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EXECUTIVE SUMMARY

This report provides the design parameters for the 19th Avenue landfill bank
protection, flood-control levees, and associated grade-control structure. It represents one
element of the design phase of the landfill’s environmental clean-up project. The design
phase follows a series of planning and feasibility studies that have evaluated several
alternatives. The final evaluation and selection process is outlined in the Remedial Action

Plan (RAP) prepared by Dames & Moore in June, 1989,

Since the landfill is located within the Salt River’s 100-year floodplain, and since
it straddles a portion of the main channel, the recommended alternative calls for the
construction of bank protection and a series of protected flood-control levees to prevent
inundation and refuse washout during the 100-year event. The recommended alternative
also includes a grade-control structure to prevent excessive degradation of the channel

bed. This in turn will limit the required burial depth for the bank/levee protection.

The preliminary location, alignment and design criteria for the bank protection,
levees, and grade-control structure were described in the RAP. This concept report
provides more specific design parameters which can be used to prepare the construction

drawings or plans,

These design parameters were established using the results of a detailed hydraulic
and geomorphic analysis. The hydraulic analysis was performed to establish the top-of-
levee elevations and to provide the average hydraulic properties which are required to
conduct the geomorphic analysis. The geomorphic analysis (i.e., erosion or scour
analysis) was performed to define the required burial depth for the bank protection and

the grade-control structure.

v

8 la Simons, Li & Associates, [nc.
] T ———— |

i




The analyses occurred along a two-mile segment of the Salt River. The
downstream limit of the study reach is located approximately 3500 feet downstream of
the 19th Avenue bridge. The upstream limit is located approximately 1000 feet upstream
of the 7th Avenue bridge. The minimum design discharge used in the hydraulic analyses
was 195,000 cubic feet per second. This discharge corresponds to the existing 100-year

discharge.

The analyses were conducted using state-of-the-art technology. All analytical
procedures are briefly described, and the specific equations used are provided in the
appendices to this report. The methodologies employed are those that are commonly used
and/or accepted for use by most of the local, state and federal agencies who either have

jurisdiction over or interest in the various aspects of this project.

Two alternative designs are discussed in the report. The results of the two design
analyzes are compared to the results of the existing-conditions analysis to provide a basis

for determining the relative impact and/or effectiveness of each alternative.

Both design alternatives assume that a grade-control structure will be located
immediately downstream of the 19th Avenue bridge. They further assume that the north-
bank Jevee adjacent to Cell A will, for the most part, follow the alignment of the existing
bank from the grade-control structure to just upstream of the existing 15th Avenue outfall

channel.

With the north bank fixed at its present location, the existing 500-foot-wide river
channel between the two landfill cells will need to be widened an additional 100 feet to
create an approximate 600-foot-wide channel (i.e., top-width), Consequently, all material
removed to accommodate the wider section would come from Cell A-1, which is located

adjacent to the south bank.

vi
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The distinct differences between the two design alternatives, and how they were

selected, are described as follows:

Alternative A. For this alternative, the proposed south-bank flood-control

bank/levee protection would only extend from the eastern boundary of Cell A-1 to its
western boundary. Consequently, the existing south bank between the grade-control
structure and the western boundary of Cell A-1 would not be altered. The majority of
this excluded bank is currently protected with rock riprap. This alternative corresponds

to the recommendation presented in the Remedial Action Plan (RAP).

Alternative B. For this alternative, continuous flood-control bank/levee protection
would be provided along the south bank from the grade-control structure to just upstream
of the eastern boundary of Cell A-1. This alternative was formulated during the course
of this investigation after it became apparent that Alternative A would adversely impact
adjacent properties and structures. These adverse impacts are described in the following

paragraphs.

The results of the hydraulic analyses indicate that Alternative A will increase the
100-year water-surface elevation immediately upstream of the landfill by an average of
0.5 feet. Alternative B limits the increase to 0.1 feet. The latter increase is within the
accuracy range generally associated with the applied model. Consequently, the increase
can be considered insignificant. However, an increase of 0.5 feet is unacceptable, since
it raises some concerns regarding the impact it would have on the conveyance capacity

of the 7th Avenue bridge.

In addition, both alternatives significantly increase the velocity of flow within the
main channel between the grade-control structure and the eastern boundary of the landfill.
Consequently the erosion potential along the banks and bed is significantly increased.

This is not a problem for Alternative B, since the proposed bank/levee protection would

vil
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be designed accordingly; however, Alternative A relies on the existing bank protection.
Since it appears that the existing bank protection is not capable of withstanding the
increased erosion potential, Alternative A increases the risk of bank failure which in turn
could cause significant damage and/or loss to both public and private property, including

the 19th Avenue bridge.

