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John Stansel. A I A . Associate Vice P'eslden Woodrow C Scou ten Jr P E Associate Vice President

January 27, 1981

Samer and Lahlum, Inc~

4250 North 19th Avenue
Phoenix, Arizona 85015

Attn: Mr. Jim Samer, P.E.

Gentlemen:

Enclosed please find 10 copies of our preliminary report on "Indian School
Road Bridge at the Agua Fria River Rehabilitation and Stabilization of
Channell'.

As indicated in the report a combination of several stability measures
including channelization both upstream and downstream of the bridge,
upstream spur dike at the east abutment, diversion dike and loose rip
rap blanket around existing bridge pier foundation have been recolTfllended.
We estimate that these measures will cost 2.36 million dollars excluding
the cost of pile foundation for the new piers.

Pl~ase note that an additional hydraulic analysis requested by the Maricopa
County Highway Department which includes the dike improvements, with the
excavation of channelization measures, has been included in this report.

It is bel ived that the design presented in this report is conservative.
Some cost reduction seems feasible if precise scour estimates can be done.
Such precise scour estimates would be possible through the use of a physical
model. Itis highly recommended that, for the cost-effectiveness reasons,
a physical model study be carried out.

We appreciate this opportunity to work with you and look forward to
final design of' the'stabll ity measures recommended in this report.

Respectfully submitted,

PRC TOUPS

~~
Ashok Patel, P.E.
Project Engineer
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THE INDIAN SCHOOL ROAD BRIDGE AT THE AGUA FRIA RIVER

REHABILITATION AND STABILIZATION OF CHANNEL

SCOPE:

The purpose of this report is to present findings of a prel iminary hydraul ic

and stabi 1ity analysis of the Agua Fria River Channel at the Indian School

Road Bridge. A conceptual design for scour protection measures including

an upstream spur dike, river channel ization both upstream and downstream,

and downstream grade control structures have been investigated. The

scope of this report is to provide sufficient detail to allow a prel imi

nary design and recommendation of the needed flood control improvements

at the bridge to minimize or prevent future flood damages.

AGUA FRIA RIVER FLOOD HISTORY:

The maximum release of 66,600 cfs from Lake Pleasant on February 20,

1980 was the largest since the dam was bui lt in 1927. The previous

maximum release was 59,900 cfs on December 19, 1978. Although the flow

from the 1980 release was greater than that in 1978, flood stages and

extent of inundated areas was greater in places in 1978 because of vege

tation and other obstructions in the channel. In addition to the releases

on December 19, 1978, and February 20, 1980, flow was released from the

reservoir in 1941,1966,1968, and spring of 1978.

Records of stage and discharge for the Agua Fria River are avai lable

from 1910 but are intermittent and sketchy prior to 1933. The maximum

discharge of about 105,000 cfs occurred in January, 1916 and November,

1919 and is the greatest on record. Records indicate that 11 floods

having discharges ranging from 25,000 to 80,000 cfs occurred between

1889 and 1927 (U.S. Army Corps of Engineers, 1968 and Reference 7).

FLOOD DAMAGE BACKGROUND:

The bridge structure is located approximately 15 mi les west of downtown

Phoenix, Arizona on Indian School Road at the Agua Fria River. The

18-span reinforced concrete structure is 1,623 feet long and 90 feet wide.
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The bridge is supported by pointed-nose wall piers on spread footings

with spill-through abutments on pi Ie footings. The wall piers are

constructed at an eleven degree skew angle to a direction perpendicular

to the bridge centerl ine.

The bridge was severely damaged by floodwaters on February ZO, 1980

(see photos 1, 3, 4, & 5). The U.S. Geological Survey has estimated

the flood peak at 42,000 cfs at the stream gage station at Highway 80

downstream of the Indian School Road Bridge. That figure is substantially

lower than the 66,600 cfs generally reported as the peak discharge upstream

at the dam. The difference could be due to such factors as errors in

the stream gage readings, storage in the channel, transmission losses,

etc. More credence is placed in the 66,600 cfs figure as the peak

discharge on February 20, 1980. Of a total of 17 bridge piers, four

piers (numbers 13 through 16, see Figures 1 & 2) were damaged to various

degrees, ranging from being completely washed out to a small amount of

settlement.

The results of a field inspection, analysis of flood photographs and the

geotechnical investigation report indicate that the fai lure of the piers

was caused by two conditions. The first condition involves an earthfil I

dike immediately downstream from the bridge which appears to have caused

flood flows to constrict near the east end of the bridge, consequently

increasing velocity, turbulence and scour. The second and more important

condition contributing to fai lure involved the direction of stream flow

during the flooding event near the east end of the bridge (see photos &

2). The extreme angle of the flow 1ines compared to the longitudinal

axis of the piers substantially increased velocities, turbulence and scour

at the piers.

The laboratory investigation by Larsen (Reference 5) found that the angle

between the axis of the pier and the direction of the stream current is

more important than any other geometric detai 1 of sol id piers in rela

tion to the magnitude of scour. The scour depth wi 11 increase in direct

proportion to the skew of the current. In the February flood event,
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FLOOD DAMAGE BACKGROUND: (cont'd)

for instance, the Indian School Road Bridge piers were skewed approximately.

28 degrees to the direction of the current, which means that the scour

depth during the flooding event could have been as high as two to four

times the normal scour (unskewed condition) around the piers.

HYDROLOGY:

The Corps of Engineers (COE) had established a discharge-frequency relation-

ship on the Agua Fria River in their report publ ished in October, 1974

(Reference 6). The COE, however, is presently re-evaluating the discharge

values based on more recent hydrologic data and the new discharge values

will not be publ ished in time for inclusion in this study. For the purpose

of this report, th~refore, the discharge value of 100,000 cfs has been

used as recommended by the Maricopa County Highway Department.

BRIDGE PROTECTION MEASURES:

An investigation was made into various counter-measures to the hydraul ic

problems occurring at the Indian School Road Bridge at the Agua Fria

River. The investigation involved studying case histories and design

criteria for various counter-measures to determine their applicability

to the hydraul ic problems at the Indian School Road Bridge. Aerial

photos of recent flooding, field investigations -and HEC-2 water surface

profile computations of the Agua Fira River were also studied to deter

mine hydraul ic problems between the river and the bridge. A description

of po~sible counter-measures, their function and their appl icabil ity to

the hydraul ic problems at the bridge follows:

Channel ization

An~lysis of the existing condition of the Agua Fria River near Indian

School Road by the HEC-2 computer program indicates that, for the design

discharge of 100,000 cfs, the water surface elevation wi 11 be well

above the low chord of the Indian School Road Bridge (see Figure 3 for

the Water Surface Profi Ie and the Appendix for HEC-2 Computer Printouts).

Due to a dike bui It into the west side of the channel below the bridge,

the total area of the bridge is not completely effective in passing

flood flows. Up to approxi ately 57,000 efs, only the eastern 55 per

cent of the bridge is effective in passing flood flows. Above 57,000 cfs
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Channel ization (cont'd)

the total width of the bridge begins to convey flood flows, but the lower

portion of the western 45 percent of the bridge width is ineffective

due to backwater from the dike. Because of the dike, flows are concen

trated on the eastern side of the bridge, resulting in higher velocities

and greater scour potential.

By channel izing or removing the dike below the Indian School Road Bridge,

flows will be allowed to spread out and the entire bridge can become

effective in conveying the flood flows. Prel iminary analysis by HEC-2

indicates that 100,000 cfs can be conveyed under the bridge at an ele

vation 2 to 3 feet below the low chord of the bridge (see Figure Z for

Water Surface Profi.les and the Appendis for HEC-2 Computer Printouts).

Additional excavation would be made upstream of the bridge to encourage

the flow to spread out to the west side of the bridge. The scouring

potential at the bridge would be reduced because the depth of flow through

the bridge would be reduced. See Map 1 and Plate 1 for the location and

a typical section of the channel ization concept.

Spur Dike

According to Reference 1, spur dikes are guide banks placed at or near

the ends of approach embankments to guide the stream through the bridge

opening. When constructed properly, spur dikes are also used to protect

the highway embankment and reduce or el iminate local scour at the embank

ment and adjacent piers. The effectiveness of spur dikes is a function

of river geometry, quantity of flow on the floodplain and size of the bridge

opening.

The recommended shape of a spur dike is a quarter ell ipse with a major

to minor axis ratio of 2.5. The major axis should be approximately

parallel to the main flmv direction. For skewed crossings, the spur

dike should be placed at an angle with respect to the embankment with

the view of streaml ining the flow through the bridge opening.

During the flood of February, 1980, flood flows entered the Indian School

Road Bridge at its east side at an extreme skew resulting in erosion and

scour near the east abutment and several adjacent piers. A spur dike

4



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Spur Dike (cont'd)

at the upstream side of the east abutment v~uld align the flow with

the bridge opening, thereby reducing scour producing turbulence and eddy

currents near the abutment and adjacent piers. See Map 1 and Plate 2

for the location and a typical section of the spur dike.

Pier Scour Protection - Loose Riprap

Scour calculations show that for flows approaching the piers with only

a small skew of 3 degrees local scour due to the pier shape could reach

9 feet. In addition to the local scour, general scour of 2.5 feet has

been calculated. Therefore, the total calculated scour is 11.5 feet

for the channel ized condition which assumes I ittle skew or aggravating

circumstances suc~ as debris lodging on the piers. The minimum depth of

cover over some of the spread pier footings is 17 feet at present.

Considering that it is possible that additional scour beyond the predicted

11.5 feet could occur due to aggravating circumstances such as some

additional skew in the approach flow or debris lodging on the piers, it

is proposed that some pier scour protection be provided.

A popular form of pier protection used in similar cases as found in

Reference 4 is dumped rock riprap placed around the piers. The rock

riprap reduces the d~pth of scour around t e pier by increasing the

diameter of the bed material being scoured. Loose riprap also has the

advantage of filling in adjacent scour holes as they develop. See Map

1 and Plate 3 for the location and a typical section of the loose riprap

pier protection.

Pier Scour Protection - Cutoff Wal I

Another form of pier protection used in so e other cases as found in

Reference 4 is a cutoff wall. The cutof vall controls the depth of

scour at piers by maintaining the channel bed invert elevation. A

disadvantage of the cutoff wallis that i ( is less flexible in a scouring

situation. Head-cutting scour downstrea~ OC the cutoff wal I can damage

or threaten the cutoff wal I, thereby endangering the piers upstream. See

Map I and Plate 4 for the location and a typical section of the cutoff

wal I pier protection.
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Diversion Dike

The Agua Fria River has meandered to the east side of its previous channel

upstream of the Indian School Road Bridge. A significant portion of the

flow must approach the bridge at a skew. The proposed spur dike wi! 1

al ign flood flows at the east abutment and adjacent piers.

However, it is felt thCjt the spur dike alone would not completely align

flood flows at the central piers due to the relative width of the bridge

compared to the length of the spur dike. The spur dike could be lengthened

beyond the conservative design length of 400 feet, but some disadvantages

would result, such as a possible stagnant pond behind the spur dike or

a ponding of water up to and above the road elevation behind the spur

dike.

The proposed diversion dike would encourage a more uniform flow distri

bution at the bridge by aligning the flow farther upstream in the channel

than the spur dike. The need for the spur dike at the east abutment would

not be el iminated by the proposed diversion dike, but its size and amount

of armor could be reduced due to the reduction of overbank flow being

diverted by the spur dike. See Map 1 and Plate 5 for the location and

typical sections of the diversion dike.

Levee 1

A levee (Levee 1) has been suggested by the Maricopa County Flood Control

District to begin from the west abutment of the Indian School Road Bridge

and proceed upstream in a northerly direction for approximately 1,300

feet where it would connect to a proposed levee to be constructed by

a gravel mining operation. See Map 1 and Plate 6 for the location and a

typical section of Levee 1 and for the location of the levee proposed

by the gravel mining operation.

Levee I is not an essential structure to cantrall ing the Agua Fria River

at the bridge, but it \'Iould perform a function. By encouraging the flood

flows to flow more uniformly beneath the bridge through implementation

of the improvements described above, an increase in flow at the west

abutment would result. A small spur dike might then be needed to

al ign any overbank flO\v entering at the west abutment. Levee 1, thus,
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would el iminate the possible need for a spur dike at the west abutment.

An evaluation during final design should be made to determine the relative

merits of Levee 1 versus a small spur dike to protect the west abutment

and, at the same time, el ininate inundation in the area.

The construction of Levee 1 would need to be coordinated with the proposed

levee of the gravel mining operation. The gravel operation's proposed

levee would need to be constructed prior to "that of Levee 1 in order to

prevent the possibi lity of flood flows inundating the area behind Levee 1.

Water ponding behind Levee 1 would rise and flow over Indian School Road

to the west of the bridge. By incorporating the construction of Levee I

with the construction of the gravel operation's levee, the need for the

east/west leg of the gravel operation's levee at the south end of the

property is el iminated since Levee 1 will prevent flow from inundating

the area south of the gravel operation's property. See Map 1 and Plate

G for the location and typical sections of Levee 1.

OPERATION AND MAINTENANCE:

The flood control alternatives evaluated in this study would operate

automatically during the flooding conditions, and, therefore, require

no manual input other than periodic inspection and maintenance. It

must be recognized, however, that any flood control improvement creates

some risk if not inspected periodically or maintained properly. A

brief description of anticipated individual maintenance items are listed below:

1. Periodic Inspection: In order to determine the need for specific

maintenance items, routine inspections should be conducted

on a yearly basis and after any significant flooding, earthquakes

and other occurrences which might adversely affect the flood

control improvements.

2. Dike and Bank Protection/Repair: In order to maintain the

structural integrity of the di es, it is anticipated that some

repairs wi 11 be required after periods of significant flooding.

7



This would include replacement of earthfil 1 along eroded sections

of the dike and repairs to the damaged sections of rock riprap.

In addition, replacement of lost or damaged areas of riprap

protection at the piers may be required following significant

floods.

3. Channel Maintenance/Repair: The proposed channel improvements

were modeled based on a uniform and unobstructed cross-section.

Periodic maintenance or repair may be required to insure that

the channel remains unobstructed by debris or ~egetation and that

low flow channels cut by low discharge floods do not grow to the

point where the improvements are threatened.

CONSTRUCTION COST ESTIMATES:

To help evaluate the optimum protection measures for the Indian School

Road Bridge, prel iminary estimates of construction costs for each of the

measures described above were prepared. Table 1 illustrates those

estimates in detai 1 wnich are expressed in 1980 dollars. A summary of

total costs for each measure is shown below:

MEASURE ESTIMATED COST

$ 1,256,376

$ 191,895

$ 317,522

$ 258,400

$ 282,026

(con tid)

Channelization

Spur Dike

Loose Riprap at Piers

Cutoff Wall at Piers

Diversion Dike

OPERATION AND MAINTENANCE:

I
I
I
I
I
I

I
I

I
I
I
I
I
I
I

I
I
I
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TABLE I

DETAILED PRELIMINARY CONSTRUCTION COST ESTIMATE FOR

BRIDGE PROTECTION MEASURES

I~DIAN SCHOOL BRIDGE AT THE AGUA FRIA RIVER*

FILTER
ITf M RIPRI\P MI\SS LOCAL CO/1PACTED FILTER FABRI C CONCRETE GABIONS TOTAL

BRIDGE PROJECTION EXCAVATION EXCI\VI\TION FILL FABRIC CUSHION COST
MEASURES UNIT PRlcr S75.00/C.Y. $1.50/C.Y. S2.00/r..Y. Sl.00/C.Y. $1.00/S. Y. SI.0D/C.Y. S200.00/C.Y. $115.00/C.Y.

