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I. RECOMMENDATION

It is recommended that the scope of work be modified to include

bank protection as an acceptable solution to the river channel improvements.

The recommended channel section for a 91,000 CFS flow is a

1100 foot bottom width channel with 3 to 1 riprap protected sloped banks

on a gradient of 0.0016'/, utilizing a Manning's n of 0.020. The estimated

cost of constructing a channel with the above characteristics is approxi

mately $4,600,000.

-1-
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II. INTRODUCTION

The Flood Control District of Maricopa County proposes to improve

the existing Agua Fria River by construction of a channel from the I-10

Bridge, south of McDowell Road to Thomas Road. The scope of this report

includes the necessary hydraulic and geotechnical analysis for establishing

an unlined river channel. The scope includes the design of a channel section

for the 100 year design flow of 91,000 CFS with 1100 foot bottom width and

3 to 1 side slopes. The channel is confined to a right-of-way width of 1260

feet and should match existing elevations at the upstream and downstream limits

of this reach.

At the upstream limit of this project near Thomas Road, a lined

channel is being investigated by others.

At the downstream limit of the project, near McDowell Road, the

Maricopa County Highway Department is relocating McDowell Road to accomodate

a bridge crossing the proposed channel.

-2-
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III. DISCUSSION

A. UNLINED CHANNEL

The hydraulic analysis and geotechnical investigation prepared to

study the proposed channel improvements of the Agua Fria River Channel

between the proposed new bridge site for McDowell Road to Thomas Road

are included in this report as Appendix 1 and 2 respectively. From the

HEC-2 computer analysis, included in the hydraulic report, the existing

river has average simulated velocities of 4.8 FPS, resulting in a Froude

Number of 0.28 (Appendix 1, Page 9). For the type of natural fined grained

materials found in this reach of the river, a Froude Number of 0.30 or less

is generally considered the upper limit for unlined banks. A channel with a

gradient of 0.0002'/1 is required to maintain a Froude Number of 0.30. This

flat slope requires that three 4-foot high drop structures can be constructed

to ~nable the channel gradelines to meet existing conditions at the termini.

A Froude Number of less than 0.30 is obtained for this slope under normal

depth conditions. However, the length between drop structures is not sufficient

to allow the flow to reach normal depth. A HEC-2 computer run was made for this

slope and the results are added as an attachment to the initial hydraulic report

(Appendix 1, Attachment 7.5).

B. LINED CHANNEL

Other gradients steeper than 0.0002'/, were investigated; however, all

require that the channel be protected with lining. Channel conditions for a

slope of 0.0016'/" which approximately meets with existing ground at the 1-10

Bridge and Thomas Road are included in Appendix 1, Attachment 7.4, along with

the HEC-2 computer analysis. The velocities and depths obtained for these

conditions are not within acceptable limits for an unlined channel.

-3-
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Constructing an unprotected bank channel within a 1260 foot right-of-way

for this reach of river is not feasible with acceptable engineering criteria.

The improvement of the existing channel to a uniform cross-section and

slope with existing materials reduces the composite Manning's n, estimated

in excess of 0.035, under existing conditions, to 0.018 (Appendix 1, Page 5).

Foreign materials should be introduced into the improved channel surface to

establish a Manning's n in the 0.020 range. Riprap blankets or drop structures

spaced periodically along the channel bottom can be provided to obtain the

desired roughness and to stabilize the channel gradeline.

C. BANK PROTECTION

Since local bank protection, mass backfills, slope stabilization, or

measures other than total bank protection will not adequately accommodate

the 91 ,aDO CFS flow based on the hydraulic and scour analysis for flows

in excess of 5000 CFS (Appendix 1, Page 13), alternate channel treatment

for bank protection of both sides is discussed herein for your consideration.

The natural fine grained soils lend themselves to a soil cement type of

erosion protection. As discussed in Appendix 2, Page 6 - Geotechnical Investi

gation Report, the cement content for estimating purposes is 12%.

An alternate bank protection material could be imported dumped rock riprap.

Location of potential quarry sites has not been fully investigated, however,

rock has recently been available from a quarry site within nine miles of the

project site.

Cost comparisons for these two types of bank protection appear on the

following page. For the channel cost estimates the riprap bank protection

alternate is used.

-4-



BANK PROTECTION COMPARISONS
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21. 11 CY /LF @ $ 1. 00 = $ 21.11
8.00 CY/LF @ $ 30.00 = $ 240.00

TOTAL $ 261.11/LF

II I =I

I. 51

Excavation
Soil Cement

Excavation 23.47 CY/LF @ $ 1.00 = $ 23.47
Rock 4.74 CY/LF @ $20.00 = $ 94.80

TOTAL $118.27/LF

SOIL CEMENT

DUMPED RIPRAP
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D. SCHEMATICS

For the design flows of 91,000 CFS each alternate grade1ine investigated

requires protected banks and riprap dikes across the channel to create roughness

and provide drops in the channel. The following four drawings depict the channel

schematics and details for the Steep Gradient Channel, S = 0.0016'/, and the

Flat Gradient Channel, S = 0.0002'/,.

-6-



I
I
I THOM AS ROAD

I 1
/ r-
I C'J

I I °\ °" ,,0
/

I a:: ./
I

W "-
3 z I

I °0

r~
I

1-- I
l- IZu \

Ow \

I
(f)1-

\(f)o I-
e:tcr j+ w I <.Dua.. ~ \ -

I ~~ ~

I(
0

z 0
(.!) -' <{
z CD CD \-, 0
- Iu..

I
z a.. a..-
-' <{ ° I

a:: I-
~ a.. \
z -

I <{
a:: \

CD I

I
\
\
\

I
MCDOWELL RD \

I
-ef \

I \
I

\ (\J

"
I \ 0

I~

MCDOWEll RD. \0

I BRIDGE

I
I STEEP GRADIENT CHANNEL

I S=O.OOI6

I -7-



I
I

ROAD I

I /
I
\

I \
"-

'-
/

---a::: 1

I W "-

3: z
I

00 I
1-- /

I zl- /
OU \
(/)~ \
(/)0 I-w

\I <trr Wrr
Un.. ~~ \21-

~<!U ~ \

I
.-I::::> Z \c:> rna:::z I- <t

- a.(/) CD \.-1z )J- <! D.- Iu..

I .-I a::: a.
0 N

a. 0 \ 0
~ -a::: I-

0Z a::: 0 \
0<! \

I rn \ 0
\
\

I \
\

Me DOWEL L RD. \

I \
\

\

I I
I

"- \

\

I I
McDOWELL RD.-

I
BRIDGE

I
I FLAT GRADIENT CHANNEL

I
S=O.OOO2

I -8-



CONTROL
GRADE

1172'

-9-

~~- FI L TER FABR IC

CHANNEL DETAILS

RIPRAP BANK PROTECTION

TYPICA L CHANN EL SECTIO N

1-" [ 3' FREEBOARD

SZ

1 PTH e-L

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



-10-

50'

RIPRAP BLANKET

CHANNEL DETAILS

RIPRAP GABIONS

- ~
q

t ;IC:::III~
-
0

t-- 1-
-

to:
I

y LJ LJ --l

I
I

I

I la' I 22' -l IS'I
1-< ~

,..

DROP STRUCTURE

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



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

D. UTILITIES

There are three separate overhead power lines owned by Tucson Electric

Power Company, Salt River Project, and the U.S. Department of Energy, which

have towers located within the proposed channel. For a flow of 91,000 CFS,

scour at the towers is estimated at 20 feet below grade (Appendix 1, Page 7.6-3);

therefore, sheet piling caissons around each tower for a depth of 30 feet below the

flow line have been used to estimate costs. The Tucson Electric Power Company has

suggested additional piling with a concrete cap at each tower leg for tower

protection. This configuration may be slightly cheaper in cost. A protective

system will be adopted in final plan preparation.

Underground utilities within the project consist of a Mountain Bell Telephone

cable in McDowell Road, a Southern Pacific fuel oil line in Thomas Road and a

City of Avondale waterline in Thomas Road. Underground utilities will be lowered

below the proposed gradeline.

-11-



Preliminary construction cost estimates are tabulated below for the

1. Mass Excavation &Levees 1,635,000 CY 1. 00 $ 1,635,000
2. Cutoff Excavation 329,000 CY 1. 00 329,000
3. Riprap Bank Protection 73,000 CY 20.00 1,460,000
4. Riprap Blanket 1 EA 280,000,00 280,000
5. Riprap Drop Structures 3 EA 425,000.00 1,275,000
6. Tower Caissons 70,000 SF 15.00 1,050,000
7. Watermain Protection or Relocation 1,400 LF 50.00 70,000
8. Gas Pipe Protection or Relocation 1,400 LF 50.00 70,000
9. Telephone Cable Protection or

Relocation 1,400 LF 20.00 28,000

TOTAL $ 6,197,000

USE $ 6,200,000
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E. COST ESTIMATES

two channel alternates:

PRELIMINARY COST ESTIMATE

STEEP GRADIENT CHANNEL

S=0.0016 @n = 0.020

ITEM
NO. ITEM

1. Mass Excavation &Levees
2. Cutoff Excavati on
3. Ri prap Bank Protecti on
4. Tower Caissons
5. Ri prap Bl anket
6. Watermain Protection or Relocation
7. Gas Pipe Protection or Relocation
8. Telephone Cable Protection or

Relocation

FLAT GRADIENT CHANNEL

S= 0.0002 @ n = 0.020

ITEM
NO. ITEM

-12-

QUANTITY UNIT
COST TOTAL

850,000 CY $ 1.00 $ 850,000
329,000 CY 1.00 329,000
66,000 CY 20.00 1,320,000
70,000 SF 15. 00 1,050 ,000

3 EA 280,000.00 840,000
1,400 LF 50.00 70,000
1,400 LF 50.00 70,000

1,400 LF 20.00 28,000

TOTAL $ 4,557,000

USE $ 4,600,000

UNIT
QUANTITY COST TOTAL
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IV. CONCLUSION

To establish a channel in the designated right-of-way width of

1260 feet which will convey a design flow of 91,000 CFS the banks must be

protected and the channel stabilized by imported materials to provide

gradient checks.

The recommended channel section for a 91,000 CFS flow is a 1100

foot bottom width channel with 3 to 1 riprap protected sloped banks on a

gradient of 0.0016'/, utilizing a Manning's n of 0.020. The estimated cost

of constructing a channel with the above characteristics is approximately

$4,600,000.

-13-
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I.

1.1

1.2

Introduction

General

Presented in this report is our analysis of hydraulic con

~ditions of the proposed Agua Fria Channel including the

proposed McDowell Road Bridge, from McDowell Road to Thomas

Road, for 91,000 cfs.

Mathematical hydraulic modeling techniques were employed

utilizing the HEC-2 computer program for the analysis of

the existing conditions, and the channel, with the pro

posed bridge improvements at McDowell Road.

Available Information

The analysis presented in this report is based on the

following information:

1. Aerial photographs by Kenney Aerial Mapping dated 1/21/81

and 2/20/80.

2. 1" = 100', 2' C.I. contour maps by Kenney Aerial Mapping,

based on 1/21/81 conditions.

3. 1" = 200', 2' C.I. contour maps, by M.C.F.C.D. and u.s.

Army Corps of Engineers, dated April 20, 1982.

4. Digitized crossections based on 4/20/82 ·M.C.F.C.D. Maps

as digitized by Dibble and Associates.

5. Proposed channel profile and crossection by Dibble and

Associates.

6. Proposed bridge improvements by Hoffman-Miller Engineers.

7. Preliminary and Final Geotechnical Investigation Reports

by Sergent Hauskins and Beckwith, 1982.

-1-
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II.

2.1

8. Preliminary Report - McDowell Road Bridge at the Agua

Fria River - 100,000 cfs Bridge Feasibility, April,

1981 by SCI Consulting Engineers, Inc.

:9. Design discharge of 91,000 cfs by M.C.F.C.D.

10. "HEC-2 l"1ater Surface Profiles", u.S. Army Corps of

Engineers, 1976.

11. FHA, U.S. Department of Transportation (1975), Highways

in the River Environment, Hydraulic and Environmental

Design Considerations.

12. Leopold, Bagnold, Wolman and Brush (1960) Flow Resis

tance in Sinuous or Irregular Channels, Geological

Survey Prof. Paper 282-D.

13. Culbertson, Young and Brice (1967) Scour Fill in Alluvial

Channels with Particular Reference to Bridge Sites, u.S.

Geological Survey, Open File Report.

14. Henderson, (1966) Open Channel Flow, Macmillan.

Site Description

Geomorphology

Agua Fria River is a braided river with significant meanders

of its thalweg in places. Generally, braided rivers are con

sidered as aggrading in their natural undistrubed state.

~fuere mans activities may modify such streams their fluvial

characterisi tics may be modified. This was apparently the case- 

at the Indian School Road.Bridge crossing. The construction

of the bridge and an associated downstream gravel mining oper

ation has moc.ified a short reach of the stream into a de

grading mode. The Simons and Li Report estimated a total

general regional scour and local scour of 30+ feet at the

-2-
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Indian School Road Bridge which may have occurred in the 1980

flood. The bridge failed due to scour at two of its piers.

These piers were supported by spread footings placed 25 feet

below the streambed.

Boring information developed by Sergent Hauskins & Beckwith

Consulting Geotechnical Engineers indicates that materials

in the area of the proposed bridge and proposed realigned

channel are generally fine sands and sandy silts with some

traces of gravel. The D50 size is on the order of 0.3 to

0.4 rom with the largest size being generally less than 1/4

inch. Materials of this nature generally exist at the pro

posed bridge alignment to a depth of about 25 feet where

gravel and other hard material prevent augering.

Visual inspection of the site and study of aerial photographs

taken during the February 1980 flood indicate that the Agua

Fria River, in the vicinity of McDowell Road is a wide meander

which probably extends as far east as it can or has extended

historically. Just downstream from McDowell Road there is a

sharp "dog leg" to the west suggesting that the river may be

difficult to control and realign in this area.

Currently, there is a gravel mining operation seveyal hundred

feet north of McDowell Road and in the main meander of the

Agua Fria River channel. The proposed realignment of the

river is to the west of the gravel operation.

-3-



Flow Resistance Coefficient

FLOOD CONTROL DISTRICT of MARICOPA COUNTY as the design

this project.

the following discharges for the Agua Fria River at the

16,000 cfs
49,000 cfs
69,000 cfs
91,000 cfs

137,000 cfs
182,000 cfs

10 year 
25 year 
50 year -

100 year 
S.P.F.
500 year -

general geomorphology of the Agua Fria River and its trib-

utaries upstream, no new major changes are expected in the

future due to modification by man. Consequently, major

regime changes are not anticipated or evaluated as part of

According to the Simons and Li Report, which reviewed the

Hydrology

tion of the Lake Pleasant dam in 1927, was the 66,000 cfs

The largest recorded flow in the river, since the construc-

released on February 20, 1980. The maximum discharge of

occurred in January, 1916, and November 1919, and is the

record prior to the dam construction is 105,000 cfs that

greatest since 1889.

McDowell Road:

The U.S. Army Corps of Engineers published on March 4, 1981

The 100 year discharge of 91,000 cfs was selected by the

Mannings "n" values were used:

For the purpose of the HEC-2 backwater analysis, the following

discharge for this project.

2.2

III.
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IV.

4.1

a. I-IO to, McDowell Road (Downstream of the proposed

bridge). The channel is expected to remain in its

existing condition with westerly overbank n = 0.045,

channel n = 0.035, easterly overbank n = 0.040.

b. Underneath the proposed McDowell Road Bridge and up

stream inside the proposed new 1100' bottom earthlined

channel, n = 0.018.

Scour Analysis

General and Local Scour

There are two types of scour that may occur: general

regional scour and local scour. General regional scour is

most often associated with bridge crossing constriction.

Local scour is induced by the bridge piers.

Assuming the proposed rechannelization occurs before the

bridge is built or occurs simultaneously, general regional

scour will be zero since no constriction of flow will occur.

The average cross-sectional sediment entrainment power will

remain constant along the channel in the vicinity of the

bridge. Additionally, the proposed channel slope, from 1000

feet upstream of the bridge to I-IO (1300 feet downstream),

when realigned, is about the same as the existing regional

slope of the Agua Fria River channel (i.e. 0.0011). As indi

cated previously, the existing Agua Fria River channel is

assumed to be aggrading. The new section in the vicinity of

the proposed McDowell Road Bridge crossing will probably be

in equilibrium over a long-term period.

-5-
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However, the river channel is generally unstable due to its

ability to entrain the fine soil particles in the area. With

out significant bank protection of the proposed channel re

alignment, short-term meanders may develop during severe or

even moderate flooding. The thalweg will probably change

locations frequently. Assuming the bridge abutments are

properly protected by rip rap, the proposed bridge will act

as a permanent structure, pinning the river at the same

location. Any meanders that develop will probably do so

upstream with the result that flow might pass the bridge at

an angle. If the thalweg is say on one side of the bridge,

flow will be concentrated at this side while the other side

is actually experiencing sedimentation, like on the inside

of a river bend. To account for such a possibility, a reduc

tion in flow area will be assumed. Making such an assumption

the following formula may be used (Culbertson, Young, and

Brice, 1967):

YI

where Y2 is the depth of flow at bridge, Yl is the upstream

depth, b2 is the water surface width at the bridge, and bl

is the upstre~~ water surface width. This equation is de

rived from Hanning's equation, continuity, and DuBoy's bed

load formula. It is generally applicable where the width

of construction is 25 percent, or less, as verified by a

large amount of data assembled by Griffith. Thus, assume a

-6-
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conservative) .

reduction is recommented (FHA Manual); thus:

Local scour at the bridge piers is caused by a "horseshoe"

0.43
(0.54) = 9.51 ft.

(
5 )0.65

9.23
Ys = (2.0) (9.23)

25 percent constriction (which is considered reasonably

Y2 = (9.23) (1.25)°·64 = 10.65 ft.

Ys = 10.65 - 9.40 = 1.25 ft.

100-year discharge and the HEC-2 computer model. The

computed depth at the bridge using the HEC-2 model is 9.40

lfhere the upstream depth is estimated using the design

shaped vortex which forms on the downstream side of a pier.

feet, thus estimated equilibrium general scour is:

analysis. Local scour at cylindrical piers can be estimated

This type of scour is a major factor in most bridge failures

(e.g. the Indian School Road Bridge). Procedures recommended

by FHA (1975) are well documented and are appropriate to this

sizes very similar to those found at the proposed bridge site.

from the emperical formula:

Ys = 2.0 Y1 \;1) 0.6i
1

0.43

Where Ys is the scour at one bridge pier, Yl is the upstream

depth, a is the pier diameter, and F l is the upstream Froude

NUMber. This equation was developed from a large number of

laboratory studies of cylindrical piers placed in material

For two piers oriented parallel to the flow, a correction

Thus for one pier:

I
I
I
I
I
I
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4.2

y = (9.51) (0.9) = 8.56 ft.s

which represents the average equilibrium local scour at a

~pier group during the design discharge. The instantaneous

scour may be 1.3 times the equilibrium scour (FHA Manual);

hence:

y = (1.3) (8.56) = 11.13 ft.s

As mentioned previously, there is the possibility of thalweg

meander such that flow may be at an angle to the pier group

alignment. Assuming a 150 skew angle to the flow, the FHA

manual suggests a correction factor of 1.5: thus:

Ys = (1.5) (11.13) = 16.69 ft.

The total scour estimated for the bridge crossing is the sum

of local and general regional scour; i.e.

Y = 16.69 + 1.25 = 17.94 ft.s

It is believed that this estimate is conservative with a

safety factor of about 1.5. The proposed pier depth of 20 ft.

is adequate with a safety factor of 1.7. The 1-10 bridge

piers were constructed to a depth of 26 feet (from streambed

to spread footing) where apparently denser material is en

countered.

Channel Stability

As was previously stated, the Agua Fria River in the general,

area of the project site is unstable. Usually extensive

flood control work is required to permanently train such

rivers.

-8-
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Simulation using the HEC-2 computer program with a design

discharge of 91,000 cfs indicated that the unmodified flood

plain north of 1-10 is quite extensive, being over a mile

wide just north of the existing McDowell Road. Average

simulated velocities are about 4.8 fps and the resulting

Froude No. is about 0.28, which according to Leopold et al

(1960), indicates a meandering tendency. Under existing

undisturbed conditions, the fine grained bed materials can

be entrained and eroded. Local armoring, which was visually

observed, will only increase the tendency for meander deve

lopment and the promotion of large scale eddies.

Simulations using the HEC-2 computer program for the proposed

rechannelization of the Agua Fria River indicate that average

velocities may be on the order of 9.2 fps with a corres

ponding Froude No. of 0.53. Large velocities arise from

the fact that the flow length has been decreased by straigh

tening the channel from Thomas Road extension to 1-10.

Average invert slopes have been increased from 0.0011 (un

disturbed existing thalweg) to 0.00155 (minimum 0.0012 and

maximum 0.0027). Increased velocities will undoubtedly

entrain and erode the proposed earthlined channel. Some

bottom erosion will occur; however, the most likely erosion

will be the bank materials. In other words, the river will

attempt to restore its "equilibrium slope" by cutting into

banks and establish large meanders. If one assumes that

-9-
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4.3

essentially a sine wave shaped meander pattern will develop

between McDowell and Thomas Roads, a sine function amplitude

of about 1400 feet will be required to restore a slope of

0.0011. This means that the Agua Fria River will poten

tially erode a minimum 850 feet on each side of the proposed

channel banks. On the east, this would place the river bank

in its existing channel. Such a possibility is fairly likely

even at much lesser flows than the design flow of 91,000 cfs.

It is concluded from this analysis that the proposed earth

lined rechannelization of the Agua Fria River is not a

practical and functional design. Moreover, if a large meander

were to develop immediately upstream of the proposed McDowell

Road Bridge, a severe skew of the flow may result, endangering

the bridge abutments and possibly the piers. Furthermore,

head cutting would probably be initiated, extending upstream

and possibly jeopardizing upstream structures.

Channel Maintenance

The question regarding the degree of maintenance required

to maintain the proposed realigned Agua Fria River channel

is very difficult to answer since very little research has

been conducted upon frequency distribution of factors that

affect the geomorphic process. From previous studies, we

have some analysis of flood frequency for the site. Table

I presents discharges for various recurrence intervals and

the resulting theoretical hydraulic calculations using the

-10-



TABLE I

THIDRErICAL HYDRAULIC CALCULATIONS USlliG HEC2

FOR PROPOSED EARI'H LINED QfANNEL

1000 FEET UPSTREAM FROM M:I:OWELL ROAD BR.IIX;E

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

Recurrence
Interval,

Years

10

25

50

100

Average
Discharge, Velocity I

cfs fps

16,000 5.37

49,000 7.47

69,000 8.41

91,000 9.29

-11-

F1CM
Depth;

ft.

3.19

6.39

7.84

9.23

Froude
No.

0.53

0.52

0.53

0.54
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the HEC-2 computer model. As can be seen, there is no

change in the Froude No. for the various frequency levels

of flooding. We can conclude that the Froude No. would be

the same for smaller events. Such a Froude No. suggests

that there is a strong tendency for the channel to meander.

Leopold et al (1964) discusses frequency concepts related

to geomorphic processes and concludes that small and inter

mediate flood events are responsible for most of the sediment

transport in streams. Scanty data that they were able to

obtain, suggests that 80 to 95 percent of a stream's total

sediment transport resulted from events that occurred one

day per year. Although major flooding events are important

in modifying the fluvial regime of rivers, they occur so

infrequently that over a long period of time they have only

a minor effect on the total sediment moved. Short term,

frequent events, although they have shorter durations, tend

to move the bulk of all sediment transported.

This is expected to be the case with the Agua Fria River.

The River is an ephemeral stream in the vicinity of the

project site, flowing only in response to occasional local

thunderstorms or infrequent general winter storms. During

periods of moderate storm rainfalls, intermediate to low

runoff events will result in rapid modification of the

proposed realigned Agua Fria River. The rate that the channel

will be modified can not be determined. However, it can be

stated that with any moderate runoff event lasting for several

days, substantial reworking of the channel will result, prior

-12-
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to reaching the peak discharge of the storm event. Sed

iment entrainment primarily occurs during the rising limb

of the flood hydrograph and not at the peak. Sedimentation,

particularly in long term aggrading streams, occurs on the

falling limb of the flood hydrograph. It is conceivable

that during an average runoff year, the realigned Agua Fria

River channel may be substantially modified so that a slope

similar to its natural slope would be established.

In order to establish the upper limit Q beyond which shifting

and meander of the proposed unlined channel would occur,

we estimate that a single event 24 hour storm with a peak

discharge of 5,000 cfs might be accommodated without major

bank erosion. Larger particles of the parent materials

would not be entrained and some armoring would be expected

for 5,000 cfs or less. Meandering would occur over the

1,100 feet invert of the realigned channel but would mostly

be contained within the proposed channel for the hypothetical

single event storm.

