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51st Avenue Bridge

Hydraulic Analysis

TIs Introduction

1.1 General

The Salt River channel, as it passes through Phoenix, 1is
normally a dry alluvial channel, but during wet periods the
Salt River Project is forced to release flows through their
eservoir systems. These flows are a barrier to the movement
of traffic between the north and south area of the valley.
The closest all weather crossing to the 51st Avenue Bridge
site is the Central Avenue Bridge. There are no all weather

crossings west of the Central Avenue Bridge.

Presented in this report is an analysis of hydraulic conditions
of proposed improvements at the 51st Avenue Bridge over the

Salt River. The design for this bridge site was for 130,000 cfs.
A mathematical hydraulic model was developed, utilizing the

Corps of Engineer's HEC-2 computer program. The HEC-2 computer
program is a rigid boundary model that does not simulate sediment

transport.

The purpose of this study was to analyze various alternative
bridge lengths and channel improvements. This study will
present a hydraulic comparison of each alternate. An alternate

was then selected for final hydraulic and structural design.
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1 o2 Available Information

The analysis presented in this report is based on the following

information:
i Aerial photographs by Kenney Aerial Mapping dated 12/19/78.
2. Digitized x-sections based on August 1979 survey and

photography by Kenney Aerial Mapping.
el Matertal size distribution from Nicholas-Cowie & Associates, Inc.
b, Proposed horizontal and vertical alignment for the selected

alternate by Nicholas-Cowie & Associates, Inc.

5. Design discharge of 130,000 cfs as per contract specifications.
6. Calibration discharge for 12/19/78 of 105,000 cfs as per

Salt River Project (letter 10-3-79 from R.L. Juetten,
Manager of Water Resources & Services).

i Groundline information for thalweg in 1952 from USGS
topographic maps.

8. Groundline information for thalweg in 1963 from Maddox

& Associates, Aerial Surveys, Inc.

9. "Scour at Bridge Waterways" Highway Research Board.
1O "Open Channel Hydraulics", McGraw Hill Book Company,

by V.T. Chow 1959.

11. "Handbook of Hydraulics" McGraw Hill Book Company, by

King & Brater.

125 "HEC-2 Water Surface Profiles", U.S. Army Corps of

Engineers, 1976.




IT. Existing Conditions

The Salt River is an alluvial river composed mainly of sand,
and gravel with a small percentage of silt. The channel 1is
continually shifting and is extremely unstable. The shifting
of the channel has been effected by land mining and filling

operations.

-

Since 1952 the channel bottom has degraded as shown in Plate 1.
This is probably caused by a combination of factors. The

first is the fact that the Salt River Reservoir System has
blocked the sediment movement upstream of the dams. Sand and
gravel 1s beling removed and transported downstream during
periods of flow in the Salt River and is not being replaced

as rapidly by upstream sediment. The second factor is the mining
operations in the vicinity of 51st Avenue. There 1s an existing
sand and gravel operation downstream of the bridge and there

has been mining operations upstream.

The existing bridge at 51st Avenue is a 175 foot bridge that
has been used in periods of low flow. The 51st Avenue roadway

is washed out during medium and high flows.

Field surveys at the bridge show scour holes to elevation 981,

which is near the bottom of the existing piles. These scour

holes are approximately 15 feet below the existing channel.




IIT% Calibration

The mathematical model was calibrated using the December

19, 1978 aerial photographs of the flooded river. The flow

in the river on this date was 105,000 cfs as determined by the
Salt River Project. The x-sections that are used in the
mathematical model are located on Plate II.

3l Flow Resistance Coefficient

The estimating of channel resistance is a difficult task for a
natural river, especially when it 1s made up of boulders,
gravel and sand in a dynamic environment. The size of the bed
material can change during the degradation and agradation

process.

The resistance coefficient or Mannings n-value was determined
by computing the flood limits for a range of n-values, and then
comparing the computed flood limits to the known flood limits

as shown on Plate 2. A Mannings n of .030 (Computer run CAL-1)
gave the flood limits that best calibrated with the flood 1limits
that are shown on Plate 2. The n-value of .030 also corresponds

to selected values found in Chow's "Open Channel Hydraulics"

Figure 5-5(12) Page 119.