Considering the adverse impacts associated with Alternative A, it was concluded
that Alternative B may prove to be the most cost-effective alternative if the feasibility
study were revised to include the cost of future litigation, flood-damage repair, or the cost
of widening the channel to offset the adverse impacts. Consequently, Alternative B is the
recommended alternative. However, the design parameters for both alternatives are

provided for comparative purposes.
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I. INTRODUCTION

This report presents the results of a hydraulic and geomorphic analysis of the Salt
River in the immediate vicinity of the 19th Avenue Landfill. The study reach begins
approximately 3500 feet downstream of the 19th Avenue bridge and ends approximately
1000 feet upstream of the 7th Avenue bridge (see Figure 1.1).

The purpose of the analysis was to establish the design parameters for the proposed
flood-control bank/levee protection measures that will ultimately be constructed along all
or a portion of the design reach; and the grade-control structure that will ultimately be
installed immediately downstream of the 19th Avenue bridge. The design reach begins
approximately 400 feet downstream of the [9th Avenue bridge, and ends approximately

100 feet upstream of the landfill’s eastern boundary.

Three site conditions (one existing and two design) were analyzed both
hydraulically and geomorphically. It was necessary to evaluate existing conditions in
order to determine the relative impact of the two design conditions. The hydraulic
analyses were performed to establish the design top-of-levee elevations and to provide the
average hydraulic properties within the main channel which are required to conduct the
geomorphic analyses. The geomorphic analyses were performed to quantify the erosion
or scour potential along the study reach. Consequently, the results of the geomorphic
analyses were used to define the required burial depth for both the bank/levee protection

and the grade-control structure.

It was not intended that this report address the need to provide either the
bank/levee protection or the grade-control structure. This requirement was addressed as
part of the "Remedial Investigation and Feasibility Study” (RIES), prepared by Dames

& Moore in 1988 (Reference 1). The RIFS evaluated several environmental clean-up

A N
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Page 3

alternatives and presented a detailed background history of the landfill and the project
area. The final evaluation of alternatives and the recommendation to provide some form
of flood/erosion control to prevent inundation and refuse-washout during the 100-year
flow event was presented in the "Remedial Action Plan" (RAP), prepared by Dames &
Moore in 1989 (Reference 2).

Since the design phase, of which this report represents one element, follows the
planning phase that both the RIFS and the RAP symbolize, these two documents should

be considered an integral part of, or precursor to, this concept design report.
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II. DESCRIPTION OF DESIGN ALTERNATIVES

Two design alternatives were evaluated. Both alternatives assume improvements
will only occur within the design reach. The only difference between the two alternatives
is the extent of bank/levee protection to be provided. The paragraphs that follow give
a detailed description of the common and distinct design features associated with the two

alternatives.
2.1 COMMON DESIGN FEATURES

At the conclusion of the planning phase, the flood-control components of the
recommended plan consisted of two continuous levees (one for each segregated cell of the
landfill) and one grade-control structure. In addition, the plan provided the proposed
location, alignment, and some of the design criteria for both the bank/levee protection

measures and the grade-control structure.

As previously mentioned, the grade-control structure will be located immediately
downstream of the 19th Avenue bridge. The purpose of the grade-control structure is to
prevent excessive long-term degradation of the channel bed, which in turn will limit the
required burial depth for the bank/levee protection. During the planning phase, it was
assumed that the grade-control structure would be constructed of soil cement. In
addition, the anticipated burial depth was estimated to be approximately thirty feet. The

grade-control structure itself, and its location, are an integral part of both alternatives.

With respect to the two flood-control levees, the RAP stated that the earthen levees
would be protected with soil cement at a side slope that should not exceed 1.5 to 1
(horizontal to vertical). It further stipulated that the height of the levees should be set

8' n Simons, Li & Associates, [nc.
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Page 5

three feet above the contained 100-year water-surface elevations. These criteria were

adopted for this study, and were held constant for both alternatives.

In an effort to increase the capacity of the main channel in the vicinity of the
landfill, and thus prevent an unacceptable rise in the 100-year water-surface profile, the
RAP recommended that the width of existing channel section along the design reach be
increased from 500 to 600 feet. Project planners recognized that in order to
accommodate a wider section it would be necessary to remove and relocate some of the
refuse. The alignment presented in the RAP indicates that all refuse removed at the
upstream end of the design reach will come from Cell A-1, and that all refuse removed
at the downstream end will come from Cell A (see Figure 2.1). The recommended
alignment and the width of the design section are also common features of both
alternatives. A typical section of the design channel is provided as Figure 2.2. This

section 1is situated between the two landfill cells.
2.2 ALTERNATIVE A

Since the flood-control aspects of the overall project center around the two landfill
cells, the original intent was to limit the extent of the two levees to their respective Salt
River boundaries. Consequently, the RAP states that the levee adjacent to Cell A (on the
north side of the river)_ would extend from the prof)oscd grade-control structure to a point
located approximately 100 feet upstream of its eastern boundary. Likewise, for Cell A-1
(on the south side of the river), the RAP states that the levee would extend from the cell’s
western boundary to a point located approximately 100 feet upstream of its eastern

boundary.

The extent of protected bank/levee described in the RAP constitutes Alternative A.

