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1.0 INTRODUCTION

of the Skunk Creek - New River confluence (see Plate 1).

This report presents the results of Dames & Moore's hydraulic and

geotechnical engineering studies for portions of Skunk Creek and New River

In the near

The ups t ream end of the study reach is bounded by

The ACDC out falls to Skunk Creek about 1-1/2 miles upstream

The Desert Harbor development is also under construction near the

confluence of the two drainage courses. The future high flowrates in Skunk

Creek, after the completion of the ACDC, will necessitate significant

channel improvements along lower Skunk Creek to protect the'- Desert Harbor

development and other developed areas adjacent to these drainages from

possible flood damages.

of Engineers.

River is' controlled within relatively predictable limits.

future, the flow in the lower reach of Skunk Creek will be significantly

increased above historic levels by flows from the Arizona Canal Diversion

Channel (ACDC), which is presently under construction by the U.S. Army Corps

Bell Road and the downstream end is near the confluence of New River and

Skunk Creek, which is approximately one mile north of Thunderbird Road (see

Plate 1). As a result of flood control structures recently completed

upstream of the study reach, the flow regime within Skunk Creek and New

near Peoria, Arizona.

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

This report summarizes the geotechnical and hydraulic analysis

performed for the study reach, and provides recommendations for channeli

zation and channel bank stabilization along Skunk Creek within the study

area. This investigation was authorized by Ellis-Murphy, Inc. (EMI)

Purchase Order No. 1182, dated January 8, 1987. Numerous contacts with the

Flood Control District (FCD) of Maricopa County provided valuable input to

the study as it progressed.
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investigations. The hydraulic investigation included the following tasks:

I
I
I
I
I
I
I
I
I

.....--(" - 'J tI,:<..c" .-
, 01f"'-( f .

2.0 SCOPE OF WORK

The scope of this investigation included hydraulic and geotechnical

o HEC-2 modeling of the study reach to estimate flow depths and
velocities for the design flowrate;

o Evaluating the hydraulic adequacy of the existing 83rd Avenue
bridge and the proposed Outer Loop Expressway bridges for the
design flowrate;

o Identifying areas where channel improvements and/or bank
protection and stabilization are required and provide two
detailed _,!-~erD..<;L~commendations for bank protection and
stabilization; and -/7;T/'~-----!---------

b Cf 5 Q;, 0- '"' (.~J (\..~.,;

o Evaluating the need for drop structures on Skunk Creek and
provide two conceptual designs for any required drop structures.

I ~ r t'\./.. 'i o----- Providing no more than a Level I qualitative geomorphic analysis
(ADWR, 1985) for channel improvements.

I
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o Evaluating the need for detailed sediment transport studies
based upon the improved channel configuration.

The geotechnical investigation included the following tasks:

o Reviewing available subsurface information within the vicinity
of Skunk Creek;

o Completing a limited field exploration program to obtain
additional subsurface information;

o Conducting a limited laboratory testing program to assist in
evaluating pertinent physical characteristics of the soils; and

o Completing engineering analyses to evaluate the maximum safe
steepness of channel side slopes and to provide design
recommendations for erosion protection, as needed.

2-1



3.0 GEOTECHNICAL INVESTIGATION

3.1 REGIONAL SETTING

The general site area consists of fairly flat valley land with

The regional and local settings were described in the sediment

transport study (Simons, Li and Associates, 1985) and are presented as

summaries in Sections 3.1 and 3.2.

The purpose of this study was to

The valleys are filled with alluvium. The older

Dames & Moore by EMI was conducted.

As a portion of Dames & Moore's contract to provide hydraulic and

geotechnical consulting services to Ellis-Murphy Inc. (EMI), a geotechnical

field and laboratory investigation and a review of information supplied to

develop information on the engineering properties of the soils which will

comprise the bottom and sides of the proposed new Skunk Creek channel. This

information was used to help develop recommendations for the design of

channel bank protection and drop structures.

regular alluvial slopes.

alluvium (Tertiary) consists of moderately to well consolidated residual and

talus debris found alongside slopes of the valleys and underlying the recent

alluvium (Quaternary). The floodplain deposits overlie or are cut into the

alluvial valley deposits. These deposits consist of silts, sand and gravel.

This alluvium contains appreciable amounts of firmly cemented, fine-grained

soils of low permeability; however, most of the alluvium is unconsolidated

sand and gravel with high permeabilities.

I
I
I
I
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3.2 LOCAL SETTING

The soils in the lower alluvial valley are formed on either recent

are finer than upstream conditions with maximum particle sizes about 3 to 4

inches.

These

Bed material conditions in this channelized section

Soils in or adjacent to the Skunk Creek and New River

downs t ream reaches).

At 83rd Avenue, the bed is heavily armored with particle sizes as

large as 6 to 8 inches; however, scour is occurring at the piers. Pilings

are exposed on the downstream side of the second span (from north abutment)

and on the upstream side of the third span.

At and below the ACDC outfall, the bed material is coarser than

material immediately above the outfall and an armor layer has developed.

Channelization below the ACDC outfall has resulted in a channel of

relatively high conveyance (larger area, less resistance than upstream or

The local setting was described in the sediment transport study

(Simons, Li and Associates, 1985). The study indicates that the Skunk Creek

bed material at Bell Road is relatively fine as compared to armored reaches

below the Arizona Canal Diversion Channel (ACDC) outfall and near the 83rd

Avenue bridge. Additionally, some caliche outcrops exist in this area.

channels are characteristically deep, sandy and gravely soils.

gravely sandy soils consist of loamy fine sands formed in recent alluvial

material and are moderately alkaline and slightly to strongly calcareous

(Simons, Li and Associates, 1985).

or old alluvium.
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Stratified banks are very common in alluvial channels and generally

Non-cohesive bank material tends to be removed grain by grain from

subject to surface erosion, but may be partly protected by adjacent layers

More

fluctuations, magnitude and

the banks, seepage forces, and

Layers of non-cohesive material are

turbulent

However, such banks when undercut and/or

bank,theto

The rate of particle removal, and hence the rate of bank

the stability of the banks.

The characteristics of the material forming the banks of channels

are highly variable, although bank material particle sizes are typically

equal to or smaller than the bed particles. Bank material deposited in a

channel can be broadly classified as cohesive, non-cohesive, or stratified.

Cohesive material is more resistant to surface erosion and has low perme

ability that reduces the effects of seepage, piping, and subsurface flow on

From the 83rd Avenue bridge to the confluence with New River, the

Skunk Creek channel is narrow, deeply incised and heavily vegetated.

Conveyance appears to be less in this reach compared to upstream reaches.

saturated are more likely to fail due to mass wasting processes such as

sliding or block failure.

the bank line.

erosion, is affected by factors such as the direction and magnitude of the

piping and wave forces, many of which may act concurrently.

fluctuations in the shear stress exerted on

water adj acent

are the product of past transport and deposition of sediment.

specifically, these types of banks consist of layers of materials of various

sizes, permeability, and cohesion.
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sliding as a consequence of subsurface flows and piping.

I
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of cohesive material. This type of bank is also vulnerable to erosion and
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Channel banks along the study reach of New River and Skunk Creek

are typically stratified. In areas where the alluvium has not been recently

disturbed or re-worked, the cohesive materials result in steep or vertical

channel side slopes (Simons, Li and Associates, 1985).

3.3 SUBSURFACE CONDITIONS

Subsurface conditions at the site were explored by means of 21

backhoe pits excavated with a Ford 555A backhoe at locations indicated on

field explorations, together with a detailed log of the test pits, areI
the Vicinity Map, Plate 1. A discussion of the method of performing the

I
I
I
I
I
I
I
I
I

presented in Appendix A, Field Exploration and Laboratory Testing.

The subsurface conditions can be categorized into four general

strata as described below:

Strata A

Relatively clean sands and gravels with trace to some cobbles and

boulders.

Strata B

Silty and clayey sands and gravels with trace to some cobbles and
boulder's.

Strata C

Sandy clays and silts, silty clays, clayey silts, with trace

gravels.

3-4
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Strata D

Fill silty
debris such as
rubbish.

sand, gravel and
broken concrete,

cobbles mixed with
wood, car bodies,

construction
miscellaneous

I
Typically the left and right banks (facing downstream) of Skunk

Creek have a variable thickness of Strata B or C; fine-grained granular

vestigated. These soils are typically loose to medium dense at the surface,

mixed soils overlying Strata A or B granular soils through the depths in-I
I increasing to medium dense to very dense at depth. Consolidation testing

I
I
I

shows some of the surface soils are moisture sensitive, and will collapse

upon wetting. An active slope failure within the steeply sloping portion of

the west channel bank was observed just downstream from Bell Road. In some

areas, variable thicknesses of Strata D fill soils have been built up over

the native soils. One noticeable extensive fill is in the left bank of the

area more than 10 feet of Strata D fill material has been placed, extending

bodies, rubber tires, pipes, and miscellaneous rubbish and trash are visible

A second area of significant filling is on

I
I
I

channel just below the confluence of New River and Skunk Creek.

over 320 feet east from the present left bank of the channel.

along the side of the channel.

In this

Wood, car

I
the left bank of Skunk Creek just upstream from the 83rd Avenue bridge; its

extent was not determined in the field program.

On the Skunk Creek channel bottom Strata A and B granular soils are
I
I mixed, in a loose to dense condition. Numerous areas of Strata C fine-

I
grained soils are present, either as surface layers or as lenses within the

investigated depth profile. One area along Skunk Creek just below Bell Road

has an extensive surficial exposure of very stiff and cemented Strata CI
I

fine-grained soil in the channel bottom.