QUIIIIT ITY 9,963 510,940 219,970 17.185 3,736
CHIIIWE LIlilT ION COST $7 1'9,075 5766,410 $219,970 $17,185 S3, 736 SI,256,376

------- ._------
QUllln ITY 3, 129 3,774 7,933 3,668 2,751 798

sr'UR DIKE LOST $78,725 $7,548 $7,933 $3, 668 $2,751 $91,770 181,895$
---- -_.- -- --- --.

PIER SCOUR QUIIIIT IT Y I 1,426 25,925 5,955
PROTECTION - COST $285,650 $75,925 $5,955LOOSE RIPRAP S 317,522
(17 piers con-

U) s idnpd)"" s~:1-Q""""~
-----

1.292
PROTECTION - COST $258,400 S 258,400CUTOFF \.IALL
(slurry assisted
const ruct ion)

""'S"" ",:--1 QUIINTITY 8,950 7,292 19,647 13.740 10.305

COST $223,750 $14,584 $19,647 $13,740 $10.305 $ 282 :026

EST IMATE IS BASEO ON 1980 DOLLARS AND DOES NOT INCLUDE OPERATION ANa MI\INTENANCE COSTS OR CONTINGENCIES.
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CONCLUSIONS AND RECOMMENDATIONS:

As a result of this study it is concluded that:

1. The Indian School Road Bridge was severely damaged by the flood

on February 20,1980 because of two major factors. The first

factor is due to excessive constriction of the flood flows

near the east end of the bridge caused by the earthfill dike

immediately downstream from the bridge encroaching into the

west sige of the channel. The second factor is due to the

extreme angle at which the stream flow during the flooding event

was directed toward the piers near the east end of the bridge

because the flow was forced to turn west as it approached Indian

School Road.

2. For the remaining undamaged piers of the bridge, if the present

condition continues, potential for flood damage is extremely

high due to local scour around the piers, general scour due to

construction downstream and long-term degradation of the channel.

3. Based on the hydraul ic and scour analysis, some counter-measures

for hydraul ic problems at the bridge are required. These measures

include upstream and downstream channel ization including removal

of the existing downstream dike, an upstream spur dike at the

east abutment, a diversion dike, a downstream cutoff wall, and

loose riprap around the pier foundations.

4. Wi th i n the scope of th iss tudy and wi th the amount of da ta

avai lable, potential scour depths were estimated. These scour

depths were then uti 1ized in the design of counter-measures.

The resul ts of the calculations show an expected local scour

at the piers of 9 feet and a general scour depth of 2.5 feet

for a total of 11.5 feet.

10



The fol lowing are recommendations based on the findings of this study:

2. New bridge piers should be constructed on pi Ie foundations

uti 1 izing H-pi les, concrete cassions, etc.

1. To stabi 1ize the bridge foundations against scour, the stabi 1ity

measures described in this report consisting of upstream and

downstream channel ization including removal of the existing

dike, an upstream spur dike at the east abutment, a diversion

dike, and a loose riprap blanket around the existing bridge

pier foundations should be provided' at the Indian School Bridge.

Prel iminary construction cost estimates for the recomme~ded

bridge protection measures are presented in Table 2.

I
I
I
I
I
I
I
I

CONCLUSIONS AND RECOMMENDATIONS: (cont'd)

bel ieved that the conservative design could be made more

cost-effective through cost reductions gained by more precise

scour and long-term degradation estimation. It is, therefore,

recommended that for final design, a physical hydraul ic model

study be carried out to more accurately estimate scour potential

and the design criteria for the needed flood control improvements.

3. The stabi I ity improvement measures recommended above are designed

based on an estimated potential scour depth and are bel ieved

to be conservative. It is felt that the criteria for final

design of the improvements should remain conservative due to

the complexity of scour and other long-term phenomenon which are

difficult to estimate and are compounded by conditions such as

the downstream dike, the sand and gravel operation, the skewed

I
I
I
I
I
I
I
I
I
I

direction of flow and the elevated RID canal flume. It is

I 11
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and maintenance costs.

* Estimate is based on 1980 dol lars and does not include operation

TABLE 2

PRELIMINARY CONSTRUCTION COST ESTIMATES FOR

RECOMMENDED BRIDGE PROTECTION MEASURES

INDIAN SCHOOL BRIDGE AT THE AGUA FRIA RIVER*

192,000

$ 318,000

$ 282,000

$ 2,048,000

$ 307,000

$ 2,355,000

$

$ 1,256,000

ESTIMATED COST

GRAND TOTAL

SUBTOTAL

+ 15% CONTINGENCY

Diversion Dike

BRIDGE PROTECTION MEASURES

Channel ization

Pier Scour Protection

Loose Riprap (17 Piers Considered)

Spur Dike

I
I
I
I
I
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17;.'" CPI TlCAL r,FPT'-'

R.?3 13.71
lr.OOOO. ?48Q').

.03 ]h.AI
.003317 ]Ql.

100A.".3
65080.

1C,.82
191.

n.oo
1481.

.025
3

10] 2.72
525. 
.025

5

4.19
-4113.-

.026
o

.69
260.
.O?5
0.00

.15
32.

994.1'10
740.04

9'16.00
994.80

9625.00
10520.00

FLOW n1STPIPUT10N FOP sFeNO= 1'1.23 CWSEL= 1008.53

,.
~

10520.
4.5

60.6- ----- 
4.7

10240.
3.9

2<;4.3
15.2

1',0. 10000. 10170. 10213.
10.0 45.9 10.8
;>c,.? -['333.9 --564-.5-
1Q.l 19.7 19.1

9I>?C,. 9
?4. 0

1481.3
11>.8

ST/I=
PFP 0=

APEA=
VEL=

'I

,,'
••1

-'j
J

~

.'
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e;ECNO nFPTi-< CIISEL - CRTwS -wSIT~-EC;- - HV- ----i-<L- -- - OLOSS BANK ELEV-

() OLO" OCH ORO"! ALOq ACH AROB VOL TwA LEFT/RIGi-<T

Tl~E VI_OJ'> vrH VROR XNL HICH XNR wTN ELMTN SST A

SLOPE ~LORL ~LrH XLOPR TTRT/lL - TOC ---- ICONT ---CORAR -- TOPIo/TO ENOST

140n ~IH CARD USED
. - - _.- ~_._-

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

"SFPIO R.l?'

l?h~ DIVIDED FLOW

l?Rn CROSS SFr.TION R. J(, EX TE'iDFD 4.75 FFET

1Jnl HV CHANGFn ~nOF ri-<nN HVINS

997.20
997.20

9630.00
10745.00

.17
42.

997.20
1090.43

1.36
343.
.02'1
0.00

.49
5255.
-.0?9

o

101 4 .25
87J.
-.025

6

0.00
?1170.

• 02<; - -
12

1010. R1
<=:.76<=:.7.

10.97
50n.

101 1 .7 h
147?7.

1<..R7
~(ln •

14.""
?7hl'>.

13. ,4
.,00.

R.l?
Inooon.

.04
• nn??':>6

F L n.... 0 1ST P I AI JT I mJ F np (" F01 n= 8.3<' c .. SEL= 1011.76

Q<.j711. 10n30. 10?30. 1074".
R.9 14.7 46.4 10.8

537.8 871.1 ?830.3 l'4l'4.5
1"'.1'> 16.9 11'-.6 ".5

QA~n. llll3
1~."

10?<;.h
1<;.2

1.1
<;Oh.5

" • 1

C;TA= ClhJn.
OF w r)=

APFt=
VEL=

149n NH r.AHD US~O

o<;F~'ln 8.41
12qll CHOse; SFr.TlnN 8.42 EXTFN(lEO 3.52 FFU

13111 i-<V CHANGFn ~~OF THA~ HVT~S

998.40
999.00

9630.00
10606.10

.18
54.

998.40
976.1 0

3. 10-- -- 1. 19-
4091. 431.

.026 .025
- - ---0-· --0.0 (J_.

o • 00- - 10"1 '5 • 62-
2364. 766.

.027 .025
-'}---- --0

-0. a0
58570.

14.32
-- SO 0-.

101 ? <=:'2
1" }6A.

}7. 1 8
~no.

14.1 ?
?~?f,2.

11.9'>
500 •

8.42
1non00.

•ae:,
• n024 9 3

FLO~ OTSTRIBUTION FOR SfCNO= --8.4 -- -- cwSFL:=- 101"2;-52 -- --- .--

STA= 963n. 9R A 4. ~920. -99hO. 9990. 10045. 10200. 10300. 10490. 10606.

o,:P 0= 4.4 T.7 -9. I -- ., • 1 ----, 3 • 2" 34.C-- - - 20.7 --- 3.3 - - .3 - - "
/lJ'lEA= QlQ.4 4hR.R 540.0 414.7 766.3 2057.4 1277.3 580.7 175.5

VEL= 4.6 t f,.4 16.8 17.1 17.2 16.6 16.2 5.6 2.0
- _._._-- - - ---_.._---- ----
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c:;ECNO
Il

TI'-'E
SLOPE

nlOPTH
0LOB
VLOA
XLOPL

CWsfL
OC'<
VCH
XLCH

CR IW<; 
ORCS
VPOR
XLO!'JP

wSFLK- -1'".;---
ALOB ACH
XNL XNCH
I TR I AL-lOC-

--hV 

AROE:!
XNR
ICONT

-He
VOL
IoITN

---eORAP

- OLOSS
TWA
ELMIN
TOPWID

BANK ELEV
LEFT IRIGHT

SSTA
ENOST

1400 NH CAPO IJSED
OSI'"r:NO A.540

l?~S DIVIDFO FLOW

1?Rn cRase; SECTION R. c;4 EX TENnEr 2.73 FEET

3101 HV CHAN~En ~OPf THAN HVINS

'L0~ OISTPIRUTION FOP e;'CNO= A.c;4

l3.c;4
100000.

.013
• 000 4 14

16.74
3~903.

7. 34
h')O.

101 C;. 7 4
""23.

7.92
"c;O.

0.00
54474.

c;.74
650 •

0.00 1016.40 .67 .54 .24 999.00
S300. 837. 9488. 602. 73. 999.00

.025-- ---.025 - -.027 .0?5 999.00 9640.00
3 0 0 0.00 1602.93 11247.35

-----
C\oISEL= 1015.74

11247.
• 1

69.7
.9

11210.
4.2

2c;7c;.0
1.6

I OC; 10.
7.1

10R2. s
6.h

10120. 10250. 10425.
8.B 15.5 lB.7

1136.4 2045.c; 2578.6
7.8 7.6 7. 3-

100c;O.
h.6

A3h.7
7.0

10nnn.
il.?

10c;c;.3
7.1\

93,.
1 f,. A

??lP.O
7.c;

STA= Oh4C. 9700.
PI'"Q J= 13.9

tPEA= 200h.A
VEL= h.G

Cr:HV= .300 CFHV=
·SFC/JO 8.61
J?An CPOse; ~I'"CTION

.'i00

A.1>2 EXTENDFO 1.39 FFET

INDIAN SCHOOl RPTOA

B.~?

InOOOO.
.14

• n00199

lh.6il
O.

0.00
39S0.

101h.38
10onOO.

'i.0f!
19., •

0.00
D.

0.00
no.

0.00 1016.7A
- 0-.---19698-.
.022 .022

2 0

.40
- 0.

.022
o

.30
--970.

.020
0.00

.08
102.

999.70
1600.00

1015.00
- 1015.00-
9720.00

11320.00

__ _.

FLOW DISTRIBUTION FOG C;ECNO= 8.h2 CWSEL= 1016.38

STA= 9720. 11320.
pc-p ()= 100.0

APEA= 10 h9R.l
VEL= 5.1

-_ . ..:
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c::ECNO
o
TIME
c::LOPE

l)EPHi
OLO'l
VUll3
XLOPL

Cwc::EL
Of:H
vrH
xLrH

- -CRII<IS
OROA
VPO'l
XLCt\p

- wSELK--F'<;--- -Hv----,.,t.:---
ALOA ACH AROH VOL
XNL XNCH X~R wTN

-nRIAI: - IOC-----Id'ONT --CORAP
(

GLOSS
T\oIA
flMIN
TOP WID

BANK ELEV
LEFT/RIGHT

S5TA
ENOS T -

SOU:IAL APIor;

S'l XK
1.05

X"I1P
1 .?o

crll'"r)
?AO

ROLEN
o.on

RWC- -- - BwP --'':: BAREA
685.00 1.00 17250.00

S5
30.30

ELCHU
999.90 '

ELCHO
999.70

*SEeNO "./',30
3?Qn CPOSS SFCTII1N

PRFe;SU~E ~ND ~EIP FLO~

'1.f-] EXTENDED 1.63 ~ffT
1),\

2:

Er,oRS

10] 7. n<;

EGLIoIC

1I)H.7"

H3

.00

aWEIR

23'l9.

- (JPR -

97200.

BAPEA- TRAPE'ZO"IO
AREA

17250. 11237.

[LLC

1015.00

ELTRO

1015.60

3.63
1non on.

• J 4
.1) 00 1,,7

lh.9J
O.

0.1)0
RO.

I n ll:',hl
II) nl) 0(1.

4. 0 "
AO.

o.no
o.

0.00
Bn.

0.00
o•

.02<'
2

1017.02
700'12.

.022
o

.3B
o.

.022
3

.?4
100A.

.O? 1
0.00

o .00
104.

909.70
1600.00

1015.00
1015.00

9720.00
11320.00

FLfJ'" O[<;T~IJ.l'JTION FI"R c::rCtJO=

C::TA= 0720. 111?0.,
on, ()= 10(1.0

HFA= 21)1)'11.9
VFL= <;.0

A.f-J C\oISEl= 1016.63

140n NH CAPO lJSFD
·Sr.f:NO 'l.~R7

'2An CPOSe; SECTION 11.69 FXTENI1FO 6.69 FEET

9450.0
- O.On-
53531.