3.2 Field Observation

The Maricopa County Highway Department and Flood Control
District staffs were interviewed as to their knowledge of flood
limits during the December 1978 floods. They reported that at

51st Avenue the water came to top of the roadway at the south

end of the bridge (elevation 1010.5), but did not top it. This
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agrees closely with the computed elevation of 1010.4 feet

found in cemputer run CAL-1.
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IV. Alternates

4.1 Existing Bridge Alternates

In determining the bridge length and channel improvements for
51st Avenue Bridge, the feasibility of using the existing
bridge was first analyzed. The existing bridge lies on a
vertical curve with the south end of the bridge at elevation
1010.5+ and the north end at elevation 1012.0+ (top of road).
Alternates 1A thru 3A analyze the effects of adding a 900 foot
bridge to the existing 175 foot bridge. The results of these
runs are shown in Table 1. A description of each alternate is
found in Appendix A and the channel bottom and water surface

elevation are plotted in Appendix B.

The bridge deck and girder system was assumed out of the
water for the purpose of analysis. The water surface elevation

at the bridge varied between elevation 1010+ and 1011+, for

the various alternatives analyzed.

The results of these alternates were reviewed by E.M. Plummer
Consulting Engineers, Nicholas Cowie & Associates and the
Maricopa County Highway Department. The review concluded that
the existing bridge was too low, and the cost of raising the
bridge deck was greater than the cost of a new bridge.

4,2 New Bridge Alternates

Alternates 7A - TF, 4A, and 1A analyze the effects of various

bridge length alternatives for a new bridge at 51st Avenue.




Table 1
S51st AVENUE BRIDGE

ALTERNATE COMPARISONS

RUN No.| EL |vEL | EL [vEL | EL |VEL | EL |VEL | EL |VEL | EL |VEL | EL |VEL | EL |VEL | EL |VEL | EL |VEL
9 | 9 | 1o frof 11 far | a3 Ju3 [ ak paw | BR | BR | 16 |16 | 17 |17 | 18 |18 [ 19 | 19

Exist
CAL-1 7.76| 8.0] 8.83] 8.1 9.46] 6.8|10.05] 7.2]10.40| 7.1] 0.0 ] 0.0 9.88[10.5[11.58] 8.u{12.44| 8.8]13.89| 7.4]130,000 cfs

900" addition

ALT-1A | 7.611 8.7] 8.92] 8.4] 9.32] 8.210.08| 9.0]10.68| 8.1{10.64] 8.3(10.72] 8.1]10.76/10.3]12.26] 9.5]13.95| 7.7]995.8

| e i 900" addition
ALT-1B | 7.61 | B.7] 8.92] 8.4 .32| 8.2(10.08] 9.0]10.30{10.510.23 |10.8]10.40 [10.4[11. 40| 9.5]12.55| 9.1 [14.06] 7.6(998.8

''''' i i il ’ i SE 900" addition
ALT-1c| 7.61) 8.7] 8.92] 8.4] 9.32] 8.2]10.08] 9.0(10.94] 6.7]10.91| 6.8(10.95] 6.7(10.50(10.6[12.18] 9.5]13.93] 7.7]992.8

Channel 9(992.3)
5.6(10.30113.2]13.95| 7.7 |thru 17(995.0) 3
) Channel 9(992.3)
1) 5.4) 9.73] 7.5] 9.75] 8.7 9.70] 8.8 9.80] 8.8]10.65] 6.6/10.29|13.1]13.95| 7.7 |thru 17(997.4)
i Fi11 to top of
.32| 8.2|10.30]12. 4 f11.30 12.3 1104 127 |11.51]12.1{13.60] 7. y|14.04] 7.5]14.89| 6.8 |ptpe from 12-17
1000"' new
~  ALT-HA ] 7.61| 8.7 8.92| 8.4 9.25| 8.6(10.03] 9.8 10.75| 8.7|10.70| 8.9(10.79| 8.7(10.92]10.6(12.51| 9.3|14.09| 7.6 9ag .8
- B i R T ) . | 110007 new
ALT-4B | 7.61| 8.7 8.92| 8.4 9,25| 8.6(10.03] 9.8110.2911.3]10.18|11.6]10.42)11.2 Jl.!j 9.6(12.90| 8.8[14.26| 7.4 998.8
’ 1000' new
11.04) 7.1]11.01 7.3111.061 (.1]10.67]10.9 12.42) 9.4{14.06 1.6 992.8
e Channel 9(995.0)