3-5
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3.4 GROUND WATER

excavated in the channel across from the horse track.

soils were encountered at depth in both of the two proposed drop structure

locations.

and gravels have increased

of higher cementation. The

No water was encountered in the two test pits B1 and B2

Standing water was present just upstream of the 83rd Avenue

plastic fines to depths of 34 feet, and areas

undated) reveals that the interbedded sands

A review of test pits and boring logs produced for other

construction in the area (ADOT, June 1986), (U.S. Army Corps of Engineers,

Perched ground water was encountered at a depth of 4 feet 8 inches

in test pit 8CL on 1/23/87. Ponded surface water was observed between test

pits 4 CL and 5 CL as a result of irrigation water draining into the

channel, and between test pits 5 CL and 6 CL due to ponding on the left

overbank.

bridge, and at the base of the extensive fill area on the channel's left

bank just downstream from the Skunk Creek and New River confluence. During

the drop structure test pit investigation on March 17, 1987, Skunk Creek was

flowing at approximately 5 cfs near the 83rd Avenue bridge, and ground water

was encountered at a depth of 4 feet in test pit A1 and at a depth of 2 feet

in t est pit A2 •

Arizona Department of Transportation excavated 23 test pits from 9 to 11

feet deep along the right bank of Skunk Creek from the ACDC outfall to the

·confluence of Skunk Creek and New River. The Corps of Engineers drilled two

borings 21 feet and 34 feet deep, one near the ACDC outfall to Skunk Creek

and the other located downstream from test pit 6CL in Skunk Creek.

I
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3.5 STABILITY ANALYSIS

3-7

stabilizat ion, all s lopes should be observed by a qualified engineer to

A

In areas where

These zones should be removed

After slope excavation and prior to placement of channel

Collapse and erosion of these fine-grained soils could result

McWilliams, 1981) were used to analyze the stability of the slopes.

Stabili ty analyses were performed for typical channel bank con

figurations based on 2:1 (h:v) slopes. Chart stability methods (Tesarik and

factor of safety of 1.8 was calculated for the design slope. Channel slopes

as steep as 1-1/2:1 (h:v) would have a factor of safety of 1.5, and should

be considered the maximum steepness for a safe slope. This analysis assumes

drainage behind the slope protection to prevent buildup of hydrostatic

pressures, and mobilized shear strength of any geosynthetic or erosion

protection at least as high as the strength of the soils in the slope (c=100

3.6 DISCUSSION AND RECOMMENDATIONS

identify loose or soft soil or fill zones.

and replaced with engineered fill.

protection.

The field investigation and laboratory testing program have defined

the general site geotechnical parameters necessary for design of channel

slope protection and drop structures. The top several feet of channel bank

soils should be considered potentially moisture sensitive, and care should

be taken to prevent ponding of surface water adjacent to the channel slope

in voids developing behind the channel slope protection.

surface water will run into the channel, the low density surface soils

should be excavated to a depth of 3 feet and recompacted adjacent to the

I
I
I
I
I
I
I
I
I
I
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B2, and downstream from the 83rd Avenue bridge, near test pits Al and A2 are

excavations necessary.

anticipated to be about 12 feet below the existing channel. Both structures

depths for the proposed drop structures in the channel near test pit Bl and

Ground water

The foundation

The filling upstream of the 83rd Avenue

This reworking and compaction will decrease bothchannel slope protection.

increase in relative density and cementation with depth.

should be founded on dense granular or stiff cohesive soils.

The channel bottom soils are typically loose at the surface, and

perched over less pervious strata within the channel should be anticipated,

with dewatering of drop structure or below grade channel slope protection

the permeability and moisture sensitivity of the fine-grained, low-density

surface soils.

Areas of landfill adj acent to the planned slope protection cause

special concern from an environmental and geotechnical engineering stand

point. As the contents of the landfills are not known, care should be

exercised when excavating into the landfills. Recommendations or guidelines

from the Arizona Department of Water Resources and Arizona Department of

Health Services relative to construction within an existing landfill should

be identi fied and followed. The geotechnical investigation of 21 backhoe

pits was not sufficient to identify all areas of significant filling

adjacent to and within the channel of Skunk Creek, however the two most

significant areas identified during this investigation appear to be

immediately upstream of the 83rd avenue bridge on the left bank of the

channel, and just downstream of the confluence of Skunk Creek and New River,

on the left bank of the channel.

I
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3.7 INSPECTION DURING CONSTRUCTION

Soil conditions encountered during construction may differ in some

conjunction with regulatory requirements to address this issue.

of adequacy of the excavation within the construction limits, 2) approval of

In

1) verification

Additional site investigation and analysis are recommended in

Unfiltered fine-grained soils could be eroded out from under

this study.

protection.

The specific geotechnical design for construction behind the

channel bank stabilization adjacent to the landfill was not addressed in

Bridge appears to be due to straightening of an old meander of Skunk Creek,

while interpretation of aerial photographs suggests the downstream landfill

has been located in a eroded area where flows from New River had impinged on

the left channel bank.

Channel slope protection such as grouted riprap should be underlain

with a woven geotextile to filter water which passes through the slope

the slope protection, leaving voids which could cause settlement, excessive

cracking, and possible failure of the channel slope protection.

areas from those encountered in the test pits previously completed.

Observations made during these inspections should include:

order to permit correlation between soil data shown in this report and the

actual soil conditions encountered during construction and to inspect for

conformance with the plans and specifications, it is recommended that a

qualified soil engineer be retained to perform construction inspection.

I
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fill material, 3) verification of preparation of subgrade prior to fill and

foundation installation, and 4) fill placement procedures and fill density

testing.
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4.0 HYDRAULIC ANALYSIS

4.1 FACTORS AFFECTING ANALYSIS

Some improvements to the drainage courses which affected the

analysis of the study reach have already begun. These factors are discussed

below as study constraints and study assumptions.

4.1.1 Constraints

The most significant constraint to the analysis is the U.S. Army

Corps of Engineers (CaE) proposed bank stabilization project along the left

(east) bank of most of Skunk Creek from the ACDC outfall to 83rd Avenue.

The CaE project will include grouted rip-rap placed on a 2: 1 (h:v) side

slope from the ACDC outfall to just upstream of 83rd Avenue (U.S. Army Corps

of Engineers, 1984). Consideration was given to preserving the 83rd Avenue

bridge and to minimizing infringement upon the City of Peoria's Greenway

Park, located on the right overbank approximately 1/2 mile upstream from

83rd Avenue. Also considered was minimizing impacts to the thickly

vegetated area located in the channel i=ediately upstream of the 83rd

Avenue bridge (see Plate 1).

Other constraints affecting the analysis included the proposed

Outer Loop Expressway companion bridges and the proposed 12-foot high Desert

Harbor drop structure (see Plate 1). It was required by the Flood Control

District (FeD) that the laO-year design flow of 35,000 cubic feet per second

(cfs) be contained in an incised channel. This means that no levees would

4-1
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be allowed as part of the channelization proj ect, except for freeboard.

Freeboard for the bridges would be 4 feet above the lOa-year water surface

I elevations. Freeboard for the channelized section away from the bridges

I
I
I
I

could be less than 4 feet, but it was required by the FCD that a peak flow

of 50,000 cfs would also be completely contained in the incised channel

(FCD, 1987).

4.1.2 Assumptions

At the request of the FCD, the COE bank stabilization project,

Outer Loop bridges and Desert Harbor drop structures were assumed to be in

I
I

place for the baseline condition of this investigation.

rates for the study were also provided by the FCD.

The design flow-

The lOa-year peak

flowrate in the study reach of Skunk Creek is 35,000 cubic feet per second

I (ds). Coincident flowrates in New River and the ACDC are 41,000 cfs and

I
I

29,000 cfs, respectively (Simons, Li and Associates, Inc., 1985). Manning's

roughness coefficients (n values) selected for use in the HEC-2 model are

summarized in Table 4-1, presented below.

Table 4-1I
I
I Location

SUMMARY OF MANNING'S ROUGHNESS
COEFFICIENTS FOR SKUNK CREEK

Manning's Roughness
Coefficient

(n value)

I
I
I

Natural channel bottom w/some vegetation 0.035

Riprapped channel side slopes 0.025

Overbank areas 0.030 - 0.035

Vegetated area on channel bottom 0.035 - 0.090

(Chow 1959)
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alternative examined are included below.

4.2 ALTERNATIVES EVALUATED

4-3

All alternatives were modeled using the HEC-2 computer program for

Cross-sectional data was obtained

The results of the computer modeling

New River cross sections were taken from previous

All alternatives assumed that the channel alignment wouldCOE left bank.

Throughout all of the alternatives, the channel side slopes were

modeled at 2:1 (h:v). This slope was selected to provide reasonable factor

of safety against slope failure during rapid drawdown and moderate side

slope seepage into the channel, and also to be compatible with the planned

provide smooth curves between control points to minimize turbulence and

control velocity transitions. Additional assumptions specific to each

A total of three alternatives were evaluated during this study.