4.45
--380.-

1470 fNCROACHMeNT STATII1NS=
A.69 12.70 101h.70

10000 n • Jlf-13. 14"<;~,

.16 'i.96 <:,77
.01)03e;<; 300. 100.-

11550.0 TYPE= 1 TARGET= 2100.000
- 0.OO--to-r-7-,l-l- ,- --.4C--- .08- '--.02

5307. 2573. 12036. 1155. 119.
.025 .025 .027 .021 1004.00

----- -"--.-- (}---- - 0----0000- 2100.00

-1004.00
1006.00

9450.00
11550.00- -

FLI"I01 OISTP IBUTION F0 0 "iFCNO= - -8.69 - -----CII/51:1:::= ---1016.7ct------ -- -

)
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--- OlOSS
TWA
EL"'IN
TOPwI0

SECNO
Q

T 1'~E

SLOPE

nEPTH
'JLnB
VLO~

XLOBL

CI/<;El
'Jr. ....
Vr.H
XlCH

- -CRlwS
OROB
VPO'3

---- XlOBf)-

--loiSI'll(
Al"!3
XNL
ITPIAl

--!OJ, HV
ACH AROH
XNCH XNR

--IOC- I CONT

- -I'<

VOL
IITN
CORAR-

BANI( ElEV
lEFT/RIGHT

SSTA
ENOST

11390.
3.3

850.7
3.9

11290.
5.7

1654.5
3.4

11055.
3.1

876.8
3.5

10930.
4.6

1514.5
3.0

10650.
6.0

1'201'1.8
4.9

-10295,- 10455.- -10515.
5.4 10.e 4.6

997.0 1871.2 761.7
5.4 5.8 6.1

10200;
A.?

11 <;4.4
<;.4

9P70. 10000.
1'.1 14.9

10<;4.1 257?H
1'.0 5.8

ST~= 0450. 97P5.
P'R 0= 2<;.3

OOF:>.= 4;><;?7
VEL= <;.9

STo= 11390. 11<;<;0.
OFP 0= 1.9

oRE"= 1140.?
VFL= 3.4

1401' NI-' CARO IJSFD
"S'r~ln A. 791
l?RI' CPOSS SFCTION 8.79 EXTFN('IF.O 7.58 FF:ET

09.79
100000.

.?O
.000294

1?5A
4741'5.

4.57
5"0.

1017.0 A
,1'6<;.

4.'27
<;<;0.

0.00
48ASO.

3.'\5
580.

0.00
103A2.

.0'26 -
2

1017.34
8'\8.

-.025 
o

.~6

13762.
.02R

o

.18
1448.

.021
0.00

.Oe;
152.

-1004.50
3010.00

1008.00
1009.00

81\90.00
11900.00

FL'l"" 'lISTflIAIJTIO"J Fn o <;FC'Jn= 8.79 C\oISEl= 1017.08

10275.
4.4

999.0
4.4

10165.
6.0

1416.0
4.3

10000.
3.7

858.2
4.3

9900.
4.7

1032.0
4.5

0790.
4.'2

889.B
4.7

9520-. - -9700.
3.0 8.6

579.1 1814.7
5.'2- ----4.1'1

11420. 11900.
3.9 8.2

-12-23.9- 291 4'.1-----
3.2 -2. A

--~4 00-;-- - 94'70-.
R.3 3.6

1643.'1 740.7
5.0--- 4-.9-

11010. 11250.
3.1 4.0

-12'24 .6--1-4-:19. 6-
2.5 2.8

9250.
4.7

969.0
4.9

10770.
6.5

1899.2
3.4

9170.
4.4

1071.2
".1

10S3').
O.h

'201f..3
4.A

91170.
1'.0

1~10.7

3.6
1011S.

3.1
A?9. o

4.9

8'1 0 0.STo=
PFP

APEA=
'/El=

STA= 10?75.
O'R ::l=

oq<.: A=
VFl=

14 0 0 NH CARD USED
"SFr"JO 9 .Q41
32Rn CROSS SECTTON 8.94 EXTENDED 2.55 FEET

A.94
100000.

.'24
• 000537

10.75
<;73110.

4. A3
900.

1017.35
<;994.

4.72- 
Ano.

0.00
36646.

... 15
770 •

0.00
11R77.

• 027
1

1017.68
1269.
~025 -

o

.33
88211.
.026-

o

.31 .03
1871. 211.

.&21---1006.1)0
0.00 3580.00

1010.00
1012.00

8220.00
11800.00

.'-

FLO"" DISTRIBUTION FOP ~FCNO= 8.94 CIISEl= 1017.35

..;
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<:;EC"Jr)
(1

TIME
<:;LOPE

DEPTH
r'lLOR
VLOP
XLORL

CioIS·L
I)n~

VCt'
XLrt'

CPl'is -
OPOB
VROR
XLOBR

WSFCI(--rr,--~ --I-<V- --- HL -----
ALr'l~ACI-< AROB VOL
XNL XNCH XNR WTN
ITRTAL--- IOC - ---ICONT -- Co-PAR--

OLOSS
TWA
EL~IN

TOPWIO

- BANK ELEV 
LEFT/RIGHT

SSTA
ENDST

<:;TO= il2?0. 8~ln. AA20. 8980. - 9060;-- -'l200. - 9355.- - 9460. 9605. 9760. 9860. 9940. 9960.

on, Q= 4.? ",.R 4.0 3.0 4.3 4.5 4.0 6.9 8.9 4.7 5.2 .9

ARfA= 14(,1.3 14 an. 7 101S.3 6S?7 99il.4 1021. I 771.3 1210.1 1448.6 834. (, 803.1 166.9

VFl = ?9 4.<; :J. 9 4.7 4.3 4.5 5.2 <;.7 6.1 5.7 6.4 5.7

ST~= Q0f-O. 10Jf-0. 10<,3S. 10"'50. 10AOO. 11030. 11470. 11670. I I R00.

OFF 0= t-.. O J n. 1 4.9 6.4 4.2 S.b 3.4 1.7

APEA= 1 ?<,9. I ??4Q.7 902.3 117(, .9 1069.5 1912.1 981.9 533.'5

vfL= 4.7 4.(, S.4 5. 4 3.9 3. I 3.4 3.2

1490 NH CAPO USFD
*SFCNO 9.076
3?RO CPOse; ~·r.TTON 9.01' EXTENDED .79 FFET

o .00
6 0 01.

.02<r
2

9.0A
10 0000.

.2 Q

• nnl?O'l

R.30
3h2S9.

<;.25
700 •

1017.79
074 I.
1. 04
700.

0.00
54000.

6.05
700.

1018.33 .54 .54 .11
1384. 8921, 218b. 270.

.025 -- -.026---.021-- 1009.40
o 0 0.00 3765.00

1012.00
1011.00

8350.00
12115.00

FI_Ow nrST P IRIJT10N FOP <:;Fr"o= 9.0A cwSEL= 1017.79

10600.
3.7

623.5
5.9

10450.
13. 1

970.8
8.3

10330.
9.4

1176.5
8.0

10175.
9.5

1240.8
1.6

9120-; -- 9365. - 'l635. -- 9780. - 10000.
3.8 4.2 11.1, 5.5 9.7

806.7 963.6 1810.8 :~859.6 13A3.A
4~-3- --- 4.4 6.1- --- 6.4-- -1.0

11260. 11740. 11865. 12115.
:J.6 3.5 3.2 .7

716.8-- -tJ-34.... 2--- 618.8 -- 322.5
5.0 3.1 5.2 2.0

R800.
3. I

74<;.<;
4..2-

II Oh O.
3.4

554.4
6.1

Rh90.
1.S

7JP.C,
4.9

100<;0.
<;.0

80"1.7
... ?

8<;40.
5.0

901,.4
5."

uno <;,
4.0

7<;':l.1
'1.3

STA= 83<;0.
PFP 0=

AREA=
VfL=

ST'_= In"-oo.
0FP 0=

APfA=
VFL=

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

- ---_.__.._-- _._.~ _.._-~ _._--_.-. - --
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PAGE 13

oo~ooooooooo~~oooooooooooo~oooooooooo~ooo~oooooooo

H-C2 RFLF:ASO:: DATFn N""j 76 UPDATED APRI 19f1O- -
FRROc CORR - 01.0?n',04
~ODIFtCATIO~ - cO·~I.S~.53,~4

OOooOOOOOOOOOOOOOOOOOOOOOOOOOOOO •••OOO~*O~**OOOOOO -

NI)T-- ASTFPI')..; (<OJ AT LFFT I)F C~05S-5FCTTnN NU"PcR INDICATES ~ESSAGE IN SU~~Aqy OF ERROqS LIST

AGIJA FR I A RIVFR AT rr,D t A

SU""APY PP INH)ljT
.0

SFC~II) XLC'" CWSEL ElYIN DEpTH OLOB VLOB QCH VCH SSTA ENDST HV HL
-- - - - - -- .-

7.9132 0.00 1002.?0 990.40 11.80 53351.04 9.\7 46648.'16 10.15 8961.64 10401.28 1.44 0.00

ii.067 4SO.OO 1003.41'1 991.70 -h.18- 495 4 0.12 -- 7.98 50459.1\7 10.00 9013.48 10374.66 1.27 1.09

!l.IC,? 450.00 1003.?4 993.no 10.24 22073.30 11.64 11926.70 17.55 9565.00 10333.10 4.19 1 .41

Fl. 1 Rq I'l'.Of) 1001,.A4 '1'14.00 1?84 43.83 1.41 9A'I7R.9A 17.40 96t13.8S 10428.51 4.66 1.06

A.19? 1".00 1007.9h ')'1'" OS 13. 9 1 3'15.41) ?" 0 9A1CJA.CJl 15.<:,7 9617.83 10421'1.68 3.70 .01

fl. t'?fi 1'1]. no I Of) f\." I f)'14 .1'10 13.73 2 4W'4.":;Q 1 fi. AI 100?'1.40 19.09 '1625.00 10520.00 ".19 .h9

fi.'? ! son.oo, tOt l. I I, f)q I.?O 14.5fi 2'lhI6.4? 13. _14 14726.8'1 16.tl7 '1630.00 10745.00 2.49 1.36

A.4 I 7 <:;00.00 101?5? "198.40 14.1 ? 28261.A9 11.96 13167.90 11.18 9630.00 10600.10 3.10 1.19

R.540 650.00 1015.74 999.00 16.74 38'103.06 7.34 6623.10 7.92 9640.00 11241.35 .67 .54
------- ._- -- -----,._~.._-

·8.61 C, 3g e .0f) 101".3A 99'1.70 16.68 0.00 0.00 100000.00 5.0B 9120.00 11320.00 .40 .30

8.630 80.00 101f,.63 -- 999.70- -16.93 ----- o. oe --. -0. 00 10000(1.00 - --4.98 --9120.00 '11320.00 .38 .?4

8.foA7 300.00 1016.70 1004.00 12.70 31613.09 5.96 14855.8? 5.17 9450.00 11550.00 .42 .08
- - - _. ----- .- -- -- -- -_.-

8.791 550.00 1017.09 1004.S0 12.58 47484.52 4.57 3665.06 4.21 8890.00 11900.00 .26 .18

fl.943 ROo.OO 1017.35 -1006.hO -- -t-o-.-15 57359.55 -- 4.83 - 5994.47 - 4.12 8220.00 11!l00.00 .33 .31

9.016 700.00 1017.79 100'1.40 A.39 36259.26 5.25 9741.09 1.04 8350.00 12115.00 .54 .54
-.__._-- _. .- _.._. - --- '.
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- --'

SIj~"'APY OF (PPORS

!:AIITlf)"J SE!:"!')=
CAIITION SEC"IfJ=

P.lt;? PPOFIL
R.It;? PPOFIL

CRITICAL OF.:PTH ASSU~ED

~lNI~I)I' SPFCIFIC ENt"RGY

CA lIT ION
r:AurION
CAUTION

CAIITION
CAllTlfJN

SECN/)=
SEC"JO=
SF.: C''If'1 =

SEC"Jf'1=
<;FrNO=

Fl.1RQ
R.l FlO
R • 1PQ

'L??'1
A.??'1

PPOFIlE=
OPOFILt=
PROFILF=

PROFILE:
PROFILE=

.~

r,

CRITICAL DFPTh ASSU~ED

PPfJRA8lf. MINIMUM SPECIFIC FNER"Y
~o TPIAL<; ATTE~PTE~. TO HAlANCE W<;fl

CRITICAL nFPTH ASSUMED
MINI'-1IJI' SPF.CIFIC ENERGY

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

HEC-2 COMPUTER PRINTOUTS

I I. AGUA FRIA~VER - DISCHARGE OF

100,000 CFS FOR PRESENT CONDITIONS

WITH ENCROACHMENTS FOR

PROPOSED SPUR DIKE AND DIVERSION DIKE

/
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PAGE

OOooOoOOOOO~OOO~OOOOOOOOOOOO~OOOOO~OOOOOOOOOOOOOOO

HEC? RFLEASE DATFr) ~!nv 76 UPDATE()--APRI 19/\
FopnOl CORR - 01.02.01,0 4
"nnIFIc.oTION - 'iO.SI.5?53.5 4

o.oooooooooooooooooooo~ooooooo*o*0000009000.**•• o*

C
T1 FOF! c;A"Fo H,f) loYlU"'''NC. AY PRC TOUPS.PHO.E"IA!/x,Az. 1'11.95"4-9111/
T? PPOFILE I - Q = 1fO,aY' CF5

11 A"'UA FRI II PIVFo AT INnlAN SCHnnL oOAO SEPTEt'tHR,1980 NO.IO'lS-600

J I ICHECr< 1'<0 >11 NV 1010 STRT I-1ETRIC HVINS a IoISEL Fa

-I. h. O. O. • 00?9nO o.00 0.0 O• 1002.000 0.000

J~ "lPf>OF IPLOT DRFVS XSfCv XSECH . FN ALLDC 18101 CHNIM ITRACE

-lonna 0.0no 0.000 0.000 0.000 0.000 0.000 0.000 0.000 15.000
-- -_.-

J3 VAPIA,,\! E corES FOOl C;U:-O"AfH PRINTOUT

)fL oon l'l.ono 1.000 4?000 8.000 13.000 "i5.00n 14.000 ?6.nOn 53.000

5 4 .onn 10. no J 11.000 n. 00 a 0.000 0.000 0.000 0.000 o•000 0.000

·'C • 0" 0 • n 30 .O?S • 100 .300 0.000 0.000 0.000 0.000

'1T S • a 0 a 4200f: .01'\0 5S00o.000 56S00.000- 85000.000 100000-. 000 - 0.000 0.000 0.000

r.pose:; C;fCT!n"J <;TATIO.'I"I; FPO" lEF-T-TI)-R-IRHT \:;OOKING- DOWNSREAM WITH --

oFFERFNCE I.l"'f or STATION 10000.

cpoc;e; SFCT In') "II"HERS ARE IN 0 IVFR "ILES ABOVE THE CONFLUENCE OF THE

GILA RIvER. THF SHTIONING-FOR THIS STUDy- WIIS MATCH£D AT THE -INDIAN

SCHOOL ARIOGE WITH STATIONING FROM II PREVIOUS FLOOD INSURANCE STUDY.
---------------

STAPTING 1oI0TEo c;UoFACE ELEVATIONS ADE BASED ON THE SLOPE AREA METHOD.

