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FOREWORD

The hydraulic studies reported herein were conducted in the Hy-
draulic Laboratory of the U. S. Army Engineer District, Los Angeles,
during the period 1956 to 1962. Preparation and publication of the re-
port were authorized by the Office, Chief of Engineers, in a letter
dated 21 August 1969 to the Director, U. S. Army Engineer Waterways Ex-
periment Station (WES), Vicksburg, Miss.

This report was prepared by Mr. D. A. Barela, Hydraulics Section,
Los Angeles District, under the supervision of Mr. A. Robles, Jr., Chief
of the Hydrology and Hydraulics Branch. Certain portions of two ear-
lier reports entitled "Channel Transition for East Twin and Warm Creeks"
and "Transition for Chino Creek Channel," by the Los Angeles District
Office, dated August 1961 and October 1962, respectively, are inclosed
as Appendices I and II to this report. The material presented in Ap-
pendices I and II is supplementary to the material presented in the main
report. COL John V. Foley, CE, was District Engineer during publication
of" the report.

The report was reviewed and published by WES.
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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 25.4 millimetres
feet 0.3048 metres
miles (U. S. statute) 1.6093kk kilometres
feet per second 0.3048 metres per second
cubic feet per second 0.02831685 cubic metres per second
pounds (mass) 0.4535924 kilograms
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SUMMARY

Model investigations to determine the adequacy of the theoretical
design of four rock-lined transitions in providing the desired boundary
roughness for reducing velocities from supercritical (rapid) to sub-
critical (tranquil) are reported herein. Satisfactory design was de-
veloped for each project. Dumped-stone requirements in the transition
were determined.

The investigation of each rock~lined transition was concerned with
its flow conditions in the approach channel, the performance of the
energy dissipator, the adequacy of the boundary roughness, and the mag-
nitude of scour in the earth channel downstream from the transition
structure.
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ROCK-LINED TRANSITIONS

Hydraulic Model Investigation

INTRODUCTION

1l. The problem involved in the design of rock-lined transitions
is to effect locw velocities and prevent scouring by developing a design
that provides reasonably uniform and nonscour flow velocities along the
bottom and side slopes of the downstream channel.

2. This report presents the results of four laboratory tests con-
ducted with hydraulic models of rock-lined energy-dissipating transi-
tions. The model studies were conducted to verify the effectiveness of
each proposed design and to develop any necessary modifications to ef-
fect acceptable flow conditions. Each model reproduced a portion of
the approach channel, the rock-lined transition, and a significant reach
of natural wash downstream from the transition structure.

3. A discussion of the reach of the prototype structure as con-
structed in the model, followed by a description of the model, the se-
quence of tests, and the test results of the four hydraulic models are

presented in this report.

PURPOSE OF STUDY

4. The purpose of the model studies was to observe and analyze
the performance of four rock-lined transitions in order to determine
their proper design. The main area and elements of concern which had to
be investigated by the models were the flow in the simulated concrete
reach, the flow pattern in the transition, the effectiveness of the
boundary roughness of the transition lining in reducing velocities from
supercritical to subcritical, the outflow condition in the earth channel,
and the scour that would result to the dumped stone and earth channel

downstream from the transition structure.
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MODEL APPURTENANCES

5. Water used in the operation of the models was pumped from a
sump through a supply line equipped with a venturi meter to measure flow
rate. The flow from the supply line discharged into a forebay where it
was stilled by baffles prior to entering the model. After passing
through the model, the water returned by gravity flow to the sump for
recirculating. A tailgate installed at the downstream end of each model
was used to produce the required tailwater elevation. Wooden rails set
to grade alongside the model provided a datum plane for measuring de-
vices. Water-surface elevations were measured with a point gage and
velocities were measured with a Prandtl pitot tube. Selected flow con-
ditions were recorded photographically.

6. Before each run, water was slowly pumped into the area below
the end sill to a level equal to the natural tailwater elevation for
that run. This water cushion prevented disproportionate scour at the

beginning of each run.

SCALE RELATIONS

T. Hydraulic similitude based upon the Froudian relations were
used to express mathematical relations between model and prototype.
Model data have been transferred to prototype equivalences or vice versa
by the scale relations shown in Table 1.

8. Discharge, depth of flow, and velocity in the models can be
transferred quantitatively to prototype equivalents with the scale
relations. Scour in the models was analyzed qualitatively since it has
not yet been found practicable to reproduce quantitatively in the model
the resistance to erosion of a prototype bed material. The observed
scour data served as a guide for determining the reach of earth channel

that would require riprap protection.




Scale Relations

Tabl

el

Rock-Lined Transitions

Bautista Devil Tucson Trilby Wash
Creek Creek Diversion Basin and
Dimension Ratio Outlet Diversion Channel Outlet Channel
Length 1:48 1:25 1:%0 12018
Area = Li 1:2,30k 1:625 1:1,600 1:32k
E Dk
Velocity 1 1:6.93 1:5 1:6.324 1:4.243
’ S5/ ) . . e
Discharge =0 1:15,963 ks 3125 1:10,119 1:1,375
" e
Time = b 1:6.93 3:5 1:6.324 1:4.243
o auis
Roughness = Lr slRa ot 1bsal st 1:1.85 1:1.62
Volume = LE 1:110,592 1:15,625 1:6k4,000 1:5,832
3




BAUTISTA CREEK OUTLET CHANNEL

The Prototype

9. The Bautista Creek levees are part of a unit, comprising the
San Jacinto River and Bautista Creek levee project, under the general
comprehensive plan for flood control in the Santa Ana River Basin,
Calif,

10. The Bautista Creek Channel outlet, reproduced in the model,
is located in Riverside County near the community of Valle Vista in an
unincorporated area 5.3 miles* east of Hemet and 85 miles southwest of
the city of Los Angeles (Plate 1). The outlet channel, part of the
overall flood-control system for the area in Riverside County, will dis-
sipate some of the energy before it discharges into the existing natural
channel. The reach of channel upstream from the transition is an open
trapezoidal reinforced concrete channel that extends 103 ft downstream
from the Florida Avenue Bridge (Hwy TU4), sta 99+L40. The channel has a
base width of 25 ft, side slopes of 1V on 2.25H, and an invert slope of
0.012195.

11. The trapezoidal grouted-stone channel outlet extends from
sta 99+L40, the downstream end of the concrete-lined channel, to
sta 96+90. The channel diverges from a base width of 25 ft at sta 99+L0
to a base width of 87.5 ft at sta 96+90. The invert and 1V-on-2.25H
side slopes are revetted with 1000-1b grouted derrick stone. The trape-
zoidal ungrouted stone channel extends from sta 96+90 to sta 9L+LO,
where the invert width is 187.5 ft. The invert and 1V-on-2.25H side
slopes are revetted with 3000-1b ungrouted derrick stone. The invert

slope of the overall transition is 0.000500.

The Model

12. The model, constructed to an undistorted scale ratio of 1:48,

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page vii.




reproduced about 660 ft of approach channel and the 600-ft-long transi-
tion. A sand bed downstream of the transition simulated 800 ft of the
prototype area of the San Jacinto River.

13. The material used in constructing the model consisted of wood,
sand, and stone. The approach channel upstream from the transition was
constructed of timber and plywood. The joists that supported the deck
were attached to stringers by means of adjustable bolts. This facility
enabled the slope to be varied readily. The remainder of the model was
sand and stone construction.