A succession of such events over a winter period would, how

ever, result in major shifting and modification of the pro

posed realigned channel. If the channel were repaired and

restored after each event (say less than a peak Q of 5,000

cfs), it might be possible to operate with the proposed

channel for an unknown period of time. Larger events or a

succession of small events in rapid order so that the channel

could not be restored, of course, would defeat a concept of

restoration.

-13-
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v.

5.1

It is necessary to point out that the above estimates were

made with approximate methods. If the unlined presently

proposed channel was to be considered , a more definitive

"analysis would be required with a significant expansion of

the original scope of this study.

Mathematical Model

Methodology

The water surface profiles and bridge losses were computed

with the aide of the HEC-2 computer program, developed ln

the Hydrologic Engineering Center, Corps of Engineers, Davis,

California, by Bill S. Eichert. The computational procedure

is similar to Method 1, Backwater Curves in River Channels,

Engineering Manual 1110-2-1409, u.s. Army Corps of Engineers,

7 December 1959.

This method applies Bernoulli's Theorem for the total energy

at each cross section and Manning's formula for the friction

head loss between cross sections. In the program, average

friction slope for a reach between two cross sections is

determined in terms of the average of the conveyances at

the two ends of the reach. Other losses are computed using

one of several methods. The critical water surface elevation

corresponding to the minimum specific energy is computed

using an iterative process. The energy losses caused by

bridges are computed in two parts. First, the losses due

to expansion and contraction of the cross section on the

upstream and downstream side of the structure are computed,

-14-
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5.2

then secondly the special routine computes losses through

the structure for low flow, weir flow and pressure flow or

for any combination of these. The type of flow is deter

mined by a series comparisons. First, the energy grade

line elevations are computed assuming alternately low flow

and pressure flow control. The higher energy grade line

elevation determines the appropriate type of flow. If

pressure flow appears to control and the energy grade line

is above the minimum top of roadway elevation, then a com

bination of pressure flow and weir flow exists. If the

energy gradient is below the minimum top of roadway, then

pressure flow alone controls. If a low flow appears to

control, and the corresponding energy gradient elevation

is above the minimum top of roadway elevation, then a com

bination of low flow under the bridge and weir flow over

the roadway approach exists. If the energy elevation is

below the minimum top of roadway, then low flow controls.

Assumptions

a. The starting elevation for the water surface profile

computation was obtained from the A.D.O.T. to be 979.91

at the 1-10 Bridge, from their analysis of 100,000 cfs

flow.

b. The 1-10 Bridge opening was assumed to be 1500' wide.

c. No dyking between 1-10 and McDowell Road.

d. Debris width = 1/2 pier di~~eter on each side of the

piers.

-15-
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HEC-2 RESULTS

SUMMARY

TABLE II

79.90/9.9

83.48/7.2

85.16/9.3

84.92/9.22

85.50/8.5 + 0.25

85.97/9.3 + 0.19

86.78/11.1 + 0.11

88.43/11.8 + 0.01

89.91/11.8 + 0

91. 90/11. 9 + 0

93.69/13.7 + 0

100.39/10.3

I-l0 Bridge
Channel + Bridge

Improvements

79.9/9.9

83.5/7.2

85.16/9.3

85.25/8.7

85.78/9.5

86.67/11.3

88.42/11.8

89.91/11.8

91.90/11.9

93.71/13.7

100.37/10.3

I-10 Bridge +
Channel Improv.

Only

Q = 91,000 CFS

79.9/9.3*

82.3/7.6

85.44/7.9

88.59/12.8

91.96/8.3

93.9/7.2

96.4/12.0

99'.78/8.8

102.81/6.6

Existing Condo
'i'1/0 I-l0 Bridge

* H.G.L. Elevation/Velocity (fps)

5.55

5.82

5.85

Bridge

5.86

6.33

6.71

6.96

7.12

7.36

7.65

7.89

Sec. No.

I
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VI. Suggested Alternative Designs

Assuming the proposed alignment of the McDowell Road is

fixed, alternatives for rechannelization of Agua Fria River

Orange from complete lining to accepting the likely con

sequence of the proposed earth structure. Even a thin walled

concrete channel would be a marginal design considering soils

of the region. Differential settlement and possibly local

ized groundwater might jeopardize such an approach. Assuming

such a design were feasible, total 1982 project costs might

exceed $30 million

The most feasible alternative from an economic standpoint

is probably one that can utilize an earthlined channel.

To do this, however, will require substantial reduction ln

the velocity from that anticipated in the proposed channel.

There are two basic ways to achieve this: (1) enlarge and

lengthen the channel or (2) enlarge and decrease the slope

of the channel. The first method would essentially be to

force meanders in the channel where the engineer wants them

and hope they will remain stable. This method is not re

commended. The second method is recommended, and consists

of constructing drop structures in the channel invert.

Local bank rip rap will be required to maintain the in

tegrity of the drop structures. Only two drop structures

shouldbe required two feet in height to achieve the desired

slope. Flow area would have to be increased by about 20%

(e.g. widen proposed channel to 1300 feet). Drop structures

need not be massive vertical type structures but could be

prone as shown on the attached sketch.

-17-
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They could be constructed from large angular blocks and

gunnited as well as constructed from concrete. Stilling

blocks are advisable on the downstream apron to ensure that

"flows return to a tranquil state.

The proposed alternative would probably not exceed a 1982

project cost of $8 million. Further, conceptual as well as

detailed studies are required to firm up alternatives and

their costs.
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SCHEMATIC DIAGRAM OF
PRONE DROP STRUCTUR2

-19-



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

ATTACHMENT 7.1

PLAN AND PROFILE 5=0.0016 1
/,
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ATTACHMENT 7.2

PLAN AND PROFILE 5=0.0002'/,
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ATTACHMENT 7.3

HEC-2 RESULTS FOR
EXISTING CONDITIONS
Q 100 = 91,000 cfs
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VkOd XrlL XI'lCH XNR WTN
XLOI:lR ITR I AL Ioe ICONT COR,\R

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

6. )J CW::,lL= 985.44

bAN" t:.Lt::V
LUT IldGHT

~~TA

i:.I~lJST

c.

(

c

(

(

r

- .'
11780.

3.9
725.5

4.9

11~70.

b.~

759.b
7.4

. --
IlJ15. 11'+80.

'J.7 1J.1
109C.l 1~12.0

'+.1 '7.9

11 000.
3.0

"40.8
6.2

109911.
5.7

1272.7
4.1

11l6211.
3.8

11 0.4
4.B

----- -- --- 10460.
;'.7

82~.5

4·1

10220.
3. 4

756.7
4.1

10000.
4.1

1031.9
3.6

13453.
0.2

49.6
2.8

STA= 7636. 8U~0. 9700.
PER 0= 3.4 22.1

AREA= 1083.9 5538.0
vEL= 2.9 3.6

STA= 11780. 1244 0. 13420.
_PER 0= 6.6 15.1

AREA= 1730.2 3171.u
VEL=- 3.5 4.1

*SECNO 6.710

3265 DIVIDED fLUW
c

FLOW DISTRIBUTION FOR SECNo=

6.71
91000.

0.22
0.003310

14.59
322u9.

3.76
11 UO.

988.59
O.

0.0
1600.

0.0
58791.

7.70
1300.

6.71

0.0 989.26 0.. 67 3.40 0.11 9Bo.00
8576. O. 7632. 17~3. 458. 'Joo.OO
0.045 0.035 0.040 O.U)fj '-174.011 6881·13

2 0 0 0.0 JIIS2.98 12000.25

C\cISEL= 988.59

~

\

c

c

(
11500. 11720:

7.t!. 15.5
bJ5.~ 1690.0

10.J 8.3

11'+40.
3.2

251.8
11.5

11360. 11420.
5.4 12.3

-'+U7.7 87:'.5
- - 12.2 ---- 1~ • 8 -

11330.
6.2

539.5
-- 10.5

11286.
4.3

789.7
--4.9

-ST A= -- - 6881-:-- 80 0 0-.----8620:--- - -- 91"40:-- --"1"0000. 10880.
PER 0= 11.9 5.5 15.3 2.7 lu.l

AREA= 3035.9 1404.1 3461.9 673.7 2280.1
VEL= - 3.6 ---- 3~6 -~- - 4 ~ 0-------3.6 ----- -- it ~ 0

STA= 11720. 12000.
PER Q= 0.5

AREA: -162.4 -----------------
VEL: 2.7

'1- *SECNO 6.960

_ 3265 DIVIDED1---
6.96

91000.
0.29

0.002329

fLUW

9.96
527J6.

3.84
900.

991.96 0.0 0.0 992.35 0.40 3.07 O.OJ 989.00
0. 38264. 13745. O. 6028. 21tH. 580. 9d'l.OO - -. - ..

0.0 6.35
-- -

0.045 0.035 0.040 0.039 '-182.00 610do1'>1
1300. 1300. 1 0 0 0.0 J~80.21 1142d.l1

."-- - --- .

("

(

(

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

",-

f

"".
(



- -
7

-
PAGE

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

11429.
1.0

200.)
4.4

bANK [LEV
U .. fT/flIGHT

SSTA
lI~L)S T

-

I1J'+0.
6.1

716.7
7.7

IJL05S
TwA
t.lIHN
TOPWID

0.00 99c.OO
691. 9':ic.00

'>184.00 628Cl.OO
:"U99.7d IlJ/;l7.78

-

1.87
26~1.

O.OJo
0.0

tiL
VOL
\>lTr~

COHAR

-

0.3&
7431.
0.040

a

991.96

-
HV
"ROt:!
XI~R

ICONT

-
CWSt.L=

.. -
10~70. I1UBO. 1126U.

3.2 10.0 Ib.3
56d.4 1095.5 1792.6

~·1 8.3 a.)

994.23 '
o.

0.UJ5
o

(G
ACrl .
XNCH
IDC

-

0.0
13234 •

0.(145
2

~ISt.LK

ALUU
XNL
!TIdAL

10710.
5.4

164(;.5
J.U

-
6.96

CR I ',0/5
QROt!
VROU
XLOtlR

0.0
43183.

5.89
900.

993.U7
O.

0.0
92U.

(WS(L
OCH
VCH
)(LCH

DEPTH
OLOo
VLOb
XLOtlL

SECNO
a
TIME
SLOPE

I

I"
- I
I" '

-- - .._.. . --- -
STA= 6108. 11 0 0. 9130. 10000.

PER 0= 11.1 34.2 12.1
AREA= 2936.8,._ J7 9 9.3 ,3009.4

VEL= J.6 4.0 3.6
I

1
",1_ ·SECNO 7. 120"
• 1.12 9.81

I" 91000. 47~11.
0.34 3.57

0.001169 9~0.

"L~_~_- =-=_=
! I
I>:L__ .
:I fLOW DISTPHIUTIUN FC)~ sECNo=
'l.

I" '

I:
!',

fLOW DISTRIBUTION fUR SECNO~ 1.12 CWSt.L= 993.87

\

11388.
l.SI

54~.8

J.2

99~.OO99'::.00 .---.---.--.-- .. ""'--' ..

6423d4
1145J.90

.. ' 0.13
824,

'1/j2.00
:>u29.96

2.B2
3106.
0.038

0.0 ,

1095iJ, 11120,
B.b 11',1

lOSS. 1 1:J06.9
7.2 6.7

0.80
8JO 1. '
0.v40

o

997.19
O.

0.035
o

STA= 6288. 71 3 0. 8610. 9920. 10000.' 10480. 1084U.
"I PER Q= B.4 ' .. 31.!> ... i1.b ~~3 3.9' 22~0

~. AREA= 2133.1 719'1.1 3752.2 149.1 1184.8 3111.1
I .. , VEL= 3.6 4.0 2.8. 2.1 3.0 6.6
I -_._- _. --- . .~-. _. _. . _._'. .

I· ·SECNO 7.360
• 7.36 14.39 996.39 0.0 0.0I, --··-9iooo .....-Z377S:--- O·:--67225~---T360.

, 0.39 3.26 U.U 8.10 0.045
"~_ .. 0.003339 _.__.JIUO. __..._~2SU ... 12S0~_. . 2

fLOW DISTRIBUTION fUR SECNo= 7.36 CWSt:L= 990.39

7.65 t::XTENDt:D 9.78 fEd

999.78 0.0 0.0 1000.56 0.17 3.37 0.00 99(.00
O. 63913. 13473. O. 7827. 3482. 'J2B. 9'-i7.00

O.U B.17 U.0'+5 0.035 0.040 0.038 ~'JO.OO 630u.c5
1150. 1200. 2 a 0 0.0 ~b29.7S 1093u.OO

STA= 6424. 92 5 0. 9960. 10000. 10090, 101JO. 10190. 10235. lU310. 103~0, 1u31o. lU400. 10470.
PER Q= 21.5 3.7 1.0 3.'+ 4.3 3.1 4.8 11,7 ~,J 4.1 3.5 6.9

AREA: 5987.4 113b.'J 175.6 465.1 395.6 ' 363.4 442.6 ~29.J 4tOl,7 341,7 lU.7 tlS7.]VEL= 3.3 3.0 5.1 6,6 9.9 7.8 9.9 11,5 12,0 10,9 lO.e! 9.6STA: 10470, 1054 0. 10710. 10810. llouo. 11400. 11454.
PER a;: 4.6 8.13 4.3 4.3 ".4 0.2

AREA= 517 .3 108b.3 509.0 739.1 1011.0 70.3
VEl': . 801 7.4 6.9 5.3 4.0 2.7

OSECNO 7.650
3280 CROSS SECTION

7.b5 9.78
91000. 27UIH.

"\" 0.44' 3.20I: _. __0_~~~8_~~_. __8~.0~ . __ .__.. __

i: I .
LL.__. .. ... _.... _.. _. ,._ .

I:
I'
'.,

l~",

I:'

.-"" .--------_.__ ... _..----- -', ..



- - - - - - - - - - - - - - - - - - -
·,'~---,- --_.__....

PAGE 8

SECNO DEPTH C\~SEL CRIWS WSE.LK EG ttV tiL ULOSS bANK E.LE"
0 --, QLOu ..,._ . I)CH ___ .. QROll AL03 ACH AROU VOL lv/A LlfT/wllJHT
TIME VLOtJ VCH VROtJ XNL XNCH XNR WTN t.LMIN S~TA

SLOPE XLObL XLCH XLOl;R ITR I AL IDe ICONT CORAR lOPWIU £I-OS T
. ---_. _.- _._---~-~ . _.. ~. _. - -- .

fLOW DISTPIOUTION FOR sECNO= 7.65 Cw::,lL= 99Y.7B

106eO. 10930.
B.l 2'J.4

d77.7 303U'(j
8.4 tl.8

1~~~6~' 10070. 10jlU~ 1052u.
0.2 J.l 15.9 13.9

6&.3 41~.4 1&66.4 1633.1
3.0 6.7 7.7 7.7

71 'tii'~ , .. '9090.' 9970.
5.1 20.0 4.4

IS64.A 5276.0 1563.6
3.0"" 3.5 2.b

STA= 6360~
PER Q=

AREA=
VEL=

·SECNO 7.a85
3280 CROSS SECTiON 7.a9 £XTENDlD 12.al fEET

7.89 12. til 1002.1:11 0.0 0.1l 1003.27 0.46 2.6t! 0.03 100u.00
91000. 231:14). O. 67157. 9018. O. 10Y50. 4158. 10lJY. 10uu.00

0.52 2.'la o.u 6dJ 0.0'+5 0.U35 0.040 0.037 't';l0.00 68JJ.tlO
· I 0.001189 17:>0. 150u. 1450. 3 0 0 0.0 ,+c16.20 il05u.00

fLOW 0 I STR I~UTi O~j F:0R. SECNO,:....__ 7.89 _.-._-_. __ . - CWSt.L= .. 1002.81

10840. 11050.
4.1 19.2

570.~ 2630.1
0.5 - 6.6

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

10100. 10490. 10790.
4.1 24.2 22.3

731.0 3775.9 j~43.0

5.1 5.8 6.3

10000.
0.4

140.5
2.3

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

9950.
3.8

1257.3
c. ll

9620.
5.9

2170.8
2.5

8930.
5.1

"1451.1
3.2

"I STA= 6834. 6620.
I' ~ pER Q= 11.0
." AREA= 4590.1
" VELz c.2
·• '*~Et~6'a~~~0
,

5.43 fEET

3265 DIVIDED .fLUW

3280 CROSS SECTION

----~~--._. __ .. -.. -"..' - ---'-'-

8.18 EXTENDI:.D

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

.-. _......

3301 HV CHANGED MOHt THAN HVINS

8. 1II 11.42 1005.42 0.0 o.U 1006.70 1.~tj 3.19 0.6 100:>.00
91000. 1847J. O. 72527. 4289. O. 721.J7. 4746. 122'1. 100~.00

0.57 4.Jl 0.0 9.94 0.045 0.035 0.040 0.OJ7 ~94.00 734S.7J
0.004194 10~0. 1580. 1550. 2 0 0 0.0 ~o11.94 1100u.oO

FLOW DlSTRl~UT10N FOR SECNO~ 8.1l:1 CWS(L" 1005.42

10600. 11000.
5.1 17.6'

~74.1 c17U.b
9.0 7./t

10160. 10400. 10520.
4.7 35.1.J 15.8

59tl.2 2702.4 1251.2
1.2 12.1 11.5

10000.
Z.1

414.6
4.6

9560.
4.3

596.9
6.6

STA= 7346. 8410. 9450.
.,--'" pER 0= 10.8 .. _.. J.U

AREA: 2558.1 719.3
VEL= 3.9 3.8

~,.. , ,., ' " .. --,,,,:-- -,,, ,-,,--,-~ ~~~= -~-,,- ----,,--'"--
. ----_._ .._--.' ...._~-_ .. _-

- _..~------------'-'- ------_._-------,



-- - - - - - - - _.- - - - - - - - -
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PAGE 9

ULOSS
I ~IA
ELMIN
IOPIiIO

SECNO
a
TIME
SLOPE

DEPTH
aLOo ..
VLOb
XLObL

CYiSEL
QCH_
VCH
xLCH

CRlwS
QROti
VROl:1
XLOl:1R

WSt::LK
ALOd _
XNL
ITH lAL

EG
ACti
XNCH
IDC

HV
AROl:1
XNR
ICONT

HL
VOL
WTN
CURAR

dAN/\ ELEV
U:fT Ikl 13 HT

::;::;TA
t.1~OS T

11810.
b.S

811.8
b.l

11540.
J.tI

536.~

6.4

I1J60.
6.1

9J2.4
5.9

11000.
~.8

70d.S
1.4

1004.00
1003.00

7332.-,2
12960.00

10ll10.
J.d

:'73.1
6.0

O.Oc
1232.

'195.00
J oc7.48

0.27
4760.
0.037

0.0

1060u.
5.4

892.0
5.5

1.1,)4
7736.
0.040

o

1000.23CWSi::L::

1007.27
Ub7.
0.U35

6

. o. u _
3940.
0.045

_ 20

8019

. 1006.23
47636.

6016
~O.

.fLOW DISTRIBUTION fUR SECNo::

..

I··
'-, STA= 133J. aUbo. 854u. ~340. 97jO. 10090. 10220.
I'" PtR a:: 1.0 3.1 5.0 2.1 JI,).4 3.1
i'~ AREA:: 1428.0 747.4 1228.2 544.3 221:11.4 419.6
" VEL:: 4.4 3.8 ).7 3.5 1~.1 6.7
- STA:: _ 11810 •. 120.~!l .. _12~~Q. _ _ 12610. 1ZfjOO. 12960 •.
" PER a:: 3.5 5.3 3.6 4.5 1.1
, APEA:: 602.6 A53.C 506.4 613.~ 220.6
... __ VEL:: 5.2 5.6 6.4 6.7 4.5

I"
I

!~I "SECNO 8.190
:'~_3685 20 TRIALS ATTEMPTElJ wSEL,CWSEL . . ._ ...
iql 3693 PROBABLE MINIMUM SPECifIC ENlHGY

3120 CRITICAL O~PTH ASSUMlO
8.19_ 11;23 1006.23

91000. 156ll8. 27676.
0.51 3.91 12.10

0.006914 tlo._ 50. __

64764.

I
~ I_SPEGtAL_BRJD_~.E ------------ ..--- ....--.------... -. -... ---.-------.----- ..- ..-.- .. -.- --..--.---.---------------- .---- .

,! SB XK . )(KOR CUfa RDLEN BWC BWP BAR£A 5S ELCHU ELCHLJ

l
"i---- 1.05 !tI~~_u 2!1Q. O_!0 6Q.9_9_.00 ) 100.00 22150.00_ 0.0. __ 993.UO 993.00 _

• "SECNO 8.200 .
CLASS A LOW fLOw

'1-]420 BRIDG~"W.S.~--I~~~.-;;--~~;~G~-~EL;~;TY-~~--- 1.41 CALCULATED CH,.I~NEL AREA::,

,,

11.71 lu06.71
IB7c5:-- ?393J.-

3.56 9.64
15. It1.

~1000.

~ARlA 'TRAPEZOID
AREA

22150. 83300.

lLTRD

1014.00

10U4.00
10U3.00

7267 ... 8
1296U.00

tUI0.00

ElLC

0.0
1234.

~9~.00

.~092.5J

0.14
1.766.
0.031

0.0

0.b4
nne
0.040

o

1007.41
24t:l3.
0.u35

o

aPK

0.0
5265.
0.045

o

O.

awu R

0.0
48342.

5.20
15.

0.54

HJ

1007.41

EGLIICEGPRS

0.0I.. 'r -._- -._-
..
.. 8.20

91000.
0.57

0.003936

-- ._ _._ __ _--_ _ '."_ -.lli
,:,:_-fLOW OISTRIBUTIvN fOR SECNO:: 6.20

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

- ,

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

C\tI5£L:: 1006.77

)



- - - - - - - - - - - - - - - - - - -I
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PAGE 10
'-~--_.._.... - ._---- ---_..._----- _._----_ ..... -_.- -_._- ---- - ... - -_.._~. .. -. ... ...... ' ..-.. -_.- . -- .- . - ---_.- _._ .. _._- ",- .,'~--'."'- ..._-_... - --
.! SECNO OEPfH CWSEL CkiNS WSt.LK U; HV HL VLOSS HANK [LEV

0 OLutl OCH QIWu ALOlJ ACH AROI:3 VOL IWA Lt.f TItn C;HT" .... ---- ... -- ....- -TIME VLUb VCH VROIJ XNL XNCH }\.I~R WTN t::LMIN SSTA
SLOPE XLOUL XLCH XLOi:lR ITRIAL IDC ICONT CORAR TOPloilu E.I~05 T

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

11360. 11540.
6.2 __ '3.8

1121.6 633.8
5.0 5.4

1022v. 10600. 10810. 11000.
3.0 __ .__ .5.7 ... _. _. J.9 5.5

490.2 lU98.0 680.~ 811.~

5.6 4.1 5.1 6.1

9730. 10090.
26.3

2~82.6

9.6
12960.

1.4
313.4

3.9

2.1
75:'.1

J.2
12dOO.

~.4

710.5
. ::j. 6

STA= 1261. 80~U~ ~5~U. b980. ~3~U.
'L PlR Q= __.. 1.8_.__.3.8 ._3.L .J.2_.

. AREA= 1850.8 990.1 844.2 811.6
VEL= 3.8 3.5 3.) J.o

5TA= 1154 0 ... 118~0._. 12090. 1~440. 12610.
PER Q= 6.3 3.8 5.6 3.~

AREA= 1018.2 154.~ 1042.9 5~ti.O

VEL= ..... _ .. S.6 ._ 4.6 ...__ .4.9. ...~.~

*5ECNO 8.210
8.21 12.24 1007.24 0.0 0.0 1001.59 0.35

91000. 300~0. 490 ... 56040. 815U. ~~4. 11701.
"1

0.51 3.69 8.85 4.77 0.0"5 0.U35 0.0~0

" 0.002246 50. 50. 50. 2 0 0

0.15
4187.
0.031

0.0

O.OJ
1240.

'195.00
5~84.45

1000.00
996.00

294S.10
8529.55

___f.LOW .0 I STR I ~.UTl ON .£U~_ sE ~NO-=- 8.! ~ 1__. . .C;WSEL= 1007.24

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

85JO.
0.6

209.8
2.4

5100. 6430. IJOO. 8400.
3.9 22.3 14.4 \ 15.1

"61.9 3824.J 3152.7 3642.b
7~1 5.) 4.2 3.~

~65[j.

4.7
469.5

901

5610.
5.4

554.3
8.8

5550.
4.7

811.0
5.3

5420.
4.0

631. 5
5.1

5330.
5.8

1725.4
3'}

40UO. 4700.
7.1 10.8

2365.4 2617.1
2.9 3.8

5TA= 2945.
PER Q=

AREA=
vEL=

:i -·SECNO 8~ 215 .---- ..---------.-.

