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HYDROLOGY AND HYDRAULICS REPORT
59th AVENUE BRIDGE OVER SKUNK CREEK

FOR
THE CITY OF GLENDALE, ARIZONA

MARCH 1984

~

1. Project Purpose and Location

This project is a replacement of the existing 35-ft.-wide,
2-lane bridge at 59th Avenue, with a 101-ft.-wide, 6-lane
structure.

2. Hydrology

Stream Name:
County:
Location:

Skunk Creek
Maricopa
Border of Sections 29 and 30,
T4N, R2E

The hydrology of Skunk Creek between Adobe Darn and the Arizona
Canal has been stUdied extensively and is documented on the
Drainage Master Plan for the Arrowhead Ranch Project. In the
hydraulics stUdy for the 59th Avenue Bridge replacement, the
100-year discharges at various points along Skunk Creek
established by the U. S. Army Corps of Engineers in 1982 have
been used. These discharges are 13,000 cfs at the Arizona
Canal and 70 cfs less for approximately every 500 ft.
upstream. The 100-year discharge at 59th Avenue is 11,250 cfs.

3. Hydraulics

To comply with the guidelines of the Maricopa Flood Control
District, it is necessary to compare the water surface profile
for the existing condition with the profile resulting from the
new bridge. The guidelines state that the water surface
elevation shall not be raised by more than one ft. by changes
in the channel .

.3.1 Existing Condition

At the present time, there is no bridge at Union Hills and the
channel is unimproved. The Corps of Engineers has surveyed the
entire length of Skunk Creek from Adobe Darn to the Arizona
Canal, and these cross-sections were used to compute the water
surface profile around the existing 59th Avenue bridge.

To avoid confusion regarding the datum used, the depths at
various sections will be given as well as water surface
elevations. The hydraulics study uses the same channel invert
elevations as the Corps in its 100-year flood plain
determination.

The Corps of Engineers HEC-2 program was used to compute
backwater curves. The results for both the existing condition
and proposed channel changes follow the report.
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The cross-sections affected by the 59th Avenue bridge are
listed below:

Distance
Between
Sects. (ft)

5
35

5
150
500

Cross
Section

4.42
4.421**
4.429***
4.43
4.5
4.6

Invert
*Elev. MSL

1256.5
1256.5
1256.7
1256.6
1257.4
1260.0

Water Depth Velocity
Surface Elev. ( ft ) (fps)

1264.56 8.06 10.62
1263.63 7.13 14.92
1263.83 7.13 14.95
1268.06 11.46 4.85
1267.95 10.55 7.45
1270.55 10.55 6.35

*Corps of Engineers Datum
**Downstream face of bridge

***Upstream face of bridge.
3.2 Proposed Channel Changes

Approximately 1700 ft. downstream of the 59th Avenue bridge, a
bridge is being designed at Union Hills Drive. There will also
be extensive channelization between these two bridges. The
proposed channel geometry is trapezoidal with a 110-ft. bottom
width and 1-1/2:1 side slopes, between the two bridges.

Ven Te Chow's "Open Channel Hydraulics", 1959, provides tables
of the roughness coefficient n for natural channels on pages
112 and 113. A minor stream (top width at flood stage 100
ft.) described as "clean, straight, full stage, no rifts or
deep pools" has a normal n value of 0.030. For major streams,
"the n value is less than that for minor streams of similar
description because banks offer less effective resistance."
The channel through the bridge section has a top width greater
than 100 ft. and could be described as above. For this reason,
the n value for sections 4.42, 4.421, 4.429, 4.43, and 4.5 were
changed from 0.035, which the Corps used in their study, to
0.030.

The bridge will be three spans with a total length of 165 ft.
Allowing for abutment caps and slope protection, the top width
of the channel will be 151.7 ft. There will be two piers in
the channel, each 15 inches wide. To allow for the possibility
of debris becoming trapped on the piers during a flood, an
effective width of four ft. was assumed, for computation of
backwater.
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The table below compares the depths around the bridge for the
existing condition and the proposed change.

Distance Between
Sections (ft)

Existing Proposed
Depth (ft)

Cross-Section Existing Proposed
Velocity

Existing Proposed

5
35

5
150
500

4.42 8.06 8.67 10.62 8.97
5 4.421 7.13 8.24 14.92 9.99

100 4.429 7.13 8.37 14.95 9.83
5 4.43 11.46 8.39 4.85 9.29

95 4.5 10.55 9.77 7.45 10.51
500 4.6 10.55 10.22 6.35 6.90

Because the new bridge will be 101 ft. wide, the distances
between the proposed sections are slightly different than
between the existing ones.

The backwater condition five ft. upstream from the existing
bridge overtops the banks. The proposed bridge widens the
channel, providing more flow area and nearly eliminates this
problem. The proposed bridge is higher than the existing one,
thus the increase in water depth at sections 4.421 and 4.429 is
not a cause for concern. In fact, with the raise in roadway
grade, there will be one ft. of freeboard, whereas there is
only 1/2 ft. now. Also, the reduction in velocity at the
bridge will decrease the scour damage. A trial-and-error
approach was taken to determine the optimum bridge length. If
the channel is constricted, as it is now, velocities will be
higher through the bridge, depths will be lower, and there_will
be a backwater condition up-stream. If the bridge -is
lengthened, velocities decrease, depths increase, and backwater
effects are diminished. The 165-ft. length allows for reason
able depths and velocities both at the bridge and upstream.

4. Bridge Abutment Slope Protection

In the Concept Report submitted January 30, 1984, riprap was
recommended for slope protection. However, the City of
Glendale has specified that wire tied gabions rather than
riprap are to be used as slope protection. The gabions will be
placed at the bridge abutments to prevent streamflows from
eroding the slope material which could undermine the bridge
footings and lead to structural failure.

According to the Corps of Engineers, the most common reason for
failure of slope protection is inade uate treatment of the
toe. In particular, gabions have been known to fall because of
~ wires rusting and breaking, inadequate rock sizing, and
erosion of the bank material below the base of the revet-
ment. In order to provide the most reliable design, the
gabions at the abutments at 59th Avenue will extend down to the
scour depth and also have a 15-ft. apron tied on. This
arrangement will be at the bridge location only
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and is justified when considering the potential damage to the
structure. The gabion configuration to be used in the channel
would allow the apron to drop to fill any undermining by scour
action. However, the scour action could continue to undermine
the revetment on the slope. By extending the gabions to the
scour line, this undermining action is negated. The revetment
at the bridge will be warped upward downstream of the bridge to
eventually tie into the channel gabions. The gabions will be
wrapped around the upstream side of the abutment.

To further ensure the integrity of the revetment, the
intermediate counterforts will be spaced at 21 ft.
Conversations with engineers from the Bureau of Reclamation
regarding gabion design indicated that a closer spacing is
warranted~ Portions of a report dealing with the spacing of
intermediate counter forts is included in the reference section.

5. Scour Analysis

Using several different methods of scour analysis from "Guid
for Computing Degradation and Local Scour" by E. L. Pemberton
~nd-. M. Lara, 1982, a depth of 11 ft. elow original ground
was computed. This depth agrees well with the sand and gravel
armoring layer results reported by ATL Testing Laboratories
which varied between 10 and 15 ft. The slope protection will
extend down to this depth to prevent damage to the bridge
footing.

Calculation sheets showing the methods used follow the report.

6. Freeboard

The 59th Avenue bridge is in close proximity to two
intersections which precludes a large raise in the grade.
Lengthening the bridge did not provide enough increased flow
area to significantly decrease the depth. Thus, the grade was
raised 1-1/2 ft. with resulting freeboard at the upstream face
of one ft.

The Colorado Department of Highways provides a formula to
estimate the freeboard requirement.

F(ft) =

=
=
=

0.1 QO.3 + 0.008
0.1 (11,250)0.3 +
1.64 + 0.77
2.41 ft.

v 2
(0.008) (9.83)2

/

Given the inability to raise the grade and the relatively clear
channel, it is reasonable to allow less than two ft. of
freeboard.
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ADDENDUM

Thursday, March 15, 1984, John Carollo Engineers informed IECO
that the Corps of Engineers was revising its estimate of the
100-year flood discharge. At the Arizona Canal, the discharge
is 11,000 cfs, at Union Hills Drive, 9675 cfs, and at 59th
Avenue, 9500 cfs.