O. 00 a
0.000

x I 7. Q 82 ?9.1)1)0 9S~5.oo0 - 10430.0n~ -- o.oon -- --0.000--- - -0.000 -- o .000 - 0.000 0.000

I;R 1010.000 8'l?S.000 1000.000 fl'l72.000 'l91.000 900S.000 991.000 9330.000 998.000 'lS80.000

Go 100n.000 95~'i.onn 1000.00(\ 960S.000 994.000 9620.000 992.000 9628.000 990.400 963S.000

Go 990.401) 9641\.000 992.000 9 A5 C; • 00 It- -- ._- 9 \I 4 • 000 -- -- 9 664 • 000 -- - - 996. 000 9114.000 -- 996.600 9830.000 - -- --

r,P 99A.OOO 9'l4?Ono 99S.000 1001)0.000 'l95.000 100';0.000 99A.000 10070.000 998.000 10100.000

('P 9'l9.000 101 7 (l.OO1 999.000 10220.000 99d.000 10210.000 996.000 10310.000 996.000 1038 4 .000
r,p 998.000 103Qn.ooo 1002.000 10400.000 1006.000 1042S.000- 1007.000 10430.000 - 0.000 0.000
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Xl 8.067 lQ.ono 91180.000 10390.000 450.000 450.000 450.000 0.000 0.000 0.000GR 1010.000 90A'i.onn 1000.000 907a-.orro-- 992.000-- 9098.000----- 992.000- 939~.000 .. 996.000 9666.000r,p 1000.000 9£,P0.000 992.000 9695.000 991.700 9700.000 991.700 9730.000 992.000 9735.000GR 992.noo 97QP.oon 994.000 QA40.000 996.000 9960.000 998.000 10050.000 998.000 10232.000GR 99h.£,OI) 1021'>0.01)0 998.000- 102A5.orro-- -1000-;000 --10365.000- 1009.000 --r0390;rroo 0.000---- 0;000

Xl A. 1'i? 1'1.000 9780.oao 103'i0.oOO - 450.000 - -450.000- 450.000 0.000 0.000 0.000SP '197.000 9'iF-c;.Onn '194.000 9'iA'i.OOO 994.000 9600.000 994.000 976_5.000 998.000 9770.000GP 1000.000 '17AI1.onl1 99'+.000 9790.000 '193.000 9800.000 993.000 9830.000 994.000 9960.000fiP 995.000 100:10.000 '1'1 4 .000 10130.000 993.'100 10150.000 99 4 .000 10190.000 996.000 10200.000r,R Q9H.OOO 102<;11.1100 1000.000 10295.000 1002.000 10330.000 1010.000 10350.000 0.000 0.000~C .04'i .04'i .025 • 100 .300 0.000 0.000 0.00 a 0.000 0.000

ROO')""VFLT IORIGATION DISTRICT AOljADUCT •
.. --

Xl 8.18'1 <;4.000 9765.000 103<;5.000 193.000 193.000 193.000 0.000 0.000 0.000fiR 1010.000 9617.nOI1 1007.500 9618.000 1006.800 9688.000 1010.000 9689.000 1010.000 9691.000GR 1006.ROO '1692.0011 1006.000- 9762.000 --1(}1-0.000--9763.000--1010.000 9763.500 1010.000 976 4 .000GR 1010.000 '17115.000 1006.000 '1766.000 1004.000 979S.000 100Z.000 9800.000 995.000 9815.000GP '1'1'i.OOO '183f.000 1010.000 °A:17.000 1010.000 9839.000 995.000 9840.000 994.000 9910.000 , ..r,P 1010.000 9'111.000 1010.000 9'112.000 99'+.000 9914.000 99 4 .000 9984.000 1010.000 9'185.000GP 1010.000 '14A7.0011 9'14.000 9'188.000 99'+.000 10058.000 1010.000 10059.000 1010.000 10061.000GR '194.000 100"2.000 994.500 1013?000 1010.000 10133.000 1010.000 10135.000 994.500 10136.000Gil 995.000 102n<,.noo 1010.000 10207.000- --1010.000 1 0209 • 0 0 0-- 995.000 10210.000 996.000 10220.000
fi~ 9'18.000 1023<;.000 1000.000 10258.000 1002.000 10265.000 1002.500 10280.000 1010.000 10281.000fiP 1010.000 102A3.00n 1002.500 102'14.000 100'+.500 1035 4 .000 1010.000 10355.000 1010.000 10356.000GR 1010.000 103<;7,000 100 4 .500 103'i8.-000 - 10 1)3.500 -- 11l42!l. 000 - 1010.000 10429.000 0.000 0.000 -- - _..

Xl A.19? 0.000 0.000 -0.000- - -1-6.000 - - - -- 16-; 000 - - 16'-0 00 0.000 .050 0.000
N~ 3.000 .0<;0 9!l24.000 .025 10300.000 .050 10520.000 0.000 0.000 0.000FT 0.000 7.1no 7, 100 70100 0.000 0.000 9824.000 10300.000 0.000 0.000--- -- - ---- ------- ---

Xl 8.22A 17.000 '1'160.000 10000.000 191.000 191.000 191.000 0.000 0.000 0.000GR 100A.000 Q62'i.OOO - 1010.01l0- --9780.0 o-o------tO 08.00 (j--9r8S-;-o-o 0---10 08 ~ 0 a 0 9810.000 1010.000 - '9820.000Gil 1010.200 98('4.000 998.000 9840.000 996.000 9960.000 994.800 10000.000 994.800 10170.000r,P 996.000 10('13.000 1000.000 10230.000 1002.000 10240.000 1008.000 10275.000 1010.000 10300.000Gil 1004.500 103ZO.000 100 4 .500 ! a 52 0-. eroo- ---- --0. 000 ------0-.000---- ---0-. 000 --- --0-.000 -- 0.000 0.000Nt-l 3.000 .0'i0 9808.000 .025 10275.000 .050 10745.000 0.000 0.000 0.000ET O. 000 7.100 7.100 7. 100 0.000 0.000 9808.000 10275.000 0.000 0.000----- -- -------_._-------------------- ---- --- -- - -- - -- - ...~
XI 8.323 111.000 9970.000 10030.000 500.000 500.000 500.000 0.000 0.000 0.000Gil 1010.000 'l6 3 0 • 0 0 0- tOl0.000 -, 970 0.000-- -1'0-100000---97400000- - 10 lC}";O 00 -9780.000 - 1014.000 -- 9804. a 0 a
r.R 1016.000 9AOA.00n 1010.000 91318.000 100 4 .000 9830.000 1002.000 9850.000 1000.000 9860.000GR 9'113.000 '193('.000 997. 200 9970.000 997.200 10030.000 99A.000 10230.000 1010.000 10255.000GR 101n.00o 1027<;.0'10 1007.000 10300.000-- -1007.000 10745.000- -- - 0.000 -0.000 0.000 0.000NH 3.000 .00;0 9855.000 .025 10375.000 .050 10'170.1)00 0.000 0.000 0.000ET 0.000 7.100 70100 701 00 0.000 0.000 9A55.000 10375.000 0.000 0.000
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Xl A. 41 7 19.000 9990.000 10045.000 500.000 500.000 500.000 0.000 0.000 0.000
GP 1009.000 9630.000 -t00 9 • 000-- -(1700. 000----1 009. 000-- 'HSOoooo---l 009. 000 9830.000 - 1010.000 9835.000 - - -"-,._--

GR 1012.000 98o,c;.000 1000.000 9811 4 .000 999.000 9920.000 999.000 9960.000 998.400 9990.000
GP 99A.400 10010.noo 999.000 10045.000 999.500 10200.000 1000.000 10300.000 1010.000 10325.000
GP 1012.000 1037'i.000 1009.500- 10400. 00-0----1 009.50 0 - -10490.00 0--- 1022.000 10970.000 - - 0.000 - 0.000 -- ----
NH 2.000 • O?S 10545.000 .050 11250.000 0.000 0.000 0.000 0.000 0.000
ET 0.000 7.100 7.100 7.100 0.000 0.000 9640.000 10545.000 0.000 0.000

-- -"- - - .----

Xl 8.540 10,.000 10000.000 10050.000 650.000 650.000 650.000 0.000 0.000 0.000
GI'l 1013.1)00 9640.000 1010.000 91'>0,0.000 1002.000 9662.000 100n.600 9790.000 1000.000' 9935.000
(;J.l 999.000 10000.000 999.000 100"0.000 1000.000 10120.000 1000.000 10250.000 1002.000 10425.000
Go 1001..000 10510.000 1016.000 10'345.000 1012.000 10600.000 101<'.000 11210.000 1016.000 11250.000
NC • 022 .O?? . on .300 .500 -0.000 0.000 0.000 0.000 0.000

INDIAN SCHOOL Aol~r,E.
LOW cf(oRf) £LEVAT/o.N.~./0/.5.

Xl 8.615 4.000 9720.000 11320.000 3950.000 320.000 395.000 0.000 0.000 0.000
X3 10.001) 0.000 O. 000- 0.000-----·· 0.000- --(}.ooo- -- - -0.000-' 1015.000 1015.000 0.000
Go 1015.000 97?0.OOl) 999.700 1017R.000 999.700 10863.000 1015.000 11320.000 0.000 0.000
SP 1.050 1.2QO 2.800 0.000 685.000 1.000 17250.000 30.300 999.900 999.700

- -

Xl 8.630 0.01\0 O. 00 a 0.000 80.000 80.000 80.000 0.000 0.000 0.000
X? 0.000 0.01\1\ 1.000 1015.00-0-- -1-015.600 --- 0-.000 - - 0.000 -0.000 0.000 0.000
X3 10.000 0.001\ 0.000 a • a a 0 0.000 0.000 0.000 1015.600 1015.600 0.000
RT ?0.000 31100.001\ 1020.000 0.000 5000.000 1018.000 0.000 5510.000 1017.400 0.000
RT "8')0.000 10)7.001'1 a • (lOa - - 6 a '3 0- • a I) 0---1 a I 6 • a a t)- -_. - a • a 0 0- - 6130.000 - - 1015.600-- 0.000 6190.000
>IT 1016.000 0.01'11\ 6700.000 1017.000 0.000 8550.000 1017.000 0.000 8900.000 1018.000
BT 0.000 9640.000 10?O.000 a • a 00 9700.000 1020. 4 00 0.000 9750.000 1022.400 0.000
RT 11350.000 10C?400 a • a a 0- --. 1 1 600. a a 0-- l- a 2 (}. a a a -- --0-.-000-- -11750. 00 o· - 1018.000 - - 0.000 12150.000
PT 1016. 000 0.001\ 12320.000 1016.000 0.000 13180;000 1018.000 0.000 13550.000 1020.000
AT 0.000 o.noo 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
NH 3.000 .031'1 9450. oot)- ._-- • 025-- --1 o-H·O. 00 (} - .-030--t189'S.00(}--- --0.000 -- - o. a a o· 0.000
FT 0.000 0.001'1 o. a 0 a 0.000 0.000 9.100 0.000 0.000 9730. 000 11530.000

_ .._-- -- - ------- ----_._----- -- - - - --- --_. _.- -- - -- -- -----
Xl 8.6117 20,.000 9870.000 10090.000 300.000 380.000 300.000 0.000 0.000 0.000
Go 1004.000 940,0.01'10 1004.000 9785.000 1006.000 9795.000 100n.00O 9800.00Q 100 4 .000 9805.000
GR 1004.000 9870.01'10 10-06. 00(1- 10 090-. 00-0- -------r006. 40 0----1'020 O. 00 0·- 1 OOb. 000 - .- 10295; 00 a -- 1004. 00 0 10455.000 - -----._--
GP 1004.000 1051"'.000 1006.000 10555.000 100R.000 10560.000 1010.000 10650.000 1011.000 10710.000
G'l 1017..000 10931\.000 1010.000 10990.000 1008.000 11020.000 1008.000 11055.000 1010.000 11085.000
GP 1009.500 112"10.000 "1008.000- 11345.000--- 10lH.00o-·-11390.000 --1010-.000 -- 11440.000 -1010.000 - 11895.000 - ",

..
NH 3.000 .010 9220.000 .025 10535.000 .030 11900.000 O. 00 0 0.000 0.000
ET 0.000 0.000 o.oon 0.000 0.000 9.100 0.000 0.000 9300.000 11900.000

-----_. _.._- ---------_._----------- ._--- - ---- . - _.- .- -- - -- - -- -- ---- ,

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

-1
L ..
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--- -- -------------_.--- - --
Xl 8.791 3/'..000 "1900.000 10000.000 55 O. a a a 580. 000 550.000 0.000 0.000 0.000r,R 1009.500 88'10.000 1008.000 8970.1100 1006.700 9070.000 1006.000 9170.000 1004.500 9220.000 ! 'GR 1004.500 92<;0.1100 1006.00 0-- -9295.-00 (t- - 1-007. 00 a -9 4 Oil .·0 0 rr-- 1 0 0 6 • 00 0 9470.000 -1005.000 9490.000 -- -- ---_..
('P 1006.000 9520.000 1008.000 9700.000 1010.000 9705.000 1005.000 9725.000 1005.000 9740.000('R 100R.000 975<;.000 1008.000 97'10.000 1007.400 9840.000 1008.000 9900.000 1009.000 10000.000GR 1008.000 10165.000 100& .1100-- 1a 2 7 5 • Il a cr--- 1a a 6 • a a a - 1031-0.000- -1006.000- 10335.000- - 1008. 000 10535.000 --- =----
GR 1010.000 10770.0011 1012.000 10775.000 1012.000 11010.000 1011.000 11050.000 1011.000 11250.000 0'GP 1010.0 a 11 11340.000 100 9 .000 11370.000 1009.000 114?0.000 1010.000 11445.000 1011.000 11540.000GP 1011. ':> 0 0 119011.0011 0.000 0.0 a 0 --0.000 ----OiOOO- 0.000 0.000 -- 0.000 0.000NH 3.000 .0)0 92130.000 .025 11030.000 .030 11800.000 0.000 0.000 0.000ET O. a a 0 0.0110 0.000 0.000 0.000 9.100 0.000 0.000 9700.000 11HOO.000

x I 8.'14' 39.000 9960.000 101(,0.000 800.000 770.000 800.000 0.000 0.000 0.000GR 1016.200 1l2?0.000 101 4 ./'100 8270.000 101 4 .000 8515.00 0 --- 1012.000 8570.000 1010.000 8630.000
_.

