN UOTITSOd sl °ON UOTIFSOd AEatl 158l

Bap ‘a78uy [1BM 3UIM

0°8€S 1@ 100d

paadg @A{Ep UTW-Y PUB -g ‘paisal Sudysag je3u] jo SITnsS3y

awayd>g BUT[IFd 1 2AFIBUIAITY
1 31qeL

.,
1]

.-f.‘f\. \"_\.F

-
-

Pay
)

:Q?*.

u,

._} -

.

-;', .

-

MNP

e, W P ] Y e I
l’!‘to AU L% |‘ nv. oy .-a w

% V'

(N M A

Y

A .
'c.l" l"‘l'v‘l‘q A Al



A WL n:ﬂ

o Ll RS B DRI TR b o L LR
Ry SRl 22855 A XA T A
(S 30 T 3993ys)
‘uni (panuriuo))
3193 yoes jo yidua] aafiu’
8yl 3sou[e Ppalinddo Sadf] (6 23814 @93S)
-10A 3u} .JRIjUB-ITR B1IIAIG 0° 606 nQ 0¢ ¢ ad4g Z1
*uni 3s331 Aue
3ulanp paujeijua Sem I[e ON 0°S0s ng 9¢ ¢z edAy 11
*uni 3se3
yoea 3ulanp aumil ay3j jo
juasiad Q¢ peiandd0 SadI (8 23eTd 23%)
-10A 3ujuleajula-ife TlBUg 0°S0¢S ang 1]9 7 @dAl 01
*suni
3sa3 a8yl jo 3juadaad Q] 1IemM 1eIndafo
8uianp paiandd0 Sadf] snfpey 313-009
-10A Bulufeijua-iale [leus 0°S6Y ang 9¢ 1 2d4A1 6
*sunx
3523 ayj jo 3uadiad g 1Iem 1eINDIID
3uTanp paiindd0 Sa3dI3I snipey 3I3-009
-10oA Sufujeijusa-ije [IeBUS 0°106 ul 9¢ 1 ad4g 8
*suni 3$a331 9yl Jo 3juadiad ¢ 11em 1eINO1D
Sutanp paiinddo SIOTI sniped 331-009
-10A Bujujeajus-ile [eug 0°S6Y uf 9¢ 1 2d43 L
‘uni 3833
yoea 3Jupinp swi3 a3yl jo
juadiad Qg pea1inddo Sa3III
-10A 3ujujeijua-IfER [TBUS 0°S6Y Ing 9¢ 1 ad4g 9
S3UBuWOoY) aelul 8-1 SI19) No ﬁ® udysaqg *ON
jo GMMMM>uHm wepiajjo) 2 ‘oN UOTIFSOd -oN UOT3SO4 ajeju]l 31591
FrontI 3op ‘a13uv T1en SuiM

(panurauo)y) 1 21qel

LA

o

Pt T

.‘J \"‘H

.';_J‘.' -

bl
[

~
A
~
\J
’
~
.l’
»
. v)\




r v o Y 7 > i . B LA ¢ 5 4] SN . el 5 P77 ’ v L T
Al BNRPENAAAI b AT I WA b SRR SRS ER A A AS ARRAFAAE . S aniiseat SIS \.».-..-.‘.P..'-\..‘:A AR AR St -s.\.-.-.....-.. LA

(S 30 ¢ 13193ysg)

(panutiuo)) .
*sunl 3s33 a3yl jo
juadiad ; Ul pPalInddo SaNI1
-10A Suiuleajua-1fe [lews 0°SeY ang 9¢ g adA] 61 .
‘sunl1 3$93 3yl 3O Ju3ad ”
-iad gg uf pa1InId0 SIVII ;
-loa Bujureijud-1Ie TIeBWS 0°10$ ang 9¢ g adA]L 81
*suni m
31833 9yl jo 3Juadiad ¢g .
$ 3ujanp paiindd0 S3DI3} R
-10A SuyiuleilUa-ATER TTeUS 0°506 Ing 9¢ g 3d4] L1 '
*unli 31say “
yoea Sujinp paiinddo S3DI] (01 ?3eTd 99S) :
-loA Sujuleajua-iye [leus 0°S06S ang 0¢ 9 ad4} 91 )
o
‘uni 3s33 H.
yoea Sufinp palianddo S3DI] mw
-10a Bujuleilue-1ie TleRUg 0° 106 Ing o€ ¢ adiy Sl "
o0
‘uni 3s93 "7
yoea Sufranp paianddo SIaIVFI (01 @314 295) w
~l10A 3ujureijus-ile [leug 0°S0¢S ng 0¢ G adil 71 nﬁ.
N
‘uni 3593 Kue Bug (6 @381d 23§) uw
~Inp pauleilud sem 1ITE ON 0°50S ng 9¢ v adf] ¢1 w&
S3U2WLo) ERCEL g8-1 STT9) No ~® udisag N T;
JO UOT3IBAITY  Wepiajjon 2 *OoN UOTITSO4 [ -oN uotItsod je3u] 383} mﬁ
311 3op ‘s13uy LIeM BUiN A
. (penujrjuo)) 1 2198l )
- - [ e - - » e e B h WS B x .- B e SIS, ¢ o o 1PN e o = _le ] \‘