) la Simons, Li & Associates, Inc.
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Page 8
2.3 ALTERNATIVE B

When the RAP specified the extent of bank/levee protection required to prevent
inundation and refuse washout, it did not consider the impact channelization might have
on the existing channel banks that are within the design reach, but oﬁtside the boundaries
of the two landfill cells; nor did it consider the impact channelization might have on the

100-year water surface elevations immediately upstream of the design reach.

When it became apparent that Alternative A would have an adverse impact on
adjacent properties and/or structures, the south-bank levee associated with Cell A-1 was
extended downstream to the grade-control structure. Consequently, this alternative
expands the level of flood protection during the 100-year event to include the south

overbank between the grade-control structure and Cell A-1’s western boundary.

sln Simons, Li & Associates, Inc.
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III. METHODOLOGY
3.1 HYDRAULIC ANALYSES

Hydraulic analyses of both existing and design conditions were performed using
the U.S. Army Corps of Engineers HEC-2 backwater model (Reference 3) in conjunction
with the project’s 1990 topographic maps. As previously stated, three site conditions
were analyzed using the HEC-2 model (i.e., éxisting conditions and two design
conditions). The analysis of existing conditions was performed to evaluate the relative
impact of both design alternatives on (1) the flow velocities within the main channel, and

(2) the upstream water-surface elevations.

The 1984 Flood Insurance Study (FIS) provided the starting water-surface
elevations for all analyses. The 100-year peak discharge used in the analyses was
195,000 cfs. The existing-condition’s roughness coefficient (i.e., Manning’s n-value) for
the main channel was set at 0.040. Both of these values are consistent with those used

in the 1984 FIS. The location of the HEC-2 cross sections are shown on Figure 3.1,

Since the 19th Avenue bridge is located immediately downstream of the landfill,
a special bridge routine was included in each HEC-2 model to account for the backwater
effects associated with the bridge. However, since the 7th Avenue bridge is located at
the upstream limit of the study reach, there was no need to incorporate a special bridge

routine for this bridge in any of the models.

Portions of the two design-condition analyses utilized the HEC-2’s channel-
improvement option. The width of the design section (i.e., bottom width) between the
two leveed banks was set at 525 feet. As previously stated, the side slopes of the design

section were set at 1.5 to 1. Since the average depth of the design section is

sla Simons, Li & Associates, Inc.
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approximately 27 feet, the average design top width is approximately equal to 606 feet.
For both design alternatives, the north bank of the design channel extends beneath the
19th Avenue bridge in a manner that will result in a loss of approximately 10 percent of
the bridge’s existing conveyance area (see Figure 3.2). This reduction in bridge area is
necessary to accommodate the design channel cross-section through the bridge section and
to minimize the extent of refuse removal required from Cell A of the landfill. The
analyses presented within this report demonstrate that the remaining open area of the
bridge provides more than adequate conveyance and freeboard for the design flow.
Additionally, existing bridge pier toe-downs are more than adequate for the predicted

local scour at the bridge.

In accordance with the RAP, it is assumed that the bank/levee system will be
protected with soil cement. To account for the improved hydraulic efficiency associated
with soil-cement bank protection, the roughness coefficient along the design reach was
reduced from 0.040 to 0.035. However, if alternative forms of bank protection (i.e.,
rock riprap or gabion baskets) are required as a condition of the Section 404 permit, the
accepted design alternative will be re-evaluated using the appropriate roughness

coefficient, and new top-of-levee elevations will be established accordingly.

3.2 GEOMORPHIC ANALYSES

The purpose of a geomorphic analysis is to provide an estimate of the erosion or
scour potential along a particular reach, if such a potential exists. Generally, qualitative
geomorphic analyses determine if the potential for erosion exists; the threshold conditions
under which it occurs; and the extent of erosion observed during or following particular
flow events. Quantitative analyses use theoretically and/or empirically derived equations
or models to estimate the magnitude of erosion under a given set of flow conditions and

design circumstances.
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The two previously referenced planning-phase reports provide a brief qualitative
assessment of the erosion potential along the Salt River in the vicinity of the study reach.
The analyses performed in conjunction with this design report were limited to providing
a quantitative assessment of the long-term degradation depth and the total depth of scour
that might be expected to occur within the design reach during the 100-year event.
However, the results of the two design-condition analyses were compared to the results
of the existing-conditions analysis in order to evaluate the relative impact of

channelization on both the upstream and downstream reaches.
3.2.1 General Design Considerations

When the results of a geomorphic analysis are used for dcsign purposes, both the
short-term and long-term response must be evaluated. Typically, the short-term response
is that which applies to a particular design storm event. The long-term response is a
measure of the cumulative effect that occurs when a reach is continually subjected to a

series of more-frequent flow events (i.e., average-annual flow events).