GR 1009.000 11700.01)0 1010.000 R1l20.000 1012.000 8930.000 1010.000 8980.000 1009.000 9010.000G4 100'1. 000 90(,0.000 1010.000 9100.000 1011.000 9200.000 1011.000 9280.000 1010.000 9355.000GR 1010.000 94 60.000 100 0 .000 91'>05.000 r008.00er-· 9760;-000 - 101(1.000 9780.000 1008.000 9860.000GR 1006.600 9'1110.000 1008.000 9940.000 1010.000 9960.000 1012.000 10160.000 1012.000 10290.000 -\GR 1010.000 1053'i.000 1009.0011 10650.000 1010.000 10800.000 1012.000 10835.000 101 4 .000 11030.000GR 1012.000 11470.00rr 1 0I-2. eroo 1 149 a • 0"(,0--- - -1 0-I-4-. 4 (to -1-1550-.000--- 1012.000 11620.000 1010.000 11655.000GR 1009.500 11670.000 1010.000 11690.000 1014.000 11714.000 101 4 .800 11800.000 0.000 0.000NH 3.0011 .1130 9675.0011 .025 11260.000 .030 12115.000 0.000 0.000 0.000FT 0.0011 0.000 0.000 0.000 - ---- O. 000 - - 9. 100-- - 0.0110 0;000 8850.000 12115.000

Xl 9.076 41.000 <;780.000 10000.000 - 100.000 - - --700-;000 ------ 700.000 - 0.000 0.000 0.000GR 1017.500 83<;11.1100 1016.000 1339';.000 1012.000 8416.000 1011.000 8 4 80.000 1012.000 8540.000r,R 1014.000 8690.000 101 4 .500 87(,0.000 1014.000 8840.00!J 1013.000 8890.000 101 4 .000 8940.000GR 1014.000 912(1.00n 1015.000 - q-l 90. 0orr --ror4.... 00er -9260....000-- 1012-.000 9365.000 1011.000 9410.000GR 1011.000 963<;.000 1012.000 9675.000 1012.000 9780.000 1011.000 10000.000 1010.400 10175.000GR 1010.000 1033.1.000 1009.400 10450.000 1010.000 10 4 75.000 1014.000 10490.000 1015.500 10600.000fiR 1014.000 10700.000 1012;000 - 10795.000--101"2";000 ---10825."000 - - 1013.500 10950.000 " 1012.000 11060.000GR 1012.000 110'10.000 1014.000 11105.000 1015.500 11260;000 1016.000 11400.000 1016.000 11500.000GR 1014.000 117"0.000 1014.0110 11805.000 1010.000 11815.000 1010.000 11840.000 1016.000 11865.000GR 1017.000 1211'i.OOO 0.000 - 0-.000- --0-.000-- - - -0;000-· . - - 0.000 -- 0.000 0.000 0.000EJ o. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00 a

~_: '...
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e;EcNO
a
TI~E

SLOPE

nEPTH
(}L08
VLOR
~LOBL

CwSEL -
OCH
VCH
XLr:H

CPIwS- -W$""tl(--f"..----hV-----~

OPOR ALOR AC~ AROB VOL
vpnp XNL XNCH XNR WTN
XtORP--- ITR IAL -lf1C----tCONT --CO-RA

OLOSS
TIo/A
ELMIN

---TOPWIO

BANK fLEv
LEFT /RIGHT

SSTA
ENDST

.PROF

CCHV= .100 CEHV= .300
.SECNO 7.982 --- ------- -- ----- -.-

CROse; SECTTnN <;TATIONTNG FROM LtFT TO RIGHT LOOKING DOIolNSRfAM wITH

REFERENCE LINE AT STATION 10000.

CRose; SECTTMJ ,,,,M8ERS ARE IN RIVFR MILES ABOVE THE CONFLUENCE OF THE

GILA RIv~p. THF STATIONING FOR THI~ e;TUDv WAS MATCHED AT THE INDIAN

SCt-OOL RRII"'r,E wTTH STATIONHI(; FROM A PREVIa-US FLOOO--INSURANCE-STUDY.

STARTT'JG WATFR SlIRFACE ELEvATIONS ARE pASED ON THE SLOPE AREA METHOD.

7.98 11. B 0 100?20 0.00 1002.00 1003.65 1 • 44 0.00 0.00

100000. S13<,1. 46h 4Q • O. 5R16. 4597. O. O. o.

o.oe 9.17 10.15 n.oO .040 .025 .030 0.000 990.40

• 00;>9?4 O. o• o. 0 0 3 0.00 1439.li4

----_._--
FLOw DISTPIBUTION FOR SF(NQ= 7.9A CWSEL= 1002.20

1000.00
1007.00

8961.64
10401.28

900'). --9330-. 9580-;----9585. - 1"0430-.
\.5 36.6 15.1 .1 46.6

2;>1.? 3641.4 19?6.1 16.0 4597.2
7.0 lOot --7.A-------4-;2---10.1"

RQ7?
.0

1 1.4
? 1

STd= 896?
PlOP 0=

AREA=
VEL=

.e;F('<O B.n/',7
"1.07

100000.
.01

• ~O?O;>'>

1 I .7 "l
49<;40.

7.98
4')0 •

1001. 4 A
S04(,0.

10.0 n
0<;0.

0.00
O.

0.00
4"i0.

0.00 1004.75 - 1.21 ----1.09 .O?
1i?11. <;044. O. 112. 14.

.040 .025 .030 .025991.70
- c-_· - 0----- 0-----0.00--1301 • 1 Fl

1000.00
1009.00

9073.48
10374.66

, .. 1

FLOW DISTRIRIJTION FOR 5FC NO=---Eh-07 ----ew-5Et:-= - -l"003;4 A...----

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

9395. 9666. 9680. 10390.
--19.2-----.4--5005- --

2568.1 76.7 5043.7
7.S 5.1 10.0

9098.
.9 ---29.

149.5 3408.5
6.1 8.5

Q07A.
.0

7.9
?1

9073.STII=
PER 0=

AREA=
VEL=

~

L ~

Y
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SECNO
()

TIME
SLOPE

DEPTH
aL09
VL(\P
XLOBL

CWsEL----CF<I WS------WSECI< f G HY--- --H
ar.~ aROR ALOR ACH AROB VOL
VCH VROB XNL XNCH XNR WTN
XLCH -- -Xt08R----rrPn[-roC----ICO~JT----CORA

--OLOSS - BANK ELEV
TWA LEFT IRIGHT
ELMIN SSTA

-TOPWIO - - - ENDSr-- --_. -- --_.----
I

*SFCNO R.152
32RO CROSS SECTION R.15 EXTENDED 6.24 FEET

I

3301 HV CHANGEn ~OPF THAN HvINS

71R~ ~INI~U~ SPECIFIC FNERGY
37;>0 CRI TICAL DFPTH AS<;IIMI':D

8.15 10.24 1003.2 4
100000. 22073. 77927.

.0;> I 1.~4 17.S5
.00S4~9 450. 4S0.

FLOW DISTPIPIJTION Fnp <;FCNO=

1003.<'4
O.

0.00
450.

8.15

n.oO 1007.43 4.IQ 1.41 .87 1000.00
1 A<;6. 4441. 0-. 203. 25. 1010.00

.040 .025 .030 .025 993.00 9565.00
5 1 I 0 0.00 768. I 0 10333.10

- -----

CwSEL= 1003.24
-------------

9780. 10350.
.3 77.9

--4?-;-~ 4441.Z-
7.1 17.5

9770.
.3

3fi.2 
8.7

9600. 9765.
If\. 4

15<'4-;4
I? I

1 .7
1311.6

I? .1

Q5R5.
1. 4

154.8
R.9

ST~= 9565.
PFP a=

ARE,.=
I/EL=

CCHV= .100 CEHV=
*SFrNO 8.189

.300

);>~~ DII/InED FLnw

1f>RS
36°1
37;>0

20 TRIALS ATTFuPTFn ~<;EL.CwSEL

PPORARU: ~INI"lI" C;pFCIFIC ENERGY
CRITICAL DEPTH ASSUMFO

ROOSEVFLT IRRIGATION DISTRICT AflllADUCT. --'._--,

8.1 Q

10noOO.
.02

• 005 4 A6

1<,.B4
44.

1.41
193.

1006.84
9RQ79.

17.40
193 •

100f>.84
977.

- 4.'Hr--· -
193.

0.00 1011.50 4.66 1.06 .14 1010.00
31. 5689. 200. 230. 28. 1010.00

;045-----. (/25---- --,045---;-0-25 ---994 -; 0 0-- 96A3. 85
20 II 0 0.00 717.49 10428.51

FL(\W DISTRIBUTION FOR SFCNO= 8.19 CWSEL= 1006.84

ra4Zcr,---- -- --------------- --
.0
.9

----T.O--------------------

-1042W.
1.0

199.4
---4.9

9H.2. 1035,.-
99.n

56'1'1.7
- 17~4

.0
10.9

I .4 -

STA= 9684.
PER a=

AREA=
VEL=

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

\ , ,6' ...
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PAGE 7

SECr.j()
~

Tl"1F
SLOPE

OFPTH
~LOR

VLOR
XLORL

C"',,(L
OCH
VO-l
XLCH

--CRIwS-
OROR
VROR

- XU1PR

-WSEt'\--Eo-(~·----

ALOB ACH
XNL XNCH

-nRIAC-10C- ----

--r1V-------HC- -- OLOSS
AROH VOL TWA
XNR WTN ELMIN

--rCONT ---CORAq ----TOPW!rJ

BANK ELEV -
LEFT/RIGHT

SSTA
ENDST

"S-CNO A.192

~2f,<; DIVIOEO FLOW

31nI HV CHANG-D ~OOF THAN HVINS

A.19 13.91 1007.<U, 0.00 0.00 1011.67 3.70 .07 .10 1010.05
InoOOO. ]A<;. 9A1 9 7. 141 e. 161. 6305. 277. - 232. 28. 1010.05

.02 ?40 1<;.57 -5.12 • 04-'1----,025 - .045 -- -.025 994.0S- 9617.A3
.00~'lS4 16. 1h. 16. fl Q 0 O.no 786.46 10428.6A

-- - ._-- -- --- -------------
FLow DISTPIRUTION -oP SFCNO= 8019 CWSEL= 1007.96

104290-
.0

1.5
1.0

- 'l71>2 ;~355-;--1 042e;.
.0 9A.2 1.4
.5 6305.3 275.3
.8 - 1'1.6 --- 5.1-

976? ..]

lOA."
?7

9"Qr..
.1

'i3.7
1.7

STA= 'lhIP.
"-P Q=

APF:A=
VFL=

1 4 911 NH CAPD IJ<;FD
o<'Fr:rw 8.221\

32"., DIVIDED FLOW

3?Qn CPOSS SFCTION A.23 EXTENDEO 4.03 FEET

7]Q<; /'INI"'UI' SPfCIFIC F~'EP(;Y

3 7 211 CRITICAL nEPT~ AS<;U"'ED
8.23 13.73 10nA.'13

100000. 24R9'1. Inn25.
.03 Ih.81 19.09

.n03332 I'll. I'll.

1008.53 0.00
650BO .---t-l\oB-l.-

15.82 .025
191. 3

1012.72 4.19 .69 .15
25-;---"'~---260.-- -32-.

.025 .026 .025 994.80
5 0 0.00 740.04

996.00
994.80

9625.00
10520.00

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

FLOw DISTRIBUTION FOR sECNO= 8.23 CWSEL= 1008.53 /

I ':.:.'

10240. 10520.
3.9 4.5

-254-03--960-.6----------------------
15.2 4.7

STA= 9625. 9'l60. 10000. 10170. 10213.
PfP Q= 24.9 10.0 4'1.9 10.8

APEA= 141l1.3 5:><;.2 - 2333.9----564-.
VEL= 16.8 19.1 19.7 19.1

- ---- -------------- I~

.,
'i· l -"-,.

"

L_

~.""J
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<;ECW)
f)
Tl~E

C;LOPE

DICPTH
f)LOR
VLOR
)(LOPL

Cwc;EL
Or"
VeH
XLCH

CR T'1I5
oonR
VROR
XLOPR

"'SfLK
ALol1
XNL
ITRIn

- f.~----HV --- ---I1C---
ACH AR08 VOL
XNCH XNR WTN

---YDC- -- ICO~IT - CORAP

OLOSS
TWA
EL""Yr>;
TOPwYO

AANK ELEV -
LEFT/RIGHT

SSTA
ENDST

l~~r Nh CARD USED
<>c;.crJQ 8.323

)?~~ OTVTOFO FLOw

)?RO CROC;C; S·CTTO~ A.l? EXTf'IOff1 4.1') FEET

-101 HV ChANr,FO ... ooF THAN HVINS

A.3? 14. ')f-, 10 11. 16 1010.8\ 0.00 1014.25 2.49 1.3A .11 9'H.20
100000. -:>761 h. 147? 1. ')76'i1. 2070. 813. 525'). 343. 4? • 'len .20

.04 1:1.)4 1 f-, .in 10.97 .025 --.025 .02'l .02') Q'l7.20 9630.00
.n0226" 500. 'i00. 500. 12 6 0 0.00 1090.41 10145.00

-_._- ---_. -

FLO'. DISTRlfitJT[()N FOP <;F(NO= 11. 32 C\oISEL= 1011.16

'1"'0. o. 10230. 10745.
4h.9 IIl.A

2830.3 2424.5
-to;&- 4.5

'I'Hn. 100
fl.') 14.7

537.8 811.1
16. (, 10.'1

P~lI. Q'l3?
1~.h

10?'" .
l~.?

1. I
"'0~.5

6.1

C;T~=

O.P f)=
APFA=

VeL=

14<;:'\ NH (APD IJ<;Fn
0SFCNO '3.417
3?RO C~OC;<; C;FCTION 8.42 ExTENDED 3.52 FEET

3301 HV CHA~r,FD ~ORF TH~N HvlNS

8.42
100000.

.05
• 0024'1)

14.12
2l'\?h2.

11.9
500.

10 p.S?
III r-,;>,.

11.18
500 •

0.00
58')70.

14.32
500.

0.00- -101-5.62----- 3.10 - 1019-
2364. 766. 4091. 431.

.021 .025 .026 .025
-- 3------0------0- -0-.00

.18
54.

998.40
-976.10

998.40
999.00

9630.00
10606.10

FLol.! DISTRI8UTION FOR C;FCNO= -- -8.42 --~·--CWSE-l:e-·--1012.Sc----- -

10606.
.3

175.5
2.0

10490.
3.3

580.7
5.6

9990. 10045. 10200. 10300.
7 .1-----}3-. 2 - - 34.2· ---20.7

414.7 766.3 2051.4 1277.3
17.1 17.2 16.6 16.2

9960.
9-.1

540.9
16.8

Q9?0.
7.7-

4AA.a
16. 4

QAA4.
4.4

93'1.4
4.6

TA= 9630.
PFR 0=

AREA=
VEL=

__ l
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SEC"II)
I)

TI"E
SLOPI':

')EPTh
(}LOR
VLOR
XLO"L

Cw<;FL
or ....
VCH
XLCH

- - CR!w')
oROA
VROB
XLO'lR

wst:t~~G HV- -- . Hl-
ALaR ACH AROR VOL
XNl XNCH XNR ~TN

!TRIAL -roc-- ICONT CORAR

- - OlOSS
TWA
EL/AIN
TOP ',0/1 0

BANK ELEV
LEFT/RIGHT

SSTA
ENDST

149n NH CARD USEO
oS'CNO a.'''o
3?I',~ OIVlnFO FLO~

l?An CROSS <;~CTION f,-<=;4 EnENOFO '".73 FEET

"

n] HV CHANG~n "ODE THA~ HvlNS

'LO~ GISTDIAUTION FnD SFCNO= 8.<:;4

fl.<=;4
InOnOO.

.OR
• n00414

Ih.74
1fl903.

7.34
6<=;0 •

10 I ~. 74
Af,?3 •

7.92
650.

0.00
54474.

5.74
65n.