'_~205 DIVID~D fLUW

8.22 27.42 1001.42 0.0 U.O 1007.67 0.24 0.07 0.01 100u.oo91000. 69905. O. 21035. 17275. O. - . 5848. 4827. lc48. 10VU.00 ..- - . ~ -_... _. .. _. - . ..,.,---"'-'- 0.58----· - 4.0s--0~u -·----·3.60 .._..
0.045 0.035 0.04U 0.031 'JtiO.OO 7104.~40.000435 !:l0. 80. 80. 2 0 0 0.0 J41~.77 10614.55

fLOW DISTRIBUTION FUR SECNO= 8.22 Cli5EL= 1007.42

111 0 15.
0.6

249.0
2.3

10560.
J.4

83~.0

J.1·

1016u. 10480.
3.8 15.3

1188.0 J~75.9

2.9 3.9

10000.
1.4

397.0
3.1

9YOO.
i.3

U97.0
5.4

84 40.' 9480.' 9620.
6.1 4.0 4.1

3692.3 2941.8 1219.5
'1.5 ..·· 1.4': 301

--STA= 7105.
PER Q=

AREA=
VELa

*SECNO 8.410
.. _._. - _ .....- .-._--- - ._.__... -_.. __ ....

---- ._--.- --- _. --------_..__ .. - ---..•.--' --... -.- .... _. _._ .

• I . __. , ... _ ...

. ---------------- .- -------- -,-
,
\



--
11

-
PAGE

----
tiANt\ ELEV

U.fTlRI-';NT
~~TA

ENOST

-
ULOSS
TIo/A
c.LMIN
I OPw 10

-
HL
VOL
WTN
CORAR

--,
HV
AROH _
XNR
ICONT

-
EG
ACH
XNCH
IDC

100d.19 0.46 0.46 0.07 99).00
O. 129C2. 5301:1. 132J. 9'I'J.OO

U.U35 0.040 . 0.037 't7d.00 7481dc
o . a 0.0 j~cl.10 11000.00

C'tiSt.L= 1001.73

~c_~ ~ - ~__~~_:
r:l SECNO DEPTt-i CW~EL CR I liS WSELK

. _ Q .0LOu . OCH_ .. QROtj .. .ALOd .. _
TIME VLOti VCH VROB XNL

". SLOPE XLOtiL XLCH XLOI:lR ITHIAL

,

, I

"

'1. 3265 DIVIDED fLUW .. . . .__ ... _. . _
.,

., 32RO CROSS SECTlON 8.41 EXTENDlD 27.74 fEtT

I: .-.. --~l~~~~ -·-~;~;t~"·"i-001.~: ·-7~g~~.-··"·7~;~.

1
'1-- 0.63. col3 ---. O.U .-.. -. 5.l:ll; --- 0.045
. 0.000501 9~0. 1000. 1000. 2

I,

1:'--fLOW DI~TRI8UTIUN fOR SECNO= .... 8.41

I
, !- STA= 7481. 92 c O. .97~0. 99~0. 10000. 10570. 10700. 1075v. 10880. 11000.
"j pER 0= 3.5 3.3 7.9 1.1:1 13.6 3.5 803 32.2 2~.9
" . AREA= 3009.3 1518.4 2047.0 48b.8 J81~'1 786.3 1136.8 J73S.b J44U.c

.• VEL= .. 101 ....__ ... 3.0.._ .._ .. 3.5... ... J.'!.__ 3.2 __ ..... 4.0... 6.6 7.9 0.8

"SECNO 8.500
\-

100ti.OO
10Ub.00·

7289, l!J
lOtlld,29

0.4S
1356.

~9d.OO

J04S.Z::>

0.59
5471.
0.037

0,0

1.95
643S.
0.040

o

O.U 1010.00
3431..... .. O.

0.045 0.035
20 14

1008.05
77466.

12.04
490.
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ATTACHMENT 7.4

HEC-2 RESULTS FOR REVISED
CONDITIONS WITH BRIDGE
AND CHANNEL S = 0.0016 1

/ 1o 10 = 16,000 cfs
o 25 = 49,000 cfs
o 50 = 69,000 cfs
0100 = 91,000 cfs
SUMMARY
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.. 1.1'''' -----l'i;50 2.70---0;0"-6000.00--1'100,00--22150;00---0.0 993.00-' 993.00--

.~El':NO ".?OO

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

J?'6S ~lVIOEO FLnW

CLASS A LOw FLOW'-- -----_.__._---_.._. -------_......__._-- --------

3420 RRIOr.E w.S.- 1004.13 SPIDGE VELOCITY-, 0.29 CALCULATEO CHANNEL APEA-, 54560.

, I ... _



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

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

[_. - - - - - -
PAO[

-
8

- \ \..

~ECNO OfPTH CWSEL cnI~S WSEL~ fa HV HL OLOSS RA~K ELEV
" 0 OLOR OeH onOA ALOB ACH AROB VC'L . T\OIA LEFT/RIGHT
. ------ Tl~E --YLOFl--YCW-VROR ---XNL--···--- XNCW·---- XNR------I'I1N ---nIAIN----- SSTA ------.-------.---------

SLOPE XLOBL XLCH XLOAR ITRIAL IDC ICONT CORAR TOPwlD ENOST

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

I
I• 4 ._._ _ ._. •

(GPRS

0.0

EOL"IIC

1004.78

H3

0.25

QI,EIR

o.

OPR

16000.

BAREA

22150.

TPAPE70TO f.LLC ELTRD
ARF:A-··----_·- .-. --- ... -'.'-.. -·1

83300. 1010.no 1014.00 i
--- .----..-.....----.---.-- I

3470 ENCROACHMENT STAT'ON~_ 7?~0.0 12950.0 TyPE- 1 TARGET- 5610.000
-_.... - " •.20 "--'9 ~ 391 004·.39---·0.0 ---. 0.0 --1004. 7A ----0.39·-·-· 0 ~ OS----- 0.0 '-1004.00

1600n. 244. 99~O. 5166. 294. 1624. 2616. 801. 302. 1003.00
n.~1 0.R3 ~.15 2.20 0.045 0.035 0.040 0.025 995.00 7505.20

-- n. 002fl?) -····--·15~ 15;----1 S.------O---·--1l----·--·O------O-;·O~903i51&2855;41~·----------------

"'-·-.~ECNO R;210·---- --------_....

--j

-,
3265 OlvIOEO FLOW

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

3470 E~jCnOACH~'[~'T STATIONSa 2950.0 B500.0 TYP£II 1 TARGETa 5550.000
. R. ('I '--- 9.79 -1004.79'-- 0.0' --. 0.0 . --r004 .89--" 0 ~ (19 ----. 0 ~01--' o. 03-\ OOO~ 0(\

16000. 4042. 1876. ·lnO~2. 2406. 400. 474fl. 814. 307. q9~.00

0.~2 l.h3 4.60 2.12 0.045 0,035 0.040 0.025 995.00 3506.96
o~00n915 -- --·--50;----50-.---- 50;----·· 2' ·0·----·-- 0---- 0;'0--479f>; in-R43J-;83--------------

--_··----1
!

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

I'- . i:

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

3?6~ OlvInEo FLOW

34 70 E'.rHOAC~.~tNT STAT IOf~!," 7110.0 1n600.0 TYPf- I TAHOET- 3490. ono
[I.?2 .... _.. 24 .IlA -:1004. IlO-- n. 0 ..-_. 0.0 -1004.90 ._- (I. Co2 ----0.01--- 0.1)1-10110.00

16000. 1?143. O. 3251. 10757. O. 4303. 6)5. 314. 1000.00
O.~4 1.18 0.0 0.76 0.045 0.035 0.040 0.025 980.00 7419.21

-··-o.oooon---ao. 80. ao. ··2-----0· 0--O.0-Z715"~0s_10599;27----------------------

• ,-·.SECNO R~l'\5"---"--'

I.

I~

I:
I
"..

I.

I~I·-·.SECNO 11.4)0-

3265 OIVIDED FLOW

..- -._~---

\:.
h. -- ~.-~------------------------------

1 1"\

l ~ \, :



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

DEPTH CW~EL CPI~S WSfL~ EG ~v HL OLOSS ij~NK ELEV
QLOR nCH UPO~ ALoa ACH A~OA VOL TWA LEFT/Plu~T

-'--VLOR--VC~---- VPOr:\----- XNL' .. ·-·--XNCH'----XNR ---- 'WTN -.-- ELMIW-'-' SSTA ----.----..---.------- ---
XLORL XLCH XLOP~ ITRIAL IDe lCONT CORAR TOPwyO ENDST

~

~

~ .

<;[ eNO
o
T I ~E'
SLOPE

F'A(;[ 9

. -_.. _- _. -*---_._----_.._. -- .- --.._.- ..... - ..-_... -.--- ~- -- _.'-' -_. ~--- ._-----._--- -.__... _------- - -----I

I'
~ . 3~An r.~0SS SECTION 8.~1 EXT(NClFD 24.90 FEET

• 1-- •• --

I"

I . __ .

• ,,' J41n ENCPOACH"lf.'IT STATIONS- 7500.0 10990,0 TYPE- 1 TARGET- 3490.000
i" p.AI ~b.90 IOO~.90 0.0 0.0 1004.93 0.03 0.03 0.00 999.00
, " ·----·,6000.--14 Q 4;---0.--1'4so 6; '--23 05 ;----- - 0; - TO 170; --114 3.--- 359 ~ _ .. - Q99. 00------------------

~:" O.A. 0.65 0.0 1.43 0.045 0.035 0.040 0.026 978.00 9318.A.
1::1 0.000033 9~0. \000. 1000. 2 0_ 0 0.0 135A.20 1~?90.00 __ .. _·..: '" - .. -------

-----_... _-

·"1:1-· .
t .

I

.! :

---

---_. ----_.

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

----------------------------- ..__ .. - --

I ~ I.:.i:, ..D,· ---'--

!~I·--DI. -"I:' - -
DI·

, 10j --,.-- -' -~i" -- - --

'" -

I

1··- ----

..
D

i. - - - - --- ----
- -

,.. -

I
,--

. --

- -- ------

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

_.*---_.-

.1 ..
·-J
81"

: w I..I:===-----~--~-====------- --~~ -_.
D ------.-

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



- - - - - - - - - - - - - - - - - - -
,,~~_.__.- ._ _~..~_._---- ._._----_ ..__._.. _..- --_._-- ._---_ - _ - _-_.

PAGE 10

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

••••••••••• 0 ••••••••••••••••••••••••••••••••••••••------.-- .------ .• ---.-- _.'

HfC? DEI.E~SE nATEn ~UV 1~ upnATFO APR lq~O

f.QROR C0~Q. 01,02,03,04
'MnOlFTC~TION. 50,51,5?,~3,54

••••••••••••••••••••••••••••••••••••••••••••••••••

I'

I:

[TRACE"JITOC IS'll CHNIH

I.
I -r"- ---.---- .- ..--- .-' ..---- -..... ..-. .. .._--.... ..------,..."l TI AnUA "PIA CHHlt~fL • 1"10 TO INOIAN SHCOOL ROAD •
I, T2 IMPROVEU CHA~NEL ~I N.VALUf-.018 WITH MCDOWELL RO BRInGEI ·I-'-·TJ·"·-· . '11 on'-FlOTTOWVIDTW']II--SIOE' SLOPES -Q25 -- -.----.
."

I:: __J_I~~t~CK IN~_ NINV IO!_~ ~TR.!._ M~.!RIC HY!~S Q WSE~_'O

I" ~. 3. O. 0. 0.005000 0.0 0.0 O. 979.QOO 0.0

I:: --J2~PROr--IP[OT PRfVS--X!liECY----XSECH--,-N

........ - .. - .. _-"'- - ~- _~. . . -~ ...;": . . ...' .~. .

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

I: 2.000 0.0 -1.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 __ ...

! rl •

I"
I.~-·----_.......:..._------------------------------------------------------
I

I •

I,,' \!~ - -- _.

I:
1 .. 1-----------------------------------------------_._.-
...
I: -----

~

I:~=~==================I !:II ..-------~
i"

t I!:I - '
.\

i_·_

ll- ----------
I •__ ._-.- .-

.-- --

I"

>I::)\:I-===~==========



~ ...
~

- - - - - - - - - - - - - - - -
PAGE 11

- -
---_._- . -_ .._--_.- - - --------- ._._----_.-_. ...• ----.'

~ .
SECNO OEPTH C\oI~EL c~ I \015 WSEU< EO HV HL OLOSS RAt-'I< ELEV
o ULOA DCH Q~OH ALOB ACH AHOB VOL TwA LEFT/~]GHT

- T I~E ----. vLOq ---VCH ---VROA--- XNL "'-- XNCH"--- XNR - '--"-WTN---'ELMIN'--- SSTA

~LOPE XLORL XLCH XLOR~ JT~IAL IDe JCONT CO~AR TOP~]O ENOST

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

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

·p~OF 2

CCHVa 0 tl 00 CEHV--- 0.300---'- "'--- -...
"5ECNO "i.550

0 , .

t, .
i:
IIt ..
, ::\-3470 fNCROAt.HtollNT· STATJONS--- 9250.0---10150.0-- TYPE- -. __. 2 TAROET----tsOO.OOO- -.. -.-

t!., 5.~5 9.63 917.63 0.0 919.90 918.54 0.91 0.0 0.0 913.00
: . 4900n. 36543. O. 12451. 4432. O. 223A. O. ~. 973.00
i ··1-----· .0.0 .. - ..... 8.24 ---0;; 0 .--- 5.51 --0.045' --. 0.035---0;, 040-·---·-0.0---- 96fl. 00 - 9301,64

D' 0.0049(H O. O. O. 0 0 4 0.0 lHB.1610751},OO

;",--_. ---I'8' ·SEt.NO S.A20!: 1---3470 fPlCROACH~IHIT SiATlmls.,--Q250.0- 1 0150i 0-' TYPE- ---. 0 --TARGET- ---1500.0(10-
D'" ~.A2 8.R3, 980.A3 0.0 0.0 9Rl.26 0.43 2.67 0.05 973,00

49 000. 3S49A. o. 13501. 6390. o. 3091. 185. 33. 913.00
(1.05 ..---- .. 5.56---- 0; 0·---- 4.37- - 0. 045-·----0i035--- 0.040 ---0.035--972.00 -. 9250,00-

0.001633 1050.' 1000. 900. 3 0 a 0.0 1500.00 10750,00

--------

-----_. -

---- -----

.- .------- - --~-- ._----. -- -.---_.. - ----_ _.._----_. . - ._- - -.- ---- -------- -- .. _----
01. -SErNO 5.A50

I:: ---3410 f.NCROACH"'ENT snTIONS .. - 92S0; 0-1 01S0;O--TYPE- ._---- . (1 .. TARGET- - --1 soo. 000 ---- ----
01" 5.A5 6.9A 987.43 0.0 0.0 983.15 0.72 1.AO 0.09 975.45

• 49000. 23059. o. 25941. 3626. O. 3626. 343. 58. 915. 4 5
• - .. - -- .. 0.09 ---- h. 36--0 iO----·1.lS---0;04S--0 ,-03S·----0i040--0; 035-·Q15.45--9428. 48'

0 1 • n.003118 820.' AZO. 820. 2 0 0 0.0 1143.03 10571.51

0"

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

SPECl"L BRlnGE

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

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

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

55
3.76

0'" SR XK
1.015

XKOR
1.60

COrQ
2.60

R('lLEN
1500.00

BIIC
1100.00

fjWP BARrA
90.00 11276.00
--------_..- -----

ELCHU
975,52

ELCHO
975.45

.1-1 CCHV- 0.100 CEHV- 0.300
."ECNO l5.A60·

.,'-- CLASS A LOW no\ol--·-----------· .. ·------ _. ------_ .._-----------------------_..-- --------_._------- ----- -----

G
3420 API00E w.S.- 981.33 BRIOGE VELOCITY-, 6.92 CALCULATED CHANNEL AREA-, 7047.._--- ._-------

Ol~

01::
0'·

"'- I _

o



-
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- ----
______ 0 __ • -_.-

---
HV HL OLOSS RANK ELEV
AR08 VOL TW4 LEFT/~IG~T
llNR ..- ..- WTN .-- EL~IN --.-. S5 TA -----
JCONT CORAR TOPWJO E~OST

BAREA

11276.

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

aPR

49000,0,

OWf)R TRAPEZOID fLlC ElT~D
-.--.-.------- ........--- .. -- - ...-.. -.. _-•.. /lI1EA-------- --- -- - .------. -- -..---

11696. 986.64 990.00

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

0.18

-

983.?9

-

11.0

--
\~

~

• rr--~~~N-0---0-;~~~--.-CW5EL C~·~·\o'-S---~~;~~--E~

I
. Q UI.OR OCM ORQA ALOe 4CH
,r------TIME--VLOf\--VCH---VPOR --XNL --'XNCH---

I! '1 SLOPE XLOo:lL XLCH XLOflR lTR) ilL I DC

"

,---_._---_..._---_._------ ._-_.... _.._-._---_ ... - ._-_.._.
'I

C· .;
.. : EGPRS EGLWC H3

1--·--..·· --.. ----- ---

D'"

I'"

--_.. _-----_.. _- ---- -- - -
\

3470 fNCROACH~r~T STATIO~Sa 9250.0 10150.0 TyPE. 0 TAROETE 1500.0110
----- '5.• 'l6 -- ---,. OQ---91l2.f>r-'- 0.0 -.-- o. 0 -9~3. 29 --'- O.il6 ---- 0 .15- ---O~ 0 -- '--975. 52 ---------- --.---- - - .----

D!"\ 49000. Z4500. o. 24500. 3692. O. 3692. 353. 59. 975.52

!::,--o;no~5~~----~6~~ O;;i. b.6t-4-.--0~~~~-_-~-.~lg·---·~··~J~ .. ·---~O~~4-1~g:~~-I~~~~;~~----- ----- .-.. -

o lOt: -- .SECN~ (,.:l)O --.- ...-------.-------- - .. ---.-------...-.--- . -------- ... ---------------- -----.-

01,
.. 3470 EN~~OACHuENT STATIO~S- 9250.0 10750.0 TYPE- 0 TARGET- IS00.0~0· ,- J -. ".31 -- 6.3 9 '--"983.13-- 0 ~ 0 --- 0.0 ·-91l4. 00 ·----0.87---·- -- 0.65 ---- 0.05 ---916 ;74 ------- -- ----

01>[01 0\9000. 24~00. O. 24500. 3279. O. 3279. 516. 86. 97'-.110
" 0.13 1.47 0.0 7.47 0.01~ O.OlB 0.018 0.029 976.74 9434.96
• --- 0.000778- -- '1100.--1020--;---'" 930.-- - 3 --. 0------ - 0'-- O~ 0 -1130.07' 1051'-5.04 ----

01-
:,-IISEI:Nn ·(,;T)O--·-··.. - .---.- ...-.----- ------.- ---._-- --.----- . ----- ..... ---- ... ---------

---------- - -- ., --- .... - -

CI) , ..

G ,.

3470 ft'CHOACH~fNT STATIONS- 92~O.0 10750.0 TyPE- 0 T4RGET- 1500.000
.-------.. 6.71'--"'-' 5.23'--Qfl4;19---0.0·---- 0.0 ·--9Fl5.54-- 1.35-----1.40-.... · 0.110--- 97A.96 .---------- ----

4900n. 24S0U. O. 24500. 2629. O. 2629. 691. 119. qln.9~

0.17 9.3? 0.0 9.3? 0.018 0.01£1 0.010 0.0~5 97A.96 9438.04
.- 0 i 00 161 r- ·--1290 ..----. 290;---1290 ~--_.-. 2 --- - . 0 --- --. 0 '----'0."--1\23.93-1 05bl .96

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

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

"i':l-IISECNO 6.960-' . ----------.---------.- .-----.... -- ----...- ...--- ..-----..--------.----.----- .. -----------.---.---.- - --- -

01 ..
• 3470 fNCH04CHMENT STATIONS- 9250.0 107~0.0 TYPE- 0 TARGET- 1500,000
"1·------ I',.Q6 ----- S.?5--9Bt>.~6---0.0·--0.0"''''987.60 ---- 1.34'---2.0"--- OiOO·-'Hq,Ol·---·-------- - .. ---- .---

01" 49000. 24S00. O. 24500. 2636. O. 2636. B45. 152. flBl,O\
• O.~O 9.Z9 0.0 9.29 O.OlB O.OlA 0.010 0.024 981.01 943A,on
•. '-.. -0 .00 160 1- -12RO·.---l280.--1 zeo. -2--"'--' 0" -----0-·- 0.0-1124.00 '10562.00 ----...----.--. - --- --.. - -- -. -

01·'
·r-"SECNOr'120 ---- --'-- - ---...

o I~i

Olr~~----

0[1 ----- ,
o



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

j

.t.........._-

- - - - - - - - - - - - - - -
p~GE:
-

13
- I

~EeNO DEPTH e~SF.L CRlwS ~SF.LK EG
n ULOH neW O~OR _L0R ACH

-----_. T I "'E "'--VLOq ---'VCH'--- VRQA .--- XNL ._.... XNeH
~LOPF. XLOQl XLCH XLOAR ITRIAl IOC

t-'V
AROE!
:JN~

ICONT

~IL

VOL
--_. WTN

CORA~

OLOSS
TWII

fU'lN'
TOPwlO

HANK ELEV
LEF TIR I C;HT

SST A.---------------

ENDST
----_.- - \ .

:
.._------_.:

3470 fNCR04CH"1E~JT STATIOIJS. <l2S0.0 101<;0.0 TYPE. 0 TARGET. 1500.000
7.12 ·...... 5.25--987.18--·-0.0 ..·-· 0.0 ----9A9.1Z---- 1.33'--- ·1.5Z--· 0.00--- 9A2.5],,· .--.--- .-----

49000. 24500. o. 24500. 2b43. O. 2643. 961. 177. 98Z.S3
o.?] 9.21 0.0 9.21 0.018 0.010 0.018 0.023 982.53 9437.96

",--·0.0015f\9 --9511,--'950'-.----950 ;.-----_. -0---....· 0'-' -. '-0 .__._- 0; 0--'-1124. 07-105"2 ~03-----------------.------ -

I
I

',I-"'SECNO 7.360 - .- .. --------.-----.- - ... ----. ----_ ..__ ... __ ._-_. _.

:

I
I

__-<I,

---_._---,

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

P_-·-_··-. _, , . ._. ..__.. _.~ .

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

"I 3410 EM:kOACH"'f'q STATIONS. 9250.0 10150.0 TYPE. 0 TARGET· 1500.000
,," -\_..-- .... ·-1.36 -_. 5.24--98'r;n--·0.0·--- 0.0 --991.11---1 ;34---'1.99---' 0.(\0--9fl4.5J·------------------
,. 49000. 24500. O. ,24!;OO. 2636. O. 2636. 1112. 209. 9114.53

O,?7 9.30 0.0 9.30 0.018 0.018 0.010 0.022 984.53 9438.00i" j-'-- O. 001603------12')0.--.-1250.--1250;------ 0 -------0--·-----·0----- 0-;0---1124'~00--1 0562.00 - ----- .-----

,,,I
1"'-- 'SECNO T.t-50 ..- .. ---.....------

;.1 3301 HV CHANGED ~nRE TH_N HVINS'" _. - ..... , . --........_. -' .. --------- ... -----_.. ---. --- ...._-----

----_._--- ---- .. --I •, "

1:'- .

3470 fNCkOACHMENT STATIONSz 9250.0 10150.0 TYPE~ 0 TARGET. 1500.000
1. t-5 -- ..- 4 ~55---- 991.78----· 0.1l .--. 0.0 --993.63--- -1. AS -·-'-'2.36--' -'0 ~ 15'-'-- Clf\7. 23'

4900 0 • 24~OO. O. 24500. 2247, O. 2247. 1241. 239. 987.23
0.10 10.90 0.0 10.90 0.018 O.olA 0.018 0.021 9R1.23 9439.23

1l.002122 .. '---11 50;----11 Sl'I';----1150;----·-··Z .---- .. - 0--'-'- O--··O~·0---'121.53-}0560.,6---------·------- ---------,,

-- .._.. --._... __ .. ..._-----_.._---- --- ..._---_ .. _. -- ---- -----------------7.99 FEET

I •

!"I",
I·
I.
I

CCHV.· 0.100 ·CEHv.---O.300--.... --_· -.. . ..----. ---.-.------.----
.SECtj() 7.PH'"
32~n CRnss SECTION 7.89 EXTENDED

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

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

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

HV CHANGED MORE TH-N HVINS

3470 fNCROACH~ENT STATIONS. 6H'i0.O 11040.0 TYPE. 1 TARGET. 4190.000
1.n9---1.99--997099-- 0.0 .--_. 0.0 --9Cl9.0A--------l.09-·-- 5.3fl-- "'0.08 --1000.00

49000. O. O. 490(\0. O. O. 5843. 1421. 216. 1000,00
0,35 0.0 0.0 A.3Cl 0.045 0.035 0.040 0.023 '190.00 100?0.OJ

--0.0041"1--) 150-.--1500-.--1450. Z-----·0 ----- 0---0. 0--1019. '16- 110.0.00------------

I:I ~ ,_~ I.

i .. -

1··1
!•

'; .,
I.