14. To simulate the roughness coefficients of the prototype, cer-
tain adjustments were made in the model. Upstream from the transition,
supplementary slope was added. In the grouted stone portion of the
transition, the boundary roughness was obtained by cementing crushed
stone passing and retained on 1/4-in. and No. b sieves, respectively, to
the plywood decks and sidewalls. The ungrouted dumped-stone portion of
the transition was simulated by use of 3/L-in. crushed stone having the
same specific weight as the stone to be used in the prototype. Down-
stream from the transition, sand having a mean diameter of 0.20 mm was

used to simulate the riverbed.

Original Design

15. 1In the original design, the flare of the base width was 1 ft
in 20 ft for each side of the grouted reach of the transition and 1 ft
in 10 ft for each side of the ungrouted reach. The ungrouted stone in
this design had a maximum size of 3000 1b. The base width at the down-
stream end of the grouted reach was 50 ft, and the base width at the
downstream end of the transition or ungrouted reach was 120 ft. The
overall length of transition was 600 ft. The layout of the original de-
sign is shown in Photo 1. The design proved to be unsatisfactory for
this transition. Erosion in the ungrouted section began to occur immedi-
ately for the lower discharges. For the design discharge of 16,500 cfs,
the hydraulic jump began to form near the downstream end of the transi-

tion, sta 93+450. Flow observations indicated that the energy from the




flow was not diminished sufficiently while passing through the transi-
tion. The test indicated that the base width in the transition did not
flare out sufficiently to dissipate the energy before it reached the
natural wash. The water profile for the original design is shown in
Plate 2. Photographs of the flow conditions for this design were not
available. Excessive scour occurred adjacent to and downstream of the
transition (Photo 2). A hydrograph run produced the scour pattern shown
in Plate 3. The hydrograph had a peak discharge of 16,500 cfs as shown

in Plate L.

Alternative Design

16. The results of the original design indicated that greater
energy dissipation through the transition must be obtained. Tests were
conducted using different flares for the base width of the transition.
In this design, the length of the transition was the same as that of the
original design. The base width at the downstream end of the transition
was 128.33 ft. Photo 3 shows the model before the hydrograph run. With
this design, a discharge of 8000 cfs was reached before erosion of the
ungrouted stone invert near the end of the transition began to occur.
Photo 4 shows the flow conditions for various discharges of the hy-
drograph. The flow at the downstream end of the transition was more
evenly distributed. The velocities were not reduced sufficiently to
eliminate erosion at the downstream end of the transition. Photo 5
shows the scour due to the hydrograph run. The water-surface profile in
Plate 5 indicates that there is sufficient wall height throughout the

entire reach of the channel.

Final Design

17. On the basis of the previous test, the flare was again in-
creased. This design, together with the 500-1b (maximum) stone used in
the transition, provided a maximum reduction in flow velocities for a

minimum length of transition. The transition was shortened 100 ft. The

. o a————




ungrouted stone portion of the transition would extend from sta 96+90
where the invert width is 87.5 ft, to sta 94+90, where the invert width
is 187.5 £t (Photo 6).

18. The channel outlet incorporating the most desirable features
investigated during the course of the model tests together with the
average water surface is shown in Plate 6. This design was recommended
for the prototype. Flood conditions were excellent for all discharges.
Surface flow patterns for some of the discharges of the hydrograph are
shown in Photos 7 and 8. The maximum discharge condition is shown in
each photograph. Results of scour after the hydrograph run are shown in
Photo 9. Comparison of this scour with that obtained downstream from
the transition of the original design indicates considerable improvement.
The effectiveness of this design can be evaluated from the scour pattern
shown in Plate 3 which indicates that the scour is considerably less
than the scour which occurred in the original design. The symmetry of

the scour pattern would indicate a more uniform flow distribution.

Discussion

19. The tests indicated that flow conditions with the final de-
sign were better than they were with the original and alternative de-
signs. Flow conditions were improved by shortening the transition and
widening the base width as shown in Plate 6. The final design dissipated
most of the excessive flow energy before it discharged into the natural
wash. The velocity flow in the channel outlet was reduced from 39.0 fps
at the upstream end to 17.0 fps at the downstream end. The use of
larger stone in the invert and side slopes in the final design reduced

the scour that occurred in the original design.
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DEVIL CREEK DIVERSION CHANNEL

The Prototype

20. The Devil Creek Diversion is about 5 miles northwest of the
central part of the city of San Bernardino, Calif. The project consists
of a Devil Creek Diversion Levee and a Devil Creek Diversion Channel.
The diversion levee extends from a point near the base of the San Ber-
nardino mountains at Badger Canyon to a low range of hills along Kendall
Drive. The Devil Creek Diversion Channel extends from a point 900 ft
above Kendall Drive to the channel outlet at Cajon Creek, a length of
about 10,500 ft. The diversion channel consists of a rectangular sec-
tion and a trapezoidal section. The channel is connected to the inlet
structure at the upstream end and terminates at the downstream end in a
flared transition. The general location of the project is shown in
Plate T.

The Model

2l. The model, constructed to a scale ratio of 1:25, reproduced a
short reach of the Devil Creek Diversion Channel and the outlet channel
into Cajon Creek. The model channel, constructed with plywood surfaces
that were fitted to shaped wooden ribs mounted on a plywood base, was
covered with three coats of high-gloss enamel. This reach of model was
steepened to reproduce the prototype "n" value of 0.01kL.

22. Cajon Creek, an earth-bottom channel, was reproduced in a
20- by 22-ft box filled with concrete sand (mean diameter 0.20 mm) to a
depth of 2 ft. A section of an existing groin, with its toe stone pro-
tection and levee stone facing, was also reproduced to make certain that

it would not be destroyed or in any way be damaged by the outlet flow

from Devil Creek Diversion Channel. The model stone passing and retained

on the 1-1/b4-in. and 1-in. sieves, respectively, was used to simulate
1000- to 2000-1b toe stone. The size of the stone used in the model to

simulate the facing stone was 3/L4 in.
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Original Design

23. The original design, trapezoidal in cross section, had a base
width of 20 ft to sta 8+59.31. A terminal bucket at the downstream end
between sta 8+59.32 and 8+20.72 flared out to 60 ft at the lip of the
bucket. The terminal bucket was protected from undermining, as a result
of scouring, by a cutoff wall and by 3000-1b maximum rock protection.
The rock protection varied in thickness from 10 ft at the cutoff wall to
20 ft at a distance 50 ft downstream. The model detail and rock place-
ment are shown in Plate 8.

2k. 1In this design, the bulk of the flow was concentrated at the
center of the terminal bucket. Eddies that formed around both walls
caused considerable damage to the structure.

25. Since this design was found to be inadequate, a series of
modifications were made to the original design in an attempt to improve
the hydraulic efficiency of the structure but to no avail. Data or
photographs of the original design and intermediate designs were not

recorded.

Final Design

26. In the final design, the 20-ft-wide trapezoidal section with
1V-on-2.25H side slopes terminated at sta 12+50. The bottom width of
the trapezoidal channel increased from 20 ft at sta 12+50 to 60 ft at
sta 9450. The structure terminated in a dentated sill at sta 9+25.25.
The dentated sill had 15 piers, 5 ft high, 3 ft wide, and spaced 6 ft
on centers. The piers rose in the direction of flow on a 1V-on-2H slope
(Plate 9). The 3000-1b rock protection at the end of the structure was
10 ft thick and was placed on a 1V-on-2H slope for a distance of 50 ft
downstream. The model detail and rock placement are shown in Plate 10.
Photo 10 shows the excavation for the rock fill and the rock protection
in place.