ALT-2A | 7.61

9
9
8 8.40 9.77] 5. 40 9.719] 6.9) 9.84) 7.7] 9.80] 7.9} 9.86] 7.8[10.50
ALT-2B | 7.61| 8.7] 8.92] 8.4] 9
8 9

ALT-3A | 7.61

ALT-UC | 7.61| 8.7] 8.92] 8.4] 9.25
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, 9.80| 8.3] 9.76) 8.5] 9.84| 8.4110.62| 5.9[10.24]13.3]13.97| 7.7 |thru 17(995.0)
e = N I S R S E T AR T S | | " |Channel 9(992.3)
— ALT-5B1 7.61) 8.7]8.92) 8.419.76} 5.5] 9.58] 8.5} 9.71f 9.4] 9.65f 9.6] 9.76] 9.5|10.78] 7.010.24)13.313.97| 7.7 |thru 17(997.4)
) 111 to top of
ALT-6A| 7.61| 8.7 8.92] 8.4f 9.25] 8.6{10.27|th.1|12.11]12.2]11.92]|12.6[10.81f12.3]10.31] 7.5{14.81| 7.1{15.50] 6.3 pipe from 12-17

ALT=T7A| 7.61( 8.7 | 8.92] 8.4] 9.20| 9.0 9.80(12.0]10.33[12.8]10.2 |13.2|10.49f12.7]12.05010.7(13.72| 8.2|14.79] 6.9|700" new(99.58&

AL-yB L 61| 8.7 8.92] 8.4 9.22] 8.8| 9.92(11.1f10.51 11 1]10.43]11.3]10.61f11.0]11.36[10.9[13.08| 8.8|1u.39| 7.3 809' new(
ALT-7C| 7.61[ 8.7 8.92| 8.4] 9.62] 7.0| 9.89[10.2[10. 47| 9.9]10.41|10.0|10.53] 9.8[11.04[10.3[12.51| 9.2[1h.06[ 7.6 3g§i8new

ALT-7D | 7.61 | 8.7 8.92) 8.4 9.32| 8.2]10.12] 8.7|10.80| 7.2|10.76| 7.W|10.82] 7.2[10.60[10. i]12a8| 9.5(13.92[ 7.7 ??56? new
ALT-7E | 7.61| 8.7 8.92 8.4 9.34| 8.1|10.15] 8.4 |10.83| 6.6(10.80| 6.8[10.84] €.7[10.63] 9.9|11.90[ 9.9]13.87| 7.8 fééé? new

i I . ) . o e R 9945.8
ALT-7w ] 7.61| 8.7) 8.92) 8.4 9.40] 7.9[10.16] 8.2]10.87| 6.2[10.85] 6.3{10.88] 6.2]10.56] 9.9/11.93] 9.9[13.87] 7.8[1H00" new

995.8
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Lengths of 700 feet thru 1400 feet were simulated in the
mathematical model and the results are shown in Table 1.

The description of each alternate is shown in Appendix A

and the channel bottoms and water surface profiles are shown
in Appendix B. The water surface elevation at the bridge
varied between elevation 1010.2 and 1010.8, while the velocity
varied between 6.3 ft/sec to 13.1 feet per second.

4.3 Selected Bridge

The results of the new bridge alternatives were reviewed by
E.M. Plummer Consulting Engineers, Nicholas-Cowie & Associlates
and the Maricopa County Highway Department. A 1000 foot new

bridge was selected with dyking as is shown in Plate 3.

Various channel improvements were simulated in runs La-64

for a 1000 foot new bridge. The results of this analysis

shows that the water surface elevation will vary between ele-
vation 1009.7 to 1011.9. The velocity varies between 7.3 ft/sec

and 12.6 ft/second.

Since the Salt River channel is unstable during peak flow
periods, the channel bottom could vary to anyone of these
suggested alternates. Channel stabilization with rip rap or

grout was determined uneconomical, so the bridge was designed

with all these alternate channel improvements being considered.




i

S ——— N — — . DA i AN A S y y g A S e ” p Y y Y gy

itk

AR

s N
I
“

%(uw\\u

iA
i
B

S

i

”‘\W(\N//\‘S p
| ] ,r(b
Y

y

s i
L

A
A

q)z{{miwx&\mm
i
i

L]

I
|

k.