The first alternative represented a fairly simple concept of a uniformly

sloped, constant width trapezoidal channel cleared of all vegetation. Two

subsequent modifications to this initial concept were completed in an

attempt to meet study objectives.

water surface profiles (USACOE, 1982).

from three sources:

studies (EMI, 1984 & 1985), Skunk Creek cross sections were provided by EMI

engineering staff and supplemented by more detailed topographic information

where available (USACOE, 1984), and cross sections for the ACDC were taken

from the ACDC plans (USACOE, 1984).

are presented on the computer printout which are bound under separate cover

and included with this report. A description of each alternative evaluated

I
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4.2. 1. 1 Bridges

4.2.1 Uniformly Sloped, Clear Channel

upstream COE project and the downstream ADOT bridges, the bridge would also

Because of the fixed locations of the

This alternative also has a uniform channelDesert Harbor drop structure.

potentially induce bridge failure.

The proposed Outer Loop Expressway companion bridges were modeled

as a single bridge with a total roadway width of 145 feet. The bridge

design was taken from Arizona Department of Transportation (ADOT) drawings

provided by EMI (ADOT 1986). The location for the proposed bridges was also

provided by EMI (EMI 1987). The 83rd Avenue bridge across Skunk Creek is

skewed to the flow and was modeled at its existing roadway width, approxi

mately 55 feet, and lengthened from its present 204 feet to 320 feet to span

the new channel. The proximity of the 83rd Avenue bridge foundation to the

proposed channel invert and expected high flow velocities under the bridge

would require heavy armoring of the channel and bridge abutments in the

vicinity of the bridge. The heavy armoring would be required because even a

minimal amount of local scour could expose the bridge foundation and

bottom width of 240 feet to provide a top width which could be constrained

to an approximate 300-foot wide right-of-way.

is presented below along with comments on how well each model performed

relevant to study objectives.

This alternative included a uniform channel slope of 0.00356 foot/

foot from the COE stabilizer section to the upstream edge of the proposed

I
I
I
I
I
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4.2.1.2 Bank Protection
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4.2.1.3 Channel Stability

smaller fraction depositions as suspended or wash loads. The receding limb

of the larger flow hydrographs may leave a significant volume of deposition

Significant degradation and local scour may

The higher flowrates will probably remove most of these

Velocities in the Skunk Creek channel ranged from approximately 10

to 14 fps. These high velocities would require that channel bank protection

be provided along most of the study reach.

have to be lengthened at both ends to span the proposed new channel.

Velocities beneath the Outer Loop Expressway bridges and the 83rd Avenue

bridge are both approximately 12 feet per second (fps).

No detailed analysis of sediment movement for the proposed

channelization was called for in the scope of work. However, there may be

significant changes in sediment movement patterns resulting from the

combination of the increased flow potential and the channelization project.

It is anticipated that lower flowrates will provide sediment to the study

reach and this sediment may be deposited on the channel bottom at a variety

of locations.

material on the channel bed.

occur in the vicinity of the bridges and detailed design for these struc

tures must accommodate potential problems of this type. The interaction of

the ACDC, Skunk Creek and New River with flows peaking at different times

represents a highly dynamic process which should be monitored after every

major flow and on a periodic basis also. Only a detailed sediment transport

I
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almost exposed at several locations in this alternative.

4.2.1.4 Evaluation of Uniformly Sloped, Clear Channel

would require a levee adjacent to Greenway Park.

One 6-foot drop structure is

In addition, the 50,000 cfs flow

The toe of the proposed CaE riprap was

The clear channel alternative would require removing the thickbridge.

vegetation upstream of 83rd Avenue.

The estimated channel water surface elevations in the HEC-2 model

for this alternative resulted in about 8 feet of freeboard for the Outer

Loop Expressway bridges and roughly 5 feet of freeboard for the 83rd Avenue

study based on the proposed new channel configuration could accurately

estimate sediment movement patterns and long term channel stability.

Avenue and may endanger the CaE riprap.

This alternative meets some of the design objectives but provides

high velocities, requires removal of the thick vegetation upstream of 83rd

4.2.2 Two Drop Structures in Clear Channel

structures proposed in this alternative.

In an effort to decrease the velocities in the channel and maintain

cover of the toe of the CaE project, the slope of the channel was reduced to

0.002 foot/foot between the COE stabilizer section and two 6-foot drop

proposed just upstream of the City of Peoria's Greenway Park, while the

other is proposed just downstream of the 83rd Avenue bridge (see Plate 1).

I
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4.2.2.2 Bank Protection
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4.2.2.3 Channel Stability

4.2.2.1 Bridges

The velocities are

As with the uniformly

Velocities beneath both of the bridges remained at

Care must be taken in the design of these facilities to protect

previous alternative.

approximately 12 fps.

Both bridge designs used in this alternative were modeled as in the

Channel stability conditions for this alternative would be

The velocities projected by the HEC-2 model for this alternative

would be 10 to 13 feet per second in the channel with velocities of up to

16 fps in the vicinity of the two drop structures. Channel bank protection

would be required along most of the study reach.

different than for the uniformly sloped alternative.

somewhat lower, but are still high enough to easily move the smaller

fractions of the bed material. The two drop structures will provide

localized higher velocities and significant turbulence in the immediate

the channel bottom and side slopes in these areas.

vicinity.

sloped alternative, inspection of the channel after maj or flows and on a

periodic basis would be required.

I
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4.2.2.4 Evaluation of Two Drop Structures in Clear Channel

In order to evaluate preservation of the vegetated area, a bypass

4.2.3 Two Drop Structures with Bypass Channel

the uniformly sloped alternative, the 50,000 cfs flow would require a levee

adjacent to Greenway Park.

In

As with

This was accomplished by increasing

The depth of cover for the COE riprap wasdid not change significantly.

increased with this alternative.

Freeboard for the Outer Loop Expressway bridges remained fairly

constant, while the freeboard for the 83rd Avenue bridge decreased to

roughly 2.5 feet which is less than the 4 feet required by this study. The

HEC-2 model prediction of the water surface elevation at the park facilities

This alternative did not meet the 83rd Avenue bridge freeboard

requirement or preserve the thick vegetation upstream of 83rd Avenue. It

did provide slower velocities and more cover for the COE riprap.

channel was modeled around the area.

the channel base width (mostly on the north side) to approximately 400 feet

in the vicinity of the vegetation. The channel section would still include

a relatively flat channel bottom, but the vegetation would be left in place

with the cleared bypass channel allowing flows around the vegetation.

order to contain the 50,000 cfs flow in an incised channel, the drop

structure just upstream of the park was increased to a height of 7 feet and

the drop structure just downstream of the 83rd Avenue bridge was lowered 1

foot.

I
I
I
I
I
I
I
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4.2.3.2 Bank Protection

4.2.3.3 Channel Stability

4.2.3.1 Bridges

However, as a result of the addition of the

The velocities ranged from approximately 6.5 to 13

As with the previous alternative, localized higher

The FeD indicated that for a bridge requirement of this length,

The Outer Loop Expressway bridges were modeled the same way as in

previous alternatives.

previous alternatives.

Velocities for this alternative were lower on average than the

Similar to the other alternatives, channel stability may be a

problem for the bypass channel alternative. It is stressed here that

detailed studies of sediment movement are not in the present scope of work.

However, periodic monitoring and inspection of the channel after major flows

should be completed as part of a rigorous maintenance program for the

feet per second.

velocities could reach 16 feet per second in the vicinity of the drop

structures. These velocities still require bank protection throughout the

study reach.

the old bridge would be removed and a new bridge constructed. The new 83rd

Avenue bridge was modeled at a roadway width of 80 feet. With this alter

native, the flow velocities at the Outer Loop Expressway and 83rd Avenue

bridges are estimated to be 11.3 and 10.4 fps, respectively.

bypass channel, the 83rd Avenue bridge had to be lengthened to approximately

the

450 feet.

I
I
I
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83rd Avenue should be monitored closely as should the areas in the vicinity

I
I
I

proj ect. The channel in the vicinity of the thick vegetation upstream of

I
I
I
I
I

of the bridges, drop structures, and confluences of major drainages.

4.2.3.4 Evaluation of Two Drop Structures
with Bypass Channel

Freeboard on the Outer Loop Expressway bridges for this alternative

is about 10 feet, and freeboard on the new 83rd Avenue bridge would be about

6 feet. This alternative also provides reasonable flow velocities with the

channel fully incised for both the design and the 50,000 cfs flows. It is

important to note that the larger flows may be significantly affected by the

I vegetation on the channel bottom. The computer model cannot predict

the vegetation to impinge on the adjacent channel banks and 83rd Avenue

bridge abutments with localized higher velocities which could cause the bank

I
I

problems associated with local turbulence. Major flows may be directed by

I
I
I
I
I
I

protection to fail. It is also possible that a large flow could remove part

or all of the vegetation and thus improve the flow characteristics.

Of the three alternatives evaluated during this study, this

alternative appears to best meet all of the study objectives.

4.3 CHANNEL BANK STABILIZATION CONCEPTS

The selection of a concept for channel bank protection should be

primarily based on economic considerations of placement and maintenance

with other structures should also be evaluated during the selection process.I
costs. Other considerations, such as aesthetic quality and compatibility

I
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A total of four channel bank protection measures were selected for con-

I
I
I sideration on this project. These are: soil cement, grouted riprap,

our comments on their expected performance.
I
I

ungrouted riprap and gabions. These are further described below along with

I
I
I
I
I
I

Toedown depths for each of the channel bank protection measures

would be simi lar along the study reach since the presence of existing and

planned grade control (drop) structures will minimize the potential for

general degradation and undercut ting of the bank protection measures. All

of the recommendations for the proposed bank protection measures are based

upon the fact that the drop structures will be constructed as proposed

before the channel is ready for flows. A minimum toedown depth of 8 feet is

proposed for the channel bank protection. This toedown depth is anticipated

to intersect the more granular or stiffer cohesive soils. Alternatively, an

apron of bank protection material about 4 feet thick could extend into the

The apron may be

I
channel away from the toe a distance of about 20 feet.

easier to construct if ground water depths are shallow. However, the

I
I
I
I
I
I
I

toedown would be preferred even if it means scheduling the construction

during the dry period of the year and if dewatering was required.

