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were inadvertently left out of the bank stabilization and the
Levee Repair Report by Mathews Kessler & Associates, Inc.

If you should have any questions, please do not hesitate to
contact me at (602)243-1271.

sincerely,
~4-~R....R...-IS_INDUSTRIES OF ARIZONA, INC.

Lee Schoon
Director of

LS/krs
enclosures

1580 E. ELWOOD (85040) • P.O. BOX 21596 • PHOENIX, ARIZONA 85036 • (602) 243-1271
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1.0 INTRODUCTION, BACKGROUND & CONCLUSION

The proposed development of the Cholla Landfill along the west bank of the

Agua Fria River between Olive Avenue and Northern Avenue has created a need

to assure the long-term stability of that west bank in the event of significant flows
in the river.

Currently, the riverbank primarily consists of natural riverbank with little
evidence of man's impact. However, other portions have been significantly
impacted by the sand and gravel extraction operations occurring adjacent to the

river. The backwashing of transit mix concrete trucks has resulted in a significant

portion of the bank being coated with a low quality concrete-like coating.

The bank in 1978 was breached in two locations when subjected to

flooding. This report will address measures which are proposed to be undertaken

to remove materials previously placed in these breach areas and replacing that
material with engineered fill to provide a stable levee section to protect future

development.

Topographic mapping was obtained in the spring of 1989 to demonstrate

existing conditions at the site. Geotechnical explorations were performed in the

existing bank to define soil types and existing foundations conditions. Other

drilling programs were undertaken to more clearly locate the specific areas ofprior

breaches (bank failure) and to determine density and nature of backfill material.

The most recent flood insurance study beingprepared for FEMA was utilized

for all design flood information. This study and related work maps are dated

February 6, 1989. Information obtained from this study, including related HEC-2
analyses and available soils information, were utilized in preparing a complete

scour analysis needed to design a rip-rap bank protection scheme.

For the entire reach of the Agua Fria from Northern Avenue to Olive Avenue,
it is the intention of the applicant to excavate all inadequately placed material,

replace with suitable engineered fill, grade exterior slopes (riverside) to a 2H:1V

Mathews Kessler &Associates, Inc.
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slope and to place on that slope a 48" layer of D50 = 24" rip-rap. The rip-rap will

be extended below the existing toe of slope to prevent bank undercutting.

At the present time, an abandoned gravel pit occupies a portion of the main

river channel extending from approximately 700 feet to 2600 feet downstream of

Olive Avenue. Within the gravel pit, the rip-rap will be extended to the existing toe
of slope along the west side of the pit. Upstream of the pit, the rip-rap will be
extended 8.5 feet below the existing thalweg, or 1.5 feet below the predicted

headcut profile, whichever depth is greater. Downstream of the pit, the rip-rap will
be extended 7.5 feet below the existing thalweg, or 1.5 feet below the downstream

gravel pit degradation profile (due to gravel pit sediment trapping) whichever depth

is greater.

Rather than protecting the existing bank from Station 30 +50 to Stati n
50+75, the option of constructing a levee along the alignment of the westerly

floodway limit is considered a reasonable alternative to improve the hydraulic

properties of the channel. To implement this alternative, a levee would be joined

to the existing bank at approximately Station 35 +50 and would proceed generally

south to rejoin the existing bank at approximately Station 50+75. This levee
section with all related design elements, cross-sections, toedown elevations, etc.,

is shown on attached Drawing No.5. This levee will be constructed with the same

criteria as the design used in the levee repair section, i.e., 2H:1V sloPes on the

river side protected by 48" of OS() 24" rip-rap to an elevation 3' above the 100 year
flood level, a 50' crest width and a 3H:1V back slope down to the riverbed

elevation or existing native material.

The enclosed text describes the approach taken and summarizes the results

of the scour analysis which was prepared to determine the toedown elevations and

rip-rap size necessary to preclude erosion damages to the bank under conditions

which can be anticipated during a 100 year flow.

~T1:!'s analysis is based on the existing 100-year flood flows (approximately

( 99,000 cfs) established by FEMA for the Agua Fria River. Upon completion of the

~watJfi:1I Dam (estimated for 1992), the 100-year flow will be approximately

Mathews Kessler & Associates, Inc.
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33,000 cfs a d the SOO-year flow will be approximately 54,000 cfs. Thus, the

de$ig /5fOPosed will satisfy requirements for the existing 100-year flows and will

substantially exceed requirements for future SOO-year flows.

Based upon the topographic information and hydrologic studies available

for this study, an effort was made to conservatively analyze the erosion / scour

potential of the Agua Fria River between Olive Avenue and Northern Avenue. The
conservative approach to this analysis which is explained in the following pages

was exemplified by utilization of worst case scenarios, i.e., highest flow values,
maximum velocities, etc.

Considering the relatively short period of time (2 - 3 years) before the

completion of new Waddell Dam, the design of this project is certainly leaning
toward the ultra-conservative. Numerous approaches were used to size the rip-rap

material and the obvious conclusion was that 0 50 = 24" would provide a very high

degree of protection to the proposed landfill.

Mathews Kessler & Associates, Inc.
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APPLICATION TO FLOODPLAIN ADMINISTRATOR
City of EI Mirage, Arizona

Applicant Browning-Ferris Industries of Arizona. Inc. Date: December 20. 1989

Mailing Address 1580 E. Elwood City Phoenix State Arizona

Floodplain (Watercourse)-,-,A...gu=a"-,-F~ria",,--,-,Rc:.::iv-,,,e.:...r _•
Zip Code 85040 Phone 243-1271 Zoning Distriet,_----'I...,-3"-- _

FIRM 1605 and 1615

•

•

•

•

•

Property Address: 8641 N. EI Mirage Road. EI Mirage. Arizona

Property Legal Description: The West half of Section 36, Township 3 North. Range 1 West of the Gila and

Salt River Base and Meridian. Maricopa Coynty, Arizona: EXCEPT the North 55 feet thereof: and EXCEPT

the West 55 feet thereof: and EXCEPT the South 55 feet thereof: and EXCEPT the South 115 feet of the

North 170 feet of the West 150 feet of the East 845.02 feet of the Northwest quarter of Section 36.

Specific Request: Floodplain development permit for bank stabilization and levee repair per attached plans

including regrading existing riverbank to a 2H:1V slope and stabilization with 48" of rock rip-rap D50 = 24".

Applicant's Statement (If applicable, state hardship for variance; grounds for appeal): Existing bank

is subject to erosion during periods of intermittent flow in the Agua Fda River. Previous breach areas which

were backfilled by end dumping to be removed and replaced with engineered fill. Proposed use of the land

adjacent requires a stable bank not subject to erosiqn. Installation of rio-raP will reduce flood hazard and

APPLICANTS SIGNATURE:---42:::........::::;~.£.:::::.1::1........J::.'.J.,L--:._~~::::::=:~~~

=========================================================

CITY COUNCIL OF EL MIRAGE

ACTION TAKEN: Approved _ Denied _ Other _

•

•

Stipulations: _

Additional Documentation: ElevatlonjFloodproofing Certification ( )

Notification of Variance () Warning and Disclaimer of LiabUity ( )

Flood Damage Statement ( ) Performance Bond ( ) COOrdinatioo, _

•

Date: _
Floodplain Administrator
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3.0 SCOUR ANALYSIS

3.1 APPROACH &SUMMARY OF RESULTS

A bank stabilization system is being considered to prevent bank erosion into

a proposed landfill along the west bank of the Agua Fria River, immediately

downstream of Olive Avenue. The purpose of this analysis is to provide an
estimate of a reasonable scour depth that could be used in the selection of a
toedown dimension to prevent undercutting of the bank stabilization.

Vertical movement of a streambed profile can be quantified as a function of
6 components:

•

•

•

Where:

.d Z~/d

total vertical adjustment in bed elevation

adjustment due to long-term aggradation / degradation

adjustment due to general scour / deposition

adjustment due to local scour

adjustment due to bend scour

adjustment due to low-flow incisement

adjustment due to bed-form troughs (dunes, anti-dunes)

•

•

Each of these 6 processes has been considered in developing an estimate

of the total scour depth that might occur along the bank of the proposed landfill.

The headcutting and downstream degradation processes induced by the

Mathews Kessler &Associates, Inc.



•

•

•

•

•

•

•

•

•

•

•

Page 6

abandoned gravel pit have also been considered in establishing toedown

dimensions for the bank stabilization system.

The scour analysis was conducted in phases, with each phase being a
refinement of the previous phase. These phased refinements were based on the
availability of more detailed information.

The initial analysis was preliminaryand usedpeak discharge approximations

of 33,000, 54,000, and 99,000 cfs. These values represent Q1(X) with New
Waddell Dam in-place, 0 500 with New Waddell Dam in-place, and 0 100 under

existing conditions, respectively.

The third and final phase focused exclusively on the 100 year event, under

existing conditions, i.e., !1Q new Waddell Dam in-place. This final analysis was
based on specific peak discharge values used in the 1989 FEMA Flood Insurance
Study (FIS) prepared by Jerry R. Jones & Associates, (JJA) for the Flood Control
District of Maricopa County (FCDMC). The peak discharge through the study

reach varies from 95,450 cfs to 98,780 cfs.

Due to the existence of the large gravel pit, about 700 feet downstream of

Olive Avenue, the scour analysis was performed in two phases:

1. Scour potential beyond the influence of the gravel pit.
2. Scour potential within the influence of the gravel pit.

Each analysis is summarized in the following paragraphs.

SCOUR POTENTIAL BEYOND EXISTING GRAVEL PfT INFLUENCE

This case would represent the condition that will exist in the future, after the

abandoned gravel pit has been filled back to a natural streambed profile. It will

also represent the scour potential for those upstream and downstream areas that

Mathews Kessler & Associates, Inc.
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are beyond the influence of the additional scour processes induced by the existing

abandoned gravel pit.

•

•

Hydraulic data used in the calculations were taken from the JJA, HEC-2

Model, 1989, for a Floodplain / Floodway delineation of this reach of the Agua Fria

River, with the Olive Avenue bridge in-place. The results of the scour analysis are

summarized in the following table. Discussions and calculations of specific scour

components are presented in sUbsequent sections of this report.

SUMMARY OF SCOUR CALCULATIONS

•

I

Scour Depth (teet)

River Location

Scour Component Upstream of Abandoned Downstream of Abandoned

Gravel Pit Gravel Pit

. J e.1. Long-Term Degradation 1.5 1.5
2. General Scour 0.5 \ 0.5 CI SJ..
3. Bend Scour 1.0 0
4. Local Scour 0 0

5. Low-Row Incisement 0 0

Sub-total: 3.0 2.0
Times Safety Factor: CX1.~

) x1.4 ~ Luk\,1 I,l!
I'

Sub-total: 4.2 2.8

6. Antidune (Bed-form)

Troughs 4.5 4.5
(based on 1.3 x VcJ

Grand Total: 8.7 7.3

Rounded To: 8.5 7.5

•

•

•

•

•

• Mathews Kessler & Associates, Inc.
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The safety facto of 1.4 i only applied to the sum of long-term degradation,
general scour, bend sco , ocal scour, and low-flow incisement. Antidune troughs

were omitted from this group because of the way in which the velocity term was

computed. More specifically, the velocity used in the antidune calculation was

based on 1.3 x Vch, where Vch is the mean channel velocity (with full floodway

encroachments) of 13.99 fps (XSEC 12.75) taken from the JJA, HEC-2 Model. This

is the maximum channel velocity, from the "FLOODWAY" HEC-2 run between Olive

Avenue and Northern Avenue. The 1.3 increase in the mean channel velocity is
based on velocity measurements documented in Effect of Bridge Piers on

Streamflow and Channel Geometry, J.C. Blodgett, TRB 950, Volume 2, 1984. It is--
.:..-__- o_u_r~opinion .1Jat this upward adjustment of the mean velocity is sufficient

justification to omit the application of a safety factor to the antidune trough

calculation. This issue is discussed in more detail under the section on Antidune

Troughs.

As a matter of practical interest, the soil-cement bank stabilization

constructed on the Agua Fria River, between Buckeye Road and 1-10, utilized 8.5'
of toedown protection through straight reaches of the river (does not include areas

immediately downstream of grade control structures). This soil-cement toedown

depth was based on an extensive sediment transport study, and scour analysis

performed by Simons, Li & Associates, Inc. The design was approved by the Flood

Control District of Maricopa County (FCDMC).

LONG-TERM DEGRADATION

Long-term degradation reflects a lowering of the streambed in response to

an imbalance between sediment supply and sediment transport capacity for a
given river reach. Normally, this type of bed adjustment is initiated by a reduction

in the upstream sediment supply, such as would occur if a dam were built across

a river. In this case, the dam traps the sediment and creates a deficit in the

normal sediment supply to downstream river reaches. The downstream reaches

respond to this deficit by reducing their capacity to transport sediment. This

Mathews Kessler &Associates, Inc.
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reduction in transport capacity is created through a decrease (flattening) of the

stream-bed slope. The flatter slopes decrease the flow velocity and thus the

sediment transport capacity. This type of bed-slope adjustment occurs until

equilibrium is re-established with the upstream sediment supply.

Given the fact that Waddell Dam has been in-place ov: r 60 years, it is

assumed that any long-term degradation due to sediment trapping by this dam will

probably have already occurred. Accordingly, the potential for additional long-term

degradation is considered minimal.

However, in order to acknowledge any continuing potential for long term

degradation, a value of 1.5 feet will be included i _ t tal scour calculation. It

should be emphasized that this dimensio (1.5 ft.) is judgmental, an is not based
_/

on engineering calculations, but it is con-=-s/~'d;::-er=ed::-::rr::::e=a-=-so=n:::-::a:-CfjL:-r:e:-bajsedon the Agua

Fria River conditions. The absence of any nearby stabilized pivot points (grade

control structures) makes long term equilibrium slope calculations difficult and

subject to engineering judgement.

GENERAL SCOUR

General scour/deposition occurs in response to a contraction or expansion

in cross-sectional geometry. The magnitude of this type of scour changes during

the passage of a flood hydrograph, as a result of continual variations in sediment

transport rates that accompany changes to flow depths and velocities. Unless a
steady-state, constant flow condition is assumed, and prismatic (trapezoidal)

channel geometry exists, this type of scour should be analyzed with a mobile

boundary, sediment transport model.

Accordingly, in order to more accurately define this scour component,

Simons, Li & Associates, Inc. (SLA), was retain to perform the analysis with their

QUASED Model. A complete copy ofth~PQrt 's included in Appendix 4.2.

The SLA analysis indicated a maximum general scour depth of 0.5 feet 'h ough the

study area.

Mathews Kessler &Associates, Inc.
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LOCAL SCOUR

Local scour occurs around "Iocal" obstructions placed in the path of flowing

water. The most common examples of local scour are those associated with

bridge piers or bridge abutments.

With the exception of the Olive Avenue Bridge, there are no known
obstructions to flow along the downstream reach of river adjacent to the proposed

landfill. Scour of the bridge piers will be very localized and should have no impact
on the downstream scour depth along the west bank of the river. The west bridge

abutment is relatively flush with the west bank and should create no downstream

scour problems.

Accordingly, local scour should not be a factor in the toedown depth of a
bank stabilization system along the west bank of the river, adjacent to the landfill.

BEND SCOUR

The Agua Fria River exhibits some channel curvature as it approaches Olive
Avenue from the north. Although this curvature has terminated immediately

downstream (south) of Olive Avenue, the secondary currents generated by the
upstream curvature may be carried a sufficient distance downstream to have some

impact along the proposed landfill levee. However, it should be noted that this is

a very conservative assumption. The flow contraction created by the Olive Avenue

Bridge may serve to dampen these secondary currents.

A conservative scenario will be used in which the full magnitude of bend

scour will be transferred downstream to that section of the landfill levee located

between Olive Avenue and the upstream end of the existing, abandoned gravel pit.

No bend scour component is included downstream of the abandoned pit.

Mathews Kessler &Associates, Inc.
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Hydraulic Data used for calculations:

(Use XSEC 13.72 from January 29. 1989 JJA HEC-2 Mode/)

Q (cfs)

•

•

Parameter

VCh (fps) *
Ymax. (ft.)

Yh (ft.)

S" (ft./ft.)
a (degrees)

98,780

8.64

9.36
6.6

.0023

22°

•

•

•

•

•

•

* Main channel velocity from the "FLOODWAyr' run

Mathews Kessler &Associates, Inc.
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Procedure: (Ref.: Engineering Analysis of Fluvial Systems.

Simons, Li & Associates / Arizona Department of Water

Resources, 1985)

•
0.0685Y(V) 0.8

(Yh) 0.4 S8 0.3 [2.1 (
ex

sin2 ("2 )
cos ex

) 0.2 -1 ]

Where: L1 ZbS = bend scour component of total scour depth (feet)

•
Vch = mean channel velocity of upstream flow (fps)

YMax = maximum depth of upstream flow (feet)

Yh = hydraulic depth of upstream flow (feet)

• S8 = upstream energy slope (bed slope for uniform flow

conditions, feet/feet)

ex = angle formed by the projection of the channel

centerline. from the point of cUNature to a point which

• meets a line tangent to the outer bank of the channel

(degrees, see Figure 5.25 in procedure reference)

• 3. SUMMARYQFC~CU~nQNS

•

•

•

Depth of

Bend Scour

Q (cfs)

98,780

1.04

Mathews Kessler & Associates, Inc.
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LOW-FLOW INCISEMENT

Most all ephemeral channels, with large width/depth ratios, exhibit a
tendency to develop an incised low-flow channel that can more efficiently carry

flows from small runoff events.

Low-flow channels typically meander within the boundaries of the wider,
main channel. This meandering thalweg may frequently come in contact with the
bank of the main channel. Accordingly, it is normally prudent to include low-flow
incisement in the calculation of total scour depth when constructing channel

improvements that result in a level, man-made channel bottom. All other scour

processes could theoretically be initiated from a channel invert elevation

associated with a low-flow channel.

Low-flow incisement has been excluded from this analysis, with the

understanding that the following two conditions must be met relative to the

installation of a bank protection system for the proposed landfill:

•

•

1.

2.

The existing channel invert, upstream and downstream of the

abandoned gravel pit, must be left in a natural incised condition, i.e.,

no channelization (regrading of the channel bottom) is assumed to

occur as part of the bank protection construction.

All toedown depths for the proposed bank protection must be

referenced to the existing channel thalweg.

•

•

•

The justification for these two conditions is based on the fact that low-flow

incisement has already occurred in the natural channel. Accordingly, unless the

natural channel geometry is altered by channelization, there is no reason to add

additional low-flow incisement onto that which has already occurred. By

referencing our computed scour depths to the existing channel thalweg, we are
acknowledging the potential for this thalweg to meander within the main channel

and possibly be in contact with the proposed bank stabilization at some time in the

future.

Mathews Kessler <fc.Associates, Inc.
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ANTIDUNE (BED-FORM) TROUGHS

The sand/gravel bed of the Agua Fria River will be subject to the formation
of bed-forms, such as dunes and antidunes, during flooding conditions. The
troughs created by these bed-forms are capable of undercutting bank protection.

The depth of antidune troughs (below the original bed elevation) can be
estimated with the following equation:

•
** .1 Zadt = 0.0135 vz

Where: .1Zadt = depth of antidune trough below natural

• streambed (ft.)

V = flow velocity (fps)

•

•

•

•

•

•

The antidune trough calculations will be based on 1.3 times the maximum

channel velocity occurring through that reach of the .river adjacent to the landfill.

As discussed previously, the maximum channel velocity of 13.99 fps occurs at JJA,
HEC-2 XSEC 12.75 during the fully\encroached FLOODWAY condition. This

velocity was increased by a factor of 1.3 to acknowledge the relationship between

mean channel velocity and localized maximum velocity (Blodgett, 1984).

Given the absence of channel curvature through the study reach, it is very

unlikely that this maximum velocity filament will ever move into contact with the

west bank of the river. For straight channel reaches, the maximum velocity would

normally be encountered near the center of the channel. The proposed placement

of large diameter rip-rap along the river bank will create substantial hydraulic

roughness which will serve to further decrease the potential for high velocity flows

along the bank. However, the antidune trough calculation utilized this maximum

velocity value as a safety factor mechanism. As a matter of technical interest, it

should be noted that those rip-rap analysis procedures presented in subsequent

sections of this report utilize, by definition, an average channel velocity. However,

safety factors are normally incorporated into these procedures which acknowledge

Mathews Kessler &Associates, Inc.



•

•

•

Page 15

the potential for transient velocity fluctuations that might exceed average velocity

values.

SUMMARY OF CALCULATIONS

•
Q (efs)

96,890

•
XSEC NO. 12.75

Vmax (fps) 13.99 x 1.3 = 18.19

• .1 Zadt (ft) 4.47

•

•

** Based on research by Kennedy - The Mechanics of Dunes and Antidunes

in Erodible-Bed Channels - Journal of Fluid Mechanics - 1963, VOL. 16 Part

4; Pg.521-544

•

•

•

SCOUR POTENTIAL WfTHlN THE GRAVEL Pff ENVELOPE

The abandoned, existing gravel pit, located 700 feet downstream of Olive

Avenue, will induce two additional scour processes:

1. Headcutfing of the upstream face of the pit.

2. HClear-Water" scour downstream of the pit.

Mathews Kessler & Associates, Inc.
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Headcutting will occur as water accelerates over the steep face of the

upstream pit boundary. A headcut profile will be propagated upstream as the river

attempts to re-establish an equilibrium slope.

Scour downstream of the pit boundary will occur in response to sediment

being trapped by the gravel pit. As a result, downstream flows will have the

capacity to transport more sediment than is available. This deficit will be made up
by the removal of sediment from the river bed downstream of the pit.

Due to a very complex interaction of river system variables, it is not possible

to precisely predict the scour profiles that will be generated by these processes.
However, procedures have been developed that provide a reasonable

approximation of these phenomena.

For the purpose of this analysis, we selected a procedure presented in a
recently published research report titled Effects of In-Stream Mining On Channel

Stability. Arizona Department of Transportation (ADOT), June 1989, hereafter
referred to as the In-Stream Mining Report. This procedure, which is described

in Section 11 of that pUblication, generates an upstream headcut and downstream
scour profile for short term (single-event) conditions.

An important characteristic of the headcut process is that this phenomenon

is normally arrested once the pit fills with water. However, the downstream scour

process is a function of the sediment wave velocity through the pit and can

continue after the pit is filled with water.

In order to evaluate the sensitivity of the procedure to slow-pit-filling versus

rapid-pit-filling, we investigated the response of several hypothetical hydrographs,

with time bases ranging from 4 to 72 hours and Peak flow rates of 2,000, 4,000,

10,000, 50,000, and 95,000 cfs. The hydrographs are enclosed as Figures 1, 2,

and 3.

Mathews Kessler & Associates, Inc.
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Critical scour profiles were plotted for each hydrograph on a large grid

sheet. The critical scour profiles for both downstream and upstream processes

have also been transferred to profile sheets included with this report. These

critical scour profiles are the basis for recommending bank protection toe-down

elevations immediately upstream and downstream of the existing gravel pit

boundaries. These recommended elevations are summarized on the enclosed

Table 2.

3.2 TECHNICAL ASSUMPTIONS USED FOR GRAVEL PIT ANALYSIS

The proposed Cholla Landfill is located in the west overbank of the Agua

Fria River, immediately downstream of Olive Avenue. Approximately 2000 linear

feet of river bank that separates the proposed landfill from the main river channel,

is located adjacent to an abandoned gravel pit. As part of the scour analysis for

the proposed levee/bank improvements, the gravel pit was evaluated for potential

headcut and downstream degradation profiles. Th(s analysis was necessary to

identify where gravel pit induced scour would exceed the scour dimensions

associated with a non-gravel pit condition.

The gravel pit analysis was pursued with both long-term and short-term

(single event) scour procedures presented in the In-Stream Mining Report. Each

procedure is separately addressed in the following paragraphs.

LONG TERM PROCEDURE

This procedure generates an estimate of vertical riverbed movement that

might be expected to occur over a long period of time (multiple flood events) in

response to in-stream sand and gravel excavation. From the documentation

provided in the technical reference, this procedure appears to have been

developed on the basis of active mining operations, I.e., operations that continue

to extract materials from the riverbed for a specified time Into the future. Since the
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abandoned gravel pit to which this procedure is being applied is no longer being

mined, the application of this procedure might be expected to produce

conseNative results, i.e., the predicted degradation may be more severe than what

will actually occur. This conseNative response is anticipated because the

abandoned pit will ultimately be filled with sediment, thus arresting any further

long-term degradation. In contrast, an actively mined pit would continue to trap
sediment for an indefinite time into the future.

Application of the long-term procedure requires an estimate of production
time, i.e., what period of time is required to extract a specified volume of sand and

gravel. Since the site under investigation is an abandoned pit, an assumed
production time of 2 years was selected to extract the estimated pit volume of

19,701,000 cubic feet. Pit dimensions were measured from the 1989 topography

provided by EMCON to Mathews Kessler & Associates, Inc.

The calculation of long-term degradation is shown on Table 1. The

magnitude of vertical bed movement associated with this process (maximum of 1.7
feet at the downstream pit face) is substantially smalJer than that resulting from a
single flood event (Short-term procedure).

Accordingly, long-term degradation, due to the existing gravel pit location,

is not a controlling factor in the toedown elevations for the proposed bank

stabilization measures.

SHORT-TERM PROCEDURE

The short-term procedure evaluates scour profiles both upstream and

downstream of the gravel pit, for single-event hydrographs.

The documentation for this procedure does not clearly set forth key

assumptions, nor are there example problems that clearly identify the correct use

of the algorithms presented in the study. Accordingly, several scenarios were

evaluated using different assumptions for key parameters in the procedure.
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This multi-scenario approach provided an opportunity to evaluate different
interpretations of key parameters, until a worst-case scenario was identified. This
worst-case scenario was then used as the basis for the gravel pit scour profile.
The assumptions used in the short-term procedure are documented as follows:

•

•

•

•

•

•

•

•

1.

2.

3.

Pit Fill Time - Since the pit is located immediately downstream of the
Olive Avenue bridge, it is assumed that the pit will capture all of the
river flow until pit drown-out occurs. This is a reasonable
assumption because the lower flows that occur on the rising limb of
the hydrograph would realistically be captured by the small headcut

that already exists at the upstream edge of the pit. These smaller
flows could be expected to enlarge the headcut to capture even
larger flows that occur later on the rising limb of the hydrograph.
The 2000 foot length of the pit would also seNe to capture (by lateral
inflow) any flows that might bypass the upstream pit face.

Bed-Material - The In-Stream Mining Report. presents scour

equations for both sand-bed and grave/-bed conditions. The report

states (page 99) that "Gravel-bed conditions are considered to exist
if a visible armor layer is found in the channel, otherwise the sand
bed condition should be assumed.1/ No armor layer was obseNed in

the channel. Accordingly, the sand-bed scour equations were used.
Even though the Agua Fria River channel does appear somewhat
gravelly, the assumption of a sand-bed condition is conseNative

because it will produce more scour than a gravel-bed.

Channel Width & Unit Discharge - These two parameters are vel}'

influential in the scour calculations. One of the major omissions in
the documentation of this procedure is the failure to discuss the

different ways in which these two parameters can be defined. A
"regime width" equation is included in the procedure but there is no
discussion to indicate if this computed width should be used for all
unit discharge calculations.
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Certainly at large flow rates, this equation gives unrealistically small

channel widths, if one is to assume this computed regime width is to

contain the entire flow.

The example problem in the In-Stream Mining Report on downstream

scour computes unit discharge using both pit width and regime

width, without giving any explanation as to why this was done. The
example headcut calculation uses only regime width, again with no

explanation as to whether this should be applied without any
consideration to the magnitude of incoming flow. Because of this

lack of procedural documentation, several combinations of channel

width and unit discharge were used in an effort to find a worst-case

condition. For headcut scour, the unit discharge used for the

calculation of Ysmax, Ys, and LS5 was alternately based on: 1) regime

width; 2) pit width (450 feet); and 3) channel width of 1400 feet.

These three options produced a maximum headcut depth when q
was based on regime width, and a maximum headcut length when

q reached a minimum value as a resultof using a 1400 foot channel
bottom width. This 1400 foot dimension is based on the approximate
bottom width of the Olive Avenue bridge opening. This bridge

opening will dictate the maximum channel width that could be used

at the upstream end of the gravel pit.

For downstream scour, different combinations of q were used for

computing sediment wave celerity (Cs ) and Ys and Ls• Alternative

#1 used the pit width for computing q in the Cs equation and the

regime width for computing q in the Ys and Ls equations. Alternative

#2 used an 1800 foot channel bottom width for all q calculations.

This 1800 foot dimension is the approximate FLOODWAY width near

the downstream end of the abandoned gravel pit. Alternative #3

used regime width for all q calculations. As expected, the narrow

regime width option produced the maximum unit q and most severe

scour profile.
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Dimensionless Time Factor. T* - The example problem in the ADOT

report defines this as a cumulative factor, as one proceeds from one

time increment of the hydrograph to the next, i.e., the accumulated

value of T* from the previous time step is added to the computed T*
from the current time step. However, the ~ t used in the equation for
T* is based on the length of the specific time increment being

analyzed. These two definitions were adhered to when computing

T* for the Cholla Landfill analysis.

For downstream scour, T* is defined as only being valid for values.
less than 0.84. The data base used by SLA to generate this

procedure indicated that the time of maximum downstream scour

occurred at T* = 0.84. For headcut scour, T* is defined as only

valid for values less than 1.0 (pit drown-out occurs at this time).

These limitations were also adhered to for the Cholla Landfill
analysis, i.e., downstream scour calculations were considered

unreliable (and not used) when T* exceeded 0.84. In a similar

manner, headcut scour calculations were discarded when T*

exceeded 1.0.

Scour Length - Discussions with SLA and Arizona Transportation

Research Center (ATRC) indicated that the LS5 calculations might be

additive from one time step to the next, although this was only
speculation. The example calculations in the In-Stream Mining

Report do not accumulate LS5 values from previous time increments,

nor does the text indicate that these values should be considered as

cumulative lengths. Accordingly, for the Cholla Landfill analysis,

Equations 11.3 and 11.6 (In-Stream Mining Report. Pg. 101) were

considered to represent the total scour length that would exist at the

end of the time increment being evaluated. This would seem to be

a realistic assumption, since both of these equations are a function

of the dimensionless time factor, T*, which is a cumulative value.
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Flow Rates - The gravel pit scour calculations were performed for a
I

range of hydrograph conditions in order to examine the impact of
long-duration, low-flows versus short-duration high flows.

The headcut analysis examined two 4-hour hydrographs with peak

flow rates of 2,000 cfs (pit fill time is 4.2 hours) and 10,000 cfs (pit

fill time is 1.28 hours), an 8-hour hydrograph with Op = 50,000 cfs
(pit fill time is 0.66 hours), and a 7-hour hydrograph with Qp =
95,000 cfs (pit fill time is 0.58 hours).

The downstream scour analysis evaluated two 8-hour hydrographs

with Qp = 50,000 and 95,000 cfs, as well as a 72-hour constant-flow

hydrograph of 4,000 cfs.

For purposes of selecting a design scour profile for the upstream

headcut, the critical time steps from gj1 the hydrographs were

superimposed on one graphical plot, and a design envelope was

drawn to include the most severe. scour profile that would

encompass all the plotted profiles. A similar approach was

employed for the downstream scour profile.

Reference Line For SCour Measurements - All headcut scour depths

were referenced to the actual bed elevation 1069 that currently exists

at the upstream edge of the abandoned gravel pit. The maximum

headcut scour depth is limited to one-half the pit depth (see In

Stream Mining Report). The upstream pit depth is approximately 28

feet. Accordingly, a maximum headcut depth of 14 feet is a limitation

for this project. This maximum dimension is assumed to occur at the

upstream pit face STA 6+62. In order to provide a safety factor, the

actual bank protection toe-down elevations were carried 1.5 feet

below the predicted headcut profile.

The headcut scour lengths are all referenced to a stationary pit face

located at STA 6+62. An argument might be made that this
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reference point will move downstream as the headcutting action

transports material into the upper end of the pit. By assuming the

reference point does not move downstream, conservatism should be

created, since such an assumption will create headcut profiles that

extend further upstream than what might actually occur.

Downstream scour depths were referenced to a constant bed-slope
that was visually drawn through a plot of actual thalweg elevations.

This constant-slope line was drawn to pass through the lowest
elevation points in the profile, thus promoting conservatism in the

scour profile. The previously referenced 1.5 foot safety factor was
also applied to the downstream gravel pit scour profile.

Downstream scour lengths were referenced to the downstream face

of the gravel pit. This reference point, which was considered

stationary during passage of the hydrograph, is located at STA

26+00.

Except for those areas very near to the upstream and downstream pit

faces, the non-gravel pit scour depths of 8.5 feet upstream of the pit

and 7.5 feet downstream of the pit, create a much more conservative

toedown dimension than the gravel pit scour profiles.

Because of the continual inflow of material into the gravel pit, the

vertical depth of the headcut profile should diminish with time.

However, the downstream scour profile may continue to degrade the

downstream river bed until the pit is filled with sediment. This may

take many years. However, the downstream scour profile is not

expected to reach the 7.5 foot toedown depth used for the bank

protection design downstream of the gravel pit (see discussion for

long-term procedure).
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toedown dimension than the gravel pit scour profiles.

Because of the continual inflow of material into the gravel pit, the

vertical depth of the headcut profile should diminish with time.

However, the downstream scour profile may continue to degrade the

downstream river bed until the pit is filled with sediment. This may

take many years. However, the downstream scour profile is not

expected to reach the 7.5 foot toedown depth used for the bank

protection design downstream of the gravel pit (see discussion for

long-term procedure).
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3.3 RIP-RAP ANALYSIS FOR PROPOSED BANK PROTECTION

Accurate rip-rap sizing is complicated by difficulties involved in estimating
accurate shear stresses, flow velocities, and energy gradients. Because of this,

it is prudent to apply conseNative safety factors to the rip-rap sizing procedures.

Therefore, four independent procedures have been utilized to obtain theoretical

estimates of suitable rip-rap sizes for this project. These procedures are listed as

follows:

1. Stevens, Simons, & Lewis stability method as presented in Highways

In The River Environment. Design Considerations. Training &Design
Manual. FHA, January 1987.

2. Research paper entitled Rip-rap Design. Maynord, Ruff, & Abt, ASCE

Journal of Hydraulic Engineering, Vol. 115, No.7, July 1989;

• 3. Isbash formula for stable rock weights, as published in ASCE Manual

No. 54, Sedimentation Engineering. 19.75 (pg. 534).

•

•

•

•

•

4. Design of Rip-Rap Revetment. HEC No. 11, FHA, March, 1989.

Each of these procedures requires slightly different input parameters.

Energy gradients and flow velocities (for non-gravel pit areas) were obtained from

the JJA HEC-2 Model. A trapezoidal channel approximation was also employed

for some procedures. These methods were applied to a range of depths,

velocities, and energy sloPes in order to evaluate the sensitivity of the procedures

and to determine a stable rip-rap size.

A detailed discussion of each procedure along with a summary of the rip

rap calculations is presented in the following paragraphs.

The calculations from all four procedures indicate that a 24" D5() rock

diameter should be stable when exposed to the existing 100-year event of

approximately 98,000 cfs. The only exception to this conclusion is that reach of
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embankment located between Olive Avenue and the upstream end of the

abandoned gravel pit. This approximate 700 foot reach will be exposed to possible

headcutting, which may generate very high velocities capable of dislodging a 0 50

= 24" rock diameter. Grouting the D50 =24" rip-rap should be considered for this

700 foot section from the toe-down up to the thalweg elevation in the adjacent

streambed. This will provide for added protection during the interim period of

filling the abandoned gravel pit.

Accordingly, based on all the calculations and consideration of all criteria,
it is recommended that rip-rap for existing conditions be D50 = 24". However, if

development follows the completion of Waddell Dam, reducing the 0 100 to 33,000

cfs, a 0 50 = 15" would probably be acceptable. However, a complete set of

hydraulic calculations for 33,000 cfs would have to be performed in order to

provide an equally detailed analysis of this event as is provided herein for the

existing 1oo-year event of approximately 98,000 cfs.

•

METHOD 1- HIGHWAYS IN THE RNER ENVIRONMENT TRAINING &
DESIGN MANUAL, SECTION V-11

•

•

•

•

This procedure evaluates the stability of a discrete rock particle through a
comparison of forces promoting rock movement to those forces resisting rock

movement. This comparison is expressed in terms of a stability factor (S.F.) which

is defined as ''the ratio of the moments resisting particle rotation out of the bank to

the submerged weight and fluid force moments tending to rotate the particle out

of its resting position. If the S.F. is greater than unity, the rip-rap is stable; if the

S.F. is unity, the rock is at the condition of incipient motion; if S.F. is less than

unity, the rip-rap is unstable." Based on rip-rap embankment model data, a stability

factor of 1.5 is recommended for use with this procedure.
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Input data for this procedure consists of:

•
1.

2.

3.

4.
5.

Angle of repose of rip-rap (40 0 used for this study)

Angle of bank slope (26.6 0 @ Z = 2H:1V)

Specific gravity of rip-rap (2.65 used for this study)
Shear stress (tractive force) acting on the rip-rap
Shield's parameter (.047 used in this study)

•

•

•

•

•

•

•

•

Two approaches were taken to estimate a representative shear stress for use
in this procedure. The first approach utilized the average channel hydraulics (for

a fully encroached FLOODWAY) through the study reach. These average values

were based on 12 HEC-2 cross-sections between Olive Avenue and Northern

Avenue.

An average channel area of 6994 S.F. and channel width of 819 feet (from

the 1989, JJA HEC-2 Model) were used to compute an average hydraulic depth of

8.80 feet. The average channel discharge 77,342 cfs associated with this average

width and depth was also computed.

The average channel width" depth, and discharge were applied to

Manning's equation (with n = .030 and Z = 2H: 1V) to determine the energy slope

and hydraulic radius associated with this typical average cross-section. This

information was then used to compute the bed shear stress using:

The results of this procedure produced an average velocity of 10.51 fps, and

energy slope of .002562 ft./tt. and a shear stress of 1.37Ib./ft. 2
• Using a Dso =24",

produced a stability factor of 1.5.

The second approach used for computing shear stress was based on the

observation that the average FLOODWAY width through the study reach was
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approximately 1800 feet. Again, using Manning's equation (n = .030 and Z =
2H:1V) with the entire 1OO-year peak discharge of 98,780 cfs, two trapezoidal

sections flowing 6.07 feet deep (5" = .0030 ft.jft.) and 5.57 feet deep (5" = .0040

ft.jft.) were established. The energy slopes of .0030 and .0040 ft./ft. were taken

as typical values from the HEC-2 FLOODWAY run between Olive Avenue and

Northern Avenue. The hydraulic characteristics associated with these two

trapezoidal approximations were used to compute shear stress values as discussed

for the previous approach. The stability factor results are presented in Table 2.

A similar approach was also used in an effort to estimate shear stresses

through the steep headcut area that will develop upstream of the abandoned gravel

pit. Based on predicted bed slopes of.04 to .05 ft.jft., an energy slope of .07 ft.jft.

was assumed for this area. Assuming the headcut would be 450 feet wide and

carry 70% of the total 100-year inflow, trapezoidal channel flow characteristics

were determined for use in computing shear stresses. These results are also

presented in Table 3.

METHOD 2 RIP-RAP DESIGN. MAYNORD, RUFF AND ABT, 1989

This design procedure computes a 0 30 rock diameter as a function of the

following variables:

•

•

1.

2.
3.
4.
5.

Safety factor, designated by the designer.