I·
I '~

I" ,
I·,I---~-------., "

1

1:1-- \ ---- --- --, .,
I..."

>



----- --_._----------_._-----_..
________ 0_.__._-_ .•.-
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- - - - --------_.'---_."'-

[------_._--
- - - - - - - - - - ..

~[CNO DEPTH CWSEL CR!WS WSELK EO HV HL OLnss HANK ELEV

~ WlOq OCH QROR ALOB AeH ftpnA VOL TWA LEFT/RIGHT

-TI'~C'----- VLOR -----vCl-f-~POA--XNL --- XNC"'---XNR "---' WTw---rLHIN----SSTA ,----,------ ------ ---'--1.'

~lnpE XLORl XLCH XlOBR ITRIAL IDC ICONT CORAR TOPWIO ENDST ; ,
i

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

.SECNO ".lBO I

_·--37b~ OIVlnED FLt:lW-------·-·---;-----------------------------
----- ----- :

,~ J2A~ CROSS SECTlON B.IA fXTENOF.O 4.00 FEET
, --_. .,. ._- _. . ----------" _. -.._.~- - ---- ---------- ._------------ -_.- ----- -_ .. _-_.
,0

I
"t H70 F.~'CROACH~E·lT STATIONS- 7350.0 10990.0 TYPE- I TARGET- 3640.000

.. -- ---- 8.·1 B -"--10. on -r004; 00--·-0.0----- 0; 0 ·-1004.79---- 0.79 ---- 5.6A-----O .03'--1 OilS. 00 --._-- --.-

" 49000. ~079. O. 43921. 1990. O. SAbO. 1667. 340. 100S.00

'I" 0;41 2.55 0,0 7.50 0.045 0.035 0,040 (1.025 994.00 7360.1A

, -- (l.00Z8R9----.,b50;--1~80
-,--1550-, Z 0- 0-----O-;0--Z479;76l-0990~00

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

:"I
!~:- .~Er.NO A;190·-----

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

a

'1" 3?6~ nlV10[~ FLOW
".____ _. _. __ ._ _ 0 o. _. ~

_

,. 3~8~ 20 TPIALS ~TTE~PTEO WSF.L,CWSEL

:., J,.,9) P~f\flA"'LE ~1T~;I'''"1-\ SPECIFIC fNF.~GV

: ,,1---' 372fl CRiTICAL OF.PTK" "SSU:·IE~ -----.-- ..- -----.--------.-.-----.------------ - ------ ------.------ -----

'"1 347n F.NfPOACHMENT STATIONS~ 7350.0 12950,0 TYPE- I TARGETc 56~0,OOO

'
0

, ----.-. - •• A.1 '1 - - '--10.3<'>---1 n05. 39 --1005.39---- 0.0 ·--rOOo.]9---- 0.80------· n.zer---·- 0.00-1 n04. 0(1- --- ------ ------ - - -----

4900/). 496R. ]9809. 24143. 1984. 1987. 53&1. 1676. 345, 1001.00

0.41 2.~0 10.01 4.50 0,045 0.035 0.040 0.025 995,00 7414.55

.. 0 ;005712----· 50;-,----50-;----50;-----ZO·--·..---9-·----- 0·---- 0;0--S43lT'4S--12895' 7S·------- ------ ----

I~r--- . --- ----.---.------. ._-
".1 SPECIAL bPlnOE

-------------_. --_._------_._--- - ---- -_. ---
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-- -SEC/IO ".ZOO---·----- .. -..----.------ - -.-----.--------
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- ..--- TI t-<£. -- \lLOI1' ._- VCH---VROR:····--llNL··- .- XNCW---XNR . --- .,.TN --'-- ELMIN

SLOPF. xLO~L XLCH llLORR ITRIAL IDe leONT eOPAP TOPWI0

____ ,._ - _0 • .p._

flANK ELfli
LEn/R1G~T

SSTA' 
ENDSY

----·-·------1' :

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

34111 £Nr.~OACH'1E'·IT STATIO>lS- 12~(l.0 12950.0 TyPE- 1 TARGEr- 5670.(\00
'1.20 ·-·--10.7t>·--1005.7b-··· 0.0-- 0.0 1006.2"---' 0.50 ... 0.01 -- 0.0···· 1004.00·---·-------

490110. 6644. 11345, 25011, 2835. 2119. 6193, 1680. 347, 1003.00
0.41 2.34 A.19 3.91 0,045 0,035 0.040 ".025 995.00 1381.62

0.003507----·15, ..15.---15;---·--·0------· 0--·- 0""--"0;0 -'-5549.56-12931.18

.. _------j.

_______J
I

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

--_.. _ .._. ----_. -_. -!
I

·---------------------·------·i
I
!3410 ENC~"ACHHENT STATIONS- 2950.0 A500,O TyPE- 1 TAROET- 55~O.000

-- -- . R.?1····-·11.?O--·100(,.20·--0.0 --- 0.0 ·..1006.4}"---·0.21----·- 0.12 .-... 0.03-"1000,00
49000. 149';6. 3427.,.30621. 557". 492, 815A, 1695. ~53, 996,00

0,42 2.6A 6.95 3.50 0.045 0.035 0.040 0.025 995.00 31A3,32
'O.00162fi--·--- SO. SO, 50-.---- 2--'--· 0---·..·····0··-- 0;0----5304. 7er--84AB.l1--

-. -SECNO' Ro210 -' - ----.-----.---.-.-------

-- -SECNO·A.?IS·---·---
. . -----··-0-- . .. .. _......__..__._. ... _ .__._.. _...__ ---_.- ._._-----

3265 OIvIOEO rLO~
__________ • • ••••_. 0. ._____ _ •• • __ •••• _ _._-- .._~ --- ._._-- - ... _- ---_ .... --, ---- - -- .-- . ------_.._----- .._------

3470 fNrH04CHHE~T STATIONS- 7110.0 lebOO.O TyPE- 1 TARGET- 3490,000
-- .. - . 1l.?2·--··26."l5-rOOb~15---0.0 ·---n.o -loll6.4S---0.10 __·-n.03-- ··o.or--lnOO.OO··

! 49001). 3A049. o. 10951, 14326. 0, 5183. 1721. 361. 1000,00
0.4) 2.6(, 0.0 2.11 0.0 45 0.035 0,040 0.025 960,00 1201.08

11.000172 ...----. FlO;----OO-.----- 60;---- .. 2'-- ..... -O··----··-··0-·--O~0-3265.(\4-l0600;01)---------------·----

i:
, .

-. -Sf:CNO R. 41 0 --- .------.

3?b~ 0IvIrEO rLow
- • - • - • 0 ••• _0 ••••• __• _ _.- - - -_.- ---
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I
I'
I--- _. ---,.

347~ fNCROAC~HENT STATIONS- 1s00.0 10990.0 TYPE- 1 TAROET- 3490.000
R.41 2B.41 1006.41 0.0 0.0 1006,66 0.19 0.19 0.03 999.00

1-----··-49000.--5910.---·· . n .--41030 ."--4024, ---'--' 0 .... ·--11529.· ---211 B.--· 433,'--' 999.00---------------------·--·
0.~1 1.48 0.0 3.73 0.045 0.035 0.040 0.026 Q1R.OO 7500.00

0.000217 950. 1000. 1000. 2 0 0 0.0 3232.32 10990,00-------------

j
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0 - __ "_. __ " "0__•••_. _ .". • ._. _

.- .----- ----------
OFPTH C~SEL CPJ~S ~SELK EO HV ~L OLOSS ~A~K ELEV
llLO" OCH OR08 ALOB ACH AROB VOL TIojA LH TIP J GHT
vLOP-- -- VC~r--- vpon ------ XNL - ---- XtlCH ---- xI.n -"--WTN -----EUAIN· ---SST A .-----------

XLOPL XLCH XLORR ITRIAL IOC lCONT CORAR TOPWID ENDST

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

c;ECNn
()

Tl"1£
SLOP/=.:

.P~Hlf 3

,!--- CCHV. 0.100 CEHV.---0;300----'I ·SECNO ,\.550

I j-- JHO E:NcnoACH'AE~'T- STATJONS.---9250; 0--1 0150.0 - TYPE.-----2-·· TARGET. ----, 500. 000--------- -. ------ -----
,I 'i.r;':) 10.78 97R.78 0.0' 979.90 979,90 1.12 0.0 0,0 913.00
,I 69001". 4711!14. O. 21lQ6. 5242. O. 3103. o. O. 913.flOr-- 0,0 0~~~~ --- -- 9. ~ ~ ------- o. ~ :---6;~: ----- O. 04~ -----0. 0 3~ --- O. 04~ --- -0 ~ ~ ~--~~~;: ~~ -1 ~~:~: ~~ ------------ ----- --

I' . . . . .__________ __ _ _

,,

I,
I

I :
, :

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

---.-_.._----- ----------_. -- --- ----- _._-- -------
I: ·SECNO ".1150

I. -- 3410 E'JC~OACH'~E~IT STATI(l~IS-·---92<;0.O---10750~0-·TVPE·--- O' URGET·-----15(lO.OnO----- --- ------
__ .... n5 R • 39 ·98 J , R /I 0 • 0 (1 • 0 9 B4 • 19 0 • 95 1 • 92 0 • 1 1 9 75 • 45

\

_ 6900n. 32471. O. 3~S29. 4438. O. 4438. 419. 58. 915.45
. --- ----- 1).013---- ---1. 32---0-;0 ---- R. 23 -- 0-.045--- 0 i 035---- 0; 040---0 .035-975; 45-9423.39-----

O.n031A3 A?O. 820. 820. 2 0 0 0.0 1153.21 1057&.60
!

I .S£fNt') 5, alO

I
'I
: 1'--3101 - HV' CHANGfO MOPE -THAN" HVINS

I.I ,-- 34 'I'll fNc~nACH"'[~IT STAT IONo;.--<l250. 0--1 0150;0 - TYPE--- -0 - URGEr. ---1500 ~ 000 _... - - -- ----- - - ---- ..--.- --- --- - - --
I ~.R7 10.IQ ,Q~?.19 0,0 0.0 9H2.16 0,57 2.131 O.OS 973.00

i . ~QOOO. 41463. O. 21537. 1409. 0, 4111. 227. 33. 973.00
I ,'---" ('I. n~ ------ - 6.41 ----no n---- !5. 24 ---0 0045 --0.035 ---- 0 0040-----0.035----912.00- 9Z50. 00 ---------------.--.
, . 0.o017Qb 1050. 1000. 900. 3 0 0 0.0 1500.00 In1~0.00

I

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

SPECJAL BPIflOE
- -----------------~-- ....- ._--- _.- ----- ._._--------------------- ------- ---_._--- ---

0.300

SA ~K ~KO~ C0FO RnLEN ~WC ewp AARfA 55 ELCHUI 1.nS 1.60 2.60 1500.00 1100.00 90.00 11276,00 3,76 975.521'- --- ... -----------------.--------------- -..----.-.---------------- ------

I
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I ~~~~~oA.\:~~OFLOII---------- _. __
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ELCHO
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(
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I
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--_._-- ------

'I 3420 ARIOGE w.S.u QA3.68 BRIDGE VELOCITYu, ij.09 - C.LCULATEO CHANNEL AREAu,

-- EGPRS-----EC1LI-IC-----l-l3--- OliEJR----- QPR--------- ~"REA -- TR,H'E70ID----fLLC---- ErTRD

I
AREA

0.0 9A4.99 0.25 0, 69000. 11276. 11696. 9B~.64 990.00
------ - -- ------- ------- ------- ------------ ---------------------------------- ----------- ----------------

I
I

-3470 fN('POACHHEf-llST AT IONS.---n50 ~ 0---107'50 ;O--ryPEJI ---- 0 HRGEl'" ----15110.000-----
~.R6 R.S7 984.09 0.0 0.0 9A4.99 0.90 0.20 0.0 975.5?

h9000. 34500. O. 34500. 4544. O. 4544. 432. 60. 975.52
o• (\8 ---- --1 ~ 59 ---0;"(1"----7 • 59-- 0; 0 I 8---0.018--0.018----0,0 3.r--975. 52---9422; 73 -----------------

0.000512 61. 61. 61. 0 0 0 0.0 1154.54 10571.21

-------- - -- ------ --- ------ ---- -------------- ------
.SECNO 6.330

("

i: (

I

I
I-

i

(

---34 71) ENCR0ACHI.IE~'rsn TlO~Jc;.----9<'C;0~O--10750 ;-O-TYPE u----'O - TARGET- - ----1500 .01l0 ------ -----
~,33 7.H4 9A4.58 0.0 0.0 9B5.b~ 1,10 ~.63 0.06 976.74

"9/10(\. 34500. o. 34500. .4104. - O. 410 4 • 633. 8f,. 91f,.74
0.11 ---- R ~ 41----11-~ 0-----8.41--0-; 0 18 ----0-;0 1A---O~ 018--0;029--976. 74 --9430,90--

0.000136 11~0. 1020. 930. 3 0 0 0.0 113~.19 10569.09

\

(

---:f4l0- ENC~OACH'_1ENT"STl{"TIONr;.--9250~ cr--l 0750 ;rr-TYPE.--- 0 -- TARGET.---1500. 000-----· ----
".71 6.53 9R5.49 0.0 0.0 987.13 1.~4 1.29 0.i6 97H.96

~900o. 345 0 0. O. 345no. 3361. O. 3361. H54. 120. 91R.96
0.15----" 10.27 ---0; 0 ----10.27 --0.018 ---0.018---0; 0 1e--- 0; 025- --978.96 -- q~ H, JT -

0.001424 1290. 1290. 1290. 2 0 0 0.0 1131.26 105~5,6l

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

,-,
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(
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---- - - -------- -------_._------
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----- -_._------
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I
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(

(

,-34 70 F:NC~OACH~IE~IT STAT I n'~s----qz50. 0--1 0750; 0 --TYPE- ------ 0 -URGET"--- -150 0 ~ 000 ----
~.Q6 6.33 987.34 0.0 0.0 989.09 1.75 1.93 0.03 9R1.01 I

69000, 34500. o. 34500. 3247, . o. 3247. 1048. 153. 981.01 I

-----0.16--10.62--0;O-~ 0 ~ 62--0.-018 --0-'-018--0 ~ 0 18--0-,024-""981.01-94 34 ~ 93 ---- ---I
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I
_____ --------1

J'--- _
...... 4-····---~-.. ····f-·

(

(



--
19
-

PAGE
----------------I

I
l
.~.__. ----_.- .. _._--_.. ------- ..._----_ .. -----_. ------"-" .-.-------_. ----_.

r
<;ECNO Of'PTH CIoISEL CRJWS wSELIf Er, f-lV HI. OLOSS ~ANK fLfV ! .

. 1-.· ~I~E .--~~~~ ·_~g~-----e~g:-··-~~~B--_.-- ~~~H --.- ~~~A .. --.~~~.--.. ;~~IW~~-~!I~;~~T.-. ----.------.:.
I "LOPE XLOPL XLCH XLOnp JTPIAL JOC ICONT CORAP TOPwID E"'OST i:
1-. ...... . -.-.- .. - -.-----.--.-..-----.... -.. ------- -.- ... -...---- ... --.- ...-.-- ... -.----.- -. -. ---- ..-..---.------------- ---- _. 1

-SEt:NO 1,120
, -1

I

I
-- 3470 F:NCROACH"'E"'T STATIO"lS.--92'iO,O ·-10150.0-' TYPE- --- 0 - TARGET •.. -1500,0(10 ---

7,1? 6.]2 98~,P5 0.0 0.0 990,61 1.76 1.52 0.00 9P2.53
69000. 3 4 500. o. 34500. 3242, O. 3242. 1190. 17~, 982.53

. -----. 0.20 ····--10.64---·0,0---10.64 .-- 0.018-- 0.01 fl----O .01 8·---0. 023 --- 9fl?,53·-94J4.96----------------
0,001603 950. 950, 950. 2 0 0 0.0 1130,07 10565.04

___... .. ··.•. · .0- . .. __0'__ _ .._. __....._ ._ .•. .__.. . . .._ . .

-SECNO 1·.360
-----_._---- -- ---~

._----

i.·---------_._-- _.

---3470 ENCROACHJ-IF.NT· STATIO"lS.--Q2'50~-(J--I01'50.·0-TYPE.--- 1\ ·BROEh - ---1500.000---··
1.1h h.)) 990.Ho 0.0 0,0 992,62 1,7~ ~.01 0,00 9P.4.5)

6qOO~, 34500. o. 34500, 3241, O. 3241, 1316, 210. 984.53
- 0,24 ·----10.65 ---0.0---10.65---0;018 --0;·018--0; 018 ·--n ~ 022 ·--·Q84 .53--9434.96-----.

0.001605 1250. ·1250, 1250. 0 0 0 0,0 1130.01 10565.03

-SEC"lO 7."50

3301 HV CI-IANGEO 'WR"-THAN"HVTNS·· -... -.------ ..- .--.__.-.. --- ... -------.---.------- ... ------.------. '-'-

. ;-3-'10 fNCROACH"PJT· STATIONS.-- Q2Cill .0--10750;0- TYPE. --·0· ·-TARGET-----lS00 ~ 000--·- - - .- - --- - ..
7.h5 5.S3 992.76 992.67 0.0 995.12 2.37 2.32 O,lb 981,23

~900n. 3450n. II, 34500. 2195, O. 2195. 1535. 240. 987.23
0.76 ---·12. 34---0 ~ 0 ---12. 34--0~018--- 0; 0 I A-··- 0 ~01 8 .-- 0.021--987 ;23-9436,27"·-------
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1

3470 F~jr.'lOACH~ENT STATIO~IS- 73<;0.0 129<;0.0 TyPE- 1 TARGET- 5600.000
. A.19 -'--'10.74'--100';.74-1005.74 .-.- O. fl '-'1006.76'--" 1. 02-'--' O~ 20--"-- 0.07 '-1004 i 00-----------·----

~9000. 92?9. 24606. 35164. 2786. 2111. 6333. 2119. 374. 1003,00
0.31 3.31 11.66 5.515 0.045 0.035 0.040 0.025 995.00 13 A3.51

n,007143'---50 -.----50;----50.·---·-·20 -----9 --'-"--0'--"0;0--5545.15-12929.66'
,.

"

I

-i'
I

._-----_.--_._--- ------------- ..- -----_..'---"---'-'" - ._---.. ,_. . . _ .. _.__._ .._.
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I
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----- TI~'E -----VLOR ----yC...-----YROR - --XNL -------X~ICH

~LOPf XLO~L XLCH XLO~P. ITRIAL IDC

t-IV
hnnB

----- XNR
ICONT

HL ('LOSS
VOL TriA
'oiTW------fLM IN
CORAR TOPIoIID

AA~K ELEV
LEFT/RIGHT

SST A ----- -- -- --- -.
E~Jf)ST I -,

I__1

I-
____0 __ • _

!.
3470 FNC~OACH"E."T STATlOtJS- 12~O.0 12950.0 TYPf... 1 TARGET- 5610.000

f--·-·----- Il .?0-·-----11.21--,006,27---·0,O .-.- 0,0 --1006,8<;'--- 0.51 _.-- 0,09'--"- 0,0 '-1004.00
69000. 1211J. 20708. 36179. 4051. 2304. 7R63. 2124. 37~. 1003,00

0.31 2.99 A,99 4.60 0.045 0,035 0,040 0,025 995,00 7321.06
.r--'--n.0031AO---lS. 15-.----15.---- - 0----' 0---- -. 0'-- --- o~o --S"22~q4-12950.00---------- --.--------

.r -<;£CNO 'l.21 0------ -. ------------ -....•-------
- 0 - _

3410 FNCHOACHMplT STATIONS" 2950.0 8500.0 TYPE- I TARGET. 5550.000
1------- --- 8.71------11.13--1006;13---0.0 ---O~0--10n7.01---0.28----0.13----- 0~03-100n.oO ---.--

~9000, 22015. 4176•. 42809. - 6865. 524. 10291. 2142. 383. 996.00
0.38 3,21 1.91 4.16 0,045 0,035 0.040 0.025 995.00 3061.20

,-,----0.001 9f,4 -----50. 50, -so. -----Z------ 0-------0--- 0 ;0----S43A'7rflSOO. 00---------------------

.r-- -SECNO - A. 21!i _. - - -..---- ------ ---.--------.---.---------.------.---- --- -'---- ----- - ---- -

)2b~ OIYIOEn FLO~-- .. ---_ .. - -_. --",.- '._--_.__._. -._._---- - .. _.----- _.. ----- .'-... _--_.- ..~-._._----_._ ..-._-- --------------'------- ------ -

I-

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

3470 fNCROACH~ENr STATIONS- 7110.0 10600.0 TyPE- 1 TARGET- 34QO.OOO
1---- --- R.22 ----n .90~006.90--- 0.0- ---0. 0 ---I 00T.07-- 0.16---·- O. 05----- 0.01-1000.00- - -- .-----

~900n, S32hS. O. 15135. 15834. O. 5S1B. 2118. 391. 1000,00
0.3~ 3.36 0.0 2.85 0.045 0.035 0.040 0.025 980.00 1154.0)

0.000290 - ----.- R0.---80-. A0;- - 2 ---- ---- 0------0---- 0 ~ 0---3337; 6'-1060 0 ~ 00---------·------ --- - - ---- I

LI-'-sECNO A.'10.--- .. .. ._. .________ . i
I

'I" 3265 OIVIOEO FLO>!,. - -_... --'-- .-.- ------_._--- -----_ .. _ .... --.- _._-- ---_.-.._.._---------------_.- --------.

I~: _~_28~ _CRO_S~__~C~I~~ ~._~_~E:~~~ 21. ~_:_E_E_T ._. . . _

i. 3410 ENCROACH~ENT STATln~s. 7500.0 10990,0 TYPE- 1 TARGET. 3490.000

\
.- 11,41 29.11 1001.11 0.0 0.0 1007.43 0.32 0.32 O.OS 999.00

, . -.----. h9000. --99<;6 ;----- -- n .--59044 ~--- 5544.--- ---- o. -- 12092.--· 2613.---- 464.--- 9C;9. 0 0 ---- - --
, 0,44 l.AO 0,0 4.~A O,04S 0,035 0.040 0.026 978.00 7500.00IJ_~~on3t.3 950. 1000. 1000, 2 0 0 0.0 3262,19 10990.00 . _

,-

I,"1 ------- -- ----.
.,

I ::~ ------------- .--- --..-
-.

1,"1 ---- -- - --- -
i
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I
l.[----

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

-' ••••• 0.0 ••• 0.0 ••••••••• 0 •••••••••••••••••••••••••• --.----

HF.:C7 0Fl.fflSf OATEn ~IOV 16 UP(HTEQ APR 1900
EQ~OR cn~p. 01,n2,01,n4
MnOIF'ICIITTO>.J· 50,51,5<,,53,54'" --- ..

••••••••••••••••••••••••••••••••••••••••••••••••••

___• • 00

1--- . . ._--_.-..... - . ---- -------- --------------_._-

TI AOUA FPIA CHANNEL. 1-10 TO INDIAN SHCOOL ROAD.
T2 IMPROVEO CHA~~EL WI N-VALUE-.OIB wITH MCDO~ELL RD BRIDGE

,,-13 --- - '''1100-ROTTO'C'WIOTWJll-STOE'' SLOPES 0100 -.----- ...-.-.-------------- -_.__._--

I'

Jl ICHF:CI< I "IQ NINV IOIP STRT METR IC HVINS a WSEL F'o
.. _--" ..._--_._._- - ..__._- ------- -" _._-----.-.-

o. 5. o. o. 0.0 /).0 0.0 O. 979.900 0.0

---'JZ-rJPR(1F'-~PLOr PRFVS l5ECV--~5ECH--F'n-- A[(O-c IRW CAfJl'" ITllleE

15.000 0.0 -1.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0

-- ----

I ----"

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

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

-------

..

\
·1.---------·. ..-._.--.