27. The test involved two different numbers of dentates, 10 and

15. The same type of dentates was used and the model was the same
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throughout (Photo 11). The purpose of the test runs, made in accordance
with the hydrograph in Plate 11, was to compare the hydraulic action and
resulting scour of the 10-dentate design with that of the 15-dentate
design. The test of the 15-dentate sill indicated better energy dissipa-
tion characteristics. A slight improvement over the 10-dentate sill
results was noted in the flow condition over the terminal end sill and
in the scour patterns, with good protection to the cutoff wall. Since
the flow was much more evenly distributed across the end sill and the
flow was spread over a larger area of Cajon Creek, it was considered
best to go with the 15-dentate sill. Photo 12 shows the flow conditions
for the 10- and 15-dentate sills.

28. Water-surface profiles and velocity measurements in the ap-
proach channel and transition at the design discharge of 16,030 cfs are
shown in Plates 12, 13, and 1L4. The scour occurring immediately down-
stream from the terminal sill as a result of the hydrograph run is shown
in Photos 13 and 14. Comparison of the scour patterns with and without

dentates is shown in Plates 15 and 16.
Discussion

29. The original design afforded little protection to the cutoff
wall. The original and intermediate designs proved inadequate for the
peak discharge. The 300-ft transition, with a 60-ft base width at the
downstream end and dentates at the end sill, provided adequate dissipa-
tion of the energy of the high-velocity flow from the channel upstream;
however, the most desirable hydraulic action for all flows up to and in-
cluding 16,030 cfs was obtained with the 15-dentate sill. The favorable
results prompt its adoption for the prototype design.

31




UOTSJISAT(J ¥9aaI) TIAS(Q ‘udrssp TBUTH

soeTd ut yooy

‘0T o30ug

Q
m




§3383USD ¢T PUB QT U3TA ‘UOTSISAIQ

S93BAUID 4T ‘weaJ3sumop JUINOO]

S93BqUSD QT ‘WesI3SUMOpP Surijoo]

¥931) TTASQ ‘u8Tssp TeUTL “TT 030Ud

se3BquUsp GT ‘weaajzsdn Buryjoo]

soqBquap QT ‘weaxzsdn Suryoo]

33




30 0€0

sJ2 009°¢

UOTSJISATI(Q ¥oaa) TTAS(Q “SUOTFIPUOD MOTJ UFTSap [BUTJ °2T 030ud

‘9T 93a8YOSIpP ¢sa3BIUSD ST

€T 98IBYOISIP €S93BIUSD QT

SJO 009°ET 93aeyosIp “sa3BIUSP ST

SJO 0096 °3aBUdSTP sa3ejuUdP 0T

3k

-




saqBquap QT ‘una ydeaBoaply

I99JB Jn0ooS ‘UOTSJISAT(Q o9d) TIA3Q ‘ulIsap TBUIL °E£T 030ud

9PTIS 23J9T WOoIJ JuTryoo]

weaajzsdn Juryoo]

35

I —————

— e —




sa3B3uULD ST

‘una yd

I30apAYy I93J8B JNOOS ‘UOTSIDATI(J H99I)

WesJ3SUMOP JUTHOO']

TIAS(Q ‘u3Isap TBUTY

‘T o30ud

36

PO —

T —

P




-~ DEVIL CREEK &

( OIVERSION 0y
)
; p .n...':},"‘ aﬂ'
\ o@ :"""‘Iu:':
-,
& NG
(‘;1, -
2,
K¢ w-
A>°
= e
> o
= G O,
C o‘ﬁ- & Yo
(X))
; muscoy -
' GROINS ®
S\«
)
. =
5 =<

S7

LYTLE CR. LEVEE

e
ISLAND LEVEE%.\
=‘ @ ..-' AVE. L_

66A
SAN ||
RDINO
™
; .
<
FOOTHILL : '
e R ) BLE’D X
ARROW HIGHWAY E : //
)*
L)
N
Q
: )
& Y
N
&
VALLEY _ R“.’ER
SAN I .f’.‘fﬁ"”””'f” ; — A &
" S,
SCALE Yy,
5000 0 5000 FT L OCATION. AP

PLATE 7




LIN3W3OVd %O08 NV
71v13Q 300N
NOIS3Q TVYNIOIHO
NOISH3AIQ %3340 IA3Q

133 = =T L F3 '37VJ§
09 ot o ot

oLoz+§
CE 6518 O
05 +6 O4S

oz

~—MoT4 s v,\

X-X NOILI3S

| et = et g Wi | B e | _
e SR L

T7oM ISOLNI -

an~nwvs
Iy ]
S S¥J9¢ -
) c&ks OESE0 0 =S A |
TR * <
53 - e g7
¢ | 00 9687  NoidmATT e
_5¢0" 'y ‘v w Wi
95 E  ER Sl
® ,m * Lv0re T ﬂ_v
5 S 625 L Qe
N » 8 0-0€=¥ 85
~ ,00-00,02 = ¥ 2e

37503 TVoILET)

PLATE 8

o




CENTERLINES OF DENTATES

ARE PARALLEL TO CENTERLINE

‘9 NOTE:
o

E OF CHANNEL EXCEPT AS SHOWN.
(>

PLAN
SCALE
20 10 0 20 FT.
e
©
; DENTATED SiLL
SIDE FACE
ELEVATION FINAL DESIGN
scaLe DEVIL CREEK DIVERSION
8 0 L] 10 FT.
[ = = — ]

PLATE 9




LN3W30V1d X00d aNV
71v13Q 1300W
NOIS3Qa TVNIS
NOISH3AIQ Y3340 TIA3d

770M SS0ULN D)
|=—.0:0¢

LETGE/ 1T dIT

1334 C————— F——0 T B P g 37V0S
09 og o o¢

O5+6 9IS

- NV d

osso BT

—~<aoy v 3/ k7 R 0. : 1 -
R R
X-X NOIL23S _
. bt e T SR 6 S u
anvs ~ |
w —— ;w
= 1 L i ﬁv
o H 0EgOC O =S
= S ,
g9 ,,

PLATE 10

e —

A ——

l



NOIS¥3AIQ 33380 7TIA3Q
HdVY904AAH

o2 8l 9l

v

2|

SYNOH
ol

INIL
8

000°‘2

000y

000‘01

00021

000'v!

000'9!

000°8!

JOH¥VHISIO

'§°'4°3 NI

PLATE 1




$32 0€0'91 :39HVHISIQ
N9IS30 TVNI4
S371408d 30V4HNS-H3LIVM
QNV T1vL30 1300W

3 —

Gy dog 2bosony PIIAPOT ~—— — e —

7/9M jqbry

NOISY¥3AIQ %3340 1IA3Q et A e
aN3937 371308d 30V3ENS - Y3LVM
0s+ 6 05 +0! 0% +11 os+2! oS +¢l
ou! - =
m 5T 74 X OFRO0'0 =&
m — g
3 Oevl e =P L T
1 e ———e——
5 Y42g bousay pPpyTYRD = =
£ SEv [y it e ”u e =
= _f 3 o0u 1ybry—"" FE==r =
11204, 4477
L7 [ \Iwr |
2 N
N 35
3 NN
8
X
1334 oﬂnﬁij.uaan W
NVd
»
% 3
J\ N
h S
o (
-+ |
X
' ¥ o] 4 e ﬁ/_ﬂ
¥

|
- 22,9@590)uaa gy
|
0¥

l
I

ol EuBs 4O Gi6sT 0,006

R

L /owvoyn 3

PLATE 12




1334 NI Hid30

H1id30

1334 NI

H1d30

1334 NI

$40 0£0'9! 39HVHOSIO

)S+EI ONV '00+€1 '06+21 WIS

NOISHY3AIQ Y3342 TIA3Q
N9IS30 VNI

NOILNEIY1SIa ALIDO0T3A
oy

|
on.wn_.<._.m

1334 NI 301 1337 wous

3ONVLSIO
[0} 02~ ot~

00+¢€! VIS
|
. 0% oy o 0z o oI~ o0z- os-
[
W
s b o€ s
73 Sl \vmk
i S i K k -4
L A
0S 4. 21 vis
|
i _ o0z- og-
1ol
v -

vl

vl

4334 NI H1d30

4334 NI H1d30

4334 NI Hid30

PLATE 13

4 A7 S R

Weo

.q_‘.‘m,.\wy. %



S49 0£0%9 39HVHISIO
00+!1 GNV ‘00401 '05+6 V1S
NOISH3AIQ %3340 TIA30
NOIS30 71VNI4
NOILNBIY¥1SId ALIDOT3A
00+ !1 VvlS
1334 NI 301 1437 |WO¥3 3ONvLSIO
o O3 0 0I- 0z-
2
-
T
s 9 = 1
= 8E  if 95 bF 28 OF
a s A AR
atl | i
o L .
00 +0! V1S
5 oL os oy og 0z ol [} oi-
a2 |
2 j [
= 9 F Qv/ R Jid os ) 8¢ o IA
= |
ﬁ. | |
ol J
0S+6 VIS
0
R
°
T
z S
Il o J