Specific weight of water (62.4 Ib.jft. 3
)

Specific weight of rock (165 Ib.jft. 3
).

Local average velocity at the toe of the side-slope.

Depth of flow at the toe of the side-slope.

•

•

This procedure was partially developed from rip-rap stability tests conducted

by Maynord in 1988.
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Both the rip-rap design equation and the results of the procedure are

summarized in Table 4. It should be noted that this procedure computes a D30

particle size. Tables are included in the referenced article to convert the

computed D30 size to an associated minimum and maximum D50 weight. These

Dso weights are then converted to an equivalent spherical diameter using the

following equation:

•

•

D50 =

Where: Dso
W

r s

12 . [ ~ ] 1/3

1f r s

= rock diameter (inches)

= stone weight (Ibs.)

= specific weight of rip-rap

•

•

•

•

•

•

Table 4 presents a range of velocity and depth combinations that were used

to compute a minimum and maximum D50 rock diameter. All calculations include

a safety factor of 1.5. It the localized velocity over th.e toe of the bank is assumed

equal to the average channel velocity, this procedure indicates that a minimum D50

of about 24" is acceptable to a velocity / depth combination of 14 fps and 6 feet,

respectively. A maximum channel velocity of 13.99 fps was produced by the HEC

2 Model for a fully encroached FLOODWAY condition. A flow depth of 6 feet exists

at several cross-sections downstream of the abandoned gravel pit. Accordingly,

this procedure indicates a D50 = 24" should be stable through the study reach

during a flow of approximately 98,000 cfs.

METHOD 3 ISBASH FORMULA, ~CE

sedimentation Engineering Manual no. 54

This procedure was developed by Isbash in 1936 for the construction of

rock dams in running water. The procedure predicts a stone weight that should

be stable when placed on a specified slope and exposed to a design velocity. The
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procedure does not address the incorporation of a safety factor mechanism. The

input parameters required for this method are:

•
1.

2.

3.

Specific gravity of stone (use 2.65)

Flow velocity

Angle of side-slope

•

•

•

•

•

The Isbash formula, and the results of applying this formula to a range of

velocities, are summarized in Table 5. The computed stone weights were

converted to an equivalent spherical diameter using the same relationship listed

for Method 2.

A review of Table 5 indicates that a 0 so =24" would be stable at a maximum

velocity of 16.5 fps on a 2H:1V side-slope. This is 1.18 times greater than the

maximum FLOODWAY channel velocity of 13.99 fps taken from the HEC-2 Model.

METHOD 4 DESIGN OF RIP-RAP REVETMENT

FHA, 1989

This is a relatively new procedure that was just published in March 1989.

This method allows direct calculation of a 0 so particle diameter by the following

equation:

0.001 V .3

Dso = (daug
oso K1

1oS)

•

•

•

Where: Dso = Median rip-rap particle size (ft.)

Va = Average velocity in the main channel (fps)
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daug = Average flow depth in the main channel (ft.)

•
] 0.5

•
Where: e = Bank angle with the horizontal (degrees)

= Angle of repose of rip-rap (degrees)

•

•

•

•

•

•

•

This equation incorporates a stability factor of 1.2. For this method of rip

rap design, the stability factor is defined as the "ratio of the average tractive force

exerted by the flow field and the rip-rap materials critical shear stress. " This method

recommends a stability factor range of 1.0 to 1.2 for straight or mildly curving river

reaches with uniform flow, and a factor of 1.3 to 1.6 for gradually varied flow in

river reaches with moderate bend curvature.

Table 6 presents the results of this method for stability factors ranging from

1.2 to 1.5. For the straight reach of river investigated as part of this study, a
stability factor of 1.4 would appear justifiable.

The velocity used in Table 6 is the maximum channel velocity (with full

FLOODWAYencroachments) that is listed on the JJA HEC-2 run (XSEC 12.75) for

that reach of river between Olive Avenue and Northern Avenue. The average flow

depth o( 8.80 feet is the average hydraulic depth for the main channel for the same

reach, under FLOOOWAY conditions. The calculation of this depth was previously

discussed under Method 1.

A review of Table 6 indicates that a 05() = 23" would provide a stability factor

of 1.4 at a velocity of 13.99 fps and depth of 8.80 feet.
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To insure the integrity of the rip-rap that is installed, there will be a
commitment by the landfill owner to periodically inspect the embankment and

repair any damage that may occur.

3.4 ALTERNATE LEVEE - STA 35+50 TO STA 50+75

Since the bank between the two stations above bends so far to the west, a

new levee along a relatively straight line between the two points saves nearly 400

feet of rip-rap construction and a significant amount of levee repair.

As an alternate to making the necessary levee repair between approximate

STA. 38+00 and STA. 42+00 (400 ft.) and rip-rap protecting 1525 ft. of bank it was

felt that constructing and protecting approximately 1160 ft. of new levee would

improve the hydraulic properties of the channel. The alignment of the new levee

section would be the floodway encroachment limit shown on the recent JJA flood

insurance study. This levee alignment tends to smooth out a large indentation in

the west bank and improves the channel hydraulics. Toedown and rip-rap design

criteria used was similar to that for the rest of the proposed improvements.

The levee would be constructed with the 2H: 1V face, 50' crest width and

3H:1V back slope that is proposed for all the other levee sections of this project.

The alignment would be excavated to such depth necessary to satisfy a
geotechnical engineer that remaining material will provide a suitable foundation for

the levee section. All material placed in the levee would be compacted to 95% of

maximum density in accordance to methods described in ASTM 1557 and then

protected by the rip-rap design proposed for the entire project.
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Table 6
(Method 4)

Summary of Riprap D60 Calculations

Using Procedures In

Design of~prapRevetl'n6nt
HEC-11, FHA, 1989

Stability Va davg D50

Factor (fps) (ft) K1 Cef (inches)

1.2 13.99 8.80 0.717 1.00 18.20

1.3 13.99 8.80 0.717 1.13 20.50

1.4 13.99 8.80 0.717 1.26 23.00

1.5 13.99 8.80 0.717 1.40 25.50

,

Assumptions: Angle of repose =40 degrees

Side-slope- 2H:1V

Specific Gravity = 2.65
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TABLE 5
(Method 3)

ASCE sedimentation Engineering Manual No. 54
(page 534, Isbash Formula)

This procedure uses the following equation to compute a stable stone weight:

where W =Weight of stone that will resist movement under specified design
conditions (lbs)

G. =Speciflc gravity of stone (use 2.65 for this project)

V =Velocity of flow (fps)

<l> =Angle of side-slope (26.6 degrees for this project)

Summary of Calculations

Equivalent
Velocity (fps) W (lbs) DllO (in.) •

10 34 8.8
11 60 10.6
12 101 12.6
13 163 14.8
14 255 17.2
15 385 19.8
16 568 22.5

16.5 685 23.9

(6W) 1/3
D ~ 12· -

50 ny s

(this equation uses the same variable definitions as in TABLE 4)
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TABLE 4 (cont.)

The D!lO rock sizes listed in the preceding table are taken from the recommended
riprap gradation for Y.- 16Slb/ft 3

• Since the gradations are published in terms of
the rock weight, a conversion to an equivalent stone diameter was made using the
following equation:

(
6W)1/3

Dso - 12· 
ny.

where D!lO = Rock diameter (In.) of which 50% are smaller by weight
W = Stone weight (lb)
Y. = Specific weight of stone (lb/rt3 )

The computed D!lO (ft) is used to enter the published gradation tables in the
referenced article. The minimum and maximum D!lO weights (corresponding to the
minimum D!lO diameter) are then read from the table.
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TABLE 4

(Method 2)

Riprap Design

by Maynord, Ruff, & Abt
ASCE Journal of Hydraulic Engineering, July 1989

This procedure computes a D!lO particle size through riprap gradation tables included
with the referenced article. The equation for computing D30 is presented as follows:

[( )
OoS( V )J20S

D30 =D·SF·0.3· ~ --
Y. YI/I ~gD

where D30 = Particle size for which 30% is finer by weight
D = Flow depth over toe of bank
V = Average velocity over toe of bank

y ... = Specific weight of water
y. = Specific weight of riprap
g = 32.2 ft/secz

'.

Summary of Calculations

Safety Velocity Depth D30 Minimum Maximum
Factor (fps) (feet) inches (feet) D!lO (in) D!lO (in)

1.5 10 6 7.6 (0.63) 10.5 12.0
1.5 10 9 6.9 (0.58) 8.8 10.0
1.5 10 12 6.4 (0.53) 8.8 10.0

1.5 12 6 12.1 (1.01) 15.8 18.0
1.5 12 9 10.9 (0.91) 14.0 16.0
1.5 12 12 10.1 (0.84) 12.3 14.0

1.5 14 6 17.7 0.48) 24.6 28.0
1.5 14 9 16.0 (1.33) 19.3 22.0
1.5 14 12 14.9 0.24) 19.3 22.0
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Table 3

(Method 1)

Summary of Computed Riprap Stability Factors

Using Procedures In
Highways In The River Environment

FHA, 1987

Peale
Discharge D50 Safety Factor

(ets) (inches)

Stability Factor Based On Average Channel Hydraulics Of 12 Cross-Sections,

Energy Slope - .002562 ftlft ,

98,780 24 1.50

Stability Factor Based On Trapezoidal Channel Equal To FIoodway Width

Se - .0030 ftIft Se = .0040 ftIft

98,780 32 , 1.57 1.54

24 1.53 1.50
15 1.45 1.40

54,000 32 1.60 1.58
24 1.57 1.55

15 1.51 1.48

33,000 32 1.62 1.61

24 1.60 1.58

15 1.55 1.53

Stability Factor Through Steep-Sloped Headcut Area

Se = .0700 ftIft

98,780 64 0.95 N/A
54,000 64- 1.12 N/A
33,000 64- 1.23 N/A



•

• Table 2
Recommended Bank Protection Toedown Elevations

Through Abandoned Gravel P'1t Area

• MKAStation Toedown Elevation

Along Levee Road CMSL)

0+00 1061.5

• 1+00 1061.5

2+00 1061.5

3+00 1061.5

4+00 1060.9

5+00 1059.4

6+00 1055.7• 6+62 1053.5

7+00 1053.0

8+00 1051.5

9+00 1049.7

10+00 1048.0

• 11+00 1046.2

12+00 1044.5

13+00 1042.8

14+00 1042.5

15+00 1042.0

• 16+00 1041.7

17+00 1041.4

18+00 1041.0

19+00 1040.3

20+00 1039.7

• 21+00 1039.0

22+00 1038.5

23+00 1038.0

24+00 1040.1

25+00 1042.2

• 26+00 1044.5

27+00 1047.1

28+00 1049.4

29+00 1051.3

30+00 1052.5

• 30+87 1053.3

Downstream of STA 30+87, toedown transitions to 7.5 feet

below the channel thalweg.

•
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6.

TABLE 1

(Continued)

From Chart C: (use Reach Length = 0.5 mi.)

•

•

•

•

•

•

•

•

D/S Distance

(Miles)

o
1

2

3

Ak/s

11 ~nk

1.0

0.5

0.24

0.18

11 'Zo/s

(ft.)

-1.7 (brink)

-0.85

-0.41

-0.31
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Procedure:

TABLE 1

Estimate of Long-Term Degradation for Abandoned

Gravel Pit Downstream of Olive Avenue Bridge

Long-term procedure documented in Effects of Instream Mining on Channel Stability,

ATRC/SLA, June 1989.

•
Assumptions: Pit Length

Pit Width

D/S Pit Depth

Pit Volume

@ 100 Ib/ff

1,900 Ft.

450 Ft.

22 Ft.

19,701,000 Fe (450 x 1990 x 22)

985,050 tons

• Production Time = 2 years

Gravel Bed (procedure is valid only for gravel)

•

•

•

Calculations:

1.

2.

3.

Avg. Annual Prod./Unit Length

From Chart A:

Avg. Annual Prod.jUnit Width

= (985,050/ (1990/5280) ) /2
= 1,306,800 ton/mi./yr.

= 2.2 ft./yr.

= (- 2.2) (2 yr.) = - 4.4 ft.

= (985,050/450) /2
= 1094.5 tons/ft.jyr.

•
4. From Chart B (extended)

1094.5 (0.7) = - 0.85 ft./yr.

900

•

•

5. 11 ~rink (- .85) (2) = - 1.70 ft.



• • • • • • • • • •• •

~
P
-i:r
m
<
Vl

/\
m
Vl
Vl
r
m
:0
Qo

P
Vl
Vl
o
o
i>
-i
m
Cf)

z
()

m
Z
Cl
Z
m
m
:IJ
(JJ

........
P
:IJ
()
:r
-j
m
()
-j
(JJ

........
'U

~
Z
Z
m
:IJ
(JJ

~'
<.:::'/
'~ I
: i
1:!1'hi
f'.

I
, I

Y.o

75:00

9/(" 7

7.500

S833
'{No 7

~5oo

S'33

o. S-

Sooo

/~So

37.50

'1375

312S

/'67::;

Co ;. 5

3.0

9"o=.s-ooo
<JI Q

o·s

.:(,0

QI' = Zoo 0 0

L1c!(~r) Qrcfs)

0·S Soo

/500

;;J.ooo

;1000

/750

/~5'O

7 ':'-0

;{ 5'0

/. S

( !J6Ur- S )

0- . 5:

,5' 1,0

I. u . /' j

:<.0 - :l.. s:

/'0

./

i
/

I
,/

:"

/5;000

/~, 000

/ J, oCJo

12,000

11,000

/U,OOO

~ooo

d., O:J(J

r-...
\'1

~~ :.>.:>.:.>
~

"-

"--
~, Q-::>()

':::000

~ooo

3/ 000

::(,000

!!
/, 06 0

"c:
J:J
m 0

....
0



• • • • • • • • • • •

~
:t
-i
J:
m
:E:
V>

A
m
V>
V>
r
m
JJ
QO

:t
V>
V>
o
o
:t>
-i
m
V>

z
o

m
z
G)

z
rn
rn
JJ
V>

........
:Do
::D
o
I
-i
rn
o
-i
(j)

........
"U

~
Z
Z
rn
J)
(fl

Z
n>
3
co

OOlJo n> n>
3m~

D
c
co
0-

CD
'<

II I
,

~i
~~ I
l:h
~-

7

(hours)

/

Qp = <j~ 000 c -f.s

/ .L1 t- Q pt>r,. od
/

, /,
/_ 0 '1Soo 0-/

/, ,:) 2~Soo 1- Z,,

, ,
/,0 '17,~oo ;L-3
/,0 .::;~/ -Soo 3-<;

I, ° ~S; ,5'00 <j-S

J,o 9 ~O()O S-~

1,6 9.5, 000 (,.-7

I, (J 9~ooo 7 -~

. /

."-C)
c:
:::D
m
N 0



• • • • • • • • • • •

z
o

m
z
Cl
z
m
m
:n
(j)

.........
»
JJ
o
:r
=i
m
o.,
(j)

.........
\J

~
Z
Z
m
JJ
C/l

nOllo III III
3~lO
U co co
c
ro
Q.

m
':<

=?=?Q ~
.52. .2. CD »coco::J .,
~ ~ :r

m
:E
CIl
;J;
m
CIl
CIl
r
m
:n
Qo

»
CIl
CIl
o
o
»
-1
m
CIl

1\

~

7,0

j - ;2

;2.-]

3 - </
</- S

S-G,

~-7

7-~

~ - I

Per/od

,:)0, 000

S~ooO

So, 000

-S-o, 006

50, 000

8'333
/

.7'15/ 00"::>

0,., :::: So, 000

I, (]

j,o

1.0

1,0

/.0

J, (j

I, ()

3.0

/

/

.1.0

/
/

I
/

/.0o

o

40,000

10,000

'<0,000

"-Q
c:
JJ
m
w

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



•

•

•

•

•

•

•

ASSESSMENT OF RIVER BANK
BREACH BACKFILL MATERIALS

PROPOSED CHOLLA LANDFILL SITE
EL MIRAGE, ARIZONA

Prepared for

BROWNING-FERRIS INDUSTRIES OF ARIZONA, INC.

December 1989

•

•

•

Prepared by

EMCON Associates
3922 East University Drive, #7

Phoenix, Arizona 85034

Project 372-15.05

• L emcon Associates



•
TABLE OF CONTENTS

• Page

1.0 INTRODUCTION 1

2.0 SITE DESCRIPTION 2

• 3.0 EVALUATION PROGRAM 3

3.1 PRELIMINARY GEOLOGIC RECONNAISSANCE 3

3.2 SUBSURFACE EXPLORATION 3

• 3.3 FIELD MAPPING 4

3.4 LABORATORY TESTING 4

4.0 FINDINGS 6

• 4.1 GEOLOGIC CONDITIONS 6

4.2 CONFIGURATION OF BREACHES 7

5.0 CONCLUSIONS 8

•

•

•

•

•

Table

Table 1 - Summary of Soil Test Results

Figures

Figure 1 - Location Map
Figure 2 - Site Map
Figure 3 - Cross-Section of Entrance Breach
Figure 4 - Cross-Section of Exit Breach

Appendices

Appendix A Exploratory Boring Logs
Appendix B - Laboratory Test Results

• "- Emcon Rssociates--



•

•

•

•

•

•

•

•

•

•

1.0 INTRODUCTION

Browning-Ferris Industries of Arizona, Inc. (BFI) retained EMCON Associates

(EMCON) to evaluate two backfilled sections of the Agua Fria river bank along the

east side of the proposed Cholla Landfill site in EI Mirage, Arizona (Figure 1). The

purpose of the evaluation was to define the nature and extent of fill materials in the

repaired sections. Mr. William Mathews of Mathews Kessler & Associates will

utilize the results to characterize the repaired sections relative to Federal

Emergency Management Agency (FEMA) floodplain guidelines.

In December 1978, flows in the Agua Fria River peaked at approximately

48,000 cfs during a flood. Floodwaters breached the river bank that separated

active gravel operations (Plant No.6, Union Rock & Materials Corporation) from

the Agua Fria River channel. The floodwaters entered through a breach along the

eastern side of the gravel operation and exited through a breach along the

southern side.

According to the best information available, fill operations were initiated within the

entrance breach before all floodwaters had receded. Backfill material reportedly

consisted of clean, fine-grained sand with little or no debris. It is not known if the

fill operation was documented.

The following tasks were completed during the evaluation:

• Identification and delineation of the two breached areas of the river
bank through field reconnaissance and photogeologic interpretation
prior to drilling.

• Drilling and sampling fill materials in the two bre~ched areas using a
CME-75 drill rig.

• Testing selected soil samples for dry density and water content,
grain-size distribution, compaction, consolidation, and shear
strength.

• Report preparation.

"- emcon Associates--•
PJ/3721505.DOC -1- Rev. 0 12/26/89
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2.0 SITE DESCRIPTION

The repaired river bank parallels the eastern boundary of Union Sand and Rock

Plant No.6, the site of the proposed Cholla Landfill. Plant No. 6 is located in

EI Mirage, Arizona on EI Mirage Road approximately 1,500 feet south of Olive

Avenue (Figure 1).

A heavy equipment haul road occupies the surface of the river bank in the vicinity

of the two breaches. The river bank surface is relatively flat. Piles of asphaltic

concrete and concrete debris cover some portions of the river bank. The river

side slope of the entrance breach (Figure 2) is the wash-out area for concrete
trucks and therefore partially covered with an irregular crust of concrete.

'-- emcon Associates--•
PJ/3721505.DOC -2- Rev. 0 12/26/89
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3.0 EVALUATION PROGRAM

PRELIMINARY GEOLOGIC RECONNAISSANCE

•

•

•

•

•

•

•

On July 31, 1989, EMCON personnel conducted a preliminary geologic

reconnaissance of the breached river bank. The approximate widths of the two

breach areas were estimated visually and used to determine the number and

location of the exploratory borings. A reconnaissance of the river bank north of

the entrance breach was also performed, specifically to identify other areas that

may have been filled. In addition, the base of the fill materials, used to repair the

entrance breach, was delineated at two locations on the east slope of the repaired

section.

Aerial photographs aided in the delineation of known and suspected fill areas. In

particular, one 1978 photograph depicts the breached parts of the river bank.

However, since the photograph depicts conditions as they appeared after the

peak flood stage, the original breach channels were larger than those visible in

the photograph.

3.2 SUBSURFACE EXPLORATION

Five borings were drilled in the exit breach' and eleven borings were drilled in the

entrance breach. The borings were advanced along the approximate centerline

of the river bank on approximately 50-foot centers. Boring EB-1 was located just

west of the eastern boundary (based upon field reconnaissance and aerial

photograph interpretation) of the exit breach. Boring EB-5 was located just north·

of the southern boundary (also based upon field inspection and aerial photograph

interpretation) of the entrance breach. Borings were not drilled to the west and

north of the respective breaches. The borings were terminated when native

materials were encountered (Appendix A).

A split-spoon or modified California sampler was used to obtain samples every

2.5 feet. A 140-pound hammer with a 30-inch drop drove the samplers into

undisturbed materials. Blow counts were recorded for each 6-inch penetration

interval. Split-spoon samples were transferred to double plastic bags and

"- emcon Associates--•
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labelled. Samples from the modified California sampler were retained in brass

sleeves, labelled, and protected with plastic end caps. Selected samples were

tested for gradation, dry density and water content, consolidation, and shear

strength. A bulk sample of auger cuttings was obtained from each boring.

Compaction tests were performed on selected bulk samples.

Field descriptions of samples and auger cuttings were made using ASTM Method

02488-84. Fill and native materials were differentiated based on visual

observations, lithology, soil structure (or lack of), and drilling behavior.

3.3 FIELD MAPPING

The fill material/native soil contact of the entrance breach was exposed along the

eastern slope of the river bank. The contact was delineated using aerial

photographs, boring results, and by field reconnaissance, and is shown on
Figure 2.

3.4 LABORATORY TESTING

Laboratory tests were performed on disturbed and relatively undisturbed soil

samples obtained during the subsurface exploration. Testing included gradation

(ASTM 0422), dry density and natural water content (ASTM 02937), compaction

(ASTM 01557), consolidation (ASTM 02435), and isotropically consolidated

undrained triaxial shear tests. Test results are summarized in Table 1. Complete

test results are presented in Appendix B.

Gradation test results indicate that the backfill materials consist of silty sand with

varying amounts of gravel. These results are consistent with the field

classifications. Breach backfill material also included sand, gravelly sand,

cobbles, and asphaltic concrete debris.

Eighteen dry density and water content determinations were made on relatively

undisturbed samples. The dry density ranged from 89.3 pounds per cubic foot

PJ/3721505.DOC -4- Rev. 0 12/26/89
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(pct) to 118.7 pet, and averaged 104.7 pcf. Natural water content ranged from 2.1

to 11.1 percent, and averaged 7.6 percent.

Three compaction tests (ASTM D1557) were performed on bulk samples obtained

during the field exploration. The maximum dry density of these samples ranged

from 134.0 to 137.0 pcf (average 135.7 pct) and the optimum water content

ranged from 6.5 to 8.0 percent (average 7 percent).

The in-situ dry density of the relatively undisturbed samples of river bank breach

backfill material was compared with the average maximum dry density from the

compaction tests. The percent compaction ranged from 66 percent to 88 percent

and averaged 77 percent.

Two consolidation tests were performed on relatively undisturbed samples of

backfill materials to assess their load-deformation characteristics and the potential

to collapse (undergo large volume changes on saturation). The test samples had

compression indices of 0.10 and 0.09 and a compression on saturation of 0.19

and 0.67 percent.

Three consolidated undrained triaxial tests were performed on relatively

undisturbed samples to help assess shear strength characteristics of the backfill

material. Triaxial test results are presented in Table 1 and Appendix B. Our

interpretation of the results indicates that the material has an effective stress

friction angle of 29 degrees with a zero cohesion intercept. The results are

consistent with values typically obtained for loose to medium dense silty sand.

"------------------------- em(On Associates---'"•
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4.0 FINDINGS

4.1 GEOLOGIC CONDITIONS

The river bank is now a strip of land 25 to 100 feet wide at the top and 60 to

200 feet wide at the base. Native soils comprising the river bank consist of poorly

graded silty sands, well-graded gravelly sands, and well-graded lenses of sands,

gravels, and cobbles. Stratification is laterally discontinuous, but generally well

developed and traceable over relatively short distances. Well-developed cross

bed sets were observed in some layers/lenses. Overall, the native soils were

relatively cohesionless, except when traces of clay were encountered. The

angUlarity of clasts ranged from subangular to rounded. Heavily cemented zones

were observed in the field and encountered during drilling.

Three types of materials were encountered in the borings penetrating the

entrance breach (Figure 3). From the surface to depths of 4 to 9 feet, gravelly

sand fill and sand and gravel fill were encountered. This material is associated

with the haul road used by the heavy equipment of Plant No.6. The material is

heterogeneous and contains moderate amounts of asphaltic concrete debris at

some locations. The material ranges from loose to medi"um dense. Underlying

the haul road fill to depths of 7 to 21 feet was the material used to backfill the

entrance breach. The backfill material consists mostly of relatively homogeneous,

medium dense to dense silty sand fill with a trace of asphaltic concrete debris and

some gravel. Native materials underlie the breach backfill and consist mainly of

cohesionless sands and gravel-sand mixtures. Heavy cementation was

encountered in Borings EB-7, -8, and -9 at a depth of approximately 20 feet.

Two types of materials were encountered in the borings penetrating the exit

breach: fill materials and native deposits (Figure 4). The material used to backfill

the exit breach consists of loose to medium dense mixtures of sands, gravels,

and cobbles. The depths of fill range from 6 to 14 feet. Some asphaltic concrete

debris was encountered. The underlying native materials consist of sand, gravel,

and cobble mixtures. The native soils are cohesionless and subangular to

subrounded.

'-- em<on Associates•
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4.2 CONFIGURATION OF BREACHES

Based upon the subsurface exploration program, interpretation of aerial

photographs, and field reconnaissance, we estimate the entrance breach is

approximately 600 feet wide and attains a maximum depth of approximately

21 feet. The backfill material is deepest at the south end of the breach and

gradually pinches out toward the north as shown on Figure 3.

The exit breach is approximately 300 feet wide, with a maximum depth of 14 feet,

as indicated by interpretation of aerial photographs, subsurface exploration, and

field reconnaissance. The backfill is deepest near the northeastern end as shown

on Figure 4.

......... emcon Associates--•
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5.0 CONCLUSIONS

Based on the field and laboratory investigations, we have made the following

conclusions and recommendations.

• Breach backfill materials consist primarily of cohesionless soils
(sand, silty sand, and gravelly sand) with some asphaltic concrete
debris and cobbles.

• Backfill material was probably placed without engineering or
construction quality control measures.

• Backfill material is loose to medium dense and has relatively low
densities. The percent compaction is below generally accepted
minimum values for engineered fill which is typically 85 to 90 percent
of maximum dry density as determined by ASTM D1557.

• We recommend that backfill materials be densified to allow the river
bank repair to be certified in accordance with Federal Emergency
Management Agency (FEMA) Regulations. The backfill material
should be densified so that its percent compaction meets the
generally accepted values for engineered fill and design criteria for
river bank erosion control work. This could include excavation with
subsequent placement and compaction of the backfill or
densification in place. In-situ densification by jetting may be only
locally successful because of the relatively high fines content of
some of the backfill material.

'- emcon Associates--•
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TABLE 1

• SUMMARY OF' SOIL TEST RESULTS

Maximum Optimum

Boring Depth Dry Density vic , passing , passing

No. (tt) USCS (pet) (') t4 1200

• -------------------
EB-3 0' -11' SH 136.0 6.5 67 23

£8-7 4'-lS' SH 137.0 6.5 71 24

£8-11 2'-9' SH 134.0 S.O 74 28

Average Maximum Dry Densityl 135.7 7.0

• Optimum Water Content

Boring Depth Dry Density vic ,. OF' , pa.sing ,. passing

No. (tt) uses (pet) (') COMPACTION t4 1200

--------------------------------------------------- ----------------------------------
E:B-3 10'10" SM 100.4 2.1 74.0

• £8-4 4' 10" SW 112.5 2.6 S2.9

£8-5 7' 11" SH 102.9 5.1 75.S

E:B-6 7'11" SH 105.1 S.2 77.5

E:B-6 S' 5" SH 105.9 9.5 7S.1 94 44

£8-6 12' 10" SM 96.0 S.O 70.8 97 44

£8-6 13' 4" SH 108.7 10.1 80.1

• I:B-7 IS' 4" SH 89.3 8.4 65.8

£8-7 13' 5" SM 111.0 9.5 81.8

£8-8 7'4" SW 109.6 3.7 SO.8

E:B-9 IS'S" SH 108.3 11.1 79.8 92 40

£8-9 19' 10" SM 118.7 ,5.9 87.5

!:B-I0 8' 4" SH 103.2 9.3 76.1 93 48

• E:B-I0 7'10" SM 10S.4 8.1 77.7 96 42

1:8-10 13'5" SM 101.1 9.4 14.5

!:B-11 12' 5" SM 96.9 S.2 71.4

E:B-12 S' 3" SM 114.2 9.1 84.2

!:B-13 S'4" SM 94.7 8.S 69.S

• STRENGTH TEST RESULTS (CU TEST)

P q u

80ring Depth Dry Density vic Confining @S, @S, @S'l

No. (tt) USCS (pet) (') pre.sure(pst) (pst) (pst) (pst)

------ ------------------------
E:8-6 8' 5" SM 105.9 9.S 100S 1685 778 101

• E:B-6 12'10" SM 96.0 8.0 1296 994 374 677

!:B-I0 8' 4" SM 103.2 9.3 720 1771 979 -72

CONSOLIDATION TEST RESULTS

80ring Depth Dry Density vic Cc Pp COLLAPSE: CONf. PRESS. I!• No. (tt) USCS (pct) (') (pst) <\1 COLLAPSE (pstl

----------- -----------------------------
E8-9 IS' 5" SM 10S.3 11.1 0.10 3400 0.19 1000

E:8-10 7'10" SM 105.4 8.1 0.09 1900 0.67 1000

•



•

•

•

•

•

•

•

•

•

•

•

FIGURES

L emcon Associates-~



•
111 • ,.

• • • • • • • • • •

Scale 1:2SO.000

o
I

aul IIU aouaCl' lIUTaIIl u.a. aDIU Yl02
PIODIX, AI., 1"4 (JSVJaID 1"'1, 4th ID.

Qr--e-==-=-m::....::.......(=:-=o~n_
~ Associates

\0

ASSESSMENT OF RIVER BANK BREACH BACKFIll MATERIALS
PROPOSED CHOllA lANDFIll SITE

EL MIRAGE, ARIZONA

LOCATION MAP

FIGURE

1
.. "OJECT HO

372-15.05









124279

I ,

BACKFILL CONT ACT: SOLID WHERE KNOWN,
DASHED WHERE INFERRED,
BREACH CONTACT PROJECTED
TO SURFACE BASED ON
FIELD RECONNAISSANCE

LEGEND

SAND WITH GRAVEL, TRACE SILT (SP)

GRAVELLY SAND, SOME SILT (SW-SM)

SAND FILL WITH GRAVEL, SOME SILT.
SOME CLAY (SP-SC)

SILTY SAND FILL. SOME GRAVEL (SM)

S ILTY SAND AND GRAVEL FILL,
SOME COBBLES (SM-GM)

GRAVELLY SAND FILL (SP)

SAND AND GRAVEL, SOME
COBBLES (SW-GW)

SILTY SAND FILL WITH GRAVEL
TRACE COBBLES (SM)
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APPENDIX A

EXPLORATORY BORING LOGS
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EXPLANATION OF SYMBOLS ON
EXPLORATORY BORING LOGS

Well Details Column•

•

•

•

•

·~------CONCRETE

---------BENTONITE-CEMENT GROUT OR
NEAT CEMENT GROUT

~------BENTONITE

~---W'ELL CAS ING

~~-------WELL SCREEN

.~-------FILTER PACK

---------BENTONITE
~~~-------NATIVE MATERIAL SLOUGH

Sample Column

SURFACE SEAL

} BOTTOM SEAL

•

•

•

•

•

BAG/BULK SAMPLES

FIVE-FOOT SPLIT BARREL SAMPLER (CONTINUOUS SAMPLER)

MODIFIED CALIFORNIA SPLIT SPOON (3 11 0.0.)

OTHER SAMPLERS (SEE REMARKS FOR TYPE AND SIZE)

PITCHER BARREL

ROCK CORE (SEE REMARKS FOR TYPE AND SIZE)

SHELBY TUBE SAMPLER

STANDARD PENETRAT ION TEST SPLIT SPOON SAMPLER (2" 00)

(OVER)



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/4/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-l

PAGE 1 OF 2

SURFACE ELEV. 1072.66 f1.

•
SAMPLE

RECOVERY

(inches)

PENETRA
TION

(blws/ft)

J:. l:l LITHO
I-t .J GRAPHIC
D. ~ COLUMN
~Z q:

H en

DESCRIPTION
\.JELL

DETAIL

•

•

•

•

•

•

NR

NR

NR

7

NR

13

NR

50jO.3

50/0.5

50/0.1

23

50/0.4

34

50/0.1

5

15

: '. '.

SAND. GRAVEL. AND COBBLE FILL
(SW-GW), light brown (7.5YR, 6/4); 40% fine
sand; 35% fine to coarse gravel; 25% cobbles;
dense; damp; well graded; subangular to angular.

SILTY SAND AND GRAVEL FILL WITH
COBBLES (SM-GM). brown (7.5YR, 5/4); 40%
fine to medium sand; 25% fine to medium gravel;
20% silt; 15% cobbles; medium dense to dense;
moist; poorly graded; subangular.

GRAYELLY SAND. SOME COBBLES (SW),
yellowish brown (IOYR, 5/4); 55% fine to coarse
sand; 30% fine to coarse gravel; 15% cobbles;
dense; moist; well graded; subrounded.

: ' ..
t----I....-__.L-__....I-__ 20-"'''""'''-'----.:..--Jl.---------------------''-------1•

•
~
EMCON

ASSOCIATES

REMARKS
Bulk sample collected from 5 feet to 14 feet. On all LOGS OF EXPLORATORY BORINGS, only the blow counts for
the bottom 12 inches were recorded. Boring EB-l was backfilled to the surface with gravel/cement grout.



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/4/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-l

PAGE 2 OF 2

SURFACE ELEV. 1072.66 f1.

SAMPLE PENETRA-
0o:(/) In LITHO- \JELL

RECOVERY TION
J: •

ZW.J 1-1- .J GRAPH IC DESCRIPTION DETAIL::::ll-W a,lL.
~ COLUMN• 0<I~ Wz

(inches) (bLws/ft) ~3~ °H <I
(/)

11 44
~

; ':
...

~ , ,

BORING TERMINATED AT 21.5 FEET• -
f- -

-
-
-
-

• - 25-
-
-
-
-

- -

• -
-
-
-

- 30- ,
-

• -
-
-

- -
-
-

• -
-

- 35-
-
-
-

• -
- -

-
-
-
-

• 40

~
REMARKS
Bulk sample collected from 5 feet to 14 feet. On all LOGS OF EXPLORATORY BORINGS, only the blow counts for
the bottom 12 inches were recorded. Boring EB-1 was backfilled to the surface with gravel/cement grout.

EM ON• ASSOCIATES



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/4/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-2

PAGE 1 OF 1

SURFACE ELEV. 1071.86 ft.

•
SAMPLE

RECOVERY

( inches)

PENETRA·
TION

(blws/ft)

:r' ~ LITHO·
I-li: .J GRAPH IC
Q. ~ COLUMN
~Z ~

H (J)

DESCRIPTION
IJELL

DETAIL

•

•

•

•

•

•

12

5

12

12

14

12

NR

35

27

25

11

99

61

50/0.2

5

10

15

SAND. GRAVEL. AND COBBLE FILL. SOME
SILT (GP-GM). dark yellowish brown (lOYR.
3/4); 35% fine to medium sand; 35% fine to
coarse gravel; 20% cobbles; 10% silt; dense;
moist; poorly graded; subangular.

SILTY SAND FILL. SOME GRAVEL. TRACE
COBBLES (SM). dark yellowish brown (lOYR,
4/6); 50% fine sand; 30% silt; 15% fine to coarse
gravel; 5% cobbles; medium dense; damp; poorly
graded; subanguiar to subrounded.

GRAVELLY SAND. SOME COBBLES (SP),
yellowish brown (lOYR. 5/4); 50% fine to coarse
sand; 30% fine to coarse gravel; 20% cobbles;
very dense; moist; poorly graded; subrounded.

BORING TERMINATED AT 17.5 FEET

• J-------'-----.L.-----L-- 20-...L.---L---------------------L..--1

REMARKS
Bulk sample collected from 0 to 10 feet. Boring EB-2 wu backfilled to the lurface with gravel/cement grout.

EM ON
• ASSOCIATES



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/4/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-3

PAGE 1 OF 1

SURFACE ELEV. 1072.1 ft.

IJELL
DETAILDESCRIPTION

BORING TERMINATED AT 16.5 FEET

GRAVELLY SAND. SOME COBBLES (SP),
yellowish brown (lOYR, 5/4); 55% fine to
medium sand; 30% fine to coarse gravel; 15%
cobbles; medium dense; damp to moist; poorly
graded; subrounded.

SAND. GRAVEL. AND COBBLE FILL (GP),
light brown (7.5YR, 6/4); 40% fine to medium
sand; 35% fine to coarse gravel; 25% cobbles;
medium dense; damp; subangular.

SILTY SAND FILL. SOME GRAVEL. TRACE
COBBLES (SM), yellowish brown (IOYR, 5/6);
50% fine sand; 35% silt; 10% fine gravel; 5%
cobbles; loose to medium dense; damp to moist;
poorly graded; subangular.

i!':
:~»):

Illiiilllll

<.:.:-;.;.:.:.

:~:~:::::~:~:::

5

10

15

9

10

31

25

15

13

PENETRA·
TlON

(bLws/ft)

2

7

5

22

11

(i nches)

SAMPLE
RECOVERY

•

•

•

•

•

•

•

•

•

1---..1..---..1..----'--- 20-....L.----J--------------------...L---i

REMARKS
Bulk sample collected from 0 to 11 feet. Boring EB-3 was backfilled to the surface with gravel/cement grout.

EM ON
ASSOCIATES



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05 BORING NO. EB-4

PROJECT NAME River Bank Breach Backfill Evaluation PAGE 1 OF 1

• BY Michael Dennis DATE 8/4/89 SURFACE ELEV. 1071.71 ft.

SAMPLE PENETRA·
0a:(f)

(f) LITHO- WELL
RECOVERY T10N I: • W

ZUJ.J ~~ .J GRAPHIC DESCRIPTION DETAIL
::l~UJ Q.11. Q.
O~::> UJz L COLUMN

• (inches) (blws/ft) ~3~ OM ~
(f)

SILTY SAND, SOME GRAVEL (SM), brown
(10YR, 5/3); 45% fine sand; 35% silt; 20% fine
gravel; medium dense; damp; poorly graded;
subangular.

BORING TERMINATED AT 16.5 FEET

SILTY SAND FILL WITH GRAYEL (SM), light
brown (7.5YR, 6/4); 50% fine sand; 35% silt; 15%
fine to medium gravel; medium dense; damp;
poorly graded; subangular.

1514

25

10

10

12 25 5 GRAYELLY SAND FILL, SOME SILT (SP-SM),• pale brown (lOYR, 6/3); 60% fine to medium
sand; 30% fine to medium gravel; 10% silt;
medium dense; damp; cohesionless; subangular.

6 18

•
4 23 10

GRAYELLY SAND, SOME COBBLES (SW),
.yellowish brown (lOYR, 5/4); 55% fine to coarse
sand; 35% fine to medium gravel; 10% cobbles;

• medium dense; damp; well graded; cohesionless;
subrounded to rounded.

9 16

•

•

•

1---_.1..-__..1--__.....1.-__ 20--L.--.L...---------------------..L---i•

•

Ij)
~

ASSOCIATES

REMARKS
Bulk Bample collected from 0 to 9 feet. Boring EB-" waa backfilled to the Burface with gravel/cement grout.



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/5/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-S

PAGE 1 OF 1

SURFACE ELEV. 1080.27 ft.

•
SAMPLE

RECOVERY

(inches)

PENETRA
TION

(blws/ft)

:r. l:l LITHO
....t .J GRAPHIC
lb ~ COLUMN
c Z ~

H III

DESCRIPTION
\JELL

DETAIL

•
12 17

SILTY SAND FILL, SOME GRAVEL (SM), light
yellowish brown (lOYR, 6/4); 50% fine sand;
40% silt: 10% fine gravel; medium dense; moist;
poorly graded; subangular.

10% low plasticity clay.
BORING TERMINATED AT 19.0 FEET

SAND WITH GRAVEL, TRACE SILT (SP),
grayish brown (lOYR, 5/2); 65% fine to medium
sand; 30% fine gravel; 5% silt; loose to dense;
damp; subrounded.

1510

45

REMARKS
Bulk sample collected from. feet to 9 feet. Boring EB-5 was backfilled to the surface with gravel/cement grout.

12

12

~
EMCON

ASSOCIATES

t---'-------J---..I--- 20-...L----..L-------------------.....L-----i

12 33 SAND FILL WITH GRAVEL, SOME SILT, SOME

5
CLAY (SC), dark grayish brown (lOYR, 4/2);

• '. 55% fine to coarse sand; 30010 fine gravel; 10%
low plasticity clay; 5% silt; dense; moist;
poorly graded; subangular.

SILTY SAND FILL, SOME GRAVEL ,TRACE
14 53 CLAY (SM), light yellowish brown (lOYR, 6/4);

• 50% fine sand; 40% silt; 10% fine gravel; dense;
moist; poorly graded; subangular.

9 21 10 SAND FILL WITH GRAVEL, SOME SILT
(SP-SM), dark grayish brown (lOYR, 4/2); 65%

• fine to medium sand; 25% fine gravel; 10% silt;
loose to medium dense; moist; poorly graded;

6 16
subrounded.

•

•

•

•



- LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/5/89•
PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-6

PAGE 1 OF 2

SURFACE ELEV. 1081.24 ft.

50% fine sand; 25% silt; 25% fine gravel.

saTY SAND Fn.L. SOME GRAVEL (SM), light
yellowish brown (lOYR, 6/4); 50% fine sand;
40% silt; 10% fine gravel; loose to medium dense;
moist; poorly graded; subangular.

5

15

10

13

13

42

23

14

14

66/0.8

REMARKS
Bulk sample collected from 2 feet to 15 feet. Boring EB-6 was backfilled to the surface with gravel/cement grout.

16

15

13

14

11

NR

~
ASSOCIATES

t---.l....----"----.........-- 20~L.L..~..;.....,;.L-.--------------------...L--__l

-

•

•

-
-

•

•

SAMPLE PENETRA-
0o::Ul In LITHO- \JELL

RECOVERY lION J: •
ZW.J 1-1- .J GRAPHIC DESCRIPTION DETAIL:::ll-W Q.IL.

~ COLUMN

I-
0<I:::> Wz

(inches) (blws/ft) g:3~ °H <I
Ul

•



•

•

•

•

•

•

•

•

•

•

LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05 BORING NO. EB-6

PROJECT NAME River Bank Breach Backfill Evaluation PAGE 2 OF 2

BY Michael Dennis DATE 8/5/89 SURFACE ELEV. 1081.24 ft.

SAMPLE PENETRA-
Cit(/)

(/) LITHO- \oIELL
RECOVERY lION J: • W

ZW.J ...... .J GRAPHIC DESCRIPTION DETAIL
:::l ... W Il. lL Il.
C«:::> Wz J: COLUMN

( inches) (blws/ft) ~3~ cl-l «
(/)

9 22
~ · ':

GRAYELLY SAND. TRACE SILT (SP/SW), dark
: grayish brown (IOYR, 4/2); 60% fine to coarse

~ · '.

· ': sand; 35% fine to medium gravel; 5% silt;-
: medium dense; moist; well graded; subrounded.-

~
:

9 14 -
:

:

~
:

':
f- ~

:

r- - :

6 16 I- 25~ :

f- :

~
:

f-
':

f- - :

f- - :

6 82/0.7 I-

~
:

f- :

r-
BORING TERMINATED AT 28.5 FEET

f- -
-

I- 30-
- '.

r- -
-
-

I- -
-
-
-
-

I- 35-
-
-
-
-

I- -
-
-
-
-

40

~
REMARKS
Bulk sample collected from 2 feet to 15 feet. Boring EB-6 was backfilled to the surface with gravel/cement grout.

EM ON
ASSOCIATES



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/5/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-7

PAGE 1 OF 1

SURFACE ELEV. 1081.91 ft.

AUGER REFUSAL AT 20.0 FEET ON IlEAVY
CEMENTATION

BORING TERMINATED AT 20.0 FEET

gravel layer less than 1 foot thick at 16.5 feet.

19

58

REMARKS
Bulk sample collected from" feet to 18 feet. Boring EB-1 was backfilled to the surface with gravel/cement grout.

8

17

EM ON
ASSOCIATES

...-_N_R--'__---L.-=2:..::..5!-/0:....:...:....1....1.-.__ 20

SAMPLE PENETRA-
0a:(/)

(/) LITHO- \.JELLJ: • UlRECOVERY T10N ZUl...J 1-1- ...J GRAPHIC DESCRIPTION DETAIL:::ll-Ul ll.lL. ll.
O~:> Ul Z 1: COLUMN• (i nches) (blws/ft) ~3~ 0 ... ~

(/)

:::::;: :::::::: SILTY SAND FILL WITII GRAVEL, TRACE

iii::::

,',',',' COBBLES (SM), light yellowish brown (1 OYR,
:~:~:~:~II 45 6/4); 45% fine to medium sand; 30% silt; 20%

',',',' ~:~:~:~: fine gravel; 5% cobbles; loose to dense; moist;
~~~~~~~ ':';';0:• »>:. poorly graded; subangular.:':.:.: ,;.;.;.:.:':.:....... '. 45% fine to medium sand; 25% fine gravel; 20%