The channel bank protection measures should extend above the water

surface elevation to allow for wave runup, local turbulence, and any super-

elevation of the water adjacent to curves. The required freeboard should be

4 feet above the lOO-year design flow water surface elevation.

The channel bank protection should also be tied into all drop

structures and bridge abutments to provide smooth velocity transitions and

4-11



protection b~ installed along both sides of the full length of the study

I
I
I

minimal turbulence in these areas. We recommended that the channel bank

I
I
I
I
I
I
I
I
I
I
I

reach. However, some areas are more critical than others. These are listed

below:

o Outer Loop bridge abutments
o 83rd Avenue bridge abutments
o Drop structures
o Adj acent to landfill on south bank downstream from Outer Loop

bridge
o Confluence of New River and Skunk Creek
o Confluence of Skunk Creek and the ACDC

We recommend that at a minimum the following areas· initially be

provided with channel bank protection:

1. South bank of Skunk Creek from the downst ream end of the COE
grouted riprap past 83rd Avenue, the 6-foot high drop
structure, the Outer Loop bridge, past the landfill and through
the confluence with New River.

2. North bank of Skunk Creek from the upstream end of where the
vegetation will be maintained on the channel bottom, extending
downstream similar to the south bank to the confluence with New
River.

3. North bank of Skunk Creek extending 100 feet upstream and 200
feet downstream of the 7-foot high drop structure.

4. North bank of Skunk Creek extending at least 200 feet upstream
and 200 feet downstream from the confluence with the ACDC.

Areas which are not protected will be subject to bank erosion and

I possible slope failures during even small channel flows. Larger flows may

erode behind the ends of any in-place bank protection and cause failure of

I the adjacent channel bank protection. Any channel improvement plan which

I
I
I

does not include a full length channel bank protection concept should

anticipate repeated maintenance for the channel.
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channel bank protection concept is presented on Plate 2.

grouted riprap may be provided by a system of geotextile encapsulated

Soil cement has been used extensively along the lower Agua Fria

Drainage behind the

However, the grouted

A typical section of a soil cement

It has excellent application in alluvial

The soil cement can be placed by heavy equipment and then cut

Drainage behind the soil cement may be provided by a sys tern of

River and in Pima County.

imported.

channel.

channel at about SOD-foot intervals.

geotextile encapsulated corrugated HDPE 0 drainage pipes which would extend

parallel to the channel 18 inches above the flow line, with outlets into the

channels, especially those which are not degrading and which also have soil

that can be used in the soil cement construction. Alternatively local soil

could be processed on site or soil for the soil cement mix could be

back to a smooth slope. Slopes steeper than 2:1 (h to v) would require less

soil cement, but may make it difficult for people to climb out of the

Grouted riprap has been proposed by the COE for channel bank

protection along the left bank for most of the channel between the Arizona

Canal Diversion Channel outfall and 83rd Avenue. Grouted riprap could also

be used for bank protection along both sides of the remainder of the

proposed new channel. The grout should extend through the full thickness of

the riprap. One advantage of the grouted riprap is that smaller rock may be

used than would be required with ungrouted riprap.

riprap is less likely to settle uniformly during a slope failure. The size

of the riprap is primarily a function of adj acent flow veloci ties. The

riprap should be laid over a filter fabric placed over the compacted soil.

Table 4.2 presents design criteria for the range of velocities which are

expected to occur during passage of the design flow.

I
I
I
I
I
I
I
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corrugated high density polyethylene (HDPE) drainage pipes which would

extend parallel to the channel 18 inches above the flow line, with outlets

grouted riprap channel bank protection concept is presented on Plate 3.
I

into the channel at about SOO-foot intervals.

Table 4-2

A typical section of a

GROUTED RIPRAP PLACEMENT

HEC-2 ANALYSES PROPOSED RIPRAP DESIGNa

Ungrouted riprap would serve well as a bank stabilization measure.

The proposed 2: 1 (h to v) channel sideslopes are compatible with this

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

Reach Location

New River from D.H.
drop past landfill
to Outer Loop bridge

Skunk Creek from
Outer Loop to
6-foot drop

Under Outer Loop
bridge

Under 83rd Ave.
bridge

Upstream of 83rd Ave.
and downstream of
7-foot drop

Upstream of 7-foot
drop and down
stream of ACDC
outfall

100 feet upstream
and 200 feet
downstream of
2 drop structures

aCANMET

Section
Numbers

4.0 - 7.1

7.6 - 12.0

7.1 - 7.6

13.2 - lS.0

lS.0 - 24.8

24.9 - 29.0

Velocity
Range
Ft/Sec

6 - 8

8 - 13

12 - 16

Minimum

dSO
Inches

8

12

28

d 100
Inches

12

18

40

Minimum
Blanket

Thickness
Inches

12

18

40

I
I

measure and the riprap should be laid over a sand bedding underlain wi th

Mirafi 600x woven geotextile (or equal) placed over the compacted soil. The
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ungrouted riprap is somewhat more flexible than the grouted riprap.

However, it requires that larger rock be used than for the grouted riprap

protection concept is presented on Plate 3.

for the range of velocities which are expected to occur during passage of

bank protection concept. The riprap sizing and extent would primarily be a

function of adjacent flow velocities. Table 4-3 presents design criteria

A typical section of an ungrouted riprap channel bankthe design flow.

I
I
I
I Table 4-3

UNGROUTED RIPRAP PLACEMENT

I
I
I
I
I
I
I
I
I

HEC-2 ANALYSES PROPOSED RIPRAP DESIGNa
Minimum

Section Velocity Minimum Blanket
Numbers Range d50 dlOO Thickness

Reach Location Ft/Sec Inches Inches Inches

New River trom D.H. 4.0 - 7.1 6 - 8 12 18 18
drop past landfill
to Outer Loop bridge

Skunk Creek from 7.6 - 12.0
Outer Loop to
6-foot drop

Under Outer Loop 7.1 - 7.6 8 - 13 18 27 27
bridge

Under 83rd Ave. 13.2 - 15.0
bridge

Upstream of 83rd Ave. 15.0 - 24.8
and downstream of
7-foot drop

Upstream of 7-foot 24.9 - 29.0
drop and down-
stream of ACDC
outfall

100 feet upstream ----------- 12 - 16 42 60 60
and 200 feet
downstream of
2 drop structures

aCANMET

I
I
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4.4 DROP STRUCTURE CONCEPTS

The proposed drop structures were designed at the conceptual level

rials including; cas t-in place concrete, pre-cas t concrete, soil cement,

Care

A gabion supplier should be consulted during

However, the finished project must be capable

Drop structures can be constructed of a variety of mate-

Higher velocities would require a 2- or 3-foot thick layer.

has been laid over the compacted 2: 1 (h to v) channel side slopes.

load during the design flow.

Cabions could also be used for the channel bank stabilization. The

gabions should be placed over Mirafi 600x woven geotextile (or equal) which

must be taken in selection of the gabion material to provide a final product

which will be compatible with the chemical conditions of the soil and water

and which can withstand the abrasive and impact forces of the moving bed

final design of this concept. However, a I-foot thick gabion blanket would

probably adequately protect the channel side slope against velocities of 10

fps, or less.

A typical section of a gabion channel bank protection concept is presented

on Plate 3.

for this study.

gabions and grouted riprap.

of surviving all the structural loadings during the passage of the design

hydrograph and also withstanding the abrasive and dynamic conditions

provided by the bed and wash loads. Two alternative drop structure designs

are presented below along with conceptual criteria for their design. Final

design will require additional review. of the site conditions and should

include detailed structural analysis and cost comparisons.

I
I
I
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presented on Plate S.

A cast-in-place concrete drop structure would be similar to the

sound through the passage of the design hydrograph and withstand sediment

The cast-in-

cross section of aA conceptual

This design would be similar to the 4-foot-high drop

A conceptual cross section of a grouted riprap drop structure is

The grouted riprap concept can also be designed to be structurally

impacts.

Because of the relatively low heights (6 and 7 feet) of the

proposed drop structures, grouted riprap may also be used to construct the

ACDC.

drop structures.

structure designed by the COE and already in place near the lower end of the

for the Skunk Creek reach unde r study.

cast-in-place drop structure is presented on Plate 4.

place concrete can be designed for the structural loads and the higher

strength concrete mixes will not be significantly damaged by sediment

particles. The cast-in-place concrete drop structure concept is recommended

drop structure designed for the Desert Harbor development.

I
I
I
I
I
I
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improvements proposed in this report will provide different water velocities

with lower channel inverts and water surface elevations.

A trapezoidal earth-bottom channel is proposed to extend from the

stabilizer section near the ACDC outfall to the Desert Harbor drop struc-

should extend 4 feet above the 100-year flow water surface elevation and 8

feet below the finished channel invert elevation. The grouted riprap

channel bank protection proposed by the Corps of Engineers (COE) for the

left bank upstream of 83rd Avenue should be re-evaluated based on the

are

the

The channel

However,

geometry

The soil cement

in flowrate and channel

5.0 SUMMARY AND CONCLUSIONS

The proposed changes

The channel should have a bottom width of 240 feet over most of the

considered major changes for the study reach of Skunk Creek.

ture.

geotechnical and hydraulic studies completed for this project indicate that

the proposed improvements will be adequate to safely pass the 100-year flow

and that a flow of 50,000 cfs will be contained within the incised channel.