- - s Lokeiat L e A
1% h) -IJ . -J.-- ol .- --.\-\- 4 AR -n-n-.- K , .uu..!:..\cnn-‘
NG BRSSO YN Y BRERR)
(S 30 ¥ 399Yys)
H. (panujiuo))
3 ‘suni 3s93 ayi jo
3 juadiaad / uj paiindd0 SIDII
1 -i0A Suiule1jua-iTe [leus 0°06% ul 0¢ 9 adil 9¢
w *sunl1 3s93 3yl Jo 3uad
5 -13ad Q¢ uf pPaiindd0 SadI3
3 -10A Jupureijus-ilE [[BUS 0°G6Y ng (1]9 g9 adLg G2
s *sunl 3593 3yl JO uad
b -1ad Qg Ul paiindd0 S3IDF]
w -1oa 3ujufeijus-aje [leus 0°50¢$ uy (1]9 g ad{g %2
b -sunl1l 3S$33 8yl JO 3uad
. -13d (G Ul pPa1anNd20 S3IY]
2 -10A 3ujuleIjUS-ITE TTEWS 0°60¢ uy 0 9 adfg €z
e ‘sun1 3S$a3 3yl JO 1uad
- -18d Q¢ UJ Pe1andd0 SIDII
-loA 3ujufeajus-iaje Jlews 0°S0S ul €1 9 adAg YAA

) ‘suni 3s93 9yl JO 3Juad
: -13ad Q¢ Uf PaiINdO0 S3II]I
- -l1oA 3ujuleljus-1fe [TEWS 0°G6% ang 9¢ 9 adi] |4
“ *suna 3sa3 ayal jo
> juasiad ; uj paiindd0 SIIII
: ~10A 3uTuleijua-iIfe TlEBWS 0°G6Y ujy 9¢€ 9 adLy 0z
: S3Uaummo) ajejul g8-1 STI®)D N@ ﬁc u3ysag *ON

¥ umwwmmoam WEPI23300 . .oN uoyarsog | ‘oN uojaFsod AFIVL 382l

Fop ‘a13uy 118M JUIM

(penutauo)) [ 21qel




g = ~ s .

N B AU (’,. A_...“-l..v-nlnv..v . o AR P L e Y S OO PR R T ., LARARAE ....uﬁwt . .-\-‘-U _....-.....-....-. . i‘

' (6 30 G 13933yg)

v ‘unl 3say

Aue uy padoywaap sadI2 (pPapuaumoday)
p -10A 3ujureljud-iIlE ON 0°06Y ug 0¢ g adAl £¢
L ‘sunl 3Sa3 3yl Jo 3uad
-13d Q] uf pa31indd0 SadI3 (Z1 23e1d 23S)
. -1oa 3utujeijual-ife [Jeug 0°06% ang o€ g 2dAlL (¢

*sunl 3sa3j 9yl Jo 3Juad
-13d Qg UF peaIndd0 SadII
-30A 3ulufeijus-1le [[eus 0°'06% uy 0¢ [ °dAy 1€

‘suni 3S$33 ¥yl JoO 3uad
-13d pgg ufl paiiandd0 S3IVI3
-1oa 3ujuieijua-iTe TIeuWS 0°G6Y uy 0¢ L 2d&k] ¢

*sunl 3Sa3 3yl jo 3uad
—1ad (] ur paiinddo S3III

3 -l10A 3ujuieljua-ife TleUg 0°10$ uy )] ( 3ddl 6
P *suni 31833 2yl JO 3ua3d

? -13d Q¢ uf paiinddo S3IT3I (11 23814 @29°S)