::j' ~:~:~:!: silt; 10% cobbles;:::;:::

8 8
:~:~:~:~

SILTY SAND FILL, SOME GRAVEL (SM), light

5
yellowish brown (lOYR, 6/4); 50% fine sand;

• 40% silt; 10% fine gravel; loose to medium dense;
moist; poorly graded; subangular

11 16 10

• 50% fine sand; 25% silt; 15% fine gravel; 10%
cobbles.

15 30

•
13 16 15

•

•

•

•



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/5/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-8

PAGE 1 OF 2

SURFACE ELEV. 1082.5 ft.

\JELL
DETAILDESCRIPTION

asphaltic concrete debris

GRAVELLY SAND FILL (SP), light grayish
brown (IOYR, 6/2); 60% fine to coarse sand; 40%
fine to medium gravel; medium dense to dense;
moist; poorly graded; subangular; contains
asphaltic concrete debris.

SILTY SAND FILL, SOME GRAVEL (SM), light
yellowish brown'(lOYR, 6/4); 50% fine sand;
30% silt; 20% fine to medium gravel; medium
,dense to dense; moist; poorly graded; subangular.

SILTY SAND FILL WITH GRAVEL, TRACE
COBBLES (SM), light yellowish brown (lOYR,
6/4); 50% fine to medium sand; 35% silt; 10%
fine gravel; 5% cobbles; dense; moist; poorly
graded; subangular.

10

15

18

18

40

50

49

REMARKS
Bulk sample collected from 4 feet to 18 feet. Boring EB-8 waa backfilled to the surface with gravel/cement grout.

9

9

7

10

15

EM ON
ASSOCIATES

.-_---J__---l L.-__ 20

SAMPLE PENETRA-
Ocr(/)

(/) LITHO-J: • WRECOVERY TION ZW.J ...."" .J GRAPHIC::l .... W a.u. a.0([::1 Wz I: COLUMN• ( inches) (blws/ft) !§3~ 0 ... ([
(/)

}})\
9 35

::~~~j~:~::~•
-ii!!i!!i!,!-NR 50/0.3

8 24

• 5

•

•

•

•

•

•



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/5/89

PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-8

PAGE 2 OF 2

SURFACE ELEV. 1082.5 ft.

SAMPLE PENETRA·
Qa:(/)

RECOVERY TION ZW.J

I. ::Jt- W
o~::>

(inches) (blws/ft) ffi3~

7 97/0.8

• 10 34 -

I-

~1llIllllID
- ';':::::'.
_';'.":':,
-

'.

;. : '.

DESCRIPTION

GRAYELLY SAND. SOME SILT (SW-SM),
reddish brown (5YR, 4/3); 55% fine to coarse
sand; 35% fine to medium gravel; 10% silt; dense;
moist; well graded; subrounded.
heavily cemented from 19.5 feet to 21.5 feet.

\.JELL
DETAIL

•

•

•

•

•

10

NR

f

37 f

f-

I-

I-

f

50/0.1 t-
f-

f-

I-

: I :

- .. '.

25~:\ ;
'-~ .: '.'

~:=< :
-.;:.'.:

-':' .
. : '. ':-

-
-
-
-

30-
-
-
-
-

-
-
-
-
-

35-
-
-
-
-

-
-
-
-

55% fine to coarse sand; 35% fine to medium
gravel; 5% silt; 5% low plasticity clay.

BORING TERMINATED AT 27.5 FEET

t----'----.l....---....I..--- 40-.....L..--L...---------------------..L---1•

•
8
EM ON

ASSOCIATES

-

REMARKS
Bulk sample collected from" feet to 18 feet. Boring EB-8 was backfilled to the surface with gravel/cement grout.



•

gravel and cobble layer less than 1.5 feet thick.

SILTY SAND FILL, SOME GRAVEL (SM), light
yellowish brown (lOYR, 6/4); 55% fine sand;
30% silt; 15% fine to medium gravel; medium
dense; moist; poorly graded; subangular.

10

15

16

21

24

29

100/0.3

REMARKS
Bulk sample collected from 6 feet to 19 feet. Boring EB-9 waa backfilled to the surface with gravel/cement grout.

6

14

10

16

NR

~
ASSOCIATES

I----'-------JL....---.L--- 20---,;"..;...:....:....L--------------------'---i

LOG OF EXPLORATORY BORING

• PROJECT NUMBER 372-15.05 BORING NO. EB-9

PROJECT NAME River Bank Breach Backfill Evaluation PAGE 1 OF 2

BY Michael Dennis DATE 8/5/89 SURFACE ELEV. 1082.88 ft.

SAMPLE PENETRA-
Ocr(/)

(/) LI THO- \JELL• RECOVERY TION
I • UJZUJ..l 1-1- ..l GRAPHIC DESCRIPTION DETAIL

::ll-UJ ll.U- ll.
O~::> UJ z 1: COLUMN

(i nches) (blws/ft) ffi3~ °H ~
(/)

GRAVELLY SAND FILL WITH SILT (SM), light
reddish brown (5YR, 6/4); 45% fine to coarse

• 9 31 sand; 35% fine to medium gravel; 20% silt;
medium dense to dense; damp; poorly graded

NR 50/0.3

• 9 21 45% fine to coarse sand; 30% silt; 25% gravel.

5

•

•

•

•

•



•

•

•

•

•

•

•

•

•

•

•

LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05 BORING NO. EB-9

PROJECT NAME River Bank Breach Backfill Evaluation PAGE 2 OF 2

BY Michael Dennis DATE 8/5/89 SURFACE ELEV. 1082.88 ft.

SAMPLE PENETRA-
Qa:(/')

(/') LITHO- \.JELL
RECOVERY TION

J: • UJZUJ...J 1-1- ...J GRAPHIC DESCRIPTION DETAIL
:::ll-UJ Q.U- Q.
0<I::> UJ z 1: COLUMN

(inches) (blws/ft) ~3~ °H <I
(/')

NR 98/0.7 ~::.:. : GRAYELLY SAND, SOME COBBLES, TRACE
";:.': CLAY (SW), reddish brown (5YR, 4/3); 55%- '.:.'

:
: fine to coarse sand; 30% fine to coarse gravel;" " :- -,:.'

- .;::;:;.:. 10% cobbles; 5% low plasticity clay; very dense;

~

~
; . ;: moist; well graded; subrounded.

4 83/0.7 .. .. ' heavily cemented from 19.5 feet to 21.0 feet.
:,._.
:

: , :

-: :
:

- :

25~
:

~
',: : :

8 40 :

~
',:

:
',:

',:,

- BORING TERMINATED AT 26.5 FEET

'- -
-
-
-

- -
- 30-

-
-
-
-

~ -
-

~ -
-

~ -
'- 35-
~ -

-
-
-

~ -
-
-
-
-

40

a REMARKS
Bulk sample collected from 6 feet to 19 feet. Boring EB-9 wu backfilled to the surface with gravel/cement grout.

EMCON
ASSOCIATES



.. 0.
: I •• :

15
18

96/0.5

REMARKS
Bulk sample collected from" feet to 11 feet. Boring EB-I0 waa backfilled to the surface with gravel/cement grout.

4

10

~
ASSOCIATES

GRAYELLY SAND. SOME COBBLES. TRACE
CLAY (SW), reddish brown (5YR, 5/3); 55%
fine to coarse sand; 30% fine to coarse gravel;

t-----'------'----.L.--- 20 --::l1o....L.:......;,..~;..,.;'~_..:1..::.0.:..:%:......:::.:co:::..:b:::..:b:::l..::.es:::.l;...:5::...:%~I..::.ow..:..:.._p!::..l:.:as::..t:.:.ic::..:i:..:tyL-::. c:..::la=..,y!..l;_v:....:e:..:rLy...:d::.;e:..:n:.::s::..:e;L--.L.._---4

•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05 BORING NO. EB-IO

PROJECT NAME River Bank Breach Backfill Evaluation PAGE 1 OF 2

• BY Michael Dennis DATE 8/6/89 SURFACE ELEV. 1082.94 ft.

SAMPLE PENETRA-
0a::(f) :3 LITHO- WELLJ: •RECOVERY TION ZUJ.J f-f- .J GRAPHIC DESCRIPTION DETAIL::If-UJ Q.IL

~ COLUMNOq::::> UJ z• ( inches) (bLws/ft) ~3~ 01-1 q:
(f)

GRAYELLY SAND FILL WITH SILT (SM),
reddish brown (IOYR, 4/4); 45% fine to coarse

8 17 sand; 35% fine to medium gravel; 20% silt;
medium dense; moist; poorly graded; subangular.

•
40% fine to coarse sand; 30% fine to medium

4 20 gravel; 20% silt; 10% cobbles.

5•
SILTY SAND FILL. SOME GRAVEL (SM), light

15 13
yellowish brown (IOYR, 6/4); 55% fine to
medium sand; 30% silt; 15% fine to medium

• gravel; loose to medium dense; moist; poorly
graded; subangular.

NR 24 10

•
17 19

•

•

•

•



•

•

•

•

•

•

•

•

•

•

•

LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05 BORING NO. EB-I0

PROJECT NAME River Bank Breach Backfill Evaluation PAGE 2 OF 2

BY Michael Dennis DATE 8/6/89 SURFACE ELEV. 1082.94 ft.

SAMPLE PENETRA-
0a:(/)

(/) LITHO- \JELL
RECOVERY TION

:r • 11.1
ZI1.l.J 1-1- .J GRAPHIC DESCRIPTION DETAIL::l1-11.I n.1I.. n.Oq:::l I1.I Z 1: COLUMN

( inches) (bl ws/ft) ~3~ °104
q:
(/)

5 65/0.9
~ :: <~; ::;

moist; well graded; subangular to subrounded.
f-

I- - ".:." I:..... '

I- - : ' .. :...
- :::::: :::

13 53
f-

~ :::::: :; ~
:s .: "." -."

";:." <.,
- :

12 41 '- 25~ '.'

55% fine to coarse sand; 30% fine to coarse

~ " .. ' .. :. gravel; 15% cobbles.
:~: >; ;::

BORING TERMJNATED AT 26.5 FEET-
- -

-
-
-
-

- 30-
-
-
-
-

- -
-

I- -
I- -
f- -
f- 35-

-
-
-
-

f- -
-
-
-
-

40

~
REMARKS
Bulk sample collected from. feet to 17 feet. Boring EB-lO waa backfilled to the surface with gravel/cement grout.

EM ON
ASSOCIATES



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/6/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-ll

PAGE 1 OF 2

SURFACE ELEV. 1083.06 f1.

•
SAMPLE

RECOVERY

(inches)

PENETRA
TION

(blws/ft)

DESCRIPTION
\JELL

DETAIL

•
11 26

SILTY SAND AND GRAVEL FILL. SOME
COBBLES (SM-GM), yellowish brown (lOYR,
5/4); 55% fine to medium sand; 30% fine gravel;
15% silt; medium dense; damp; poorly graded;
subangular.

•
12 27

5

asphaltic concrete debris

asphaltic concrete debris20

REMARKS
Bulk sample collected from 2 feet to 9 feet. Boring EB-ll was backfilled to the surface with gravel/cement grout.

8

EM ON
ASSOCIATES

I----.l....-__.l....-__....L...__ 20~...........,""'-'-'-~L....-_------------------_.L..--;

•
17 19 10

SILTY SAND FILL. SOME GRAVEL (SM),
yellowish brown (IOYR, 5/4); 55% fine to

• medium sand; 35% silt; 10% fine to medium
gravel; medium dense; moist; poorly graded;

7 84/0.8
subangular.

•
6 35 15

GRAYELLY SAND. SOME COBBLES (SP),
strong brown (7.5YR, 5/4); 60% fine to medium
sand; 30% fine to medium gravel; 10% cobbles;

• dense; moist; poorly graded; subangular to
9 44 subrounded.

•

•



•

•

•

•

•

•

•

•

•

•

•

LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05 BORING NO. EB-l1

PROJECT NAME River Bank Breach Backfill Evaluation PAGE 2 OF 2

BY Michael Dennis DATE 8/6/89 SURFACE ELEV. 1083.06 f1.

SAMPLE PENETRA-
0a: Ul Ul L1THO- IJELL

RECOVERY TlON
:I: • W

ZW.J 1-1- .J GRAPHIC DESCRIPTION DETAIL
:::l ... W a.u.. a.
0<I~ Wz I: COLUMN

(inches) (blws/ft) ~3~ °H <I
Ul

8 43
~~

f- ~
f-

BORING TERMINATED AT 21.5 FEET
f- -
f- -

f- -
f- -
f- -
f- -
f- 25-
f- -
f- -

-
-

f- -
-
-
-
-

f- 30-
- '.

-
-
-

f- -
-
-
-
-

f- 35-
-
-
-
-

- -
-
-
-
-

40

~
REMARKS
Bulk sample collected from 2 feet to 9 feet. Boring EB-ll waa backfilled to the surface with gravel/cement grout.

ASSOCIATES



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/6/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-12

PAGE 1 OF 2

SURFACE ELEV. 1083.32 ft.

•
SAMPLE

RECOVERY

( inches)

PENETRA
TION

(blws/ft)

DESCRIPTION
\.JELL

DETAIL

•
9 29

-

SILTY SAND AND GRAVEL FILL. SOME
COBBLES (SM-GM), yellowish brown (lOYR,
5/4); 55% fine to coarse sand; 30% fine to
medium gravel; 15% silt; medium dense; damp;
poorly graded; subangular.

•
6 16

- "
5 '

-

•

•

10

4

27 -

14 -

-

1-
-

10~

~-

SILTY SAND FILL. SOME GRAVEL (SM),
yellowish brown (lOYR, 5/4); 55% fine to
medium sand; 35% silt; 10% fine to coarse gravel;
medium dense; Qloist; poorly graded; subangular;
contains asphaltic concrete debris.

-

REMARKS
Bulk sample collected from 6 feet to 12 feet. Boring EB-12 was backfilled to the surface with gravel/cement grout,

f-

39/0.9 ~

f-

40% fine to coarse sand; 40% fine to coarse
gravel; 20% cobbles.

SAND AND GRAVEL. SOME COBBLES
(SW-GW), strong brown (7.5YR, 5/6); 50% fine
to coarse sand; 40% fine to coarse gravel; 10%
cobbles; dense; moist; well graded; subrounded.

-

-

f

f-

I-

50

48

3

5

8

~
EMCON

ASSOCIATES

•

•

•

•



•

•

•

•

•

•

•

:.

I.
I

I

I
I

•
I

I

••

LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05 BORING NO. EB-12

PROJECT NAME River Bank Breach Backfill Evaluation PAGE 2 OF 2

BY Michael Dennis DATE 8/6/89 SURFACE ELEV. 1083.32 ft.

SAMPLE PENETRA-
Clc::U'l

U'l LITHO- \.JELL:I: • UJRECOVERY TION ZUJ..l 1-1- ..l GRAPHIC DESCRIPTION DETAIL::JI- UJ a. lL a.DeI:::> UJ z 1: COLUMN
(inches) (blws/ft) ffi3~ Cl ... eI:

U'l

8 29

~
r-.._

~..
.. '-
~"".. '-.....

- BORING TERMINATED AT 21.5 FEET

- -
-

-
-
-

- 25-
-
-
-
-

- -
-
-
-
-

- 30-
- '.

-
-
-

- -
-
-
-
-

I- 35-
-
-
-

I- -
I- -
I- -
I- -
I- -
I- -

40

e
REMARKS
Bulk sample collected from 6 feet to 12 feet. Boring EB-12 was backfilled to the surface with gravel/cement grout.

EMCON
ASSOCIATES



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/6/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-13

PAGE 1 OF 1

SURFACE ELEY. 1083.27 ft.

•
SAMPLE

RECOVERY

(inches)

PENETRA
TION

(blws/ft)

ell(/) J:. :n LITHO·
ZUJ.J l-t .J GRAPHIC
5~ ~ lbz ~ COLUMN
~3~ e ... ~

DESCRIPTION
IJELL

DETAIL

asphaltic concrete debris.

BORING TERMINATED AT 19.0 FEET

SILTY SAND FILL WITH GRAVEL (SM),
yellowish brown (lOYR, 5/4); 50% fine to
medium sand; 30% silt; 20% fine to medium
gravel; medium dense to dense; moist;poorly
graded; subangular.

SAND. SOME GRAVEL (SW), strong brown
7.5YR, 5/6); 85% fine to coarse sand; 15% fine to
medium gravel; medium dense; moist;
cohesionless; well graded; subrounded.

SILTY SAND FILL WITH GRAVEL. SOME
COBBLES (SM), yellowish brown (lOYR, 5/4);
55% fine to medium sand; 25% fine to medium
gravel; 15% silt; 5% cobbles; medium dense;
damp; poorly graded; subangular.

' ....

.......

ill 1111111

5

10

15

8

24

32

13

23

30

33

REMARKS
Bulk sample collected from 3 feet to 9 feet. Boring EB-13 was backfilled to the surface with gravel{cement grout.

9

23

10

10

10

11

12

EM ON
ASSOCIATES

.-__L...-_--lL-__.L-__ 20-....L.----l.-------------------....L...--t

•

•

•

•

•

•

•

•



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/6/89• PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-14

PAGE 1 OF 1

SURFACE ELEV. 1083.39 ft.

•
SAMPLE

RECOVERY

(inches)

PENETRA
TION

(blws/ft)

Qa:(/) J:. 13 LITHO
zUJ.J 1-1- .J GRAPHIC
5~ ~ a. u. ~ COLUMN
~3~ ~~ ~

DESCRIPTION
\.JELL

DETAIL

SILTY SAND FILL, SOME GRAVEL (SM),
yellowish brown (lOYR, 5/4); 50% fine to
medium sand; 35% silt; 15% fine gravel; loose to
medium dense; moist; poorly graded; subangular.

SILTY SAND AND GRAVEL FILL, SOME
COBBLES (SM-GM), yellowish brown (lOYR,
5/4); 45% fine to medium sand; 35% fine to
medium gravel; 20% silt; medium dense to dense;
damp; poorly graded; subangular.

5

12

43

9

10

•

•

4 55/0.5
SILTY SAND, TRACE GRAVEL (SM), strong

brown (7.5YR, 5/4); 75% fine sand; 20% silt; 5%

• fine gravel; medium dense to dense; moist; poorly
graded; cohesionless; subrounded.

10 10 10

•
5 26

• BORING TERMINATED AT 14.0 FEET

15

•

•

•

I-------JL-_---' L-__ 20--L----L--------------------"---I

REMARKS
Boring EB-14 was backfilled to the surface with gravel/cement grout.

EM ON
ASSOCIATES



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/6/89•
PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-15

PAGE 1 OF 1

SURFACE ELEV. 1083.5 ft.

SAMPLE PENETRA'
0a:(Il

(Il LITHO- \.JELL
RECOVERY TION J: • WZW.J ... '" .J GRAPHIC DESCRIPTION DETAIL:J ... W ll.u.. 11.

O~:> Wz 1: COLUMN

• ( inches) (bLws/ft) ffi3~ °H ~
(Il

GRAVELLY SAND FILL, SOME SILT, SOME
COBBLES (SP-SM), brown (7.5YR, 5/2); 50%
fine to coarse sand; 30% fine to medium gravel;
10% cobbles; 10% silt; medium dense to dense;
damp; poorly graded; subangular; contains some
asphaltic concrete debris.

SILTY SAND FILL WITH GRAVEL (SM),
yellowish brown (IOYR, 5/4); 55% fine to
medium sand; 30% silt; 15% fine to medium
gravel; dense; damp; poorly graded; subangular.

5

71

80

14

16

10 27

• SILTY SAND, SOME GRAVEL (SM), brown
(7.5YR, 5/4); 70% fine sand; 20% silt; 10% fine

10
gravel; medium dense; moist; poorly graded;

9 21 subangular; cohesionless.

•
8 26

well graded

• BORING TERMINATED AT 14.0 FEET

15

•

•

•

I--_----JL..-.-_----' L-__ 20-...l---..L-------------------......L..---i

•

•
~

ASSOCIATES

REMARKS
Boring EB-15 was backfilled to the surface with gravel/cement grout.



•
LOG OF EXPLORATORY BORING

PROJECT NUMBER 372-15.05

BY Michael Dennis DATE 8/6/89•
PROJECT NAME River Bank Breach Backfill Evaluation

BORING NO. EB-16

PAGE 1 OF 1

SURFACE ELEV. 1072.27 ft.

•
SAMPLE

RECOVERY

( inches)

PENETRA
TION

(blws/ft)

l3 Ll THO
.J GRAPHIC
~ COLUMN
<I
III

DESCRIPTION
WELL

DETAIL

REMARKS
Boring EB-16 waa backfilled to the lurface with gravel/cement grout.

•

•

•

•

•

•

•

•

3

8

9

~
EM ON

ASSOCIATES

31

36

7

8

-

I-

I-

I-

I-

I-

l

f

I-

5 "
"-
~ " ':'..::::-;
-':':':
-,::,':

-::
:

10~:
':

~:' :

~,

-
-
-
-
-
-

15-
-
-
-
-

-
-
-
-
-

20

SILTY SAND AND GRAYEL FILL, SOME
COBBLES (SM GM), light brown (7.5YR, 6/4);
40% fine sand; 30% fine to coarse gravel; 20%
silt; 10% cobbles; medium dense to dense; damp;
poorly graded; subangular.

GRAYELLY SAND, SOME COBBLES (SW),
yellowish brown (lOYR, 5/4); 55% fine to coarse
sand; 35% fine to coarse gravel; 10% cobbles;
medium dense; moist; well graded; subrounded;
cohesionless.

BORING TERMINATED AT 11.5 FEET



•

•

•

•

•

•

•

•

APPENDIX B

LABORATORY TEST RESULTS

L Em(On Associates



• • • • • • • • • • •
RESULTS OF GRADATION TEST

3 7 2· /!J'"', 0 S-NQJOB

JOB NAME C Jlo L 1- /J.,
-

KEY I
BORING NO, I EB-3
DEPTH IN FEET i 0'-// I

CLASSIFICATION I 5M

o

o

o

eo

90

70

2".' 4~",,1\.7hr ,-- ...60"""

CLAY (P\..AHIC)

ANALYSIS

.019

4,..'

.037

I ",In

SILT (NON.PLASTIC) TO

100

FI HE

.149 .014
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I HYDROMETER

------+--·------TI '-4 E READ INOS

2~O •.~
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.~i
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115
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4,76 L311
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I

4 II
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I
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n
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• • • • • • • • • • •
RESULTS OF GRADATION TEST

"

JOB NQ

JOB NAME C/!oLL-A
KEY I
BORING NO. I E: 13- h
DEPTH IN FEET i if I Sf'
CLASSIFICATION I SM

"M

o

eo

110

70

.:') :

~O

CLAY (Pl..ASTIC)

ANALYSIS

.019.031

SILT (NON-PLASTIC) TO
FI NE

.149 .074

M ILLIMETE RS

I HYDROMETER

------t--.------ TI '" E READ I NOS

,£117

IN

"'EDIU~

.511

PARTICLE

L1lJ

OF
SANO

COAR~E

4.16 l.SIl

Of AMET ER

1" NE

19.1

GRAVEL

311.l

COARSE

51 EVE ANALY SIS
___----C'_EAR SQUARE OJOENIIHIS __---<,~J...------llS. STANDARD SERIES

I
e" ft' ~. 3" 11/2" , 4" 3/:1" 4- II Ie ~:l ~:l 100 280 I ",In. 4,..- 1~rt'l'''! 60m", 7hr_I~-~. Z ~,.,. 4
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~I 2 60 88 6 0 0 <>00 0 1JI to<
I 0 0 '" .. to< 00 0 0 0-.. "'u 2

~O

o

10

30

to

40

?O

n

." 10
M

-°110...

C\



- .- • • • • • • • • • •

KEY I
BORING NO. I £. i3-(O
DEPTH IN FEET i I ..:t I 10"
CLASSIFI CAT ION I 5N1

RESULTS OF GRADATION TEST

JOB NQ

JOB NAME Cf/OLLA

SIEVE ANALY SIS

bl·
HYDROMETER ANALYSIS

~ C'_EAR SQUARE OPENINIiS
, u.s. STANDARD SERIES TIME READINDS, .,.
I

e" ft' :\" 3" I 1/Z" y .." 3/s" L e Ie ':) ~::l 100 ZOO I ",In 4 ... • 19m·... 60,,,"'1 7hr ,~- ~ 2!!'" 4.~tr.In.- --- .........

?O.
......... 10

"' "' "'
!l0 "' ,~

"'
I

I "'"." 70 ~ ...,
M M

n "- n

:eo' " .;") :.. "-

"'.., I

> ' "'." '0, "-
"0

'" "()

40 ' eo

30 70

to eo

10

, . ,
0 !oo

I o ~Io en u ':'1 '" ~ 4 ..... <71 i
,.

'" N
~~a.1 :,. N '- 01 0 SO 0 0

~I Q 00 88 0 a 0 (,000 0 tA (,01

0 0 "'''' uo .. '" 00 a 0 0"' .... en", .. (,01 N
g

l:l2 127 not 38.1 19.1 9.'Z 4.76 1.38 Lli .'11 .2117 .149 .074 .037 .019

Dr AMET ER OF PARTICLE IN MILLIMETERS
GRAVEL SAND

COARSE "I NE COAR'E MEDIUM FI NE
SILT (NON-PLASTIC) TO CLAY (PlASTIC)



• • • • • • • •
RESULTS OF GRADATION TEST

"

JOB NQ

JOB NAME

322-1;'. 0 ~

CHOLLA

KEY I
BORING NO. I 66 -7
DEPTH IN FEET I 4'-1'R'
CLASSIFICATION I S1V\

o

:> >

eo

70

&0

90

!Co

7hr 'c_ ....60m,"

CD .. "" N

4,..-100
I

HYORO~~ETER ANALYSIS

-----b-t-------- T l"l E READ I NOS

2~0 • ''''In.~Ie

ANALY SIS

----o-+-I'4------u.s. STANDARD SERIES

4 15

51 EVE

, 1/2-

___---C'.EAR SQUARE OPENINQS

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

"" "" 1
"""" I

I ....
....

....
....

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

.........
.......,

.......
.......

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

"' "' "-, "-

"'I '- I I,
'"'-

.......

"' ,

,
I I , I

,
I I. I

I o ":10 '" ...
~I

...
9 '1 ""'4'" 1

,. ... N
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I. INTRODUCTION

This report presents the results of a sediment-routing analysis which was

performed for a reach of the Agua Fria River from Glendale Avenue to Grande

Avenue. The purpose of the analysis was to determine the general-scour component

for the toe-down design of erosion protection along a sub-reach of the Agua Fria

River located between Northern Avenue and Olive Avenue. A location map showing

the project site is provided on Figure 1 of this report.

This project was performed under a subcontract to Matthews Kessler &

Associates, Inc. (MKA). The erosion protection is being designed in conjunction

with the development of the proposed Cholla Landfill, which is to be located

within an abandoned sand and gravel pit on the west overbank of the Agua Fria

River.



•

J

==;;
~ I
f

FIGURE 1
PROJECT LOCATION AND
REACH-DEFINITION MAP

-------t----
I
IRD~ GLENDALE

u
w..
"

w

'"<{
a:

·0 - - ~. - - - -

1 MILE

~-~E:=;L=---ifl III RAG EJ ~

C h:'

-------------
-~~-+~-

I

---f-- -- -------t- --- -,fF-- -'.- --.--I:
I I I

: lJ' -:::t I
I 'III ::z:

6

~ INDICATES SEDIMENT

I
I
I
I
I
I

: EL MIRA
-- - ~-----------+--

I 1
I I
I I
I
I
I
I
I
I

1- - - - 0

I

0- - - - - \'~RNt'

AV I

s IU SiMONS, li & AssociATES, INC.

_AV

I
I

----~l

J

J

J

•

•

•

•

•

•

•

•

•

• j



•

•

•

•

•

•
I

• I

I

• I

J

I
. )

J

• J

J

• J

SLA, INC.
3

II. METHODOLOGY

Sediment transport was simulated for a 100-year flow within the Agua Fria

River by utilizing the computer model QUASED, which was developed by Simons, Li

& Associates, Inc. (1981). The model is considered to be "quasi-dynamic",

meaning the flow event is subdivided into a number of time increments--thereby

simulating a flood hydrograph. However, during each time increment the flow is

assumed to be steady. Additionally, the river system is also subdivided into

a number of subreaches, each having similar hydraulic and geomorphic

characteristics. For each time increment, the flow is assumed to be constant

for a gi ven reach, but it may vary from reach to reach. Reach defi nit ions

util ized for this model are shown on Figure 1. Note that the project reach

(i.e., the location of the proposed erosion-protection project) is defined as

Reach # 4.

Bed-load transport is computed within the model by the Meyer-Peter Muller

formula. This formula gives reliable results for bed-load transport over a wide

range of sediment sizes. Sediment transport of suspended bed-material load is

determined by utilizing a numerical solution of the Einstein integration of the

bed-material, sediment-concentration profile as a function of depth. Hydraulic

computations were performed with the U.S. Army Corps of Engineers (COE) standard

step backwater model HEC-2. This hydraulic model has been linked to the QUASED

model in a manner similar to a subroutine. At the end of each time increment,

a new HEC-2 input file is created, in which cross-section geometry (GR cards)
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and discharge values (QT cards) are modified. An updated set of hydraulic

conditions are then calculated for the next time increment, utilizing HEC-2.

The initial cross-section geometry utilized for the HEC-2 model was taken

from the Flood-Insurance Study of the Agua Fria River prepared by Jerry Jones

and Associates, Inc. (1989). The 100-year peak discharge used was 98,000 cfs

and represents the average peak discharge for the study reach, which was modeled

for the Flood-Insurance Study. The hydrograph used for the modeling was one

developed by the COE for the Agua Fria River. It was constructed based on the

largest general summer storm recorded, which occurred August 28-29, 1951. The

flow lasts approximately four days, with the most severe portion of the flood

lasting just over one day. The resulting hydrograph, along with the

discretization used for the model, is shown on Figure 2 of this report.

Approximately five 1inear miles of the Agua Fria River was modeled for this

analysis. This length was subdivided into five reaches of approximately equal

length. The upstream-most reach (Reach 1) was assumed as the sediment-supply

reach. This means that the reach is assumed to be transporting sediment at its

transport capacity. By locating this "supply reach" far enough (two miles in

this case) upstream from the project reach, any errors inherent in this

assumption are minimized. Similarly, the backwater model was begun one-mile

downstream of the project to minimize any errors relative the starting water

surface elevation assumptions. It should be noted that Reach 1, located

downstream of the project reach, has been highly disturbed by man's sand and

gravel-mining activities. Because of this situation, the study contractor for
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the Flood Insurance Study incorporated a number of unusual cross-sections into

the hydraulic model in an attempt to model this reach accurately. Additionally,

the SLA QUASED model was not developed as a tool for model i ng the complex

hydraulic conditions and sediment movement which accompanies the flooding of

gravel pits. Therefore, the sedimentation results which the QUASED model

predicts within Reach 1, downstream of the project, should not be considered to

be quantitatively accurate, but rather should be used only as a qualitative

indicator of the trend of the river system within this reach.

Since the QUASED model computes sediment transport by grain-size fractions,

a sediment gradation for the bed material is required as model input. Therefore,

sediment samples were collected at five locations throughout the modeled reach.

The location of the sample sites are also noted on Ftgure 1 of this report. The

gradation curve for each sample is provided within Appendix A of this report.

Very little variation exists between the grain-size distributions of the five

samples. Therefore, a single distribution was developed for the model input,

which consisted of an average of the five collected samples. The resulting

distribution is provided on Figure 3 of this report.
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8

III. RESULTS AND RECOMMENDATIONS

The QUASED model results indicate that the project reach (i .e., Reach #4)

has a slight tendency to degrade during the passage of a major flow. The maximum

change predicted by the model along this reach is a lowering of the channel bed

by approximately 0.5 feet. A detailed listing of the model results for each

cross-section, and each time step, is provided with the QUASED-model output

provided within Appendix B of this report. However, for design purposes, it is

the recommendation of this study that a value of 0.5 feet be used as the general

scour component for the des ign of bank protection toe-downs. It shoul d be

understood that this report does not address the other scour components which

may need to be considered for this type of design, such as antidunes, bend scour,

local scour, formation of a low-flow thalweg, long""term degradation, and the

application of appropriate safety factors.

AZMKAOl/TC/sROl.WP5

(PAZ-MKA-Ol)
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APPENDIX A

SEDIMENT-GRADATION DATA
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SPEEOIE 540 w. IRON AVE .• 109

11029 N. 2.11> AVE..•805 AND ASSOCIATES
PHOENIX. ARIZONA B5029

MESA. ARIZONA e5202

(602) 997·6391 GEOTECHNICAL/MATERIALS/SITE ENGINEERS (602) 969 6700

REPQRT QF LABORATORY TESTS

PROJECT: Cholla Landfill PROJECT NO.: 899990LA DATE: 11-10-89

LOCATION: Agua Frla River Bed

CLIENT: Mathews-Kessler LAB. SAMPLE NO.: 1

BORING NO.:
- FIELD SAMPLE NO.: - SAMPLE DEPTH: -

MATERIAL DESCRIPTION:
Pit Run

SAMPLED BY: Client DATE: 11-7-89 TESTED BY: KM DATE: 11-7-89

REMARKS: Sample Location - No. 1, Peoria Avenue & Agua Fria River.