4334 NI HLd30

L334 NI Mid30

Hid3a

1334 N

PLATE 14

e

- A




(NNY HJVYOONUAH ¥3L4V) / ﬁ / \ T i
S31VINIQ HLIM = . \ >
N9IS3Q TYNI3 o o , I

NY311vd ¥NOJS 1338 ey 308 | *
NOISH3AIQ X¥334D 1IA3Q A or 02 ] o v

un ydosbophy uatjo surino drou Tt e 3
QU470 Yo paeedxoun ouibiig

L334 N NOLLYARTY
el R G P e R /A e SN SRS |- | R . o B -
g 8 Rigigne o IS DRI L e s S e NN R e e
$ees 8
{39 S g ¢
1L
| ; | |
| 8
f T i —
| ¢ [ N\
| ! |
| , | -
i ﬁ
¢ " T
1 b 1% | -
sl 4 3 3 k 7
Wik 3 B |
3t 23 3 ~ o
z| g I IS LRy 1
3| @ e T O L (= SR R e —
m” { o 9 c.mm. u.v n;., w,!‘ NOILISNYSL 34 OOC - W14 5193 1 |
Hod | .4°& . ) D
Ve e ] | o | !
¥ : ~ .
T | i S
oo | ¢ DR ——
= | o o |
z | VS ; <
u :
u_ ¢ . |3%
2 |es
¢
x | } B
m 3
p!
< |
3
3| lg
W\ 7
te
-
N
L4 3
| i
3 w i
(2] A
s e oo ce
gsgesgs
22 e S
W 1334 W WOLYATY

PLATE 15




(NNY HAVHOONOAH ¥314V)
S3LVINIQ LNOHLIM
N9IS3Q TVNI4
NY¥311vd dN0J2S
NOISH3AIQ %3342 1IA3A

t\xnch\otoknnu‘nxtuQn.
wns yadobosphy Jofo duinc X204 pesedxd — T T T T ===z
2ur)yro o204 pasodxaur [oubiig =

—08#/

.....

ks

PLATE 16




TUCSON DIVERSION CHANNEL

The Prototype

30. The Tucson Diversion Channel discharges into the Santa Cruz
River approximately 1 mile west of the intersection of U. S. Highways
80 and 89 in South Tucson, Ariz. (Plate 17). The reach of the prototype
channel reproduced in the model consists of four types of channel. The
first or the upstream reach of channel between sta 30+00 and 27+00 is a
reinforced-concrete rectangular channel, with a width of 4O ft. The
second reach, which is a trapezoidal channel with side slopes of 1V on
2.25H and a base width of 40 ft, extends downstream from sta 27+00 to
23+00. The third reach is a transition, trapezoidal in cross section
with base widths varying from 4O ft at sta 23+00 to 160 ft at sta 16+46.
This reach contains a 500-ft radius curve with the B.C. at sta 19+19.19
and the E.C. at sta 22+82.81. The fourth reach is trapezoidal in cross
section with a 160 ft base width, 1V-on-2.25H side slope, and extends
from sta 16+46 to 11+470. The diversion channel from sta 27+00 to 18+20
is lined with grouted stone and from sta 18+20 to 16+10 with dumped
stone. The channel from sta 16+10 to 11+70 is an excavated earth channel
in the Santa Cruz River bed which consists of sandy silt. The grouted
stone was specified as 3000-1b maximum grouted with 1 ft of stone projec-
tion and the dumped stone specified was 5000-1b maximum.

31. The Tucson Diversion Channel was designed to convey a peak
discharge of 17,800 cfs when the flow in the Santa Cruz River might vary
between 0 and 24,600 cfs. At peak discharge in the concrete reach, the
flow has a supercritical velocity of 41 fps. At the downstream end of
the transition, the velocity varies from 9 to 15 fps, depending upon the
discharge in the Santa Cruz River. The "n" values, used in the Manning
formula, were assumed to be 0.014 for the reach of rectangular concrete
channel, 0.040 for the grouted and dumped quarrystone reaches, and 0.025

for the excavated reach.

The Model

32. The available space and facilities in the model laboratory

b7
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were such that it was necessary for the model to be reversed from the
prototype. The model was constructed to an undistorted scale ratio of
1:40. In addition to the reach of the diversion channel as described
in a preceding paragraph, a short reach of the Santa Cruz River at the
confluence was simulated in the model to provide the backwater effect in
the diversion channel and flow characteristics at the junction.

33. The materials used to construct the model were wood, sand,
gravel, and cement. The reach of reinforced-concrete channel was simu-
lated by wood in the form of timber and plywood finished with high-gloss
enamel. The grouted-stone reach was simulated by cementing pea gravel
to the plywood facing. The reach of dumped stone was simulated by plac-
ing crushed rock which varied from 1-1/L4 in. to 3/8 in. in molded sand.
The channel downstream of the dumped stone and the portion of the Santa
Cruz River were molded in a bed of sand (Photo 15).

34. The "n" value in the reach of reinforced-concrete channel was
simulated to the design value of 0.014 by the addition of a supplementary
invert slope. The roughness coefficient ("n") of the painted-plywood
surface had previously been determined to be 0.0088. Based on simili-
tude, this value was equivalent to a prototype value of 0.0016. The "n"
value in the grouted reach was simulated to the design value of 0.040 by
cementing gravel particles to the plywood surface. The size and amount
of gravel required to simulate the proper "n" value was determined by
trial runs.

35. The reach of the model that simulated the dumped stone and
natural-earth channel was molded in sand having a mean diameter of
0.20 mm. The crushed rock placed in the sand to simulate dumped stone
had a specific gravity of 2.6L4 which was assumed equal to the prototype.
This was necessary to maintain similitude of geometry and density.
Crushed rock was used to represent the shape of the quarrystone used in
the prototype and the stone was graded to ensure proper particle size
distribution.