The long-term contribution to the design-scour depth can be estimated using either
the anticipated equilibrium bed slope or the depth at which an erosion-resistent or armor
layer is expected to form. Since all alluvial channels have an ability to transport both
water and sediment, the sediment-transport capacity at a. given point in time can be
estimated using the appropriate hydraulic parameters and the sediment composition along
the design reach. If the capacity exceeds the incoming supply, which is usually the case
when the upstream watershed is urbanized, the channel will adjust its bed slope in the
downward direction in an attempt to reduce its transport capacity. Once a state of
equilibrium exists between the supply and transport capacity for the dominant or more-
frequently occurring discharge, the degradation process will be arrested unless something

occurs that alters either the incoming supply or the transport capacity.

9 I a Simons, Li & Associates, [nc.
L | o —— ]




Page 14

However, during this degradation process, the hydraulic stresses responsible for
sediment transport are continually being reduced. As the stresses decrease, larger
particles can no longer be transported. A natural sorting process begins which can result
in the formation of a armor layer if there is an appreciable quantity of particles present
that resist movement. This will occur even when the sediment transport capacity for a
smaller size range is not balanced with its incoming supply, since the armor layer shields
the finer particles in the sublayer from transport. Consequently, the degradation process

is arrested.

Since armor layers are characteristic of the Salt River under existing conditions,
armoring calculations were used to estimate the long-term degradation depth that is
expected to occur on the downstream side of the proposed grade-control structure.
However, within the design reach (i.e., upstream of the grade-control structure) the long-

term response was estimated using a conservative estimate of the equilibrium slope.

The short-term contribution to the design-scour depth is typically estimated using
the depth of the low-flow channel in combination with the various scour components
associated with the design storm event (in this case, the 100-year event). The depth of
the low-flow channel is included when the capacity of the main or primary channel
section greatly exceeds the magnitude of annual flow events. This discrepancy typically
results-in the formation of a low-flow channel which can migrate laterally within the
confines of the main channel. Along the design reach, the applicable 100-year scour
components are general scour, bed-form scour, bend scour, local scour at bridge piers

and abutments, and local scour below grade-control (i.e., drop) structures.

General scour results in a lowering of the streambed by the entrainment of channel
bed sediments within the flow column. Bed-form scour results from the development of

bed forms which are created by stress imbalances at the water/streambed interface. Local

s'a Simons, Li & Associates, Inc.
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scour results from local disturbances or abrupt changes in the flow path. The former
local-scour condition applies to obstructions such as bridge piers, dikes and accumulations
of debris. The latter condition applies to bridge abutments or drops which develop on

the downstream side of grade-control structures.

Typically, with the exception of bend scour and local scour, all scour-components
are uniformly applied along both banks within the design reach. However, since the bend
scour and local scour components are only effective within a localized area referred to
as the "zone of influence”, the geometry of this zone had to be defined before any portion
of the respective component could be used, in part, to define the required burial depth

of embankment protection measures.

The "zone of influence” associated with the bend-scour component is located along
the outer {concave) bank of the channel bend (see Figure 3.3). For design purposes, it
is normally assumed that the upstream limit of this zone corresponds to the point of
curvature associated with the bend. The downstream limit of the zone is approximated
as a function of the depth of flow and the relative roughness of the channel. The distance
estimated using these flow parameters is applied from the downstream point of tangency

associated with the bend.

The "zone of influence” associated with bridge piers can be defined as an inverted
cone, with its apex at the bottorﬁ of the scour hole (see Figure 3.4). The diameter near
the apex is assumed equal to the obstruction width (10 feet in this case). For sand and
fine gravel, the side slope of the cone is assumed to be approximately 2.75:1 (horizontal
to vertical). Consequently, the diameter of the inverted base of the cone is a function of
the local-scour depth. Since the magnitude of this scour component varies in both the
lateral and longitudinal directions, a portion of the computed depth may not be applicable

to the design of the bank protection.
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FIGURE 3.4
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The geometry of the "zone of influence" for a grade-control structure is also a
function of the computed local-scour depth (see Figure 3.5). On the downstream side of
the grade-control structure, the "zone of influence” begins at a depth that is approximately
equal to 70 percent of the computed depth of scour. The location of the maximum scour
depth occurs downstream of the grade-control structure a distance that is approximately
six times the computed depth of scour. Downstream of this location, the geometry of the
scour hole is approximated by using a 6:1 return slope. However, for design purposes,
it is assumed that the maximum scour depth occurs immediately downstream of the grade-

control structure.

Qutside the local "zones of influence”, the 100-year scour depth is based on the
summation of the general-scour depth, the bed-form scour depth, and the low-flow
incisement depth times a 1.3 safety factor. The purpose of the safety factor is to account
for non-uniform flow velocities and sediment distributions within the design reach. The
long-term component is then added to the resultant to obtain the total scour and the design
burial depth for the bank protection. Within the "zones of influence,” the applicable

local-scour depths are included before the 1.3 safety factor is applied.

Once the design depth(s) of scour were computed at the appropriate locations along
the design reach, they were compared to the computed armoring depths. Although the
primary purpose of computing the armoring depths was to define the anticipated long-
term degradation depth at the downstream side of the grade-control structure, channel bed
armoring will also arrest scour that occurs during individual flow events. Consequently,
if the design scour depths exceeded the depths to armoring within the design reach, the

burial depths for the bank protection would be limited to the armoring depths.