MECHANICAL ANALYSIS:

SIEVE
PER CENT PER CENT

RETAINED PASSING SPEOFICATION

SIZE
(INDIVI DUAL) (CUMULATIVE)

3 INCH 100
l~ INCH 92

2 INCH 92
Ilk INCH 90

1~8 INCH

I INCH 78
3f4 INCH 72
liz INCH 63

'Ie INCH 58

'i4 INCH 51
NO. 4 48
NO. 8 41
No. 10 39
No. 16 33
No. 20

No. 30 20
NO. 40 13

NO. 50 8
NO. 60
No. 100 1
No. 200 0.7

LIQUID LIMIT NATURAL MOISTURE
0.4 ASPHAU CONTENT

PLASTIC LIMIT UNIT DENSITY 0/0 OF TOTAL SAMPLE

PLASTICITY INDEX SPECIFIC GRAVITY 0/0 OF DRY WEIGHT

SOIL CLASSIFICATION
MARSHALL DENSITY

CORE 1)£NSITY
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SPEEOIE
11029 N. 24th AVE., .805 ANO ASSOCIATES

S40 w. IRON AVE .• 109

PHOENIX. ARIZONA a5029
MESA. ARIZONA eS202

16(2) 991-6391 GEOTECHNICAl/MATERIALS/SITE ENGINEERS (602) 969 6100

REPQRT QF LABQRATORY TESTS

PROJECT: Cholla Landfill PROJECT NO.: 899990LA DATE: 11-10-89

LOCATION: Agua Fria River Bed

CLIENT: Mathews-Kessler LAB. SAMPLE NO.: 2

BORING NO: - FIELD SAMPLE NO.: - SAMPLE DEPTH: -

MATERIAL DESCRIPTION:
Pit Run

SAMPLED BY: Client DATE: 11-7-89 TESTED BY: KM DATE:
11-7-89

REMARKS: Sample Location - No. 2, Cactus Road & Aqua Fria River.

MECHANICAL ANALYSIS:

SIEVE
PER CENT PER CENT

SIZE
RETAINED PASSING SPEOFICATION

(INDIVIDUAL) (CUMULATIVE)

3 INCH 100

2~ INCH 96
2 INCH 96

Ilk INCH 93

I~II INCH

I INCH 85

'/4 INCH 77

'k INCH 66
'/a INCH 59

~4 INCH 50
NQ 4 45
NQ 8 33

NO. 10 31
NO. 16 24
NO. 20

NO. 30 19
NQ 40 17

- - .. - NO. 50 15
NO. 60

NO. 100 6
NO. 200 1 8

LIQUID LIMIT NATURAL MOISTURE ASPHAU CONTENT

PLASTIC LIMIT UNIT DENSITY 0/0 OF TOTAL SAMPLE

PLASTICITY INDEX SPECIFIC GRAVITY 0/0 OF DRY WEIGHT

SOIL CLASSIFICATION
MARSHALL O£NSITY

CORE 1>ENSITY
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SPEEEEOIEE
11029 N. 2~lh AVE .• '805 AND ASSOCIATES 540 w. IRON AVE. 1109
PHOENIX. ARIZONA 6S029 MESA. ARIZONA e5202
(602) 997·6391 GEOTECHNICAL/MATERIALS/SITE ENGINEERS (602) 969·6700

REPQRT QF LABQRATORY TESTS

PROJECT: Cholla Landfill
PROJECT NO.: 899990LA

DATE: 11-10-89
LOCATION: Agua Fria River Bed
CLIENT: Mathews-Kessler LAB. SAMPLE NO.: 3
BORING NO.: - FIELD SAMPLE NO.: - SAMPLE DEPTH: -
MATERIAL DESCRIPTION: Pit Run

SAMPLED BY: Client DATE: 11-7-89 TESTED BY: - DATE: 11-7-89
REMARKS: Sample Locatlon - No. 3, 500 ft. Upstream of Olive Avenue.

MECHANICAL ANALYSIS:

SIEVE PER CENT PER CENT

RETAINED PASSING SPECIFICATION
SIZE

(INDIVIDUAL) (CUMULATIVE)

3~ INCH 100
3 INCH 86

2J.:1 INCH 86
2 INCH 84

1'12 INCH 80
1~1Il INCH

I INCH 70
3,'4 INCH 61
'h INCH 53
% INCH 49
'14 INCH 44

NO. 4 41
NO. 8 35
NO. 10 34
NO. 16 27
NO. 20
NO. 30 17
NO. 40 13

..NO. _ ...50. __ _ -- 9
NO. 60

NO. 100 3
NO. 200 1.4

LIQUID LIMIT NATURAL MOISTURE ASPHALT CONTENT

PLA~IC LIMIT UNIT DENSITY 010 Of TOTAL SAMPLE

PLASTICITY INDEX SPECifiC GRAVITY 010 Of DRY WEIGHT

SOIL CLASSIfiCATION

MARSHALL DENSITY

CORE DENSITY



• J

•

•

•

•

•

•

•

•

•

•

J

J

1

SPEEDIE
11029 N. 24th AVE..•605 ANO ASSOCIATES 540 w. IRON AVE..• 109
PHOENIX. ARIZONA 85029 MESA. ARIZONA e5202
(602) 997.0391 GEOTECHNICAL! MATERIALSI SITE ENGINEERS (602) 969·6700

REPQRT QF LABQRATORY TESTS

PROJECT: Cholla Landfill PROJECT NO.: 899990LA DATE: 11-10-89
LOCATION: Aqua Fria River Bed
CLIENT: Mathews-Kessler LAB. SAMPLE NO.: 4

BORING NO.: - FIELD SAMPLE NO.: - SAMPLE DEPTH: -

MATERIAL DESCRIPTION: Pit Run
SAMPLED BY: Client DATE: 11-7-89 TESTED BY: KM DATE: 11-7-89
REMARKS: Sample Location - No. 4, approximately 1/2 mile downstream of

Olive Avenue.

MECHANICAL ANALYSIS:

SIEVE
PER CENT PER CENT

SIZE RETAINED PASSING SPEClFICATION

(INDIVIDUAL) (CUMULAT IVE)

3~ INCH 100
3 INCH 89

2~ INCH RS
2 INCH R2
l~ INCH RO

I !til INCH

I INCH 71
3/4 INCH fiq

'k INCH h?

% INCH SR·

~4 INCH r:;~

NO. 4 SO

NO. 8 ,1';

NO 10 ,1,1

NO. 16 .in

NO. 20
NO. 30 30
NO. 40 22
NO. . .50 . 14
NO. 60
NO. 100 4
NO. 200 0.7

LIQUID LIMIT NATURAL MOISTURE ASPHAlJ CONTENT

PLASTIC LIMIT UNIT ~NSITY % OF TOTAL SAMPLE

PLASTICITY IN~X SPEClFIC GRAVITY % Of DRY WEIGHT

SOIL CLASSIfiCATION

MARSHALL DENSITY

CORE DENSITY
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SPEEOIE
11029 N. 241h AVE..•805 ANO ASSOCIATES S40 w. IRON AVE .• 109
PHOENIX. ARIZONA 65029 MESA. ARIZONA e5202
(602) 997·6391 GEOTECHNICAL/MATERIALS/SITE ENGINEERS (602) 969·6700

REPQRT QF LABQRATORY TESTS

PROJECT: Cholla Landfill PROJECT NO.: 899990LA DATE: 11-10-89
LOCATION: Agua Fria River Bed
CLIENT: Mathews-Kessler LAB. SAMPLE NO.: S

BORING NO.: - FIELD SAMPLE NO.: - SAMPLE DEPTH: -

MATERIAL DESCRIPTION: Pit Run

SAMPLED BY: Client DATE: 11-7-89 TESTED BY: KM DATE:_. 11-7-89
REMARKS: Sample Location - No. s, 500 ft. ul?sfream of Northern Avenue.

MECHANICAL ANALYSIS:

SIEVE PER CENT PER CENT

SIZE
RETAINED PASSING SPECIFICATION

(INDIVIDUAL) (CUMULATIVE l

3 INCH 100
2J., INCH 89

2 INCH 87
I'/z INCH 85
,Y.. INCH

I INCH 77
3/4 INCH 71
liz INCH 65
% INCH 61
Y4 INCH 57

NO 4 54
NQ 8

'. 48
NQ 10 46
NO. 16 39
NO 20
NO 30 23
NQ 40

..
15

NO. 50 - . .. 11 . - .- . .

NO 60
NO 100 5
NO 200 1.6

LIQUID LIMIT NATURAL MOISTURE ASPHALJ CONTENT

PLASTIC LIMIT UNIT ~SlTY 0/0 OF TOTAL SAMPLE

PLASTICITY INDEX SPECIFIC GRAVITY 0/0 OF DRY WEIGHT

SOIL CLASSIFICATION..
MARSHALL DENSITY

CORE DENSITY
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APPENDIX B

DETAILED QUASED OUTPUT
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QUASED

Quasi-Dynamic Sediment Routing Hodel

Simons~ Li & Assoc_

• Run Date : 11/14/1989
Run Time : 9:47:12

•

•

•

• APPENDIX B

SEDIMENT-ROUTING ANALYSIS
FOR

CHOlLA LANDFIll
EROSION-PROTECTION MEASURES

Input/Output files for :

HEC-2 for sediment transport analysis
AGUA FRIA RIVER
SLA JOB NO. PAZ-HKA-Ol : File NaBe AGUAFRIA.DAT

•
I

I
,

I

J

I
J

.J

I
J

• J



•
AC
AC
AC
TI HEC-2 for s!diEent transport analysis
f2 AGUA FR[A RIVER

• J3 SLA JOB NO, fAl-H(A-Ol : File ~a~e AGUAFRJA,DAJ
JI -10 2 0 0 - ! 0 0 0 60 0
1~ -I

~ -1 22 Q .0 .0 1~ 2? 2~J3 ,~

')CJ t; ~ ~ ,) j"j

J3 ...' ...'
JS -10 -10
OJ 1 ~,OOO

NC 0.045 0.055 0.035 O. I 0.3

• Xl 1!.43 42 9694 10153 0 0 0
GR 61.4 5900 61.4 5940 50.1 5%6 50.4 6051 55.1 6092
GR 49.3 6117 50.7 6212 50.9 6320 51.1 6549 51.0 6731
GR 50.9 6887 50.3 7027 4'J .4 7161 49.6 7308 49.7 7431
GR 49.5 7560 50.3 7712 50.6 7261 51. 2 79a4 50.6 2002
GR 50.5 8179 51.2 8349 51. 3 3504 48.7 8619 48.7 9240
GR 57.2 9307 42.9 9369 41. 7 9463 40.1 9532 39.6 9613
GR 47.4 9661 47.8 9694 39.3 9730 39.6 9779 43.8 9823

• GR 43.7 9844 42.5 9863 42.5 10000 42.8 10103 59.1 10153
GR 62.3 10239 62.6 10362
XIII. 52 36 9873 10117 SOD SOO SOO
GR 52.4 5930 52.0 5988 55.4 6027 50.7 6060 51.7 6182
SR 51.2 6305 51.9 6462 50.8 6571 50.9 6715 51.0 6849
GR 51.8 6962 48.2 7089 SO.O 7210 50.4 7345 50.6 7465
GR 50.4 7550 SO.B 7652 52.4 7800 52.6 7916 51.9 7950

I SR 51.9 8550 49.5 8600 49.5 9501 49.3 9665 49.3 9745

• GR 53.5 9840 54.1 9373 42.4 9922 45.6 9964 45.6 10000
GR 45.6 10082 58.5 10117 62.5 10209 63.8 10315 65.6 10431
GR 66.9 10534

1 Xl 11.62 46 9870 10089 500 500 500
GR 52.4 5860 54.7 5967 58.8 5994 53.7 ,6019 53.6 6064
SR 52.7 6192 53.0 6324 53.4 6450 52.6 6562 51.7 . '6658
liR 52.4 6780 50.1 6842 53.3 6902 53.8 7049 51.7 7109
liR 51.6 7181 52.2 7326 52.7 7486 53.1 7659 52.7 7802

• I liR 52.0 7893 52.8 7910 52.8 8060 55.9 8257 55.4 8399
GR 54.7 8475 50.3 8536 50.3 9150 60.3 9184 56.8 9253
liR 55.2 9366 55.8 9495 56.4 9637 55.8 9735 55.8 9832
liR 57.2 9870 47.3 9908 46.9 9956 45.9 10000 45.2 10031
Iii 59.8 10089 62.5 10167 66.9 10296 72.1 10355 70.3 10423

1 GR 73.6 10509
Xl 11.71 29 991B 10125 490 490 490
liR 56.0 5840 55.9 5945 61.9 5993 54.3 6022 52.9 6106

• liR 52.9 7380 53.7 7870 53.7 8290 57.4 8459 51.0 9023
: liR 51.0 9087 55.8 9129 56.8 9292 58.5 9424 58.1 9510
: liR 57.0 9659 56.5 9787 56.2 9891 58.0 9906 58.0 9918

liR 47.7 9964 47.7 10000 49.0 10094 61.4 10125 63.2 10156
GR 62.3 10169 71.5 10224 74.6 10280 75.7 10485

j Xl 11.80 46 9893 10110 425 425 425
GR 67.1 5780 59.5 5793 56.6 5830 56.5 5946 59.8 5964
GR 51.8 5983 51.7 5996 56.2 6015 56.2 6032 56.5 6147• GR 54.7 6200 54.7 1200 54.6 7406 59.6 7529 58.4 7629

1 Iii
54.9 7711 54.7 7825 54.1 7909 54.2 8003 63.1 8113

liR 61.9 8139 65.5 8163 66.5 8224 56.7 8280 51.6 8-480
liR 51.6 8950 64.5 8998 72.8 9070 61.9 9175 60.0 9249
GR 60.3 9379 59.9 ' 9514 60.2 9635 60.8 9771 59.9 9852
liR 62.2 9893 49.3 9925 49.0 10000 49.0 10062 60.0 10110

] GR 63.6 10163 72.3 10233 76.2 10302 75.0 10388 72.1 10447

• liR 74.2 10502
Xl 11.&9 41 9913 10128 480 480 4110
GR 62.9 5830 59.7 5844 61.5 5860 55.0 5902 57.0 5972
Gi 56.9 6041 61.7 6075 56.7 6097 56.7 6800 47.9 6820JGR 47.9 8121 48.3 8190 46.1 8228 47.6 83211 46.2 8367

. Gi 49.2 8511 49.2 S645 49.2 B752 63.8 8805 60.1 9000
GR 60.3 9149 78.5 9300 79.5 9357 77.3 9503 71.7 9520
GR 69.7 9567 73.5 9600 57.4 9650 62.5 9723 62.4 9825

• J GR 62.5 9913 51.8 9943 51.8 10000 51.8 10064 57.0 10095
liR 66.6 10128 75.9 10212 76.9 10294 73.8 10377 77.8 10464
liR 84.2 10533
Xl 11.99 47 9895 10053 520 520 520

J GR 511.S 5350 58.5 5452 59.3 5569 59.3 5675 58.9 5787
GR 59.3 5aSS 61.4 5923 58.7 6000 60.7 6088 57.S 6180

, GR 57.5 6850 46.6 6900 46.6 8150 50.9 8180 49.9 8323
GR 49.7 11437 48.2 8506 49.0 11585 53.7 11646 53.7 8804

• GR 52.9 8930 53.3 9086 54.1 9231 55.3 9365 55.6 9500JGR 56.2 9628 56.9 9745 57.3 9801 54.8 9809 54.8 9819
. liR ,63.3 9858 62.7 9895 52.2 9937 5'2.2 10000 52.2 10042



• GR -- 0 10053 72.6 10122 76.9 IDl68 76.7 10240 70.1 10278O,).l·

Gp. 76.9 10317 78.1 10372 75.9 10422 80.9 10491 80.~ 1052~,

GR 76.3 10549 74.5 10590
Xl 12.08 4'j 9904 100']0 490 490 490
Gp. 59.5 5000 59.6 5057 59.7 5169 59.7 5339 59.0 5505
GR 59.! 5f,56 eil (: 5826 58.5 5966 60.3 &Gil 63.2 f,Q46...'U.u

GR t.O.5 6072 t.1. 7 6180 61.4 6227 57.5 t,75'; 57.t. 6795

• GR 54.'? 820') 5·~. 8 8354 53.9 8446 SH 8S2'~
c'" ,) 8666...',)./

GR 53.5 t:751 49.7 87t:l 50.7 £:891 5~. 1 r:r,:-,-: 55.2 9116(.:,;> !

GR 53.5 9225 50.1 n58 51.6 9339 53.5 ~i46S 54.l 9SB4
GR sn Q %3ti 59.7 9680 s' ,; 9702 53.8 9812 t.1 .7 9870"0 .• ,J.O

GR 62.0 9904 52.9 9952 52.9 10000 52.9 !0042 67.0 10090
Gp. 66.3 10154 67.6 10197 66.9 10238 70.1 10299 70.9 !O373
GR 74.4 10440 77.3 10568 81.4 10703 B5.8 10770
Xl 12.18 63 9914 10091 470 470 470

• GR 59.7 4700 59.7 4857 60.1 4995 60.4 5093 60.4 5238
GR t.O. B 5385 (,0.8 5529 (.0.9 5673 6Ll 5860 61. 1 6007
GR 61.6 6143 63.2 6224 63.4 6237 6Ll 6278 63.4 6385
GR 63.3 6439 60.9 6475 59.1 6500 59.1 7050 45.9 7168
GR 45.8 7248 46.5 7435 46.8 7541 46.2 7612 46.7 7684
GR 46.0 7727 49.3 7764 49.8 7925 50.1 B056 47.9 8104
GR 48.9 8240 49.9 8375 49.8 3533 49.6 9679 50.2 8816
GR 50.! 8905 49.5 9012 51. 7 9091 51.7 9170 49.3 9478

• GR 53.3 9491 54.7 9515 51.6 9580 52.2 9637 55.5 9688
GR 55.4 9820 60.6 9852 61.6 9895 62.6 9914 53.9 9955
GR 53.9 10000 53.9 10044 65.9 10091 68.5 10137 71.5 10258
6R 71.5 10364 72.8 10472 75.2 10585 79.0 10658 79.6 10735
6R 78.6 10817 79.5 10870 SO.O 10918
HC .04 .04 .03 .1 .3

I Xl 12.27 39.0 9148.0 10137.0 460 460 460
I 6R 61.3 5800.0 61.4 5827.0 63.2 6431.0 66.6 6452.0 63.0 6468.0

• I liR 63.0 6639.0 72.0 6665.0 59.9 6750.0 59.9 7150.0 62.3 7224.0
liR 69.3 7255.0 58.0 7290.0 55.1 7553.0 62.2 7658.0 52.0 7718.0
liR 52.7 7785.0 62.7 7871.0 62.5 7940.0 51.9 8017.0 52.0 8137.0

1 6R 56.7 8242.0 53.1 8348.0 52.0 8435.0 52.0 8520.0 64.5 8732.0
GR 63.6 9126.0 66.7 9148.0 51.8 9210.0 51.5 9268.0 57.3 9291.0
liR 58.6 9475.0 52.4 9559.0 55.7 9778.0 54.0 10000.0 52.8 10057.0
liR 65.1 10137.0 72.2 10634.0 78.2 11190.0 86.0 11383.0

1Xl 12.38 28.0 9379.0 10302 465 465 465• liR 64.9 6240.0 64.9 7002.0 64.9 .. 7519.0 58.8 7538.0 59.1 7761.0
GR 64.6 7806.0 63.0 8056.0 57.9 8112.0 62.6 8159.0 57.8 8303.0
liR 57.8 8562.0 65.0 8628.-0 66.3 9110.0 64.8 9294.0 62.3 9338.0
6R 64.2 9379.0 55.9 9491.0 53.7 9566.0 62.0 9621.0 57.6 9676.0IliR 55.7 9850.0 53.3 10000.0 53.4 10035.0 60.4 10086.0 56.7 10286.0
liR 63.9 10302.0 72.6 10857.0 78.2 11420.0
Xl 12.46 22.0 9S02 10351 495 495 495

• liR 66.0 6590.0 66.1 7664.0 61.9 7689.0 65.6 7714.0 66.2 7807.0IliR 60.9 7823.0 61.4 8015.0 65.4 8073.0 64.5 8311.0 59.2 8403.0
liR 61.8 8531.0 59.9 8643.0 65.3 8676.0 68.3 9156.0 65.5 9502.0
liR 57.8 9551.0 58.8 10000.0 60.1 10300.0 54.6 10324.0 68.8 10351.0
liR 73.6 10944.0 78.2 11370.0

J Xl 12.56 23.0 9873 10626 50S 505 505
liR 67.6 6940.0 67.7 7227.0 69.3 7760.0 64.0 7815.0 64.0 7959.0
liR 76.6 8070.0 68.8 8112.0 66.6 8215.0 . 62.7 8235.0 65.2 8302.0

• 6R 66.2 8445_0 63.0 8616.0 64.6 8781.0 67.6 8835.0 67.2 9451.0
liR 58.6 9480.0 60.4 9873.0 58.6 JOOOO.O 62.5 10194.0 62.3 10550.0

J GR 68.5 10626.0 72.7 10739.0 76.3 11275.0
HC .045 .045
Xl 12.65 24.0 9548 10392 SOO SOO 500
fiR 69.3 7330.0 69.3 7451.0 64.0 7544.0 64.0 81SO.0 66.7 8186.0

JGR
67.2 8371.0 67.8 8803.0 68.3 9229.0 75.1 9250.0 76.0 9428.0

fiR 70.0 9508.0 69.7 9548.0 59.5 9570.0 59.7 10000.0 63.3 10157.0

• liR 63.3 10354.0 74.2 10392.0 74.2 10421.0 68.0 10472.0 68.0 10566.0
liR 69.9 10604.0 68.0 10648.0 68.0 10700.0 76.2 11260.0
Xl 12.75 32.0 9541 10m 495 495 495

JliR 66.1 7720.0 66.2 7875.0 66.8 7885.0 68.1 8084.0 66.0 8100.0
fiR 66.0 8250.0 72.5 8280.0 73.5 8363.0 68.7 8476.0 70.8 8573.0

- fiR 67.5 8658.0 69.4 9053.0 70.4 9541.0 64.6 9564.0 64.5 9605.0
GR 61.2 9621.0 61. 9 10000.0 63.8 10165.0 70.9 10228.0 66.1 10254.0

) fiR 79.5 10297.0 73.7 10344.0 70.0 10387.0 70.0 10414.0 70.0 10885.0

• liR 77.6 10907.0 70.0 10973.0 70.0 11013.0 77.7 11047.0 77.7 11077.0
6R 74.8 11099.0 75.9 Il210.0
Xl 12.84 26.0 9640 10208 495 485 490

J GR
68.0 8090.0 68.0 3098.0 69.3 8172.0 64.2 8206.0 69.0 8232.0

IiR 65.1 8256.0 70.1 8308.0 73.8 8390.0 70.0 8436.0 70.9 8659.0
GR 71. 7 8922.0 68.8 8957.0 69.0 9411.0 71.2 9458.0 71.2 9640.0
fiR 64.6 9680.0 63.6 10000.0 62.8 10115.0 66.8 10134.0 65.7 10156.0
fiR 81. 9 10208.0 82.2 10255.0 72. 0 10289.0 72.0 10425.0 72.0 10999.0• .1 IiR 75.7 11200.0
Xl 12.94 17.0 9701 10209 SOO 500 SOO



• GR 73.0 8380.0 72.5 8111. 0 70.0 3732.0 70.0 %40.0 71.5 '3659.0
GR 70.B 9701. 0 64.2 9732.0 64.2 10lf:0.0 82.6 10209.0 E:2.6 10266.0
GR 76.0 10285.0 76.0 10927.0 80.0 11358.0 83.1 11908.0 37.2 11937.0
GR 88.8 12354.0 91.3 12392.0
XI 13.03 11.0 9763 10322 505 505 50S
GR 72.0 8650.0 72.2 97(,3.0 f,S.6 9801. 0 (,5. (, 1830.0 65.6 9f:35. [I
~R 65.6 10234.0 84.1 10322.0 84.5 10371.0 75.7 10420.0 h.5 !0826.0

• GR 77.3 !On~,.o

NC .04
Xl 13.13 13.0 97f:4 10413 490 490 ~'~n

GR 74.9 8810.0 7' r. :~855. 0 n.2 3'!l4.0 76.3 9247.0 ~I) ') '.ltjO.O't.O ! ..: . .::

GR 73.9 9477.0 74.8 9784.0 f,7.0 9797.0 0.0 10385.0 r:5.9 10413.0
GR 35.4 1054f,.0 80.0 IOS56. 0 80.0 10830.0
HC .3 .5
Xl 13.22 11.0 9743 10511 .i'!( 4B5 F·e"to ..' .0,-'

• GR 77.7 8965.0 77.5 9159.0 76.7 9375.0 72.8 9,105.0 75.1 9743.0
GR 68.4 9762.0 68.4 10466.3 75.1 10511.0 85.3 10544.0 '12.0 10619.0
GR 93.0 10740.0
Xl 13.31 8.0 9461 10677 490 490 490
GR 73.2 9130.0 77.8 9374.0 16.8 9461.0 69.8 '1526.0 71.2 10000.0
GR 71.2 10340.0 76.2 10615.0 91.4 10677.0
XI 13.32 9.0 9130.0 10655.0 100 100 100
GR 87.9 9125.0 87.7 9130.0 76.7 9163.0 70.9 9448.0 70.9 9748.0

• GR 70.9 10000.0 70.9 10245.0 77.8 10515.0 34.8 10655.0
He .04 .1 .:l
XI 13.43 18.0 9123 10760 605 605 605
GR 77.9 8600.0 75.1 8626.0 SO.l 11731.0 80.1 9123.0 75.1 9171.0
GR 75.1 9396.0 73.7 9449.0 73.6 9563.0 76.9 9917.0 77.2 10000.0
GR 74.7 10248.0 73.0 10636.0 73.2 10739.0 87.3 10760.0 90.9 10833.0
IGR 77.2 10925.0 89.8 11042.0 90.8 11150.0

Xl 13.53 22.0 9323 10926 500 500 500

• GR 77.8 8060.0 77.3 8195.0 80.4 8325.0 81.9 8591.0 80.9 9092.0
GR 80.9 9323.0 75.9 9363.0 74.8 9609.0 77.8 9934.0 77.5 9943.0
GR 77.9 10000.0 78.2 10092.0 76.6 10223.0 78.8 10257.0 78.9 10403.0

1GR 74.1 10520.0 75.5 10654.0 74.7 10852.0 87.7 10926.0 89.7 11026.0
GR 94.3 11132.0 94.1 11620.0
Xl 13.62 31.0 9313 10950 490 490 490
GR 84.0 7470.0 84.0 7485.0 78.8 7531.0 82.4 7582.0 83.8 7703.0IGR 79.5 7778.0 82.5 7814.0 83.8 7975.0 80.2 7992.0 82.4 8040.0

• GR 78.8 8155.0 83.8 8237.0 83.6 8578.0 83.6 9003.0 80.9 9244.0
11K 83.8 9313.0 78.9 9375.0 79.1 9690.0 75.7 10000.0 75.7 10099.0
IIR 77.5 10121.0 79.5 10313.0 78.3 10479.0 76.3 10865.0 90.8 10950.0
GR 94.4 11104.0 92.2 112tl3.0 92.0 11355.0 94.6 11441.0 96.2 11775.0IGR 96.9 12040.0
Xl 13.72 28.0 9154 10756 490 490 490
GR 82.0 6850.0 81.0 6939.0 85.4 7162.0 80.1 7245.0 84.5 7281.0
GR 81.1 7492.0 84.9 7635.0 81.5 7807.0 84.3 7846.0 82.4 8113.0• IGR 79.6 8148.0 83.4 8194.0 81.4 8258.0 84.7 8373.0 84.4 8943.0
GR 82.3 8997.0 86.2 9154.0 81.1 9290.0 80.5 9533.0 7S.3 9681.0
GR 79.7 9738.0 77.4 10000.0 78.7 10158.0 76.7 10679.0 91.2 10756.0
GR 86.2 10868.0 93.9 10966.0 96.4 11780.0

J Xl 13.81 30.0 9250 10525 490 490 490
IIR 99.0 6280.0 sa.l 6333.0 83.9 6543.0 85.6 6895.0 85.6 7105.0
IIR 82.3 7145.0 85.1 7198.0 80.5 7254.0 85.4 7285.0 83.6 7601.0

• SR 84.8 7867.0 83.6 8402.0 85.4 8555.0 83.0 8776.0 86.0 88J6.0
GR 85.3 9250.0 81.7 9271.0 81.5 9580.0 78.6 9597.0 78.6 10000.0ISR 78.4 10183.0 82.8 10226.0 80.2 10454.0 85.1 10525.0 87.0 10634.0
GR 99.6 10738.0 95.4 10896.0 96.7 11458.0 99.1 11517.0 99.1 11575.0
Xl 13.90 45.0 9255 10431 495 505 500
GR 119.3 5180.0 117.3 5313.0 117.3 5352.0 119.4 5406.0 118.2 5607.0

J SR 120.4 5631.0 116.7 5787.0 116.7 5971.0 105.2 6001.0 109.9 6019.0
GR 81.5 6143.0 86.7 6168.0 86.3 6498.0 84.6 6797.0 88.0 6821.0

• GR 85.9 6850.0 87.5 7232.0 84.0 7336.0 81.6 7362.0 85.9 7452.0
GR 84.9 7675.0 87.0 7721.0 85.6 8354.0 83.3 8515.0 86.2 8582.0

J GR
83.6 8663.0 88.2 8732.0 87.5 9255.0 83.6 9289.0 83.6 9345.0

GR 80.4 9407.0 80.4 9584.0 82.9 9743.0 83.0 9867.0 79.3 10000.0
GR 79.9 10135.0 84.4 10158.0 81.5 10340.0 B7.610431.0 89.1 10907.0
GR 98.0 11010.0 99.3 11447.0 100.2 11479.0 100.9 12111.0 101.7 12297.0
Xl 14.00 30.0 9197 10433 400 585 510

J GR 116 5810 112 5965 104 5985 100 5990 38 6010

• GR 87.5 6275 84 6515 83 6675 84 6800 8S 7015
GR 89 7210 88 7425 37 7345 84.4 8645 gg 8790
GR 89.7 9000 S9.9 9197.0 SO.3 9235.0 80.4 9412.0 80.9 9530.0
GR 83.1 9726.0 82.9 10000.0 80.9 10211.0 83.8 10239.0 83.9 10368.0

J IIR 88.3 10433.0 92.0 lI228.0 99.2 11354.0 101.4 12110.0 102.8 12344.0
Xl 14.10 38.0 9039 10300 390 610 510
GR 120 5815 116 5835 100 5875 92 5915 88 6205
GR 87 6260 88 6300 38.8 6485 88 6690 86 6835

• J IIR SS 6970 89.3 7285 88 7665 85.3 7810 88 8050
GR 88 8450 85.1 8760 38 8815 88.6 3930 89.6 9039.0

3



• (;P. 31.8 9068.0 [:2.3 9208.0 ~:5. 9 9333.0 E:3.f. 9404.0 85.5 9438.0
GR 35.2 9622.0 82.0 9682.0 84.3 973J.O 84. 5 9849.0 83.5 !OOOO.O
bR 81.5 10269.0 86.6 10300.0 94.~ 1051',0.0 '!b.0 10910.0 96.3 11567.0
GR 100.2 11671.0 102.0 12! 77 .0 IOU 123'.l2.0
X! 14.19 33.0 8850 !0354 350 ~,t.O 470
GR 120 5'115 100 6000 92 6020 '-'I: 6380 .).""1 64200":1 00

GR E:9.5 6575 II'") 6865 '~n 7 r~c c;iJ 7845 86.3 8000('0 ••).: ....1

• GPo ".-: 8085 8'1.6 8365 :):) ;ii,70 86 8765 88 880000 Ul'

GR 89 8850 83.2 8'iH:.0 82.4 ':;015.0 8~,. ! '1089.0 82.B 9177.0
GR 87.0 ·j42~,. 0 a5.0 )763.0 :;':'.5 10000.0 83.5 101!2.0 8a.8 10136.0
bR 88. (, 10354.0 8E:.3 !058~.0 'i~. 7 !0620.0 %.0 10980.0 %.9 11350.0
GPo 98.4 1)6']1.0 104.6 W:54.0 105.4 12352.0
Xl 14.28 36.0 ens 10320 "r,c 590 500..)o·~

GPo 116 5925 !!2 f,05G 104 60,.,0 100 6100 (j' 6150,0

bR 92 6410 91. 5 6920 92 7500 [;8 8070 87 8135• GR "" 8205 9! 8475 ,':::: 8745 87.5 3770 ,;.1 883000 ('v 00

bR 90.4 3880 90.3 8925.0 84.1 8970.0 t:U, 9115.0 86.7 9262.0
GR 37.3 9388.0 88.4 9612.0 85.7 '.1831.0 83.6 10000.0 83.6 10063.0
bR 89.5 10084.0 89.9 !0320.0 E:9.4 10670.0 94.0 10848.0 94.9 11052.0
GR 98.7 11181.0 92.011227.0 95.! !l266.0 102.3 1206£.. 0 106.1 12522.0
GR 104.6 12724.0
Xl 14.38 36.0 9071 10691 390 515 475
GR 114 6715 112 6750 !04 6765 100 6790 n 6830• 6R 91 6950 92 7095 93.3 7380 92 7990 92 8125
GR 93 8210 88 8260 92 8390 92 8525 91 8715
GR '12 8985 '12.3 9071. 0 f;7.S 9095.0 84.9 9381.0 89.1 9458.0

:GR 88.0 9838.0 84.4 10000.0 84.4 !0065.0 '12.0 10085.0 92.6 10234.0
GR 90.5 10369.0 86.9 10445.0 87.3 10571.0 97.0 10691.0 98.7 11028.0
GR 96.0 11319.0 96.0 !l605.0 98.6 11704.0 102.9 12300.0 105.5 12986.0

jGR 107.2 13055.0
Xl 14.47 37.0 9240 10658 470 485 485• GR lIS 7195 116 7320 112 7345 104 7365 100 7370
GR 96 7390 92 8350 90 3425 92 8550 93.3 8710
GR 92 8850 90 8920 n 9030 92.7 9165 93.4 9240.0

I
GR 89.1 9268.0 89.1 9539.0 n, n 9876.0 85.2 10000.0 87.4 10144.00/.0

GR 91.9 10220.0 92.2 10480.0 88.4 10611.0 96.9 10658.0 98.6 10967.0
GR 95.9 11242.0 97.6 11363.0 100.7 11900.0 103.9 12258.0 101.0 12617.0
GR 100.7 12909.0 105.1 12929.0 105.6 12938.0 100.9 13049.0 105.7 13332.0

• JGR 107.7 13355.0 108.1 13379.0
Xl 14.56 31.0 9375 10674 450 505 475
GR 116 7800 112 7820 100 7850 96 7890 92 8630.
GR 90 8700 92 8790 94.2 9285 . 94.9 9375.0 91.0 9403.0
GR 91.0 9562.0 87.8 9953.0 88.1 10000.0 88.1 10146.0 92.3 10255.0

lGR 94.2 10674.0 88.6 10906.0 97.3 1098iLO 99j 11469.0 103.3 11510.0
GR 102.9 11561.0 95.8 11663.0 98.8 11816.0 104.1 12410.0 '. 103.7 12677.0
GR 103.6 12914.0 101.5 13190.0 99.1 13232.0 105.1 13457.0 108.6 13704.0

• GR 108.6 13742.0
IXl 14.66 34.0 9454 10656 405 510 500
GR 120 8090 100 8205 100 8290 96 8525 94 8600
GR 94.6 9250 94.4 9454.0 90.9 9627.0 90.5 9827.0 88.3 9853.0
GR 88.2 10000.0 88.2 10171.0 95.2 10289.0 94.9 10656.0 92.0 10843.0
GR 96.0 10980.0 93.3 11123.0 96.5 11190.0 96.5 11220.0 93.4 11254.0

JGR 91.4 11386.0 91.4 11458.0 99.1 11738.0 103.6 12460.0 103.8 12694.0
GR 101.0 12804.0 102.7 12975.0 97.6 13046.0 105.6 13165.0 lOS.4 13456.0

• GR 102.2 13717.0 99.2 13754.0 106.7 13814.0 108.3 14108.0
Xl 14.75 32.0 9283 10255 425 440 470

jGR 120 8620 100 8710 96 8880 93.5 8975 95.8 9160
GR 94.9 9283.0 90.5 9459.0 91.8 9486.0 94.1 9515.0 89.2 9680.0
GR 90.7 9827.0 87.6 9860.0 88.0 10000.0 89.6 10198.0 97.9 10255.0
GR 97.3 10717.0 95.5 11338.0 97.6 11374.0 .94.0 11660.0 94.1 11832.0

JGR 100.1 11949.0 103.8 12571.0 99.9 12628.0 100.9 12734.0 103.0 12911.0
GR 105.4 13362.0 103.6 13617.0 100.4 13670.0 100.4 13772.0 109.1 13899.0

• GR 109.2 14217.0 109.2 14292.0
Xl 14.85 37.0 9106 10454 540 450 500
GR 126.8 7870.0 130.3 8231.0 131.5 8555.0 129.3 8905.0 109.1 8973.0

JGR 109.1 9053.0 109.1 9106.0 96.7 9197.0 96.6 9259.0 98.5 9354.0
GR 93.6 9431.0 93.5 9545.0 95.7 9695.0 '14.3 9862.0 90.5 10000.0

. GR 90.5 10077.0 95.6 10178.0 n.8 10404.0 100.9 10454.0 100.0 10870.0
GR 100.4 11172.0 99.7 11409.0 95.9 11456.0 96.9 11575.0 99.9 11720.0

JGR 98.0 12018.0 98.8 12225.0 104.1 12350.0 104.3 12771.0 106.2 12981.0• GR 104.0 13275.0 104.0 13521.0 104.0 13777.0 111.1 13842.0 109.6 13895.0
GR 112.3 14491.0 113.0 14537.0
Xl 14.94 39.0 9140 10772 470 470 470

JGR 128.8 7130.0 129.4 7664.0 130.1 8199.0 126.6 8655.0 125.5 8818.0
GR 127.9 9140.0 99.1 9207.0 97.8 9308.0 93.4 9327.0 93.5 9428.0
GR 98.0 9604.0 94.9 9921. 0 91.0 JOOOO.O 91.0 10107.0 96.2 10127.0
GR 95.5 10430.0 94.8 10691.0 101.0 10772.0 101.8 11056.0 100.6 11341.0
GR 96.9 11486.0 101.9 11664.0 101.8 11970.0 98.2 12274.0 100.4 12471.0• JGR 103.2 12548.0 103.7 12714.0 100.0 12761.0 100.0 12839.0 101.7 12862.0

. GR 104.6 13038.0 105.9 13298.0 108.0 13844.0 103.2 14020.0 108.2 14322.0



• GR 108.2 14521.0 110.71466'1.0 109.1 14613.0 114.5 14821.0
Xl 15.04 35.0 9277 10653 490 490 490
GR l2'J. 1 7425.0 13!.! 314'J.0 130.8 8614.0 130.4 28'j5.0 130.9 9277.0
GR 102.7 9332.0 104.3 9426.0 9.3.9 9498.0 q' Q 9541.0 97.0 9644.0. J. J

GR ~17 .5 9772.0 94.'1 ';1%8.0 ']1.7 10000.0 91.7 10060.0 100.2 10106.0
GR 97.f: 10337.0 99.6 10£,53.0 97.5 11012.0 IOU IJOgg.O JOU: J1399.0
GR n.o 11631.0 102.1 1!691.0 !r.4.6 12248.0 108.4 12275.0 107.5 12321.0

• ~R 100.5 12~97.0 98.3 12533.0 105.6 12753.0 1at.. 0 13055.0 99.7 13184.0
GR 107.5 13{90.0 10'1.6 13772.0 ][1.9 lH55.0 114.6 1026.0 115.2 15017.0
Xl 15. ]3 38.0 9493 10(,52 520 435 480
GR 12'J.'j 7855.0 131. '] 8500.0 132.8 8982.0 130.8 'n95.0 Jl4.4 '1252.0
GR 120.7 9291.0 115.9 9317.0 131.7 940(,.0 130.7 9493.0 97.5 9552.0
GR 'J5.1 '1869.0 '16. t: ']908.0 95.0 9956.0 9!.4 10000.0 91.4 10030.0
GR 100.0 10059.0 101.2 10157.0 99.1 10499.0 102.1 10652.0 100.9 10975.0
GR %.1 11192.0 [00 .1 11215 .0 100.1 11335.0 103.0 11362.0 101. 7 11682. 0

• GR 104.2 12126.0 105.9 12463.0 102.2 12745.0 105.4 13126.0 10fU 13288.0
~R 109.3 13605.0 110.2 13657.0 112.0 13925.0 10~(8 13%2.0 111.5 14091.0
GR 113.0 14553.0 116.1 15159.0 117.2 15229.0
Xl 15.23 34.0 9740 10969 525 450 490
GR 129.3 7855.0 132.8 8542.0 134.1 9085.0 135.0 9478.0 131.2 9740.0
GR %.9 9200.0 f"C ... 9866.0 94.9 10000.0 101.5 10085.0 100.4 10230.01...1 • .)