36. The average size of grouted stone to be used on the proto-
type invert and side slopes would be 1000 1lb. The dumped stone used
in the prototype would be 4 ft thick on the invert and side slopes,

L8




conforming to the following gradations:

Quarrystone

Weight of Stone, 1b Percent Smaller by Weight
5000 100
3000 (5
2000 50
1000 25
250 0

Final Design

37. Two flow conditions were considered pertinent to the design
of the outlet channel for the Tucson Diversion Channel: (a) 17,800 cfs
in Tucson Diversion Channel and 24,600 cfs in Santa Cruz River, and
(b) 17,800 cfs in Tucson Diversion Channel and zero flow in Santa Cruz
River. Data obtained during the tests consisted of water-surface pro-
files, velocity distribution, and photographs of flow conditions.
Test 1

38. Test 1 was based on the assumption that the Santa Cruz River
would be passing 24,600 cfs at the beginning of the Tucson Diversion
Channel design flood. Therefore, the design was tested by running flows
representing the project-design-flood hydrograph of a 9-hr period with a
peak discharge of 17,800 cfs in the Tucson Diversion Channel and a con-
stant discharge of 24,600 cfs in the Santa Cruz River. The magnitude and
duration of the design flood of the Tucson Diversion Channel are shown by
the hydrograph in Plate 18. With the peak flows, the discharge from
Santa Cruz River produced a backwater effect in the outlet channel.
Quantitative data obtained for the above-mentioned flow combination in-
cluded the water-surface profiles and velocity distribution within the
diversion channel outlet. The water surface in the channel was not ex-
ceptionally rough; however, the surface currents indicated the concen-

tration of flow along the right bank. Water-surface profiles in the

L9




 —— A —— o a

diversion channel outlet are shown in Plate 19. Photo 16 shows flow
conditions through the curved transition. The combined flow conditions
at the outlet channel and Santa Cruz River are also shown in Photo 16.
The velocity distribution cross sections shown in Plate 20 indicate an
uneven distribution of velocities through the transition. The super-
critical velocity was greatly reduced as the design discharge passed
through the grouted and dumped stone reaches. The average bottom veloc-
ity was about 10 fps at the downstream end of the outlet channel. The
scour, which occurred immediately downstream from the dumped stone as a
result of this test, is shown in Photo 17. The amount of scour was mod-
erated and the damage to the dumped stone invert and side slopes was

negligible.

Test 2

39. Test 2 was conducted with zero flow in Santa Cruz River and
the range of discharges shown by the hydrograph in Plate 18 for the
Tucson Diversion Channel. At the beginning of the test, water was ad-
mitted into the area below the ungrouted stone until natural tailwater
level was reached. This water cushion prevented disproportionate scour
at the beginning of the hydrograph run. Sufficient tailwater within the
Santa Cruz River aided in producing an effective jump (Photo 18) at the
downstream end of the ungrouted stone reach, resulting in a shallow
depth of scour. The extent of the scour is shown in Photo 19. Since
the scour was not excessive, no measurements were taken of the scour pat-
terns for Test 1 or Test 2. Water-surface profiles and velocity cross
sections for a discharge of 17,800 cfs are shown in Plates 21 and 22,
respectively. The velocity cross sections indicate that the flow dis-
tribution through the lower reach of the transition was more uniform
than in Test 1. Although the velocities were higher, there was little
damage to the ungrouted stone lining.

LO0. When all the desired data with the model simulating an "n"
value of 0.0ll4 were obtained, the model was adjusted to simulate an "n"
value of 0.0l11 by adding more supplementary slope to the invert grade.
Tests were then made to show the operation of the transition with the

lower roughness coefficient. Comparing the results of these tests with
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those of Test 1 and Test 2, it was found that with a discharge of
17,800 cfs, no apparent change occurred in flow conditions or in the re-
sulting scour patterns. Measurements of water-surface profiles and ve-

locity distribution were made but are not illustrated in this report.

Discussion

L1. The results of the tests indicate that the design of the
outlet channel for the Tucson Diversion Channel was generally satisfac-
tory. The high-velocity flow emerging from the rectangular channel
upstream was sufficiently reduced by the boundary roughness of the
grouted and ungrouted stone transition. When the Tucson Diversion Chan-
nel and Santa Cruz River were both discharging their design quantities,
the flow from Santa Cruz River did not totally submerge the flow from the
Tucson Diversion Channel. Flow throughout the transition was quite
stable. When only the Tucson Diversion Channel was discharging its de-
sign quantity, a jump was formed at the end of the ungrouted stone reach
but did not appreciably affect flow conditions in the transition. No
unsatisfactory waves or flow conditions developed in the excavated chan-

nel downstream from the jump.
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TRILBY WASH DETENTION BASIN
AND OUTLET CHANNEL

The Prototype

42. Trilby Wash Detention Basin is an earth-fill structure lo-
cated northwest of Luke Air Force Base near Highways 60, 7O, and 89
(Plate 23). The crest of the dam, el 1361.0, is about 50,100 ft long.
The outlet works is an uncontrolled reinforced-concrete structure lo-
cated near the north end of the dam about 5000 ft from the left abut-
ment. Plan and profile of the outlet structure are shown in Plate 2L.
The overall length of the outlet structure is 188.33 ft which includes
a 20-ft-wide entrance channel, a transition section, and a 30-ft-wide
stilling basin. The invert elevation at the entrance of the outlet
structure is 1335.0 and slopes to 1333.80 at the entrance of the tran-
sition section. A reinforced-concrete breastwall is located 65.5 ft
from the upstream end of the structure and limits the channel to an
11-ft-high by 20-ft-wide rectangular orifice. The size of orifice was
necessary to obtain the desired discharge of LL50 cfs at a pool eleva-
tion of 135L4.0. The transition extends downstream from sta 10+16 for a
distance of 35 ft. At the downstream end of the transition the base
width becomes 30 ft. The invert slopes to el 1320.0 through the tran-
sition. The stilling basin is 30 ft wide by 65 ft long with an invert
elevation of 1320.0 for the entire length of the stilling basin. Two
rows of 3-ft-wide by 3-ft-high baffle blocks, spaced on 6-ft centers,
are provided 32 ft and 43 ft, respectively, from the upstream end of
basin. A 1.5-ft-high end sill is constructed at the downstream end of
the stilling basin. A trapezoidal transition channel, flaring from a
bottom width of 30 ft at sta 11416 to 60 ft at sta 11+91, with
1V-on-2.50H side slopes is provided at the downstream end of the basin.
The transition side slopes and invert are riprap-lined with maximum size
stone weighing 2000 1b. The trapezoidal channel downstream from the

transition has a natural earth invert and levees.
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The Model

43. The model was constructed to an undistorted, model-to-
prototype scale ratio of 1:18. The prototype structures reproduced in
the model were the outlet works, stilling basin, and approximately
300 ft of outlet channel downstream of the stilling basin. Part of the
detention basin area was simulated by a wooded forebay equipped with
baffles to ensure tranquil flow conditions.

LL. The entire model, with the exception of the outlet channel,
was constructed of marine plywood. The portion of the model represent-
ing the outlet channel downstream of the stilling basin was molded of
sand and 1-1/2-in. maximum size rock. The baffle blocks were installed

with screws to facilitate expedient alterations.

Test and Results

L5. The original design called for an ungated outlet to pass a
discharge of L4L50 cfs at a pool elevation of 135L.0. The hydraulic com-
putations indicated that this requirement could be met by a 10-ft-high
by 20-ft-wide opening between the invert of the flume and the bottom of
the breastwall. The hydraulic computations were based on standard
methods of computing flow in open channels and orifices. Manning's

formula was used in the computation of open-channel flow and the general

formula, @Q CA Vﬁgh ,» was used for orifice flow. A roughness coeffi-

cient of n 0.012 was used for the concrete flume and a discharge

coefficient of C = 0.878 was used for orifice flow computations for
the discharge rating shown in Tables 2 and 3 and the discharge rating
curve is shown in Plate 25.