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

-----

\.,

i:\ _.
l~
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-
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- ~
i
\ c
I

------~._--_._ .._- .__ _- ---'.,

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

C;EC"In
1/
T I "'e: - ._...
'SLop,,"

O~PTH r~SEL CRIWS ~SELK En HV ~l OLOSS BA~K ELEV
DLOR UCH OQOR ALOB ACH ftHnR VOL TWA LEfT/~IG~T

VI.OR--VCH---..VROB--~NL "--XNCH--- XNR ----·WTN ---- ELHIN--' SSTA -------------
XlORL XLCH XLOBR ITRIAL IOC ICONT CORAR TOPWI0 ENP5T

c._----, .\
I:: (

-PRnF" 4 .(

CCHV. 0.100' cn~v.·-"o.)OO---·-·-_...
-SECNl) ".550

___.• _.M _. __

I: (J

c

c

c

(

_i

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

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

._.._....--------------_..._--_ .... ---_._._---- _.._------_._-- .._-,,-------------
·SECNI') 5,A20

-3410 HICROACH~'f:NT STA T1 ON!:a-- nc;o. 0- 107~0, O--TYPEa ----2--- TARGn----1500 ;000--'--- .
c;.~5 11.90 Q7Q.ClO 0.0 979.90 9Rl.23 1,:\3 0,0 0,0 97..1.no

Cl\OO~. 5Q7J2. n, 31l~8. b03R. O. 3940. O. O. 973.00
. - -~.o ----9.69·--noO----l.94--0i04S-- 0.035--0;040 -"-0.0 ..--·-96"1,00-9281.00-----------------
0.0049c;~ 0, O. O. 0 0 0 0.0 1469.00 10750.00

-'330 l' t-lV CI-fAt'Uj ED' ~lOR( -THI N""HV I NS-' - ----..-....... ------- --- ... ----.---

(.

(
______ ..i\

a URGETa ·-1500.000-----···
0.72 2.91 0.06 973.00

5074, 2&7. 33. 973.00
--'0,040-"-"0.035"--'972.00 -- 9250.00----------·---·- - ---------

a 0.0 1500.00 10750.00

3470 ftICROACH"'U'T ·5TATIO"l~a--·q250;0-10750.0·-TYPE.---
5. P2 11.4A 983.48 0.0 0.0 984.20

91000. bODA. 0, 308(,2 •• 8372, 0,
0.04"-'--" 7.lR---0'0 ---·-6.08----0.045--0.035

0.0019\2 1050. 1000. 900. 3 0

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

-SEr.I~() C;.A5U .. ~

~.

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

_. 3470 fNr.ROAC~~lpIT-STATtO·J~.-- ·Q2S0' 0--1 07'i0~0-TYPE.-- n .. URGET. -1500.000 ---
~.P5 9.71 985.1b 0.0 0.0 9R6.36 1.?0 2.02 0.14 975.45

91000. 42A?4. O. 'AI16. 5203. O. 51.03. 49\. SA. 975.45
.. _ ...- 0.07----- 8,23---0. 0-----9 .2~---O..0.~-·--0.035--0 .040--0. 035-975'.45- 9.lll.64------------------·
0.0032R7 B20. A20. B20. 2 0 0 0.0 1162.7~ 10581,36

(

c

c

--- --_.!

-- ---,: c
._--_.- ...._----

R~P BAREA 55 ELCHU ELCHO
90.00 11276.00 3.76 976,61 916,4fi ... __ . _

!: c
I'
I

awe
1100.00

ROLEN
1500.00

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

COF"O
2.60

0.300

)lKOR
1.~0

SJl )II(

1.05

SPECIIIL 8RIOGE

CCHV. 0.100 Cf:HV.
-SECNO 5.~60

-CLASS"A-LOW-fLOV----------------------------------------
(

-------- -- .... - - -']' G

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

c
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PAf,E 24 ~

~Er.NO Df.PTH C~SEL CPlwS WSELK EG
n OLOH DCH OR OR ALOB 4CH

----T {fAt ..- VL OR -- VCH---'VROR -'--' )'NL .. __. XNcH--- -

~LOPf -LOAL _LCH XLORR ITRIAL IOC

HV HL OLOSS HANK ELEV
IRnB VOL TWA LEFT/PTAHT
XNp·----·- "'TN .---. FUlI "r .--. SST A- -- .- -- - -- .- -- -

ICONT COPIR TOPWJO E~nST
;

i

(

3420 RRIDGE w.s.- 984.92 BRIOGf VELOCITY-, 9.22 CIILCULATED CHMJNEL APU-, 9826.

,-- EOPAS'" ---EOLWC '---'H3----' al/EIR -,-'- OPR--'- ._. BAREA'

I 0.0 9A"'."2 0.34 O.1__- ..-- ... . . . .______ ... _ .__...
I

i
91000. llZ76.

- TJUlPEI01 0"---'-- ELLC--' . ELTPO
AREA

1169b. 9ft"."4 990.00
-~---_.

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

-3470 ENcpnACH~UIT'STATTnNC;-'--92"iO~0--10750~0'--TVPE---0 TARGET- --1500.000---' . -----.. -'1
5.~b 9.9A 98"i.50 0.0 0.0 986.62 1.12 0.26 0.0 975.52 !

91000. 455no. 0. 45500. 5359. O. 5359. 506. 60. 975.52 I'
--"'- o. n7 .. --.-- 8.1+9--- 0; 0--- A. 49----0.018--0; 0 1R---O. 0 1B'--"O. 034 ---975.52 --'9417. b 7'-' -.-------- i

0.000519 "'I. bl. 61. 0 0 0 0.0 1164."'510SR2.32

-_.-.---_._~, ..__ ._-----_.- ----- ---.---- _. ------

-SEeNO b.330

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

i
I

\

'-3470 ENr.POICH"'ENT· STlTtONS----92~0;0--1 0750 ~ 0-- TYPE--- 0 . TIIRGEh--J 500 ~ 000--""
"'.33 9.71 985.97 0.0 0.0 9A1.31 1.3~ 0.63 ~.01 976.74

91000. 455 0 0. o. 45500.' 4896. O. 4P96. 745. 87. 976.14
0.1 0 --' - 9.29 ---0'; n----'9.29-0.018'--0;0 J 8 ---. 0 ~ 0 19--0-. 029 -'9 76. H'-'a 27 ~ 03------------------ --'----0

0.no0716 11 0 0. 1020. Q30. 3 0 0 0.0 1145.94 10572.97

---- --

,_-,_-1

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

I.

I

__-·_-0_---

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

L-SECNO ~.710
I,

330\' HV C~4ANGED ~·OPE·THIN'tlVJNS---------- -------- ..-- ------.....-----.-------..----- -.---- 1-

I-~'" 10 ".C'O'CH",., 5TATlO'".--· 9250.0-'10150;0-- TYPE-·----- 0 - TAPOETa' -.500.000'--'" .._- -.-- --. i

~
~.71 7.82 986.7A O.n r.o 988.70 1.92 1.21 0,11 97H.9~

91noo. 455 0 0. o. 45S00. 4092. O. 4092. 1011. 121, 970,96
,--" -.- .. (1.13 -_..- 11.12--"0;0 ---'11.12--0.01 B---0~018-0;018-- 0.025--978.96--9430,72 --------------,

0.0012 Q3 1290. 1290. 1290. 0 0 0 0.0 1138.55 'O~~9,11

__ ..,--" , , ,_,__ ... __... _... " __•. ._ ..__•._,-_._:.:... :0_. ._--------

-SECN(1 ".9bO

1~-341n fNCHOACH"F.tI'I STATIOtlc;.'- Q250~0-10750.0-' TYPF..--- 0 TARGET- -'-1500.000--
~.9b 7.42 98A.43 0.0 0.0 990.58 7..15 1.Al 0.01 9Rl.0l

91(100. 45500. O. .5500. 386A. O. 3868. 17.45. 154. 9Ul.01
------ 0.16--11. T6---(l.·0---l1~7o__0;018--0.01A---0;OJ9--0·;OZ4--961.0J-9431;R4----------------

0.001557 12AO. 1280. 1280. 2 0 0 0.0 1136.32 10568.16

.~,
I

I I -~

I"
\



- - - - - - - - - - - - - - - - - - ~,

}---_..-
i ~ECNn OF.PTH C~SfL cqIWS ~SF.LK Ero

~
- - ~I~E - ------ ~~g::.---~~~ ~~~~-----~~28 ---·:~~H

SLOPF. llLOPL llLCH XLOflR ITRIAL IDC

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

-SECM) 7.120

HV
~~nA

llNR
ICONT

HL OLnss
VOL TIIA

---WTN ------- - FU'l N

COR,\P TOPWJD

PAlIK ELF-:\I
LEn IR I C;~T

SSTA
E~Ins T

P~(lf is

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

I

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

-3411'1 ENCfl0Ar.H'1P:T ST.TTorjs.---n50.0--10750'0--TYPE. ---- 0 TARGF.T.-·1S00.000 ---
7.12 1.38 989.Q) 0.0 0.0 9Q2.09 2.1~ 1,50 0.0) 9R2.~3

QI000. 4~SOO. O. 45500. 3R4). o. 3B41. 1413, - 179. 982.53
-.---- 0.1 A- - - 11, RS--- n, 0 ----11.~S----0.0 18 ---0;0 I A---- O. 018- -0.023 --_. 9{\('.1)3 -9431. 97 ------
0.001594 9~0. QSO. 950. 2 n 0 0.0 113~.05 105~B.n2

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

-~ECNO 7,360

---3470 ENC~OACH"E~IT STATJONS.--- 9250.0---10750.0 --TYPE- --- 0 T4POEh ----1500.0(l0-- - ---
1 •• 6 1,)7 991.90 0.0 0.0 994,09 2.10 2.no 0.00 9P4.53

911'100. 4~5no, 0, 4~500. 3~3~. O. 3A3~. 1~34. ?11. 9H4.53
n • ';> I I I .8(, ----- -- n• 0 ----- I 1 • Rf) ---- 0.018 - ---- 0.01 p- - --. 0.01 8 -- - - 0.022 964. <; 3 ..-q 4 3 2.00 -

0.00161'11 12~0. 1250. 1250. 2 0 0 0.0 1136.00 10568.00

----- I

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

.SEr.Nn 7.~5n

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

-I
-I

.[ :::: ::c:::::::,,:n::::,:::,:~: 9" o. O-~~l 0150':~ .lY" ~~-: T~'~:El.--~:~~:n.:: O--~· ... ~ -- ._-------------------

7.~S b.4~ 993.~~ 9Q3.~6 0.0 996.60 ('.91 2.30 0.2? 9R1.23
911'100. 4SS00. n. 4S500. J3Z6. O. J32n. IA23. ZitI. 9~7.23

- O.?4 ---- 13.6E\·----O.0 ----13.68---0.018 --0~(\1R ----- 0.01Il---0.022-- 9fl7.23-- 9433.43
n.0025~R 1150.. 1150. 1150. 4 11 0 0.0 1133.13 10S66.~6

----_._._----- ------------ ._----------------------------------
_'I Cr.HV. o.lno Cf"HV. 0.3110
! '" -S£CNO 7,I1A",i .. -- 3280 eROS,> SECTJON----"';-R9- EXTENDEO----IO'38 n:ET------------------------------------ --- ---_.---_.

I_ 1- 3301 HV CHHIGFn !Al)PE'''TH4'~- HVINS - ------- ._.----_._-_ .. ----_.. - ... --_ ..- _... _-_.__ .. _-- ------.-._.

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

j~i---3HO--f,....CROACH.~ErJT STATJor~S------F,R50.0--11040;0--TYPE.---1 -TARGET- ----4190.000- -

I
- 7. A9 10.39 1000.39 99R.R4 0.0 1001.92 1.1)4 5.1Q 0.14 1000.00
" 91000. 5812. O. 8S1Ra. 2223. O. 8299. 2120. 336. 1000.00

I
, ------ -0.<'6-----2.1'11--- 0.0---1 0 .2~---O. 045---0.035--0 ,040-- 0-,-023-990,(l0 ---7165.20------

0.004649 1750. 1500. 1450. 6 11 0 0.0 3874.80 11040.00
\,-
I"

I
1-'
I, ,

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

------_.-

-------

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



SECNn DEPTH CWSEL CPlwS wSEL~ EG HV HL 0Lnss ~~NK ELEV
() IlLOR nCH QIWR ALoa ACH APoa VOL TwA LEFT/RIGHT
T I~f -.-- --- VL on ---VCW--VPOR--- XNL-- ---X~)CH----XNR --wTN ELMl~I----SSTII
SLOP~ XLOPL XLCH XL ORR ITRIAL Inc ICONT CORAR TOPWID ENoST

- .-- -----------_._----------------.
-SECNO P.)flO

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

---
------

PAGE 26

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

---------------'I~
'f -.- --

I:'
I

"
I:
I'
I

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

----..-.---.---- ----------.---- - ---- ---- -- i

i8.1A EXTENDED 6.39 FEET
.._---------_ .... --_ ...----- _._-----_._----_..__. -_._------_.

3301 Hv CHANGED ~ORE THAN HVINS

i:: 1 3~a.0 __~_Rn.~2_~_E_~!~~_N _

i::
I
'"

I:.1-·3?6C:; nIvJrlEO rLow--------

1"1 3470 ENCPOACHHENT ST/lTIO''lS- 7350.0 10990.0 TYPE- 1 TARGEh 3640.000
I.. ---- -- Il.t 8 --.' 12.39--'1'00" ;3g---0 ~ 0'--' 0 ~ 0 --1007.22-- O. A3 ----- 5.23-- - n. 01"---1 005 .00 -- .. -- ---

r 9100(\. 23fl12. O. ,671(,8. t>2BB. O. lJ199. 2582. 47". 1005.00
I_ 0,34 3.79 0.0 8.19 0.045 0.035 0.040 0,025 994,00 7350.00
10 --- 1l.002";10 --1650;--15RO;--'550;--- 2------- -0 ---- ··---0----O~0·-·-:H·ll~IHI-In9qo;OO---------------- -------

I

I}---SECNO 11;190----- ------ ------.---.-. -----------------.------- ------ ---- -

I~ 3410 ENCROACHI-'['lT STATI()~IS- 1350.0 12950.0 TYPE- 1 TARnEh 5600.000I- ----- -. Fl.19 -.-_. 11.H~ 00f,. 74--- 0.0 ---. 1).0 - ---1007.39-·---- I). f,6 ---- 0 ~ 16----· 0.02'-1004.00 ------------

I" 91000. lR5fl9. 2401l"'i. 4R326. 5179. 2474. 9214. 2600. 481. 1003.00
" 0.34 :\.59 9.74 5.24 0.045 0.03,,; 0.040 0.025 .995.00 735(1.00

--'-0. (10' 0:13 _---- 5 n. 5lr.---50-;----- 2 ------0 ---..--0---- 0~-0--5()00 ;-0 0-"Z9 50;00--------------------------------

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

SPfCIAl. ijPIDGE

1014 .001010.00

TRAPE10ID ELLC ELT~n
fiRE ~.----- .. - -- ------- --.--------------- -- .. -- ---.

83300,

BAREA

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

22150,91000.o.

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

0.2b

-.-. ---_._-------- _.._---.-.
1007.54

EOL~C HJ Q~EIR QPR.... 'e_. .. _.._. ..... '" _ .. '. __ . __ .~ .

n.n

HIPRS

" -"5"" -ltll: ---------HOR conJ-----ROLEN----RWC -----S.... P ------SAREA SS E[{;RU--nCHD ---
1,1 1.ll5 15.50 Z.70 0.0 6000.00 1100.00 2215(1.00 0.0 993,~0 993.(10

I:-- -~Er.t-JO 11. ZOO _.. .------.
. " CLASS A LOW FLOIol

I:: -~4zn- RPTDOt''W.; s. ---,006,7l-BPIDGCVElOCITY-. -.- ---1; 35" - .... -CflLClltATEO-l:H."'Nft:;-"A'PE1i· .---67233. ----
I •

L
I: "

~II 3470 fNr.POACH~tE~1T ST"T Jnt~c;- 72Fl(1.0 12950.0 TYPE" ) TAROET- 5610.000
,,-.-- ... R.20·---11.99--100f..99---0.0 -- 0.0 '-1007.54-- 0.54------0.14--·- 0.0 --1004.00 ----"I Qlnon. 197bH, 22730. 4A502. 5809. 25~3. 9920. 2606. 463. 1003.00
v 0,34 3.40 R.~7 4.&9 0.045 0.035 0,040 0.025 995.00 7280.00
• ---O.0031Q_-----15, 15. 15. 0 0 0 O-.0-S6700-011-,2950..-0".O------------------- ----

·Ll --.- . _
)
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--_.-.__._-_. _.. _---- -----_.- ------ -------'------------------------ -

c;EC'~O

()

TJ1-4(
SLOPF.

DFPTH C'riSI':L CHIIoIS
oLDn OCH OROf'
Vlon --- ----VCH - --- VPOR -
XLOPL XLCH KLOHR

\o.'SELK
ALOB
XNL
ITPIAL

((";

ACH
XNCH
Inc

HV
AH0R
XNR
JCONT

HL
VOL
WTN
COPAP

OLnss
11'106
ElI~ I ~I 

TOP.,ID

RANt< F:LEV
LF.fT/HJGHT

5STII ------------------------

ENDST

-. _.- ._- - --- _.-------_ .._-- .------_.. ------ - --i

-SEOJO R.?IO

--)470 ENCROACHMENT STATIn:lc;.--19S0.0-- A500.0 --TYPE- ---- -- 1 TARGEr. --55'>0.000 ---
A.21 12.3~ 1007.15 0.0 0.0 1007.68 0.33 0.13 0.01 1000.00

9\000. 302 Ql. 4100. 5"929. 8449. 561. 12082. 2h29. 490. 99h.OO
-- - - 0.35 ------3.513 -----8 ;52-----4. 6r-- 0.045--'--0.035--- 0 i 04 0--- 0.025--- 995.00 -29"0; 0 0------

0.002048 50. 50. 50. 2 0 0 0.0 5"5~.00 8500.00

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

_____ I

I
I

-----.-- --- -_._----------~---- -------------------1-- ....-- ...------- -.-----------.
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ATTACHMENT 7.5

HEC-2 RESULTS FOR REVISED
CONDITIONS WITH BRIDGE
AND CHANNEL S = 0.0002'/1

o 10 = 16,000 cfs
o 25 = 49,000 cfs
o 50 = 69,000 cfs
0100 = 91 ,000 cfs
SUMMARY
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ADDITIONAL SCOUR ANALYSIS
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7. 6 ADDITICNAL SOJUR ANALYSIS

'Ihe purpose of this attachrrent is to provide additional scour analysis informa.tion
on general 1::ottom scour for the steep charmel, with hardened sides and local
SCXJur at Cl~annel obstacles.

Channel Botton Scour for Steep Slope and Side· Bank Protection

Acrording to the FHA manual (Ref. 1) and other sources, this type of scour is
difficult to evaluate since very little data is available on the Subject. If
side slopes are protected and channel 1::ottom CXJntrol structures are utilized,
it is apparent that 1::ottan materials will l::e entrained and transported out of
the reach of rivers under consideration. Thus there is a need to determine
how deep l::elCM the proposed channel invert such structures as bank protection
should extend in order to l::e safe fran undercutting and possible destruction.

The FHA manual presents a reccmrended fOr:rIU.1la based UFOn data obta.ined by the
Q:>rps of Engineers as follows:

Y = 4 Y F 0.33
s

where Ys equals the SCXJur depth, Y equals the urm:xlified flCM depth, and F
equals the Froude No. Because of anroring, this equation may l::e reduced by
as mud1 as 50 percent (FHA manual) •

The above equation may l::e approximately solved by assuming that a Froude No.
of 0.18 may ultimately l::e established for an assurred design discharge of
91, 000 cfs. For the proposed charme1 gecr.BtIy, these numbers yield a depth
of about 19 feet which rreans that the SCXJur depth \\Duld l::e about 9 feet.
Entering a Froude No. of a.18 and a depth of 10 feet into the above equation
(and reducing the result by 50 percent as is recx::mrended) yields a scour depth
of about 11 feet. This rreans that the original assumption of a Froude No.
of a.18 was a little off. without going through further trial-and-error
efforts, assurre a scour depth of 10 feet. I \\Duld reo:::mrend that structures
such as side slope prote~lion and channel drop stnlctures l::e protected to a
depth of 15 feet which should insure their safety.

7.6 - 1



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

Lceal ScOur at Electric Tower Supports - Steep Slope

Assume tower supports are circular in shape, constructed of sheet piling or cas
sons, 70 feet in diameter. While other shapes may be preferable to streamline
flows, they are not reccmnended because of the FOssiblilty flows may be skewed. A
skewed flow could approach the structure at an angle and local scour conditions
would be worse than for a circular structure.

Very little information is available on such structures. Although there is a
great deal of information on piers, there is virtually no information on large
diameter structures. As indicated in my previous memorandan, very little general
scour is anticipated; however for the steep slope alternatives there may be same
channel tottcm ted material IrOvement as was estimated at::ove. Local scour may I:e
approximated by using an emperical formula that is widely used to canpute local
scour at obstruction to flow caused by structures perpendicular and attached to
channel banks (such as a groin). This formula, given in the FHA manual, is

Ys ~a) 0.40 0.33-- = 1.1 - F
Yl Yl 1

where Ys is the scour depth, Ylis the undisturbed flow depth, "a" is a charac
teristic length (such as length of obstruction) and Flis the undisturbed Froude No.
From the previous HEC2 computer analysis Yl and Fl are on the average about
9.4 feet and 0.53, respectively • Using these parameters in the above formula
yields an equilibrium scour of

Ys = 14.2 feet

which assumes II a" equal 35 feet (one half of the diameter of the proFOsed cas
sons). That is, it is assumed that two horseshoe shaped vortecies will develop on
the downstream side of the casson. Instantaneous scour may be 1.3 times as great
as the equilibrium local scour (FHA manual) and hence

Ys = 18.4 Feet

Consequently, assume scour depth of 20 feet below the designed invert.

General and Local Scour - Flat Slope

The HEC2 Irodel simulations for 91,000 cfs for the flat slope alternative (slope
equal 0.0002), indicates. a depth of about 10.5 feet and a velocity of about 8.7
fps at the proFOsed McDowell Road bridge. This results in a Froude No. of about
0.47. Imnediately upstream fran the bridge dept.l1s are slightly deeper and veloci
ties are slightly less. Similar to my previous analysis, assume a skew to the
flow such that the flowage way under the bridge is obstructed.

7.6 - 2
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Thus

where Y2 ". is depth at bridge, b 2 is flow width at bridge and the sUbscript 1
refers to above bridge. Assume a 25 percent reduction in flow; therefore

1
0.64

Y2 = ( 0.5) (1.25) =12.1 feet

Thus general scour from a partial bridge constriction is

Ys = 12.1-10.5 = 1.6 feet

about the same as the previous analysis for a steep slope.

Again similar to my previous memorandum, equilibrium local scour is evaluated by

= 2 0 (~J 0.65 F 0.43Ys • Yl Y 1

where Ys is the scour, Yl the upstream water depth, Fl the upstream Froude No.
and "a" is the pier diameter. Thus

Ys = 2.0(10.5) (_5_\0.65 (.47)0.43= 9.37 feet
10.5 )

slightly less than previously estimated for the steeper slope. Accounting for
instantaneous scour, pier grouping, and the PJssibility of flow skew results is a
scour depth estimate of

ys = 16.45 feet

somewhat less than previously estimated for the steeper slope.

Total scour is the sum of the two or 18.1 feet. Thus, assume a scour of 20 feet
which has a safety factor of about 1.8.

Lccal Scour at Electric Tower Supports - Flat Slope

Making the same assumption as made above for the steeper sloped channel, the same
formula is used as t:efore. In the vicinity of the towers the HEX:2 mc:del indicates
depths of flow are about 8.9 feet and velocities are about 9.6 fps for a discharge
of 91,000 cfs. Using these variables in the formula

Ys = (8.9) (1.1) (~:9) 0.40 (0.57) 0.33 = 14.0 feet

which is about the same equilibrium local scour as calculated for the steep slope.
Instantaneous local scour will therefore t:e about 18.3 feet. Consequently, assume
a scour depth of about 20 feet.

7.6 - 3
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. General Channel stability and Scour - Flat Slope

A similar analysis can be made as was done for the steep slope option. Making the
same assumptions as before approximately 15 feet of lcx:ali zed scour should be
allcwed ~or at drop structure.s or near bank protection.

The presence of drop structures will prevent a general scouring of bed materials;
hcwever, localized scour is still a FOssibili ty. Because of significant drawdown
curve effects, ve.lcx:i ties are high in many sections of the channel profile (HEC2
studies). As a result sane form of bank protection will be required throughout
much of the reach under study. With adequate bank protection, the channel will
remain stable.

7.6 - 4
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June.8, 1982

Dibble &Associates
Consulting Engineers
3625 North 16th Street
Phoenix, Arizona 85016

1
1 Attention: Kent M. Dibble, P.E.

SHB Job No. E82-49

1
Re: Channelization -

Agua Fria River
Thomas Road & 1-10
Maricopa County, Arizona

I Gentlemen,

project is herewith submitted.

of test drilling, laboratory

teria for channel embankment

of the projeCt.

Should any questions arise concerning this report, we would

be pleased to discuss them with you.