GR 101.5 10388.0 102.7 10961.0 100.3 11058.0 102.0 11187.0 101.4 11369.0
GR 99.3 11394.0 10!.7 11473.0 101.6 11541. 0 103.3 11562.0 105. I 11985.0

• GK 106.2 12334.0 109.1 12645.0 103.6 12757.0 103.3 12807.0 105.9 12847.0
GR 106.6 13239.0 108.6 13503.0 111.2 13540.0 109.8 13663.0 110.6 13946.0
6R 112.2 14371.0 114.4 14867.0 11 7.5 15343.0 119.4 15407.0
Xl 15.32 36 9681 10640 530 440 490
GR 130.8 8550.0 130.2 8960.0 123.1 9017.0 123.1 9350.0 130.0 9421.0
6R 130.3 9681.0 97.2 9832.0 96.7 9930.0 93.5 10000.0 101.5 10078.0

I GR 99.0 10111.0 101.9 10262.0 102.2 10464.0 99.9 10548.0 102.6 10640.0
6R 104.0 11166.0 101.6 11192.0 101.7 11269.0 103.6 11329.0 103.8 11469.0• ·6R 101.0 11607.0 106.0 11762.0 106.0 12259.0 108.8 12799.0 108.4 13228.0
6R 110.7 13486.0 114.4 13529.0 114.6 13551.0 111.0 13578.0 111.0 13644.0I6R 112.5 13701.0 112.0 14045.0 115.0 14555.0 113.8 14647.0 116.7 15208.0
6R 120.3 15704.0
He .04 .04 .03 .1 .3
Xl 15.42 31.0 9700 10692 500 495 495
6R 132.8 8470.0 133.3 B939.0 134.0 9386.0 127.3 9476.0 124.1 9566.0I6R 124.1 9625.0 129.4 9675.0 129.1 9700.0 99.6 9758.0 98.3 9981.0• 6R 195.8 10000.0 94.1 10039.0 104.1 10151.0 104.3 10333.0 102.2 10638.0
6R 105.8 10692.0 106.2 11346.0 101.5 11395.0 103.6 IH99.0 102.4 11736.0
6R 105.9 11825.0 1O~1.7 12120.0 107.5 12537.0 108.9 12945.0 111.0 13585.0

1 GR 112.7 14527.~. 117.3 15205.0 119.0 15373.0 120.7 15462.0 120.8 15611.0
GR 121.8 15670.0
Xl 15.51 26.0 9756 10257 455 520 490
X3 lO

• GR 132.5 8225.0 133.5 8731.0 134.5 9204.0 135.8 9756.0 99.6 9807.0IGR 97.3 10000.0 97.3 10089.0 106.7 10175.0 106.9 10257.0 105.4 10533.0
6R 103.3 10702.0 107.7 10757.0 109.1 11151.0 108.7 11527.0 103.5 11559.0
6R 106.9 11700.0 103.8 11808.0 110.9 11854.0 107.5 11935.0 110.1 12774.0
6R 110.3 13006.0 112.8 13696.0 114.1 14347.0 117.2 15047.0 122.8 15652.0j GR 124.4 15898.0
Xl 15.61 12.0 91133 10594 485 510 495
X3 10

• GR 134.9 8445.0 130.4 9211.0 132.2 9497.0 135.2 9833.0 97.9 9889.0
6R 98.3 10000.0 99.8 10103.0 106.7 10161.0 108.6 10345.0 104.0 10396.0I6R 104.0 10520.0 122.5 10594.0
Xl 15.70 14.0 9862 10727 510 480 sao
X3 10
GR 135.7 8465.0 136.1 9126.0 132.5 9692.0 132.5 9814.0 126.9 9830.0

] GR 130.2 9862.0 97.8 9912.0 98.6 10000.0 102.0 10081.0 108.6 10138.0
6R 107.9 10424.0 104.0 10471.0 104.0 10595.0 141.7 10727.0

• Xl 15.79 11 9884 10779 515 470 490
X3 10
6R 138.1 8330.0 137.7 9137.0 133.2 9884.0 98.0 9951. 0 98.2 10000.0J6R 100.9 10075.0 106.7 10104.0 109.5 10429.0 105.0 10480.0 105.0 10666.0
GR 143.6 10771.0
Xl 15.89 13 9818 10780 490 480 485
X3 10

) GR 139.6 7900.0 139.4 8835.0 135.4 9628.0 134.5 9818.0 102.8 9877.0

• GR 101.5 10000.0 100.'1 10112.0 107.5 10205.0 108.3 10405.0 105.0 10425.0
GR 105.0 10629.0 158.0 10780.0 159.6 10871.0
Xl 15.92 14.0 9825 10836 425 425 425
X3 10I6R 139.6 8040.0 139.5 8983.0 139.6 9505.0 135.9 9825.0 106.8 9884.0
GR 108.1 9954.0 108.6 10000.0 106.3 10158.0 103.9 10238.0 106.2 10332.0
6R 106.0 1045t.0 10t.0 10684.0 160.3 10836.0 163.1 10929.0
Xl 16.08 11.0 9523 10433 475 475 475• JX3 10
6R 141.7 8070.0 142.6 8924.0 141.7 9523.0 106.7 9610.0 107.8 9753.0



•

•

GR 107.8 10000.0
bR 179.2 10602.0
Xl H..J7 14.0
X3 10
bR 142.2 8180.0
GR 136.5 ~464.0

bR 106.7 10350.0
Xl 16.27 S.O
GR 117.6 9&40.0
GR 107.0 10252.0
EJ

106.0 1002:~.0

9541 10577

143. 8663.0
134. '1541.0
126. 10405.0
·.16~ !0284

117. 'mo.o
!2S. 102:;4.0

106.0 10386.0

475 475

14!.5 9184.0
117.3 '1584.0
127.0 10432.0

485 435
112.2 9785.0
125.7 10530.0

125.2 10433.0

475

140.4 9404.0
114.3 9379.0
m:.8 10577.0

485
II!. 2 %28.0

126.7 10462.0
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•
~ SLA Inc. OUASEO HODEL -- Time Step ~

• I) SEGIHENI &WAIER INFLOU INFORHATIOH (FROM UPSIREAN 10 DOWHSIREAN)

UPSTREAM ~ATEP.SH£D, S£O. O. CUBIC YARnS
WATER 5000. CFS

REACH flO TRIBUTARY

• REACH 2 NO TRIBUTARY

REACH j NO TRIBUTARY

REACH 4 NO TRIBUTARY

•
REACH 5 NO TRIBUTARY

(2) HYDRAULIC CONDITIOHS AND CHANNEL GEOHETRY:
I

• ;EACH SECHO W.S.El. BEGINNING ENDING CHANNEl CHANNEl CHANNEL CHANNEl CHANNEL GROSS
BED EL BED EL TOPIHDTH DISCHARGE VElOCITY LENGTH FROUDE NO. TOPWIDTH

1}
16.27 1l0.48 107.00 107.00 406.1 5000.0 4.16 485.00 .42630 406.1
16.17 109.63 106.70 106.70 425.5 5000.0 4.19 475.00 .44144 425.5
16.08 109.03 106.00 106.00 789.2 5000.0 2.90 475.00 .34531 789.2

I 15.98 107.13 103.90 103.90 604.8 5000.0 6.47 425.00 1.00878 604.8

11
15.89 105.99 100.90 100.90 524.7 5000.0 . 3.55 485.00 .38244 524.7

• 15.79 104.77 98.00 98.00 156.2 5000.0 6.26 490.00 .48768 156.2
15.70 103.78 97.S{) 97.80 193.6 5000.0 6.15 500.00 .52831 193.6

1 15.61 102.98 97.90 97.90 248.4 5000.0 4.·95 495.00 .43302 248.4
1 15.51 102.59 97.30 97.30 334.5 5000.0 3.57 490.00 .30699 334.5

P 15.42 101.69 94.10 94.10 326.8 5000.0 5.27 495.00 .54495 326.8
15.32 100.56 93.50 93.50 400.1 5000.0 4.55 490.00 .48422 400.1

2 15.23 99.07 94.90 94.90 257.5 5000.0 5.92 490.00 .57660 257.5

• 2 15.13 98.30 91.40 91.40 519.9 4999.0 3.70 480.00 .40511 519.9

I~
15.04 97.16 91.70 91.70 500.1 5000.0 4.64 490.00 .55618 500.1
14.94 96.26 91.00 91.00 1150.6 5000.0 2.69 470.00 .37295 1150.6
14.85 93.99 90.50 90.50 530.3 5000.0 6.82 500.00 1.02291 530.3

2 14.75 92.31 87.60 87.60 746.5 5000.0 2.43 470.00 .25767 746.5
2 14.66 91.83 88.20 88.20 765.3 4973.0 3.18 500.00 .39295 765.3

] ~
14.56 90.88 87.80 87.S{) 827.8 4697.0 3.84 475.00 .55656 827.8
14.47 89.53 85.20 85.20 959.9 5000.0 3.61 485.00 .52956 959.9

• 3 14.38 88.21 84.40 84.43 833.9 5000.0 3.47 475.00 .46462 833.9
3 14.28 86.92 83.60 83.64 702.2 5000.0 3.94 500.00 .51719 702.2

J ~
14.19 85.86 82.40 82.43 974.9 5000.0 3.02 470.00 .40829 974.9
14.10 84.59 81.50 81.53 932.7 5000.0 3.77 510.00 .55703 932.7
14.00 83.67 80.30 80.32 1207.3 4960.0 2.63 510.00 .36994 1207.3

3 13.90 82.31 79.30 79.34 685.4 4985.0 4.69 500.00 .66414 685.4

J! 13.81 80.67 78.40 78.44 671.5 5000.0 3.90 490.00 .49828 671.5
13.72 79.84 76.70 76.72 1124.1 5000.0 2.65 490.00 .36001 1124.1

• 13.62 78.50 75.70 75.73 899.2 5000.0 4.15 490.00 .63121 899.2
;) 13.53 77.18 74.10 74.13 991.3 5000.0 3.05 500.00 .41697 991.3
3 13.43 75.00 73.00 73.03 838.0 5000.0 5.30 605.00 .87972 838.0

J ~
13.32 72.65 70.90 70.89 951.1 5000.0 3.28 100.00 .45610 .951. !
13.31 72.06 69.BO 69.7B 882.5 5000.0 4.63 490.00 .73862 SB2.5
13.22 70.32 68.40 68.33 722.9 5000.0 3.66 485.00 .46854 722.9

4 13.13 69.17 67.00 66.98 594.8 5000.0 3.90 490.00 .46791 594.8

): 13.03 68.02 65.60 65.57 501.8 5000.0 4.21 505.00 .432't2 501.8

• 12.94 67.25 64.20 64.17 467.2 5000.0 3.57 500.00 .36409 467.2
12.84 66.04 62.80 62.77 503.6 4954.0 5.06 490.00 .63910 503.6

4 12.75 63.53 61.20 61.17 53(.. 4 5000.0 5.52 495.00 .74925 536.4
4 12.65 62.66 59.50 59.48 566.1 5000.0 3.2'1 500.00 .35360 566.1

Ji 12.56 61.87 58.60 58.58 693.8 2066.0 3.64 505.00 .708B9 693.8
12.46 60.12 54.60 54.53 849.0 4956.0 4.40 495.00 .67323 373.0
12.38 56.97 53.30 53.42 454.3 5000.0 6.04 465.00 .7B864 454.3

5 12.27 54.0e 51.50 51.52 799.3 1401.0 4.32 460.00 1.19641 799.3

• J~
12.18 54.26 45.80 45.82 177 .0 3.0 .08 470.00 .03287 2651.1
12.08 54.05 49.70 49.73 186.0 286.0 2.62 490.00 .60370 1161.0
11.99 54.15 46.60 46.62 153.0 48.0 .22 520.00 .03390 2485.6



• 5 11.89 54.14 46.10 46.12 215.0 30.0 ?' 430.00 .03;::52 2105.6._b

5 \1.80 53.98 49.00 49.! 3 217.0 2705.0 3.60 425.00 .3Aot.l 770.2
5 lUI 52.66 47.70 47.92 207.0 4446.0 6.79 4·jO.00 .t.?25B 385.8"
( 11. 62 51. 29 45.20 45.39 219.0 3935.0 5. (.2 500.00 .55446 848.6
J

5 11. 52 48.34 42.40 4~.65 207.2 4999.0 8.46 500.00 .SE:354 207.2
5 1J.43 42.8r. 39.30 39.34 459.0 1£.68.0 5.10 .00 ! .Of.320 607.0

•
(3) SEOIHENT WFLO~ AHO OIJTFLOI4 FOR EACH RE.~G/i HUH UPSTREAM TO DOWNSTREAM

RUCH INFLOW(CFSl OUIFLOloJ(C'-S)

• 4.010 4.010

SEDIHENT TRANSPORT RATES FOR EACH PARTICLE SIZE
2.970 .519 .246 .161 .096 .016 .000 .000 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.100 .100 .100 .100 .100 .100 .100 .100 .100 .100

2 4.010 4.020

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
2.820 .565 .303 .207 .119 .010 .000 .000 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE

I
.103 .099 .099 .099 .100 .100 .100 .100 .100 .100

3 4.020 3.210

• I SEDIMENT TRANSPORT RATES FOR EACH PARTIClE SIZE
2.140 .479 .287 .200 .101 .000 .000 .000 .000 .000

I
WEIGHTED SIZE FRACTIONS FOR EACH PARTIClE SIZE

.107 .100 .099 .Im .099 .099 .099 .099 .099 .099

4 3.210 3.680

• I SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
2.420 .571 .322 .223 .129 .014 .000 .000 .000 .000

j WEIGHTED SIZE FRACTIONS FOR EACH PARTIClE SIZE
.095 .099 .100 .101 .100 .101 .101 .101 .101 .101

•
I

5 3.680 1.900

SEDIMENT TRANSPORT RATES FOR EACH PARTIClE SIZE

J

1.300 .295 .164 .096 .047 .001 .000 .000 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.107 .100 .100 .100 .099 .099 .099 .099' .099 .099

J
(4) EFFECTIVE FLOW CONDITIONS:

• ~EACH HAIN CHANNEL LEFT OVERBANK RIGHT OVERBANK
SLOPE VELOCITY DEPTH TOPIIIDTH VELOCITY DEPTH TOPIlIDTH VElOCITY DEPTH TOPI/IDTH

(Ff/SEC) (H) (FT) (H/SEC) (Ff) (H) (Ff/SEC) (Ff) (Ff)

1 .00200 4.75 3.3 400. .00 .0 O. .02 .0 40 .
2 .00255 4.23 2.2 632. .11 .0 71. .32 .1 197 .
3 .00264 3.6l 1.6 902. .27 .0 833. .00 .0 O.
4 .00291 4.16 1.9 645. .54 .2 232 . .00 .0 O.

• J
5 .00319 3.88 1.S 317. 1.77 1.4 2131. .00 .0 O.

q



•
r SLA Inc. OUASED HODEL -- Time Ster ~ 2

• I) SEDIHEHT ~ ~ATER rNFLO~ [NFORHAI10" (FROM UFSIREAM 10 DOW"STREAN)

UPSTREAM ~ATERSHED, SED. o. CU81C YARDS
liATER 13000. CFS

REACH IW TRISUTAR~

• REACH 2 NO TRiBUTARY

REACH 3 NO TRIBUTARY

REACH 4 NO TRIBUTARY

• REACH 5 NO TRIBUTARY

(2) HYDRAULIC CONDITIONS AND CHANNEL GEOHETRY:
I

• lEACH SECNO II.S.Elo BEGINNING ENDIHG CHANNEL CHANNEL CHANNEl CHAHHfl CHANNEl GROSS
BED Elo BED Elo TOPIIIDTH DISCHARGE VELOCITY LENGTH fROUDE NO. TOPlilDTH

If
16.27 112.56 107.00 107.00 479.8 13000.0 6.10 485.00 .50973 479.8
16.17 111.17 106.70 106.70 445.7 13000.0 6.98 475.00 .60213 445.7
16.08 110.53 106.00 106.00 796.6 13000.0 4.47 475.00 .41193 796.6

1 15.98 109.66 103.90 103.90 816.1 13000.0 4.87 425.00 .47507 816.1

Ii
15.89 109.26 100.90 100.90 776.1 13000.0 3.77 485.00 .31541 776.1

• 15.79 108.29 98.00 98.00 590.7 13000.0 5.84 490.00 .53066 590.7
15.70 106.88 97.80 97.80 394.0 13000.0 6.89 500.00 .55527 394.0

1 15.61 105.74 97.90 97.90 425.9 13000.0 6.60 495.00 .54038 425.9
1 15.51 105.06 97.30 97.30 360.6 13000.0 5.75 490.00 .40465 360.6

Ii 15.42 104.22 94.10 94.10 992.0 - 11581.0 5.43 495.00 .65284 1206.3
15.32 103.34 93.50 93.48 959.0 12275.0 4.20 490.00 .42378 1446.8
15.23 101.65 94.90 94.88 1040.2 '. 12391.0 6.97 490.00 .94012 1040.2

2 15.13 100.34 ·91.40 91.38 1124.8 12565.0 4.91 480.00 .57325 1124.8

• I ~
15.04 98.57 91.70 91.68 1050.9 12814.0 6.34 490.00 .80S35 1050.9
14.94 97.61 91.00 90.98 1420.2 12986.0 3.64 470.00 .40490 1420.2
14.85 95.33 90.50 90.47 918.6 13000.0 7.71 500.00 1.00206 918.6

2 14.75 94.02 87.60 87.58 972.0 12992.0 3.73 470.00 .34771 1008.7
2 14.66 93.31 88.20 88.18 1147.2 12295.0 4.72 500.00 .55176 1147.2

J ~
14.56 . 92.15 87.80 87.78 1258.1 11645.0 5.14 475.00 .67574 1258.1
14.47 90.82 85.20 85.18 1198.1 12932.0 4.83 485.00 .56887 1198.1

.) 14.38 89.72 84.43 84.45 1274.4 12914.0 4.24 475.00 .48332 1274.4• .) 14.28 88.38 83.64 83.66 1395.0 12664.0 4.90 500.00 .63487 1488.0

J ~
14.19 87.20 82.43 82.45 1461. 5 12890.0 4.09 470.00 .49158 1461.5
14.10 85.89 81.53 81.55 1261.0 .:·-12954.0 4.80 510.00 .57790 1357.7
14.00 85.11 80.32 80.34 1236.0 ···12095.0 3.44 510.00 .35943 1840.2

3 13.90 83.93 79.34 79.36 1176.0 12698.0 5.17 500.00 .62993 1230.1

)I 13.81 82.20 78.44 78.46 1185.9 12948.0 5.00 490.00 .59625 1185.9
13.72 31.12 76.72 76.74 1492.6 12950.0 3.79 490.00 .44087 1492.6

• 13.62 79. SO 75.73 75.75 1602.5 12948.0 4.53 490.00 .59757 1602.5
.) 13.53 78.37 74.13 74.15 1543.6 12790.0 4.23 SOO.OO .53217 1543.6
3 13.43 76.11 73.03 73.05 1334.2 12970.0 5.89 60S.00 .80707 1334.2

.J :
13.32 73.96 70.89 70.83 1059.2 13000.0 4.71 100.00 .51375 1059.2
13.31 73.29 69.78 69.77 962.2 13000.0 5.83 490.00 .67476 962.2
13.22 72.03 68.33 68.37 739.1 13000.0 4.93 485.00 .46018 739.1

4 13.13 71.05 66.98 66.96 600.8 13000.0 5.38 490.00 .47209 600.B

J 1
13.03 70.02 65.57 65.55 517.6 13000.0 5.84 505.00 .49593 517.6

• 12.94 69.14 64.17 64.15 479.0 13000.0 5.65 500.00 .45386 479.0
12.84 67.36 62.77 62.75 568.0 12713.0 7.78 490.00 .80783 571.8

4 12.75 £.5.35 61.17 61.15 617.8 13000.0 6.65 495.00 .65918 617.8
4 12.65 64.37 59.48 59.47 844.0 12848.0 4.69 500.00 .45316 1415.3

J :
12.56 63.23 58.58 5f:.5B 753.0 54BO.0 4.22 505.00 .56672 1150.2
12.46 61.44 54.58 54.57 849.0 12414.0 5.62 495.00 .61337 1253.4

5 12.38 58.37 53.42 53.46 922.9 12642.0 8.15 465.00 1.10748 922.9
5 12.27 55.69 51.52 51.54 989.0 4634.0 4.34 460.00 .73668 1364.9

• J
5 12.18 55.8S 45.82 45.83 177 .0 76.0 .40 470.00 .06786 2849.5
5 12.08 55.60 49.73 49.75 186.0 1057.0 3.88 490.00 .56470 2002.0
5 I!. 99 55.66 46.62 46.63 158.0 227.0 .58 520.00 .06452 2792.7

/0





•
:~ SLA Inc. OUASEO MODEL -- ri~e Step ~ 3

• I) SEDIMENT &WATER INFLOM INFORHATrOH (FROM UPSTREAM fO DOWNSTREAM)

UPSTREAM WATERSHED, SED. O. GUB ICYAROS
WA fER 40000. CFS

REACH NO TRIBUTARY

• REACH 2 110 TRISUTARY

REACH 3 NO TRIBUTARY

REACH 4 NO TRIBUTARY

• REACH 5 NO TRIBUTARY

(2) HYDRAULIC CONDITIONS AND CHANNEL GEOMETRY:

• lEACH SECHO N.S.Elo BEGINNING ENDING CHANNEL CHANNEL CHANNEL CHANNEL CHANNEL GROSS
I BED EL BED EL TOPWIDTH DISCHARGE VELOCITY LENGTH FROUD[ NO. TOPI/IDTH

Ii 16.27 116.77 107.00 107.00 522.8 40000.0 9.44 485.00 .58395 522.8
16.17 H4.38 106.70 106.70 487.7 40000.0 11.92 475.00 .80054 487.7

I 1 16.03 114.44 106.00 106.00 815.9 40000.0 6.59 475.00 .42612 815.9
1 15.98 113.88 103.90 103.90 336.4 40000.0 6.50 425.00 .42257 836.4

I 1 15.89 113.55 100.90 100.90 796.4 40000.0 5.86 485.00 .35291 796.4

• J i 15.79 112.67 98.00 98.00 765.4 40000.0 7.36 490.00 .48628 765.4
15.70 111.41 97.80 97.80 729.9 40000.0 8.46 500.00 .58572 729.9

1 15.61 109.22 97.90 97.90 668.9 40000.0 10.35 495.00 .75881 668.9
1 15.51

'l~:~~
97.30 97.30 501.0 33389.0 10.11 490.00 .69345 1317.1

I~
15.42 94.10 94.10 992.0 .- 31930.0 7.64 495.00 .65578 2096.9
15.32 105.50 93.48 93.54 959.0 32026.0 6.72 490.00 .53152 1952.6
15.23 104.13 94.88 94.93 1229.0 32465.0 7.30 490.00 .67563 1955.5

2 15.13 102.62 91.38 91.44 1159.0 34658.0 7.03 480.00 .60017 2289.5

• I ~
15.04 100.92 91.63 91.73 1376.0 35248.0 7.63 490.00 .73335 2001.8
14.94 100.07 90.98 91.02 1632.0 38844.0 5.35 470.00 .44728 2197.7
14.85 97.36 90.47 90.53 1324.1 39574.0 10.26 500.00 1.05913 1324.1

2 14.75 96.57 87.58 87.65 972.0 36789.0 6.22 470.00 .44443 2203.8
2 14.66 95.81 88.18 88.23 1202.0 29993.0 6.09 500.00 .53032 3017.4

J ~
14.56 94.58 87.78 87.82 1299.0 30564.0 6.17 475.00 .55727 2766.7
14.47 93.25 85.18 85.23 1418.0 36504.0 6.42 485.00 .56440 2557.8

• 3 14.38 91.80 84.45 84.48 1620.0 38928.0 6.87 475.00 .64713 2074.7
3 14.28 90.54 83.66 83.69 1395.0 34078.0 6.50 500.00 .59055 2922.7

j
3 14.19 89.39 82.45 82.48 1504.0 35434.0 5.83 47lUO .51169 3751.8
3 14.10 88.10 81.55 81.58 1261.0 36-752.0 6.74 510.00 .57172 2969.5
3 14.00 87.51 80.34 80.37 1236.0 31957.0 5.04 510.00 .39165 3071.3
3 13.90 86.11 79.36 79.39 1176.0 36170.0 7.45 500.00 .64656 2514.2

J

3 13.81 84.25 78.46 78.49 1275.0 39062.0 7.67 490.00 .67670 2213.5
3 13.72 83.16 76.74 76.77 1602.0 38062.0 6.01 490.00 .53205 2419.1

• 3 13.62 81. 74 75.75 75.78 1637.0 38907.0 6.72 490.00 .62924 1966.6
3 13.53 80.19 74.15 74.18 1603.0 38124.0 6.65 500.00 .62037 1810.5
3 13.43 78.44 73.05 73.08 1637.0 39444.0 6.89 605.00 .64930 1723.7

J4 13.32 77.14 70.8S 70.83 1327.6 40000.0 5.96 100.00 .46744 1327.6
4 13.31 76.76 69.77 69.71 1156.1 40000.0 6.70 490.00 .51964 1156.1
4 13.22 75.94 68.37 68.29 768.0 38466.0 6.36 485.00 .44771 Il32.9
4 13.13 74.63 66.96 66.86 629.0 39197.0 8.52 490.00 .55529 1072.2

J
4 13.03 73.43 65.55 65.44 559.0 37135.0 9.18 505.00 .60175 1650.1

• 4 12.94 72.62 64.15 64.04 508.0 33502.0 8.35 500.00 .52336 1565.8
4 12.84 70.28 62.75 62.65 568.0 35702.0 11.36 490.00 .35142 1319.9
4 12.75 67.62 61.15 61.06 687.0 38288.0 11.27 495.00 .89309 1147.2
4 12.65 66.80 59.47 S9.40 844.0 34661. 0 7.36 500.00 .54937 1536.7

J
4 12.56 65.64 58.58 58.54 753.0 20813.0 6.94 505.00 .61314 1779.9
4 12.46 63.65 54.57 54.51 849.0 33829.0 8.41 495.00 .63033 1422.9
5 12.38 60.52 53.46 53.66 923.0 32972.0 10.64 465.00 1.02265 1492.6
5 12.27 58.20 51.54 51.64 989.0 17443.0 6.13 460.00 .63691 1960.6

• J
5 12. If: 58.37 45.83 45.91 177.0 570.0 1.18 470.00 .12541 2909.3
5 12.03 57.99 49.75 49.82 186.0 2921.0 5.17 490.00 .52215 3225.5
5 II. 99 57.95 46.63 46.69 158.0 1024.0 1.49 520.00 .12640 3799.8

It-



• 5 1!.8'i 57.86 46.13 46.18 215.0 1467.0 1.65 480.00 .14244 3035. i.
5 lU:O 57.30 49.21 49.47 217.0 %69.0 7.49 425.00 .53549 2904. (.
( ! l. 7! 56.30 48.01 48.26 207.0 '1041. 0 7.31 490.00 .52656 3378.3
"S !! .62 S4.71 45.49 45.78 219.0 0981. 0 8.77 500.00 .646r.5 3153.7
5 11.52 52.3d 42.76 43.08 244.0 3768.0 10.24 500.00 .76889 3905.5
( ! 1. 43 .Ii,. 6(. 39.38 3S'.66 .IS'!. 0 2919.0 ]2.81 .00 1.14366 719. !
"•

(3) SEOIMENI [NFLO~ AND OUTFLOW FOR EACH REACH FROM UPSTREAM TO OOWNSIREAH

REACH iNFLOW(CFS) OllTFLOlllcFS)

• 82.900 82.900

SEDIHENT TRANSPORT RATES FOR EACH PARTICLE SIZE
62.200 12.500 4.270 1.880 1.090 .668 .3!l .027 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.100 .100 .100 .100 .100 .100 .100 .100 .100 .100

2 82.900 70.400

SEDIMENT TRANSPORT RATES fOR EACH PARTICLE SIZE
52.400 9.670 3.840 2.150 1.350 .720 .222 .000 .000 .000

•
WEIGHTED SIZE fRACTIONS FOR EACH PARTICLE SIZE

I
.111 .100 .098 .097 .098 .099 .099 .099 .099 .099

,) 70.400 63.600

• I SEDIMENT TRANSPORT RATES fOR EACH PARTICLE SIZE
47.600 8.510 3.500 2.010 1.230 .617 .125 .000 .000 .000

I
WEIGHTED SIZE fRACTIONS FOR EACH PARTICLE SIZE

.114 .101 .093 .098 .098, .098 .098 .097 .097 .097

• 4 63.600 74.600

I SEDIMENT TRANSPORT RATES FOR EACH PARTIClE SIZE
52.700 12.300 4.790 2.300 1.330 .807 .387 .043 .000 .000

J WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE

• .084 .093 .100 .103 .103 .103 .103 .103 .104 .104

J

5 74.600 35.900

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE

J

28.000 4.480 1.770 1.000 .532 .130 .017 .000 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTIClE SIZE
.132 .105 .099 .097 .096 .095 .095 .095 .095 .095

.J
(4) EFFECTIVE FLOW CONDITIONS:

• lEACH
MAIN CHANNEL LEFT OVERBAN~ RIGHT OVERBAtU

SLOPE VELOCITY DEPTH TOPIHDTH VELOCITY DEPTH TOPIlIDTH VElOCITY DEPTH TOPWIDTH
(FT/SEC) (FT) (FT) (FT/SEC) (FT) (FT) (FT/SEC) (FT) (FTl

J
1 .00251 8.45 6.'1 70S. .00 .0 O. .65 .2 265.
2 .00277 6.98 4.2 1234. .85 .5 315. 3.06 1.2 1437.
3 .00271 6.56 4.0 1438. 2.46 .6 2175. .53 .2 6G,.

4 .002B2 8.30 5.8 804. 2.68 1.0 1136. .35 .1 14 .

• J 5 .00295 6.43 4.4 379. 3.93 3.2 3156. .00 .0 o.

l3



•
H SLA In r OUASED HODEL -- Ti~e Step ~ 4I - .•.

• (II SEDIMENT &WATER INFLOW INFORHATION (FROM UPSTREAM TO DOWNSTREAH)

UPSTREAM WATERSHED, SED. o. CUBIC YARDS
WATER 74000. CFS

REACH 1 NO TRIBUTARY

• REACH 2 NO TRIBUTARY

REACH 3 NO TRIBUTARY

REACH 4 NO TRIBUTARY

• REACH 5 NO TRIBUTARY

(2) HYDRAUlIC CONDITIONS AND CHANNEL GEOMETRY:

I- f
EACH SECNO I/.S.H. BEGINNING ENDING CHANNEL CHANNEL CHANNEL CHANNEL CHANNEL GROSS

BED EL BED El. TOPIlIDTH DISCHARGE VELOCITY LENGTH FROUDE NO. TOPUIDTH

1 16.27 120.27 107.00 107.00 635.1 74000.0 11.62 485.00 .64656 635.1

1 i 16.17 117.74 106.70 106.70 797.5 74000.0 13.39 475.00 .89673 797.5
16.08 117.B6 106.00 106.00 832.3 74000.0 8.33 475.00 .44946 832.9

1 15.98 117.33 103.90 103.90 953.0 74000.0 8.17 425.00 .44149 353.0
1 15.89 116.% 100.90 100.90 812.4 74000.0 7.73 485.00 .39721 812.4

• If
15.79 115.92 98.00 98.00 781.1 74000.0 9.31 490.00 .51429 781.1
15.70 114.62 97.80 97.80 746.1 74000.0 10.42 500.00 .59555 746.1
15.61 110.63 97.90 97.90 676.9 74000.0 15 ..27 495.00 1.00571 676.9

1 15.51 109.46 97.30 97.30 501.0 52684.0 12.74 490.00 .78109 2731.7

Ii 15.42 108.33 . 94.10 94.10 992.0 52845.0 9.14 495.00 .66666 2820.6
15.32 107.22 93.54 93.68 959.0 52369.0 8.49 490.00 .58962 2707.1
15.23 105.68 94.93 95.05 1229.0 56621.0 9.07 490.00 .70959 2514.3

2 15.13 104.25 91.44 91.57 1159.0 57430.0 3.60 480.00 .6315B 2995.9- ... 15.04 102.73 91.73 91.84 1376.0 59855.0 8.86 490.00 .70422 2664.3L

j ~
14.94 101. 98 91.02 91.12 1632.0 67573.0 6.64 470.00 .46819 3456.9
14.85 99.35 90.53 90.66 1348.0 70225.0 11.25 500.00 .92103 1978.3
14.75 98.09 87.65 87.Bl 972.0 61327.0 8.38 470.00 .53796 3118.4

2 14.66 97.33 88.23 88.33 1202.0 49222.0 7.36 500.00 .54958 3225.6

]~
14.56 96.16 87.82 87.92 1299.0 51682.0 7.43 475.00 .56596 3112.4
14.47 94.B5 85.23 85.34 1418.0 61477.0 7.81 485.00 .58468 2979.7
14.38 93.25 84.48 84.54 1620.0 65727.0 8.42 475.00 .67613 3697.2

• 3 14.28 91.84 83.69 83.75 1395.0 57157.0 8.14 500.00 .63920 3983.3
3 14.19 90.83 82.48 82.54 1504.0 56469.0 6.89 470.00 .52006 4473.0

I~
14.10 89.70 81.58 81.65 1261.0 57361.0 7.73 510.00 .56137 4322.1
14.00 89.09 80.37 80.43 1236.0 51736.0 6.27 510.00 .42737 4320.1

.) 13.90 87.62 79.39 79.46 1176.0 57668.0 8.79 500.00 .65546 3865.1
3 13.81 85.89 78.49 . 78.56 1275.0 63687.0 8.91 490.00 .66356 4063.3

J f
13.72 84.90 76.77 76.83 1602.0 64451.0 7.22 490.00 .53930 3752.3
13.62 83.36 75.78 75.84 1637.0 69158.0 8.33 490.00 .65162 2501.3• 13.53 82.00 74.18 74.24 1603.0 67866.0 7.96 500.00 .60881 2833.4

3 13.43 80.B7 73.08 73.15 1637.0 71525.0 7.44 60S.00 .54154 2209.0

Ji 13.32 79.90 70.83 70.79 1403.8 74000.0 7.01 100.00 .45044 1403.8
13.31 79.50 69.71 69.66 1216.0 72796.0 7.90 490.00 .50614 1498.7
13.22 78.65 68.29 68.22 768.0 66466.0 8.58 485.00 .47632 1557.5

4 13.13 76.67 66.86 66.77 629.0 67694.0 11.45 490.00 .65784 1589.4
4 13.03 75.56 65.44 65.35 559.0 59390.0 11.32 505.00 .65152 1654.6

• J1
12.94 74.56 64.04 63.95 508.0 54034.0 10.76 500.00 .60350 1816.4
12.84 72.55 62.65 62.57 568.0 55281.0 12.56 490.00 .79538 2786.7
12.75 69.89 61.06 60.98 687.0 63054.0 12.72 495.00 .83484 2032.6

4 12.65 68.71 59.40 59.34 844.0 58137.0 9.18 500.00 .59023 2823.9
4 12.56 67.69 58.54 58.50 753.0 37356.0 8.36 505.00 .60064 2947.8

.J ~ 12.46 65.46 54.51 54.45 849.0 58576.0 10.50 495.00 .72138 1779.4
12.38 62.16 53.66 53.S(. 923.0 55634.0 12.79 465.00 1.03770 1662.1

5 12.27 60.21 51.64 51.76 9S9.0 34278.0 7.45 460.00 .60824 2567.8

• 5 12.18 60.40 45.91 45.96 177.0 1454.0 1.92 470.00 .16345 3905.6

J~
12.08 59.94 49.82 49.87 186.0 4705.0 5.65 490.00 .47025 .4586.3
11. 99 59.82 46.69 46.74 158.0 2172.0 2.31 520.00 .16730 4496.4

Ill'





•
I SLA Inc. DUASED HODEL -- Time Step ~ 5

• !) SEDIMENT' WAfER INFLOW INFORMATION (FROM UPSTREAM TO DOWNSTREAH)

UPSTREAM ~ArERSHED, SED. o. CUBIC YARDS
llATER ']3DOO. CFS

REACH NO TRIBUTARY

• REACH 2 !W TRIBUTARY

REACH 3 HO TRIBUTARY

REACH 4 ~:o TRIBUTARY•
REACH S NO TRIBUTARY

IJ} HYDRAULIC CONDITIONS AHD CHANNEL GEOHETRY:

• bCH SECNO U.S.fl. BEGINNING ENDING CHANNEL CHANNEl CHAHHEL CHANNEL CHANNEL GROSS
BED EL. BED fl. TOPI/IDTH DISCHARGE VElOCITY LENGTH FROUD[ NO. TOPIlIDTH

Ii 16.27 121.26 107.00 107.00 636.8 93000.0 13.28 485.00 .70546 636.8
16.17 119.32 106.70 106.70 805.9 93000.0 13.68 475.00 .83018 805.9

1 16.08 119.46 106.00 106.00 840.7 93000.0 9.10 475.00 .45975 840.7
1 15.98 118.93 103.90 103.90 860.8 93000.0 8.91 425.00 .4S075 860.8

• j f
15.89 118.55 100.90 100.90 819.9 93000.0 8.56 485.00 .41443 819.9
15.79 Il7.44 98.00 98.00 788.5 93()(J{J.0 10.17 490.00 .52616 788.5
15.70 116.08 97.80 97.80 753.5 93000.0 11.35 500.00 .60668 753.5

1 15.61 II 1.83 97.90 97.90 683.3 93000.0 16.51 495.00 1.01366 683.3

d 15.51 110.27 97.30 97.30 501.0 60392.0 13.38 490.00 .78598 3161.5
15.42 109.17 94.10 94.10 992.0 62595.0 9.57 495.00 .- .65695 3237.4
15.32 108.02 93.68 93.83 959.0 62007.0 9.20 490.00 .61142 2863.0