46. The original design as shown in Plate 24 and Photo 20 called
for a 10-ft-high by 20-ft-wide rectangular opening. Tests of the out-
let works and stilling basin were concerned primarily with assuring
(a) satisfactory flow condition, and (b) passage of 4450 cfs at a pool
elevation of 1354.0. Initial test results indicated that for open chan-

nel conditions the model discharge was about 10 percent less than the
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computed discharge due to the fact that entrance contraction was greater
than contemplated. For controlled orifice flow, the entrance contrac-
tion combined with considerable vortical action at the breastwall made it
necessary to increase the size of the orifice to obtain the desired dis-
charge of 4450 cfs at a pool elevation of 1354.0. This was accomplished
by raising the bottom of the breastwall to elevation from 134L.1 to
1345.1, giving an 11-ft by 20-ft opening. Table L4 gives the model dis-
charges for the various pool elevations; results are plotted in Plate 25
in comparison with computed discharges.

L7. Tests were made to determine the adequacy of the structure
under two tailwater conditions. The tests were conducted with a design
discharge of L450 cfs and tailwater elevations of 1334.5 and 1335.5 For
a tailwater elevation of 133L.5, the flow produced a very unstable hy-
draulic jump. This tailwater produced an unsteady flow in which the
Jump fluctuated in position and height above the end sill. This is ob-
jectionable since the disturbances caused by the pulsating jump do not
have a chance to dissipate before they reach the erodible section.

Photo 21 shows the jump in its highest extremity and a view of the
LL450-cfs flow as it passed through the rectangular orifice down the
curved chute and stilling basin, through the rock-lined transition, and
thence down the outlet channel. Scour occurred immediately downstream
from the end sill and progressed to the downstream limit of the rock-
lined transition. The scour hole was quite deep as shown in Photo 22.

L8. Tests with the " 1ilwater at el 1335.5 indicated a favorable
hydraulic jump. The flow conditions are shown in Photo 23. The jump
was stable and little wave action was propagated downstream. Test re-
sults (Photo 2U4) show that this tailwater produced a lesser scour hole
than the previous test. The scouring action was rather weak and the end

sill was well protected.
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Table U

Discharge Rating Observed in Model

Pool Discharge
Elevation Actual Adjusted
£t cfs cfs
1335.0 0
1337.0 156
1338.3 340
1338.7 399 398
1339.7 591 591
1340.8 825 822
1341.8 1045 1047
1342.8 1265 1275
1343.8 1512 1509
1344.8 1788 1765
1346.0 2076 2090
1346.9 2337 2331
1347.9 2612 2612
1348.8 2887 2870
1350.1 3300 3290
1351.0 3547 3575
1352.2 3987 3990
1353.0 L262 4280
1354.2 4675 4655
1357.1 4812 4830
1359.2 5087 5065
1359.9 5155 5155
1360.8 5225 5245
T2

R

P

P R T e




ursBg UOT3U933(Q YSeM AQTTJLL °TOUUBYD 39T3NO Pu®B utseq SBUITTT3S udrssp TBUISTIO °02 030ud

SYO0Tq aT3J®Bq pu®
SYO0Tq 9TJJBq 3B weaxzsdn Suryoo] UOTATSUBIY POUTT-}o0J 3B weaJgisdn Suryoory

UOT3ISUBI} POUTT=YO0I
ueagysdn SUTYOOT “MSTA TBISUID puB SYO0Tq 9TJJBQq 2B WBIIJSUMOP JFUINOO]

1S




TSW G°HEET UOTIBASTS J93BMTIBY “SJD 0S5 HiH 981B8YOSTP
turseg uoljusisQ yseMm AQTILL “SUOTZTPUOD MOTJ TaUUBYD 33T3INO pu®B urseq SUuITTIIS °T2 030uUd

wesax3sdn Jutryoor] WBSI3SUMOP SUTHOOT

Th

e . - Te——————— P L LR L T —

g o A TR it




5

Looking upstream

Looking downstream

Scour after l-hr test, Trilby Wash Detention Basin; discharge LU50 cfs,

Photo 22.

tailwater elevation 1334.5 msl
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A

Looking upstream

Looking downstream

Scour after l-hr test, Trilby Wash Detention Basin; discharge 4450 cfs,

Photo 2L.

tailwater elevation 1335.5 msl
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APPENDIX I

EXTRACTS FROM REPORT

ENTITLED

CHANNEL TRANSITION

FOR

EAST TWIN AND WARM CREEKS

REPORT NO. 1-105

AUGUST 1961

U. S. ARMY ENGINEER DISTRICT, LOS ANGELES
CORPS OF ENGINEERS

10S ANGELES, CA.
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The prototype.




CHANNEL TRANSITION FOR EAST TWIN AND WARM CREEKS

The Prototype

1. The channel transition for East Twin and Warm Creeks is lo-
cated near the southern boundary of the city of San Bernardino, San Ber-
nardino County, California (plate 1). The improved reach of channel
upstream from the transition is rectangular in cross section and has a
width of 60 ft. The transition, which is trapezoidal in cross section
and having 1 on 2.25 levee slopes, extends downstream from station 169+63
for a distance of 1,050 ft. At the downstream end of the transition the
base width of the channel becomes 200 ft. The 200-ft base width and
trapezoidal cross section are typical for the channel downstream from
the end of the transition.

2. Upstream and downstream from the transition the channel will
carry a design discharge of 22,000 cfs at depths and velocities ranging
from 10.4 ft to 8 ft and 36 fps to 11.1 fps, respectively. The cross
sections, material, and coefficient of roughness used in various channel
reaches were as follows: (a) the rectangular channel was of reinforced
concrete having an "n" value of 0.014, (b) the trapezoidal channel for
the transition was paved with a reach of grouted stone and a reach of
dumped stone which had an average "n" value 0.040, and (c) the trape-
zoidal channel downstream from the transition had a natural earth invert
and revetted levees and was considered to have an average "n" value of
0.025.

The Model

3. The model was constructed to an undistorted, model-to-prototype
scale ratio of 1:48. The prototype reach simulated in the model was as
follows: (a) 537 ft of rectangular channel upstream from the transition,
(b) the 1,050-ft transition, and (c¢) 1,213 ft of trapezoidal channel
downstream from the transition.

L. The materials used in the construction of the model were wood ,

.

i g Ny - sl s 3o vy <ot S Ran R NN e
’ 3

-




sand, cement, and gravel. The wood, in the form of timbers and plywood,
was used to construct that part of the model upstream from the transi-
tion. The grouted stone invert of the transition was simulated by
cementing gravel particles to the plywood surface, and the part of the
invert lined with dumped stone was simulated by using various sizes of
crushed stone. The channel downstream from the transition was molded
in a bed of sand. 1In this reach of channel, the dumped stone levees
were simulated with roughened concrete.

5. Two methods were applied in the model to simulate the slope
of energy gradient of the prototype. One method was to increase the
model slope, and the other was to artificially roughen the surface of
the model. The first of the above two methods was applied to that part
of the model upstream from the transition. The coefficient of roughness
of the painted surface used in this part of the model had previously been
determined to be 0.0088. Based upon similitude relationship, the above

"n" value would be equivalent to a prototype "n" value of 0.017. The

"n" value used in design for prototype concrete linings was 0.014. To
compensate for the difference in the two prototype coefficients of rough-
ness, the slope of the invert in the model was increased about 10 ft in
1,000 ft. The second method was applied in reproducing the boundary
roughness in the grouted stone part of the transition. This was done
by cementing particles of gravel to the plywood invert of the model.

6. The part of the model that simulated the natural earth invert
of the prototype was molded in sand having a mean diameter of 0.20 mm.
To maintain similitude of mass and not destroy the geometric similarity,
it was necessary for the stone in the model to have the same specific
gravity as the stone in the prototype. The stone used in the model had
a specific gravity of 2.6L4 (assumed equal to prototype) and was graded to
provide a uniform distribution of particle size. Crushed stone was used
because it more nearly represented the shape of the quarrystone to be

used in the prototype.