1
1
I,

Our Geotechnical Investigation Report on the referenced
The report includes results

analysis and recommended cri

design and earthwork elements

1

1
1

Respectfully submitteA..I .. ,
.-"""'1 "

Ser gen t, Ha us k i ns,,...i~<:·B·e'c1c.w:i:;th Eng i neer s

By ,·~?;;:"";i~'>~(,·~:\

Copies:

REPLY TO: 3940 W. CLARENDON. PHOENIX. ARIZONA 85019

1 PHOENIX

'602 I 272·6848

AL8UQUERQUE

'5Q5 I 684·0950

SANTA FE

'5051471·7836

SALT LAKE CITY

<801l566·5411
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Channelization -
Agua Fria River
Thomas Road & 1-10
Maricopa County, Arizona
SHB Job No. E82-49

1. INTRODUCTION

This report is submitted pursuant to a geotechnical

investigation made by this firm of the site of the pro

posed channelization of the Agua Fria River between

Thomas Road and 1-10 located in Maricopa County, Ari

zona. The object of this investigation was to evaluate

the physical properties of the subsoils underlying the
site to provide recommendations for the design of chan

nel embankments and other earthwork elements of the

project.

2. PROJECT DESCRIPTION

Preliminary details of the proposed construction were

provided by Kent M. Dibble, P.E., of Dibble &Associates

Consulting Engineers.

The proposed channel will have a bottom width of ap

proxima tely 1,100 feet and a depth of 12 feet. The

inside slopes of the proposed embankment are anticipated

to be approximately 3:1 (horizontal to vertical) and

outside slopes of 2:1 on the west bank and 6:1 on the

east bank. The anticipated crest width of the embank

ments will be 16 feet. It is understood that cuts of 3

to 9 feet will be involved below existing grade. It is

anticipated that erosion protection measures will be

needed to resist water velocities of approximately 8 to

9 feet per second.

1



3.2 Laboratory Analysis

Grain-size analysis, Atterberg Limits, direct shear,

moisture-density relationship and permeability tests

Moisture content determinations were made on selected

tube samples recovered, while dry densities were deter

mined for selected 2.42 inch diameter open-end drive

samples. The resul ts of these tests are shown on the

boring logs.

2

design vary signifi

this firm should be

revision of recommen-

Should details involved in final

~antly from those as outlined,

notified for review and possible

dations.

Fourteen exploratory borings were drilled to depths of

7~ to 26 feet below existing grade. Standard penetra

tion testing and open-end drive sampling were performed

at selected intervals in the borings. The results of the

field investigation are presented in Appendix A, which

includes a brief description of drilling and sampling

equipment and procedures, a site plan showing the boring

locations and logs of the test borings. The field in

vestigation was supervised by Michael R. Hulpke, staff

engineering geologist, of this firm.

Channelization -
Agua Fria River
Thomas Road & 1-10
Maricopa County, Arizona
SHB Job No. E82-49

3.1 Subsurface Exploration

3. INVESTIGATION
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4.1 Site Conditions

4.2 Geotechnical Profile

4. SITE CONDITIONS & GEOTECHNICAL PROFILE

3

encountered in the borings and

were relatively low throughout

Sandy silts and silty sands extend from the surface to

depths of about l~ to 8 feet below existing grade. These

soils are generally moderately firm to firm. This stra

tum is not present in the borings in the existing Agua

Fria River channel, including borings 1, 9, 10 and 14.

Relatively clean sands with varying amounts of silt and

gravel underlie the surface stratum and extended the

full depths of the borings. The relative density of

these soils varies from loose to dense with the majority

being medium dense.

The propos ed channe 1 wi 11 ext end through the Agua Fr i a

channel with the center portion being located in culti

vated fields that have a grain crop. A majority of the

existing river channel is void of vegetative cover.

were performed on selected samples. The results of

these tests are presented in Appendix B, along with a

brief description of testing procedures.

No free groundwater was

soil moisture contents

their extent.

Channelization -
Agua Fria River
Thomas Road & 1-10
Maricopa County, Arizona
SHB Job No. E82-49

4.3 Soil Moisture &Groundwater Conditions
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Channelization -
Agua Fria River
Thomas Road & 1-10
Maricopa County, Arizona
SHB Job No. E82-49

5. DISCUSSION &RECO~~ENDATIONS

5.1 Analysis of Results

With the present alignment and proposed cut grades, it

appears that the majority of the soils in both the cut

areas and embankments will consist of relatively clean

sands with varying fractions of silt and gravel. The

recommenda t ions and ana 1ys i 5 wer e bas ed on the use of

on-site materials being utilized in the fill slopes and

the exposure of native soils in the bottom of the chan

nel. Recommendations for embankment slopes, erosion

protection measures, and guide specifications for site

grading are given In the following sections of this

report.

5.2 Embankment Slopes

The stability of embankments were analyzed utilizing

methods outlined by Hoek and Bray (1)*. Two cases were

analyzed, one where the slopes would be entirely dry,

which would apply to the slopes a majority of the time,

and the case during high flows when emhankments would be

partially saturated.

Factors of safety of approximately 1.6 for dry condi

tions and 0.84 for partially saturated condi tions were

"'Numbers in parentheses correspond to references listed at
end of report.

4
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calculated for 2:1 slopes. Factors of safety of 2.5 for

~ry conditions and 1.2 for saturated conditions were

calculated for 3:1 slopes. Thus, it is recommended that

slopes be no steeper than 3:1 for both interior and ex

terior slopes of the embankment constructed of native

materials. If soil-cement is chosen as an erosion pro

tection measure, the treated slopes could he steepened.

This is discussed in Section 5.3.

5.3 Erosion Protection

Two alternatives for erosion protection, riprap or

soil-cement, are recommended for consideration in the

following sections.

5.3.1 Riprap

In order to stabilize the inside slopes of the chan

nel, rock lining was analyzed utilizing methods

outlined by Stephenson (2). Assuming an average flow

velocity of 8 to 9 feet per second, a rock lining

consisting of 6 inch diameter rock with a thickness of

12 inches was determined. Where higher flows occur,

it may be necessary to increase the size of the rock

and the thickness. The rock lining could be placed

loose or be placed in wire baskets in the form of Gab

ion or Reno mattresses. For estimation purposes, it

should be assumed that an 18 inch thickness \..,ould be

necessary for rock lining and a 12 inch thickness

would be necessary for the hand-placed Gabion or Reno

5
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mattresses. The use of the Reno mattresses improves

the stability of the rock-fill against scouring or

rolling down the banks, thus, reducing maintenance.

Filter fabric is recommended to be placed between the

embankment soils and the rock riprap.

5.3.2 Soil-Cement

Soil-cement is recommended as an alternative for ero-

sion protection on the inside slopes of the channel.

Two types of construction could be utilized for lining

the channel slope. The embankments could be built of

native material and the upper 12 inches of soil on

the inside slopes would be soil-cement. This would

require a slope of 4:1, 'or flatter, to facilitate

proper construction of soil-cement. The other method

would consist of constructing an embankment in 6 to 8

inch lifts with the inside width of 6 feet consisting

of soil-cement. Inside slopes for this type of con

struction could be steepened to 1:1. The soil-cement

would greatly enhance the engineering properties of

the native soils and would allow a safe slope at 1:1.

For estimation purposes, the cement contact of soi1

cement should be 12 percent. Exact cement content

should be determined in accordance with ASTM DS58,

D559 and D560 from the on- si te soils to be used for

soil-cement treatment. Shrinkage cracks and some

maintenance should be expected with the use of soi1

cement.
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5.4 Site Grading Fr Earthwork Recommendations

5.4.1 Surface Preparation

All vegetation, debris and any existing man-made fill

should be removed from the areas to receive structural

fi 11.

The upper 6 inches of exposed native soils beneath

cut surfaces in the areas where structural fill is to

be placed should be scarified, brought to within 2

percent of the optimum moisture content and compacted

to at leas t 95 per cen t of maximum dry dens i ty as de

termined by ASTM D698.

5.4.2 Structural Fill

All structural fill" required to bring the embankments

to required elevations should be free of excessive

vegetation, debris and deleterious material, and con

tain no particles larger than 6 inches in diameter.

This material should contain at least 50 percent or

more sand and gravel by weight (no more than 50 per

cent by weight should pass the no. 200 sieve). It

should have a plasticity index of no more than 6 when

tested by ASTM D423 and -D424.

I
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All structural fill should be

of 95 per c en t 0 f ma xi murn dry

accordance with ASTM D698.

compacted to a minimum

densi ty determined in

This would apply for
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Chrlnnelization -
Agua Fria River
Thomas Road & 1-10
Maricopa CountYt Arizona
SHB Job No .. E82-49

soil-cement as well as the structural fill. Moisture

content during compaction shall be maintained within

the limits of 1 percent below to 3 percent above opti

mum moisture content.

I
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TEST DRILLING EQUIPMENT & PROCEDURES

Drilling Equipment Truck-mounted CME-55 drill rigs powered
with 4 or 6 cylinder Ford industrial engines are used in ad
vancing test borings. The 4 cylinder and 6 cylinder engines
are capa bleof del i ve r i ngab0 u t 4, 3 50 and 6, 50 0 f 00 t / po un d s
torque to the drill spindle, respectively. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000
pounds downward force. Drilling through soil or softer rock
is p~rformed with 6 1/2 O.D., 31/4 I.D. hollow stem auger or
4 1/2 inch continuous flight auger. Carbide insert teeth are
normally used on the auger bi ts so they can often penetrate
roc k 0 r ve r y s t ron g1Y cern e n ted soil s whi c h r e qui reb1 as tin g
or very heavy equipment for excavation. Where refusal is
experienced in auger drilling, the holes are sometimes ad
vanced with tricone gear bits and NX rods using water or air
as a drilling fluid.

Sampling Procedures Dynamically driven tube samples are usu
ally obtained at selected intervals in the borings by the
ASTM DIS86 procedure. In many cases, 2" O.D., 1 3/8" I.D.
samplers are used to obtain the standard penetration resis
tance. "Undisturbed" samples of firmer soils are often
ob t a i ned with 3" 0 . D. sampIe r s line d wit h 2 . 42" I . D. bra s s
rings. The driving energy is generally recorded as the num
ber of blows of a 140 pound 30 inch free fall drop hammer
required to advance the samplers in 6 inch increments. How
ever, in stratified soils, driving resistance is sometimes
recorded in 2 or 3 inch increments so that soil changes and
the presence of scattered gravel or cemented 'layers can be
readily detected and the realistic penetration values
obtained for consideration in design. These values are
expressed in blows per foot on the logs. "Undisturbed"
sampling of softer soils is sometimes performed with thin
walled Shelby tubes (ASTM DI587). Where samples of rock are
required, they are obtained by NX diamond core drilling (ASTM
D2113). Tube samples are labeled and placed in watertight
containers to maintain field moisture contents for testing.
When necessary for testing, larger bulk samples are taken
from auger cuttings.

Continuous Penetration Tests Continuous penetration tests
are performed by driving a 2" O.D. blunt nosed penetrometer
adjacent to or in the bottom of borings. The penetrometer is
attached to 1 5/8" O.D. drill rods to provide clearance to
minimize side friction so that penetration values are as
nearly as possible a measure of end resistance. Penetration
values are recorded as the number of blows of a 140 pound 30
inch free fall drop hammer required to advance the
penetrometer in one foot increments or less.

Boring Records Drilling operations are directed by our field
engineer or geologist who examines soil recovery and prepares
boring logs. Soils are visually classified in accordance
with the Unified Soil Classification System (ASTM D2487) with
appropriate group symbols being shown on the logs.

I
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UNIFIED SOIL CLASSIFICATION SYSTEM
Salls are visually classified by the Unified Soil Classification system on the boring logs presented in this report.
Grain-size analysis and Atterberg Limits Tests are often performed on selected samples to aid in classification.
The classification system is briefly outlined on this chart. For a more detailed description of the system, see "The
Unified Soil Classification System" Corp of Engineers. US Army Technical Memorandum No. 3-357 (Revised April
1960) or ASTM Designation: D2487-66T.

MAJOR DIVISIONS TYPICAL NAMES

Well qraded qrave Is. gravel-sand mixtures.
or sand"ijravel-eobble mixtures.

Poorly graded gravels. gravel-sand mix
tures. or sand"ijravel-eobble mixtures.

Silty gravels. gravel-sand-silt mixtures.

Clayey gravels. gravel-sand-clay mixtures.

Well graded sands. grave II y sands.

Si Ity sands. sand-si It mixtures.

Clayey sands. sand-clay mixtures.

Poorly graded sands. gravelly sands.

SC

SM

• • •• SP

GRAPHIC GROUP
SYMBOL SYMBOL

""'.,,(',.h·
~'-N6~ GW
h~.."' ..,~
\)':\J ~':'

C I) 00

00 0 0 SW
c ~ 0 0 ~

Ie • • • •
p 0 0 •

~ 0 0

0 0 "

Ie • • • •

Limits plot above
"A" line & hatched zone

on plasticity cnart

Limits plot below
"A" line & hatched zone

on plasticity chart

Limits plot below
"A" line & hatched zone

on plasticity chart

Limits plot above
"A" line & hatched zone

on plasticity chart

CLEAN SANDS

(Less than 5 % passes No. 200 se ive)

CLEAN GRAVELS

(Less than 5 % passes No. 200 sieve)

GRAVELS WITH

FINES
(More than 12%

passes No. 200 sieve)

SANDS WITH
FINES

(More than 12 % passes
No. 200 sievel

GlGl
III >
- «>tIl·-o III
u..,

°0
~*z
ZOIll
<l:1t):ll
"'C:IIl

til til
-So.
«> c:_ 0
0'-:l;u
-~

«>
«> ~111.-
:;; III

0'"
U •"'_0

uj0Z
>"'111
-"'«>..... .,111
a:-111
"-til

00.

'i/!.c:
0 0
U') 0':
-u
~

-«>
>
«>

'" III
..J 0
6 0

'"
N

Q 0
UJ Z
Z III

~
.,
IIIa: III

" ~

JJ 0.

'" #.a: 0
<l: It)

a c:
U til

-S
III

'"«>
..J-

I:
Ir

!

I·

I

1

NOTE: Coarse grained soils with between 5% & 12% passing the No. 200 sieve and fine grained soils with limits
plotting in the hatched zone on the plasticity chart to have double symbol.

Inorganic silts. micaceous or diatoma
ceous silty soils. elastic silts.

Inorganic clays of high plasticity. fat
clays. sandy clays of high plasticity.

MH

CH'

o-,~ OZ""o; SILTS OF LOW PLASTICITY I I I I I I "I . h I' h_ Inorganic si ts. c ayey Sl ts Wit s Ig t
:i:"'~:>::u I I I I ML plastl'cltyo (Liquid Limit Less Than 50) .

~ b~~~ f-----------------------+J-~+\rwJ---_+-----------------___;
== ~-'8~ I'" ~:;~~§ SILTS OF HIGH PLASTICITY

~ :rOo (Liquid Limit More Than 50)

~ 0:' CLAYS OF LOW PLASTICITY .~~ Inorganic clays of low to medium plas-
i",..,5 ~ CL ticity. gravelly clays. sandy clays. silty'" :..,ou (Liquid Limit Less Than 50) / clays. lean clays.

~ 3~:~ f-----------------------nhh~---_+-----------------____j
d ;-'~_~~§ CLAYS OF HIGH PLASTICITY ~q

~ :rOo (Liquid Limit More Th11n 50) 0'hI:
I

I
DEFINITIONS OF SOIL FRACTIONS1

I~

1
I

PLASTICITY CHART

60,.---,.---,.-....-,,----,.---.--,.---,.---,.---,-----,

50r--+--+--+---+----+---+----+--+-~/'--_1
~ CH .//
~ 40 f--+---+--+--+---+--+--+--:z-L.+-_+----i
;:: ./~~ AllINE
I:: 30 f--+--+--+--l--t--+</=---+--+---l----i
~ CL V
~ 20 f---t--+--t---l--r-l--+-.:..:M.:.:,H+--+---+----i

0: CL~ML -17 //
10f---+--H,,-+V---r"=----1--+--+--+--+---f---i

~~ ML
OL.-----'_-----""----'-=_--'-::_--L_---'-_--'--_....L.._-'-----'
o 10 20 30 40 50 60 70 80 90 100

lI0UID LIMIT

SOIL COMPONENT

Cobbles
Gravel

Coarse gravel
Fine gravel

Sand
Coarse
Medium
Fine

Fines (si It or clay)

I PARTICLE SIZE RANGE

Above 3 in.
3 in. to No.4 sieve
3 in. to 'A in.
74 in. to No.4 sieve
No. 4 to No. 200
No.4 to No. 10
No. 10 to No. 40
No. 40 to No. 200
Below No. 200 sieve

I
I-tXt -S-E-:-~-NE-s~-L-:-:N-~-:-~-O-~-~-~-N-~-A-~-(-~-~-~-(KW_.._s_IT_H_

f"HO£NIX • A1.9UQUERQU[ • SANTA!"[-,-
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2. Relative Consistency. Terms for description of clays
which are saturated or near saturation.

TER IINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY,
CO SISTENCY OR FIRMNESS OF SOILS

3. Relative Firmness. Terms for description of partially
saturated and/or cemented soils which commonly occur in
the Southwest including clays, cemented granular mate
rials, silts and silty and clayey granular soils.

The terminology used on the boring logs to describe the
relative density, consistency or firmness of soils relative
to the standard penetration resistance is presented below.
The standard penetration resistance eN) in blows per foot is
obtained by the ASTM D1586 procedure using 2" O.D., 1 3/8"
I.D .., samplers.

Remarks

Easily penetrated sev
eral inches with fist.
Easily penetrated sev
eral inches with thumb.
Can be penetrated sev
eral inches with thumb
with moderate effort.
Readily indented with
thumb, but penetrated
only with great effort.
Readily indented with
thumbnai I.
Indented only with dif
ficulty by thumbnail.

Relative Density
Very loose
Loose
Medi 1.llIl dense
Dense
Very dense

for description of relative
uncemented sands and sand-

Very soft

Soft

Stiff

Medium stiff

Very stiff

Hard

N
0-4
5-10
11-30
31-50
50+

Relative Consistency

Relative Density. Terms
density of cohesionless,
gravel mixtures.

N

5-8

0-2

3-4

16-30

30+

9-15

1.

I
I
I
I
I
I
I'
I
I;
If
I
II
II
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N
0-4
5-8
9-15
16-30
31-50
50+

Relative Firmness
Very soft
Soft
Moderately firm
Firm
Very firm
Hard

I
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ChannelLzation -
Agua Fria River
Thomas Road & 1-10
~~ricopa County, Arizona
SHB Job No. E82-49

MCDOWELL ROAD

3,000
E/I/2m

Freeway Bridge

THOMAS ROAD_________--...:....£Q.26...Jl5
35""0/3;.=6'-----

1,000 2,000

Graphical Scale:
PZZZZZZI vzzzZZa

SITE PLAN

Centerline of~
Proposed Channelization

o

NORTH

f180 Station 180+00

E9 Boring Location

4- Section Corner

Reference Drawing: "Plan and Frofile Sheet,
Agua Fria River ~hannel I::xcavation" by Dibble
& Associaces, Consulcing En 6 ineers, Phoenix,
Arizona, Sheec 3 of 7, undaced.
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CONSUl....TINO C[OTECHNIC4L ENGIN[£RS

PHOENIJ • Al8UOu£R.QuE • SANTA FE . s.A.i.J l.AI(£ CITY

SERGENT, HAUSKINS & BECKWITH

LOG OF TEST BORING NO.' 1

I
A - Avg.r cvtt;ng.. B - Bloc. lampl.~
S - 2" 0.0.1.38" 1.0. tvb. lempl.. - --------------
U _ 3" 0.0. 2.42" 1.0. tvb. lempl.. 6
T - 3" 0.0. th;n.well.d Sh.lby 'vb.. - -

DATEHOUR

none
DEPTH

1,Il;111ncll/,~ L' UI1 -

PROJECT 1\gua Fria River
JOB NO E8?-I,g DATE 4-30-82~

i RIG TYPE Cl'lE-55.; c ,. BORING TYPE
6 J," Hollo\.; Stem Auger.~

g"; ~ .- c.. • - ,0 0

• • c • Q. -. 0
,. . 0_ SURFACE ELEV.... , 0 v ,.

~O.L .~ ~ U 0
~ B0'= c: 0 f- .,.., Q. • V .~ DATUMc

'00 U Q. • a C ~ _ c
~.:..:• • .. , .

of
c ~ - :.c • .0 - o Q. ;U

.';;;
':' "; .~ Q. Q. ) -." .:.= ..

Q. C C • Q.~ E E 00= ,. .' .- 0• a •• ~ 0 0 0 CO .. 0
_ .0 a • c _ REMARKS VISUAL CLASSIFICATION

0 UQ.Q: ~..J VI VI O..J ~Q. ::JU

0 or- moist SAND, silt• • • some & grav-
• • '.lJ\ ::, 14 el, predominantly fine• • • medium dense
• • R loose to medium, nonplastic,

• • •
-::, 'j ::'1'- to

brown
5 • • .--. ::>lVl

• • • A S 19
• •

• • •• •
0 0 slightly SILTY SA~'1D ,00 0 some grav-

0
I moist to el, traces of clay,0 0 ,..--,

~,10 0o 0 li\ ::> 1./ ..Jl.'l. moist nonplastic to low plas-0
0 0

0 ticity, brown0 0 medium dense0
000

00 sw- moist SAND, some silt & grav-
000 .-- SM dense el, well graded, non-

15 00 A ~ 4L plastic, brown
-

Stopped auger at 14'6"

20
Stopped sampler at 16'

I

I

I I
I I

I I I
GROUND WA TER SAMPLE TYPE A-5

'---

I;

Ii
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I

I
I

I
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I

I
I

I

I
I

I
I
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CONSULTING C£OlECMNICAL [NCIp.,[(ilIa

~Of.~I.·A.l,.8lJGU£ROUE· &ANT'" FE' W.! lAJ(.£ ern

SERGENT, HAUSKINS & BECKWITH

LOG Of TEST BO~ING NO._2_

I
A - Auger cuHing.a. B - Block lompl. ~-:
S - 2" 0.0.1.38" 1.0. Ivb. Jampl.. -
U - 3" 0.0. 2.42" 1.0. Ivb. Jompl.. 8
T - 3" 0.0. ,h;n'wall.d Sh.lb y Ivb.. -1-

D~TEHOUR

none
DEPTH

Ch~llllcli~alion 
PROJECT Agua Fria River
JOB NO E82-49 DATE 4-29-82

RIG TYPE 0'IE-55

•• _3:

6 111 Hollow Stem Augero ... BORING TYPE -'2g1 ~ ·. 0.. • - cO 0

• .0. CL -. 0 ... . o-
j e SURFACE ELEV .a.. , 0 v ... ~o· :: ~ U 0

o .= c -;; l-
• M CL

• V ·- DATUM.= , 0 0 v CL • 0 o •
• 0 .,,;;;

o • - :.E • • .~ . .. , . ..;-: .~ ...~ Q. o CL ,,;u
CL~

CL } - ... ;;; III
CL 00· E E 00= ..... '0 • .- 0• o • • ~ 0 0 0 co"" 0

.~ 0- REMARKS VISUAL CLASSIFICATION
0 ua.o: t.:l-J .... .... O-J ~o.. ::lU

a
'I'll.~ l·it-- moist SANDY SILT, low plas-
I III '[l\ ~ 13 ticity to nonplastic,
• •• h 1\moderately brown• • Il\ ::, l.b firm• • •
• • h moist SAND, silt,5 • • • V\ ~ i)

some. trace
• • medium dense of gravel, predominant-

• • • lv fine to medium,to very non-
• • plastic, brown light• • • SP dense to
• • I

brown
10 • • • <--,

• • V\ ~ 1/· . .
• •

• • •
• •

• • • tS2 .nUOOL ~~no ~r:I..U.15 · . Lre..co
. -

Stopped auger at 14'6"
Sampler refused at

20 15'2"

,

I
GROUND WATER SAMPLE TYPE A-6

I
I
I
I
I
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I
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I
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Ii
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CONSULTINC; G(OT[C)-INICAL [NGIN[£IIfS

p,...oEHIX ~ A1.9VOUEROuE • ~T" FE.' SA1J L,.U.£ CTTY

SERGENT, HAUSKINS &. BECKWITH

LOG OF TEST 80~ING NO._3,--

I
A - Auge' oull,ngl. B - Blaok lampl. ~-I
S - 2" 0.0.1.38" J.D. tub. lampl.. - --------------
U - 3" 0.0. 2.42" 1.0. tub. sampl.. 8
T _ 3" 0.0. th;n-_all.d Sh.lby lub.. - -

DATEHOUR

none
DEPTH

Cll;ll1llclizilLion 
PROJECT Agua Fria River
JOB NO E82-49 DATE 4-29-82

i RIGTYPE C!'1E - 55. - o ,.. 6},;" Hollov..' Stem Auger•• BORING TYPE- . ~ .- 0.. o - - cO• 0- 0. _ 0 •
Cl. -. 0

,.. . 0_ jB SURFACE ELEV.
Ll. , 0 u ,.. "o...c - , U 0

o .= c -;; t-
• M Cl.