Y, -ioa 3ulureajua-aJE JleWS 0°S0S ujl 0¢ [ 2df] 8¢
E ‘suni 3saj 9243 JO Juad

: -13d gz ul Ppa1inddO SV

E -10A 3ululeRIjUI-IJE [BUS 0°06Y ng o€ g adAl /27
2 Sjuaumo) ajejul 8-1 ST1I?2) Z 1 udysag °ON
. Jo uoljeanalj wepiajjo) © © aje3ju] 31s3]

Z °ON UOI3T1S0d ] °ON UOF3IFsogd
3ap ‘a13uy [T1eM 3uiM

4 J193AU]

(papniouo)) 1 ?3IQel

..ef)'..."u. 1o . e \u.\-i,c' “EXL A Pl R gt ohS 1 AR IS “V\d.-.qll,_ -;11-&--. PERRE S .wl -n-\L -nuznlnl..




NIRRT AR

(%

LS \-- -V J \.\.. .-'o.s.\-.
. LR

.....\. E .xﬁx\w o

. .ex...vef R R

R 48
ﬁ\.r\wﬁw. b

*suni
3931 8yl jo uadiad ¢| uy pawio}
X2310A 3ujulBIjUI-ITE | ]BUWS

*suna
3583 8yl jo 3juadiuad G| uj pawioj
X3310A Bujujeliula-l1le [[RWS

‘duicjeajua
Ite 3alam auouU 3Ing :funit 3Sal yodea
durinp palinddu $3d}3loa [[eBUS

*sunl 3$93 3yl jJo 3uadiad Qg
dulinp S3WI) [B1aA3S pawio}
¥33l1oAa 3ujulellua-ije ]leus

*sunl 3saj 3yl jo 3uadiad Q¢
3utinp sawl3 [EB13A3S pamio]
Xa2310a Bujujeijua-1fe T[euws

‘uni
yoea 3ujinp awf3l ay3l Jo 3uad
-1ad Qg p31indd0 xa310A 33iey Y

S Juaumo)

AUWSCﬂuCOUv

3ujpuels aaiy

3ujpuels 3aay

3dutpueis 31y

3urpuels 3213

3urpueis a’3iy

3uoN

*19m0)

aje3uy ay3 jo weaijsdn L7ajejpaumy
pace[d aiam 3J Q9 JO SIXE 10UjW B pue
33 06 Jo syxe iofew ® yifm asdy[[a ue
jo 1s3ienb e pue [1em 3ydie13lS IJ~Q1 V

*13Mm03 aeIUT

2yl jo ueaiisdn A1ajeppasumyj padeld sem
33 09 3JO SIXE 10oUTW B PUB 3] (Qf JO SIXE
Jofew e yiym asdyyre ue jo 1e3aenb y

*l1amo3 ae3uUl
ay3 3jo weaiysdn L[a3epaum] S3Fi1a3s
uyl padeid sem [lem IY3fe1lS 3II-05 V

*12M03
9)ejul ayl jo weailysdn A[ajeypaumny
padoeld sem 1Tem 3y31e1as 33-QG V

*13m03 @je3jul 3yl jo

meailjsdn A[ajejpaum} pase]d sem Snypel
13-0€ ® YIFm Jlem a[d1}o-1331enb y

‘ugdisap (eurdiig “[1em yoeoadde oN

9 adLg

G adAig

y ad4iy

¢ adAg

7 3d&1

1 ad4y

11eM Jo adA}

uot3idiaossag

u3disag 11eM
yoeoaddy

0°8ts T2 To0od

paadg aATep UTW-% ‘Pa3Sa]l su3isag [IeM yoeoaddy jo s3Tnsay

3mWayds FuTTTId I1 2AT3Ieulally
¢ 21qel




. e ~ ~ . = . ~a g . e kN s nn 4 Py ’ i 9
DR M I yttlll 2 - -r-‘-fff-(-f x -.-.- -....-.ilqlr(ﬁ-!‘h--\\- bR r.-..?.-l'fﬁ..\. I P > QLS PN N

AL DT 0 A

*TIlem 3ydreass

33-0% B YaTm IamM03 @)eIUF 3yl 03 }oeq
pPaT31 sem [Tem 34l “TIem 310Ys SIY3

uo peodeJd sem TIem 1eINdifd-1ajienb
3J-¢ v uayyl ¢({lem STyl o3 uadue)
paoceld sem 1M 313J-7 V °d12M03 3BIUT
ay3 jo weaalsdn AJojerpaumuy padeid sem