Description of Tests

T. Comparison of the qualitative results of the tests for the
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different designs was made possible by simulating the flow that would
occur during the design flood. The magnitude and duration of the design
flood are shown by the hydrograph on plate 2. The above-mentioned re-
sults were of scour that would occur downstream from the end of the tran-
sition. The quantitative data were obtained for a design discharge of
22,000 cfs. These data included the water surface and distribution of
velocities within the improved channel.

8. The same length of prototype channel was simulated in the model
for each of the designs that was tested. The changes to the models were
limited to the length of the dumped stone used for the invert of the
transition. The channel cross sections remainded the same for all of

the designs tested.

Original Design

9. The layout of the original design is shown in photographs 1
and 2 and on plate 3. For the design discharge of 22,000 cfs flowing
in the structure, it can be seen in photographs 3 and I that the water
surface was not very rough. The velocity of the flow decreased as the
design discharge passed through the transition (plate 6). This showed
that the boundary roughness, produced by the grouted and dumped stone
linings, was sufficient to overcome acceleration of the flow which
resulted from the expanding channel cross section. At the downstream
end of the transition the flow reached a subcritical velocity of about
11 fps. Photographs 5 and 6 show what is considered to be a minor amount
of scour movement of stone at the downstream end of the transition.

10. Hydraulically, the structure was satisfactory. It was there-~
fore feasible to pursue the design from an economic standpoint. Saving
could be realized by reducing the length of the invert lining located at
the downstream end of the transition. This served as the basis for tests

conducted upon the alternative design.

Alternative Design

11. In this design the dumped stone downstream from station
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162+88 was reduced in length to 88 ft (photograph 7). The grouted stone
lining remained the same length as in the original design.

12. The tests were conducted with a design discharge of
22,000 cfs. Photograph 8 shows that the water surface in the transition
was not exceptionally rough. The scour that resulted from the flows
which were simulated in accordance with the hydrograph is shown in photo-
graphs 9 and 10, on plate 5. Evaluation of the scour indicated that the
roughness and length of the transition lining were sufficient to negate
the supercritical velocities occurring at the upstream end of the
transition.

13. In the above tests the results were satisfactory, therefore,
it was decided that future reduction to the length of the invert lining
for the transition would be feasible. It was upon this basis that the

final design was determined.

Final Design

14. The dumped stone reach was reduced to a length of 375 ft, as
shown in photographs 11 and 12, and plate 4. The 375-ft length was made
up of a 2T75-ft length of derrick stone followed by a 100-ft length of
toe stone.

15. For the design discharge of 22,000 cfs, the flow within the
transition was satisfactory, as shown in photographs 13 and 14. The
velocity distribution cross sections shown on plate 6 indicated a fairly
even distribution of velocities through the transition. The scour
occurring immediately downstream from the stone protection, as a result

of the hydrograph run, is shown in photographs 15 and 16, and on plate 5.

Discussion of Results

16. The tests conducted on the models of the original, alterna-
tive, and final designs show that the hydraulic characteristics of each
structure were satisfactory. Therefore, the acceptance of the best de-

sign would be based on economics rather than hydraulics. The choice of
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design would be determined by the length of stone lining in the transi-
tion. The most noticeable difference between the original and final de-
sign is shown by the velocity cross sections. It can be seen that a
slightly higher velocity occurs at the downstream end of the stone lining
for the final design. The velocity did not increase to the extent that
it would cause noticeable change in scour at the downstream end of the
transition.

17. A problem common to this type of transition is the lack of
uniform distribution of flow in the channel cross section. This occurs
as the flow passes through the transition and is identified by the forma-
tion of an eddy which extends over the length and greater part of the
width of the transition. This eddy forces the flow to pass along side
of the transition and causes a greater depth of scour in a localized
area at the downstream end of the stone lining. Proper tailwater and
rate of flare of the levees in the transition eliminate the above-
mentioned condition. In general, the best results with this type of
transition have been obtained when the rate of flare is not greater than

1 in 15 and there is no excess tailwater.




(2)

The original design. (1) Downstream view. (2) Upstream view.




Flow conditions, original design. Discharge, 20,950 cfs.
(3) Downstream view of flow through transition.
(4) Downstream view of flow approaching bridge.
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(6)

Upstream view.

(5)




(8)

Flow conditions, alternative design, looking downstream.

Discharge, 20,950 cfs.
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Scour resulting from hydrograph run, alternative design.
(9) Upstream view. (10) View at downstream end of stone invert.




Upstream view.

(12)

Downstream view.

(11)

The final design.

——




Flow conditions, final design. Discharge, 20,950 cfs.
(13) Downstream view. (14) Upstream view.




(15)

(16)

Scour resulting from hydrograph run, final design.

Upstream view.

(16)

View at downstream end of stone invert.
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The prototype, looking downstream from concrete section.




TRANSITION FOR CHINO CREEK CHANNEL

The Prototype

1. The channel reach, trapezoidal in cross section, is located
near the southern boundary of the city of Pomona, San Bernardino
County, California (plate 1). The channel, extending upstream from
station 365+00, is constructed of reinforced concrete and has a base
width of 90 ft and 1 on 2.25 side slopes. Between station 365+00 and
station 359+00 the levee toes diverge and the side slopes are varied so
that at station 359+00 the channel has a base width of 100 ft and side
slopes of 1 on 3. This reach of channel was lined with grouted stone
for %he first 200 ft and dumped stone for the remaining 400 ft. Down-
stream from station 359+00, the base width of the channel continues to
be 100 ft and the side slopes remain at 1 on 3. However, only 200 ft
of channel downstream from station 359+00 is lined with dumped stone,
the remainder being constructed of earth.

2. The channel is designed to carry a discharge of 26,000 cfs at
both supercritical and subcritical velocities. Computations for the
hydraulic design were based on Manning's formula wherein the resistance
coefficient "n" was as follows: (1) concrete, 0.01k4, (2) grouted and
dumped stone, 0.040, and (3) earth, 0.025. The part of the channel
lined with concrete will carry the flow at supercritical velocities of
29.5 fps; however, the classification of flow changes as it passes
through the transition. Upon reaching the earth channel the flow will

have subcritical velocities in the vicinity of 11 fps.
The Model

3. The model was constructed to an undistorted, model-to-prototype
scale ratio of 1:48. The prototype reach simulated in the model was as
follows: (a) 550 ft of trapezoidal channel upstream from the transition,
(b) the 600-ft transition, and (c¢) 500 ft of trapezoidal channel down-

stream from the transition.
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4. The materials used in the construction of the model were wood,
sand, gravel, and crushed stone. The wood, in the form of timbers and
plywood, was used to construct that part of the model upstream from the
transition. This reach of model simulated the reinforced concrete-lined
channel. The channel reach lined with grouted stone was simulated by
cementing gravel particles to the plywood surface, and the channel reach
lined with dumped stone was simulated by using various sizes of crushed
stone. The channel downstream from the end of the dumped stone was
molded in a bed of sand.

5. Two methods were applied in the model to simulate the slope of
the energy gradient of the prototype. One method was to increase the
model slope, and the other was to artificially roughen the surface of the
model. The first of the above two methods was applied to that part
of the model upstream from the transition. The coefficient of roughness
of the painted surface used in this part of the model had previously
been determined to be 0.0088. Based upon similitude relationship, the
above '"n" value would be equivalent to a prototype "n" value of 0.017.
The "n" value used in design for prototype linings was 0.01Lk. To
compensate for the difference in the two prototype coefficients of
roughness, a supplementary slope was added to the model. The second
method was used to simulate the boundary roughness for the grouted and
ungrouted linings of the transition.