0.00 1016.40 .67 .54 .24 999.00

5100. 837., 9488. 60? 73. 999.00

.025 -- '-;'0"25 --;027 - .025 999.00 9640.00

3 0 0 0.00 1602.93 11247.3<:;

- ----
cwSEL= 1015.74

sr~= '1'>4n. 97'10. 9'135. Inl10n. 10050.- 10120. 10250. . 1042'5. 10510. 11210. 11247 •

P.P ()= 11.9 Ih.? fl.? h.h A.A 1, .5 18.7 7.1 4.2 • 1

APF A= ?nnf,.fl ??,p.n 10..,..,. 1 A1A.7 1 I 36.4 204..,.') 2578.6 10R?'-> 2<:;7e,.0 69.7

vr L - h. '1 7,<=; LA 7,'1 7.8 7.6 1.3 h.h 1.6 .9

rlHV= .30n CfHV-
o<,.rNr, A.hle,
l?f'() CHOS~ SFcrTON

.SOn

fl.h? EI\TENOFO 1.39 FEET

INDIA~ S(Hl)nL DoIOGF.

1015.00
1015.00

9720.00
11320.00

.40 .30 .08
O. - --911)-.-- 102.

.022 .O?O 999.10
o 0.00 1600.~-_._--------- --- -

0.00 1016.78
- - - 0 ;--rcr69l:l,--'

.022 .022
2 0

0.00
- O.

0.00
320.

101".3A
10nnOO.

"i.OR
19'5 •

16. hP,
O.

n.OO
1Clsn.

'l.6?
InOnOO.

.14
• 00n199

FLOW 015TRlfjlJTION FOP <;FCNO= A.62 CW5EL= 1016.38

5T6= 9720. 11320.
p'R 0= 100.0

ARFA= 19A9R.l
VFL= 5.1

- --0- . _

, ~ _.~ .. -
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-CR1w')
OROfl
VROfl
XLoBR --

c;ECNO
()

TI ME
C;LOPE

DEPTH
'">LOR
VLOR
XL06L

CwSEL
()rH
Vr:H
XLCH

-WC;FL~---F.~--MV------

AL08 ACH AROA
XNL XNCH XNP
ITqIAL --10C----- ICONT -

HL 
VOL
WTN
COPAR

OLOS')
TWA
ELMIN
TOPWJD

BAfI;K ELEV
LEFT/PIGHT

SSTA
ENDST

SPFr:IAL '1RIDGF

SR XI<

1.05
XI<OP

1.29
COFQ

2.AO
RDLFN

0.00
8WC--- - - - ewp - - -- BARE A

6A5.00 1.00 17250.00
SS
30.30

ELCHU
999.90

- ELCHD
999.70

oC;"rNf) A.6"'0
)?p~ CPOSS C;ECTTON

PP"c;suRE AND ~EIP FLOW

A./'I1 ExTnHlFn 1. /'13 FEfT

FL')\I rlISrPI<1IJTlf)N F'lP ')FC"f)=

1="r;005

111 P.u5

'l.A)

100~l)n.

• 1 4

• n001R7

EGLINC

lOlA. 7 p

1A. 'l3
O.

o.on
'l0.

r'1

• 00

lOlA. F, 1
Ion non.

,•• 9'1
pn •

QWF.IR OPR - ---- flARE" TRAPEZOID ELLC ELTRO
AREA

?JA9. 97200 • 17250. 17237. 1015.00 In15.60____.0- -

O.no 0.00 1017.02 .38 .24 o. n n 1015.00
n. o. ?0092. O. 1006. In 4. 1015.00

o.on .027 • 022 .O?? .021 9"9.70 9720.00
flO. 2 a 3 0.00 1600.00 11320.00

------

8.63 CwSEL= 1016.63
_0·__'_-

')T6= 9720. 113?0.
PFP ()= 100.0

APE A= cOn') 1.9
VJ'L= 5.0

1490 t"rl CAPO IJSFD
<>C;Fr:'~O A.687
3?'l0 CROSS SFCTION 8.6" EXTENOHI 6.61 FEET

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

347" ENCROACHMENT STATlnN')=
A.69 12.61 101~.61

1"0000. 12897. 19101.
.15 7.41' 7.4A

.000hn? 300. 300.-

9730.0 11530.0 TYPE=
-- --i)-. 00 - -0.0 o----ro-t-h--2

6800? 1741. 2554.
5.77 .025 .025
3AO. - -.- 2---,-

1 TARGET= 1800.000
---.63 .10-----.12-·-1004.00--
11781. 1142. 118. 1006.00

.027 .020 1004.00 9730.00
-0-- -0.00--1800.00 11530.00 ..

V
------~,

A,

,"
I•.

FL0w DISTRIRUT!ON FOR SECNI)"-' - 8.69 --------(':w5EI::"---1016.61

"J

I' ~ - ..
.\
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S'OCNO
n
T!~E

e;LOPE

QF:PTH
OL08
VLOR
XLCH:'L

CWSft---CR-Iw-S--_SECI(--EG 'HV- ---HL----- OLOSS BANI( ELEV
OCw ORCA AL08 ACH AROB VOL TWA LEFT/RIGHT
VCJ-i VPOR XNL XNCH XNR WTN EL"'IN SSTA
XLCH XLOBP --·-ITPI-At--Io-e-·-- ICm'T--CORAR---TOPwID -- ENDST

11290.
7.2

1634.9
4.4

1l055.
3.9

866.4
4.5

10930.
5.8

14'1l.1
3.9

10650.
4.2

733.1
5.7.

4.4

9A70. 10090.- -10-20-0-.-10295. -10455.-"-10515.- 10555.
'1.1 19.1 A.O f>.9 13.9 6.0 3.5

104A.9 2554.4 1145.2 Q89.1 1857.8 756.7 464.4
7. fl --7. 'i .- - 7.0- - -- 7.0 -- 7.5 - - - 7.9 -- 7.5

lIS 30.

1°I)I).S
4.4

97R";.
4.A

6'l3.6
6.9

11 3'l0.
4.J

AI. 2.4
S.O

9130.STA=
P.P 0=

APEA=
VEL=

STA= 112'l1).
p<"p u=

AP'A=
vEL=

14Q~ N'"' CARD IISfD
"SFCN.) A. 7'l1
J?RI) cPOse; SECTION A.79 EXTENQED S.73 FEET

1470 ENCROACW~fNT STATIONS=
8.79 12.23 1017.23

100000. lS3~2. 44'lA.
.19 S.70 ~.15

.000417 'iSO. ~'i0.

'l300.0
o.on

60142.
4.28

- 580.

11900.0 TYPE= 1 TARGET: 2600.000
-0.00--+01-7-.60--- .37'---- -.2A-- .OA
6203. 873. 14050. 1386. 146.

.025 .025 .028 .021 1005.00
- 2 --_. - 0 -0 --- 0.00· 2600.00

1008.00
1009.00

9300.00
11900.00

<"1_0\01 DISToIRUTION F(1P "C~'O= - 8.79 - - ----CWSEL= -1-0IL2

10335. 10535.
3.8 '11.7

639.0 2046.6
5.9 5.7

10275.
5.4

1015.6
5.3

10165.
7.4

1440.9
5.1

9520. 9700. 9755. 9840. 9900. 10000.
307 - - 10-. 5 3.-4-- 4.-3--- -3--01 - - - 4 • 5

586.6 1841.9 580.3 799.8 572.0 873.3
6.3 5.7 5.8 5.4 5.5 5.1

-11?5rl.. --I t-3-7-tr.---i 1540 .. -- -tl90a-.-'-·--
5.0 3.1 4.8 7.1

1475.9 837.9 1244.6 2153.8
3.4- - --3.7-·-----3.-8-- 3;3----- - ---_._- - --, -

9470.
4.4

7'i 1.3
S.'l

1 101 I) •

3.9
12hO.9

3.1

1'l400.
s.9

1070. 'l
5.5

10770.
R.O

1'l14.7
4.1

STA-= 9300.
°FP Q=

AP.A=
VEL=

STA= 10'i.'5.
P'P 0=

APEA=
VEL:

14QO NH CARD USED
*S'O!O 8.'l43
32po CR(1SS SECTION 8.94 EXTENDED 2.67 FEET

~ ,
" .

3301 HV CHANr;ED MQRF. TJ-iAN HVINS
~,

-------. I

-- .- --------_. _._--- ---- ._--
2100.000

.33
- 188.
1006.60
2100.00

3 4 70 ENCROACH~E~T STATIONS=
R.94 10.87 1017.47

J 0 0 0 a 0 • ? 439 1. I 0C; 9 7 .-.
.21 10.17 8.1'l

.001573 BOU. ROO.

9700.(\
0.00

-650-12.
7. 20
770.

11800.0 TYPE=
0.00 101A.50

-2399.---12<)4.
.025 .025

2 0

1 TARGET:
1.03 .57

- 9032. ---1-688 ,-
.027 .0?1

o 0.00

1010.00
1012.00

9700.00
IIROO.OO I

,,

-- .__._----- '--'
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"ECNO
f)

nl'F
C;LOPF

DEPTH
OL0R
VLOR
XLORL

CwSEL
Qr."
VCH
XLCY

CPIwS
QHOa
VROA

- XLORR

---WSEt.:~---<:G

ALnR ACH
XNL XIIJCH
ITRIAt--tO

--hv----Ht ----OLOSS- - BAIIJK ELEV
AR03 VOL TwA LEFT/RIGHT
XNR WTN ELMIN S5TA

----ICONT ----eORAR----TOPwIO ENOST

FLOw rlSTPI8UTION FOR C;FeNO= 8.94- -----CwSEl.:=-- --t017.47 -----------

'".. '

10650. 10800. 11030. 11470.
B.6 -- 11.3 - - 7.4 10.5

916.7 1195.7 1098.4 1967.4
9.4 9.4 6.8 5.3

9960. 10160. 10290. 10535.
- -1006 ----5.2 13.0
1294.3 711.3 1585.5

8.2 7.3 8.2

91'\60. 9900. 9940.
~. 3 4.5 -,.-;s----,-.

847.1 40h.9 406.9 169.4
'l.R 11.1 11.1 9.8

11690. 11800. ---.-
1." 1.9

4'l".7 395.4
7.3 4..7

97hO.
5.4

5"8.3
9.6

11h?l).
3.5

664.7
5.3

STA" cnoo.
PFR c=

APEA=
VEL=

'iTA= 11470.
P""R Q=

AI'lEA=
VEL=

14QI) NH CAPO IJSFD
o'iFr:~IO 9.076
)2pn CROSS SFCTION 'l.O~ EXTENDED 1.98 FEET

)3n1 MV CHANGFO MOPE THAN HvINS

1471) FNCP0ACH~FNT STATTON""
9.0R 9.57 10]1'\.

100000. ?d394. 1016n.
.2<; 4.88 h.?9

.n007h6 700. 700.

8R50.0
0.00

61246.
5.35
700.

17115.0 TYPE=
0.00 1019.42

-5815.----1646.
.029 .025

2 0

1 TARGET=
.44 .74

11442.---1943.
.026 .021

o 0.00

3265.000
.18

231.
1009.40
3265.00

1012.00
-1011.00

8850.00
12115.00

FLO" DISTPIPIJTIn~J FOP C;FCNO= 9.08 CWSEL= 1018.97

- ------- _ . ----J'.j---,---------- - -.

,,'

,.;

11060.
3.8

685.5
5.6

10950.
5.6

-988.5
5.7

10795.
4.9

991.5
4.9

10600.
4.3

802.3-
5.4

10330. 10450.
9.5 8.1

--1·36h2--1113.8 -
7.0 7.3

9365. 9635. 9780. 10000. 10175.
'i.2 11.6 6.0 10.4 9.8

12<;<;.6 2132.6 -1032.4--\-64fn-{l--1-449.4
4.1 5.4 5.8 6.3 6.7

11740. 11865. 12115.
5.5-- 3-.-6---l-.66-------

1706.4 767.B 620.5
3.2 4.7 2.5

9120.
'i.6

1394.1
4.0

112"0.
4.6

955.2
4.8

8850.,STA=
PEP Q=

AREA"
VEL=

STA= 111)'>0.
PFR Q=

AREA"
VEL=

--'.,1,
';1

__I'
h-

·1

1·.1
."
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'}

----- ---

ooo~oooooooooooooooooo~ooooooooooooooooooooooooooo

HFC2 RELfA5F OATFn Nnv 7o-UPDATED APP.I 198
ERROR CORP - 01.02.n~.04

unDIFICATION - 50.~1.52.S3.54
oooooooooooooooooocooo~o~ooooo~~**oo~oo~*ooo*ooooo·----

,
----,

NOF- ASTERISK (0) AT I FFT OF CROS<;-SfCTTnN"NU"'At:~ INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

MiliA FRIA PIVER AT INDIA

SuuMARY PPINTnUT

SFCNn XLrf' CWSEL ELMIN DEPTH QL08 VLOB QCH VCH SSTA ENOST HV HL

7.9R2 0.00 100e.en 991).40 11.80 53351004 9.11 4664/1.96 10.15 8961.64 10401.28 1.44 0.00

R.n'>7 4S0.nn 1003.48 991-.70- --H.'78-49540.12- --7~.9A-~-50459.A7 10.00 -9013.48 10374.66 1.27 1.09 ..,
8.152 4sn.on 1003.24 993.00 10.24 22073.30 11.64 77926.70 17.55 9565.00 10333.10 4.19 1 .41

A. I /19 191.00 I006.R4 994.00 12.84 43.83 1.41 9897R.98 17.40 9683.!:l5 10428.51 4.66 1.0f,

fl.192 I A. 00 1001.<;6 994.0<;- --+3.'H--- -385.46 ----2.40 98196.9) 1'0.57 9617.83 10428.68 3.70 . or- ~- -

° 'l. 2 2R 191. on 1001'.'>3 994.AI) 13.73 24894.99 16.81 10025.40 19.09 9625.00 10520.00 4.19 .69

R.323 ~on.no I nIl. 76 997. 20 14.56 27616.42 13,)4 14721'>.1'\9 16.87 9630.00 10745.00 2.49 1.36

A.417 SOn.oo 1012.52·- 998.4 --1-4--.1-2-- 28261-.A9-- --:-H.96- 13167.90 17.18 9630.00 10606.10 3.10 1 • 19

16.74 38903.06

0.00 100000.00
---- -------

8.540

8.61S

65 n • 00

39".00

11)15.74

1016.38

999.00

999.70 16.68 0.00

1.34 6623010 7.92

5.08

9640.00 11247.35

9120.00 11320.00

.67

.40

.54
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~)

e;ECNO I)FPT" Cl.Ie;EL CPIIoIe; \ooe;FLK 10(; HV HL
() QU'IR nrl-' OROR ALO'l ACH j1RO~ VOL.., TII-'E VLnA vr" VROR XNL XIII Ci-1 XNR wTN

____5LQPE
- - XLQRL XU:H XLORR ITR I AL TOC ICO~'T CORAP

31ni HV CHANGFn ~no~ Ti-1ftN HVINS

/'loiS E.XTENOfO 6.e4 FEET

,''1

1 ,
I'
I'
I,i

--- I
0'

",
I

l 0

I I, ,
"'I

;,j

PIIGE 6

1000.00
1010.00

9565.00
10333.10

• f< 7
25.