.; u .- DATUM0 , a a u Cl. • a
o _

_ 0
~~

o - - :.c • • _.D - • • , . ..;
of .- - . Cl. Cl. .-.., o Cl. -;U :.:: ..- ..-

Cl. '" "t"';Cl. 00- E E 00= '0 • .- a• o •• ~ 0 0 0 ai ... 0
0_ REMARKS VISUAL CLASSIFICATIOM

0 uc..c.: l:l...J VI VI O...J ::I:c.. ::lU

()

-:tl
U

I--
o o· C'U moist SILTY SAND, predomi-o • 1;\ :::; lLo O' nantly fine, nonplas-

~
• ••

~
I ~, ~ I\medium dense tic, brown• • 11 J.J.. ':JJ ;J

• •• moist SAND, SaIne::: silt grav-
S

l:---J ex• • IX- :::; '::J el, predominantly fine• • • dense to• • to medium, nonplastic,
• • • loose
• • SP brown

• • •
• •

10 ·.'. h
• • lA :::; LJ

• • •
• •

• • •· .~

CT.To 0 moist SAND, some silt & grav-
15 000 Ie- eM el, nonplastic, brown

o 0 lJ\ :::; L/ medium dense reddish brownto

~ Stopped auger at 14 I 6"

20 Stopped sampler at 16'

I

f--.

I
I

I
I

I I I I

GROUND WA TER SAMPLE TYPE A-7'---
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I
I

I

I
I
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CONSULTINC; CEOT£CMNIC .... L [NCIN([PtI

P"-OOf'''lIJ;· A.l.8UOUERCUE· SANTA FE·~ LAAE CITY

SERGENT, HAUSKINS &. BECKWlTH

LOG Of TEST GORING NOe_4_

A - Auge, cutt;ngs. B - Block .ompl. ~-I
S - 2" 0.0. 1.38" 1.0. tube .ompl.. - --------------
U - 3" 0.0. 2.42" 1.0. tub. sample. 8
T - 3" 0.0. th;n·woll.d Sh.lby tub.. - -

D"TEHOUR

none
DEPTH

ChJl11wliL:.:.lciUI1 
PROJECT Agua Fria River
JOB NO E~2-49 DATE 4-'79-82-

i RIG TYPE CHE-55
, - 6~~ " Ho llm-7 Stem Auger• • c >- BORING TYPE-.~ .- c.. o - - cO• 0- 0

• • c • Q.
_. 0 >- • 0_

j~
SURFACE ElEV.... ~ 0 u >- "0" - ~ U 0

c o '= c '0 l- • M Q.
.; U .- DATUM

~ 0 0 u Q. • 0
C _ _ c

~~
c ~ - • • .-" . .. ~ . . .;

-= .- - ... ~ Q. Q. } _"'0 o Q. -;u- ..- Q.~ >- .. - .Q. C C • E E 00- '0 • .- 0• o • • ~ 0 0 0 Cij"lfo
_-" c _

REMARKS VISUAL CLASSIFICATION
0 UCLa: Q.J '" '" O.J ~C1. ::lU

0 I ,--, moist SANDY SILT, low plas-I I I· ./\ ~ 1.t> J.·J.L

J I
I . firm ticity to nonplastic,

I
brown

~
• •• I

• • A ~ 1.1.
SR-• • • .--, moist SAND, some silt, pre-

S
~. ,

I·· LA S 14 ""..
medium dense dominantly fine to me-• • • diurn, nonplastic, brownu-...---

00
moist SAND, considerableo 0 0

00 SYF medium dense gravel, some silt,
10 o 0 0 R"/ I well graded, nonplas-

00 V'. ;) 1.L. 0 ~1"l tic. brown
000

00. .
• • • CD moist SAND, some silt & grav-

'--:"
~.

15 • • .." , el, predominantly fine• • • J\ ~ LJ / ~.. medium dense
c- - ... - -- . - -- -

\
to medium, nonplastic,

~
reddish-brmm to bro,"-TTI_._- -- ;'C:::..•.==.=.,.-.

20 Stopped auger at 14'6"
Stopped sampler at 16'

,

I

I
I

I

I
GROUND WATER SAMPLE TYPE I A-8

I

II
II
If
If

I
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I

I~

Ii
II

l

I
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I
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COWSUL INC CEOTECHNICAL [kCIN[(JtI

~"'IJ:·A.1..BUOUERCI,JE • SANTA FE' 5.A11l..AAE CfTY

SERGENT, HAUSKINS & BECKWITH

LOG OF TEST ESO~ING NO.---:5=.-.-

I
A - Aug.' oulfings. B - Blook sompl.~
S - 2" 0.0. 1.38" 1.0. 'ub. sompl.. - --------------
U - 3" 0.0. 2.42" 1.0. 'ub. sompl.. 8
T - 3" 0.0. ,hin·woll.d Sh.lby tub.. - -

DATEHOUR

none
DEPTH

Cl1dlll1elizdCion -
PROJECT AQU3 Fria River
JOB NO E8 7 -49 DATE 4-29-82L

i RIG TYPE CME-55
... o ... BORING TYPE 6,~ II Hollow Stem Auger

~ . ~ .- 0.. • g..:: - 'Co 0
SURFACE ELEV.• .... 0_ - .-

- 0 • "" -. 0
j ~... ::t 0 u ... ... o~ .": ~ U 0

o .= c -;; ~
• M ""

_ U .- DATUM0 ::t 0 0 U "" • 0
o _

- 0 .,,;,:
o - - • •

- A -
.. ::t • ..;-: .- - . .c

"" "" J - .... 0"" ,;u
~ ..- ..- "" .. ... ,;"" o c - E E 00= '0 • .- 0• o •• ~ 0 0 0 ~,.o

_A 0- REMARKS VISUAL CLASSIFICATION
0 ue..c:: <..:l~ '" '" O~ ::Ie.. :;,U

0 TIT ~ MTI I I'
'[7

dry SANDY SILT, low plas-
• • • ticity to nonplastic,

• • h 1\moderately light brown to tan• • • IJ\ :::i LJ (1 0 re over ) firm '
• • I-,--, SP-5 • • • slightly SAND, some to consider-

~
• • /\ ':>1 L:J SM• •• I

moist to able silt, predominant-
• • moist ly fine, nonplastic,• • •
• • medium dense light brown to tan· . .

0·0 0
\710 00
1)\ .:> LO moist SAND, some silt & grav-

00 0 el, well graded,medium dense non-
00 r-o T' plastic, brown000

v to dense
00 S11-

o 0 0

15 00
~

o 0 0 v'\ ~ ..54
._-- ...

~ Stopped auger at 14'6"

20 Stopped sampler at 16'

,

I
I

~ H I

I
~

GROUND WATER SAMPLE TYPE A-9

I~.

I
I
I
I

Ii
II

!

I! _

I

11l.

I

I
I



CONSULTINC CrOTrCMNICAL (NQIt'i([RO

PHOENIX "A1.8VOUERQUE· SANTA FE· SA.1.1 V ..e OTT

SERGENT. HAUSKINS & BECKWITH

LOG Of TEST BORING NOo_-",-6_

I
A - AVQer cvt1inQ" B - Block .ampl.~
S - 2" 0.0. I.J8" 1.0. 'ube .ampl.. - --------------
U - J" 0.0. 2.42" I.D. 'vb. sampl.. 8
T - J" O.D. thin-wolled Shelby tub.. - t-

DATEHOUR

none
DEPTH

Ldl~llllICll.;~~ILJ.\..)ll -

PROJECT l\CU;l Fri.1. Ri vcr
JOB NO E82-49 DATE 4-')9-82-

i RIG TYPE CME-55. - 61. " Hollow Stem Auger
<; ; i c .. BORING TYPEo _

C
~~.. • 0- - cO 0• Me. Q. -. 0 ... 0_ SURFACE ELEV •... , 0 v .. _O..c:: ::: ;, U 0

~ ~c o '=, c: -0 fo- • M Q.
M V

• c DATUM, a a v Q. • 0
c _

-o;.=.• • • • -.c - - M oD - ';u • 0;
~ .- - . ~

Q. Q. .-" o Q.- ..- Q. .. .. ..: ,;,;: ..
Q. C C M E E 00= .• a• o • • ~ 0 a a ai"' o

_OD o • c- REMARKS VISUAL CLASSIFICATIOH
0 UIl.a: l:)..J VI VI O..J ~Il. ::JU

0
-:--,

I I I. moist SANDY SILT, nonplastic,
/\ ::> 14 J.-j HII I I ' dark brown
<-:> moderately

'- I'\. firm0 0 A ::> 4U <:;M0
0 0

5
- moist SILTY SAND, of

~
• • l/\ ~ L1 b trace

• • • SP-=.
firm gravel, predominantly

• • <:;1L very
fine, low plasticity• • • j

~

I
to nonplastic, brown

o 0 0 to dark brown
10 00

,;--;>

o 00 ')\ ::> 1j SW note: some thin sandy
00 \ silt lenses

000 I IA 0 moist SAND, considerable

~
I silt, predominantly

15 o~
h SC edium dense fine, nonplastic, brownoO;J )\ ::> 14

to light brown- _.- ... ... -

~
I moist SAND, some silt & grav-

medium dense el, well graded, non-

20 I plastic, brown to light
brown._#_--------- - --

moist CLAYEY SAND, trace of

iffioderately gravel, predominantly
,... medium, low plasticitylrm

to nonplastic, reddish-
brown

Stopped auger at 14'6"
Stopped sampler at 16'

I

I
i--

I
I

I

I
GROUND WATER SAMPLE TYPE A-10'---

I
I
1
I
I
1r -

I

1r-.
I
I
I
I!
Ii

l.

If
I

Ii
I

I:
I:
1
I
I



CONSULTIN'::; C;[OT£CI-lNICAL [NGINtER.

PwOEHll • AlBUO""EAOVE • SAHTA FE· 5.AU L.U.E c:rrT

SERGENT, HAUSKINS ~ BECKWITH

LOG Of TEST BORING NOo_-,-7_

I
A - Aug.r <uttingl. B - Blo<k sempl. ~i
S - 2" 0.0. 1.38" 1.0. 'ube .ampl.. - --------------
U - 3" 0.0. 2.42" 1.0. 'ube lompl.. 8 I
T _ 3" 0.0. ,hin·well.d Shelby 'ub.. - -

DATEHOUR

none
DE?TH

C1<:ll;.CJ..L::dL.LUIl 

PROJECT Agua FriA !U ver
JOB NO 1-(3?-4C) DATE 4-?9 3'">~ ... , .. - ..

i RIG TYPE CME-55
•• < .. BORING TYPE 6},;" Hollow Stem Augerg1 ~ ·... - cO

<
• 0

• • < • "- -. 0 .... 0_ .- - SURFACE ELEV •
~ , 0 u .. ~ o..c :: ~ U 0

~ ~o .= c "0 ~ • M "-
• U ·- DATUM.= , 0 0 u "- • 0 < ~

• < ~~
< • - • • • .D ~

.. , . ..;
of: .- - . ~ o "- ,;u- ..- "-co "- "- ) -." ~ ..
"- < < • E E 00= .... '0 • .- 0• o • • ~ 0 0 0 co • 0

~.D <_ REMARKS VISUAL CLASSIFICATION
0 UCl.a: <.)..J '" '" O..J ~Cl. ::::lU

0 0 0

·txo 0 0 -S 1./ ::>i"i
dry to moist SILTY SAND, predomi-

0 "\ nantly fine, nonplas-0
10

0 ~.

I I I !"-,.J..lrm tic, brown
lJ\ ::> 4t>

I I I HL
5

moist SANDY SILT, low plas-
• • • V\ S 20

rT) I\very firm ticity to nonplastic,
• • brown

• • •
o " 0 moist SAND, some silt, trace
00

I\medium of gravel, predomi-
00" rl dense

10
0" lA S 31 nantly fine to medium,

000

C:1:J
nonplastic, light brown

00

o a a moist to SAi'JD, some silt & grav-
o " very moist el, ,,,ell graded, non-

o " 0 k-7 plastic, light brown
15 0" [)\ 2l ..J'+

dense
o 0 0

~ Stopped auger at 14'6"

20
Stopped sampler at 16'

I

I
I
I

~ I
I

I
I

'---
GROUND WATER SAMPLE TYPE A-II

It
l

I
I

II
l

I

I
I

I

I

I

I

I
I

I
I

I
I
I



COkSU\..TIN::o. G(OT[CH"'JCIo.L eNCINEER,

PHO£HII. ·ALBUOVEROV£· s.,.v...u. FE.' SAU LAX£. CITY

SERGENT, HAUSKINS !x BECKWITH

LOG OF TEST CORING NOo----..:8:..--

A - AU9.' ourt;n9S' B - Blook sompl. tRj:
S - 2" 0.0.1.38" 1.0. tub. sompl.. - --------------
U _ 3" 0.0. 2,42" 1.0. tub. sompl.. 8
T _ 3" 0.0. ,hin-_oll.d Sh.lby 'ub.. - -

DATEHOUR

none
DEPTH

l;II':'lI1l1L'11i-~dLi()11 -

PROJECT Agua Fric1 River
JOBNO E82-49 DATE 4-29-82~

~
RIG TYPE CI"1E- 5 5

, - 61.; II Hollow Stem Auger
-0 ; i o ,. BORING TYPE.-.. - 'Eo 0

• 0- 0

• • 0 • "- -. 0
,.. 0_ SURFACE ELEV.

lL , 0 u ,. 0.0· :: :;) U 0 o 0
0'= c -;; I- OM "-

• U
o ";: ..... u

DATUM.: o _
, 0 0 u • • "- • 0 .. ~ i -o~

c - - • .<J • .';
of .- - .. ..c "- "- .-." o "- ,;U .:.= ..- ..-

Q. '" ,. ..Q. co· E E 00= '0 • .- 0• o • • ~ 0 0 0
~ ..., "

_ .<J c _ REMARKS VISUAL CLASSIFICATION
0 Ull.Cl: l.:)..J ..... VI O..J :::l:ll. ::lU

a ... 0 OJ

D-o 0 Old moist SILTY SAND, predomi-0
.~

:;, L4 ~..
0 0', nantly fine, nonplas-
I I I .~ \firm tic, brown

A :;, Ll. 13I I I ML
5 I I I "V" 'n ..,..,/ moist SANDY SILT, low plas-

· ,\!irm to hard ticity to nonplastic,
• • • brown
• •

• • • cp_ moist SAND, some silt & grav-• •
• •• , SH- medium dense el, predominantly fine

~ to medium, nonplastic,10 • • lA ;) 1~• • • light brown to brown
• •

• • •

=f 0 I
o 0 SM- moist SAND, considerableo '

silt, some' gravel,15
0 r-t' c;TJ0 very dense0
~~ 4U well graded, nonplas-o n

~
I~ tic, light brown

Stopped auger at 14'6"
20 Stopped sampler at 16'

I,

~I ,

I I
GROUND WA TER SAMPLE TYPE I A-12

1
I

I,
Ii

l

Ir
Ii

L

I

.1,

If
I

1

I
I



CONSULTING CrOTEC~N1C"L [N(;IN([IU

~E"'Il'.AJ..BUOUERCuE· 5A1'iTA FE •~ L..UE 0T1'

SERGENT, HAUSKINS & BECKVt'ITH

LOG 0 F T f: S T L3 0 ~ H~ G NO. ---:9:.--

I
A - Avgo, cvM;ng.. B - Block sempl. ~-I
5 - 2" 0.0.1.38" 1.0. tvb. semple. - --------------
U - 3" 0.0. 2.42" 1.0. 'vb. semple. 8
T - 3" 0.0. ,h;n-.ell.d Sh.lby 'vbe. - -

DATEHOUR

none
DEPTH

l, i I ~. ,1 j ILL I ; ~" i. i \... 11 -

PROJECT Agua Frio River
JOB NO E87.-4Q DATE 4-30-82

i RIG TYPE CME-55.~ c ,. BORING TYPE
6 1• II Hollow Stem Auger-~gJ ~ ·. c.. • - 'Co 0

• _ c • Q. -. 0
,. . 0_ SURFACE ELEV.

Lo. ,. "'0· - , U 0 j ~, 0 v 0; uo 0:' c 3· ~ • M Q. ·- DATUM.; , 0 0 Q. • 0 C • • c ~~
c • - 0 • - A -

o 0 , 0 • 0;
~ .- - . ~ Q. Q. .- ... o Q. ,;U .:.;: ..- ..-

Q. '" ,. ,;Q. C C - E E 00= .- 0
0 o • 0 ~ 0 0 j co "'If 0

.A o • c_ REMARKS VISUAL CLASSIFICATION
0 Uel.D:: (:l...J Vl O...J ::Eel. :lU

0 • • I-,-,

• • • slightly SAND, some si lt & grav-
• • -.V\ ;) 1.4

t"' .... moist el, predominantly fine
~ ...• • • b to medium, nonplastic,• • medium dense• • • 1)\ ;) ':J brown

5 I o 0 ~--; f'\. to loose

1:0:°:
A ~ ~ SW slightly SAND, some silt & grav-

M-- moist el, well graded, non-..,
plastic, brown

~,\ loose to

10 ~ry dense note: trace of cob-
bles below 7'

Auger refused at 7'6"
Sampler refused at

7'6"

I

II

~ I

GROUND WATER SAMPLE TYPE A-13

I
I
I
I
I
I f-

1[-

I
I
I i

I
l.

I
I

f -

I :
t.

I
' .
i
!

I !
l "

I
I
I
I



I GllanllL'lL;-:; Lion -
PROJECT Agua Fria River LOG Of TEST BOftlNG NO. 10
JOB NO. E82-4 Cl DATE 4-30-82

I i RIG TYPE et-lE- 55. . 6.l~" Hollo'd Stem•• c ... BORING TYPE Auger- . ~ .- <.. o • - cO• 0- 0

• _ < •
Q,

_. 0 ... . 0_ SURFACE ELEY •
ll. ~ 0 y ... "'0· - ~ U 0

~ Bo -; c '0 .- • M Q,
'; u .- DATUM

-= ~ 0 0 y Q, • 0 < • ; ; ,,;

I < • - :i • • -~ . • • ..;-: .- -. Q, Q, l - '"
o Q, ,:u- ..- Q,,,, ... -' :.=.. ..

Q, < < - E E 00= .- 0• o • • ~ 0 0
~ ai ... 0

.~ o • <_ REMARKS VISUAL CLASSIFICATION
0 UCl.Cl: t.:l.J '" O.J :ECl. =>U

a • • ,...-, dry moist SAND, fineI ·... to some grav-, • • '/\ ::> '+ el, trace of silt,• • • very loose
• • ,...---, predominantly fine to

• • • /, :::> 'j SP to medium medium, nonplastic,

I • • dense
5 k--: light brown

I • • • lA S 10• • .5

t • • • I I

I
o 0

moist
r-

C1 0 0 to SAND, considerable
00
~ c: c;n/? I

very moist silt & gravel, some
10 000 cobbles, well graded,sw- very dense

I
00 SM- nonplastic, brown

r - 000

00

I () 0 0

00

I 15 000 I'<v' ,... ,..,... ,,'
[

~
_.

I
Stopped auger at 14'6"

! Samvler refused at
i 20 15'2"
i

I ,

I
l

I
I

f
'.

l

I I
I

I ;

:

I (

!
l

I r
1 I
l _

I
I I

f
I

I,

I
,

I
I

GROUND WATER SAMPLE TYPE I A-14-
DEPTH HOUR DATE A - Ayg •• cyMingl. 8 - 810ck sompl. !2J: SERGENT, HAUSKINS ~ BECKWITH

I none S - 2" 0.0. 1.38" 1.0. ,yb. lompl.. -
U - 3" O.D. 2.42" I.D. ,yb. lompl.. B

COi"oSUL'T'Nc; ceOTECHNICAL [NCIN[( ....

: PHO£NIX' ALBVOUEROUE' ~TA FE' SAJ.J Lo'-JlE C7TY

T - 3" 0.0. 'hin· ... oll.d Shelby 'ub•• I



VISUAL CLASSIFICATION

SILTY SAND, predomi
nantly fine, nonplas
tic, bro\-.'TI

SAND, some silt & grav
el, predominantly fine
to medium, nonplastic,
brown

SILTY SAND, consider
able gravel, trace of
clay, well graded, non
plastic to low plastic
ity, brown

LOG Of 1.£51 aORING HO. 11

REMARKS

slightly
moist

firm to
very firm

RIG T Y P E ---:C::.:M...:..:::E_--=5~5'___ _
B0 RING T YP E --'6=--z~~_"_H_o_1_1_o_w__S..c;t_Q=__m__A_u_g'_'J__'e_r _
SU RF AC EEL EV, _

DATUM

moist

medium dense
to dense

moist

very firm
to hard

SP

i
c '"'..cO
0_

U a

~ C
~ .
,;U
o •
~Il.

,""- ~"; u
c ~• •o Cl.

't"~'
O-l

LU

37

•
Cl. Cl.

E E
a a

V'I V'I

';:-J

a
v
~

Cl. '"
~ a

t.:l-l

• •

0
10

0 ~
o ~ 0, p.J\""'t-co::>-t~L":'br--+---+-----4----J
o 0 r--t--+---f---t----t----1
o 0 0 '''--''''<7i-c-+--,-.,-+--_+---+----1o 0 0 X::> 1-;
O

0 0 f-/~"-i--'~-+--_+---+-C'S-'_i"~'xl_l
~ ..., ....

o ~ 0 z:s V-+-,'-+6:'oS<--t----+--~O-1----t
o 0

o

~ 0 ~
o

• •
• • •
• •

• • •
• •

• ••

• c •
~ 0 v
0"= c
~ a a
c ~ .- - .- ..c c •
a • •

UIl.Q:

----

1----1 •••

• • •
• •

1-----1 • • •

1==::1._' ;..'..+:=+:=+=====+:====:1===:-:--:+====:+-------'---'---+--------------1
~ : ~ : 1--,--,---1f-+----t----+----4---1

o ~ 0 X S
o 0

oo 0
o

o 0 0 I----+-+---f----f---+----!
o 0

o 0 0 I----+-+---'f----f---+----!
~ ~ ~ ~A""'-"1..,.~...-t--/nl...,--+----!---+----1

1====:j:...:..::===~R===t=~===::j==t=======I========-===-

51---~

o

••...
-=-::
Cl.

•o

20

10 1--...,

15 1---1

251--...,

~'Iill IL'_ L",lL _lItl -

PROJECT Agua Frin River
JOBNO E82-4q DATE 6-30-82

I

I

I

I

II
I r-

1.-

I

I
I 301----;

Stopped auger at 24'6"
Stopped sampler at 26'

I
II

L

If.
I

CO"'lS.ULTI~C CEOTECHM'CAl. ENGIN((Il'S

PHO£NIX' ALBuOUERQUE' $AHTA FE' SAU LJo,A.E OTY

A-15
SERGENT, HAUSKINS & BECKWlTH

I
I
I

i I
I I
I I

GROUND WA TER-
DEPTH HOUR

none
DATE

SAMPLE TYPE I
A - AUQer cuMings. B - Block sampl. ~-.
S - 2" 0.0.1.38" 1.0. 'ubI sampl.. - --------------
U - 3" D.O. 2.42" 1.0. tub. sampl.. B
T - 3" 0.0. rhin·_oll.d Shelby 'vb.. -,-



CO~SULTI""~ C(OT£CHNICAL (NCIN[[AS

PHOENIX· AJ..auouERQU£· SAN"T,t. FE· SAU LAAE c::rTY

SERGENT, HAUSKINS & BECKWITH

LOG Of TEST OOnlNG NO. 12

I
A - Aug.r cuMingo. B - Blotk .ompl. ~-I
S - 2" 0.0,1.38" J.D. 'vb••ompl.. - --------------
U - 3" 0.0. 2.42" 1.0. '.vb••ompl.. '-- B
T _ 3" 0.0. thin·woll.d Sh.lby tvb.. - -

OATEHOUR

none
OEPTH

\.." c. Jill L: 11 ;; ; 1 L LUll -

PROJECT ['If:. 13 FriC1 River
JOB NO E82-<'!9 DATE 4-29-8?~

; RIG TYPE CME-55... t .. BORING TYPE 61;" Hollow Stem Auger
'0 1 ~ .-.. - cO

t

• o < 0

• • t • 0.. -. 0 ... 0_

i"B
SURFACE ELEV •... ~ 0 v .. ~o~ :: ~ U 0

.= o -= I: '0 l- • M 0.. • V .- DATUM~ 0 0 v 0.. • 0
t _

- < -o~

t - - • • --" - .. , . .".of .- - .- .L o 0.. ,;U- ..- o..co 0.. 0.. } _ -0 .... .;; II
0.. t t - E E 00= .- - .- 0• o •• ~ 0 0 0 ~ .. l:t

_-" o • <- REMARKS VISUAL CLASSIFICATION
0 UIl.Cl:: l:l.J V'> V'> O.J ~Il. ~u

0

I ~]
k--, moist SANDY SILT, low plas-

1~ I',
1)\ ~ lL ML ticity to nonplastic,
~ T ~~ , ~" "

moderately
brown

~ u JL .L.VL u ",firm
• •

5 • • • ..--,
moist SAND, silt,A ~ lL ~.t'

some trace
• • of gravel, predominant-• • • medium dense
• • I ly fine, nonplastic,

o v v I ""- light brown
o 0

10 o 0 0 <--: I ~ moist SAND, some silt & grav-
LA ~ HS ow el, well graded,00 medium dense non-

00 0 plastic, brown to light
o 0 brown

00 0 I

00 ~w- moist SAND , considerable
C; c;n/c;

.~

o 0 0 "::'X:" " ~M

15

~
Kery dense gravel, some silt,

well graded, nonDlas-
tic to low plasticity,
brown

-

Stopped auger at 14'6"
Sampler refused at

14'11~"

I

,
GROUND WATER SAMPLE TYPE A-16-

I
I
I
I
I
I f-

I r'
I

!