A new backwater computation was made to determine the change in
depths at the bridge. Preliminary figures are:

Cross-Section Depth (ft) Velocity (fps)

4.421 7.38 9.27
4.429 7.47 9.17

These values also reflect pier widths of 2.25 ft. as the 4 ft.
width originally used was considered too conservative.

A check of the freeboard calculations follows:

F = 0.1 QO.3 +
= 0.1 (9500)0.3
= 1.56 + 0.67
= 2.23 ft.

0.008 V2
+ 0.008 (9.17)2

with a depth of 7.47 ft. at the upstream face, the freeboard is
approximately 2.18 ft.

-5-
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...
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I·,

0.000 0.000 0.000 0.000
5 3D. 000 O. 00 J J~~ 0.000 _

7720.000 O.JO) 0.000 0.000
0.000 ..9_, OL0 520. 1)00. ~4 o. aD)

JT 2.JOO 11320.000
X1 ... 30,). O. 000

________________.__ __ __ _ _ • __ • .•.•__ ••••.9 __.__ 8

;llH 2.000 11600.000 0."00 0.1l00 11600.')0') 0.00') 0.000 O.QOO --0.0;~----~-.r)00 I'~
I' X1 3. ]00 _ 4.oJO 9980.50::> 10121. suo 430.000 64').001) 530.000 0.000 0.000 0.000
t' GR 1255.30::> ~9%.5~0 1242.77::> 1r:J::JU'J.\Ju,) 1242.770 10.'10.00J 1255.770 1012 0 .500 0.000 0.000

".H 2. JOO_11;_30. 000 _7930.00 J 1). 00 L O. 000 J.ooa __ __ 0.000 0.000 0.000 0.000
I' X1 4.000 0.000 0.000 O.OGO 400.000 670.000 540.000---0.000 ------i.430-------o:6oo---------

·• QT 2.000 11460.0JO 7860.')00 0.000 0.')00 0.00::> 0.000 0.000 0.000 0.000
"NC .J45 .045 .J3'5 .JL) .500 J.OUO ').ooa O.JOI) 0.000 J.000
~ Xl 4.100 0.010 0.000 0.00') 54'5.000 565.0C::> 555.000 0.000 2.500 0.000

::r---(1-------4-~-,fo----9-~000 -9980.500--101~-50-t)-----·-5.rj-OO-----5.000-- 5-.000 - -- 0.-00-0 0.000 0.000 ------

1 GR 1260.700 9930.510 1247.720 10000.00J 1247.720 10010.0CO 1260.000 10010.100 1260.000 10016.000
,) GR 1247.700 1']015.100 124.7.720 _..__10019.00J 1247.720 1011 ').000 1260.720 1012~.500 0.000 0.000

I"LXl 4.150 19.000 9 0 30.500 10129.500 210.JOO 230.000 220.000 0.000 0.000 0.000
" GR J261.300_ ?Q'l0.500_124'3L.U_Q.--.1..0000.00:)__1243.750 1001J.000 1261.000 10010.100 1261.000 1001'3.000
,0 GR 12413.300 10018.100 1243.750 10019.0UO 124e.750 100H.000-- 126,.000---,0046.100 1261.000--10054.006---·-----------
rl GR lZ43.300 10054.100 124~.75C 10055.000 124~.750 1008'-.000 1261.000 10082.100 1261.000 10090.000
::r GR 1243.~oa 10010.100 124~.750 10091.00i) 1248.750 10110.000 1261.750 10129.500 0.000.__ G.OOO. -- _1:1

"~1 4.180 9.000 9960.500 10129.5(;1) 210.001) 230.000 220.000 0.000 0.000 0.000 •

\

,' GR__12_6J_~_)gQ~.!!LQOQ__l_~42.~_n_Q_.1Q.QOO.O!!2__1 ~~2_J.I.Q_.! Q98 2. OOQ._J 2t. 3. QO'J 1QQ_E_JQQ 126..3. 00 Q__1.!J09 o. 000 I
:: lOR 12H.800 10090.100 1249.770 10091.00') 124 Q .770 10110.000 1263.000 10129.500 0.000 0.000 I::

1

"LX1 4.190 4.000 998;).500 10129.)00 5.000 5.000 5.000 O.OOQ 0.000 0.000'
: - GR - 1263.')C'J - 9950.500 1~50.'J00 10noO.OO) 125Q.00::> 10110.000 1263.000 10129.500 O.OOll --- o.obo---·----·--

• ~T !.OOO 113 0 0.000 7790.000 0.00) O.OO'J o.oon J.OOO 0.000 0.000 0.000"I NC--- .)0-------.045-------.030 --:10-,) - .300----0.000--- 0.000 0.000 0.000 0:00;'0;;---
~ Xl 4.200 4.000 9980.500 10129.500 4'5.000 65.000 55.000 0.000 0.000 0.000

GR 1263.JOO J9g0.500 _1250.050 10000.001 1250.050 10110.000 1263.000 10129.500 0.000 0.000

0.000
0.000
0.000

0.000
0.000
O.OOJ

0.000
0.000

10129.500

0.000
530.000

1267.991

tJ.OOO
540.000

10110.00r:l

0.000
52').001

1254.~9)

0.000
1 0129.5U)
10000.00)

QT 2.JOO 11250.000 7650.000
"~'Xl 4.400 4.000 _ 9980.500
~ ~R 126d.)Ca 9980.50C 1254.090
"

1" ~ C ._.1 ~ 5 .04 5 ~03) -...,-:c-:-:--,-,. 30 J _. '; 0 0 1).000 0. 09'J.. 0 •.Q..00 o!.Q~ .9 ~.QQ2

I.. Xl 4.420 4.000 9980.500 10151.1GO 290.000 290.000 290.000 0.000 0.000 0.000

:: _GR 1261.200 9930.~00 12~~.~00 10000.0(:0 1256.200 10131.600 1261.200 10151.100 __~.O~~ 0.000 ~__ _ l~-I

Xl 4 ... 21 16.0,JO 9984.540 1C147.0tJ 5.,)0,) 5.000 5.000 0.000 0.000 0.000 'j
GR 1266.100 ?9~4.540 1265.000 9985.'5~0 1265.Q01 9~87.250 1256.500 10000.000 1256.500 10020.000 '

;"1 GR 1 266. 10') 1 Q0" 0 • 0 1 0 1 26 6 • 10 0 1 C02 4. :J 00 1 25 6 • ') O:J 1 0 a 24. 01 0 1 256. 5a 0 1 011 O. 300 1266. 100 1 011 O. B1 0 :
GR-126 .s.1 00--:;1)114 .8')(f-fi56-:500 ---:fOl ;4-:af6--f25 6. 50;j----1 0131'.600 ---1264 .10o-ToT4 4:35'0 1265.000 10147.050- _n___ "
_~_~__1266.100 10147.060 0.00.0 iJ.OO~._ _ o.OO() 0.000 0.000 0.000 0.000 _0.000 ':~

I~I - .- -- ----- --.-.---------..----.----- -------.- ---- ----. --- -_. ---- -- ------------ --------- -.- --- --- ---- ----~:
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•-------,,~
_._--------- ---,-,

X1 4.H9 16.010 84.54 1) 10147.061 100.000 100.00') 100.000 D.OOG 0.000 0.000
GR 1266.100 9984.540 1265.000 9?84.SSlJ 1265.000 9987.250 125~.800 10000.000 1256.'300 10020.000
GR 1266.100 10020.010 1"266.10:) 10124.vO'1 1 25 S. ') 0.) 10024.01') 1256.-300 1011a.300 1266.100 1011').310
GR 1266.100 10114.8')0 1 256. ,30!) 1011'+.'310 125 S. ,30) 10131.60Q 1265.000 10144. ~50 1265.000 10147.050
G.'L_l_2_6 i. 100__1.Qj_4L~ _060_,____a•..Q Q0 ___!I._P-',i 0____rJ.. 000_____ 0 • .000____0.000. 0.001 0.000 C.OOO

'11

5.000
10131.60')

~.oo')

1257.1)00

.~OJ 0.000
0.000 J.DOO

--""90-.::5 • 000 ------95.00d
1263.000 9S10.000
1265.40a 10070.000

O.JOO 0.00J

10151.100
10000.00)