2 15.23 106.42 95.05 95.18 1229.0 68593.0 9.80 490.00 .72371 3011.5

• 2 15.13 105.04 91.57 91.71 1159.0 67938.0 9.15 480.00 .63742 3306.3

q 15.04 103.62 9Ul4 91.96 1376.0 71247.0 9.20 490.00 .68286 3158.9
14.94 102.91 91.12 91.24 1632.0 80741.0 7.03 470.00 .46662 3552.3
14.85 100.20 90.66 90.81 1348.0 85373.0 11.93 500.00 .91245 2532.0

2 14.75 98.92 87.81 87.99 972.0 72416.0 9.18 470.00 .56763 3163.4
. 2 14.66 98.06 38.33 88.45 1202.0 58995.0 7.88 500.00 .55687 3309.1

J ~ 14.56 96.91 87.92 88.03 1299.0 62214.0 7.96 475.00 .57146 3175.1
14.47 95.48 85.34 85.47 1418.0 74459.0 8.65 485.00 .61913 3134.4

• 3 14.38 93.84 84.54 84.63 1620.0 78648.0 9.11 475.00 .69512 3756.6
3 14.28 92.44 83.75 83.84 1395.0 67922.0 8.72 500.00 .65078 4414.9

I~
14.19 91.46 82.54 82.62 1504.0 66573.0 7.34 470.00 .52645 4533.8
14.10 ...• 90.38 81.65 81.75 1261.0 66nO.O 8.15 510.00 .56348 4393.5

,) 14.00 89.74 90.43 80.52 1236.0 61449.0 6.84 510.00 .44702 4579.9
3 13.90 98.19 79.46 79.57 1176.0 67774.0 9.45 500.00 .67428 4566.7

J ~
13.81 86.65 78.56 78.67 1275.0 73522.0 9.16 490.00 .64357 4208.9
13.72 85.71 76.83 76.92 1602.0 76327.0 7.56 490.00 .53105 3843.9

• 13.62 84.16 75.84 75.94 1637.0 83935.0 8.84 490.00 .64674 3440.7
3 13.53 83.00 74.24 74.3" 1603.0 8185S.0 9.19 500.00 .57793 2839.0
3 13.43 82.00 73.15 73.25 1637.0 88056.0 7.77 605.00 .52032 2228.7

.J :
13.32 81.04 70.79 70.75 1430.5 93000.0 7.60 100.00 .45834 1430.5
13.31 80.64 69.66 69.61 1216.0 90246.0 8.52 490.00 .50861 1503.4
13.22 79.76 68.22 68. IS 763.0 80866.0 9.36 485.00 .49166 1561.1

4 13.13 77 .54 66.77 66.68 629.0 81780.0 12.56 490.00 .68832 1590.8

J ~
13.03 76.40 65.35 65.26 559.0 71131.0 12.37 505.00 .67954 2015.8• 12.94 75.22 63.95 63.86 508.0 65295.0 12.11 SOO.OO .65523 1817.5
12.84 73.25 62.57 62.49 568.0 64805.0 13.44 490.00 .81272 2854.0

4 12.75 70.93 60.98 60.91 687.0 73094.0 12.78 495.00 .78054 2956.3

.J
4 12.65 69.52 59.34 59.28 844.0 69400.0 9.84 500.00 .60004 3058.5
4 12.56 68.58 58.50 58.46 753.0 46040.0 8.82 505.00 .59080 3318.8
4 12.46 66.23 54.45 54.39 849.0 71183.0 11.24 495.00 .72512 3187.6
5 12.38 63.06 53.86 54.12 923.0 66944.0 13.42 465.00 1.01699 1760.7
5 12.27 61.12 51.76 51. 92 989.0 43068.0 8.05 460.00 .60999 2662.2• J ~

12.18 61.31 45.96 46.02 177.0 2003.0 2.25 470.00 .17680 4944.6
12.08 60.84 49.87 49.93 186.0 5539.0 5.77 490.00 .44744 4774.6

5 11.99 60.69 46.74 46.8! 158.0 2826.0 2.67 520.00 .18205 4607.8
16





•I

H SU, Inc. DUASED HODEL -- Ti~e Step' 6

• (I) SEDIHENI ~ u~rER INFLOW INFORMATION (FROM UPSTREAM TO DOWNSTREAM)

UPSTREAM WATERSHED, SED. o. CUB ICYARDS
WAfER 94000. CFS

REf,CH tW TRIBUTARY

• REACH 2 110 TRlfiUTARY

REACH 3 NO TRI BVTARY

REACH 4 NO TRlfiUTARY

• REACH 5 NO TRIBUTARY

(2) HYDRAULIC CONDITIONS AND CHANNEL GEOHETRY:

• jRfACH SECHO II.S.ft. BEGINNING ENDING CHANNEL CHANNEL CHANNEL CHAHHEL CHANHfl GROSS
BED El. BED EL. TOPIIIDTH DISCHARGE VELOCITY lfHGTH FROUD£ NO. TOPlllDTH

1

1 16.27 121.31 107.00 107.00 636.9 94000.0 13.36 485.00 .70353 636.9
1 16.17 119.40 106.70 106.70 806.3 94000.0 13.70 475.00 .82766 806.3
1 16.08 119.54 106.00 106.00 841.1 94000.0 9.14 475.00 .46024 841.1
1 15.98 119.01 103.90 103.90 861.2 94000.0 8.94 425.00 .45120 861.2

I
1 15.89 118.63 100.90 100.90 820.3 94000.0 8.60 485.00 .41523 820.3

• 1 15.79 117.51 98.00 98.00 788.8 . 94000.0 10.21 490.00 .52678 788.8
1 15.70 116.15 97.80 97.80 753.9 94000.0 11.40 500.00 .60726 753.9
1 15.61 111. 90 97.90 97.90 683.6 94000.0 16-.57 495.00 1.01357 683.6
1 15.51 110.33 97.30 97.30 .- 501.0 60617.0 13.36 490.00 .78194 3204.7

I
1 15.42 109.28 94.10 94.10 992.0 62719.0 9.44 495.00 .64277 3273.0
2 15.32 . 108.13 93.83 93.97 959.0 61923.0 9.22 490.00 .61427 2882.8
2 15.23 106.53 95.18 95.30 1229.0 68672.0 9.80 490.00 .72352 3082.3
2 15.13 105.15 91.71 91.83 1159.0 67713.0 9.15 480.00 .63810 3348.5• I
2 15.04 103.75 91.96 92.07 1376.0 71167.0 9.15 490.00 .67805 3205.4
2 14.94 103.03 91.24 91.34 1632.0 80872.0 7.04 470.00 .46723 3564.0
2 14.85 100.39 90.81 90.94 1348.0 85219.0 11.80 500.00 .89846 2844.1
2 14.75 98.93 87.99 88.15 972.0 72236.0 9.22 470.00 .57190 3169.7
2 14.66 98.17 88.45 88.55 1202.0 58934.0 7.86 500.00 .55505 3321.0

j
2 14.56 97.03 88.03 88.13 1m.0 62304.0 7.94 475.00 .56923 3183.8
2 14.47 95.57 85.47 85.58 1418.0 74594.0 8.72 485.00 .62575 3156.2
3 14.38 93.92 84.63 84.71 1620.0 78747.0 9.13 475.00 .69725 3753.1• 3 14.28 92.52 83.84 83.92 1395.0 67906.0 8.73 500.00 .65097 4423.3

I
3 14.19 91.55 82.62 82.70 1504.0 66633.0 7.34 470.00 .52609 4541. 3
~ 14.10 90.46 81.75 81.84 1261.0 66686.0 8.16 510.00 .56510 4401.3.)

3 14.00 89.82 80.52 80.61 1236.0 61464.0 6.84 510.00 .44740 4672.2
3 13.90 88.29 79.57 79.67 1176.0 67507.0 9.43 500.00 .67378 4536.7

J
3 13.81 86.76 73.67 78.77 1275.0 73148.0 9.11 490.00 .64025 4220.2
3 13.72 85.82 76.92 77.00 1602.0 76335.0 7.54 490.00 .52831 3851.4

• 3 13.62 84.27 75.94 76.03 1637.0 84184.0 8.85 490.00 .64725 3441.1
3 13.53 83.08 74.34 74.43 1603.0 82342.0 8.26 500.00 .58412 2839.2
3 13.43 82.01 73.25 73.34 1637.0 88913.0 7.94 60S. 00 .53480 2229.0

J 4 13.32 81.05 70.75 70.72 1431.2 94000.0 7.64 100.00 .45937 1431. 2
4 13.31 SO.65 69.61 69.57 1216.0 91214.0 8.56 490.00 .50916 1503.6
4 13.22 79.76 68.15 68.10 768.0 81792.0 9.41 485.00 .49262 1561.1
4 13.13 77 .54 66.68 66.62 629.0 82742.0 12.61 490.00 .68774 1590.8

I
4 13.03 76.40 65.26 65.20 559.0 72056.0 12.43 505.00 .68006 2015.9

• 4 12.94 75.22 63.86 63.80 508.0 66193.0 12.18 500.00 .65657 1817.6
4 12.84 73.26 62.49 62.43 568.0 65630.0 13.48· 490.00 .81l14 2355.2
4 12.75 70.93 60.91 60.86 687.0 73983.0 12.83 495.00 .7s{)26 2956.6
4 12.65 69.51 59.28 59.24 844.0 70289.0 9.90 500.00 .60184 3058.2

J
4 12.56 68.56 5B.46 58.43 753.0 466B2.0 8.92 505.00 .59586 3315.8
4 12.46 66.46 54.39 54.35 849.0 71325.0 10.93 495.00 .69428 3238.7
5 12.38 63.25 54.12 54.37 923.0 66219.0 13.42 465.00 1.02335 1794.7
5 12.27 61.23 51. 92 52.07 989.0 42930.0 8.09 460.00 .61503 2671. 3

• J
5 12.18 61. 43 46.02 46.08 177 .0 2045.0 2.27 470.00 .17684 4979.3
5 12.08 60.96 49.93 49.99 186.0 5525.0 5.73 490.00 .. 44340 4800.5
5 11. 99 60.BO 46.81 46.88 158.0 2869.0 2.69 520.00 .18235 4614.4

I



• 5 11. 89 60.57 46.32 46.~0 215.0 41n.0 3.10 480.00 .21773 ......... 0
.).),'u.

5 lU;() 59.t.8 49. '14 50.19 217.0 15280.0 9.15 425.00 .581(,2 3201 .
5 11.71 58.61 43.70 43.93 207.0 1324~.0 3.45 490.00 .54147 4237 .
5 11.62 5(,.67 46. 28 4t.. 54 219.0 16095.0 10.72 500.00 .72J5f: 407'1 .
5 11.52 54.86 43.54 43.78 244.0 16501.0 9.39 500.00 .61[.79 4165 .
5 11.43 51.44 40.15 40.20 459.0 45102.() 13. JO .00 .~:43] 5 4027 .

•
(3) SEOIHEHT INFLOW AND OUTFLO~ FOR EACH REACH FROM UPSTREAM TO DOWNSTREAM

REACH IHFLO~(CFSl OUTFlOW(CFSj

• 35!. 000 351. 000

SEDIHENT TRANSPORT RATES FOR EACH PARTICLE SIZE
250.000 64. 500 22.400 7.730 3.140 1.950 1.310 .712 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.100 .100 .100 .100 .100 .100 .100 .100 .100 .100

2 351. 000 284.000

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
222.000 39.800 11. 900 4.990 2.790 1.600 .370 .241 .000 .000

•
WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE

I
.145 .122 .100 .091 .039 .089 .090 .090 .089 .089

3 284.000 232.000

• I SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
188.000 27.0nO 8.640 4.020 2.340 1.330 .625 .062 .000 .000

I
WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE

.150 .108 .097 .093 .09~ .092 .092 .092 .092 .092

• 4 232.000 248.000

I SEDIHENT TRANSPORT RATES FOR EACH PARTICLE SIZE
184.000 35.500 15.100 6.410 3.120 1.900 1.240 .610 .000 .000

J WEIGHTED SIZE FRACTIOHS FOR EACH PARTICLE SIIE

• .039 .074 .091 .103 .106 .106 .107 .107 .108 .108

I 5 248.000 135.000

SEDIMENT TRANSPORT RATES rOR EACH PARTIClE SIZE

I
113.000 14.000 4.440 2.110 1.180 .358 .076 .000 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.185 .116 .098 .091 .087 .086 .085 .085 .084 .084

.J
(4) EFFECTIVE FLOW CONDITIONS:

• IREACH
/fAIN CHANNEL LEFT OVERBANK RIGHT OVERBANK

SLOPE VELOCITY OEfTH TOPIHOTH VELOCITY DEPTH TOPIlIDTH VELOCITY DEPTH TOPI/IDTH
(FT/SEC) (FT) (FT) (FT/SEC) (FT) (FT) (FT/SEC) (FT) (FT)

J
1 .00319 11. 54 10.5 76!. .00 .0 o. .84 .4 449.
2 .00283 9.03 6.4 1237. 1.46 1.2 393. 4.24 2.0 1969.
3 .00251 8.34 6.2 1433. 3.59 ? ~ 2396. 1.41 .2 136 .£..,)

4 .00290 10.81 9.1 814. 4.13 2.9 1414. 1.07 .6 255.

• .J
5 .00231 7.72 6.S 37'J. 4.97 4.3 3860. .00 .0 o.

('I



•
~ SLA Inc. OUASED ~ODEL -- Ti~e Step ~

• 1) Sr.OIWH ~ W:\fER rNFLO~ PlFORllAriON (FROM UPSTREAM TO Oi)~t:STREAH)

UPSTREAM WATERSHED, SED. o. CUBIC YARDS
~AfER ~;f,OOO. CFS

REf,CH 1 NO TRIBUTARY

• REACH 2 NO TRf5UTt.RY

REACH 3 NO TRIBUT AR'(

REACH 4 Ni) TRIBLITAH•
REACH 5 HO TRIBUTARY

(2) HYDRAULIC CONDITIONS AND CHAHNEL GEOHfTRY:i. lEACH SECNO II.S.H. BEGIHNIHG EHDING CHAHNH CHAHHEL CHAHHEL CHAHHEL CHAHllEl GROSS
BED Elo BED Elo TOPIlIDTH DISCHARGE VElOCITY LEHGTH FROUDE NO. TOPI/IDTH

Ii 16.27 120.91 107.00 107.00 636.2 86000.0 12.69 485.00 .68510 636.2
16.17 118.76 106.70 106.70 802.9 86000.0 13.56 475.00 .85012 802.9
16.08 118.89 106.00 106.00 837.9 86000.0 8.83 475.00 .45619 837.9

1 15.98 118.36 103.90 103.90 858.0 86000.0 8.65 425.00 .44753 858.0

• j i 15.89 117.98 100.90 100.90 817.2 86000.0 8.27 485.00 .40856 817.2
15.79 116.90 98.00 98.00 785.8 86000.0 9.86 490.00 .52164 785.8
15.70 115.57 97.80 97.80 751.0 86000.0 11.01 500.00 .60153 751.0

1 15.61 111.39 97.90 97.90 680.8 86000.0 16.13 495.00 1.01587 680.8
1 15.51 110.02 97.30 97.30 501.0 57551.0 13.10 490.00 .77935 2928.3

P 15.42 109.05 94.10 94.10 992.0 58411.0 9.08 495.00 .62861 3200.5
15.32 107.91 93.97 94.07 959.0 57175.0 8.92 490.00 .60806 2835.3

2 15.23 106.34 95.30 95.39 1229.0 63094.0 9.47 490.00 .71658 2937.2

• 2 15.13 104.94 91.83 91. 92 1159.0 62524.0 8.88 480.00 .63527 3259.7

I ~
15.04 !O3.52 92.07 92.15 1376.0 65774.0 8.92 490.00 .67880 3104.2
14.94 102.81 91.34 9l.42 1632.0 74687.0 6.79 470.00 .46084 3540.9
14.85 100.14 90.94 91.04 1348.0 78692.0 11.68 500.00 .92020 2427.1

2 14.75 98.72 88.15 88.27 972.0 66906.0 8.92 470.00 .56616 3156.3
2 14.66 97.96 88.55 88.63 1202.0 54269.0 7.60 500.00 .54931 3293.2

j ~
14.56 96.83 88.13 88.21 1299.0 57302.0 7.67 475.00 .56344 3165.3
14.47 . 95.40 85.58 85.66 1418.0 68561.0 8.40 485.00 .61733 3112.5

• 3 14.38 93.75 84.71 84.77 1620.0 72861.0 8.BS 475.00 .69166 3746.3
3 14.28 92.34 83.92 83.98 1395.0 62885.0 8.46 500.00 .64585 4400.4

I~
14.19 91. 35 82.70 82.76 1504.0 61872.0 7.13 470.00 .52268 4522.5
14.10 90.25 81.84 81. 91 1261.0 62116.0 7.96 510.00 .56331 4379.0
14.00 89.62 80.61' . 80.68 1236.0 56958.0 6.61 510.00 .44075 4496.7

3 13.90 88.12 79.67 79.75 1176.0 62630.0 9.15 500.00 .66870 4407.9

J ~
13.81 86.54 78.77 78.85 1275.0 68222.0 8.94 490.00 .64410 4197.0
13.72 85.60 ·77.00 77.06 1602.0 70809.0 7.33 490.00 .52627 3834.4

• 13.62 84.02 76.03 76.10 1637.0 77944.0 8.69 490.00 .65371 3439.3
.) 13.53 82.72 74.43 74.50 1603.0 76324.0 8.24 500.00 .60414 2836.9
3 13.43 81. 51 73.34 73.41 1637.0 82026.0 8.01 605.00 .56488 2220.1

.J :
13.32 80.54 70.72 70.70 1419.9 86000.0 7.41 100.00 .45654 1419.9
13.31 80.13 69.57 69.55 1216.0 83981.0 8.31 490.00 .50786 ISO!. 6
13.22 79.26 68.10 68.07 768.0 75974.0 9.10 485.00 .48639 1559.5

4 13.13 77 .14 66.62 66.58 629.0 77146.0 12.15 490.00 .67366 1590.3

J :
1:L03 76.02 65.20 65.16 559.0 67453.0 11.99 505.00 .66628 1821.8

• 12.94 74.92 63.80 63.76 508.0 61807.0 11.64 500.00 .63469 1817. I
12.84 72.95 62.43 62.40 568.0 62098.0 13.13 490.00 .80151 2825.6

4 12.75 70.56 60.86 60.83 687.0 70006.0 12.62 495.00 .78276 2916.6
4 12.65 69.18 59.24 59.22 B44.0 65853.0 '1.62 500.00 .59487 2391.9

J :
12.56 6lU9 58.43 58.41 753.0 43515.0 8.75 505.00 .60000 3163.5
12.46 66.25 54.35 54.33 849.0 66210.0 10.37 495.00 .66618 3179.'?

5 12.38 63.08 54.37 54.58 923.0 59896.0 13.10 465.00 1.03712 1747.8
5 12.27 60.95 52.07 52.20 989.0 38654.0 7.89 460.00 .62420 2636.0• J ~

12.18 61.15 46.08 46.13 177 .0 1827.0 2.13 470.00 .17096 4653. !
12.08 60.69 49.99 50.04 186.0 5107.0 5.63 490.00 .. 44882 4719.1
11.99 60.55 46.88 46.94 158.0 2600.0 2.54 520.00 .I7631 4581. 0



• 5 11.89 60.34 46.40 ~6.47 215.0 3779.0 2.92 480.00 .20'121 3211. 9
5 11.20 59.50 50.19 50.40 217.0 1400(.. 0 g.82 425.00 .57488 3171.3
5 11.71 52.44 48.'j3 4'1. !2 207.0 12190.0 8.15 490.00 .5343f, 4191. 9
5 11.62 5(.. 52 46. 54 4l..n 219.0 14869.0 10.42 500.00 .7J961 4044.5
5 11. 52 54.68 43.78 ~3 .'39 2KO 15283.0 9.17 500.00 .61233 4161.3
5 11.43 51. 30 40.20 40.24 459.0 40892.0 12.64 .00 .i:38t.O 3859.2

•
(3) SEDIMEtH IIlFLOW MID OUTFLO~ FOR EACH RUCH FR0K UPSTREAM TO DOWNSTREAM

REACH IHFLOI4(CFS) OUTFLO~(CFS)

• 307.000 307.000

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
220.000 55.200 18.900 6.660 2.850 1.790 1.180 .612 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.100 .100 .100 .100 .100 .100 .100 .100 .100 .100

2 307.000 256.000

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
200.000 35.900 10.600 4.420 2.500 1.420 .740 .169 .000 .000

• WEIGHTED SIZE fRACTIONS FOR EACH PARTICLE SIZE

I
.152 .128 .103 .090 .OB7 .088 .089 .089 .08S .08B

3 256.000 216.000

• I
SEDIMENT TRANSPORl RATES fOR EACH PARTICLE SIZE

176.000 24.700 7.810 3.660 2.150 1.210 .547 .034 .000 .000

I
WEIGHTED SIZE fRACTIONS fOR EACH PARTICLE SIZE

.158 .111 .096 .092 .092 .091 .090 .090 .090 .090

4 216.000 225.000

• I SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
!71. 000 29.500 12.600 5.620 2.840 1.7.0 1.110 .508 .000 .000

j WEIGHTED SIZE fRACTIONS FOR EACH PARTICLE SIZE
.094 .070 .088 .102 .106 .107 .107 .108 .109 .109

•
I

5 225.000 128.000

SEDIHfHT TRANSPORT RATES FOR EACH PARTICLE SIZE
108.000 12.600 3.990 1.930 1.070 .304 .053 .000 .000 .000

j• WEIGHTED SIZE FRACTIONS fOR EACH PARTICLE SIZE
.202 .Il8 .098 .008 .085 .084 .083 .082 .081 .081

J
(4) EffECTIVE fLOY COHDITIOHS:

• JREACH
MA IH CHANNEl LEH OVERBANK RIGHT OVERBANK

SLOPE VELOCITY DEPTH TOPIIIDTH VELOCITY DEPTH TOPIHDTH VELOCITY DEPTH TOPIIIDTH
(FT/SEC) (FT) (FT) (H/SEC) (fT) (FT) (H/SEC) (H) (FT)

J
1 .00310 !1.20 10.0 759. .00 .0 O. .81 .4 414 .
2 .002g2 8.76 6.1 1237. 1. 40 1.1 389. 4.14 1.9 1942.
3 .00256 3.14 5.9 1433. 3.46 2.1 2389. 1.34 .7 174 .
4 .002S7 10.49 8.7 813. 3.93 2.6 1402. .92 .4 232.

• J
5 .00279 7.47 6.1 379. 4.B7 4.0 3860. .00 .0 o.

vi



•
~t SLA Inc. OUASED HODEL -- lime St~p ~ 8

• II) SEDIHENT &W£TER iNFLOU INFORHATION (FRON UPSTREAM TO DOWNSTREAH)

UPSTREAH WATERSHED. SED. O. CUBIC YARDS
UATER 72000. CFS

REACH NO TRIBUTWf

• REACH 2 110 TRIBUTARY

REACH 3 NO TRIBUTARY

REACH 4 110 rRIBUTAR~'

• REACH 5 NO TRIBUTARY

(2) HYDRAUlIC CONDITIONS AND CHANNEL GEOHETRY:

• ~EACH SECNO II.S.Elo BEGINNING EHDJNS CHAHHEL CHAHHEl CHAHNEL CHAHNEl CHANNEL GROSS
BED El. BED Elo TOPIIJDTH DISCHARGE VElOCITY LENGTH FROUDE NO. TOPIHDTH

I
1 16.27 120.16 107.00 107.00 634.9 72000.0 11.43 485.00 .63934 634.9
1 16.17 117.55 106.70 106.70 796.5 72000.0 13.39 475.00 .9Q829 796.5
1 16.08 117.68 106.00 106.00 831.9 72000.0 8.25 475.00 .44872 831.9
1 15.98 117.14 103.90 103.90 852.1 72000.0 8.09 425.00 .44097 852.1.
1 15.89 116.77 100.90 100.90 811.5 72000.0 7.65 485.00 .39565 811.5

• J

1 15.79 1I5.74 98.00 98.00 780.3 72000.0 9.21 490.00 .51276 780.3
1 15.70 114.44 97.80 97.80 745.2 72000.0 10.34 500.00 .59610 745.2
1 15.61 110.60 97.90 97.90 676.5 72000.0 15..01 495.00 .99380 676.5
1 15.51 109.45 97.30 97.30 501.0 51355.0 12.44 490.00 .76355 2725.7

I
1 15.42 IOS.52 .' 94.10 94.10 992.0 50796.0 8.53 495.00 .61395 2959.5
2 15.32 107.42 94.07 94.18 959.0 49374.0 8.35 490.00 .59299 2731.8
2 15.23 105.90 95.39 95.49 1229.0 53627.0 8.85 490.00 .70264 2563.2
2 15.13 104.44 91. 92 92.02 1159.0 54052.0 8.46 480.00 .63522 3051.4

• I
2 15.04 103.03 92.15 92.24 1376.0 56501.0 8.46 490.00 .67665 2804.1
2 14.94 102.32 91.42 91.51 1632.0 64161.0 6.35 470.00 .45014 3488.4
2 14.85 99.50 91.04 91.15 1348.0 67442.0 11.62 500.00 .98723 2006.2
2 14.75 98.26 88.27 88.40 972.0 57971.0 8.34 470.00 .54957 3127.1
2 14.66 97.50 88.63 83.72 1202.0 46442.0 7.13 500.00 .53938 3238.6

J
2 14.56 96.37 88.21 88.29 1299.0 48900.0 7.20 475.00 .5~81 3125.2
2 14.47 95.01 85.66 85.75 1418.0 58470.0 7.80 485.00 .59747 3013.3
3 14.38 93.37 84.n 84.85 1620.0 62893.0 8.33 475.00 .68001 3731.9• 3 14.28 91.96 83.98 84.06 1395.0 54372.0 7.98 500.00 .63624 4157.7

J

3 14.19 90.94 82.76 82.83 1504.0 53820.0 6.75 470.00 .51645 4482.0
3 14.10 89.81 81.91 82.00 1261.0 .• 54507.0 7.62 510.00 .56386 4330.5
3 14.00 89.19 80.68 80.76 1236.0 49244.0 6.15 510.00 .42565 4348.1
3 13.90 87.77 79.75 79.85 1176.0 54321.0 8.56 500.00 .64989 4006.7
3 13.81 86.07 78.85 78.95 1275.0 60200.0 fUO 490.00 .65798 4145.1

J
3 13.72 85.09 77.06 77.14 1602.0 61472.0 7.01 490.00 .52756 3772.7

• 3 13.62 83.54 76.10 76.18 1637.0 66549.0 8.22 490.00 .65152 2559.3
3 13.53 82.11 74.50 74.59 1603.0 65463.0 7.99 500.00 .62318 2833.2
3 13.43 80.61 73.41 73.50 1637.0 69763.0 8.06 605.00 .6J757 2204.2

J
4 13.32 79.60 70.70 70.68 1399.0 72000.0 6.98 100.00 .45293 1399.0
4 13.31 79.20 69.SS 69.53 1216.0 71113.0 7.87 490.00 .50902 1497.9
4 13.22 78.34 68.07 68.04 768.0 65426.0 8.54 485.00 .47642 1556.5
4 13.13 76.41 66.58 66.54 629.0 66729.0 11.26 490.00 .64667 1589.2

)
4 13.03 75.32 65.16 65.12 559.0 58959.0 11.20 505.00 .64305 1654.4

• 4 12.94 74.37 63.76 63.72 508.0 536H.0 10.59 500.00 .59154 1816. 3
4 12.84 72.34 62.40 62.36 568.0 55330.0 12.52 490.00 .79102 2768.1
4 12.75 69.51 60.3.3 60.80 687.0 63099.0 13.01 495.00 .86264 1815.3
4 12.65 68.53 59.22 59.20 844.0 57573.0 9.09 500.00 .58488 2797.8

J
4 12.56 67.49 5~.4! SfU9 753.0 37439.0 8.40 505.00 .60823 2521.1
4 12.46 65.77 54.33 54.31 849.0 56709.0 9.47 495.00 .62841 1897.6
5 12.38 62.61 54.58 54.89 923.0 50144.0 12.62 465.00 1. 07128 1690.7
5 12.27 60.36 52.20 52.38 989.0 31483.0 7.45 460.00 .63450 2565.6

• J
5 12.18 60.56 46.13 46.21 177 .0 1440.0 1.B8 470.00 .15990 3903.8
S 12.0B 60.12 50.04 50.12 186.0 4412.0 5.46 490.00 .46176· 4601. 3
5 11. 99 60.00 4&.94 47.03 158.0 2124.0 2.27 520.00 .16427 4501.8

,,1,..



• 5 11.3'1 59.83 46.47 46.57 215.0 3062.0 2.57 4BO.00 .19243 3117.5
( 11.80 59.03 50.40 50.72 217.0 12120.0 8.27 425.00 .5(,132 3095. f:
"5 lUI 5:3. O~ 49.12 49.42 207.0 10696.0 7.7d 490.00 .52763 4045.1
5 11.62 56-14 46. U. 47.10 219.0 13115.0 9.% 500.00 .71628 3808.4
5 11.52 54.36 43.99 44.30 244.0 133~6.0 8.62 500.00 .60329 4153.3
( 1!.43 50.60 40.24 40.30 dS9.0 35444.0 12.58 .00 .[:94 71 2454.5
"

•
(3) SEDfMENT f"fLOW AND OUTFLOW FOR EACH REACH FROM UPSTREAM fO DOW"STREAM

REACH iHFLOW(CFS) OUTFLOW(CFS)

• 233.000 233.000

SEDIHEHT TRANSPORT RATES FOR EACH PARTICLE SIZE
169.000 40.100 13.600 5.010 2.350 1.500 .948 .431 .000 .000

WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE• .100 .100 .100 .100 .100 .100 .100 .100 .100 .100

2 233.000 206.000

SEDIMENT TRANSPORT RATES FOR EACH PA~TICLE SIZE
161.000 29.100 s.480 3.580 2.060 1.150 .563 .074 .000 .000

• WEIGHTED SIZE FRACTIONS fOR EACH PARTICLE SIZE

I
.155 .135 .104 .089 .086 .086 .OS7 .087 .086 .OB6

.) 206.000 182.000

• j
SEDIMENT TRANSPORT RAIES FOR EACH PARTICLE SIZE

148.000 20.900 6.470 3.120 1.850 1.020 .414 .000 .000 .000

I
WEIGHTED SIZE fRACTIONS fOR EACH PARTIClE SIZE

.167 .116 .096 .091 .090 .031 .009 .089 .089 .089

4 182.000 186.000

• I SEDIHENT TRANSPORT RATES fOR EACH PARTICLE SIZE
145.000 22.200 9.290 4.490 2.420 1.500 .915 .366 .000 .000

] WEIGHTED SIZE FRACTIONS fOR EACH PARTICLE SIZE
.100 .068 .083 .100 .106 .107 .107 .108 .110 .110

• 5 186.000 117.000

I
SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE

99.600 10.600 3.430 1.710 .946 .236 .036 .000 .000 .000

• I WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.222 .120 .098 .087 .082 .OSI .080 .079 .077 .077

J
(4) EFFECTIVE FLOW CONDITIONS:

hACH
HAIN CHANNEL LEH OVERBAH( RIGHT OVERBANK

• SLOPE VElOCITY nEPTH TOPIlIDTH VELOCITY DEPTH TOPI/IDTH VELOCITY DEPTH TOPIiIDTH
(H/SEC) (H) (FT) (FT/SEC) (H) (FT) (H/SEC) (H) (FT)

J
1 .00296 10.54 9.1 755. .00 .0 o. " .4 334..11

2 .00279 8.30 5.5 1237. 1.27 1.0 37B. 3.91 1.8 1147.
3 .00263 7.75 5.3 1438. 3.23 1.6 2364. 1.16 .7 109.
4 .00284 9.97 fLO B12. 3.63 2.1 1267. .82 .4 121.

J
5 .00276 7.01 5.6 379. 4.71 3.6 3805. .00 .0 o.

•



•
'n- SlA Inc. OUASEO HODEL -- Ti~e Ster ~ "7

• '(I) SEDIHENT , UAfER INFlOU INFORMATIO~ (FROM UPSTREAM TO DOMNSfREAH)

UPSTREAM ~AfERSHED, SED. O. CUBIC YARDS
\lATER ~8000. CFS

REACH Hi) TRIBUTARY

• REACH 2 NO TRIBUTARi'

REACH 3 HO TRIBUTARY

REACH 4 NO TRIBUTARY

• REACH 5 NO TRIBUTARY

(2) HYDRAULIC CONDITIONS AND CHANNEl GEOMETRY:

• /REACH SECNO N.S.Elo BEGINHIHG ENDING CHANNEl CHAHHEL CHANNEL CHANNEL CHANHEl GROSS
BED EL. BED Elo TOPNIDTH DISCHARGE VELOCITY LENGTH FROUDE HO. TOPI/IDTH

I
1 16.27 118.00 107.00 107.00 631.1 48000.0 9.72 485.00 .61252 631.1
1 16.17 115.10 106.70 106.70 530.1 48000.0 12.90 475.00 .85798 530.1
1 16.09 115.32 106.00 106.00 820.2 48000.0 7.08 475.00 .43375 820.2
1 15.98 114.76 103.90 103.90 840.7 43000.0 6.97 425.00 .42894 840.7
1 15.89 114.42 100.90 100.90 800.5 48000.0 6.39 485.00 .36725 800.5

• I 1 15.79 113.49 98.00 98.00 ' 769.3 48000.0 7.92 490.00 .49708 769.3
1 15.70 112.19 97.80 97.80 733.9 48000.0 9.06 500.00 .59410 . 733.9
1 15.61 109.73 97.90 97.90 671.7 48000.0 lL42 495.00 .80415 671. 7
1 15.51 108.16 97.30 97.30 501.0 38522.0 10.89 490.00 .72243 1630.7

I
1 15.42 107.40 94.10 94.10 992.0 36310.0 7.33 495.00 .57860 2189.6
2 15.32 106.36 94.18 94.19 959.0 35460.0 7.20 490.00 .55980 2507.9
2 15.23 104.97 95.49 95.50 lZ29.0 '. 36846.0 7.59 . 490.00 .67279 2216.8
2 15.13 103.43 92.02 92.03 1159.0 38554.0 7.48 480.00 .62477 2655.3

• 2 15.04 101. 92 92.24 92.25 1376.0 39548.0 7.56 490.00 .68293 2228.4

I 2 14.94 101.13 91.51 91.52 1632.0 44962.0 5.55 470.00 .43875 2572.2
2 14.85 98.52 91.15 91.16 1348.0 46302.0 10.43 500.00 1.01340 1631.8
2 14.75 97.32 88.40 88.42 972.0 41575.0 7.02 470.00 .50098 2550.6
2 14.66 96.54 88.72 88.73 1202.0 32982.0 6.26 500.00 .52680 3111.7

J

2 14.56 95.41 88.29 88.30 1299.0 34092.0 6.25 475.00 .53770 2944.6
2 14.47 94.09 85.75 85.76 1418.0 41042.0 6.74 485.00 .57367 2779.4
3 ,14.38 92.47 84.85 84.87 1620.0 45121.0 7.48 475.00 .68258 2927.9• 3 14.28 91.15 84.06 84.03 1395.0 38361.0 6.87 500.00 .60496 3108.5

I
3 14.19 90.07 82.83 82.85 1504.0 39166.0 5.95 470.00 .50135 4147.3
3 14.10 88.84 82.00 82.02 1261.0 40615.0 6.97 510.00 .57192 3842.9
3 14.00 98.26 80.76 80.78 1236.0 35411.0 5.24 510.00 .39448 3698.6
3 13.90 86.96 79.85 79.87 1176.0 39558.0 7.48 500.00 .62160 3524.4
3 13.81 85.05 78.95 78.97 1275.0 44496.0 8.09 490.00 .68636 3100.8

J
,) 13.72 83.99 77.14 77 .16 1602.0 43680.0 6.24 490.00 .52614 2831.4

• ,) 13.62 82.57 76.18 76.20 1637.0 45610.0 7.08 490.00 .62959 2177.2
3 13.53 81.12 74.59 74.61 1603.0 44837.0 6.91 500.00 .60475 2245.5
3 13.43 78.92 73.50 73.52 1637.0 47077.0 8.13 605.00 .76J58 1743.9

.J
4 13.32 77 .63 70.68 70.67 1354.5 48000.0 6.29 100.00 .46740 1354.5
4 13.31 77.24 69.53 69.52 1198.1 47995.0 7.08 490.00 .52466 l!98.1

I 4 13.22 76.40 68.04 68.02 768.0 45755.0 7.38 485.00 .45730 1138.2
I 4 13.13 74.95 66.54 66.S1 629.0 46719.0 9.25 490.00 .57560 l!a8.6

I.
4 13.03 73.84 65.12 65.09 55't.0 43459.0 9.69 505.00 .60281 1651. 5

J
4 12.94 73.06 63.72 63.69 508.0 39234.0 8.85 500.00 .52787 1814.4
4 12.84 70.56 62.36 62.33 568.0 42407.0 12.16 490.00 .86475 1420.8
4 12.75 67.88 60.SO 60.78 687.0 45643.0 12.04 495.00 .90310 1267.8
4 12.65 67.17 59.20 59.18 844.0 41215.0 7.87 500.00 .55696 1700.2

1
4 12.56 66.06 58.39 58.38 753.0 25519.0 7.44 505.00 .61488 189f:.O
4 12.46 64.66 54.3! 54.29 849.0 39429.0 7.76 495.00 .55950 1532.4
S 12.38 61.74 54.S9 55.06 923.0 33561.0 11.28 465.00 1.10716 1576.7
5 12.27 59.12 52.38 52.47 989.0 19206.0 6.55 460.00 ,67046 2031.1

• .J
5 .12.18 59.32 46.21 46.29 177.0 810.0 1.39 470.00 .13464 2927.0
5 12.08 58.93 50.12 50.17 136.0 3124.0 5.08 490.00 .49189 3403.7
5 11. 99 58.87 47.03 47.08 158.0 1313.0 1.71 520.00 .13699 3930.9



•
5 11.89 58.75 .if;.57 46.62 215.0 1877.0 U1 4BO.00 .15692 3063.1
5 11. £:0 5f:.19 50.72 50.92 217.0 8891.0 7.24 425.00 .53624 2966.&
5 11.71 57. it, 4'U2 4'] .61 207.0 8159.0 7.02 490.00 .52185 3697.5
5 11.62 2·S.3'1 47.10 47.32 219.0 9895.0 8.89 500.00 .69483 3221.8
5 11.52 53.0 ·1.\.30 44.51 244.0 10581.0 :3.22 500.00 .63012 4086.8
c 11.43 ~1. 20 4(1.30 40.41 459.0 23154.0 1J .35 .00 .94820 l410.9
<'•

(3) SEDIMENT [~FLOU A"D OUTFLOW FOR EACH REACH FROM UPSTREAM TO DOWNSTREAM

REACH P!FLO~ (CFS) OUTFLOIi(CFS)

• !! 4.000 114.000

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
84.900 18.000 6.050 2.520 1.380 .871 .462 .104 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.100 .100 .100 .100 .100 .100 .100 .100 .100 .100

2 114.000 111. 000

SEDIMEHT TRAHSPORT RATES FOR EACH PARTICLE SIZE
86.200 15.600 4.800 2.230 1.320 .697 .244 .000 .000 .000

•
WEIGHTED SIZE FRACTIOHS FOR EACH PARTIClE SIZE

I
.154 .137 .105 .090 .086 .086 .087 .087 .086 .086

3 111.000 107.000

• I SEDIMENT TRANSPORT R~TES FOR EACH PARTICLE SIZE
85.800 12.400 4.100 2.150 1.300 .667 .181 .000 .000 .000

I
WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.165 .118 .096 .090 .089 . .088 .088 .088 .088 .088

• 4 107.000 109.000

I SEDIMEHT TRANSPORT RJTES FOR EACH PARTICLE SIZE
85.500 12.500 5.240 2.850 1.690 1.050 .559 .127 .000 .000

J
WEIGHTED SIZE FRACTIONS fOR EACH PARTICLE SIZE

• .101 .069 .082 .099" .106 .107 .107 .108 .111 .111

I
5 109.000 70.300

SEDIHENT TRANSPORT RATES FOR EACH PARTIClE SIZE

I
60.500 6.080 2.050 l.070 .564 .092 .006 .000 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.234 .121 .097 .035 .080 .079 .077 .076 .075 .075

.J
(4) EfFECTIVE flOW CONDITIONS:

lEACH
HAIN CHANNEL LEH OVERBANK RIGHT OVERSA/U

. SLOPE VELOCITY DEPTH TOPI/IDTH VELOCITY DEPTH TOPl/lOTH VELOCITY DEPTH TOPIHDTH
(FT/SEC) (tTl (FTl (H/SEC) (FTl (H) (H/SEC) (FT) (H)

J
I .00263 9.06 7.5 713. .00 .0 o. .69 .3 289.
2 .00275 7.24 4.5 1237. 1.02

., 343. 3.45 1.5 1571../

3 .00273 6.83 4.3 1438. 2.79 1.0 2232 . .72 .4 74.
4 .00280 B.85 6.5 808. 2.94 1.2 1207. .44 .1 14.