I
I
I
I
1[.

I
I
I

r
I
I.

I
I
I
I



-

1
Cl!dllllCll.L:<lLiutl -

PROJECT Agua Fria River LOG Of TEST ~OnING NO. 13
JOB NO. £82-49 DATE 4-29-82

i . I RIGTYPE CME-55

1 . - 6\" Hollow Stem Auger
"0 ~ i c ... BORING TYPE.- c.. • 0- - cO 0

I
• R C • Q. -. 0 ... . 0_ SURFACE ElEV.

Il.. ~ 0 v ... \"o~ - , U 0 Jl e
c 0'= c '0 t- OM Q.

"; U .- DATUM
'00 v Q, • 0

C _ _ 0
""'tJ':'=

o - - ~ • • R.D - • • , . .";

I -: .- - . Q. Q. J-"" o Q. ,;U- ..- Q. co
... " .:,;: ..

Q. o 0 R E E 00= '0 • .- 0• o • • ~ 0 0 0 iii ~ 0
_.D 0_ REMARKS VISUAL CLASSIFICATION

0 ua.a: t,)...J '" '" O...J ::Ea. ::::lU

0
nonplastic':

I I I 1-. k-7 moist to SANDY SILT,
IA ~ 1b l.L ML saturated brownI I I

I I L. tx -
• • • ~ firm

I: 5 • • k---, very moist SAND, some silt & grav-• • • 1)\ ~ 1U )

• • to moist el, predominantly fine
• • • to medium, nonplastic,
• • loose brown to light brown

If • • • .:::Jr
• •

• •• i,--,

10 • • )\ ~ / 4

I[ • • •
• •

• • •
00

o 00 SW moist SAND, some grave 1,

I
l--, trace of clay, well

r 15 00 l?\ ~ 11;} medium denseI graded, nonplastic to
!

~
~ low plasticity, brown

-

I'
20

Stopped auger at 14'6"
Stopped sampler at 16 1

II
I

I:
I

If,

11
11 I

11
I
1
~

I

I
I I
I I

GROUND WATER SAMPLE TYPE I A-17
OEPTH I HOUR OATE A - Aug., ouMingl. B - Blook ,ompl.~ SERGENT, HAUSKINS & BECKWITH

I I none S - 2" 0.0.1.38" J.D. tub. 10m pl.. -

I U - 3" 0.0. 2.42" J.D. tub. lompl.. 8 CON$UI.'l"lNC GEOTECHNICAL [NGIH[EAS

Po-tOENI.l ~ A,L8lJQuERQUE· SAHlA FE • SAL1 LAXE ern
T _ 3" 0.0. thin.woll.d Sh.lby 'ub•• I



CONSULTING CC:OT(CHNIC'.L [N(;I"'[[".

p,..,oe "4IX • ALBUOUERQUE • SANT" FE' 5.AJJ LAAE CITY

SERGENT, HAUSKINS & BECKWITH

LOG Of TEST OORING NO. 14

I
A - Auger cutting.. B - Block .ompl. ~-I
S - 2" 0.0. 1.38" 1.0. lube .ompl.. - --------------
U - 3" 0.0. 2.42" 1.0. lube sompl.. 8 .
T - 3" 0.0. thin-woll.d Sh.lby tub.. - -

DATEHOUR

none
DEPTH

L, II c' 11 1L' 1. •.• I L I li I 1 -

PROJECT Agua Fria River
JOB NO £82-49 DATE 4-3()-82

i RIG TYPE CME-55. .
< ,. 61;" Hollow Stem Auger

-0 ! i ·. <
BORING TYPE.. • 0- - cO 0

• _ c •
Q. -. 0

,. . 0_ jB SURFACE ELEV.u. ~ 0 v ,. .. o~ - ~ U 0
o '=, c "0 f- ..... Q.

"; U ·- DATUMc
~ 0 0 V Q. • 0 C • • c ~;.;:

c • - :i • • -.&> •
.. , . .";-: ';' .. .~ Q. Q. l-"" o Q. ,;U .:.: ..

Q. C C -
Q. <0 E E 00= ,. ,; .- 0• o •• ~ 0 0 0

~ .... " • .&> o • c_ REM .... RKS VISUAL CLASSIFICATION
0 UCl.Cl:: Cl...l V> V> 0...1 ~Cl. :lU

0 • • X·... t-S- I
dry to moist SAND, some silt, pre-·.. dominantly fine to me-• • •

~
loose to dium, nonplastic, light• • ;) / L1. ;),t'- medium dense• • • brown

• • ~ I :::>1"1
5 • • • 1/" ~ 14

• •
• • •
• •

0
0 0 very moist SILTY SAND, some grav-

0
0 0 r:-- el, trace of clay, pre-10 0 very firm0 0

V\. oJ '+0 dominantly fine0 to me-0 0
0

SM dium, nonplastic to low0 0
0

0 0 plasticity, dark brown0
0 0

0
0 0

0

15
0 0 ~

0
0 0 /". :::> 4.L.

0
---

~ Stopped auger at 14'6"

20
Stopped sampler at 16'

~
-

I

I

I

I

I

I I I
GROUND WA TER SAMPLE TYPE A-18

'------

I
I
I
I,

I
I r-

I
l

If
I

I
I
I f -

i

l..

If
l _

I r -
i _

I r -
!

I
I !

I, -

I
I
I
I
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GEOTECHNICAL INVESTIGATION REPORT

APPENDIX B



I
I
I
1
I
I:
I'
I
I
I'
I
I:

l

I'

I
11

l

I!

I
I
I

LABORATORY TESTING PROCEDURES

Consolidation Tests Soil test or Clockhouse apparatus of the
"floating-ring" type are employed for the one-dimensional
cons.olidation tests. They are designed to receive one inch
high 2.5 inch O.D. brass liner rings wi th soil specimens as
secured in the field. Procedures for the tests generally
are those outlined in ASTM D2435. Loads are applied in sev
eral increments to the upper surface of the test specimen
and 't her e suI tin g de form a t ion s are r e cor de d at s e I e c ted tim e
intervals for each increment. For soils which are essen
tially saturated, each increment of load is maintained until
the deformation versus log of time curve indicates comple
tion of primary consolidation. For partially saturated
soils, each increment of load is maintained until the rate
of de form a t ion i sequalor I esst han 1 / 1 0 , 00 0 inc h per
hour. Applied loads are such that each new increment is
equal to the total previously applied loading. Porous
stones are placed in contact wi th the top and bottom of the
specimens to permit free addition or expulsion of water.
For partially saturated soils, the tests are normally per
formed at in situ moisture conditions until consolidation is
complete under stresses approximately equal to those which
will be imposed by the combined overburden and foundation
loads. The samples are then submerged to show the effect of
moisture increase and the tests continued under higher load
ings. Generally, the tests are continued to about twice the
anticipated curve due to overburden and structural loads
with a rebound curve then being established by releasing
loads.

Expansion Tests The same type of consolidometer apparatus
described above is used in expansion testing. Undisturbed
samples contained in brass liner rings are placed in the
consolidometers, subjected to appropriate surcharge loads
and submerged. The loads are maintained until the expansion
versus log of time curve indicates the completion of
"primary swell".

Direct Shear Tests Direct shear tests are run using a
clockhouse or Soil test apparatus of the strain-control of
approximately 0.05 inches per minute. The machine is de
signed to receive one of the one inch high 2.42 inch
diameter specimens obtained by tube sampling. Generally,
each sample is sheared under a normal load equivalent to the
effective overburden pressure at the point of sampling. In
s om e ins tan c es, sam pIes are she are d at s eve r a1 normal loa ds
to obtain the cohesion and angle of internal friction. When
necessary, samples are saturated and/or consolidated hefore
shearing in order to approximate the anticipated controlling
field loading conditions.

B-1
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I~,[ TABllATION Of TEST RESLlTS-----_.._---- -_ .. --- -----_. .. -- ------------

I ~
Job No. ES2-49._.._-------_._--- _._---_. --- --_._._--

IUD 1
~

6

I 7

e

9 Hll..E UNIFIED SIEVE ANALYSIS-ACCUN XPASSI~~ LAB

I
I ._------ --_.- _. --- -_.. - ._--- --LOO DEPTH Q.ASS L.L. P.I. 0200 "100 #40 111> 110 14 .25" .375".75" I" 1. 5" 2" ND
11

,
12 4 9.5'-11' ~-SM - NP 6 8 21 54 6S 73 74 77 84 87 100 2-49-18

-

If
13

.4 4 14.5'-16' SP-SI1 - ~ 7 8 23 53 64 81 86 92 100 2-49-19
1:5 _.-
16

1

6 0.5'-2' - ~ 2-49-24
I~ .17

: 1,81 6 4.5'-6' NA - 9 19 79 97 99 100 2-49-26
j.91

I" d- 8 2.5'-4' 11.. - NP 1>1 79 94 99 99 100 2-49-35

122

1

10 4.5'-6' SP - ~ 2 4 22 6S 84 96 9S 100 2-49-43

1\
,23

24' 11 4.5'-5.5' Sl1 - ~ 48 6S 92 9S 99 99 100 2-49-48: I

125

11

26 13 0.5'-2' It. - NP 56 79 97 99 100 2-49-58

I~
,27,

1::1
14 2.5'-4' SP-Sl1 - NP 6 13 57 97 99 99 100 2-49-&4

I:
~

If e4

13 :; I

[36

11 1

37

13e

1391
I ,

II 1"'°1l 141

'1~2

I: 1
43

;44

~:5

46

I: 1~7

140
49

I
50

51

52

1
1:53

!~41

~I - -.B::2_
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TABULATION Of TEST RESULTS
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99 100 2-49-69

LAB
1.5" 2" t..o
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100

92

979797

81

97
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9695
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JOB NO. E82-49-7

21

SUMMARY OF DIRECT SHEAR TESTS

SHEARING STRESS - Kips per Squore Foot
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DATE _

PRO JECT__C_h_a_n_n_e_l_l:.c.'-'-z-'-a-:t_i--.:.o:.....:ne.:..-_---=..A:J,::g>...:u:::.:a=--=-F..:::r-=i:..::a::........:R:.:.=i..:..v-=e:..::r:...- JOB NO.__E_8_2_-_4_9 _

LOCATION Thomas Road & 1-10 J Haricopa County I AZ LAB No. __2_-_4-=9_-_7 _

SAMP LE _--!.!.1ft..:::2:...-'>@_2=-1:-=.2_'_---.:.4--.:.' _

IN SITU - POINT No. 3 ( = + 2.06 f<SF)-
I NIT A L tJ10 1ST U R E CONTENT 3.6 %
DRY DENSITY (PCF) 101.7

SUB t·, ERG E 0

FIN A L Ho I STURE CONTENT 19.4 %
MA X It·' U M VERTICAL DE FOR t·, A T ION @ T M A X • (+ ) , 003 INCHES

SHEARING STRESS, T lolA X • 1. 64 f\SF

REMOLDED TO Est. 95 fT{; OF Max. y Dry

B-5
ALBUOUERQUE

(SOS I J44·Q940

4.3 %
100.6

19.7 %
(+ ) .007 INCHES

0.44 KSF

3.8 %
101.9

18.9 01-
j,)

(+ ) . 008 INCHES

0.81 KSF

0.50 f<SF)

EL PASO

(9151 772.J088

FLAGSTAFF

,6021 774.44JJ

SHEARING STRESS, T MAX.

DIRECT SHEAR TESTS

REPORT ON LASORA TORY TESTS

IN SITU - POINT No.1 ( = +

INITIAL MOISTURE CONTENT

DRY DENS I TY (PCF)

SUBMERGED

FINAL MOISTURE CONTENT

MAXIMUM VERTICAL DEFORMATION @ T MAX.

INS I T U - Po I NT No. 2 ( = + __1. OOKSF )

INITIAL MOISTURE CONTENT

DRY DENS I TY (PCF)

Su B r-1 ERG E D

FIN A L Mo 1ST U R E Co NT EN T

MAXIMUM VERTICAL DEFORHATION @ T t-1AX.

SHEAR I NG STRESS, T MAX.

PHOENIX

(002) 272·6848
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PROJECT Channelization - A~ua Fria River
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JOB NO_ E82-49-1S

21

SHEARING STRESS - Kips per Square Fool

SUMMARY OF DIRECT SHEAR TESTS
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REPORT ON LASaRA TORY TESTS

I

-
',I S}1Bd __S_E_RG_E_N_T.!-H_A_U_S_K_IN_S_~_B~~K_\A_.'I~H__(_r"_''''_Tt"_C_,n,_,A_'O_'O_"NQ_"_'O"_l"_""_l(_"S _/ VI "'!l""l~ 1(5''"" r"""(("~

[~GI"'l(CRr"'G """"'LYSIS r"o'$ICAL 1(511"1(, a.) •• ,n (O"'l~"'L , °f - '-' I(L [lPlQf:fATIO""

PROJECT Channelization - Agua Fria River

LOCATION Thomas Road & I-la, Maricopa County,

SAMPLE 1/4 @ 6"-2 I

DATE

JO B NO. E82-49

AZ LAB NO. 2-49-15

WIO No. 1

DIRECT SHEAR TESTS

REMOLDED TO E_s_t_.--=...9-.:..5 S OF Hax. y Dry

IN SITU - POINT No. 3 ( = + 2.06 I<SF)-
I NIT A L MOISTURE CONTENT 7.8 %
DRY DENSITY (PCF) 110.5

SUB t~ ERG E D

FINAL MOISTURE CO"TENT 17.3 r'
j'J

HA X I I~ U t~ VERTICAL D [ r 0 R r~ A T ION @ T 1·1 A X • ( ) . 000 I r, C H E S

SHEARiNG STRESS} T t~ A X • 1. 41 f<SF

I r, SITU - Po IN T No. 2 ( = + 1. 00 KSF)

INITIAL MOISTURE CONTENT 7.8 C;~

DRY DENSITY ( PCF ) 108.5

Su B 1~ ERG E D

FINAL MOISTURE CONTENT 17.5 ('I
IV

MAXIMUM VERT I CAL DE FOR I~ A T ION @ T ~1 A X • ( ) . 000 INCHES

SHEARING STRESS} T MAX. 0.72 f<SF

EL PASO ALBUQUERQUE

B-71505' 344·9940

8.2 of
1°

110.6

17.9 aI
fO

( + ) . 001 INCHES

0.51 KSF

(915) 772.3068

0.50 I\SF)

FLAGSTAFF'

(602) 774.4433

IN SITU - POINT No.1 ( = +

I NIT I AL Mo I STURE CONTENT

DRY DENSITY (PCF)

Su B t-l ERG E D

FINAL MOISTURE CONTENT

M A X I 1-1 U M V E RTIC A L DE FOR t~ A T ION @ T M A X •

SHEARING STRESS} T MAX.

PHOEN I X

(e02) 272.6848
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PROJ ECT C_h_a_n_n_e_1_~_' z_a_t_i_o_n__-_A..J,.bLu_a:..--_F_r_i_a_R__..i_v-:e_r__ J0 B HO .__E_8_2_-_4_9 _

OPTlJt,..4UM MAXIMUM DRYMOISTURE TEST TEST LAB
CURVE SOURCE CCHTENT DENS/TY DESIGN A TiON METHOD NO.0:. DRY WT. LBS/CU. FT.

A Boring 1fr4 @ 1'-2' 13.8 113.0 D698 A 2-49-68

-
MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA

AASHTO T99 end ASTM D598 <Standard Proctor}

MOLD NO.OF BLOWS PER HAMMER I HEIGHT OF COMPACTIVE EFFORTMETHOD MATERIAL
OIAMETE~ "EIG>;T LAY ERS LAYER WEIGHT FALL FT. LB5/CU. FT... ... ." 4.:'8 .. 3 "

,. , L es. 12' • 12.37 !l

a ... 6" . ".58' . 3 '0 ,. , Las. I 12' . 1 2.31 7

C -3/ .. ." 4. "8" 3 " ~. 5 L 8S. , Z .. 1 2.37:

D -3 I .. O' • ".5'" . I 3 '0 ,. , L 85. 12' • 12.317

AASHTO T180 and AST M D 1557 (Modified Praclod

MOLD NO.OF BLOWS PER HAMMER HEIGHT OF COMPACTIVE EFFORTMETHOD MATERIAL
OIA.M[T[R 1oI(1(;H'T LAYERS LAYER WEIGHT FALL FT.LBSiCU.FT.

.. -.. ." ".,8 .. , B 10.0 Las. t! .. ~6.2~O

a -.. O' • 4. ~4" , .6 10.0 LBS. t e" ~,.gee

C ·3/ • ." •. ~ S" • 2 • '0.0 Las. Ie" ~O.2'O

D -)/ .. o' . ..~" .. , '0 1 0." L 65. 1 II" ~:.. 98 e

B-8

MOISTURE CONTENT - % DRY WEIGHT

SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS
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SUMMARY Of MOISTURE DENSITY RELATIONSHI P TESTS

PRO J ECT C;;,...h_a_n_n_e_1-,-~-,-·z~a--,-t_i_o_n__---=-A,"-g.....u,--a,-,---,-F-,-r_i-,-a_R,-,--i_v-,-e_r__ JOB NO. E8 2 - 4 9

MOISTURE CONTENT - % DRY WEIGHT

OPT1MU.... MAXIMUM DRYt..40ISTUR.E TEST TEST LAB
CURVE SOURCE caHENT DENSITY DESIGN A TO< METHOD NO.

~ DRY 'NT. LBS./CU. FT.

B Boring #9 @ 1'-2' 14.8 113.0 D698 A 2-49-69

MOISTURE·DENSITY RELATIONSHIP TEST METHOD DATA --

AASHTO T99 end ASTM 0698 (Standard Proctor)

MOLD ND.OF BLOWS PER HAMMER HEIGHT 0" COMPACTIVE E"FORTMETHOD MATERIAL
DI4).,oIEITFt );(IGHT LAY ERS LAYER WEIGHT FALL FT. L8YCU. "T.

A -.. .' . ".58 .. 3 Z> 5.~ LBS. I 12.' • 12.375

B ... 0·' ".58 .. 3 '0 5.5 L BS. I 12" 1 2.317

C ·3/ .. ... ".58 .. 3 Z> ,. , L 85. 12." 1 2.375

0 -3/ .. O' • •. 58 .. 3 '0 ,. , L BS. 12" 1 2.,317

AASHTO T180 and ASTM 01557 (Modified Froctar!

'"OLD NO.OF I BLOWS PER HA"'MER M EIGHT OF COMPACTIVE E"FORTMETHOD MATERIAL
O:AM(T£.R HEIGHT LAYERS LAYER WEIGHT FALL FT.LES/CU. FT.

.. -.. .' . ".58 .. , Z> I 10.0 LBS. 18" :. 6.2. 50

B ... O' • .. :5" , ,. 10.0 LBS. 18" :5.~a6

C -3/ • ... ~. ~4' , 5 25 '0.0 LaS. 18" 5 6 2 50

0 ']/4 O· . ... 58 .. , ,. 10_~Les. " .. ~ ~. 9 ee

I

I

-:[%1: _S_E_Rc_~._~~_~:_.;_:~_,;_.'~_.~_o~_~_:~_~,_~~_~~_.~_~~_o~_~~_IT_H
t
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DATE _

REPORT ON LABORATORY TESTS

Remo 1dedt0 Density 0 f __~1:...::0~9--,._4,--- PCF a t_--=1:...::3~.:...::0=-- %

Samp1e__B_o_r_i_n..!=:g~{f_4--=@,--1_1_-_2_' _

____days

cc----

Remarks

Input "Q"
Output "Q"
Input "Q"
Output "Q"
Input "Q"
I t "Q"npu

Output "Q"
Input "Q"
Output "Q"
Input "Q"
Output "Q"

em2 Vol. 96.62 cc

K
(ft/yr)

2

0.3

1.2

0.3

0.8

0.7

0.4

0.5

0.3

04

0.2

V
s

PCF Trials-----

16.9

K
(em/sec)

1.7xl0- 6

-73.3xl0
1. 2xl0- 6

3.3xl0- 7

8.0xlO- 7

-76.4xl0
4.2x10- 7

-74.6xl0
3.0xl0- 7

-73.6x10
2.0x10- 7

% G---- s

5.08 em Area 19.01

Time
(min. )

1080

1080

2916

2916

6918
1650

1650

1463·

1463

1474

1474

Dry Density

__1_3_._0_/0 w
f

Q
(ee)

52

10

94

16

147
113

73

71

46 .

56

33

Wo

4.920 ern Length

47.8

46.5

185.9

185.7

182.6

Head
(inches)

48.8

Void Ratio

W 169.4 grms.
s

Diameter

PER}lliABILITY TEST
(Pressurized Permeameter)

PROJ ECT C_h_a_n_n_e_1_i_z_a_t_i_o_n_-_A-,g~u_a__F_r_i_a_R_i_v_e_r JOB NO ._E_8_2_-_4_9 _

LOCATION Thomas Road & 1-10; Harieopa County, AZ LAB NO._2_-_4_9_-_6_8__

5

5

5

II[SJ SERGENT, HAUSKINS & BECKWITH :'O'~TS[URL,:'t5G TS[O;TI:~O[~~~HN[O;RT;O~ [.,,,([AS-1)18 --------------------
(HCI ... ((RIIo4C ANALYSIS PHYSICAL T(51 1104," QUALITY CONTRO\. ~I(LO (XPlORATIQ),j

1

Pressure
(PSI)

F.H.

I! .
i

I
I
I'
I
I i->

l.

I r-

I:
i

I'
I'
I
Ir-

t

I'
I

PHOENIX

(602) 272·6848

EL PASO

(91:1) 772.3068

ALBUQUERQUE

(:10:1) 344·9940
B-l0



REPORT ON LASORA TORY TESTS
DATE _

riC 0 (XPLORATIO ....OUAU TY CON TRO!..

CONSlILTIN(i SOIL .... NO rOUNOAT10,,", ("lGIN((~S

j",l4T£R'AlS T£STI""c; (NGIN((CS

Pt"'fSICAI. TESTI"'I;

Boring #9 @ 1'-2'

Head Q Time K K
(inches) (ce) (min. ) (em/ sec) (f t / yr) Remarks

42.5 195 8 -3 1040 Input f Output1.0x10

42.3 290 26 -4 4794.6x10

42.9 265 41 -4 2732.6x10

40.1 380 132 -4 1301. 3x10

43.5 240 135 7.2x10- 5 74

43.4 280 311 -5 383.6x10

40.6 400 383 -5 474.5x10

66.0 920 1213 -5 212.0x10

66.0 760 1463 1.4x10- 5 15

SERGENT, HAUSKINS & BECKWITH

Sample-----""--"---'=-----------------------------
Remolded to Density of 108.5 PCF at 14.9 %

Diameter 4.92 Length 5.08 Area 19.01 2 96.62 cccm cm CQ Vol.

H 168.0 grms. W 14.9 % wf 18.0 % G V cc
s 0 s s

Void Ratio Dry Density PCF Trials days

PERHEABILITY TEST
(Pressurized Permeameter)

I

_i~.
I B ------------------------------------
,

. I .

.
PROJ ECT__C_h_a_n_n_e_1_i_z_a_t_1._·o_n__-_A....'=g"-u_a_F_r_i_a_R_i_v_e_r JOB NO ._E_8_2_-_4_9 _

LOCATION Thomas Road & 1-10; Maricopa County, AZ LAB NO._2_-_4_'9_-_6_9__

Pressure
(PSI)

F.R.

Constant

I:
1
I
I
1
If,

Ii'
I

I:
I
I;
I.
I:
I;

I
I:.
If
1
.1
I'

PHOENIX

(602) 272·6848

EL PASO

'II!!I) 772.3088

AL8UOUERQUE

(!lO!l) 344.9940
B-11