9980.500
1257.000

Xl 4.430 4.000
GR .1270.000 99~0.500

5.000 0.000 0.000 0.000
1270.000 10151.100 0.000 0.000 'l:1
___~:~~~ E:~g~ ~:~gg g:~g~-,--- ,- ::,,1'

95.000 0.000 0.000 0.000 '
1266.000 9710.000 1266.000 9945.000 ~
1268.000 10'315.000 126~.000 11410.000 !j

0.000 0.001 0.000 0.000 I"~

~f-- --~~~~g---nTl0:'~'~6-!~~~~~ggg o,:~~-~_-11JJli-:8g6----~-: ~~6-----'-- -~: g~g-_ ..---g-~~~~ ~:-g~g g:ggg---- I:)
X1 4.60a 20.000 9920.000 10170.000 500.000 42').000 530.000 0.000 0.000 0.000 I"
X3 10.)00 0.000. o.OOQ_ ... O.JOO O.OOQ O.OOJ 0.000 0.000 0.000 0.000 ,~'
GR 1272.500 79JO.OGO 1277..'JOC -- 7901.Juj -----127;.000 790~.QOI) i272.000'790'3.00j --'Ti72.000-- 7904.000 ------ ----- -- I.
GR 1271.000 J295.0ao 1271.000 9550.000 1270.100 9571.000 1270.000 9635.000 1268.500 9690.000
GR 12b9.000 9825.000 1269.500 9920.000 1262.000 9945.'J00 1260.000 10020.000 1260.000 10040.000
GR 126B.000 10110.'000 1271.000 10170.000 1268~000 10200~QOD--1-268.000 10&70:000 121~~'5lf!J'-.Xl.."...."..------~----j1

NC .:145 .04S .iJ~1 .1lJJ
~T 2.JOO 11150.0:10 7580.000 0.000

-X1---4. 500·----- ',2. oo'b -9945.000'--10070. OCG
GR 1272.100 3300.000 1270.000 9100.00)
GR 1257.400 9975.000 1?57.~00 10030.00)
GR 127J.JOO 114~0.OQO 127~.oc0 -- i1650.0LJ

"

"
i"

" ~~ ------- ~:'~g~-H()-40:~~~'''', Oi'at gg~ -- -__.Jl:~~~ .. ~ ~ ~~t~~; g: gg~ ~:gg~ g:ggg ---- .. - ~:~gg-,------- 5:ggg - . ------------ . ::~I
" 4.700 19.000 990C.OCG 10160.000 500.00' 490.000 "0.000 0.000 0.000 0.000 j
X3 10.JOO 0.000 0.000 0.00J J.000 0.000 0.000 0.000 0.000 0.000 ~
GR-1276----=-G0'5---a1~0.oOo 1276:-000 8161.001 1276-:-000----ffiz.otftf 1Z76-~OOO ''8600.000 '1274.000 'fOOD.OOO "
GR 1272.800 9595.000 1272.000 9650.00J 1272.000 9900.000 1270.000 9960.000 1264.000 9980.000 u

GR" 12~4.00Q __ 1006S.000 12?4.30Q 10160.00D, 1272.000 10185.000 .1270.000 __ 10280.000 1268.600 10480.000 __ , :~
GR 1270.JOO 1091)0.OJO 1272.000 1165J.UGJ 1272.~OD 1173).00J 1274.000 11950.100 0.000 0.000 •.,

:j'-,

""'I
wi

JT 2.000 10970.000 0.000 0.001) 10970.00a 0.000 0.000 0.000 0.000 0.000
"1~c------:545---'-:045 - -':-oH-:-"oo-- ----:-300---0.000 ------- 0.000----·0:000 o.ocfo------O:Ooo

X1 4.300 1!.000 9920.000 1004~.00G 550.000 460.000 530.000 0.000 0.000 0.000
X3 10.000 0.000 0.000 O.OOQ 0.000 0.000 0.000 0.000 0.000 0.000
GR---1270."OJ ~no.o-)o 1276.000 9S71J.tJGO -, "274.700 99'ZJ.OOQ 126'>.000 ----9962.000----12'6'6.000 ·"0600.000
GR 1274.JOG 10048.000 1270.000 10135.J00 1272.00) 10162.000 1274.000 10220.000 1274.000 10400.000
G~_1n_4.J..og_108 JO. CJl.Q__1_2I4_.J).OQ__1_1?_31). 0_0_,) llL~..!..990__ 1VOQ.1J00 ~ 000 Q~.QO 0.000 O..!..QOO I

..

QT 2.JOO 10900.000 0.000 0.000 10900.000 0.000 0.000 0.000 0.000 0.000
Xl 4.JCa 16.000 9950.000 10050.00) 550.000 350.000 520.000 0.000 0.000 0.000
X3 10.u0:1 O.OJO -----0.000 fJ.JL) 'l.I)CD I).DOD f).000 0.000--------0.000 J.OOO
GR 12eQ.JOJ ~700.000 1?78.000 9300.000 1276.600 9950.000 1270.000 9965.000 1268.000 9975.000
GR 1270.:)00 100~5.000 1274.000 10051).JO') 1274.000 10152.000 1274.000 10175.000 . 1276.000 10185.000 I
GR--1Z7 '6.900"-10-2:50 JJoo"-1-ii;S:-90o-nYfs 5-:'-'-)00--'-27"6:000--10455: 000 --,- 1276 .000-' 0630.000 ' ·1277. 000 HJOo.OOo
GR 1278.00J 11750.000 0.000 0.000 O.QOO 0.000 0.000 0.000 0.000 0.000

---- --- - "'-'---11

",I ,----- ,--..---,- --- ---- -- -----------,---,-- --- --.---,- -------- ------- -- --, .,---.
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DAGE 4

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

IH 2.000
X1 5.)00
)(3 H.JO']
;iR 1280.QOO
~_R__l?73_. JOO
GR 1273.500

10830.000 0.000 0.000 10830.000 0.000
15.000 996~.000 10030.000 530.000 510.000
G.O~O 0.J00 0.00) 0.000 J.OO~

05~0.OQO 1279.000 9700.000 1278.000 9~~O.OOJ

?9~0.000 1273.)00 10010.JO) 1274.000 10022.000
:; 0205 ~ 000 --12i8. 000---1 0370.-000--1 i79 .000----1 0570.000

0.000 0.000 0.000 0.000
520.000 0.000 0.000 0.000

0.000 0.000 0.000 O.OQQ
1273.500 9363.000 127~.000 9390.000
127~.000 10030.000 1278.000 10100.000
1280.000--11 000.il60--f2sf:ooo--1 1"050.000-

QT
<:J
*PilOF

~. 000 _1 C7oS0. 000
0.)00 O.OlO

0.000
0.000

0.000
:J.0lJ.)

10760.000
O.OO'J

0.000
,J. 'JOO

0.000
0.000

0.000
O.lOO

0.000
0.')00

0.000
Q. 000

1- CRITiCAL.--O-EP-iH"-TOBECALCULATED AT ALL CROSS SECTION-S------ - ---_. -- ---

L
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r----------- -------- -----
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----- ----------- ,- - -
1237:713.50 9.34 12~9.34 1247.45 1240.80 1.46

11830. a. 118 ~O. O. O. 1225. O.
0.00 0.00 9.70 --- o. Q.!L __" • 045 .035 .045

.004496 a. o. o. J 18 3

34~5 OVE~B~NK AREA ASSUMED ~ON-EFFE(TIVE,ElLEA=

--He--- OlOSS
VOL TWA
<lT~ ELI'HN
CO~A~ TOPWID

-. _._._- ._--_.----------

::
I I

--l')'
I"
I"

•

I~
---I;:

"

"
"I,
I"

~"I
I,

·1I I

BANK ELEV
LEFT/RIGHT

SSTA
ION:>SI

O:olf--124d-: 00-
O. 1240.60

1230.00 9702.21
193.01 10395.22

1240.60

0.00
o.

0.000
J.JO

Ill/
ARoa
XNR
ICO~T

-1239-:34- --.-

1240.00 ELHA:

CWSEl=

EG
ACH
XNCH
IDC

WSElK
ALC~

X~L

lTR I AL

.50

CIlIWS
'1ROe
VR08
XLOBP

Fl)W DISTRIBUTION FOR SECN~=

CC~V= .100 CEHV= .303
*S:::CNO,3.500

, SEC ~Hj---oTpTH CWSEL
Q QL)6 QCH
TIM~ VL)3 VCH
S~O~~ XL0~L XlC~

'.