The proposed design is summarized in the following paragraphs.

study reach with a wider section in the vicinity of the thick vegetation

just upstream of 83rd Avenue. The channel should have 2:1 (h:v) or flatter

side slopes over the entire study reach. The channel side slopes should be

protected over the full length with a layer of soil cement to minimize bank

erosion and lateral channel migration. Meetings held during the course of

the study indicate that the 2:1 side slopes protected by soil cement are the

concept preferred by the FCD staff. The report identifies those areas which

are more critical for the bank protection application.

hydraulic conditions caused by the new channel configuration.

I
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not require significant abutment fill to meet this objective.

cement channel bank protection at both sides of the channel so that flows

can not cut into the banks or undercut the drop structures.

The new bridges proposed to cross the study reach should provide a

-minimum of 4 feet of freeboard between 100-year water surface elevation and

bridge low chord. The proposed Outer Loop bridges as presently designed are

The new 83rd Avenue bridge should

The concrete drop structures should be tied into the soilrespectively.

significantly higher than this already.

Two drop structures are included in the recommended channel design

alternative to produce lower flow velocities and help provide a completely

incised channel for a flow of 50,000 cfs. These drop structures should be

constructed of cast-in-place reinforced concrete to heights of 6 and 7 feet,

A significant percentage of the soils which need to be excavated

during channel construction are generally suitable for use in the soil

cement placement. Based upon the limited geotechnical program completed to

date the soils underlying the proposed channel bottom appear adequate to

support the proposed structural elements of the new channel project.

However, more detailed foundation studies should be completed before final

design of any of the structures (eg. bridges, drop structures, etc.).

A detail~d sediment transport study is required to accurately

evaluate sediment movement patterns in the new channel. However, this

analysis is complicated in that flows in the ACnC, Skunk Creek, and New

River do not have coincident peaks and this may be a critical element in any

sediment transport studies.

I
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recommendations.
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The hydraulic analysis completed for this study was based on

accordance wi th generally accepted professional engineering principles and

Our

If any

If the contractor encounters con-

We have developed our conclusions and recommendations in

We make no other warranty either expressed or implied.

The subsurface information presented in this report does not

between and beyond these explorations.

practices.

this project.

dit{ons that appear different from those described in our report, Dames &

Moore should be notified so that we may review and verify or modify our

Dames & Moore has prepared this report to aid in the evaluation of

the site and to assist in channel protection and drop structure design of

conclusions are based on the results of our previous field explorations and

laboratory testing and on our interpretations of subsurface conditions

test pits.

The geotechnical recommendations made in this report are based on

the assumption that the soil conditions do not vary appreciably between the

constitute a direct or implied warranty that the soil conditions between

test pit locations can be directly interpolated or extrapolated or that soil

conditions and/or variations different from those disclosed by the test pits

will not be revealed.

of these constraints or assumptions are, in the future found invalid, then

this study should be considered obsolete and additional studies initiated to

model the study reach with modified constraints or assumptions.

several major constraints and assumptions as listed in Section 4.1.
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TEST PITS

FIELD EXPLORATION

The field exploration program consisted of excavating test pits and

Test

The test pit portion of the field exploration

The test pits were excavated with a Ford 55A backhoe.

APPENDIX A

FIELD EXPLORATION AND LABORATORY TESTING

Dames & Moore engineers observed all test pit excavations, obtained

undisturbed and bulk samples for classification and laboratory testing, and

pits were backfilled upon completion of logging.

Relatively undisturbed samples were recovered from the test pits

using the Dames & Moore hand sampler shown on Plate A-I. The samples were

classified in accordance with the Unified Soil Classification System

presented on Plate A-2.

centerline.

Twenty one test pits, TP-IR through T-I0L(B), and test pits AI, A2,

Bl and B2 were excavated and logged at the locations shown on Figure 1.

Test pits TP-IR through TP-I0L(B) are identified by a number (1-10)

indicating the location and letters (R, L, CL) indicating whether the pit

location was right, left (facing downstream) or on the proposed channel

program was performed during January 22 through March 17, 1987, and was

supervised by Dames & Moore geotechnical engineers.

obtaining soil samples.

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



prepared detailed logs of the subsurface conditions encountered. The Key to

I
I
I
I
I

the Log of Test Pits is shown on Plate A-3.

presented on Plates A-4A to A-4L.

LABORATORY TESTING

The Log of Test Pits is

I
I

A laboratory testing program was conducted on selected samples

recovered from the test pits to evaluate their geotechnical engineering

properties. Included in this program were moisture content and dry density

determinations, . sieve analyses, Atterberg limits, direct shear, and

I
consolidation tests.

Laboratory.

Testing was performed in the Dames & Moore Phoenix

I
I
I
,

I
I
I

MOISTURE CONTENT AND DRY DENSITY

Moisture content and dry density determinations were performed on

selected undisturbed samples recovered from the borings and test pits. The

results of these tests were used to correlate between samples on which other

tests were performed and to provide input to the engineering analyses.

These results are presented on the Log of Test Pits, Plates A-4A to A-4L.

SIEVE ANALYSES

I Sieve analyses were completed on selected samples. These tests,

I
I
I

performed in accordance with ASTM D 422-63, aided in classifying the soils.

Test results are presented in Table A-I.
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ATTERBERG LIMITS

CONSOLIDATION TESTS

Consolidation testing was performed on undisturbed samples of

Atterberg limits tests, performed in accordance with ASTM D 423-66,

Standard Method of Test for Liquid Limit of Soils, and ASTM 0 242-59,

Standard Method of Test for Plastic Limit and Plasticity Index of Soils,

Test

Test results are

The equipment and general test procedures are presented on

A-3

native soils.

Plate A-7, Method of Performing Consolidation Tests.

presented on Plate A-8.

Direct shear tests were performed on undisturbed and remolded

samples of native soils obtained from borings. The equipment and general

test procedures are presented on Plate A-5, Method of Performing Direct

Shear and Friction Tests. Test results are presented on Plate A-6.

DIRECT SHEAR

were conducted on selected samples for classification purposes.

results are presented on the Log of Test Pits and in Table A-I.
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Table A-I

SI EV E ANALYSI SAND ATTERBERG LIMITS TEST RESULTS

Test Atterberg
Pit Percent ht) The Sieve Size Limits
No. Depth 200 11100 1150 118 114 I" 2" L.L. P. I.

1 CL 0'-2' 13* 17 22 29 38 51 71 91 100

2 CL 0'-4' 6 7 11 21 37 53 62.5 69 78.5 86 52.4 18.8

3 CL 0'-6' 5 6.5 12 23 36 48 60 69 82 90

4 R 14'-14' 1/2" 3.5 4 8 19.5 33 42 47.5 53 61 100

4 CL 0'-2' 6 8 13.5 24 36 46 57 70 80 100

5 CL 0'-2' 15 18 23.5 31.5 42 50 56 61 71 100

6 R 5'-6' 31 45 65 78 84 87 91 100 N. P.

6 R 12'-13' 10 13.5 21 32 42 49 54 59 66 100

6 CL 6'-7' 8 11 15 23 34 49 53.5 60 73 82 100

7 CL 6"-1' 65.5 76 87 94 100

8 R 4"-10" 57 68 81 89 95 98 99.5 100 26.2 7.0

8 CL 6'-7' 6.5 7 9 14.5 31 47.5 59 67 77 100

8 CL 10'-10'9" 6* 8 12 18 26 40 72 98 100

9 L 1 '-1 1/2' 53 67 82 90 95 97 98 99 100

*Cemented soil fragments did not break down after soaking in water 72 hours.



The following plates are attached and complete this Appendix.
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Plate A-I

Plate A-2

Plate A-3

Plate A-4A
through

Plate A-4K

Plate A-5

Plate A-6

Plate A-7

Plate A-8

DAMES & MOORE HAND SAMPLER

UNIFIED SOIL CLASSIFICATION SYSTEM

KEY TO LOG OF TEST PITS

LOG OF TEST PITS

METHOD OF PERFORMING DIRECT SHEAR
AND FRICTION TESTS

RESULTS OF DIRECT SHEAR TESTING,
NATIVE SOIL SAMPLES, ULTIMATE STRENGTH

METHOD OF PERFORMING CONSOLIDATION TESTS

CONSOLIDATION TEST DATA

A-5
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___--DRiVE HEAD

. :~:

~--THIN-WALLED

SAMPLING TUBE

DAMES & MOORE
HAND SAMPLER ,

n .... 0 ••_-~-
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NOTE: OUAL SYMBOLS ARE USED TO INDICA TE BORDERLINE SOIL CLASSIFICATIONS

UNIFIED SOIL
CLASSIFICATION SYSTEM

I
BY Dames & Moore Plate A-2
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INCLUDES COMPLETE ANALYSIS, SIEVING AND HYDROMETER
SERIES OF TESTS RUN ON SAMPLE

SYMBOL TYPE OF TEST
M MOISTURE

QO QUICK MO TEST BASED ON ASSUMEO SPECIFIC GRAVITY

MD MOISTURE-DENSITY

CD CHUNK DENSITY ON BULK SAMPLE

RD RELATIVE DENSIT'e'