*sunl 3s331 9yl jo Aue Ul ualas 33 gy JO SIXE JIoullWl B pPuB 1j (Qf 3O SIXE
Sem X93110A 3UTUFBIIUI-ITE ON 1104 1ofew & y3rm asdryle ue jo 193izenb y 11 3dAl
‘suni 3523 *I3M0] ¥jeyul
3yl Jjo Aue U] pauwlioj S$32T13i0A 3y3 jo weailsdn LTsjejpsuml} psdoeld sem
Sutureijua-iIe ON °*poaalas 317 09 3O SIXE I0UTW B puE 33J (6 JO SIXeE
~qO0 31am sadT3xoa aldutp IleBUS 1104 solfew © yaim asdyfie ue jo 1331enb y 01 @dAlL
*13M01]
‘suni 3s93 3je3ur ayl jo weairisdn A{ajeipauwmy
ays jo Aue uj pawioj SadT3I10A padoeld 21am 33 (Of JO SIXe Iouluw B pue
3utureljua-IfER ON °P3AI3sS 13 o 3o sixe iofew e yiim asdy{(s ue
-qo ai1am s9d73i1oa dTdwyp [Teus 1104 jo 1a3jienb e pue Tiem 3y3ieils 13-G7 V 6 9dAl

*13Mm01 3 eIUL
a2yl jo weailsdn L{ajerpaunny Safias uy
paoerd a1am 13 (Qf JO SIXE i0ujw ® pue

*suni 3s231 ayl jo juadiad g 13 0S 3o sixe iolew e yigm 3sdiyya ue
U] pawlo] X9310A 1je [Teuwg 3uipuels 991y jo aa3ienb ® pue [rem 3Y31e13is 33-¢7 V g adAy
*12m03
aYejuyr 8yl jo meaiisdn A[wierpomnt
*suni padr(d @21am 33 Qf jJO SIXE 1oulw B pue
18931 9yl jo 3juadiad ¢ uyl pawio} 13 o 3jo sixe iofem e yitm asdyy(s ue
X8310A 3ulureajua-ITER [lPRWS Buipuels 9¥31j jo zajaenb ® pue jlem 3y3ieiis 331-g¢| V L adAl
$juaummo) 118M jo adAl uotadyaossaqg ud1sag 11eM

yoeoaddy

(P3pnIdu0)) 7 3T9EL

i 2L 22 RIS PPrRIRNE: . FIEINE  WPRINARY (ST LL A SR [SPIRPDAT

- i - - e




i R%e g ala Rt Atg Rig £%, gtg Lo gta §ie )

il"

St
N

4 | B A g
r ‘:.'l-s"'."-.“-. .

o

~ >
R

Id

k"l\‘.\

R I

e
k4

HT v T .

4 ‘e
l.:l /1

s
'-
U

Pl Y}
l‘l_l{

Ll

S

* a e
v
LA

=
*-f'l

b. 2.0 min after filling started
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Photo . Surface currents during filling operation; type 1 design
intake, time exposure 5 sec, upper pool el 538.0 (Continued)
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Photo 2. Type 1 design intake *

Photo 3. Type 2 design approach walls
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c. 4.0 min after filling started

Photo 4. Surface currents during {{1ling

operation; type | design intake structure,

wall position No. 2, time exposure 5 sec,
upper pool el 538.0 (Continued)
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8.0 min after filling started

Photo 4. (Concluded)
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Photo 5. Type 2 design intake

Photo 6. Type 3 design intake
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b. 2.0 min after filling started
Photo 10. Surface currents during filling operation; type 8

(recommended) design intake, time exposure 5 sec, upper pool
el 538.0 (Continued)
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e. 8.0 min after filling started

Photo 10 (Concluded)




Photo 11. Log boom

Photo 12, Tce flow during fi11ling operation
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a.
Surface currents during filling operation; original design,
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a. Before filling started

b. 2.0 min after filling started

c. 4.0 min after filling started

Photo 18. Surface currents during a filling
operation; type 11 (recommended) design ap-
proach wall, upper pool el 538.0 (Continued)
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d. 6.0 min after filling started

e. 8.0 min after filling started

Photo 18. (Concluded)
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