________,._______ I_ , r
. I""

-- ..-- -- ----li~,

.,
I'
I"

_.___ _- __--_ i:------- I'___ __ _ :ftl

r
(

1242.1)1CWSEL:3.60FLOW DISTRI9UTION FOR SECNO=

STA= ~902. 10100.
- >ER-~~ - 1CO.0

AREA= 1224.7
VEL: '1.7

--sf(;---- ~003 :--9070.---9920 ~ ---HI08 o. --102lJO. - 'fo 331:--- '-- -- -- .
PER ~= .2 11.8 86.4 1.2 .3

AREA= 22.7 735.0 1149.0 92.8 44.2
VEL: .9 1.8 3. Q 1.0 .9

*SECNO 3.600
7135 ~rNIM~M SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSU~E:>

3.60 ~.17 1242.67 1242.67 0.00 1243.74 1.07 1.99 .04 1241.50
I 11810. 14,15. 10219. 1~~~ 808. 1~.~.2~ 1.~7.~__ ?~.__9._ 12~_1.8-=0 ~..........,..._-~--

.02 1.75 8.88 1.36 .045 .035 .045 -0:000 f'rH.5ci-,--o-02:-n ',-
.003216 345. 525. 500. 0 8- a 0.00 1328.69 10331.34

"

*SEC~O 3.700
--7135' ';'1 NI ~UM-s-p·EcIF-Ic----eN~-RGY

3720 CRITI:Al DEPT~ ~SSU~ED

34~5 OVERBANK ARtA ASSUMEC NON-EFFECTIVE,[LLEA= 1246.00 ELRE'= 1246.50

3.70 3.10 1246.10 1246.10 O.Ou 1246.99 .89 2.25 .02 1246.00
11740:--2673.-- 9067:------0;----997:---1066':-'--·0-:----- 45~----- --24. --124'6':-50 .",", I

.04 2.~B 8.51 0.00 .045 .035 .045 0.000 1238.00 9007.30
.095~03 530. s~o. 500. 0 9 0 o.ao 1167.36 10175.16

. - -
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DEPTH cwsa CPlwS WSELIC EG HV ~l OLO'iS BANK ElEV
QlO'? OCH QROB ALOB ACH ARoe VOL TWA lEFT/'UGHT
\lLOa VCIi VI' ') P. X!>lL XNCH X~R WTN EUIIN SSfA
n:)PL XLCrl XLJE P ITt< I AL IDC ICC'H COPA~ TJPWID ~Nl> Sf

84/0311 ~.

~

"I---S-C:-C-N-O---
. Q

. ,_. , .. _ TIME
SLO"E

.. '

,!

':1
1:1

.l"i

r,:

-1:,1

'1: 1

1:
1

I'
"

I~:'-~--""'-----"

1249.00
1250.70

9053.68
10066.43

.._--,

._-- -- --_. -------_._---------_.

.03
38.

1240.50
1012.76

1250.70

2.92
71.

0.000
0.00

1249.16

----"---_.- -

*SECNO 3.8JO
71~5 ~INIM~M SPECIFIC ENERGY
3720 C~ITICAL DE~Trl A5$U~ED

"'1

I:. .
3.80 '1.66 1249.H 1249.16 0.00 1250.17 1.01

11670. 396.1. 7702. O. 1257. ... 798. _."- O.

t::
.0 S 3.16 9.65 0.00 .045 .035 .045

.005)81 570. 520. 4eo. 0 8 0

,.

"1------1:1 FUW OISTRTBUTIO"NFORSECNO'= 3.70 CWSEL'';--1-246':fif---' ---,.---.--

"

'Lsn=,- ,90n. 9200. Q800. 9398. _ ~9?5. 10180.
'" >E~ ~= 4.'5 15.1 2.'5 .7 77.2

I:: __~~~~: ,_,,~~~:L,_~~~:_~.. _1~~:,~ .. ~t:J.._~~~~t , _
1::
i,·
1,,1
11/1

,'I.,__34?5,O liE QSANK.. ~ R~ A_A SS,UM ~LN O~-E" F,fCTI liE ~,Ll.L_~}-=-__J 2..'t9_. 0 CL= L ~ EA=

I ~~'WD[STR ('UTION FO' SE,"O' . .... J~ '0. __ •.. 'WSEC-

• 5T4= 9C54. ~100. ~300. 9670. 9910. 9°30. 10075r ~ER ~= .4 6.7 21.0 5.9 .0 66.0

I
" p. RE4= ~~_~__?J L.Il__? 8 I.. 5 26~, • 4,~...!' 7 79_? Q,_"I VE,,= 1.:S 2.9 3.6 2.6 .7 9.7

~ *SECNO 3.9JOI'f ,... ... '
" 33)1 HII CHANGED MOPE THAN ~IIINS

·t-fL'5'W-oISTRIBUT iONFO~ECNO';- 3.9'0 CWSEL:: 1251.07l ST" "36. 10130. - .._.- ...
;)U;1= 10::>.J

" AREA= 1016.1
., VEL= 11.4
.. -.~ --.----.-.... - -- -----,---. "" ·....-X'f... '

._~·1 •

r~-'--
, 3.90
.. 11600.
" .07
.' - : 0i.l51 B..
.,

-------~ .-_..._ .._---- -----_.-. - _..._._-- -- -- .. __ .
2 ~ '6 2----, '-:3'0' "1 2 5 5: ~ 0-3.~0 1251.07 1249.54 0.00 125~.09 2.02

O. 11600. o. O. 1016. O. 88. It4 • 1255.77
0.00 11. 42 0.00, , _0 04 )_ .035 .045 0.000 1242.77 9987.58
4'0. 530. 640. 2 15 J O. JC 134.87 10122.45

- 1'"----- --- Fj

:'1
"I

---I'"

"f-----.-- -- .. - ,,'- ._-- --- --- ----_._-- - --- . ----.- --- - -------

.

~-•.~-_=l..,-'--:
"
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SEC ~ O-----DP~CWS '::l cR"rws --WSELK EG --- fiV-----H-L----- OlOSS BANK ELEV
Q alae QCH ~poe ALO 3 HH APOB VOL TWA LEFT/RIGHT
TII'IC VLoe VCH VIIOR XNl X~CH XN~ "'T~ EUHN SSTA

:1- SlOi'E XUBl XlCH )(LaER rTf/IAL IDC ICO~T CCPA~ TOPWID '::NDST

I -- ._---
*SECNO 4.0JO

4.00 8.66 1253.86 1251.94 O.Oll 125'i.68 1.82 2.57 .02 1253. Z3
--115~0. 1. 11530. O. o. 1 Cl64. o. 101. 46. 12B.20

.0 f \.l.oo 10.81 0.00 • ')4:) .035 .045 0.000 1245.20 9987.05
.004404 400. SitO • 670. /. 15 a 0.1)0 135.94 10122.98

..__._-- -- - --- --_._._--- -_._---- _._-_._------------------- -_.__ .- -_ .. ------_. ---- --_.-----

FL)W DISTPIBUTION FOP S'::CND= 4.00 _- CWSEL= 1253.86---".-._-----

PAGE 7

~
I

-------l',
I"
1-

--- -- -------

.500CE'iV=_

STA= ]937. 10130.
i>Eq ~= 10a.~

A~ E!I._==-__1 06 .... ~ _
VEL= 11).8

CCHV:_ .~OO

*S'::CNO 4.1JO
4.10 ~.o1 1256.31 1254.42 0.00 1259.13 1.82 2.45 .00 1260.73

114S0. O. 11460. O. O. 1058. o. 115. 48. 1260070j,
'-----:10 0.00 10.83 0.00 .045 .035 .045--0.--0~o__1247:_7o_9981:12 n

.004431 545. 555. 565. 2 15 0 0.00 135.80 10122.91 :

FLOW DISTRIBUTION FOq SECNa: 4.10 CWSEL= 1256.31 ~

SU;' 9937. 101:30. "
f>E~ Q= 10).0 '"

AREA= 1053.0
VEL =------ -- 1 J • .3

__*_S~_CNO 4.1'_o . ._______________________________________ . ---1

3265 DIVIDED FLOW

4:11 ~.4S
114~0. o.