CDMP COMPACTION CURVE

CI CALIFORNIA IMPACT i
CC COMPACTED CORE

G SPECIFIC GRAVITY ,
pH HYDROGEN ION CONCENTRATION

MA MECHANICAL ANALYSIS'

SA SIEVE ANALYSIS ('200 ONLY)

HA HYDROMETER ANALYSIS (-200 ONLY)

AL ATTERBERG LIMITS (LL , PL)

SL SHRINKAGE LIMIT

FS FREE SWELL

SS SHRINK-SWELL

EXP EXPANSION

C (COL) CONSOLI DA TION (COLLAPSE)

VC VIBRATINC COHSOLIDATION

P PERMEABILITY

FP FIELD PERMEABILITY

UC UNCONFINED COMPRESSION

TRIAXIAL COMPRESSION TEST
TXUU 1. UNCONSOLIDATED-UNDRAINED

TXC 2. CONSOLIDATED-UNDRAINED

TXCUM 3. CU/MULTlPHASE"

,TXCUPF .. CU/WITH PORE PRESSURE MEASUREMENTS

TXCD S. CONSOLIDATED-DRAINED

01 RECT SHEAR TEST
DS/UU \. UNCONSolioATED-UNORAINED

DS/CU 2. CONSOLI DATED-UNDRAI NED

DS/CD 3. CONSOLIDATED-DRAINED

DS/CD/M. •• CD/MULTIPHASE""

LV TORVANE SHEAR (LAB VANE SHEAR)

I
I

I

I

I

I

I

I

I
I

l!l INDICATES DEPTH OF AUGER CUTTINGS SAMPLE

• INDICATES DEPTH OF UNDiSTURBED SAMPLE

~ INDICATES DEPTH OF DISTURBED SAMPLE

I
I
I

NOTES,

1. UNLESS OTHERWISE NOTED SAMPLING RESISTANCE
IS MEASURED IN BLOWS PER FOOT REQUIRED TO DRIVE
SAMPLER ll-INCHES AFTER SAMPLER HAS BEEN SEATED
'-INCHES. A IOC>-POUND HAMMER, FREE FALLING A
DISTANCE OF 30 INCHES IS USED TO DRIVE THE SAMPLER.

2. DISCUSSION IN THE TEXT OF THIS REPORT \S NECESSARY
FOR A PROPER UNDERSTANDING OF THE SUBSURFACE
CONDITIONS. DAMES' MOORE MAKES NO WARRANTY AS TO
SUBSURFACE CONDITIONS EXTRAPOLATED BEYOND THE
BORINGS.

o INDICATES DEPTH OF SAMPLING ATTEMPT
WITH NO RECOVERY

(;;I INDICATES DEPTH OF STANDARD PENETRATION TEST

I2J INDICATES DEPTH OF STANDARD PENETRATION
TEST WITH NO RECOVERY

70\ I S\ INOICATES DEPTH AND LENGTH OF

I I ,o,~::","~, 0""'" Om,","",o", ""'"'
OF THE TOTAL CORE RUN HAVING AN UNFRACTURED
LENGTH OF ." OR MORE

PERCENT OF CORE RUN RECOVERED

B INDICATES DEPTH OF FIELD VANE SHEAR TEST

I
3. DISCUSSION IN THE TEXT OF THIS REPORT IS NECESSARY

FOR A PROPER UNDERSTANDING OF SUBSURFACE INFORMATION. KEY TO SAMPLES

I
KEY TO

LOG OF TEST PITSI
I

BY Dames & Moore Plate A-3
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TEST PIT
NUMBER

F:LEVATION

MOISTURE &
DENSITY

TEST DEPTH

RANGE OF
DEPTH (FT)

FROM TO

SOIL
TYI'F. HATEIlIAI. ENCOllNTF.IlEll

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

Al 0 SW Tan well-graded subrounded
R~nn ~nn Rr~vel, some
rCJtllln"d cohhlcR, non-pl;""tlc
(loose) (moist)

J SC Brown medium-grained
subrounned clayey sands,
little subrounded gravel
and cobbles, low to medium
plasticity (loose) (moist)

J 11 SP-GP Brown wel1-graden suh-
rounded to rounded sand and
gravel, some rounded
cohbles, little cl;:ty. low
pl~stic1ty (medium dense)
(saturated)

11 15 CL Brown silty clay, little
rounned s~nds and gravels,
medium plasticity, moderate
cementation (hard) (moist)
Test pit terminated at 15 '
on 3-17-R7
Ground water encountered
at 4' on 3-17-87

TEST PIT MOISTURE & RANGE OF
NUMBER DENSITY DEPTH (FT) SOIL

ELEVATION TEST DEPTH FROM TO TYPE MATER IAL F:NCOUNTEREO

A2 0 3 1/2 SC Brown well-graded sub-
rounded to rounded clayey
sand, some rounded gravels
and cobbles, menium
plasticity (medium dense)
(moist)

3 1/2 12 SC-GC Brown we11-graned sub-
rounded to rounded clayey
sand and gravel, some
rounded cobbles, medium
pl;:tsticity, slightly
cemented (dense) (moist)

12 14 CL Brown silty clay, little
rounned s:lnns ann gravels,
medium plasticity, very
cemented (hard) (moist)
Test pit terminated at
14 ' on 3-17-R7
Ground water encountered at
2' on 3-17-87

LOG OF TEST PITSI
I I BY Dames & Moore Plate A-4A
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TEST PIT
NUMBER

ELEVATION

MOISTURE &

DEN SIT'(
TEST DEPTH

RANGE OF
flEPTII (FT)

FROM TO
SO I r,
TYPE MATERIAL ENCOUNTEREO

I
I
I
I
I
I
I
I

I
I
I
I
I

Bl 0 2 1/2 SW T:tn-hrown we 1 I-p,r"ldeo ~lIh-

["ollllded to rOllnded gr"v€, 11 y
sand, some rounded cohbles,
nonplastic (loose) (moist)

2 1/2 7 SC-GC Red-brown well-graded sub-
rounded to rounded clayey
sand and gravel, some
rounded cobbles, medillm
plo'l9ttcity (med ium dense)
(moist)

7 13 1/2 CL Brown silty clay, tl t tIe
suhrounded to rounded sand
and gravel, medium
plasticity, very cemented
(ha rd) slight ly moist)
Test pit terminated at
13.5' on 3-17-87
No ground water encountered

TEST PIT MOISTURE & RANGE OF
NUMBER DENSITY DEPTH (FT) SOIL

ELEVATION TEST DEPTH FROM TO TYPE MATERIAL ENCOUNTEREO

B2 a 2 SC-GC Rrown-black well-graded sub-
rounded sand and gravel,
some clay, some rounded
cobbles, medium to low
plasticity (medium dense)
(moist)

2 9 1/2 SP-GP Brown well-graded sub-
rounded to rounded sand and
gravel, tittle clay, low
plasticity (medium dense)
(mois t)

9 1/2 15 CL Rrown silty clay, tlttle
sl1brounded sand and gravel,
medium pla~ticity, very
cemented (ha rd) (slightly
moist)
Test pit terminated at 15'
on 3-17-87
No ground water encountered

LOG OF TEST PITS
I
I I BY Dames & Moore Plate A-4B
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TEST PIT

NUMBER
ELEVATION

MOISTURE &

DENSITY
TEST DEPTH

RANGE OF

DEPTH (FT)
FROM TO

SOIL
TYPE MATERIAL ENCOUNTERED

I
I
I
I
I
I

1 R 2.17.-106.2 PCF 0
@ 6"

10 1/2

10 1/2 15

SM

SP

SM

Brown silty fine to medium
sand, trace fine gravels
(loose)

Brown subrounded sand and
gravel, trace slIt, trace
to little rounded cobbles
(loose to medium dense)

Brown silty fine to medium
subrounded sand, trace
clay, trace to little
subrounded gravel (loose to
medium dense)

Test pit terminated at lS'
on 1/22/87. No ground
water encountered.

I
TEST PIT

NUMBER
ELEVATION

MOISTURE &
DENSITY

TEST DEPTH

RANG E OF
DEPTH (FT)

FROM TO
SOIL
TYPE MATERIAL ENCOUNTERED

I
I
I
I
I
I
I

22.7i.-87.6 peF 0
@6"

2

2

8'9"

MH

SP

Tan clayey silt, trrtce to
1Htle fine sand, highly
plastic (very stiff)

Brown subrounded sand little
to some subrounded gravel
and cobbles (very dense)

Note: lncreaslng cobbles
below 7 1/2 feet.

Test pit termtl1:ltecl ;It R'9"
on 1/22/87. No ground
water encountered.

LOG OF TEST PITS
I
I

I BY Dames & Moore Plate A-4C
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TEST PIT
NUMBER

ELEVATION

MOISTURE &

OF.NSITY
TEST DEPTH

RANG E OF
DEPTH (FT)

FROM TO
SOIL
TYPE MATERIAL ENCOUNTERF.D

o1
1
1
1
1
1
1

1 L 5.47.-92.9 peF
@ l'

5 1/2

9

5 1/2

9

13

SM

SM

SP

SH

Tan silty fine sand some
construction debris (loose)
(fill)

Tan silty fine sand, trace
subrounded gr~ve1s ~nd

cobbles (loose to medium
dense)

Tan subrounded sand and
gravel, trace cobbles,
slightly cemented (loose to
medium dense)

Brown silty fine sand, trace
to little suhrounded gravel
and cobbles (dense)

Note: Pockets of cemented
clays.