9 l ] Simons, Li & Associates, Inc.
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3.2.2 Computation of the Long-term Degradation Depths

For the purpose of this analysis, the equilibrium bed slope within the design reach
was assumed equal to 0.1 percent. This slope was selected using the results of previous

studies, which are briefly described in the following paragraphs.

As part of the Rio Salado Project for the City of Tempe, the CRSS Commercial
Group computed a design equilibrium slope for the Salt River that was equal to
approximately 0.15 percent (Reference 4). The median diameter of the sediment material
used in the CRSS analysis (10 millimeters) is consistent with the median diameter along
the design reach. The bottom-width of the design section used in their analysis was
approximately equal to 950 feet. From a computational standpoint, the wider section
would be expected to produce a steeper equilibrium slope than that which would be
applicable to the design reach.

As part of the East Papago and Hohokam Freeway projects for the Arizona
Department of Transportation, Simons, Li and Associates (SLA) computed an equilibrium
slope for the Salt River that was approximately equal to 0.13 percent (Reference 5). This
equilibrium slope was based on the conditions that currently exist along that portion of
the Salt River that will parallel the East Pai)ago Freeway. Since the existing channel
sectionA is not capable of conveying the entire 100-year peak discharge, one would expect

to see a steeper equilibrium slope than the one associated with the design reach.

Considering the results reported in the previous studies, the application of a 0.1
percent equilibrium slope within the design reach is considered to be a reasonably
conservative assumption. To determine the long-term degradation depth at any given

point along the design reach, the equilibrium slope is first subtracted from the existing

sla Simons, Li & Associates, Inc.
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bed slope, and then multiplied by the distance from the grade-control to the design point

of interest.

The armoring depths relative to the two reaches under consideration (i.e.,
downstream and design) were computed using the procedure outlined in Reference 6.
The specific equations used from this reference were Equations 5.5 and 5.6. These
equations are presented in Appendix A as Equations A.l and A.2. For Equation A.2,
it was assumed that the thickness of the armor layer was twice the diameter of the
sediment particle required to resist transport under design flow conditions. The size of
this sediment particle is first determined using Equation A.1. As with the other scour

components, a safety factor of 1.3 was applied to the computed depths.
3.2.2 Computation of the 100-Year Scour Components

The general-scour component was estimated using SLA’s sediment-routing model,
QUASED (Reference 7). Using three separate input files that collectively define (1) the
geometry of the study reach; (2) the sediment inflow conditions associated with the reach;
and (3) the hydrologic and sediment characteristics inherent to the reach, the QUASED
model computes and compares the bed-material transport capacity of each designated sub-

reach with its incoming sediment supply.

During the computational process, if the transport capacity of a particular sub-
reach exceeds the incoming supply, degradation occurs. The degradation depth (i.e.,
general scour depth) is then estimated by the program using the deficit volume and the
surface area of the bed within the associated sub-reach. If the incoming sediment supply
exceeds the transport capacity, deposition occurs and the depth is again determined using

the volumetric difference and the area of the bed within the subreach. This computational

sla Simons, Li & Associates, Inc.
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procedure is repeated for each sediment-size fraction, and for each discharge or time step

on the discretized hydrograph.

The sediment-size fractions used in the analyses were based on the combined
results of a sieve analysis of two surface and two subsurface sediment samples obtained
near the landfill from the bed of the Salt River. These samples were collected and
analyzed by Sergent, Hauskins & Beckwith (SHB). The composite distribution curve is

shown on Figure 3.6.

In an effort to provide conservative estimates of the general-scour depth for all site
conditions analyzed, it was assumed that the amount of sediment supplied to the upstream
limit of the study reach would be zero. This clear-water-inflow assumption is reasonable
considering (1) the size of the sediment particles within the surface layer of the
streambed; (2) the intensity of in-channel sand and gravel mining that occurs upstream
of the study reach; (3) the amount of vegetation that exists along the channel bed
immediately upstream of the 7th Avenue bridge; and (4) the significantly wider channel

section that also exists immediately upstream of the 7th Avenue subreach.

The hydrograph used in the analysis was obtained from Reference 8. This
hydrograph, which is shown on Figure 3.7, assumes that the 100-year peak discharge is
equal to approximately 215,000 cfs. Consequently, the results of the general-scour
analyses will be slightly conservative, since the actual design peak discharge is 195,000

cfs.

The remaining scour components (i.e., bed-form scour, bend scour, and local
scour at the bridge piers, the bridge abutments, and the grade-control structure) were
computed using two SLA publications (References 6 & 9) and one Federal Highway

Administration publication (Reference 10).