.10 0.00
.0~644T---5:

1256.15 1254.76 O:OJ--125~:34---2:-13.:13 .1~- 1260.70
114~C. o. o. 9t7. o. 115. 4~. 1260.72

11.85 Q.~O .045 .035 .045 0.000 1247.70 9987.33
5. 5. 2 15 0 O~-oo---n7:361(Ht2:65----,---,~--r---------- 11

FUW OlSTRlaUTIO~ FOR SECNO= -----4.11 C\oISEL= 12S~.15

.,
STA= 9937. 10130.
~ER~---loO:a'-

AREA= 967.0
VEL= 11.9

.1 --- ----- ----- -- . ----- ------ ------ ----_.•_----"_._----- ._-_._---- _. ---
,.
tL



84/03/12. .42.54. PAGE 8

I'

Si:CIIIC
Q

TIl''':
SLO?E

DEPTH
'JlOB
Vll)'l
Xl08l

CWSEl
QCH
VCH
XLCH

CRIWS
~Rn

VROe
XLOEiR

WSELI<
AL03
X~L

ITRIAL

EG
ACH
XNCH
roc

HV
AROB
XNR
ICONT

HL
VOL
WTN
CORAIl

OlOSS
TWA
ELMIN
TOPOIID

BANK ELEV
lEFT/RIGHT

SST A_
~NDST

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

I'""

I:' *SECNO 4.150
I

',I 32~5 DIVID';D FLOII

4.15 3.97 1257.72 1255.55 0.00 1260.29 2.55 1.76 .19 1261.30
, 11460 • , J. 11 460. o. o. 13 92. o. 120. 48 • 1 2 ~1 .75 1"\

'I' '.10 ----O.00---12.65----6~00---.045---·.6~5--·--.045 -- 0.000 -1248.75-9986.59 -- ---.--- -'--'-"
" .010188 210. 220. 230. 2 11 D O.GO 113.01 10123.46 ':

t_;~~~_.D~SfR lauTIO~ __ '0' SEC NO ~ --::;-;" CWS 'L< '-'~.'.'__-- -- : l'

I
", SH = 19 37 • 1 0 1 3 0 • " , q

x'\ j>E~ J= 100.0 ,II"'F--AREA
: ".891.7._ ... - ..----. -- ---- .. . -.. -- -1"u VEl= 1~.9 .,

n '

" *SECNO 4.1130 --_._--. r
: 3255 DIVID~D FLOW I:
1"1-- ~ =~-~ --- ---- -- ---. "--- -..----- -- .. ,-. -- -- - -- --- ---.. --- -- ,':1
~~HV CHANGED MORE THAN HVINS ~
\.. 4.13 10.77 1260.541256.77 0.001261.75 1.21 -1:~--------:4T------:nTl.00 :,1
" 11 450. o. 11 460. O. o. 1 29'3. O. 125. 49. 126:3.00 1",

i> -·--.o027~1----· ~1g~ ~2~~ ~;~~ __. ~04}_ .o~} .04~ °o~~g 1~~::~~ 1b~~~:~~ -- -- ---- .-.---. --- ,-- -. ---11
::

1
l" oil

1 •

:: FL:lW DISTRIBUTION FOR SECNO= 4.18 CWSEl= 12-60.54--------·-·------ ------.-----\:\r'TA= 9V9., 10130•.------ -- --. -- - -- - ~.[jI" ?E~)= 10S.,J '
.. ARE~= 129'1.0 "
, VE_'-_=---_'l._s :

"
*SECNO 4.1'0

4.11 10.66 1260.66-.1256,72 0.00 1261.79 1.13 .01 .02 1263.00, ,:
114!l 0 • I). 11 460 • -- I). -- - 0 • 13 43 • 0 • 1 2 c; • 49 • 1 263. 00 - ------ ----- - -----

.11 0.00 8.54 0.00 .045 .035 .045 0.000 1250.00 9~84.01

I •.oO~..1..4_1t __5.... .5. 5. 2 14 J O._Q.9 141.9,L1_01.?5~99:.'" J'

'><>

'"
--- .------ --_...._- - ---- -- ._- _._------_._-------------- ------ _. ----

i:'



8~/03/1 2. .42.54. PAGE 9

s ~C If-O--OE -PTH --ells ':L
Q QL09 QCH
TIME VlOB VCH
SLOPE xlJeL XLC~

FL'II DISTRIBUTION FOR SECNO=

CRIIIS WstLK EG HV --H[- -- OlOSS BANK ELEV
QRI)~ ALOq 4tH AROB VOL Til/A LEFT/iUGHT
VROE XNL XNCH X~R IHN ELMIN S5TA
XLO:JQ ITRIAL IoC ICC~T CODAR TOPWID ENoST

-4.19 CWSEL= 1260.66-------

"'-:<~~- ---~

,,.

_ -I::,
-1,.

.'I;

I;
- . II:'"

'.'.,' '~' --~~"y'. ,. .

-_._---

1.1J .10 .00 1263.00
o. 127. 49. 1253.00

.045 0.000 1250.05 9983.82
-- 0-- 6.00-142~35-n)126.18'

1260.79eWSEl=4.20

--------------------- ------- -- --.

.300

FlJW oISTRIBUIIO~ FOR SEeN/)=

ST'= 9984. 10130.
I'ER Q= 100.0
ARH= 1355.5

, . . _VEl".: __.. . __ 8.~_ ...._, _

5T'= 9934. 10130.
;>ER Q= 100.0
AH'= 1342.7

______vE_L~ .8.•) _

CC~v= .100 CEHV=
_*SECNO 4.200 ,

4.20 1~.74 1250.79 1256.74 0.00 1261.89
113]0. O. 11390. o. C. 1356.

I ~J.J IJ.OO__~...!.4_0 0.00 .045 .OJ_Q
.001513 45. 55. 65. 0 14

*S::CNO 4.300

33J1 HV CHANGED MORE T~A~ MvtHS '~' - '" ..~. ~

___ 4.3_,) ~.96_.1261.48 .1259.18
11320. O. 11320. o.

.13 0.30 10.22 0.00
__..!.Q.Q2.7_9)_,_~2Q_._.....DO.. 5~0.

-_. <, 11

,__..f_~)W DISTRIBUTION fOR SECNO=

ST'= 9986. 10130.
PER Q= 100.0

I AREA~1ti-7.2~----
VEL= 1:>.2

4.30

0.00 1263.11-0:- - 11 07 ~

.')45 .030
2. 14

CWSEL=

1.62
o.

.043
o

1261.48 '

1.06 .16 1265.47
142. 51. 1265.47

0.000 1252.52 9986.50
0._0..9 P7_~QQ. 101..23~0 .

'j

--- ------l~
,

*S':CNO 4.4;)0
4.40 7.}3 1262.92

I 112.50 .! Q~ 11.~! o.
.14 0.00 11.6

.004133 520. 530.

1261.63
o.

0.00
540.

G.OO
c.

.045
2

1265.02
~67.

:1)35
15

2.10 1.77 .14 1268.00
o. 155. 53. 1267.99

.045--0.-ClOO -1254 •-99~88.'T-----"D..,.'~,.,..,.. ....,...\."""':"""\",....'.~-

o 0.30 133.80 10121.90

I -----.. ----- - l "----_. ---_.- ..

,J



r- flJW DISTRIBUTIONFOqSECNO';; 4.40

1 S~C~O D-E ?TH---CWS ~i.---cRlws-
Q Ql09 QCH QPOa
TIM~ Vl~B VCH VROB
SLOPE XlOeL XlCH Xl0B~

•-------n
I,

8~/03'12.. ~.42.54.

HV
- .. --- -- ------- .

WSELK :G HL OlOSS BANK ELEV
ALO~ AC4 ARoa VOL TWA lEFT/RI:iHT
XNl XNCH X~jR lITN EUHN SSTA
ITRIAL IDC ICC'H COUR TOPWID ~NDS T

------ -----_... ---
CWSEL= 1"262.92

PA:;E 10

CC~V= .300 CEHV= .500
*S:CNO 4.42.0

33J1 HV CHANGED MORE THAN HVINS

.9988. 10130•.
10 J. U
967.3

__ ._ 11.6 _

.,

:iT'= _
PER Q=

ARE'=
. VEl=

4.42
11250.