Test pit termlnat~d at 11'
on 1122/?,7. No ground
water encountered.

1
·1

TEST PIT
NUMBER

ELEVATION

MOISTURE &
DENSITY

TEST DEPTH

RANGE OF
DEPTH (FT)

FROM TO
SOIL
TYPE MATERIAL ENCOUNTEREO

1
I
I
1
I

6. n. @ 0'-4' o 14 SP-SM Brown silty medium to coarse
subrollnded sand <Ind gravel,
trace to little subrounded
to rounded cobbles and
boulders (loose to dense)

Note: Increased cobbles
below 3 foot.

Note: Increased silt below
4 foot.

Test pit terminated at 14'
on 1/22/87. No ground
water encountered.

LOG OF TEST PITS
I
1

I BY Dames & Moore Plate A-4D
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TEST PIT
NUMBER

ELEVATION

MOISTURE &

DENSITY
TESf DEPTH

RJ\N(;E OF'
DEPTH (FT)

FROM TO
SOIL
TYPE MATERIAL ENCOUNTERED

I
I
I
I

I
I

3 CL 8.57. @ 0'-6' 0 10 1/2 SP Brown medium to coarse
subrounded sand and gravel,
trace silt, trace
subrounded cobbles and
boulders (medium dense to
dense)

Note: Decreased gravels and
cobbles below 6'.

Note: Very cemented sands
below 6' •

Test pit terminated at
10 1/2' on 1/22/87. No
ground water encountered.

TESf PIT MOISTURE & RANGE OF
NUMBER DENSITY DEPTH ( FT) SOIL

ELEVATION TESf DEPTH FROM TO TYPE MATERIAL ENCOUNTE.RED

I
I
I
I
I
I
I

3 L 11.47.-89.2 PCF a
@ 2'

2

3

2

3

10

SP-SM

SM

SP

Tan silty fine to medium
subrounded sand, trace to
little rounded to
subrounded gravel and
cobbles (loose)

Brown silty fine sand, trace
to little rounded gravels
( loose)

Brown subrounded to rounded
sanci and grave 1, li t t le to
some subrounded to rounded
cobbles (very deuse)

Test pit terminated at la'
on 1/22/R7. No ground
water encountered.

LOG OF TEST PITSI
I I BY Dames & Moore Plate A-4E



I
I
I

TEST PIT

NUMBER.
ELEVATION

MOl STURE &

DENSITY
TEST DEPTH

RANG F: OF

DEPTH (FT)
FROM TO

SOIL
TYPE MATERIAL ENCOUNTERED

5.47.-101.1 PCF 0
@6"I

1
I
I

4 R

.2.77. @ 14' 3/4

3/4

14 '9"

SM

SP

Light brown silty fine sand,
trace subrounded gravel
(loose)

Brown medium to coarse
subrounded sand and gravel,
trace to little rounded to
subrounded cobbles and
boulders (loose)

Test pit terminated at 14'9
on 1/22/87. No ground
water encountered.

I
I

TEST PIT
NUMBER

ELEVATION

MOISTURE &

DENSITY
TEST DEPTH

RANGE OF
DEPTH (FT)

FROM TO
SOIL
TYPE MATERIAL ENCOUNTERED

:1

I
I
I
I
I

4.1% @ 0'-2' o

2

12

2

12

13 '9-

SP-SM

SP-SM

SM

Brown silty medium to coarse
subrounded sand and gravel
trace to little sub rounded
to rounded cobbles and
boulders (loose)

Red brown silty fine sand
with some !>tlbrounof'd to
rounded gravel, trace to
little rounded to
subrounded cobbles and
boulders (loose)

Red brown s Llty med [tim to
coarse suhrounded sand,
trace clay, with
cementation (medium dense)

Test pit terminated at 13'9
on 1/23/87. No ground
water encountereo.

LOG OF TEST PITSI
I IBY Dames & Moore Plate A-4F
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TEST PIT

NUMBER

ELEVATION

MO LSTURF: &

DENSITY

TEST DEPTH

[lANe: F. OF

DEPTH (FT)

FROM TO
SOIL

TYPE MATERIAL ENCOUNTERED

I
I
I
I
I
I

6.37. @0'-2' o

2

\1 '9"

2

11 ' 9"

\ J '

GM

SP-SH

SM

Brown silty subrounded
gravel and sand little to
some subrounded to rounded
cobbles and boulders
(dense)

Brown silty subrounded sand
little to some suhrounded
gravel, cohbles and
boulders (dense)

Red hrown silty medium to
coarse rounded to
subrounded sand (very
dense)

Test pit terminated at \3'
on 1/23/87. No ground
water encountered.

I
I

TEST PIT

NUMBER

ELEVATION

MOISTURE ["

DENSITY

TEST DEPTH

RANGE OF
DEPTH (FT)

FROM TO

SOIL

TYPE MATERIAL ENCOUNTF:RF:D

I
I
I
I
I
I

6 R 8.77.-107.9 PCF 0
@ I'

Ii. @ 5' -6' 6 1/2

2.97. @ 12'-13'

6 1/2

14 1/2

SH

GP-GM

Brown silty fine sand, tr~ce

suhrounded grave I (loose to
medium dense)

Light hrown silty fine
subrounded to rounded
gravel and sand, trace
siLt, trace to little
subrounded to rounded
cobbles and boulders (loose
to medium dense)

Test pit termin~terl at
14 1/2' on 1/26/?'7. No

ground water encollntered.

LOG OF TEST PITS
I
I

I BY Dames & Moore Plate A-4G
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n:ST PIT
NUMBER

ELEVATION

MOISTURE &

DEN SITY
TEST DEPTH

8.37. @ 6'-7'

RANG E OF
DEPTH (FT)

FROM TO

o

so IL
TYPE

SM

MATERIAL ENCOUNTERED

Brown silty subrounded to
rounded sand, some gravel,
trace to little rounded to
subrounded cobbles and
boulders (loose)

I
I
1
I

8 1/2

8 1/2

10 1/2

GP-GM

SC

Red brown silty fine
subrouncled to roundecl
gravel and sand, trace silt
and clay (dense)

Red hrown clayey fine to
medium sub rounded sand
(dense)

Test pit terminatecl at
10 1/2' on 1/23/87. No
ground water encountered.

:1 TESf PIT
NUMBER

ELEVATION

MOISfURE &

DENSITY
TEST DEPTH

RANGE OF
DEPTH (FT)

FROM TO
SOIL
TYPE MATERIAL ENCOUNTERED

I

1
I
1
I
I

19.97.-92.5 PCF 0
@ l'

2

II

2

11

12

sc

SP-SM

CL

Brown clayey fine sand (very
loose)

Red brown silty 5ubangular
sand, some subrounded to
rounded gravel, trace
subrounded to rounded
cobhles <lnd houlders (loose
to medium dense)

Red hrown sandy clay, fine
sands, very cementecl (hard)

Test pit terminated at 12'
on 1/23/87. No r,round
water encountered.

LOG OF TEST PITSI
1 I BY Dames & Moore Plate A-4H
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TEST PIT
NUMBER

ELEVATION

MOISfURE &

DENSITY
TESf DEPTH

RANG E OF
DEPTH (FT)

FROM TO

SOIL
TYPE MATERIAL ENCOUNTERED

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

8 R 7.17.-108.7 PCF a
@ 6"

6"

1.87. @ 10'-12' 4'

6"

4 '

14 '

ML-CL

SM

SP

Brown sandy silt, trace
gravel medium plastic (soft)

Brown silty fine sand trace
clay (loose to medium
dense)

Tan mecHlIm suhrounded to
rounded sand, trace
suhrounded to rounded
gravels and cobbles (loose)

Test pit terminated @ 14' on
1/23/87. No ground water
encountered.

LOG OF TEST PITSI
I I BY Dames & Moore Plate A-41
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TEsr PIT
NUMBER

ELEVATION

MOISTURE &

DENSITY
TEST DEPTH

RANGE OF
DEPTH (FT)

FROM TO
SOIL
TYPE MATERIAL ENCOUNTEREO

I
I
I
I
I
I

8.47. @6'-7'
33.47. @ 10'

o

1/2

4

1/2

4

14

ML

SM

SP

Brown sandy silt, fine
sands, trace subrounded to
rounded gravel, medium
plasticity (soft)

Brown silty fine sand, trace
slay (loose to medium
dense)

Tan medium subrounded to
rounded sand, trace
subrounded to rounded
gravel and cobbles (loose)

Test pit terminated at 14'
on 1/23/87. Ground water
encountered @ 4'8" on
1/23/87.

I
n:ST PIT

NUMBER
ELEVATION

MOISTURE &

DENSITY
TEST DEPTH

RANG E OF
DEPTH (FT)

FROM TO
SOIL
TYPE MATERIAL ENCOUNTERED

I
I
I
I
I
I
I

9 L 6.77.-84.0 PCF
@ l'

o

5

5

11

CL

SP

Brown silty clay, some fine
sand, low to medium
plasticity (soft to firm)

Brown suhrounded to rounded
sand and gravel, trRce to
little subrounded to
rounded cohbles and
boulders (medium dense)

Test pit terminRted at 11'
on 1/26/R7. No ground
water encountered.

LOG OF TEST PITS
I
I

I BY Dames & Moore Plate A-4J
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TEST PIT

NUMBER

ELEVATION

MOISTURE (,

DENSITY

TEST DEPTH

RANGE OF

DEPTH (FT)

FROM TO

SOIL

TYPE MATERIAL ENCOUNTERED

I
I
I
I
I
I

10 L(A) o 10' 9" SH Brown silty sand, some
gr:ivel cobhles and houlders
(loose to medium dense)
(fill)

Note: Considerable large
concrete blocks. Fill
extends 320' east from east
bank of Skunk Creek.