993.00
76A.ln

OLO"<; RANK ELEV
TWII --LEFT IPIGHT
ELMIN SSTA
ropwIn ENDsT _ .._-

1 .41
203.
.025
0.00

4.19
0,

.030
o

1007.43
4441.

.025
1 I

n.oo
IRQ6.

.04n
5

100).?4
o•

o.no
450 •

71 a'i ~I"JT""I)'" e;PFCT~IC nlf'i(;Y
17;>" CPITIOL OFPr" Ase;I)"'I=')

8.1e; 10.?4 In''1.?4
Innnno. 2?073. 71 0 e1 •

.02 11.64 11.'i'i
• nne;449 45n. 4c;n.

"SFrNO 8.ISe
37Rn CRoe;<; S~CTION

FLOW a I ST'H BUT I ON F()P <;FOiO= 8.15 CWSEL= 1003.24

<;To= 9C;6'i • 9C;RC;. 9600. Q76'i. Q770. 97f<0. 103'iO.
P~P ()= 1.4 1.1 111.4 .3 .3 71.9

oPEo= l'i4.A I1R .n 1524.4 31'-.7 42.4 4441. ?
vEL= A.Q I? I 12. I R.7 7.1 17.5

l·d

CCHV= .100 CFI-'V=
"<;~rNO R.IR9

• 3n 11

l?~'i OIVInFn FLOW

lhP'i eO TPIALS OTTFuoT~n WSEL.CWSFL
3601 PPORlloLF .... INT ... "'" <;PECIFIC EN~~GY

377" CPITICAL OFPTI-' 0S<;Ij"'Ffl
ROOSFVFLT IPPlr.oTION DISTPICT AQUAnUCT.

t\. 19 17.'14 lnnh.ll4 1006.1'4 0.00 rOl1,50
loooon. 44. 9 RQ 70. 971. 31. 5689.

.02 1.41 11 • 4n 4.R8 .045 .025
--.-n05 486 - -- 193. - 19 3 ;'- -193. -'20 - - - 11-

.~\

t, ....- ~

__ ., I

_·_-t:j
I
"'I
I:'
\
,1

.,III:'
"'1I,
I I

I'"
I,,', ".,i', ,,'

-l,i

:'1
1::1

, 0

o'

: I
___ I

101n.00
1010.00

9683.85
104?-tl.51

r.06 - ---;r4
230. 2R.
.025 994.00

--0;00-' 717.4Q

4.66
200.
.0 4 5

0--"

1006.84-'-"--- -- -----.' C\oISEL=

10429.
.0
.9

1.0

- B. 19

104?A.
1.0

199,4
4.9

STo= Q6R4. 97~2. 10355.
PFP-Q: ~O oo.n

APEo: 1n.9 'i6RA.7
VEL: 1.4 17.4

FLOIo/ DI<iTPIPIJTloN FOP <;FO!O=

""j

I"

...
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*<:;'CNO A.19?

----];1
__"~,I

---I-'lANK FLFV
"CEFT /RIGHT

5STA
EN!)ST

OLOSS
Hill
ELlAIN
T0PWIn

HI
VOL- -
WTN
CORAP

HV
I>ROf<
XNP
ICONT

fG
ACH
X"iCH
_TQC~

\oIc;FLK
ALOR
)tNL
ITRIAL

CPIINS
OPOR
VROq
XLOBP

cwc;EL
On"
vrH
XLCH

OFPTY
OLOFl
VLOq
XLt:'BL_

c;ECNO
()

TI"'E
_.__2 LQPE

l?~S DIVIoEn FLOW

FL0\o1 DI5ToIAIITl0N '()O <:;FC~IO=

,101 HV CHA~Jr,Fn "lODe- THA~I HVINS

R.19
Inoooo.

.O?
• nO)954

11.91
3R5.
:>.40

16.

1007. q

9" 197.
IS.'i7

If.,.

0.00 0.00 1011.67 3.70
141 R. I hI. F,305. 277.

C;.12 .045 .025 .045
16 • R 0 0

<'.19 CWSEL= 1007.96

.07
232.
.025
0.00

• I 0
2f<.

994.0'1
·7Af,.4(,

1010.05
1010.0C;

9(,17.83
10421:1.68

I'

:·1
." ,,

I

1
'1
'I,

'i

,',
-__."'1

10429.
.0

1.5
1.0

976? 103'15. 10428.
.0 9A.2 1.4
.5 "30'1.) 275.3
.R 1C;.6 5.1

97 6?
.3

In~.F,

?7

9~R A.

.1
'i1. 7

1.7

STA= q"'IR.
oFO 0=

APEA=
VEL=

CCHV= .100 CFHV=
o<:;FCNO 8.??e
CHI"'P CLSTA= 1011'i.OO
l?po CROSe; SFCTION

.300

rFlCH= 994.PO RW= 530.00 STCHL=
~.23 EXTENQ'O 5.5 4 FEET

9843.72 STCloIp= 10399.40

1)111 HV CHHIf;FO "'ooF THA.N HVINS

1470 ENCPOACH"'ENT <:;TATTnNc;=
A.2] 15.24 10\0.0 4

lOOOOO. 1128. 9"",00.
.0) 7.24 11.79

.110106F, 191. 19 }.

9P20.0
0.00
?7? •
4.63
191.

1041n.n TypE=
0.00 1012.18
151',. -A363.
.n?5 .025

3 0

1 TAPGET:
2.14 .35

59. 266.
.025 .025

o 0.00

590.000
.11> 997.94
31.- 1004~50

994.1l0 91'119.53
590.94 10410.47

I

I·:
l"'t

-- '"",

"III
--',:","
-11: :

-,';1
I'
. I

1010.04

10410 •
.3

SA. T
4.6

eWSEL=

9A44. 10399.
9R."

R36).2
II.R

.5
44. q'
10.?

8.n

9R 40.
• 'i

"'4.f.
7.4

9Rl 3.
.2

4fo.3
4. I

FLOIo/ DISTRIPUTIOIll F()O C:;FOIO=

STA= 9R?0.
oFP 0=

ARE A:
VEL=

.,

I
I' -
,"

l

i, i--- - -1'1
Ii
I'

11 ..
, ,
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"<;-rNO B.123
CHTt-<P CL5U: 1025<;.00 r:ELCH= q C17.?O pw= -- HO.OO STC.,L=
32RO CROc:;S S-CTYON A.32 EXTFNOEO 4.51 FFET

1301 HV CHANf;Ffl '-'OP": T.... MI HvTNS

17.0 9 .)').

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

"1

1;\-r,. ,

-1 ;:
II

I
~

1

--J
8PAGE

~ANr( FLICV
LEFTiRIGHT

S5 T.A
ENOST

OLn~s

Till A

EU'H'
Tf)PWyn

HL
VOL
IIIT/I<
CORAP

9A50.61 STCHR= - IOh69.f,0

"'V
APOH
XNR
ICONT

F(:;

PoCI-i
XNCH
IDC

·'5 F LK.
~L()B

XNL
lTPIAL

r:RTWS
DROP
VPOI<
XLO"lP

Clo/c;FL
0r:H
VCI-l
XLrH

0EPTH
OL0P
VL0P
XLQ~L _

_<;EC~'O

()

TIt-'F
<;L O_PE_

"0/10/22.

J;- -..

)470 ENCQnArl-iYENT <;TATTnNS: 9R20.0 10')85.0 TYPE= 1 TARGET: 865.000

8.32 )4.)1 1011.51 0.00 0.(\0 1012.61 1 .10 .39 .10 1001.87

lnoooo. 1?49. 9"'i1'i. 235. 2 29. \l650. 10 •. - 3134. 40. 1001.00

.0<; <;.41 ".4fo 3.34 .025 .025 .025 .025 991.?0 9R20.00

• 000')90 500. 'ioo • ')00. 2 0 0 0.00 El6<;.00 10(,£\').00

FLO" nISTPI811TIO~1 Fno <;FCNn= fl.32 CWSEL= 1011.57

I:

<;TA: 9R?0. 9"30. 9R50. 9R51. 10(,10. 10685. I;':

o_P f): • ? 1 .0 .0 9A.S .2 _-l'".-
AREA: <;0.1 171 .4 b.4 Ilh4Q.6 10.4

VEL: 3. 4 1).0 ".') 8.S 3.3

"SF(NO fl.411

1740 CHIMP TFwPLATF 00F<; Nor INTEo5FrT CPOSS SfCTynN. STt-'AX SET FQUAL TO ..
C~yMP CLSTA: 1(\3<;<;.00 rfLCH= 99R.40 P~= 1060.00 STCHL= 9803.AO 5TC.,P= 20"RRB.20·

1470 FNCROACHuF~T c:;TATynNC;:
R.4? 13.,,6 101??h

100000. 101. 99R99.
.01 2.?) 1).1)3

• 000386 500. <;00.

9790.0
0.00

o.
0.00
500 •

10920.0 TYPE:
0.00 1012.95

4<;. 15071.
• 025 .025

2 --- - a

1 TARr,~ T=
-.68 - .24

O. 539.
• 025 .025

o O. 00

1130.000
.04 100 9 .00
51. 100000.00

99A.4 a 9190. 00
1122. 7 3-10912;73

I)• ~:'I

':
I

FLnlol DIST'<IPIITION FOR-<;FC"IO=

9790. 9"04. 201lAR8.
Q9.'I

I 'i a71 .1
fo.6

,
I"

: '

:11

'I

<;IA:
PEP 0:

APEA:
VEL:

*SFr:NO 8.540

• I
45.1
?2

8.4? CWSEL= 1012.26

I~\
\'1..

"j.,
:.1

,:1
,"

"I

.,
1,,1

I'
-l"1.,

.'
-J

_.1':'
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1740 C~I~P T~"'PLIITF no.s NOT INTERSECT CROSS SECT'ION, STMAX SET EQU~L-1rO-oooooooo
CHI"'P CL<;TA= 10480.00 rELCH= 999.00 RW= 1470.00 STCkL=-188257.00 STCHR= 209217.00

OLOS<;
TIo/Il
EL"'IN
TOPIo/IO

Iln/l0/?? 17.09.1'3.

,_.. "fCNO n>cPTH C'·/<;FL CRIIo/S Io/<;·L~ __ En
r) ()LOP ()CH QROP IILOA IICH
nl'E VLf'P VrH VROR X"'L X~CH

<;LOPE - Xl,gPL__ ~LrH XLORR ITRIIIL IOC

HV
AROk
XNR
ICONT

I-'L
VOe--
WTN
COPAR

RANI< F.LEV
LF.FT /RIGHT-

SSTA
ENnST

PAGE 9

--<
I,:,
-:,

__ 1:\
---,,1

I"
0

1

3470 UICROACH"PIT STATIN,S=
8.54

100000.
.1 0

• n00207

13.79
o.

0.00
6<;0.

101?7'1
100000.

4.R4
""io •

9147,0
0.00

o.
0.00
650.

1124"i.O TYPE=
0.00 1013.16

O. 206<;7.
:025 .025

2 0

1 TARGET=
.31', .1E1

O. 801;.
.025 .02':>

o 0.00

149P~000
.03100000.00
71. 100000.00

999.00 9717.43
1525.16 11242.59

;:!I
-'"

0"
II
I':!

FLO~ oISTPIRUTION FOP <;.CNO= A."i4 CWSFL= 1012.79
I.
i,·'

<;TA=
p.P Q=

aPFA=
vEL=

9717. ?09?17.
100.0

?PA"i7.?
4.1'

1'\'---'--"
: '

"

-j .. !

CC~V= .300 rFHV=
oC;_r~JO R.615

• "i0 'J

~?"c; OIVIDF!) .LOW

INOIA~ SCHOOL RoInG-.

J'
I,

1,;--
I

'I::l -
,"

"I'·,

......'.~.

~

--,

1:,1
_ J.t:

. I:::
_f

~~
1:.1

o

_.t....

I

1'1I.,
-1

\

101S.00
1015.00

9123.13
11315.09

.21
1'4.

999.70
1559.<;A

.13
954.
.025
,0.00

.7Cj
10323.

.022
o

1013.50
10A3.

.022
o

Cw5FL= - 1012.71-

o .00
2tiSl.

.022
2

9978. 10068. 10158. 1024B. 10338. 1042B. 10518. 1060A. 106 9 B.
B.2 ---8.7-- --9.3--'--q.5 -- --9.1 --T;7 ---6.8 -'5.4-- :3.A

1039.0 1083.0 1131.4 1144.6 1113.A 995.0 880.6 796.1 634.2
7.9 EI.O 8.2 8.3 8.2 7.7 7.7 6.7 6.0

1 1220 ,-- ' 1 1 3 15 •
401 2.9

A22.9 538.7
5.0- --5.4

EI.62

0.00
7l25ti.

6.90
320.

91'50. 9PIlA.
4.1 -3.4

"i3<;.4 444.9
7.1 7.7

1096A. 110SR.
3.1 3.3

6\1'1., 581.4
<;-.9 5.7

101?71
A7 1 '.

A .04
,'1c; •

11.01
?n 031.

7.';6
39 "i.

9791'l.
-4.3

611.7
6.9

10A71l.,.8
106A.0

5.4

8.62
1nn ooO.

.1 ?
.';0069 4

FLOW nISTRIP~TION .oP 5-CNO=

STA= 9123.
1 __ PF~:f()=

:'1 aREA=
',I VEL=
;,,-5TA= 1069R,

I PFR 0=
AREA=

-----'VEL=
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PAGE 10

'.
I
I

:)
<:EC""O OI'"PTf' (\oI<;FL (RH:S· "'SFLI< Fli
'J OL'"lP ()P-l QRO'! ALO'l A(H-, TI~F. VL0R Vr.H VROR XNL XNCf<
<;LOPE xL,OAL XLC H XLORR - ITRIAL lor

(C I-H' = • 100 CFHV= .300
*e;Er.',O 8.li30

1?~<; OIVIOFD I'"LoW

HV
AROA
XNR
I (O~IT

t-'L
·VOL

wTN
_ ( ..ORAR

OLose; RANK ELEV
TWA --LEFT IRIGHT- - -- - - --
EL"'TN SSH
TOP~In ENDST- -- -- i'

:·i
:'\\,

I
I.
I

R.o3 I? R4 10J;>.74 0.00 0.00 1013.57 .A2 .Oh .01 1015.?0·

lnnnfJo. ?00Q7. 1'\77n. 71133. ?hIO. 1069. 10123. 980. P, 7. 1015.20

• I? 7.70 A.?I 7. 03 .022 .022 • 022 .025 999.90 9723.3<;

• n0073? AO. '10 • '10. 0 0 0 0.00 15<;R.97 11314.73
----

FLOw DISTRTPIJTION I'"()P <;"(Nt)= 8.fl3 r.l~SEL= 1012.74 I'"

l"l

---I.t

97Lt-+~
11321.?99731.98 STCHR=CFL(H= 1004.00 RW= I<;RO.OO STCHL=

A.,.,9 ExTENDED 3.31 FF.F.T

.<;on

97 Q8. 9A50. 9AR8. 9978. 10061'. 10158.-- 1024R. 10338. 10428:- 10518. 10608. 10698.
4.3 4.1

1
3.4 R.2 8.8 9.4 9.5 9.2 7.7 h.8 5.3 3.8

fl19.5 5?7.1 43R.fl 10?4.h 1068.6 1117.0 1130.2 10 Q9.4 9'10.6 866.2 781.4 619.8
7.0 7.8 7.8 8.0 1\.2 8.4 A. 4 - R .3- - 7.8 --- 7.1:\" 6. A 6. I

10A7A. 10968. 11058. 112?0. 11315.
<;.7 1.6 3.3 4.0 2.8

1037.1 ~n4.1 567.n 797.0 523.4
5.5 h.O <;.1\ 5.1 5.4

Q723.STA=
PFP Q=

AREA=
VFL=

'iTA= 10698.
PFR '1=

APFA=
vEL=

((HV= .300 rFHV=
*S"C~IO A.hR7
(HT~P (L<;TA= 1052?00
l2Rn (ROSS SI'"(TION

,47n F~I(POAC'-!"'P,T <;TATrO"'i=
A.,.,9 9.31 101,.11

Inoooo. 7049. RR7?"'.
.14 5.74 A.OO

• on0522 300. 3 nO.