.. .15
.002157

8.67
O.

0.00
290.

1264.87
11250.

8.97
290.

1262.14
O.

0.00
29') •

0.00
o.

.045
5

1266.1 z"--f:zs--' -- :8",-'- -- --. .- 2-5-12{9-:20' ,-
1254. O. 162. 54. 1269.20

.030 .045 0.000 1256.20 9987.00
15 ~ 0.00 157.61 1014~.~0

"1

,I- ---. -.--- ---, i
i:·i
I!

·--·--1
I·
'.I
,I

" flOW DISTRIBUTION fOR SECNO: 4.42 CWSEl= 1264.87

S~A= _99d7. 10151.
PER Q= 100.0

AREA= 1253.6
"'I VEL: "9_. 0 ._-_.. ----

*SECNO 4.421

3255 DIVIDED FLOW

l.. j
,I·----H

4.42
'----11250.

.1 5
~003746

3.24
O.

i).00
5.

1264.74
11250.

9.99
5.

1262.t,7- - o.
0.00

5.

0.00 1266.29
0.- 11'26.

.045 .030
l 19

1. 5 5
o.

.')45
:l

.01
162.

0.000
0.00

.15 1266.10
- --- 54 .-- 1266~ 10-

1256.50 9987.65
150.63 10146.26

__ 1"'1-----------_.----- -. -- 'j

5T,I.=
PER ~=

AREA=
VEL:

FI,,_.JJI....P.I.S} R_ I!3 UJJ_o N__F.Q.R~U ~.2..::..-__4.!+ 2

9988. 10147.
100.0

1120.0
10.0

______ CW_SE_l,,:__12 {l_4_.74 ---_

I ---------

I .------

---------..-.-.----------------..----- 4.'. ',3

------,-~--- _._-- •.._- .._------,---- --_._-_..

-'----1:1,I
-'--- ------- - --------- :1

'J



__. 8

1\

. ---" !:I
';1

._---1'

"l,'

___ ~I
I

PAGE 11

.01 1316.10
54. 1266.10

1256.80 0 9984 •5~5::..----------- ----..-
154.52 10147.05

*S~CNO 4.429

]2~5.DIVID~D FLOW

4.43 8.37 1205.17 126~.~7 0.00 1266.67 1.50 .37
11250. O. 11250. O. O. 1145. O. 165.

--- -~-n-- 0-:-00-- 9.8:r' --Q~-00--.045---.01"0-----:-045----0.000
.003671 100. 100. 100. 3 15 ) 0.00

810/::13/12. ~.42.54.

8 -_.._---_...__ . --_._-_.- -----T- SECNO DEPTH CWS~L CRIWS WSELK EG HV HL OLOSS 8ANK ElEV
Q QLOe QCH QROS ALO'! AC'i AROB VOL TWA LEFT! RIGHT
TIro;: IILOS VCH VR:>EJ XNL XN:t4 .. XNR wTN EUItN SSTA

!j'l SLOPE XLOI:L X:"CH XL'J6R ITII r AL roc rcO~T CORAQ T:>PIoIID ENOST

..--- - ------ ------.-----------.--------.-------- I

.0' .••••_._ • __ • _. • ~---......,...,.--_-.----_.-----

1265.17CW')EL:4.43

-_ ....._.. _._ .. _-_._---

FLJW OISTRrBUTro~ FeR SECNO=

SH: 99IT-.--o~ni147.
:>ER '1= 1GO.0

._ .A REA: _ 114". 5
"1 VEL= 'I.~

STA= .9987. _ .10151.
:>ER J= 10a.O

AREA= 1210.6
"I VEL= 9.]..._---- ._-- _.__ .-

I;·
··--J'1

i
~ .1
1.1
;,1

*SECNO 4.430 ,..
,,' 4.43 8.39 1265.39 1262.96 0.00 1266.7"3 1.34 -:01 .05 1270.lJlf . '. ";.

11250. O. 11250. O. O. 1211. O. 165. 54. 1270.00 "
_.__. .1.5 0.00_ .'7.29 _ 0.00 ._.045.... .030 .045 0.000 1257.00 9987.41 .:;,

.00"" 5. 5. 5. 2 15 '0." 156.79 10144."-- - --------- -----------1"
,,,I' FUW DISTRIBUTION FOR SEC NO: 4.43 CWSEL: 1265. H -. .., ..,lj I,J,

I'

;.'1

I:'·
CC~V= .100 CEHV= .300
*ScOlO 4.5')0
71~S MINrMJM SOE:IF~C ENEPGY
3720 CRlflCAL DE?TH ~SSU~EO

f-----:-74. 5.9 ]. ?L-12~7.17_1267~17.__P~ Q.9~8.61l 1._~ 1 • 26_.__•..Q5 __E~5...!-qO I
11180. 612. 9798. 770. 310. 933. 450. 168. 55. 1265.40

.1~ 1.98 10.51 1.71 .045 .030 .045 0.0::10 1257.40 9651.40
.00315] 95. 95. ?~. U 12 ::1 0.00 9~6.36 10577.76

"';

F~.1LDJ...uRI I? Ul.!.Q..'LF.9_.?:._~.~~N. :J = 4.5..::...0__ C_~U:-=--.j_?6J. l...L __ .
_'~~'T ~--~~ ...------ I

I"

-- --_·_-·----1
!
i i

10H8 •
6.9

449.9
1 .7

9945. 10070.
5.1 87.6

275.4 932.'-
2.1 10.5

- -- - -_.- . -_. ----- ---_._.._- -.--~-

9710.
• 4

34.3
1.3

SU= ~651.

PER '1=
AREA:

VEL=



84/03/12. ""5.42.54.

SEeNO DE?TH CWS!:l CPHIS WSELK !:G
Q :llOB QCH QRJB ALO!3 AeH
TIME 'JLJB VeH VROB XNL XNCH
SLO"E XLJ£:lL XLC H XLOB:< ITRIAL IDC

HV
AROB
XNR
ICONT

~l

VOL
WTN
CO~AR

OLOSS
TWA
ELMIN
TOPWID

PAGE 12

•BAN K Ei.-=E:7Y,.-----------------------rll

lHT/~~~~~.. ,,_ _ , _. . .. 1',
tND Sf 1:1

.22 FEET4.60 EXTENDED

14 ~o NH CA~ D US ED ----------------------------.------

*SECNO 4.6JO
_3230 CROSS SECTION

10:

"1

1267.14 0.00 1270.g2 .6~ 2.15 .08 1269.50
g. 35.4.._._-.1y~2. .0...... 189. __... 64.__._12 7J • °""'O_--r-_--.,...--

0.00 .055 .055 .045 0.000 1260.00 9567.39
420. 1 11 0 0.00 586.96 10154.35

3495 OVERBANK AREA ASSUM~D NON-~~F~CTJVE,ELLt:A=

"
33_J1 H\I.e H,\ NSED _..,ORE_. THA~LHV INS

4.63 10.22 1270.22
_j111C· __~tQ~_103ao~

.18 2.29 6.90
.005587 500. 530.

._-_._- ------_.._-

1269.50 ELREA= 1271.00

--- --_.-- 1',1
"I

·1
,'I

-1\
I·i

'!
,I
,I

-----~--------I';
:,1

1274. eo

1270.22tWSC:L=FlJW DISTRIBUTION FOR SEtNJ: 4.60

l.EQ....li.~_~A~_D USE:-'D~ _
*SEeNO 4.700

_ •••• 1'"

I'
4.70 9.35 1273.35 1270.99 0.00 1274.03 .68 3.11 _ .00 1272.00 ,:'

r-__11040. 1053. 99~7. O. 464. 1447. o. 211. 72. 1274.80 '
~ 2-0---2.2-7--"6.90--o~60 .055--'-=-055 .055--0.000-1264.0if~22.84 ,I

.006235 50Q. 510. 490. 2 14 D 0.00 824.39 10141.24

I SU= 9567. 9635. 9690. 9825. 9920. 10110."' >.' iJ
~ER ~= .1 .9 4.7 1.6 92.7

AREA':,. t1.Q _53.2_ ..__ 198.1 __ 91.9.., .. 1491.7 ..
VEL= .6 2.0 2.6 2.0 6.9

).

"I

I,.