] la Simons, Li & Associates, Inc.
_ Water Hesourees & Cvtl Engueering Consabanms _




T

60 80 100
N

'-_(_"9
2 [g
2
e /]
ol -3 = O
HI v ¥ //
08 oy
= < vd
o e
H=) —
o Z 5

L) o

E:) 11

L //

o T

/
o L]
102 2 3 45878310°" 2 3 4 5578910Y 2 3 4 56789 10! 2 3 4 56789 107

PARTICLE SIZE (mm)

€7 93eg

FIGURE 3.6. SEDIMENT-DISTRIBUTION CURVE FOR QUASED ANALYSIS




FIGURE 3.7. DESIGN-FLOOD HYDROGRAPH
FOR QUASED ANALYSIS

160

* ] OJ
200. 240
| I

213 S
S L
e
Clee
1 .
R "
o8 F
§ L
o O
e
<
T o
Qs
2
[}
.
- L | | | | | ! 3
0.0 25.0 50.0 75.0 100.0 125.0 150.0 1750 X
TIME (hrs)




Page 25

Bed-form scour, bend scour, and local scour at the bridge piers were estimated
using the procedures outlined in Reference 6. The specific equations used from this
document were Equations 4.25, 5.25 and 5.15, respectively. These equations are
presented in Appendix A as Equations A.3 through A.5. Local scour at the bridge
abutments was estimated using the one of the relationships provided in Reference 10.
The specific equation used was Equation 5.5.24. This equation is presented in Appendix
A as Equation A.6.

Local scour below the proposed grade-control structure was estimated using
Equation A.7. This equation was developed using the results of a physical model study
which was conducted by SLA (Reference 9).

The length of the "zone of influence™ for the bend-scour component is equal to the
length of the outer-bank curve plus a distance that is determined using Equation A.8.

This equation was developed by L.L. Rozovskii in 1961 (Reference 11).

maesessssssssssemmy 38 [ 84 Simons. Li & Associates, Inc.
Water Resuurves & Civid Engineeriog Consulzants “




Page.26
IV. DISCUSSION OF RESULTS
4.1 HYDRAULIC ANALYSES

Hard copies of both the input and output listings for the HEC-2 analyses are
provided in Appendix B.

The limits of the existing 100-year floodplain are shown on Figure 3.1. Although
the limits compare favorably with those reported as part of the 1984 FIS, the water-
surface elevations determined as part of this design report are consistently higher than
those reported as part of the FIS. The discrepancy appears to be the result of the failure
of the FIS to exclude ineffective-flow areas from the total cross-sectional area associated
with particular sections. A discussion of how ineffective-flow areas should be modeled
is provided in Reference 3. However, since the primary purpose of the existing-
conditions analysis is to provide a basis for evaluating the relative impact associated with

the two design alternatives, this discrepancy is not necessarily pertinent to the study.

Table 4.1 summarizes a portion of the results of both the existing-conditions and
design-conditions analyses. In addition, it quantifies the difference between the existing
and design water-surface elevations and flow velocities. Table 4.2 provides the average
hydraulic parameters that were used to define the magnitude of the 100-year scour

components (excluding general scour).

Based on the results of the hydraulic analyses, Alternative B has a lesser impact
on the upstream water-surface elevations than does Alternative A. In fact, the impact
associated with Alternative B can be considered insignificant. For reasons discussed in
the following paragraphs, the impact associated with Alternative A actually may be

considered as being adverse.

8' a Simons, Li & Associates, Inc,
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TABLE 4.1-A: EXISTING VS DESIGN WATER-SURFACE ELEVATIONS
I AND FLOW VELOCITIES FOR ALTERNATIVE A
l ALT-A EXISTING | WATER ALT-A EXISTING FLOW
CROSS WATER WATER | SURFACE FLOW FLOW VELOCITY
SECTION | SURFACE | SURFACE | CHANGE | VELOCITY | VELOCITY | CHANGE
l NO. ELEV. ELEV. (ft) (fps) (fps) (ft)
£.00 1044.27 1044.27 0.00 10.38 10.38 0.00
2.00 1044.98 1044.98 0.00 10.51 10.51 0.00
I 3.00 1045.76 1045.76 0.00 9.88 9.88 0.00
4.00 1046.38 1046.38 0.00 9.48 9.48 0.00
5.00 1046.61 1046.61 0.00 11.80 11.80 0.00
l 6.00 1047.21 1047.21 0.00 13.88 13.88 0.00
7.00 1047.94 1047.94 0.00 17.10 17.10 0.00
8.00 1050.24 1050.24 0.00 16.63 16.63 0.00
I 9.00 1052.48 1052.12 0.36 13.58 15.06 -1.48
9.10 1052.67 1053.71 -1.04 13.57 12.68 0.89
l 9.20 1053.51 1054.41 -0.90 13.16 11.99 1.17
9.30 1053.59 1054.86 -1.27 13.49 11.64 1.85
10.00 1054.36 1056.13 -1.77 12.86 9,55 3.31
11.00 1055.42 1056.68 -1.26 11.69 8.57 3.12
l 12.00 1056.68 1057.16 -0.48 10.02 8.33 1.69
13.00 1056.53 1057.13 0.60 12.69 10.34 2.35
l 14.00 1057.02 1057.53 0.51 12.71 10.23 2.48
15.00 1057.52 1057.70 0.18 12.73 11.04 1.69
16.00 1058.02 1058.06 -0.04 12.74 11.07 1.67
. 17.00 1058.90 1058.41 0.49 11.73 10.98 0.75
18.00 1059.39 1058.73 0.66 11.52 11.80 -0.28
19.00 1059.63 1059.08 0.55 12.57 12.85 0.28
l 20.00 1060.03 1059.51 0.52 13.83 14.14 0.31
20.50 1061.44 1061.01 0.43 11.23 11.42 0.19
21.00 1061.70 1061.29 0.41 11.36 11.56 -0.20
I 22.00 1061.63 1061.23 0.40 14.75 15.02 0.27
23.00 1063.01 1062.70 0.31 13.77 13.98 0.21
24.00 1064.37 1064. 14 0.23 12.73 12.85 0.12
l 25.00 1065.16 1064.95 0.21 12.83 12.95 -0.12
26.00 1065.86 1065.68 0.18 13.13 13.23 -0.10
27.00 1067.48 1067.34 0.14 10.74 10.81 0.07