Note: Test pit consists of

a series of three
excavations along a
lOS-foot line.

Test pit terminated at 10'9"
on 1/26/87. No ground
water encountered.

I
TEST PIT

NUMBER
ELEVATION

MOISTURE (,

DENSITY
TESJ; .. DEPTH

RANGE OF
DEPTH (FT)

FROM TO
SOIL
TYPE MATERIAL ENCOUNTERED

I
I
I
I
I
I
I

10 L(B) o

2 1/2

2 1/2

3'

SH

GP

Brown silty sand trace fine
gravel (loose to medium
dense)

Tan sandy gravel, some
cobbles, very cemented
(very dense)

Note: Test pit consists of
a series of three
excavations along a
llO-foot line.

Test pit terminated at )' on
1/26/87. No ground water
encountered.

LOG OF TEST PITS
I
I

I BY Dames & Moore Plate A-4K
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METHOD OF PERFORMING DlHECT SHEAR AN!) FRICTION TESTS

STRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED.

1
1
1
1
I
1

DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE

THE SHEARING STRENGTHS OF SOILS. FRICTION TESTS

ARE PERFORMED TO DETERMINE THE FRICTIONAL RE·

SISTANCES BETWEEN SOILS AND VARIOUS OTHER MATE·

RIALS SUCH AS WOOD, STEEL, OR CONCRETE. THE TESTS

ARE PERFORMED IN THE LABORATORY TO SIMULATE

ANTICIPATED FIELD CONDITIONS.

EACH SAM PLE IS TESTED IN A SPLIT SA1\1 PLE HOLDER,

TWO AND ONE-HALF INCHES IN DIAMETER AND O~E

INCH HIGH. UNDISTURBED SAMPLES OF IN·PLACE SOILS

ARE EXTRUDED FROM RINGS TAKEN FROM THE SAM·

PLING DEVICE IN WHICH THE SAMPLES WERE OB

TAINED. LOOSE SAMPLES OF SOILS TO BE USED IN CON·

DIRECT SHEAR APPARATUS WITH
ELECTRONIC RECORDER

1
I
I
1
I
I
-I
I
1

DIRECT SHEAR TESTS

A ONE-INCH LENGTH OF THE SAMPLE IS TESTED IN DIRECT SINGLE SHEAR. A CONSTANT PIlESSURE,

APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WHICH THE TEST IS llEING PEIlFORMED,

IS APPLIED NORMAL TO THE ENDS OF THE S.\MPLE THROUGH POIlOUS STONES. A SHEARING FAILURE

OF THE SAMPLE IS CAUSED BY MOVING THE UPPER SAMPLE HOLDER IN A DIRECTION PERPENDICl.'

t.AR TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMENT OF THE LOWER SAMPLE HOLDER IS

PREVENTED.

THE SHEARING FAILURE IS ACCOMPLISHED BY APPLYING TO THE UPPER SAMPLE IlOLDER A CON-

STANT RATE OF DEFLECTION. THE SHEARING LOAD AND THE DEFLECTIONS IN UOTil THE AXIAL AND

TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED. THE SIlEAIlING STIlENGTH OF THE SOILS IS

DETERMINED FRO~ THE RESULTING LOAD·DEFLECTION CURVES.

FRICTION TESTS

IN ORDER TO DETERMINE THE FRICTIONAL RESISTANCE BETWEEN SOIL AND TilE SURFACES OF VARI

OUS MATERIALS, THE LOWEn SAMPLE HOLDER IN THE DIRECT SHEAR TEST IS REPLACED llY A DISK

OF THE MATERIAL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME MANNER AS THE

DIRECT SHEAR TEST BY FORCING THE SOIL OVER THE FRICTION MATERIAL SURFACE.

1
BY Dames & Moore Plate A-5
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NORMAL PRESSURE IN LBS.lSQ. FT.
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RESULTS OF
DIRECT SHEAR TESTING
NATIVE SOIL SAMPLES
ULTIMATE STRENGTH

DRY DENSITY
TEST TEST PIT DEPTH (peF) MOISTURE NOTE

A 8R 10' 98.7 1.8% . REI·1OLUED

B 6R 12' 96.8 2.9% REMOLDED

C 8R 10' 96.1 1.8% REMOLDED

0 6R I' 107.9 8.7% UNDISTURBED

E 6R 12' 101. 5 2.9% REI~OLDED

I
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METHOD OF PERFORMING CONSOLIDATION TESTS

CONSOLIDATION TESTS ARE PERFORMED TO EVALUATE TilE VOl.lJMI·: CIlAN(iES OF SOII.S SUIIJ"TTEIJ

TO INCREASED LOADS. TIME-eONSOLIDATION AND PRESSURE-CONSOLIDATION CURVES ~tAY liE PLOT-

TED FROM TilE DATA OBTAINED IN TilE TESTS. ENGINEERING ANALYSES BASI·:n ON TIlESE CUltV[':S

PERMIT ESTIMATES TO BE MADE OF THE PROBABLE MAGNITUDE AND RATE OF SETTLBIENT OF TilE

TESTED SOILS UNDER APPLIED LOADS.

I
I

I

EACH SAMPLE IS TESTED WITHIN BRASS RINGS nt'O AND ONE-

HALF .INCHES IN DIAMETER AND ON E INCH IN LENGTII. UNDIS-

TURBED SAMPLES OF IN-PLACE SOILS ARE TESTED IN RINGS

TAKEN FROM THE SAMPUNG DEVICE IN WHICH TilE SAMPLES

WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN

CONSTRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO

PREDETERMINED CONDITIONS AND TESTED.

IN TESTING, THE SAMPLE IS RIGIDLY CONFINED LATERALLY

BY THE BRASS RING. AXIAL LOADS ARE TRANSMITTED TO TilE
DEAD LOAD-PHEUMATIC

COHSOll DOI-IETER

I
I
I
I
I

ENDS OF THE SAMPLE BY POROUS DISKS. THE DISKS ALLOW

DRAINAGE OF THE LOADED SAMPLE. TilE AXIAL COI\IPRESSION OR EXPANSION OF TilE SAMPLE IS

MEASURED BY A MICROMETER DIAL INDICATOR AT APPROPRIATE TIME INTERVALS AFTER FACII

LOAD INCREMENT IS APPLIEQ. EACH LOAD IS ORDINARILY TWICE TIlE PRECEl)[NG LOA[), TilE IN-

CREMENTS ARE SELECTED TO OBTAIN CONSOLIDATION DATA REPRESENTING TliE fiELD LOADING

CONDITIONS FOR WHICH THE TEST IS BEING PERFORMED. EACH LOAD INCREMENT IS ALLOIl'EO TO

ACT OVER AN INTERVAL OF TIME DEPENDENT ON THE TYPE AND E:<TENT OF TilE SOIL IN TilE

FIELD.

I
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.........,,-
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BROWN SANOY SILT, TRACE GRAVEL,
MEDIUM PLASTIC

4"
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TEST DATA
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We have reviewed the plans for the Desert Harbor Drop Structure and they
appear to be in generally good order. We have spot checked some of the
calculations and details for the drop structure, but we did not
independently verify all of the assumptions and calculations. In keeping
with sound engineering practice and in accordance with standard Flood
Control District procedures, we request that the design assumptions,
calculations and drawings be independently checked in your office by a
qualified engineer. We request that you make a final submittal of the
calculations and plans to the Flood Control District for final approval,
with each sheet of the calculations and plans properly initialed by the
independent checker.

D. E. Sagr,lnl0S0, P.E., Chiei Engineer and Genercll/\tlanager

Sincerely,
7./ /./'-, ;-1..-d.-lt.- F£<"--c~-)

~::/ /

Nicholas P. Karan, P.E.
Chief, Engineering Division

BOARD or DIRECTORS

Tom Freestone, Chairman
George L. Campbell

Carole Carpenter
Fred Koory, Jr.

Ed Pastor

85015

FLOOD COi\JTROl D15TR1CT
of

jY~arjcopa County

3335 'Nest Durango Street • Phoenix, Arizona 35009

Telephone (602) 262-150:

Desert Harbor Drop Structure in New River

APR 25 198.S

Re:

Dear Mr. Snyder:

Mr. C. E. Snyder
Ellis-Murphy Inc.
2411 West Co Her
Phoenix, Arizona
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-1-------------------.. PEOPLE PROGH.ESS PRIDE

Dear Mr. Roman:

ERJ/kG

Department: Engineering

• PEORIA, ARIZONA 85345 • (602) 979-3720

Sincerely,

Have a nice Peoria day!

April 26, 1985

//

t~-6?~
t/

Eldon R. Johansen
City Engineer

Re: Desert Harbor Drop Structure

Again, I thank you for the opportunity to review these plans.

Mr. Joe Roman
Ellis-Murphy, Inc.
2417 West Colter
Phoenix, AZ 85015

Thank you for the opportunity to make a courtesy review of the drop
structure in the New River channel at the Desert Harbor subdivision. I have
reviewed the plans and have no problems with them.

In your discussions with the Flood Control District of Maricopa County
concerning maintenance, please check to see if they do need an access easement
on the bank of the river on one side or the other.

1355 W. PEORIA AVENUE· P.O. BOX 38 •
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