"1_._34;15 OVERB.AN!( _AREA_ASSVM~D NQ~-::EFfEt.Tl\H,EJ-LEA.'= __ .. 1272.00 UREA=

I
,I

I etHV: .~.Q9_CEYV:__~ 300

---_.._-----_._--_._- -_._-- --

9650. 9900. 10160.
1.0 8.0 ~0.5

52.2 337.2 1447.0
2.1---'''2": 6 6 .?

FLJW DISTRIBUTION FO~ SECNO: -',

---
__ _ l

','(,H', _ .... - -!J
1

,

- ~

_..__ _ - ._.. --- '--~,.~--':i
._--- -~--------- - -- -*-----~-~- .__. '/ ~. ul

J

1273.35tWSEl=4.70

9595 •
.6

74.7
.9

SHz 9323.
:»ER ~=

AREA=
VEL=

.,



84103/12. .lt2.S4. PAGE 13

11517 •
.4

52.2.~

10630. 11300.
6.0 '1.6

25 ~. 3 657.6
2.5 1.9

10455.
1.3

72.2
2.0

__ _._. - • _0 - _'0

.02 1274.70
65. 1274.00

1266.00 9721.12
1559.2311260.35

1. ~5
:?40.

0.000
a.ao

10365.
1• 1

90.1
1.4

10230.
.8

46.4
2.0

.45
2050.

.045
o

1277.lt8

1275.44

10165.
.8-2". g

3.5

CWSEl=

1/)22'J. 10400. 10'300. 11230. 11280.
3.7 4.e 10.7 11.4 .4

141.4 259.0 575.5 618.6 35.~2~__~~~~ ___2--:-9--- -200--- --- 2.0--- 2.0 --- L 3 ",,' ----.-----

1275.90
833.
.035

10
._-_._-----_..- --- -----

0.00
73.

• ')45
j

10175.
3.3

~o .1
4.5

1U1 oS 2.
4.7

119.8
~:3

._-------- ---_..- ----- ---

4.90 CWSEL=

4.80

10135.
9.9

29~.2

f:6

FLJW DISTRIBUTION FO~ SECNO=

FlJW ~ISTRIBUTION FOR SECNO=

*SECNO'S-:OOO-- _.- ---- --------

71~5 ~INI~UM SPECIFIC ENER~Y

3720 CRIfICAl OEPT~ ASSU~ED

-- 5.00 6.74 1279.74 1277.74-- 0.00 1280.46' .11'1.99 .01 1278.50
10830. 511. 7001. 3218. 206. 346. 1195. 292. 117. 1278.00

.27 2.29 8.27 2.69 .043 .035 .045 0.000 1273.00 9567.21
.00423-7--530. 520:--510-. 0 14·0----0~-OO -f376~4OT09n.6·1i-------------~-~-·

'II---~

:1
-SECNO 4.800

4.80 9.44 1275.44 1274.96
--- 10970. - 6·J. 5905. _ 5004.

0' .23 .~2 7. 0 ~ 2.44
.002327 550. 530. ..f o.

SH= HZ1- 9?20. 1IJ01t8.
~ER ~= .5 5~.8

'I----._A q EA = 7_~ ~__ 8 3J_~_5

VEL= .8 7.1

ST'= 9656. 9950. 10050. 10152.
~ER Q= .4 59.5 14.6

",----.- A~ ~ ,= --- 41 • !> 7 0 '3 • 6 ~ 5 :; • 1
VEL= 1.1 9.2 4.5

..,

:'1
"I,
"I

-~"j
, 1

1:'1---j;,
!-!

-- ;~~~N~I~~~~~ SPECIFIC- E~C:RGY---------' - --....- - --- .. - - - -0 - ---- ~j
'~720Cin nCAl DEPT" _SSU'1E:> I

I" 4. 9 J ? • 48 1 277 • 48 1 27 7. 48 0 • 00 1 278 • 30 . • 8 ~ 1. ~ 6......__ .1.1._1.2 76• 60 :.
I" 09rlO. 47. 6485. '4367: 42. 709. 1638. 264. 11)0. 1"2"'14:0-0 ." 1'"
• .25 1.13 9.15 2.67 .045 .035 .045 0.000 1268.00 9855.56 "
~ .003502 550. 520. 350. 0 5 0 0.00 1661.11 11516.66 :_.__ •. _. .__. .._. -... -_. - -_. - .- -- ---_. .. - - - _... --_. .- ... --_. - .- -- . _._- -- - .. - -_..~-_ ...'- - - - _.. _.

,. I:
1::1
I'"
i'"
"---_._-------------- .- ------- --_.._---j:'
II
j

f,. StCNO DEPTH CWSEL CRIWS WSElK C:G HV HL---OlOSS BANI( ELEV .r)
Q QLOB Qt:H OROEI ALoa AOI AROB Val TWA LEFT/'HGHT "I

"'_0 TIME _ VLOB VCH _ _ VROB _ XNL XNCH XNR Io/TN EUHN SSTA :

SLC'E ""'L XLe H XL '" IT"'L IDe lC '"' "'" 'OFW1O "'ST'~ .. --If

--FLJW DIS fRIBUTION fOR SECNO·;-----S:OO CWSEl= 1279.74"L'-'- ~ 567.__ 97'~. "". 9868. 10030. 10 1.~'!.-..-.'-"05.__1.Q3J O. __10E~J.2..~44.•
~ PER Q= .5 1.7 1.5 64.6 3.5 4.0 6.3 10.0 5.9

"''I,,('"'@i''.''
~~"'.·r

• AREA= 49.0 160.9 56.5 840.0 121.6 156.2 245.5 347.5 324.6
, __VEL= 1.1 2.5 2.8_ 8.3. ___ 3.• 1. 2.8 2.8 3.1 2.0 __ ..._- ~.- --,

1----------- -- --.-- ..---- ..-------------------------.-- - - ... _._-
'"~

" 1"
,',



8~/03/1 z. .42.54. PAGE 14

13.42.55."U: .,. -- - .." ".,;. .. " " """."."." "." ~ " ".
, tiEC2 RcL:cASE DATeD N)V 76 UPDATfD MARC 1 ~8,

, Ell R0 Reo a R - 01 ,02, .) 3,0", ') 5
"OD I-F fCA TI ON ~_. 50, 51~ 52,5-3,54,55.." " " " .

THIS RUN EXECUTED 84/03/12.

•
-----------.-" ~

"

.
I::r-~'~~-~~A'~TER;~K-- (--.) AT LEFT OF CROSS-SECTIO~ NU~BEll INDICATES MESSAGE IN SUlIIl"IARY OF ERRORS LIST
,'I

/, ....
SU~MARY PRrNTOJT TABLE 15~

SECNO XLCH EL TRD ElLC EUHN Q ·---CWSEL-·----CRIWS-

-I':._--- ,

,'1
"II
I I
I.OllCAREAVCH'''''l-i"'"fE6

134.3 FT BOTTO2 PIERS

3 • 5 J 0 . __.__ q.o 0

123! *' 3.6JO 525.00

0.00

0.00

0.00

0.00

12~0.• QQ. __J.1g80.00

1~33.50 11310.00

1239. J4

1242.67

1237.71

1242.67

1240.80 ..

1Z43.74

44.96

32.16

9.70

8.g8

1224.70 1771.83

2093.73 2082.61

"II",'-

1016.12 1618.12

1064.29 1137.H

9.65 2055.04 1637.14

11.42

10.!3

50 •.81

51.39

44.04

1253.09

fi55.68

1246. C>9 n.03~'8.51 206 2~ 24)" 1SZ8. 06

1 24 9 • 1 6 __ .1 2 50 •.H

1249.54

1251.94

1.249.16

n51.07

1246.10

1253.!l61245.20 11530.00

1242.77 11600.00

0.00

0.00U40.59.1167Q.00

0.00

0.00

0.00

0.00

0.00530.1)0

540.00

530.00

3.&"Oq ._.._523.00

3.9QO

4.0JO

"

•
" II I

"

. .4.100 . 555. OQ.

"'._. .. 4.• 1.03 0

1.24 7.]0 ...U460. 00. 1256.31 .1254.42

0.00. .. 0.00 .. 1 ~49 • .77.. 11460.00 .. _,1260.54 .1293.04 2168.24

1342.70 2475.18

1057. 98 17 21 • 60 <:
966.96"H27.05· -.-.\::

891~73 11'55.37 ·!:~I
I.