sl 2] Simons, Li & Associates, Inc.
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TABLE 4.1-B: EXISTING VS DESIGN WATER-SURFACE ELEVATIONS
AND FLOW VELOCITIES FOR ALTERNATIVE B

ALT-B | EXISTING | WATER ALT-B EXISTING FLOW
CROSS WATER WATER | SURFACE FLOW FLOW VELOCITY
SECTION | SURFACE | SURFACE | CHANGE | VELOCITY | VELOCITY | CHANGE
NO. ELEV. ELEV. (£ (£ps) (fps) (ft)
1.00 1044.27 1044.27 0.00 10.38 10.38 0.00
2.00 1044.98 1044.98 0.00 10.51 10.51 0.00
3.00 1045.76 1045.76 0.00 9.88 9.88 0.00
4.00 1046.38 1046.38 0.00 9.48 9.48 0.00
5.00 1046.61 1046.61 0.00 11.80 11.80 0.00
6.00 1047.21 1047.21 0.00 13.88 13.88 0.00
7.00 1047.94 1047.94 0.00 17.10 17.10 0.00
8.00 1050.24 1050.24 0.00 16.63 16.63 0.00
9.00 1052.48 1052.12 0.36 13.58 15.06 -1.48
9.10 1052.67 1053.71 -1.04 13.57 12.68 0.89
9.20 1053.51 1054.41 -0.90 13.16 11.99 1.17
9.30 1053.66 1054.86 -1.20 13.15 11.64 1.51
10.00 1054.09 1056.13 2.04 13.14 9.55 3.59
11.00 1054.66 1056.68 -2.02 13.12 8.57 4.55
12.00 1055.20 1057.16 -1.96 13.10 8.33 4.77
13.00 1055.76 1057.13 -1.37 13.09 10.34 2.75
14.00 1056.31 1057.53 - -1.22 13.08 10.23 2.85
15.00 1056.86 1057.70 0.84 13.07 11.04 2.03
16.00 1057.41 1058.06 0.65 13.05 11.07 1.98
17.00 05836 | Q084D -0.05 11.99 10.98 1.01
18.00 1058.89 1058.73 0.16 11.75 11.80 0.05
19.00 1059.15 1059.08 0.07 12.82 12.85 -0.03
20.00 1059.58 1059.51 0.07 14.09 14.14 .05
20.50 1061.07 1061.01 0.06 11.39 11.42 -0.03
21.00 1061.34 1061.29 0.05 11.53 11.56 -0.03
22.00 - 1061.29 1061.23 0.06 14.98 15.02 -0.04
23.00 1062.74 1062.70 0.04 13.95 13.98 0.03
24.00 1064.17 1064.14 0.03 12.83 12.85 0.02
25.00 1064.98 1064.95 0.03 12.93 12.95 0.02
26.00 1065.70 1065.68 0.02 13.22 13.23 0.01
27.00 1067.36 1067.34 0.02 10.81 10.81 0.00

8 la Simons, Li & Associales, Inc.
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TABLE 4.2: AVERAGE HYDRAULIC PROPERTIES
USED IN SCOUR ANAILYSES

CROSS DEPTH HYDRAULIC CHANKEL CHANNEL CHANNEL CHANNEL ENERGY CHANNEL
SECTION Gf DEPTH DISCHARGE FLOW FLOW FLOW SLOPE FROUDE
RO, FLOM VELOCITY WIDTH AREZA NO.