9hOO.0
0.00

4226.
3.57
3A0 •

11610.0 --TYPE=
0.00 1013.95

122R. 14779.
.025 -- .025-

2 0

1 TARGET= - -2010.000
.54 .20 .08

111\4. 1097. 100.
.025 -- .02S--1004.00

o 0.00 2010.00

1004.01
1008.65

9600.00
llF,10.00

I,

,:1
·---1--'·

1---

",', '

".
I

1.1
;

r:
1-:

1013.31

11610.
1 .7

563.2
3.0

11440.
.9

240.6
-- - 3.9-

CWSEL=

113<)0.
1.1

2hl.F,
-4.4

8.h9

1134').
.5

11B.3
-4.0 -

FLOw DISTRIBUTION 1'"0R sFCNO=

STA= 9600. - 9732. 11321.
PFR Q= 7.0 RA.7

AREA= 1;>?7.8 14779.3
VEL=--- 5.7- 6.0

"j,-
-~~!

"'1,

-1--

I,
__ 1 II

_I

'I
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140n NH CAPO "Sf 0
OSFCNO A.791
CHT"'P CLSTA= 10~SO.00 CELCH= 1004.50 RW= 157,.00 STChl=
3?An CPOSS SFCT10N A.79 EXTENnEn 4.32 FFfT

975S.50 STCHP= 11347.97

OLO"-S
TWA
ELMTN
TOpwIO

"-fCNO
11

TT"'E
"-lOPE

f1!CPTH
OLOP.
VLOP
XL0P\-

Cwc;EL
OrH
VCl.4
XLCf-l

CPTIoIS
OROR
VPOR
XlORP

wSFLK
ALOB
XNL
1TRT..AL

~r;

ACI-l
XNCI-<
tf'C_

"V
/lP(JD
XNR
1CONT

HL
VOL
YlTN
CORAP

RANl< FL<.:V
LEFT/PIGHT

SSTA
ENQST

---!
I

I;'
~:!

)

8.79 0.32 1011.1'12 0.00 0.00 101 4 .15 .33 .23 • OF-. 100~.00'

lnonOO. ?4:l61. 7??48. 330 I. 6?14. 141'104. 16A8. 1350. 13?. 1009.73

• 1 7 3.9;> 4. RA 2. a I .027 .030 .030 .025 1004.0:;0 ARqO.OO

• nOO1 4 7 0:;,0. o:;SO • SRC'. 2 0 0 0.00 3010.00 11900.00

FLnlol f1ISTPIRIJTIf1N FrlP ,,-FCNf)= A.79 r:\oISFL= 1013.A2

STO= AlIOn. 9n7n. 9220. 929S. 9400. 9520. 9700. 9756.
...

111 4A •
- 11900.

oe-P ,,= 3.1 4.1 3.2 3.;> 4.0 4.l/ 1 • (, 72.? 3.4

oPfA= 10'2.A 117<;.4 oA4.P 7(-1'1.7 92f'.5 1227.8 395.1' 14A04.0 16A!:!.3

vEL= 3.0 1.7 4.7 4.2 4.3 4.0 4.1
,- - 4.l/ 2.0

140n ~JH CAPO tlSFO
o"-e-r'JO A.943

l?A<; OIVlf1En FLOW

3:'\n1 HV CHM'r,FD "ooe- THO'I HvlNS

I, ,
--- I, ,

.'

;-:!
---,

,
':1

, .

STA= A517. A10 O. AA20. A9A O. 90(,1). 9200. 9355. 9460. 9605. 9760. 9860. 9900. 9940.

PFP Q= 4.5- '5. 1 3.4 3.8 - - 4.5 4.2 - 4.4- - R.Cl 12.9 - _.. 6.1- ,-- 4.0 4.0

AREA= <;37.1 _ S31 .f, 468.A 379.4 5;>0.2 491.0 412.f> 714.8 919.1 493.0 26c;.2 265.2

Vfl= A.3 0.7 7.3 10 • 1 8.7 !:l.6 10.7 12. 4 14 -1 12. 4 15.2 15.2

STo; Cl940 : 90f'0. 10160. -- 10535. 10650.-- 10800. 11470.- 11714.
-- - ._-

PFR 0= 1.2 <;.2 8.0 5.9 7.7 3.1 2.9

oPEA= 9A.6 ,A<; .9 968.7 509.4 (,f,4.5 oCl3.7 434.(,

vEL= 12. 4 11.8 A.2 11.6 11.6 4.5 .. 6.71"".,

, -

7]AC; "'INT"'I)" SPFCIFJC F"fPr,y
17;>0 CPITICAL nFPT>' ASc;,WFf1

A.94 7.33 1011. 9 3
lnoooo. 67234. 0:;1<;4.

.10 11.01 R.AO
• n05223 pon. pon.

FLOW' 0 I S TP I RDT I O~I- FOR -Se-O'O=

1013.93
27613.

A.44
770 •

A.94

0.00
6097.

.027
3

1015.57
58n.
.025
.- 15

r:wSfL=

1.64
3271.

.026
o

1013.93-

.70
1648.

.025
0.00

.f'';

1 AI' •
100b. AO
314~.R7

1010.00
1012.00

A':d6.93
11713.5A

\

1:1\

1:\

--1.
I'

i'~1
-----1 -,

I:.:"I

-\ \
I I
Ii, I
I,
; ,
"

"
I

, I

il

l'.

~ .'.1 .•. -.'"

)
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IIIl/I01?? 17.09.1 "i.,
I

J
-- <::E<;'NO (JF.PTH C'J<::EL CPlloS w<;FLo< EG

f'l QL0R or", OPOE' AVIR ACH
) TI"'E VLOR vr'" VqOP XNL X~JC_H

c::LOPE XLflRL XLC'" XlORR ITPIAl rOC

OLOC;S
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INDIAt SCHOOL BRIDGE AT AGUA FRIA RI :~

(February 20, 1980 - shor Iy after br-idC!c: rai lure)
SCALE: 1"

PHOTO 1

620'
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INDIAN SCHOOL BRIDGE AT AGUA FRIA RIVER
(Februar-y 20, 1980 - shortly before bridge fai lure)

SCALE: ]"

PHOTO 2

990'
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PHOTO 3 - INDIAN SCHOOL BRIDGE AT AGUA FRIA RIVER
(Looking downstream at fai led section) f~om Reference 7

PHOTO - I DIAN SCHOOL BRIDGE AT AGUA FRIA RIVER
\Looh-ing upstream at failed section)
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Indian School Road Bridge
at Agua Fria River

Maricopa County, Arizona

LOCATION MAP OF'SOIL TESTS
(6/8t}- Reference S)

~xisting Pier

ING LOCATIONS OF TEST BORINGS
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Reference Drawing: "Location Plan" by
Hoffman-Miller Engineers, Phoenix, Ari
zona, Sheet 1 of 20, dated December,
1976
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FIGURE 1
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Looking Downstream - 11/80
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CROSS-SECTION AT AGUA FRIA RIVER

-+------

4

~-

5

: ,. .

1
I

-I.

6

-~

--- 1-- I -- _ I -- _I _+- ______I -~

'7

- t., --t ~ - - .
- • --:-i-f ---...~ 1"'"_

-

LEGEND

__+-_.........,L,~••_.•

.~
~t

.~ '.1

c' I I I -+.,~ ...

----
~.

~~r-

~ Pier Identification Numbers

,--- -- --- Existing Grade from Design Plans,dated 2/25/69, .

--- - -- Existing Grade from Design Plans,dated 3/22/77

Existing Grade from Mapping Dated 2/80

- ••• --,Channel Excavation from Design Plans,dated
2/25/69

Scour Depth as Based on Soil Test Data (Sergent,
Hauskins & Beckwith 6/~O) See Figure 1 for
location of soil tests.

., -I-++H..J
• - .--+-+-l--I -I

~ -~T£E:

~_~~.~_-: .1" -~~=T~=- ~I=--- -'Wt .' --=7. -;- +-. _~
-- L-- ~:r::t. ~_ . • .. '. _._4.+-- _.~.l. . ,- ,-

H-+

-~~ttm
I - I '. ~ ~ -; --, t"--'"-- . to ., t... ,..---. -t--:-~-----

---

8KIP(;£~OW c~,£.'l? £L. ,0/5'~
~) ~ r~- ~\

.:

---t---

Ie@)

I'

../

/4

.'"
'" '" "'--

~--

(

ABUTMENT A/'lc (EA srJ
(17) (i6) (/5

---_1_ ~ I

Il -1- 1----1-- _-~Y--
I •• , __ /010 - I

... l-I • •• ' ..•

'""j+'

\ .. . -..~

\

\ ...... .....
.......

- --
- -- ...

..... ~ -

, ...
:;.:. .::-:-,- - - - - ---

•__ . • ' • - .:: 1..: - ~- --

-----_. -

1---1 -- I -- I __

iJ



Stream Distance in Miles Above Confluence with Gila River

--- 100,000 cfs Profile - for Existing
Cond i t ion -.ZJ

PRC TOUPS, PHOENIX, ARiZONA

~ATER SURFACE PROFILES

AGUA FRIA RIVER

NEAR INDIAN SCHOOL ROAD

FIGURE 3

Flood Insurance Study, Unin
corporated Areas of Maricopa
County, Arizona, by U.S. Corps
of Engineers, March, 1973.

~ HEC-2 Computations performed
October, 1980 by PRC Toups
using mapping dated 2/80,
Sca 1e: 1" - 100 I •
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Dike

1.5: 1

Existing Ground

fabri c

~

II thic~ cushion of native
soil between fabric and riprap10 1

31 freeboard

Fill gravel pits to
of existing channel

2 1 thick riprap
(size dt;O =

/---"-- \ \ Q = 100,000 efs -!JJ
\ ,x rJ

~xisting channel . Remove to elevation 0 ~
\ invert

l
' v~existing channel v

\.__ _ ~ Q' ~nvert ~
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SECTION A-A

TYPICAL CHANNEL SECTION
(looking downstream)

NOTE: The dike shown in conjunction with
the channelization is proposed to
extend from the Roosevelt Irrigation
District Canal upstream to the Indian
School Road Bridge. The channelization
continues upstream of the bridge to the
I imits as shown on Map 1.



Dike

I.S' thick gabions
(riprap size: dSO = 12")

100,000 cfs

10'

Q

Fill with native soil

Loose riprap
lli~"A.5.cL= 16~ ....£Jxisting Ground

~__J3,

___f 3 I f reeboa rd

Filter Fabric2'

_"L -----

I
I
I
I
I
I
I

Stationing of spur dike starts at intersection of dike centerline

and the north side of Indian School Road Bridge and continues

in a northerly direction.

The dike shall be constructed as shown in Section B-B from

Sta. 0+00 to 2+10~ with a transition, in slope only, from Sta.

2+10+ to 3+10+.From Sta. 3+10~ to 4+10~ (end) the dike shall be

constructed as shown in Section C-C.

10'

SPUR DIKE
PLATE 2

Q = 100,000 efs

Fi 11 wi th
nat i ve so i 1

4" thick cushion of native soil

_______(3' freeboard

2' thick loose riprap
(size: d

SO
::: 16")

Fabr i c
Filter

Dike

SECT! ON B-B

SECTION C-C

2.

NOTES: 1.

1. S: 1
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Bridge Pier

ELEVATION

PIER SCOUR PROTECTION

(LOOSE RIPRAP)

PLATE 3

2.0'

NOTE: J. Top of riprap to have
minimum 2' cover

PLAN-

..LStream Be..i-__~---- ~

r-:~.---:.~.;~-j.. ",g~~f!!~.;;~. C--:"':'';~4~--'':':''-'" --.t.~~,,: f- r8'

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

1.67'

15 1 Loose riprap -
D = 10"

-.lc.-o...-...r'0

~ P~ie::..!..r foot i ng

I~r-----::·:-:_:1

~~~d----------------~~~~

.......,... ........-'1_-- - - -- - ------- ------ I::;~~a:%j

See note 1
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FLOW
AGUA FRIA RIVER...

/I~/P" Stream Bed
11 +-
-

~<f....... ~ .. ,

, .,4:'
.q ~ ..
, . ',~ Concrete wall

(slurry assisted
construction)

'4.-3' ..
J'Q<i .. ... .· '

250 '+
· .~,9.· - ~ -
,~.~

15 1 - 0« ~ 1

1. 51

• 04 <s ...

Typical Br idge
",.

Pier
:". ..

q. 4 .

:a'~ 4

SECTION D-D

PIER SCOUR PROTECTION
CUTOFF WALL

PLATE 4



I. S: I

Q = 100 ,000 ef s

cushion of native

~I thick cushion of
native soil

DIVERSION DIKE

PLATE S

10'

4' thick riprap (size: dSO = 16")

]3' freeboard

2" thick riprap
(size: dSO = 16")

Upstream Side

10 1

~ Q = 100,000 cfs---1..3' freeboard

Dike

NOTE: 2 1 thick rtprap, cusnion and
filter fabric to extend full
length of dike on the upstream
side and to the limits indicated
around the east end of dike as shown
on Map 1.

NOTE: 4'- thick riprap,cushion and
fi Iter fabric to extend to
I imits around west end of dike
as shown on Map 1.

SECTION E-E

SECTION F-F

1 Filter Fabric_...1- _

Diversion Dike
6 1

Downstream Side

See note below

Embankment slope beyond
limits of riprap---......

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



NOTES: 1. Levee stationing increases upstream (north) with Sta. 0+00 at
intersection of levee with north side of Indian School
Road Bridge.

2. Slope transition (1.5:1 to 2.5:1) occurs from Sta. 1+50
to Sta. 2+50.

LEVEE

PLATE 6

,

~1

Levee

Levee

. I

thick cush on of native so'l

fabr i c

1.5 1 thick gabions
(size: dSO = 1211

)

Sta. 0+00 to 2+00

Fi 1ter

SECTION G-G

3 1 freeboard-1 _

I.S:1_~

10'

2' thick riprap
(size dSO=16 11

)

SECTION H-H

E -·
10 1

31 freeboard =i~ _
-

100,000 efs

100,000 efs

Q

Q
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