J
5 .00272 6.25 4.5 379. 4.23 3.4 3344. .00 .0 O.

V.



•
HSLAInc. QUASED MODEL -- Time Step ~ JO

• (I) SEDIHENT , WAfER I"FLO~ iNFORMATION (FROM UPSTREAM TO DOWNSTREAM)

UPSTREAM WATERSHED, SED. o. CVoIC YARDS
WATER 27000. CFS

REACH NO TRIBUTARY

• REACH 2 NO TRIBUTARY

REACH 3 NO TRIBUTARY

I REACH 4 NO TRIBUTARY

• REACH 5 NO TRIBUTARY

(2i HYDRAULIC CONDITIONS AND CHAHNEL GEOMETRY:

• jREACH SECNO ILS.EL. BEGINNING EHDIHG CHANNEL CHAHHEL CHANNEL CHANNEL CHANNEL GROSS
BED El. BED El. TOPIHDTH DISCHARGE VELOCITY LENGTH FROUDE NO. TOPIlIDTH

1 16.27 114.99 107.00 107.00 504.6 27000.0 8.11 485.00 .55664 504.6

I 1 16.17 113.09 106.70 106.70 470.9 27000.0 9.85 475.00 .71910 470.9
1 16.08 112.84 106.00 106.00 808.0 27000.0 5.66 475.00 .41092 808.0
1 15.98 112.26 103.90 103.90 828.6 27000.0 5.62 425.00 .41100 828.6
1 15.89 111.96 100.90 100.90 788.9 27000.0 . 4.85 485.00 .32217 788.9

• J

1 15.79 111.19 98.00 98.00 758.2 27000.0 6.27 490.00 .46323 758.2
1 15.70 109.99 97.80 . 97.80 722.8 27000.0 7.30 500.00 .56921 722.8
1 15.61 108.38 97.90 97.90 640.4 27000.0 8.17 495.00 .63347 640.4
1 15.51 106.54 97.30 97.30 376.4 27000.0 9.61 490.00 .61973 376.4

I
1 15.42 106.02 94.10 94.10 992.0 .0 22141.0 5.96 495.00 .54323 1748.7
2 15.32 105.08 94.19 94.15 959.0 21928.0 5.lI 490.00 .50331 1930.1
2 15.23 103.81 95.50 95.47 1229.0 21417.0 6.15 490.00 .64377 1830.0
2 15.13 102.27 92.03 92.00 1159.0 23317.0 6.04 480.00 .58351 2007.3

• 2 15.04 100.55 92.25 92.22 1376.0 23754.0 6.64 490.00 .72507 1875.2

I
2 14.94 99.65 91.52 91.49 1632.0 26332.0 4.54 470.00 .42484 1993.4
2 14.85 97.20 91.16 91.12 1191.3 26719.0 9.18 500.00 . 1.03466 1191.3
2 14.75 96.09 88.42 88.38 972.0 25296.0 5.36 470.00 .42872 1917.9
2 14.66 95.32 88.73 88.70 1202.0 21454.0 5.60 500.00 .55291 2669.8

J
2 14.56 94.26 88.30 88.27 1299.0 20486.0 5.18 475.00 .52364 2586.3
2 14.47 92.75 85.76 85.73 1418.0 25080.0 5.99 485.00 .61497 2147.3
3 14.38 91.37 84.117 84.87 1620.0 26439.0 5.81 475.00 .61126 1636.9• 3 14.28 90.09 84.0S- 84.08 1395.0 23305.0 5.69 500.00 .58533 2689.1
3 14.19 88.88 82.85 82.85 1504.0 24981.0 5.24 470.00 .51886 2950.5

J
3 14.10 87.59 82.02 82.01 1261.0 25387.0 6.01 510.00 .57839 2153.3
3 14.00 86.97 80.73 80.78 1236.0 22045.0 4.26 510.00 .36747 2708.8
3 13.90 85.74 79.87 79.86 1176.0 24681.0 6.41 500.00 .62375 2050.1
3 13.Bl 83.84 78.97 78.96 1275.0 26560.0 6.72 490.00 .67272 1611.9

]
3 13.72 82.72 77 .16 77 .16 1602.0 25981.0 5.09 490.00 .50258 2147.3

• 3 13.62 81.39 76.20 76.20 1637.0 26294.0 5.75 490.00 .60622 1864.4
3 13.53 80.12 74.61 74.61 1603.0 25536.0 5.20 500.00 .52346 1800.8
3 13.43 77.40 73.52 73.52 1561. 8 26711.0 8.03 605.00 .96926 1561.8

.J
4 13.32 75.36 70.67 70.67 1203.7 27000.0 5.73 100.00 .51162 1203.7
4 13.31 74.93 69.52 69.53 1081. 9 27000.0 6.47 490.00 .58104 1081.9
4 13.22 73.92 68.02 68.03 768.0 26881.0 6.17 485.00 .45647 146.2
4 13.13 72.99 66.51 66.52 629.0 26965.0 6.96 490.00 .49385 706.9
4 13.03 71.83 65.09 65.10 532.7 27000.0 7.33 505.00 .54770 532.7

• J
4 12.94 70.94 63.69 63.70 508.0 25733.0 7.56 500.00 .51501 1431.0
4 12.84 68.67 62.33 62.34 56B.0 26124.0 10.37 490.00 .86744 660.8
4 12.75 66.48 60.78 60.79 687.0 26825.0 9.22 495.00 .78958 955.2
4 12.65 65.63 59.18 59. !,] S44.0 24930.0 6.23 500.00 .50437 1463.6

J
4 12.56 64.43 58.38 58.38 753.0 14012.0 6.17 505.00 .62628 1561.1
4 12.46 63.24 54.29 54.30 849.0 23514 .0 6.02 495.00 .49426 1399.1
5 12.38 60.7(. 55.06 55.13 923.0 19858.0 9.50 465.00 1.11271 1393.~

5 12.27 57.62 52.47 52.50 989.0 1020B.0 5.87 460.00 .77973 1668.5

• 5 12.18 57.B4 46.29 46.32 177 .0 337.0 .B6 470.00 .10232 2890.4

J 5 12.08 57.52 50.17 50.20 186.0 1375.0 4.49 490.00 .52721 2833.0
5 11.99 57.52 47.08 47.11 158.0 637.0 1.10 520.00 .10068 3075.4



• 5 11.39 57.46 46.62 46.64 215.0 911. 0 1. 20 420.00 .11314 2'134.
5 II. BO 57.06 50.92 51.01 217 .0 t.033.0 6.16 425.00 .51128 2844.
5 11.71 56.03 49.61 49.70 207.0 5755.0 6.18 490.00 .51307 3064.
( 11.(,2 54.59 47.32 47.42 219.0 6706.0 7.22 500.00 .61799 30B! .
.'
5 11.52 52.34 44.51 44.63 244.0 8502.0 8.56 500.00 .74757 3777.
( ] 1. 43 47.32 40.41 40.57 4~,9. 0 10542.0 9.14 .00 I. 01 ~·(,5 71B.
.'

•
(3) SEDIMENT INFLOW AND OUTFLOW FOR EACH REACH FROM UPSTREAM TO DOWNSTREAM

HUCH ltJfLOW(CFS) OUTFLOW(CFS)

• 3~i _'jOO 39.900

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
30.400 5.530 1.950 .986 .615 .334 .085 .000 .000 .000

• WEIGHTED SIZE FRACTIOUS FOR EACH PARTICLE SIZE
.100 .100 .100 .100 .100 .100 .!OO .100 .100 .100

2 39.900 47.800

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
36.300 6.760 2.360 1.230 .733 .340 .033 .000 .000 .000

•
WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE

I
.149 .137 .106 .089 .086 .087 .088 .088 .086 .086

3 47.800 48.900

• j
SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE

38.300 5.870 2.240 1.320 .792 .319 .006 .000 .000 .000

I
WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE

.163 .119 .096 .090 .089 __ .088 .088 .088 .088 .088

4 48.900 47.900•
I SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE

37.300 5.220 2.300 1.440 .934 .543 .191 .000 .000 .000

j WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE

• .103 .070 .081 .099 .105 .106 .107 .103 .110 .110

I
5 47.900 32.300

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE

]
27.600 2.780 1.020 .SS6 .254 .041 .000 .000 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.237 .122 .096 .034 .080 .078 .077 .075 .074 .074

J
(4) EFFECTIVE FLOW CONOITIONS:

• ~EACH MAIN CHA~NEL LEFT OVERBAt!( RIGHT O'JERBAN(
SLOPE VELOCITY DEPTH TOPIIIDTH VELOCITY OEPTH rOPIIIDTH VELOCI TY DEPTH TOPIIIDTH

(FT/SEC) (FT) (FT) (FT/SEC) (FT) (FT) (H!SEC) (FT) (FT)

! .00220 7.19 5.9 680. .00 .0 O. .20 .1 65 .
2 .00272 6.04 3.3 1221. .69 .3 295. 2.72 1.0 1?~Q

.~/, .

3 .00275 5.74 3.1 1435. 2.36 .4 2090. .32 .1 65 .
4 .00284 7.33 4.8 784. 1.88 .4 1013. .12 .0 12 .

• J
S .00280 5.33 3.3 379. 3.59 2.9 3022. .00 .0 o.

1,..1



•
lOt SlA Inc. OUASED HODEL -- Ti~e Ster ~ IJ

• (I) SEDIHENT &UATER fNFlOW I"FOR"AT!O~ (~eOH UPSTREAM TO DOWNSTREAM)

UPSTREAM ~4TEP.Sf!ED 1 StU. o. CLiBIC YARDS
~MER 21000. CFS

REACH NO TRfBUTWi

• REACH 2 NO TRIBUTARY

REACH 3 NO TRIBUTAR'i

REACH NO TRIBUTARY

• REACH 5 NO TRIBUTARY

(2) HYDRAULIC CONDITIONS AND CHANNEL GEOMETRY:

• :REACH SECNO ILS.EL BEGINNING ENDING CHANNEL CHANNEL CHANNEL CHANNEL CHANNEL GROSS
BED EL. BED EL. TOPWIDTH DISCHARGE VELOCITY LENGTH FROUDE NO. TOPVIDTH

1 16.27 114.05 107.00 107.00 495.0 21000.0 7.35 485.00 .53958 495.0
1 16.17 112.36 106.70 106.70 461.3 21000.0 8.74 475.00 .67467 461.3
1 1(..08 111.98 106.00 106.00 803.7 21000.0 5.16 475.00 .40458 803.7
1 15.98 111.37 103.90 103.90 824.3 21000.0 5.16 425.00 .40961 824.3

J

1 15.89 111.07 100.90 100.90 784.7 21000.0 4.32 485.00 .30570 784.7

• 1 15.79 110.34 98.00 98.00 754.1 21000.0 . 5.73 490.00 .45758 7SU
1 15.70 108.96 97.30 97.BO 717.6 21000.0 7.11 500.00 .61749 717.6
1 15.61 107.25 97.90 97.90 511.7 21000.0 7·.92 495.00 .61281 511.7
I 15.51 106.09 97.30 97.30 371.6 21000.0 7.95 490.00 .52561 371.6

I
.1. 15.42 105.50 94.10 94.10 992.0 17515.0 5.39 495.00 .52531 1350.5
2 15.32 104.61 94.15 93.98 959.0 17836.0 5.14 490.00 .47664 1913.2
2 15~23 103.34 95.47 95.34 1229.0 16933.0 5.73 490.00 .65157 1766.9
2 15.13 101.82 92.00 91.85 1159.0 18559.0 5.45 480.00 .56025 1698.4•

I
2 15.04 100.00 92.22 92.09 1376.0 19141.0 6.43 490.00 .77084 1694.8
2 14.94 99.05 91.49 91.37 1632.0 20712.0 4.21 470.00 .42763 1790.4
2 14.85 96.77 91.12 90.95 1143.0 20916.0 8.35 500.00 .99429 1143.0
2 14.75 95.50 88.38 88.19 972.0 20225.0 4.83 470.00 .41036 1549.6
2 14.66 94.68 88.70 88.56 1202.0 18219.0 5.51 500.00 .58595 2248.7

] 2 14.56 93.59 88.27 88.15 1299.0 16821.0 5.27 475.00 .59310 2089.1
2 14.47 92.11 85.73 85.60 1418.0 20250.0 5.81 485.00 .65338 1468.3
J 14.38 90.85 84.87 84.82 1346.9 20660.0 5.31 475.00 .55010 1346.9• 3 14.28 89.52 84.08 84.04 1395.0 19104.0 5.63 500.00 .63566 1928.9

J

3 14.19 88.38 82.85 82.81 1504.0 20115.0 4.89 470.00 .52079 2040.4
J 14.10 87.09 82.01 81.96 1261.0 20233.0 5.60 510.00 .58311 1868.1
3 14.00 86.44 go. 78 80.74 1236.0 17751.0 3.91 510.00 .35932 2451.1
3 13.90 85.25 79.86 79.81 1176.0 19633.0 5.91 500.00 .62042 1707.5

j
3 13.81 83.40 78.96 78.91 1275.0 20750.0 6.07 490.00 .65263 1356.8
3 13.72 82.28 77.16 77 .12 1602.0 20508.0 4.61 490.00 .48780 1920.1

• 3 13.62 80.96 76.20 76.16 1637.0 20588.0 5.26 490.00 .59921 1753.0
3 13.53 79.72 74.61 74.57 1603.0 19961.0 4.65 500.00 .50012 1778.3
3 13.43 76.95 73.52 73.48 1438.3 20832.0 7.80 605.00 1.00778 1438.3

J 4 13.32 74.62 70.67 70.68 1143.6 21000.0 5.47 100.00 .52650 lln.6
4 13.31 74.12 69.53 69.54 102~.6 21000.0 6.37 490.00 .62696 1029.6
4 13.22 73.03 68.03 68.05 768.0 20998.0 5.77 485.00 .46721 l'JI.'t
4 13.13 12.08 66.52 66.54 604.8 21000.0 6.33 490.00 .47604 604.8

)
4 13.03 71.04 65.10 65.13 526.8 21000.0 7.00 505.00 .51667 526.8

• 4 12.94 70.07 63.70 63.73 50S.0 20958.0 7.05 500.00 .51334 1396.5
4 12.34 68.01 62.34 62.36 568.0 20472-0 9.39 490.00 .84440 609.6
4 12.75 65.97 60.19 60.81 629.1 21000.0 IUS 495.00 .70940 629. I
4 12.65 65.08 S'} .1': 59.21 344.0 19975.0 5.62 500.00 .48325 1443.6

1
4 12.56 63.87 5r• ',; 58.39 753.0 10452.0 5.57 505.00 .62249 1293.16 • .)0

4 12.46 62.74 54.30 54.31 849.0 18736.0 5.37 495.00 .46655 1368.5
5 12.38 60.36 55.lJ 55.35 923.0 15892.0 9.00 465.00 1.14658 1317.5
5 12.27 57.08 52.50 52.60 989.0 7226.0 5.36 460.00 .80952 1560.5

• J
5 12. Hl .57.30 46.32 46.41 177 .0 224.0 .69 470.00 .08950 2877 .1
5 12.08 57.02 50.20 50.30 186.0 1471.0 4.18 490.00 .53476 2544.4
5 11. 99 57.04 47.11 47.20 158.0 461.0 .89 520.00 .03666 2985.7

V





•
r SLA [nc- OUAS£U MODEL -- Time Step ~ 1"1.L

• !I SEDIMENT LUAfER [NFLOW INFORMATION (FROM UPSTREAM 10 DOWNSTREAM)

UPSTREAM ~ATERSHED, SED. o. CUB Ie YAROS
WAfER 8000. CFS

REACH 140 TRIBUTARY

• REACH 2 NO TRI6UIARY

REACH 3 NO TRIBUTARY

REACH 4 NO TRIBUTARY

•
REACH 5 NO TRIBUTARY

(2) HYDRAULIC CONDITIONS AND CHANNEL GEOHETRY:
i CHANNEl GROSS• ,EACH SECNO U.S.Elo BEGINNING ENDING CHANNEl CHANNEL CHANNEL CHANNEl

BED Elo BED Elo TOPUIDTH DISCHARGf VElOCITY lENGTH FROUDE NO. rOPIlIDTH

lf
16.27 Ill. 38 107.00 107.00 439.5 8000.0 5.05 485.00 .46880 439.5
16.17 110.30 106.70 106.70 434.1 8000.0 5.43 475.00 .51880 434.1
16.08 109.60 106.00 106.00 792.0 8000.0 3.69 475.00 .39305 792.0

I 15.98 108.09 103.90 103.90 727.4 3000.0 5.66 425.00 .71515 727.4

If
15.89 107.59 100.90 100.90 576.6 8000.0 3.51 485.00 .31084 576.6

• 15.79 106.68 98.00 99.00 379.4 3000.0 5.54 490.00 .50083 379.4
15.70 105.56 97.80 97.80 360.0 8000.0 5.77 500.00 .51752 360.0

1 15.61 104.48 97.90 97.90 394.6 8000.0 5.50 495.00 .50462 394.6
I 15.51 104.02 97.30 97.30 349.7 8000.0 4.23 490.00 .32042 349.7

I 1 15.42 103.32 94.10 94.10 829.2 7739.0 4.90 495.00 .62498 829.2
I 2 15.32 102.27 93.98 93.91 776.5 7897.0 4.61 490.00 .54631 776.5

2 15.23 100.29 95.34 95.17 311.3 7972.0 7.59 490.00 .72325 311.3
"I 15.13 99.52 91.&5 91.77 625.8 7908.0 4.55 480.00 .48191 625.8• L

! 2 15.04 98.15 92.09 92.02 730.2 7966.0 5.56 490.00 .70030 730.2
2 14.94 97.27 91.37 91.33 1273.6 7998.0 3.06 470.00 .37664 1273.6

I 2 14.85 95.05 90.95 90.87 689.1 3000.0 7.29 500.00 1.01824 689.1
2 14.75 93.45 88.19 88.13 810.8 8000.0 3.19 470.00 .31998 810.8
2 14.66 92.85 88.56 88.51 982.9 7707.0 3.34 500.00 .47302 982.9

J ~
14.56 91.83 88.15 88.11 1131.8 7103.0 4.18 475.00 .60196 1131.8
14.47 90.54 85.60 85.55 1077.0 7988.0 4.03 485.00 .52411 1077.0

• ,) 14.38 89.38 84.82 84.84 1191.0 7955.0 3.65 475.00 .47465 1191.0
3 14.28 88.00 84.04 84.06 1115.5 7907.0 4.41 500.00 .61314 1115.5

f ~
14.19 86.87 82.81 82.83 1252.7 7970.0 3.47 470.00 .45107 1252.7

,) 14.10 35.56 81.96 81.98 1044.8 7993.0 4.38 510.00 .58438 1044.8
3 14.00 84.79 80.74 80.76 1236.0 7489.0 2.82 510.00 .33915 1643.5
3 13.90 83.58 79.81 79.83 1023.3 7815.0 4.75 500.00 .66101 1023.3

I ~
13.81 81.69 78.91 78.94 754.4 7982.0 4.86 490.00 .58041 754.4

,) 13.72 80.86 77 .12 77.14 1210.8 7978.0 3.09 490.00 .37350 1210.8

• 3 13.62 79.61 76.16 76.18 1492.9 7971.0 4.13 490.00 .64024 1492.9
,) 13.53 78.28 74.57 74.59 1379.9 7874.0 3.37 500.00 .45634 1379.9
3 13.43 75.82 73.48 73.50 1159.2 7987.0 6.16 605.00 1.02683 II 59 .2

J
4 13.32 72.90 70.68 70.69 992.0 8000.0 4.03 100.00 .50142 992.0
4 13.31 72.26 69.54 69.55 911.0 8000.0 5.37 490.00 .739S3 911.0
4 13.22 70.58 68.0S 68.06 727.6 8000.0 4.41 485.00 .4nOO 727.6
4 13.13 69.49 66.54 66.56 596.9 8000.0 4.58 490.00 .47206 596.9

J

4 13.03 68.44 65.13 65.15 507.5 8000.0 4.88 505.00 .47893 507.5

• 4 12.94 67.66 63.73 63.75 471.4 8000.0 4.43 500.00 .39907 471.4
4 12.84 66.12 62.36 62.33 523.1 7937.0 6.47 490.00 .74514 523.1
4 12.75 64.27 60.81 60.83 608.1 8000.0 5.31 495.00 .59424 608.1
4 12.65 63.36 59.21 59.22 7'73.8 8000.0 3.70 500.00 .39573 793.S

1
4 12.56 62.14 58.39 58.40 753.0 3188.0 4.53 50S.00 .82479 791. 3
4 12.46 61.19 54.31 54.32 84'1.0 7754.0 3.50 495.00 .38127 1149.9
5 12.38 59.26 55.35 55.3[. 910.2 6841.0 7.12 465.00 1.226(.3 920.2
5 12.27 55.56 52.60 52.60 971. 7 1877.0 4.14 460.00 1.06646 971.7

• J5 12.18 55.76 46.41 46.41 177.0 40.0 .26 470.00 .04878 2702.7
5 12.08 55.58 SO.30 50.31 186.0 497.0 2.80 490.00 .50465 1646.7
5 11.99 55.64 47.20 47.20 158.0 127.0 .37 520.00 .04502 2609.7



• 480.00 .049% 2125.~5 1U'i 55.63 4~.70 4~.70 215.0 18'J.0 .41
5 11. [;0 55.45 51. 31 51. 33 217.0 2482.0 3.96 425.00 .411 ?2 2349.1
c ILlI 54.47 50.01 50.03 207.0 3193.0 5.42 490.00 .56543 2782.3
"
5 ! U2 53.13 47.76 47.78 219.0 3020.0 5.01 500.00 .53193 1641 .7
c lU2 SO.92 45.02 45.0,; 244.0 4309.0 7.17 500.00 .B046'] !.758.6
"
5 I!. .L3 45.53 4l. 09 41.] 2 459.0 1623.0 4.71 .00 .9588f:

~ .... (
tJ,).). J

•
\3) SEDI~EHr INFlOY AND OUTFLOW FOR EACH REACH FROM UFSTREAM TO DOWNSTREAM

REhCH IHFLO~(CFS) OUTFlOU(CFS)

• 5.980 5.980

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
4.430 .756 .351 .229 .139 .030 .000 .000 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.100 .100 .100 .100 .100 .100 .100 .100 .100 .100

2 5.980 10.400

SEDIMEHT TRANSFORT RATES FOR EACH PARTICLE SIZE

I
7.300 1.670 .710 .417 .257 .078 .000 .000 .000 .000

• WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE

I
.120 .130 .106 .092 .089 .091 .093 .093 .091 .091

3 10.400 3.350

• I
SEDIMENT TRANSPORT PJTES FOR EACH PARTICLE SIZE
6.150 1.140 .522 .330 .186 .Oll . .000 .000 .000 .000

I
WEIGHTED SIZE FRACTIONS FOR EACH PARTIClE SIZE
.155 .124 .098 .091 .091 .089 .089 .089 .089 .089

4 8.350 7.500

• I SEDIMEHT TRANSPORT RATES FOR EACH PARTICLE SIZE
5.540 .866 .451 .351 .229 .060 .000 .000 .000 .000

I WEIGHTED SIZE FRACTIONS FOR EACH PARTIClE SIZE
.108 .030 .083 .097 .102 .102 .104 .106 .109 .109

• 5

I
7.500 6.600

SEDIMENT TRANSPORT RATES FOR EACH PARTICLE SIZE
5.490 .643 .286 .151 .033 .000 .000 .000 .000 .000

• I WEIGHTED SIZE FRACTIONS FOR EACH PARTICLE SIZE
.245 .125 .096 .084 .079 .078 .074 .072 .071 .071

J
(4) EFFECTIVE FLOW CONDITIONS:

• ~ACH
HAIN CHANNEL LEFT OVERBAN{ RIGHT OVERBANl

SLOPE VELOCITY DEPTH TOPWIDTH VELOCITY DEPTH TOPIHOTH VELOCITY DEFTH TOPllmH
(FT /SEC) (FT) (FT ) (FT/SEC) (FT) (H) (FT/SEC) (FT) (FT)

I ! .00187 4.93 3.5 513. .00 .0 o. 0" .0 61.. 0

2 .002£.5 4.f:4 2.2 827. .21 .0 114 . .98 .2 477 .
3 .002£.5 4.00 1 " 1!65. 1.27 .0 1501 . .00 .0 o.

.0

4 .00291 4.79 2.4 707. .80 .3 290 . .00 .0 o.

J
5 .00283 3.70 I " 377. 2.46 l.S 2779. .00 .0 o.• _ .0



•
THE FOLLOWING TABLE LISTS THE fiEO ELEVATION AT THE END OF EACH TIHE STEF

REACH SECNO STEF ! STEP 2 STEP 3 STEP 4 STEP S STEP (. STEP 7 STEP 8 STEP 9 STEPIO STEP I1 STEP!2

•
I 16.27 !O7.00 107.00 107.00 107.00 107.00 107.00 107.00 107.00 107.00 107.00 107.00 07.00
1 16.17 IOt:..70 106.70 106.70 106.70 106.70 106.70 106.70 106.70 106.70 106.70 106.70 06.70
1 16.03 lOt,. 00 10t,.00 10£,.00 lOt,. 00 106.00 106.00 10t,.00 106.00 106.00 106.00 106.00 Ot,. DC
1 15.98 103.']0 !G3. '.<0 103. ']0 103.')0 103.'fO !O3.90 103. 'fO 103.90 103.90 103.90 103.90 03.'.10
1 15.39 100.90 100.90 100.90 100.90 100.90 100.90 100.90 100.90 100.90 100.90 100.90 00.90

• 1 15.79 93.00 'j:;.OO 98.00 93.00 98.00 98.00 9S.00 93.00 98.00 9S.00 98.00 'j8 .00
1 15.70 97.80 97.80 97.80 97.30 97.80 97.8(1 97.30 97.BO 97.30 97.30 97.BO 97.f:O
1 15.61 97.90 'n .'10 97.')0 97.90 97.90 97.90 97.90 97.90 97.90 97.90 97.90 97.']0
1 15.51 97.30 97.30 97.30 97.3!l 97.30 97.30 97.30 97.30 97.30 97.30 97.30 97.30
1 15.42 94. to ~;4.10 94.10 94.10 94.10 94.10 94.10 94.10 94.10 94.10 94.10 94.10
2 15.32 n.so 93.43 93.54 93.68 93.83 93.97 94.07 94.18 94.19 94.15 93.98 93.91
2 15.23 . 94. 90 94.88 94. ~;3 95.05 95.18 95.30 95.39 95.49 95.50 95.47 95.34 95.17
2 15.13 91.40 91. 33 91.44 91.57 91-71 91.83 91.92 92.02 92.03 92.00 91-85 91. 77

• 2 15.04 'J 1. 70 91.68 91.73 91.84 91-96 92.07 92 .15 92.24 92.25 92.22 92.09 92.02
2 14.94 91.00 90.98 91.02 91.12 91-24 91-34 91-42 91-51 91-52 91-49 91.37 91. 33
2 14.85 90.50 90.47 90.53 90.66 90.31 90.94 91-04 91-15 91-16 91-12 90.95 90.S7
2 14.75 87.60 87.58 S7.6S 27.B1 87.99 SS.IS SB.27 89.40 S8.42 B9.39 99.19 89.13
2 14.66 83.20 88.18 88.23 38.33 B9.45 B9.55 99.63 98.72 89.73 99.70 Ba.56 SB.Sl
2 . 14.56 87.80 87.7B 37.82 87.92 81:1.03 88.13 38.21 88.29 88.30 ll8.27 88.15 88.11
2 14.47 35.20 85.18 85.23 85.34 85.47 85.58 ll5.66 35.75 85.76 85.73 ll5.60 35.55
3 14.38 84.43 B4.45 84.48 84.54 84.63 84.71 84.77 84.85 84.87 84.87 34.82 84.84

• 3 14.28 83.64 83.66 83.69 83.75 83.84 83.92 83.98 84.06 84.08 84.08 84.04 84.06
3 14.19 82.43 82.45 82.48 82.54 82.62 82.70 82.76 82.83 82.85 82.85 82.81 82.83
3 14.10 81.53 81.55 81.53 81.65 81.75 81.84 81.91 82.00 82.02 82.01 81.96 81.98

II 14.00 80.32 BO.34 fiO.37 80.43 80.52 80.61 80.68 80.76 80.7ll 80.78 80.74 80.76
13.90 79.34 79.36 79.39 79.46 79.57 79.67 79.75 79.85 79.87 79.86 79.81 79.83
13.ll1 78.44 7B.46 7B.49 78.56 78.67 78.77 78.85 78.95 78.97 78.96 78.91 78.94

3 13.72 76.72 76.74 76.77 76.83 76.92 77.00 77.06 77.14 77 .16 77.16 77 .12 77.14

II 13.62 75.73 75.75 75.78 75.84 75.94 76.03 76.10 76.18 76.20 76.20 76.16 76.18

• 13.53 74.13 74.15 74.13 74.24 74.34 74.43 74.SD 74.59 74.61 74.61 74.57 74.59
13.43 73.03 73.05 73.03 73.15 73.25 73.34 73.41 73.50 73.52 73.52 73.48 73.50

4 13.32 70.89 70.88 70.33 70.79 70.75 70.72 70.70 . 70.68 70.67 70.67 70.68 70.69
4 13.31 69.78 69.77 69.71 69.66 69.61 69.57 69.55 69.53 69.52 69.53 69.54 69.55..,

I:
13.22 68.38 63.37 68.29 68.22 68.15 68.10 68.07 68.04 68.02 68.03 68.05 68.06
13.13 66.98 66.96 66.86 66.77 66.68 .66.62 66.58 66.54 66.51 66.52 66.54 66.56
13.03 65.57 65.55 65.44 65.35 65.26 65.20 65.16 65.12 65.09 65.10 65.13 65.15

• 4 12.94 64.17 64.15 64.04 63.95 63.86 63.80 63.76 63.72 63.69 63.70 63.73 63.75

I :
12.84 62.77 62.75 62.65 62.57 62.49 62.43 62.40 62.36 62.33 62.34 62.36 62.38
12.75 61. 17 61.15 61.06 60.98 60.91 60.S6 60.83 60.80 60.78 60.79 60.81 60.83
12.65 S9.43 59.47 59.40 59.34 59.28 59.24 59.22 59.20 59.18 59.19 59.21 59.22

4 12.56 58.58 58.58 58.54 58.50 58.46 58.43 58.41 58.39 58.38 58.38 58.39 58.40
4 12.46 54.58 54.57 54.51 54.45 54.39 54.35 54.33 54.31 54.29 54.30 54.31 54.32

I~
12.38 53.42 53.46 53.66 53.86 5U2 54.37 54.58 54.89 55.06 55.13 55.35 55.36
12.27 51.52 51.54 51.64 51.76 51.92 52.07 52.20 52.38 52.47 52.50 52.60 52.60

• 5 12.18 45.32 45.83 45.91 45.96 46.02· ·'·46.08 46.13 46.21 46.29 46.32 46.41 46.41
5 12.08 49.73 49.75 49.82 49.87 49.93 49.99 50.04 50.12 50.17 SD.20 50.30 50.31

II 11.99 46.62 46.63 46.69 46.74 46.81 46.88 46.94 47.03 47.08 47.11 47.20 47.20
11.89 46.12 46.13 46.18 46.24 46.32 46.40 46.47 46.57 46.62 46.64 46.70 46.70
11.BO 49.13 49.21 49.47 49.68 49.94 50.19 SD.40 50.72 50.92 51.01 51.31 51.33

5 11.71 47.92 48.01 48.26 48.46 48.70 48.93 49.12 49.42 49.61 49.70 50.01 SO.03
5 11.62 45.39 45.49 45.78 46.01 46.28 46.54 46.76 47 .10 47.32 47.42 47.76 47.78

1 ~
11.52 42.65 42.76 43.08 43.29 43.54 43.78 43.99 44.30 44.51 44.63 45.02 4$.04

• 11. 43 39.34 39.38 39.66 39.97 40.15 40.20 40.24 40.30 40.41 40.57 41.09 4!.l2

.tHE FOLLOWING TA8LE LISTS THE CHANGE IN BED ELEVATION DURING EACH TIHE STEP

rEACH SECNO STEF I STEP 2 STEP 3 STEP 4 STEP 5 STEP 6 STEP 7 STEP 8 STEP 9 STEPIO STEPll STEP12

•
I 16.27 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .oc

Ii 16.17 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
16.0S .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

J 15.98 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
1 1c Coo) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00..J.o,• Ji 15.79 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

15.70 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00



• 1 15.61 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
1 15.51 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
1 15.42 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
2 15.32 .00 -.02 n' .14 .15 .14 .10 .11 .01 -.O~ - .17 -.07•• f:,

2 15.23 .00 -.02 .05 .12 . !3 .12 .09 .] 0 .01 -.03 - .13 -.17
2 15.13 .00 -.02 .% .13 . !4 .12 .09 .10 .01 - .03 -.15 -.08
2 15.04 .00 -.02 .05 · !] .12 .jl 0" .09 .O! ·.03 -. 1~ -.07· 0

2 14. 'fd .00 -.02 .04 .10 .12 .10 n'-' .O'J .01 -.03 -. !2 ·.04· cO• '1 IU:5 .00 -.03 n 17 Ie .] 3 .10 .1l .01 - .04 - . J7 -. or:'- .. t. - ; .... •• oJ

2 14.75 .00 - .02 .07 I' I') .!t, .12 .13 .02 . .04 - .I·f -.Ot,• :.tJ .• 0

2 14.6(. .00 . .02 . O~· .10 .12 .10 0') .0'1 .01 .. 03 - .14 -.05• (0

2 14.56 .00 - .02 .04 .10 .11 .10 .OS .OB .01 -.03 -.12 -.04
2 14.47 .00 - .02 .05 .j] .13 .J! 0" .09 .01 -.03 - .13 -.05· (.

3 14.33 .03 .02 .03 .06 .0'1 n" .06 .OB .02 .00 -.05 .02._0

~ 14.28 .04 .02 .03 .Ot. .09 nr, .Ot. n') .02 .00 -.04 .02.• 0 ._v

3 14.1'1 .03 .02 .03 .06 no no n- .07 .02 .00 -.04 .02.• u ._u .•t.• 3 14 .10 .03 .02 .03 .07 .10 .09 .07 .09 .02 - .01 -.05 .02
3 14.00 .02 .02 .03 .06 .09 .09 .07 n" .02 .00 -.04 .02._0

3 13.90 .04 .02 .03 n~ .11 .10 .08 .10 .02 -.01 -.05 .02· .1

3 13.31 .04 .02 .03 .07 .11 .10 .08 .10 .02 -.01 -.05 .03
3 13.72 .02 .02 .03 .Ot. .09 .08 .06 .08 .02 .00 -.04 .02
3 13.62 .03 .02 .03 0' .10 .09 .07 .08 .02 .00 -.04 .02.. 0
3 13.53 .03 .02 .03 .06 .10 .09 .07 0" .02 .00 -.04 .02• 7

3 13.43 .03 .02 .03 .07 .10 .09 .07 .09 .02 .00 -.04 .02• 4 13.32 -.01 -.01 -.05 -.04 -.04 -.03 -.02 -.02 -.01 .00 .01 .01
4 13.31 -.02 -.01 -.06 -.05 -.05 -.04 -.02 -.02 -.01 .01 .01 .01
4 13.22 -.02 -.01 -.08 -.07 -.07 -.05 -.03 -.03 -.02 .01 .02 .OJ
4 13.13 -.02 -.02 - .10 -.09 -.09 -.06 -.04 -.04 -.03 .01 .02 .02
4 13.03 -.03 -.02 - .11 -.09 -.09 -.06 -.04 -.04 -.03 .01 .03 .02
4 12.94 -.03 -.02 - .11 -.09 -.09 -.06 -.04 -.04 -.03 .01 .03 .02
4 12.84 -.03 -.02 - .10 -.08 -.08 -.06 -.03 -.04 -.03 .01 .02 .02

• 4 12.75 -.03 -.02 -.09 -.08 -.07 -.OS -.03 -.03 -.02 .01 .02 .02
4 12.65 -.02 -.01 -.07 -.06 -.06 -.04 -.02 -.02 -.02 .01 .02 .01
4 12.56 -.02 .00 -.04 -.04 -.04 -.03 -.02 -.02 -.01 .00 .01 .01

Ii 12.46 -.02 -.01 -.06 -.06 -.06 -.04 -.02 -.02 -.02 .01 .01 .01
12.38 .12 .04 .20 .20 .26 .25 .21 .31 .17 .07 .22 .01
12.27 .02 .02 .10 .12 .16 .15 .13 In .09 .03 .10 .00•• 0

5 12.18 .02 .01 .03 .05 .06 .06 .05 .08 .OS .03 .09 .00
5 12.08 .03 .02 .07 .05 .06 .06 .05 .OS .05 .03 .10 .01

• I~
11.99 .02 .01 .06 .05 .07 .07 .06 .09 .05 .03 .0'1 .00 .
11.89 .02 .01 .05 .06 .08 .08 .07 .10 .05 .02 .06 .00

5 11.80 .13 .08 .26 .21 .26 .25 .21 .32 .20 .09 .30 .02
5 11.71 .22 .09 .25 .20 .24 .23 .19 .30 .19 .09 .31 .02

>:

15
11.62 .19 .10 .29 T .27 .26 .22 .34 .22 .10 .34 .02._,)

5 11.52 .25 .11 .32 .21 .25 .24 .21 .31 .21 .12 .39 .02
5 11.43 .04 .04 ?n .31 .18 .05 .04 .06 .11 .16 .52 .03._0

•
THE FOLLOWING TABLE LISTS THE MINIMUM AND MAXIMUM BED ELEVATIONS (COLUMNS 2 &3
~ THE MAXIMUM DEGRADATION AND AGGRADATION WITH RESPECT TO THE INITIAL BED ELEV

ION (COLUMNS 4 &5) THAT OCCURS AT EACH SECTION DURING THE HYDROGRAPH AND THE
ET CHANGE ('NETCH', .COLUMN 6) IN BED ELEVATION THAT OCCURS AT EACH SECTION DU

• RING THE HYDROGRAPH

I REACH SECNO MIN MAX DEG ASG HETCH

I
1 16.27 107.00 107.00 .00 .00 .00
1 16.17 106.70 106.70 .00 .00 .00
1 16.08 106.00 106.00 .00 .00 .00• 1 15.93 103.90 103.90 .00 .00 .00
1 15.39 100.90 100.90 .00 .00 .00

J
1 15.79 98.00 98.00 .00 .00 .00
! 15.70 97.30 97.30 .00 .00 .00
1 15.61 97.90 97.90 .00 .00 .00
I IS.51 97.30 97.30 .00 .00 .00

1
I 15.42 94.10 94.10 .00 .00 .00
2 15.32 93.48 94.19 .02 .69 .41• .., 15.23 94.118 95.50 .02 .60 .27'-

2 15.13 'H.33 92.03 .02 .63 .37
'1 15.04 91.(,& 92.25 .02 .55 -"'- ..L

j 2 14.94 90.98 91.52 .02 .52 • .)J

2 14.85 90.47 91.1(. .03 .6£. .37
2 14.75 87.53 83.42 .02 .82 .53
2 14.66 88.1& 88.73 .02 .53 .31

J
.., 14.5i 87.78 88.30 .02 .50 .31• L

2 14.47 85.18 r.5.76 .02 .56 .35

S}



•

•

•

• 3 l' ',' :;~. 40 24.87 .00 p .44•• ~(J •. f

3 14.28 83. f,() 84.0a .00 4(' .4f.. 0

3 ILl': 32.40 82.35 .00 .45 r.. J

J 14.10 f:1.50 82.02 .00 .52 4c,. (.