6. The part of the model that simulated the earth channel of the
prototype was molded in sand having a mean diameter of 0.20 mm. To
maintain similitude of mass and not destroy the geometric similarity, it
was necessary for the stone in the model to have the same specific
gravity as the stone in the prototype. The stone used in the model had
a specific gravity of 2.6L (assumed equal to prototype) and was graded
to provide a uniform distribution of particle size. Crushed stone was
used because it more nearly represented the shape of the quarrystone

to be used in the prototype.

Original Design

T. In the original design, the base widths of the trapezoidal
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channel upstream and downstream from station 363+00 were 90 ft and
100 ft respectively (see plate 2 and photographs 1 and 2). The reach
of channel upstream from station 363+00 was constructed of reinforced
concrete. Two piers for Los Serranos Road bridge were located at
station 366+42.78. The channel between station 365+00 and station
363+00 consisted of a stilling basin. A 100-ft reach of dumped stone,
5 ft deep, was placed downstream from the end sill to station 362+00.
The next 400 ft of dumped stone, 3 ft deep, was placed from station
362+00 to station 358+00. In addition, dumped stone was used on the
levee slopes between station 363+00 and station 358+00. The reach of
trapezoidal channel downstream from station 358400 was earth. The
levee slopes between station 365+00 and station 363+80 were warped.
Upstream from station 365+00, the levees were sloped 1 on 2.25, and
downstream from station 363+80, the levees were sloped 1 on 3.

8. Tests were conducted for a design discharge of 26,000 cfs.
Supercritical velocities were to be reduced to subcritical velocities
after passing through the stilling basin, which was located at the
downstream end of the concrete channel. The stilling basin was
designed to dissipate the energy in the flow by means of a hydraulic
Jump. As shown in photograph 3 and 4, the jump that formed in the
stilling basin was unsymmetrical with respect to the centerline of the
channel. It can also be noted that downstream from the stilling basin
the bulk of the flow passed to the right of the channel centerline.
The water surface profile for the design discharge is shown on plate 2,
and indicated that the levee heights are sufficient to contain the flow.
Tests were made to determine the scour that would occur at the down-
stream end of the dumped stone invert. This was accomplished by pass-
ing the design discharge through the model for a period equivalent to
20 prototype hours. The results of this test are shown in photo-
graphs 5 and 6 and on plate 6. It can be seen that more scour occurred
to the right of the channel centerline, which indicates that most of
the flow in the channel was concentrated along the right side of the
channel.




Alternative Design

9. The alternative design was based on the premise that it would
provide more uniform distribution of flow at the entrance to the stilling
basin. This uniform distribution of flow would result in the formation
of a better hydraulic jump. To accomplish this the stilling basin was
moved upstream to station 366+16.65. Training walls were added to the
downstream ends of the bridge piers and were aligned so that an angle of
10° existed between the projected centerline of the pier and the center-
line of the training wall. The extensions are shown on plate 3 and in
photographs T and 8.

10. Tests with the design discharge indicated that the training
walls were effective in distributing the flow across the entire width
of the stilling basin. It can be seen in photographs 9 and 10 that
undulating flow occurred in, and downstream from the stilling basin.
This indicated that the stilling basin was not an effective energy
dissipator. However, the overall distribution of flow within the
channel was considerably better than the distribution of flow experi-
enced in the previous design. Tests were made to determine the scour
that would occur at the downstream end of the dumped stone invert.
This was accomplished by the same method employed in the previous

design. The scour pattern resulting from this test is shown on plate 6.

Final Design

11. The reach of channel upstream from station 365+00 remained
the same in the final design as in the original design. This design
contained a 600-ft long transition, located between station 365+00
and station 359400, as shown on plate 4 and photographs 11, 12, and 13.
The channel was lined with grouted stone from station 365+00 to station
363+00. This was followed by a 200-ft reach of dumped stone, 5 ft deep,
to station 361+00, and a 400-ft reach of dumped stone, 3 ft deep, to
station 357+00. Downstream from station 357+00, the channel was molded

in sand, similar to the original and alternative designs. Levee
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slopes were warped in the transition from 1 on 2.25 at the upstream
end, where the base width was 90 ft, to 1 on 3 at the downstream end,
where the base width was 100 ft.

12. The final design was tested for the design discharge of
26,000 cfs. Data obtained for this design consisted of depth of flow,
velocity distribution and scour measurements. The flow throughout the
entire reach of channel was satisfactory, as shown in photographs 1k,

15 and 16. Visual observation in the model indicated that the grouted
stone and dumped stone reach of channel formed a satisfactory transition
between the upstream concrete channel and the downstream earth channel.
The supercritical velocities from the concrete channel were reduced to
subcritical velocities within the transition. The velocity distribution
shown on plate 5 for this reach of channel indicated that the flow was
evenly distributed across the channel base. The model was subjected to
the design discharge for a period of 20 prototype hours resulting in the
scour shown on plate 6 and in photographs 17 and 18. The scour pictures
show that there was very little mcvement of surface stone. The symmetry
of the scour pattern verifies the existence of a uniform flow distribu-
tion downstream of the dumped stone. The water surface profile for the
final design is shown on plate 4. Measured water surface, in general,

was the same as the computed water surface elevations.

Discussion of Results

13. Model tests of the original design indicated that the
stilling basin was not satisfactory. Unsymmetrical flow conditions
existed as the flow entered the stilling basin. These conditions
continued downstream and caused the flow to be confined to the right
side of the channel. The stilling basin was not an effective energy
dissipator because of insufficient tailwater.

14. The addition of training walls on the bridge piers in the
alternative design improved the symmetry of flow but did not improve

the effectiveness of the stilling basin to act as an energy dissipator.




. .

15. The transition used in the final design proved to be
satisfactory. The flow throughout the entire channel was improved.

It was effective in reducing the supercritical velocities (30 fps)

at the upstream end of the transition to subecritical velocities (11 fps)

at the downstream end of the transition.
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The original design.

(1)

(2)

Downstream view.

(2)

Upstream view.




UM A AT -'.Tw
| B
. \

\

= . Wt

Flow conditions, original design. Discharge, 26,000 cfs.

(3) Downstream view. (L) Upstream view.




Scour, original design. Design discharge of 26,000 cfs was run for a
20-hr period. (5) Upstream view. (6) Closeup at end of stone lining.
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The alternative design.

(7)

Downstream view.

(8)

Upstream view.




(10)

Flow conditions, alternative design. Discharge, 26,000 cfs.
(9) Downstream view. (10) Upstream view.
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The final design.
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(11)

(12)

Downstream view. (12)

Upstream view.
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(13)
Downstream view of the final design.

-

Flow conditions, final design, looking downstream.
Discharge, 26,000 cfs.
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Flow conditions, final design.

Discharge, 26,000 cfs.
(15) Downstream view. (16) Upstream view.




(18)

ining.

discharge of 26,000 cfs was run for a 20-hr
(18) Closeup at end of stone 1

Design
(17) Upstream view.

iod.

Scour, final design.
perio
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

United States. Army. Corps of Engineers.

Los Angeles District.

Rock-lined transitions; hydraulic model investigation /
¢by Dave A. Barela;. (Vicksburg, Miss. : U. S. Waterways
Experiment Stations ; Springfield, Va. : available from
National Technical Information Service, 1978.

77, €50s p., 37 leaves of plates : ill. ; 27 cm. (Re-
port - U. S. Army Engineer District, Los Angeles ; 1-110)

1. Hydraulic models. 2. Open-channel flow. 5. Rock-
lined channels. 4. Surface roughness (Hydraulics).

5. Transitions (Hydraulics). 6. Water flow. I. Barela,
Dave A. 1II. Series: United States. Army. Corps of Engi-
neers. Los Angeles District. Report ; 1-110.
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