i i | )g«wz\<rmzr>\’\"‘\‘

; : i a ! : i i - . : § .. : ; i ! S ' ; S ; E : i . - - ) : s : e " | ‘ 4 ) g / | 4

r . : i ‘ o i : ‘ : ; i - ! Lo S0 g i P e : ; B = ey § : o . X i .o . ; b g wiy i LY
iy L . \ e} - , : i . " i . Wiy, : E : . o ; g ) L ‘ 1 g ; ‘ "~ ) i‘ -
7 . T AT 1 E ‘ B . - g W P S e , FC 3

W’ s
. G e |
o i . M ;i b, : o i i g . ; : i

e - i 4, . P | i % - # . 4 ‘ ¢ i
. bl 4 . : , T i ‘ ’ =
e, el ;i = oy : b s y y . 4 P i st il s ; : § i " e

i I

i, t W 4 . ; o . i — i
. . J | . 7 . s — w:,; —
oy ‘ o+ o ; )
g i s, i

) il s . k s . .

i i Ll \ S TN o, ! S o,

i e s - v, : o

e S st iR b b : i, i i Sy A ]

2 - iy g i . L g \ U " 2 AL
P il i i 3 Wiy .
it k Wl R v‘

i o W ” L ] i : ' .

s ” ’ Lo

i

e
.

- e £ ‘ . A , O . ; ; g g )
m,ﬂm\’wmwv »}y‘mwmi‘\‘:%\“ , § W e ‘ ' " o st g ‘\‘V ) o : i : ‘ ‘ B ‘, ’ ' g gl i el . & . E ¢ i

o ‘ R TR
o - : E

gy
T, i

i

o ¢

1" = 420

e s . i !
et ; : : i : . g '
e . ; . ! b “

rmwwb"‘ ‘
" W
! e

= . | ~ . e e " (Hnsie
P : (EROS1C]

; | | . . : : i i NN

i P s il [ |
il T ‘ 1 ’
e i | ! i i U R 2 W )
’Wﬁ ‘ i . % , . = : [ i, P, AT o |

w\m% | o \ "( )ﬁ‘ ‘ . | ‘ ' : | . M"“”"‘*‘Mw«mmm,m W, G « . 1 ! i o p i A oy " . ; 1 - . el
bt B, g " iy B i o & i : ; E ! el ot o . o g X R . : | )
e N ' ‘ ’ g g . ; . . s g ) R 4 ™ s, i : ;

N s , BN /i W e d | 2 " |

| ’v : 4 ‘ ; . . ! g : i i il

v W | ‘ . . " o i - i ! i | . e S o I i i, - S ] i ) b

o i % i \ ) . . g N o i . i A ’ ey o ) T il Pt e
o " ‘ o | > craell ‘ g ; - e s e i : 4 i t \ ' e .

ki i Gt W
i e ki

" w%} M‘/ . et

e S

- . s ‘ ] N 1 " ! : . . ~ o o b T i - F i S i
: e G - ’ s FoY i ‘ " C o s g " i § g - ’ | :
\\VMV wa;wwmw o : ‘ ‘ i ) ( | ‘ ‘ ‘ “ | | |
A ¢ 3 . ] g < o ; ! A ’ ‘ " =
{ " . . { F g :/‘ i ; Py q i i s % ; B g
| ‘ 1 ‘! : | ) i 4 : . # B - ' j
| 7, S ‘ B s e ' |
o g “

N

IR

W i ‘ T

) ¢ {W
e

i e
Lo

R
P,

¥ g P g

i Wi
i it mm:w s

e

f i T &

2o e e R NN . o L | SR 1 LOGCATION OF SECTION 1

b L e | b i : e ” o A N ] - AN | T ~ e A ; Py . - LOOD LIMITS FROM PHOTO
B o e = PRI~ e | O 5 Ll oW e | PEC. 191078

S
R
. i :
i S
o e

—
—
st

ek ‘ 4 . . . | T | e g AL s e b s 4 L T T FLOOD LIMITS FROM COMPUTEF
o — > o | ‘ gt T R e RN R T el s : (SURVEY DATE: AUG. 1979)

g

0 DYKING

e
i

==

i
i

b kR oG S

BB 67§ |Ht

EBOVME VSR TOVITIONN 1N




V. Standard Project Storm

The Standard Project Storm for the Salt River near 51st

Avenue is 290,000 cfs as determined by the Corps of Engineers.
This flow was simulated on the mathematical model, with the
dyking upstream and downstream of the bridge washed out, and
the road still in place (Alt. 8). The water surface elevation
at the bridge was 1013.55 feet and the velocity at the bridge

was 16 feet per second.