8.83

12.85

10.83

11.'35

21.44 8.54

2,7.94

.44.31.

64.49

101.88

1261.79

1258.1,3

1258.34

1260.29

1261.75

1254.76

1256.72

1256.55

1256.77

1260.66

1257.72

1256.15

1250.00 11460.00

1248.75 11460.00

1247.70 11460.00

0.00

0.00 0.00

O. 00_. .. 0.00_.

0.00 0.00

1).00
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VI - WIRE ENCASED ROCK

Wire encased rock refers to rocks that are bound

together with wire so that they act as a single unit.

In essence it amounts to making a large rock by binding

many small rocks together with wire, and in fact, this

is one of the major advantages of wire encased rock -

it provides an alternative in situations where available

rock sizes are too small for dumped riprap. Another

advantage is the versatility that results from the regu-

lar geometric shapes of wire encased rock. Rectangular

blocks, rectangular mats and cylinders can be fashioned

into almost any shape that can be formed with concrete.

It is far more flexible than concrete, yet maintains

its structural integrity better than dumped riprap.

Wire encased rOCk, like riprap, is porous and, thus,

not subject to uplift pressures. Again, like riprap,

it should be founded on an appropriate filter to prevent
4

leaching of the bed material. As stated in Chapter IV,

channels with bottom slopes greater than or equal to

10 percent should be lined with wire encased rock rather

than dumped riprap. This rather arbitrary rule stems
Th;s is

first, from the feeling that at slopes of about this ".-r "I rv C

degree the required size of dumped riprap becomes un- I" J-'c.~ ; f

economically large and second, that. the structural in-I ~ ~/(, If"1 ''l

tegr1ty of w1re bound rock 1s far superio%"to dumped F" I, c ;:.~

riprap - even using stones two to three times larger. At t;,f. h~'7t9Q fp ,',., 'r Co' ~ "

f uti Y ;..,J,~ i :f. Ie
Fg" .. ",,0 I'

dh:ql'rr' , ,'(t"!'
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The durability of wire encased rock is generally

limited by the service life of the galv~zed binding

wire which, under normal conditions, is considered to

be about 15 zears. Water carrying silt can be very

abrasive and reduce the service life of the wire; also

water which rolls, or otherwise moves cobbles and large

stones breaks the wire with a hammer and anvil effect

and considerably shortens the life of the wire. The

latter can be partially overcome by capping key points -

weir lips, drop structure aprons, etc. - with concrete;

also providing toe protection for wire encased rock

side slopes with dumped riprap has proven to be an

effective protection. The wire has been found to be

susceptible to corrosion by various chemical agents and

is particularly affected by high sulfate soils. If

corrosive agents are known to be in the water or SOil,

a plastic coated wire should be specified.

Wire encased rock is not maintenance free and must

be periodically inspected to determine whether the wire

is sound. If breaks are found while still relatively

small, they may be patched by weaving new strans of

wire into the wire cage. In any case, a design should

account for possible wire failure, either by a regular

maintenance program or by arranging the wire encased

rock so that failure of the wire will not result in a

complete failure of the structure.
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Wire baskets for encasing rock are commercially

available in two basic configurations (50)(57). The
t 07' "

revetment mattress, a basket made from 14 guage wire is
4

6'6" wide and comes in lengths of 8', 10' and 12', and

heights of 6" or 9". The revetment mattress is in- .

tended primarily for lining channels. The gabion, a
~ " 1. "

rectangular basket made from 11 guage wire is 3' Wide

and is available in 6'. 9' and 12' lengths and heights

of 12", 18" and 36". The size, shape and mass of the

latter is more suited for situations where the structure

must serve as a retaining wall as well as erosion pro-

tection.

Another configuration which is not commercially

available is a cylindrical wire basket, often referred

to as a "rock sausage", which is formed with cylindri-

cally wound wire (as used for chain link fences) and

when laid parallel to the flow, provides a stable chan-

nel lining, even in steep channels. The cylindrical

wirebound rOCk, or "rock sausage", is not as versatile

as the rectangular shape but has the advantage that it

has a somewhat more manageable size and weight. The

latter makes it possible to manufacture the cylindri

cally wirebound rock at an off-site construction yard

and then haul them to the site by truck. The finished

rock cylinders are then rolled or lifted into place and

tied together with wire.
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Although bound rock for erosion protection and

channel stabilization was used by the early Egyptians,

surprisingly little design information is available.

The Maceaferri Gabion Technical Handbook (57) and

Bekaert Gabion Handbook (50) provide a number of

examples of successful channel stabilization configura

tions and some general design rules. These design

rules, which are summarized below, should be considered

rules of thumb. Whether these design rules are used or

not, the design should'include a check to determine

whether each wire encased unit which makes up the chan-

nel protection structure is secure from movement due to

impinging water and, as stated previously, founded on an

( adequate filter.

Suggested Design Rules

A.) Channel Linings -- uniform channels with low to

moderate turbulence and mean velocity less than

10 fps.

1. Side slopes 2:1 - 12" min. mattress thickness

2. Side slopes 1:1 - 18" min. matress thickness

'With gabion toe wall if only banks are lined.

3. Side slopes 1:1 - design as a retaining wall

using gabions.

4. Channel linings should be tied to the channel

banks 'With gabion counter-forts at least every

21 feet (every 9 feet for higher velocities).
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Counterforts should be keyed at least 12 inches

into the existing bank.

5. Mattresses on channel side slopes need to be

tied to the banks by 1/2 inch steel .takes

driven 4 feet into tight soil (clay) and 6

.feet into looSe 80il (sand). This is pr1me.rily

to stabilize the baskets while they are erected

and filled With rock. ~U&ge5tea .pacing of

the stakes is every six feet along the slope

and every eight feet down the slope for slopes

2-1/2:1 and steeper; every 12 feet a~ong the

slope as well as down the slope for slopes in

excess of 6:1. No stakes are required for

slopes of 6: 1 and less. Stakes should be

placed at basket connection points if possible

and should be an integral part of the basket

wall, not stmply tied to the basket ~th ~re.
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DESIGN AND PERFORMANCE OF ROCK REVETMENT TOES,)

by Walter M. Linder, Chief, Hydrologic Engineering
Branch, U.S. Army, Corps of Engineers, Kansas City District

ABSTRACT

~ One of the major causes of failure of rock riprap revetments is under
cutting or erosion of bank material below the base of the revetment.
When this occurs, rock from the side slope migrates downward and exposes
areas of unprotected bank, subjecting the entire revetment to progressive
destruction. The author has been involved in several model and proto
type tests of the performance of various shapes of revetment toes. This
paper describes these investigations and presents conclusions that can
be drawn from the studies. The studies indicate that while shape is
important, the volume of reserve rock provided in the revetment toe is
probably more significant. Rock from a revetment toe generally migrates
downward on approximately a lVertical on 2Horizontal slope to form a
protective layer one to two rock diameters in thickness. Protection
will continue as long as there is sufficient rock remaining in the toe
structure to prevent separation of the side-slope protection

INTRODUCTIOO

Many methods of bank protection have been developed and used depending
upon the availability of labor, materials, economics, and maintenance
requirements. One of the more common methods of bank protection is a
layer of broken stone or riprap. Failure of the riprap placed on the
upper slope can be avoided by using rock that is sufficiently large to
prevent its being transported by the force of the moving water and by
the use of a properly designed filter between the riprap and the bank ~

in order to prevent the loss of fine grained bank material through the
rock. One of the major causes of failure is due to erosion undermining
the base of the revetment. When this occurs, rock from the side slope
migrates downward and exposes areas of unprotected bank. The entire
revetment then becomes subject to progressive destruction.

Undermining of bank protection can result from a general degradation of
the bed; impingment of high velocity currents against the bank; and con
centration of flow along a concave bank. Undercutting can be prevented
by extending the revetment down to the maximum expected depth of erosion.
However, this often requires deep underwater excavation and rock place
ment which is very costly. An alternative is to provide a reservoir of
rock or a toe structure at the existing bed grade. Rock from this reser
voir will slough down and continue to protect the bank as the bed degrades.
Various toe geometries have been developed and used by the various orga
nizations involved in bank stabilization and flood control. Design man
uals suggest various toe geometries, but little guidance is given as to
what shape works best under a given condition or how much rock should be
provided for the anticipated depth of scour.
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