3 14.00 80.30 80.73 .00 .42 .46
~ 13.90 79.30 79. ~:7 .00 .57 .53
3 13. ~:1 78.40 7" ,p .00 .57 .54CJ • ~ J

3 l' ". 76.70 77 .It, .00 .4(. J~,.\. ! i..• j I ~ . 'I is.70 76.20 .00 .50 .48. ,'. t.~

J 13.53 74.10 74.61 .00 .5! .4 'j

3 13.43 73.00 73.52 .00 C'l .50. __'i...

4 !3.32 70. (,7 70. '30 .23 .00 - 'II

4 13.31 69.52 69.80 ?Q .00 - 'Ie._u • .:.. ...!

4 !3. 22 68.02 68.40 .38 .00 -.34
4 13.13 f.6.51 67.00 .49 .00 -.44

• 4 J3.03 t.S.09 65.60 .51 .00 -.45
4 12.':4 63.69 64.20 .51 .00 -.45
4 !2.84 62.33 62.80 .47 .00 -.42
4 12.75 60.78 61.20 .42 .00 -.37
4 12.65 59.18 59.50 .32 .00 -.28
4 J2.56 58.38 58.60 .22 .00 -.20
4 12.46 54.29 54.60 .3J .00 - .28
5 12.38 53.30 55.36 .00 2.06 2.06

• 5 J2.27 51. SO 52.60 .00 1.10 l.10
5 12. JS 45.80 46.41 .00 .61 .61
5 12.08 49.70 50.31 .00 .61 .61
5 11.99 46.60 47.20 .00 .60 .60
S 11.89 46.10 46.70 .00 .60 .60
5 11.80 49.00 51.33 .00 ? ~~ ? ~~... ,),) ... ,:),)

5 11.71 47.70 50.03 .00 2.33 2.33
5 11.62 45.20 47.78 .00 2.58 2.53

• 5 11.52 42.40 45.04 .00 2.64 2.64
5 11.43 39.30 41.12 .00 1.82 1.82

•

•
I

I
J

J

)

J

• J
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•

Executive Summary

The unsaturated flow model U SAT2 was appl ied to three

representative cross-sections of the proposed Cholla Sanitary

Landf ill to determ i ne the d i st r i but ions of pressure head and

moisture content In response to an extreme hydrologic surface

indicated the potential for lateral migration of ground water.

The th ree cross-sect ions were representat i ve of geol og i c and

lithologic conditions at the site. The modeleled flow event

consisted of a flood with a stage hydrograph whose maximum

stage reached the approximate 100 year flood boundary for 10

hours. The duration of the hydrograph was 8 days.

•

•

•

flow event In the Agua Fria rIver. These distributions

The cross-sections were oriented in an east-west

•

•

direction, with one section in th~ north, one in the center and

one I n the south. On the average, the northern sect ion was

composed of coarser grain materials such as sands and gravels,

the cent ral sect i on was composed of sands and s i 1ts and the

southern section was composed of silts and clays with some

sands and gravels.

sou rces: laboratory permeab i 1 i ty measurements, i n-s i tu test i ng

In selected boreholes, and published ranges of parameters based

on soil texture. Estimates made on soil texture were biased

toward the conservative side and thus permitted more inflow

than might actually occur.

•

•

•

Model parameter estimates were obtained from three



The model showed that the saturation front did not move

closer than about 100 feet of the landfi 11 excavation. The

northern cross-section had the most water infiltration with

nearly 100 ft 3 /ft 2 of water infiltrating over the 8 day period

and 60 ft 3 /ft 2 occuring within the first 5 days. The central

section had a total of 50 ft 3/ft 2 of water infiltrated over the

•

•

•

• 8 day period. The southern section had little if any

•

•

•

•

•

•

•

infiltration due to a low permeability layer directly under the

streambed. Only 3.5 ft 3/ft 2 of water infiltrated over the 8 day

period.
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1.0 Introduction

The unsaturated flow model UNSAT2 (Davis and euman, 1983) was applied to three cross-

sections of the proposed Cholla Sanitary Landfill to estimate the distributions of pressure head and

moisture content in response to an extreme hydrologic surface flow event in the Agua Fria river. These

distributions indicate the potential for lateral migration of ground water. Three cross-sections were

chosen to be representive of geologic and lithologic conditions at the site. The three sections are referred

to in this report as Section 7, Section 8 and Section 9. The extreme flow event consisted of a stage

hydrograph that matched the approximate 100 year flood boundary on the Agua Fria river below the

\' ew Ri ver confl uence (EMCO N Asssociates, 1989a).

2.0 Mathematical Development

The mathematical model that emulates the flow in unsatured porous media is based on a non-

linear partial differential equation (Neuman et ai, 1974). For the purposes of this report, flow is

assumed to occur in the vertical plane. The region modeled was composed of nonuniform soils so that

model parameters were non-homogeneous in space.

2.1 Basic flow equations

The basic flow equation used III this report to describe and model the flow of water III a

variably saturated porous medium is:

o( ah(x,z,t)) a( ah(x,z,t)) 0( )ox K,.(h)K,(x,z) ax + az K,.(h)K,(x,z) az + oz K,.(h)K,(x,z)

•

•

= C(h) oh(x,z,t)
at

on D, where D is the spatial domain of the flow region, and where;

x, z = spatial coordinates,

(1)



•

•

•

•

•

•

Kr relative hydraulic conductivity (0 < Kr < 1),

K. saturated hydraulic conductivity,

h pressure head,

C specific moisture capacity = -dB /dh,

B volumetric water content,

time.

The saturated hydraulic conductivity, K., is assumed to vary only spatially. The pressure

head, h, is positive in saturated zones, zero at the phreatic surface and negative in the unsaturated

zone. Hysteresis is not considered in the model.

2.2 Initial conditions

The solution of equation (1) requires that initial conditions be specified within the flow region.

Because hysteresis in not considered, h is a single-valued function of volumetric moisture content, B,

and the initial conditions are fully described by the pressure head:

•

•
where ho is a prescribed function of (x,z).

2.3 Boundary conditions

h(x,z,O) = ho(x,z) (2)

•
In addition to initial conditions, either pressure head or normal flux must be specified along

the boundaries of the flow region. Prescribed pressure head boundaries, which may vary with time, are

described mathematically as:

•

•

h(r,t) = he(r,t) (3)



where r is the curve describing the boundary, and he and V are prescribed functions of r at t. For the

•

•

•

while the fluxes normal to the boundary are represented as:

(KrK•. V'h· n+ V)I
r

o (4)

•
purposes of this report, it is assumed that at the soil-air interface, no water is lost to evaporation nor

does any water enter as infiltration except through the river bed.

•
3.0 Numerical Approximation'

A Galerkin finite element approach is used to solve the flow equation and its associated initial

•

•

and boundary conditions (equations (1) - (4). Construction of the finite element (F.E.) grid followed

standard procedures established to produce grids composed of triangular or quadrilateral elements. The

corners of these elements are taken to be n~dal points. F.E. grids were superimposed over cross-

sectional views of the flow region so as to conform with the boundaries or interfaces between materials

of different properties.

For a finite element grid superimposed over a cross-section, the pressure head h(x,z,t) within

the region is defined as:

•

•

NL hn(t) y ~~(x,z)
n=l

where;

- the total number of nodes,

value of the pressure head at node n,

(5)

~~(x,z) - a local coordinate function associated with node n in element e.•
U
e

union sign taken over all elements containing node n, and

•

The coordinate functions, or basis functions as they are sometimes called, are required to satisfy:



•

•
(6)

where;

Onm The Kronecker delta (Onm = 1 if n = m, Onm = 0 if n =1= m), and

• m m
X ,z space coordinates of node m anywhere in the grid.

•

•

The values of hn in equation (5) must be determined such that the initial and boundary conditions of

the problem are satisfied.

Substituting equation (5) into equation (1), applying Green's theorem to incorporate boundary

conditions and integrating over the area of the elements leads to the set of quasilinear first-order

differential equations:

N N

L Anm hm + L
m=l m=l

F dhm B 0nm <It + n = n = 1, ... , N (7)

• where;

Anm

Fnm

• Bn

When the

a matrix with elements a function of Kr and K't

a matrix with elements a function of C, and

a vector with elements a function of Kr and K,.

ordinary differential, dhm/dt, in equation (7) is approximated by finite difference, and an

•

•

•

•

iterative process is incorporated, the resulting equations are linear algebraic and are solved by simple

matrix inversion techniques.

4.0 Site Characterization for Modeling

Three cross-sections were modeled using UNSAT2. The cross-sections are oriented in an east-

west direction normal to the Agua Fria river, with Section 9 being to the north, Section 8 to the center

and Section 7 to the south (Figure 1). On the average, Section 9 is composed of coarser grain material

such as sands and gravels, Section 8 is composed of sands and silts with some clays and Section 7 is
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•

•

•

•

•

•

•

•

•

•

composed of silts and clays with some sands and gravel. Three subsurface profiles were synthesized

from drilling logs and form the basis for the layers of material properties incorporated into the model.

Figures 2, 3 and 4 present the subsurface profiles for sections 7, 8 and 9, respectively. Figure 5 provides

the classification chart for the symbols used in the subsurface profiles. Also incorporated in the

subsurface profiles for Sections 7 and 8 was a soil/cement region considered as a possible alternative

for erosion control. The site geology and hydrogeology are discussed in greater detail by EMCON

Associates (section 3.3: Site Geology and section 4.2: Site Hydrogeology, 1989b). The design aspects of

the landfill, such as slopes and excavation levels were provided by EMCON Associates (Drawing no. 2,

1989a), and are incorporated in the subsurface profiles.

4.1 Cross-sectional Grids

The grid superimposed over Section 7 consisted of 1842 nodes, 1770 elements and a bandwidth

of 49; over Section 8 it consisted of 1382 nodes, 1324 elements and a bandwidth of 43; and over Section

9 it consisted of 1915 nodes, 1839 elements and a bandwidth of 39. Plates 1, 2 and 3 present the grids

for Sections 7, 8 and 9, respectively. The large size of the grid insured that infiltrating water did not

reach cross-sectional boundaries other than at the streambed.

The product of the number of nodes times the bandwidth governs the storage and memory

requirements of UNSAT2 on a computer. The grids for each section were constructed to conform to the

various layers of material properties. All layers were composed of at least one element in the vertical

direction. Small element sizes were used where extremely large gradients were expected.

4.2 Initial and boundary conditions imposed on site

The initial condition requires that the pressure head be specified at all node points. For the

purpose of this study, the initial condition was specified to be -15 feet at all nodes in all Sections. The

-15 feet is representative of a dry condition for the material properties.

Other than along the streambed, all the boundary conditions In each Section were no-flow
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•
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•

boundaries. On the streambed for each Section, a time varying pressure head boundary condition was

imposed (Figure 6). The time varying pressure head boundary condition was provided by an estimate

of a stage hydrograph that was based on the approximate 100 year flood boundary (EMCON

Associates, 1989a) and the 100 year flood discharge hydrograph (Corps of Engineers, 1981). The stage

hydrograph was not calculated directly from the Corps of Engineers' discharge hydrograph because

channel properties (slopes, cross-sections and Manning' n values) at the sites are unknown. However,

the maximum height of the stage hydrograph corresponds to the approximate 100 flood boundary.

Starting at simulation time t = 0, a head of 1 foot was applied at the streambed boundary nodes for 5

days. This head value created a wet antecedent condition within each of the Sections. At the end of 5

days, the head in the streambed was increased to 5 feet for 3 hours (5.125 days), increased again to 9

feet for another 3 hours (5.25 days) and finally increased to a maximum of 10 feet for 10 hours (5.666

days). The heads in the streambed were then allowed to fall, decreased to 5 feet for 4 hours (5.833

days) and to 1.5 feet for 4 hours (6 days). From the sixth day to the eighth day the head was kept at

0.01 feet.

5.0 Parameter Estimates

The three hydraulic parameters required for the model are the saturated hydraulic

conductivity, K., the relative hydraulic conductivity, K r , and the moisture retention curve. The

capacity of porous material to yield water under changes in pressure head is represented by the specific

moisture capacity, C. The parameter, C, is obtained from the derivative of the moisture retention

curve with respect to pressure head. The materials in Sections 7, 8 and 9 that required estimates of

hydraulic parameters are shown in Tables 1, 2 and 3, respectively.

5.1 Saturated hydraulic conductivity

• Estimates of saturated hydraulic conductivity were obtained from three sources: laboratory

permeability measurements, in-situ tests in selected boreholes, and published ranges of saturated

•
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•

•

•

•

•

•

hydraulic conductivity based on soil texture. The laboratory permeability measurements were

conducted on cores taken from the vicinity of the sections. The measurements were performed by the

EMCO. Laboratory in San Jose, California. The in-situ testing was performed in selected boreholes

(SHC-3. SHC-5, SHC-7, SHC-9, SHC-il, SHC-21 SHC-22 and SHC-23) over selected depth intervals.

The testing was performed using either a falling head test (FH) or a constant head test (CH). Caution

is required in the interpretation of these tests in that, typically, constant head tests are accurate to

within a few hundred percent while falling head tests are accurate to orders of magnitude (Stephens

and Neuman, 1982). Estimates of saturated hydraulic conductivity based on soil texture were taken

from Freeze and Cherry (1979). These estimates were used for GP and SP-SW materials of Section 9

and the GM of Section 8 because no measured values of saturated hydraulic conductivity were available

for these materials.

Saturated hydraulic conductivity data available and estimated values of saturated hydraulic

conductivity and their sources are listed in Tables 1 - 3. Also included in these tables are the

parameters of van Genuchten's model for unsaturated soil properties.

5.2 Relative hydraulic conductivity

The relative hydraulic conductivity is given by:

• K(h)
K,. = IG"" with 0 ~ K,. < 1 (8)

•
where K(h) is hydraulic conductivity as a function of pressure head. The dependence of K,. on water

content can be measured directly or estimated by using the closed-form expression for K,. of van

Genuchten (1980):

•
I

•

e
1

{

[1 + lahlnjl-l/n

1

h < 0

(9)
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and

where;

K

(10)

(11 )

Parameter values for 0', n, and Or of materials with similar texture were taken from the literature for

•

•

•

e

and

0

Or

O.

n

0'

At present

reduced water content, e

volumetric water content,

residual volumetric water content,

saturated volumetric water content,

fitting parameter inversely related to pore size distribution,

fitting parameter inversely related to air-entry tension.

moisture retention data are not available for materials at the Cholla Landfill site.

•

•

•

•

use in the model. Values of O. were estimated from porosity (¢) of materials of similar texture (Freeze

.and Cherry, 1979).

Values of the van Genuchten parameters 0', n, and Or used to model the materials in each

section are listed in Tables 1-3 along with a reference to their source. The pressure head- hydraulic

conductivity relationships calculated from equations (9) and (10) for Sections 7, 8 and 9 are shown in

Figures 7, 8a-b and 9, respectively.

The pressure head-volumetric water content relationships calculated from equation (9) for

Sections 7,8 and 9 are shown in Figures 10, 11 and 12, respectively.
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5.3 Specific moisture capacity

The specific moisture capacity is dependent on the volumetric water content and is taken from

the slope of the pressure head - volumetric water content curve. The specific moisture capacity is

defined as:

C dB
- dh (12)

•

•

•

•

•

•

•

•

The specific moisture capacity - volumetric water content relationships for Sections 7, 8 and 9 are

shown in Figures 13, 14 and 15, respectively.

5.4 Quality of estimates of unsaturated hydraulic properties

The estimates of unsaturated hydraulic properties listed in Tables 1 - 3 and shown in Figures 7

to 15 should not be construed as being more than rough, preliminary approximations. These estimates

are based at best on a single measured value of K. and were often only inferred from textural

information. There is little in the scientific literature describing the unsaturated hydraulic properties of

unconsolidated sediments, especially those of large particle size. For this reason, the estimates obtained

by engineering judgement were highly biased on the conservative side. Saturated hydraulic conductivity

and moisture retention data on 14 undisturbed cores taken from borings near sections 7 and 8 are at

present being determined by Daniel B Stephens and Associates of Albuquerque, New Mexico. When it

becomes available this information will provide a check on the estimates of a, n and Or and will be

used to develop experimental moisture retention data and estimates of K., Kr and C, if necessary.

6.0 Observations and Conclusions

UNSAT2 was run for the three cross-sections on a Dell 310, a 20 mh 386 based machine with a

Weitek 3167 coprocessor. Run times for Section 7, 8 and 9 were 3 hours, 60 hours and 30 hours in real-

time, a considerable computational feat!



The infiltration into Section 7 is controlled completely by the first layer (SM) under the river

bed (Figure 2). This layer, based on in situ measurements, has a permeability similar to that of soil

cement, therefore impeding the development of the saturation front (pressure head = 0). The

saturation front advanced approximately 3.3 feet in 8 days (Figures 16 - 19). The cumulative inflow

per unit area of river bed over the 8 days was 3.4 ft 3 /ft 2 (Figure 20).

•

•

•

6.1 Section 7

•

•

•

•

•

•

•

•

6.2 Section 8

The material underlying the river bed in Section 8 (GM-SM, Figure 3) is more permeable than

that of Section 7. The saturation front advanced rapidly through the alluvial materials up to the first

day when it encountered the first clay layer (Figure 21 and 22) . During days 2 through. 5 some lateral

movement of water occurred at the first clay layer, but the saturation front advanced only to within

200 feet of the excavation face (Figures 23 - 26).

There was little lateral movement of the saturation front during the main peak of the flood

from days 5 to 6 (Figures 27 - 31). During this 'period the saturation front primarily moved vertically

downward. Continual vertical downward movement of the saturation front with little lateral advance

was observed during the flood recession, days 7 through 8 (Figures 32 and 33) .

The cumulative inflow per unit area of river bed during the 8 day period was 49 ft 3/ft 2 (Figure

34).

The effects of the soil/cement reglOn on the pressure head contours are visible at 5.25 days

(Figure 28) but are most pronounced at 8 days (Figure 33).

6.3 Section 9

The materials immediately underlying the river bed in Section 9 (GW-GM, Figure 4) are more

permeable than those in Sections 7 and 8. The saturation front advanced rapidly vertically downward



•

•

•

•

•

•

•

•

•

•

•

until it encountered a thin clay layer (Figures 35 and 36). Pressure head built up rapidly at the clay

layer and the saturation front moved downward, past the clay layer, in about 2 days (Figure 37). The

clay layer induced some lateral movement of the saturation front during the first 5 days (Figures 35 

40). During the flood peak and subsequent recession, the saturation front moved primarily downward

with little or no additional lateral movement (figures 41 - 47).

The cumulative inflow per unit area of river bed during the 8 day period was 95 ft 3 /ft 2 (Figure

48).
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TABLE 1: HYDRAULIC PROPERTIES - SECTION 7

• Material USCS Ks " Or ex n
No. (ft/day) (ft- 1 )

1 SM 0.283 0.38 0.20 0.57 5.15

• 2 GIJ 8.76 0.27 0.01 6.10 3.00

3 CL-ML 0.609 0.42 0.15 0.15 1. 50

4 SC 0.045 0.40 0.15 0.15 1. 50

• 5 SIJ 2.72 0.38 0.05 0.49 4.36

6 GIJ-GM 1. 20 0.38 0.10 0.91 4.00

7 GC-GM 1. 01 0.38 0.10 1. 07 2.50

• 8 CL 0.49 0.42 0.15 0.15 1. 50

9 Soil Cem 0.28 0.42 0.15 0.15 1. 50

SOURCES

• Material USCS BORING INTERVAL Ks van Genuchten
No. (ft. ) TEST Parameters

1 SP-SM SHC 11 ,33.5 - 36.7 FH Mua1em Cat No.
4004 Stephens

• et al (1985)
2 GIJ SHC 21 21. 8 CH "Fresno Medium

Sand" Lappa1a
et a1 (1987)

3 ML-CL SHC 9 38.7-39 FH Modified
"Clay." Parker

• et a1 (1985)
4 SC SHC 10 56 Undist Modified

Core "Clay." Parker
et a1 (1985)

5 SIJ- SM .SHC 10 68 Undist Mua1em Cat No.
Core 4108 Stephens

• et a1 (1985)
6 GIJ-GM SHC 9 88.9-91 FH Mua1em Cat No.

4147 Stephen et
a1 (1985)

7 GC-GM SHC 7 98.7-101 FH Modified "Silt
loam" Parker et

• a1 (1985)
8 CL SHC 3 61.1-64.1 CH Modified "Clay"

Parker et a1
(1985)

9 Soil Cem Estimate Modified "clay"
Provided Parker et al

• (1985)
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TABLE 2: HYDRAULIC PROPERTIES - SECTION 8

Material USCS Ks lZ' Or cr n• No. (ft/day) (ft- 1 )

1 GM 14.2 0.35 0.10 1. 07 1. 29

2 SM 2.72 0.38 0.10 1. 07 1. 29

• 3 CL 0.49 0.42 0.15 0.15 1. 50

4 SM-SC 3.69 0.40 0.11 0.24 2.35

5 GM-GC 20.6 0.38 0.10 1.07 2.50

• 6 GM-SM 23.8 0.38 0.10 1. 07 2.60

7 GW 8.76 0.27 0.01 6.10 3.00

8 GM-GW 23.8 0.38 0.10 0.91 1. 29

• 9 Soil Cem 0.28 0.42 0.15 0.15 1. 50

SOURCES

• Material USCS BORING INTERVAL Ks van Genuchten
No. (ft. ) TEST Parameters

1 GM Esti- "Silt loam"
mated Parker et

a1 (1985)

• 2 SW-SM SHC 10 68 Core "Silt loam"
Parker et
a1 (1985)

3 CL SHC 3/ 61.1-64.1 CH Modified
SHC 21 48.9-50.3 CH "Clay." Parker

et al (1985)

• 4 SC SHC 5 78.9-80.9 CH Modified "Sandy
loam" Parker et
a1 (1985)

5 GM-GC SHC 22 9.2-11.2 CH Modified "Silt
loam" Parker et
a1 (1985)

• 6 SM-GM SHC 3 19-20.4 FH Modified "Silt
loam" Parker et
a1 (1985)

7 GW SHC 21 21. 8 CH "Fresno Medium
Sand" Lappa1a
et a1 (1987)

• 8 SM-GM SHC 3 19-20.4 FH "Silt loam"
Parker et
al (1985)

9 Soil Cem Estimate Modified
Pro- "Clay." Parker
vided et a1 (1985)

•
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TABLE 3: HYDRAULIC PROPERTIES - SECTION 9

• Material USCS Ks ~ 8r a n
No. (ft/day) (ft- l )

1 SP 2.84 0.25 0.05 2.13 3

• 2 GP 28.3 0.25 0.02 2.13 5

3 G'W-GM 23.8 0.38 0.10 0.914 4

4 SP-SY 14.2 0.28 0.05 1. 52 3

• 5 CL 0.493 0.42 0.15 0.152 1.5

SOURCES

Material USCS BORING INTERVAL Ks van Genuchten• No. (ft. ) TEST Parameters

1 SP SHC 3 43.8-48 CH Modified Mua1em
Cat.No. 4124

• Stephens et a1
(1987)

2 GP Esti- Mua1em Cat.
mated No. 4124

Stephens et a1
(1987)

• 3 SM-GM SHC 3 19-20.4 FH Mua1em Cat.
No. 4147
Stephens et a1
(1987)

4 SP-SY Esti- Modified Mua1em
mated Cat.No. 4124

• Stephens et a1
(1987)

5 CL w/ca1 SHC 3 61.1- 64.1 CH Modified
"Clay." Parker
et a1 (1985)

•

•

•
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Location of Three Modeled Cross-sections
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Figure 2

Subsurface Profile for Section 7
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Figure 3
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Subsurface Profile for Section 8
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Figure 4

Subsurface Profile for Section 9
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Soil Classification Symbols
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• Figure 6

River Hydrograph
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Hydraulic Conductivity as a Function of Pressure Head
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Figure Sa

Hydraulic Conductivity as a Function of Pressure Head
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Figure 80
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Figure 32

Pressure Head Distribution: Sec-8 (t= 7 day)
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Figure 32

Pressure Head Distribution: Sec-8 (t= 7 day)
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Figure 33

Pressure Head Distribution: Sec-8, (t= 8 day)
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Figure 34
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250.0

Figure 35

Pressure Head Distribution: Sec9 (t= 0.5 day)
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Figure 36

Pressure Head Distribution: Sec9 (t= 1 day)
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Figure 37

Pressure Head Distribution: Sec9 (t= 2 days)
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Figure 38

Pressure Head Distribution: Sec9 (t= .3 days)
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Figure 39
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Pressure Head Distribution: Sec9' (l= 4 days)
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Figure 40

Pressure Head Distribution: Sec9. (t= 5 days)
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Figure 41

Pressure Head Distribution: Sec9
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Figure 42

Pressure Head Distribution: Sec9
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Figure 43

Pressu re Head Distribu tion: Sec9 (t= 5.66 doys)
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Figure 44

Pressure Head Distribution: Sec9' (t= 5.833 days)
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Figure 45

Pressure Head Distribution: Sec9
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Figure 46

Pressure Head Distribution: Sec9 (t= 7 days)
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Figure 47

Pressure Head Distribution: Sec9
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Figure 48

Cumulallve Inflow as a Function of Time
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Hydraulic Conductivity as a Function of Pressure Head
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Volumetric Water Content as a Function of Pressure Head
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Volumetric Water Content as a Function of Pressure Head
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Figure 13
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Specific Moisture Capacity as a Function of Pressure Head
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Figure 14
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Specific Moisture Capacity as a Function of Pressure Head
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Figure 15
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Figure 16

• • • • • •

250.0

200.0

150.0

100.0

50.0

Pressure Head Distribution: Sec-7 (t= 0.5 day)

0.1 '}'" .. : ::;
.=:-i--~~:-:-:-~~~~~~:2;.\~ .. : :.. ','.'.: :

: : : ::· ....· . . ..· . . .. .'· .· ... . ... .... .... ..

250.0

200.0

150.0

100.0

50.0

0.0 ~-_..L-__---l....-__--..L__--l. L-__..L-__---l....-__--..L__--l. J 0.0

0.0 100.0 200.0 .300.0 400.0 500.0



• • • • •

Figure 17
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Pressure Head Distribution: Sec-7 (t= 5 day)
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Figure 18
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Figure 19
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Pressure Head Distribution: Sec- 7 (t= 8 day)
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Figure 20

Cumulative Inflow as a Function of Time
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Figure 21
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Pressure Head Distribution: S-ec-8 (t= 0.5 day)
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Figure 22

Pressure Head Distribution: Sec-8 (t= 1 day)
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Figure 23
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Figure 24

Pressure Head Dis tribu lion: Sec - 8 (t = j day)
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Figure 25
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Figure 26

Pressure Head Distribution: Sec-8 (t= 5 day)
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Figure 27

Pressure Head Distribution: Sec-8 (t= 5.125day)
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Figure 28

Pre ssure HeadDist ributi 0 n : Sec - 8 (t = 5. 2 5 day)
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Figure 29

Pressure Head Distribution: Sec -8- (t= 5. 666 day)
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Figure 30

Pressure Head Distribution: Sec-:o-8 (t= 5.833 day)
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Figure 31

Pressure Head Distribution: Sec-8 (t= 6 day)
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October 26, 1989
Project 372-15.04

Mr. Bill Mathews
Mathews Kessler & Associates, Inc.
4045 E. McDowell Road
Phoenix, Arizona 85008-4405

Re: Cholla Landfill - Stability
and Settlement Analyses
of Proposed Aqua Fria
River Bank Stabilization

Dear Bill:

At Browning-Ferriis Industries of Arizona, Inc. request, we have completed the
stability and settlement analyses of your proposed Aqua Fria River Bank
stabilization for the Cholla Sanitary Landfill. These analyses indicated that the
proposed stabilization section has minimum computed .factors of safety against
sliding that meet generally accepted criteria and that post-construction settlement
of the stabilized bank will be negligible. EMCON's analyses have been
performed in accordance with the principles and practices generally employed by
the geotechnical engineering profession. This is in lieu of all other warranties,
express or implied.

STABILITY ANALYSIS RESULTS

Our stability analyses included evaluation of the proposed (1) landfill
3:1 (horizontal to vertical) excavation slope, (2) the stabilized river bank in a dry
condition, (3) the stabilized river bank assuming a water filled channel (100 year
flood) and that a phreatic surface had developed in the river bank due to flood
flows, (4) the stabilized bank after the 100 year flood flows had receded but with
a phreatic surface still developed in the river bank, and (5) the stabilized river
bank with a partially full channel and that a phreatic surface had developed in the
river bank. A typical section of your proposed river bank stabilizatoin is shown on
Figure 1.

The soil parameters used in the stability analyses are presented on Figures 2
through 6 and summarized in Table 1. The selected insitu river bank material
parameters were based on the results of laboratory testing of relatively undis
turbed samples performed as part of the proposed landfill design. Parameters
used for the earthfill (slope flattening), riprap, and riprap bedding materials were
estimated based on typical values for well compacted sand and gravel, and rock

PJ3 3721504E.OOW



•
Mr. Bill Mathews
October 26, 1989
Page 2

Project 372-15.04

•

•

•

•

•

•

•

•

•

•

riprap. Earthfill and riprap bedding strength parameters should be confirmed by
laboratory testing during final design.

We have assumed that the river bank will be flattened to a slope of
2:1 (horizontal to vertical) with granular sand and sand and gravel fill or a combi
nation cut and fill. The construction should be performed so that the slope of the
river bank, prior to filter fabric placement, consists of a series of small benches
rather than a smooth 2:1 slope. Benching the slope, which will occur naturally as
part of the construction process as each lift of material is placed or cuts are made
to flatten the slope, will eliminate the relatively smooth continuous plane between
the fill slope and the filter fabric (geotextile). Friction angles between geotextiles
and sand range between about 22 degrees and 30 degrees, depending on the
type of geotextile and sand. These friction angles are lower than friction angles
of the sand fill.

The results of the stability analyses are presented on Figures 2 through 6 and
summarized in Table 2. The analysis results of the proposed landfill excavation
slope are shown on Figure 2. The minimum computed factor of safety for this
slope was 2.3.

The river bank section analyzed was one adjacen to the sand and grav~1

excavatio located within the Aqua Fria River channel. This represents a worst
case condition from a stability analysis view point, since it is higher than other
sections of the bank. We understand that your scour analysis indicates that this
excavation will be filled due to natural river deposition processes. The minimum
computed factors of safety were 1.4 or higher except for the post 100 year flood
condition. The minimum computed factor of safety for this condition was 1.3. For
the post flood condition, we conservatively assumed that (1) the excavation had
not been filled and (2) the water level in the channel dropped from the 100 year
flood level to the base of the channel (approximately 25 feet) while the phreatic
surface within the river bank only dropped 11 feet. With the river channel filled,
the factor of safety will be higher.

Settlement Analysis

It is not anticipated that there will be any noticeable settlement of the river bank
or its foundation due to river bank stabilization construction. The majority of the
river bank and foundation consists of cemented sands, gravel, and cobbles.
There are lenses of clayey materials at depth, especially beneath the southern
part of the bank. However, the loads imposed by the fills for flattering of the river
bank slope to 2:1 and placing rip rap will be minor. The maximum depth of fill for
river bank slope flattening will be about 22 feet (located in the area of the sand
and gravel excavation in the river channel). The conservatively calculated post
construction ultimate settlement of the river bank stabilization fill and foundation
is 0.4 feet. However, since much of the 22 foot fill thickness for slope flattening
will involve replacement of previously excavated material (sand and gravel
excavation in the channel), the settlement in this area will probably be less than
computed. It is anticipated that post construction settlement of the other portions
of the stabilized bank will be less than those computed for the area adjacent to
the sand and gravel excavation in the channel.

PJ3 3721504E.OOW
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Mr. Bill Mathews
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If you have any questions, please contact us.

Project 372-15.04

Very truly yours,

EMCON Associates

Dennis Buranek
Project Geotechnical Manager
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•

~M""-R~i""ch~arA~
Senior Vice President

DB/RL:ljt

Attachments

cc: Lee Schoon
Doug Jorden
Dirk Dudgeon

PJ3 3721504E.OOW
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Table 1

MATERIAL PROPERTIES

•
Total Unit Internal

Weight Cohesion Friction An~le
Material Description (PCF) (PSF) (Degrees

• Silts and clays 120 400 27.5

Insitu sands 120 300 34

Compacted sand earthfill 120 0 34• Rip Rap Bedding 120 0 34

Rock Rip Rap 150 0 40

•

•

•

•

•

•

•
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Table 2

STABILITY ANALYSES RESULTS

•

•

•

•

•

•

•

•

•

Condition

Landfill Excavation slope

Stabilized River Bank-Dry

Stabilized River Bank - 100 year Flood Level

Stabilized River Bank· Post 100 year Flood Level

Stabilized River Bank - Partially Full Channel

PJ3 3721504E.OOW

Minimum Computed
Factor of Safety

2.3

1.5

1.5

1.3

1.4

Rev.O October 26, 1989
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EXISTING ••
GROUND

...-----:ELEVATION VARIES FROM 1084±AT NORTH END
OF SITE TO 1068± AT SOUTH END OF SITE.

...--_TOP OF 100'
BUFFER STRIP

48" DUMPED ROCK RIP-RAP-D50= 24

6
a
BEDDING MATERIAL

FILTER FABRIC

ELEVATION VARIES FROM
1072.!AT NORTH END OF SITE
TO 1060±AT SOUTH END OF SITE.

EXCEPT IN PIT

EXISTING
BOTTOM

TYPICAL BANK SECTION
NOT TO SCALE

NOTES:

BEDDING MATERIAL SHALL CONFORM TO ADOT STD. SPEC. 913-2.03. ALTER FABRIC SHALl.CONFORM TO ADOT STD. SPEC. 913-2.05. DUMPED RIP-RAP SHALL CONFORM TO ADOT STD. SPEC.913-2.01 (A) & (D).

ALL MATERIALS SHALL BE PLACED AS PER ADOT STD. SPEC. 913-3

ALL EXCAVATION FOR RIP-RAP SHALL BE BACKFILLED TO THE APPROXIMATE GRADE OF EXlSTlNGRIVERBED. NO SPECIAL COMPAcnON OF THIS MATERIAL IS REQUIRED.

EROSION PROTECTION SHALL GENERALlY EXTEND FROM 2 FT. ABOVE THE 100 YEAR FLOODELEVATION TO 22' BELOW THE 100 YEAR FLOOD ELEVATION. WHERE THE CHANNEL IS EXCAVATEDSUCH THAT THE TOEDOWN WOULD NOT BE COVERED UNDER CURRENT CONDmONS, THE RIP-RAPSHALL BE EXTENDED DOWNWARD TO SUCH A POINT THAT A MINIMUM 2' IS COVERED.

SOURCE: Mathews Kessler & Associates, Inc.

Figure 1
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ENGINEERING PROPERTIES

TOTAL UNIT COHESION INTERNAL
LAYER DESCRIPTION WEIGHT (pcF) (psF) FRICnON DEGREE

CD Silt 120 ~oo 27.5

CD Sand 120 300 34

CD Clay 120 400 27.5

8) Sand 120 300 34

RESULTS OF SLOPE STABILITY ANALYSIS

FAILURE
MIN. COMPUTED
STAnc FACTOR REMARKS

SURFACE
OF SAFm

& 2.3 Circular failure surface

& 3.2 Circular failure surface
\..

',,) & 2.4 Wedge type failure surface
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ENGINEERING PROPERTIES

! RESULTS OF SLOPE STABILITY ANALYSIS
•

TOTAL UNIT
Long-Ierm

LAYER DESCRIPnON
WEIGHT (PCF) COHESION INTERNAL FAILURE STAnc FACTOR

"I

(PSF) FRICTION DEGREE
SURFACE OF SAFm REMARKS

CD Rock rip rap 150 0 40 & 1.50 Circular failure surface
.~

CD &
Rip rap bedding 120 0 34

1.52 Wedge type failure surface- 0) Silts and clays 120 400 27.5

78) Compacted sand earthfill 120 0 34•-..,

® In situ sands 120 300 34
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ENGINEERING PROPERTIES RESULTS OF SLOPE STABILITY ANALYSIS

TOTAL UNIT
long-term

LAYER DESCRIPnON WEIGHT (pcF) COHESION INTERNAL FAILURE STAnc FACTOR
(PSF) FRICnON DEGREE SURFACE or SAFETY REMARKS

CD Rock rip rap 150 0 40 & 1.48 Circular Failure surface

CD Rip rap bedding 120 a 34 & 1.51 Wedge type failure surface

CD Sills and clays 120 400 27.5 /8) Compacted sand earthfill 120 a 34

® In situ sands 120 300 34
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ENGINEERING PROPERTIES

RESULTS OF SLOPE STABILITY ANALYSIS
TOTAL UNIT

Long-term
LAYER DESCRIPnON

WEIGHT (peF) COHESION INTERNAL FAILURE STAnc FACTOR(psF) FRlcnON DEGREE
SURFACE OF SAFETY REMARKS

CD Rock rip rap 150 0 40 & 1.34 Circular failure surface

CD Rip rap bedding 120 0 34 fA 1.48 Wedge type failure surface

CD Silts and cloys 120 400 27.5

d@ Compacted sand earthfill 120 0 34

® In situ sands 120 300 34
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ENGINEERING PROPERTIES
RESULTS OF SLOPE STABILITY ANALYSIS

TOTAL UNIT
Long-term

LAYER DESCRIPTION WEIGHT (PCF) COHESION INTERNAL FAILURE STATIC FACTOR
(psF) tRlCnON DEGREE SURFACE OF SAFETY REMARKS

CD Rock rip rap 150 0 40 & 1.41 Circular failure surface

CD Rip rap bedding 120 0 34 ~ 1.43 Wedge type failure surface

CD Silts and clays 120 400 27.5

@ Compacted sand earthfill 120 0 34
I

® In situ sands 120 300 34
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