The same conditions were then simulated, but the road was
assumed washed out (Alt. 9). The water surface elevation was

101L4.2 and the average velocity at the bridge was 10 feet per

second.




el Scour Analysis

6l Bed Material

The bed material sieve analysis was furnished by Nicholas-
Cowie & Associates, Inc.. The gradation curve for this bridge
site 1s shown in figure 1. The dashed line represents the
average gradation curve for the samples tested and the solid
lines represent the range. Testing was performed with a
percussion drill which breaks up large boulders. Therefore,
there was a modification at the upper end of the gradation

curve.

The Hazen uniformity coefficient was Cu = D60 = 18 = i35,
D10 4

which indicates a well graded gravel and sand mixture. The

sandy gravel contains cobbles up to 100 mm (4 in size). The

average diameter at Dgg on Figure 1 was Dgg = 10 mm. The

mean diameter is Dpm = V (max) (min) =V (100)(.1) = 3.16 mm.

10
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6.2 Scour Depth

Presented in this report is the estimate of the probable scour
depth at 51st Avenue for a 1000 foot bridge. The study is
based on a velocity of 8.7 ft/sec and water depth at the

pridge of 15 feet (Alt. 4A).

A number of researchers have proposed different formulas for
estimating scour. The worksheets for these calculations are
contained in Appendix C and the results are compiled in Table 2.
The reference for these calculations is the manual called

Scour at Bridge Waterways by the Highway Research Board.

The formula's give a wide variation in results and the factors
used in each vary as shown in Table 2. These estimates were
evaluated and correlated with field observations. Field
measurements have shown a 15 foot scour hole after the December
1978 flooding, and the peak flow was at 120,000 efs (Salt

River Project letter dated October 3, 1979 ).

12




Scour Depth Estimates

Table 2

Method Sensitive to:

=
O
“
»
O
@
T 0
L O R S
a =i +2 o
0 I e T 0
© N
Gy T W o= A B
— o - & ©c P
S ¢ a = &2 % F O
Scour % 5 8 & © ©w o O
Depth SR E +§ —
Me thods ft 86 & w m A m = &
Laursen's Long Contraction 6.8 | X| X X X X
'._l
e Laursen's Pier & Abutement 6.9 X
Blench 4.o X X| X X| X
Breuser 35 X
Chitale 19.4 X X
Inglis-Poona 10.5 X XX X
Inglis-Lacey 16. 7 X x| x X
Larras 8




VII. Summary and Conclusions

This report represents an analysis of hydraulic conditions
and an estimate of probable scour related to the proposed
bridge and channel improvements at the 51st Avenue Bridge
over the Salt River. A mathematic model was utilized to
estimate the hydraulic responses of the river subject to

different design alternatives.

A 1000 foot bridge has been selected for final design. The
channel should be cleaned out to elevation 995.8 within the
right of way of the bridge. Dyking should be provided as

shown in Plate 3. The dyke pfofiles are shown in Figure 2

and Figure 3.

The water surface elevation for 130,000 cfs at the bridge 1is
1011+ . The dykes, roadway, and bridge are designed for this
flow. Above 130,000 cfs, the south dykes and south roadway

will wash out.

The Standard Project Flood of 290,000 cfs was also analyzed
with the assumption the south dykes and roadway are washed out.
The water surface elevation of 1014+ feet was computed in

Alternate 9.

The maximum probable scour at the bridge is estimated to be to

elevation 980, which agrees with field observations. The

14
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scour depth and degradation of the Salt River will be greatly
influenced by mining operations upstream and downstream. These

effects are impossible to predict because there are no current

regulations limiting depth of mining.
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Run No.

CAL-1

CAL-2

CAL-3

CAL-4

ALT-1A

ALT-1B

ALT-1C

ALT-2A

51st AVENUE BRIDGE

COMPUTER RUNS

Parameters Used

Existing cross section (N=.030); Q=100,000 cfs;
110,000 cfs; 120,000 cfs; 130,000 cfs; starting
elgvation = Q097.5.

Existing cross section (N=.035); Q=100,000 cfs;
110,000 cfs; 120,000 cfs; 130,000 cfs; starting
elevation = 997.5.

Existing cross section (N=.025); Q=100,000 cfs;
110,000 cfs; 120,000 cfs; 130,000 cfs; starting
elevation = 997.5.

Existing cross section (N=.030); Q=100,000 cfs;
110,000 cfs; 120,000 cfs; 130,000 cfs; starting
elevation = 996.0.

900 foot bridge addition to existing 175 foot bridge;
channel under bridge cleaned to elevation 995.8; no
other channelization; dyking from cross section 9
thru cross section 19 on south bank; sanitary sewer
not there.

900 foot bridge addition to existing 175 foot bridge;
channel under bridge cleaned to elevation 998.8; no
other channelization; dyking from cross section 9
thru cross section 19 on south bank; sanitary sewer
not there.

900 foot bridge addition to existing 175 foot bridge;
channel under bridge cleaned to elevation 992.8; no
other channelization; dyking from cross section 9
thru cross section 19 on south bank; saniliftary sewer

not there.

900 foot bridge addition to existing 175 foot bridge;
channelization from x-section 9 (EL. 992.3) thru x-sec-
tion 17 (EL. 995.0); dyking from x-section 9 thru
X-section 19 on south bank, sanitary sewer not there.
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Page Two

51st Avenue Bridge
Computer Runs

ALT-2B

ALT-3A

ALT-44a

ALT-U4B

ALT-U4C

ALT-5A

ALT-5B

ALT-6A

ALT-T7A

900 foot bridge addition to existing 175 foot bridge;
channelization from x-section 9 (EL. 992.3) thru
x-section 17 (EL. 997.4); dyking from x-section 9 thru
x-section 19 on south bank; sanitary sewer not there.

900 foot bridge addition to existing 175 foot bridge;
channelization from x-section 12 (EL. 1000.7) thru
x-gsection 17 (EL. 1001.86); dyking from x-section 9
thru x-section 19 on south bank; sanitary sewer in.

1000 foot new bridge; channel under bridge cleaned
to elevation 995.8; no other channelization; dyking
from cross section 9 thru cross section 19 on south
bank; sanitary sewer not there.

100Q foot new bridge; channel under bridge cleaned
to elevation 998.8; no other channelization; dyking
from cross section 9 thru cross section 19 on south
bank; sanitary sewer not there.

1000 foot new bridge; channel under bridge cleaned
to elevation 992.8; no other channelization;. dyking
from cross section 9 thru cross section 19 on south
bank; sanitary sewer not there.

1000 foot new bridge; channelization from x-section 9
(EL. 992.3) thru x-section 17 (EL.995.0); dyking
from x-section 9 thru x-section 19 on south bank;
sanitary sewer not there.

1000 foot new bridge; channelization from x-section

9 (EL. 992.3) thru x-section 17 (997.4); dyking from
x-section 9 thru x-section 19 on south bank; sanitary
sewer not there.

1000 foot new bridge; channelization from x-section
12 (EL. 1000.7) thru x-section 17 (EL.1001.86);
dyking from x-section 9 thru x-section 19 on south
bank; sanitary sewer 1in.

700 foot new bridge; channel under bridge cleaned
to elevation 995.8; no other channelization; dyking
from cross section 9 thru cross section 19 on south
bank; sanitary sewer not there.
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Page Three
51st Avenue Bridge
Computer Runs

ALT-T7B 800 foot new bridge; channel under bridge cleaned
to elevation 995.8; no other channelization; dyking
from cross section 9 thru cross section 19 on south
bank; sanitary sewer not there.

ALT-TC 900 foot new bridge; channel under bridge cleaned
to elevation 995.8; no other channelization; dyking
from cross section 9 thru cross section 19 on south
bank; sanitary sewer not there.

ALT-7D 1200 foot new bridge; channel under bridge cleaned
to elevation 995.8; no other channelization; dyking
from cross section 9 thru cross section 19 on south
bank; sanitary sewer not there.

ALT-TE 1300 foot new bridge; channel under bridge cleaned
to elevation 995.8; no other channelization; kyking
from cross section 9 thru cross section 19 on south
bank; sanitary sewer not there.

ALT-TF 1400 foot new bridge; channel under bridge cleaned
to elevation 995.8; no other channelization; dyking
from cross section 9 thru cross section 19 on south
bank; sanitary sewer not there.

ALT-8 1000 foot new bridge; dykes washed out but road still
in place; channel cleaned out to elevation 995.38;
290,000 cfs for standard project flood.

channel cleaned out to elevation 995.8; standard

ALT-9 1000 foot new bridge; dykes and road washed out;
project flood of 290,000 cfs.

20
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