(ft) (ft) (cfs) (fps) (ft) (ft*) ofo

EXTSTING-CONDITIONS

79 26.10 18.10 194431 16.26 669.98 11988.06 0.4309 0.68
9-11 & 13-17 29.61 24,48 168778 11.20 641.69 15152.43 0.1445 0.41

ALTERRATIVE A

9-11&13-17' 26.63 l 24,81 ] 194705 f 12.81 1613.78 I 15231.25] 0.13031 0.46

ALTVERNATIVE B

9-11 & 13-17 26.26 24.55 195000 13.09 607.10 14907.93 0.1382 0.47
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When the flow regime along a watercourse is subcritical, water-surface profiles are
controlled by the hydraulics of downstream sections. Based on the results of the existing-
conditions analysis, the hydraulic-control section for the upstream reach (i.e. Sections 18
through 24) is located at the landfill’s eastern boundary where flow overtops the main
channel and inundates the landfill’s surface. In order to prevent inundation of the landfill
during the 100-year event, a new downstream control section must be established to offset

the impact of total containment of the 100-year discharge.

Within the study reach, there are two existing downstream sections that can serve
as the hydraulic control section. One section is located on the downstream side of the
19th Avenue bridge, and the other section is located on the upstream side of the bridge.
It should be noted that the bridge itself is not a controlling section in this instance. To
a certain extent, the width of the design section dictates which control section to use.
However, since the width of the design section is limited by the landfill, the proposed
channelization scheme must be evaluated using both control sections to determine which

produces the most desirable results.

Since the south bank levee associated with Alternative A is limited to the Salt
River boundary of Cell A-1, the control section for this alternative is located somewhere
between the cell’s western boundary and 19th Avenue. With the control section at this
location, the average increase in the water-surface elevation between Sections 18 and 24

is approximately 0.5 feet.

For Alternative B, the south bank levee extends all the way to the grade-control
structure. Consequently, the control section for this alternative is located immediately
downstream of the grade-control structure. With the control section at this location, the

average increase between Sections 18 and 24 is approximately 0.1 feet.

sla Simons, Li & Associates, Inc,
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The increase associated with Alternative A does not appear to significantly alter
the existing 100-year floodprone area between the fandfill and the 7th Avenue bridge.
Nor does it appear to significantly reduce the amount of freeboard associated with the
numerous flood-control levees that flank this reach. However, it appears that this

increase may adversely affect the capacity of the 7th Avenue bridge.

Using the results of the existing-conditions analysis, the water-surface elevation at
Section 24 was checked against the design water-surface elevation for the 7th Avenue
bridge. According to the bridge plans, the design elevation at the bridge, which was
based on 200,000 cfs, is 1058.9 feet MSL.. Since the minimum low-chord elevation for
the bridge is approximately 1065.0 feet MSL, it appears that approximately six feet of
freeboard was included in the bridge design. In contrast, the existing water-surface
elevation at Section 24 was determined to be 1064.14 feet MSL. As previously

mentioned, this latter elevation does not include head-losses attributable to the bridge.

Consequently, there appears to be some question regarding the bridge’s ability to
convey the entire 100-year peak discharge beneath its superstructure with adequate
freeboard. It is not known at this time if the bridge plans and the project topo are based
on the same datum. However, given the magnitude of the discrepancy, it would be
advisable to design the channelized reach in such a manner so as to avoid any relative

increase in the tailwater elevations associated with the 7th Avenue bridge.

Alternative B accomplishes this goal by limiting the average rise in the tailwater
elevations to less than one-tenth of a foot. This increase is within the relative accuracy
range associated with the HEC-2 program. Consequently, most floodplain engineers
would agree that a relative increase of this magnitude can be considered insignificant.
Therefore, it can be said that Alternative B in no way materially alters the existing

hydraulics of the 7th Avenue bridge.
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Based on these results, Alternative B appears to be the most effective alternative.
4.2 GEOMORPHIC ANALYSES

Table 4.3 summarizes the results of the general-scour analysis of the entire study
reach, However, only the maximum general scour depth occurring within the design
reach was used in combination with the other scour components to define the total depths

of scour for both existing and design conditions.

The design results shown in this table were obtained using the Alternative B
channelization scheme. However, the results are applicable to both design alternatives.
[t was not necessary to conduct a separate analysis for Alternative A, since the maximum
depths of scour for Alternative B occur within the upstream segment of the design reach

where the design section is common to both alternatives.

Table 4.4 summarizes the results of the entire scour analysis, including general
scour. Five distinct subreaches are represented in the table for each of the three
condifions analyzed. Since the design scour depths within a given subreach will vary as
a function of the applicable scour component(s), the design burial depths for a particular
segment of bank protection will also vary along the design reach in accordance with its

location.

Along the straight reaches and along the inner bank of the curved reaches, the
general-scour, bed-form scour, and low-flow channel incisement depths were used to
define 100-year scour depths. Along the outer bank of the curved reaches, the bend-
scour component was also included. In the immediate vicinity of the bridge, all or a
portion of the pier-scour component was also included if the bank protection lay within

the associated "zone of influence”. In this particular instance, only the proposed north

sla Simons, Li & Associates, inc.
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TABLE 4.3: RESULTS OF GENERAL-SCOUR ANALYSIS
ANALYSIS OF EXISTING CONDITIONS ANALYSIS OF DESIGN CONDITIONS

CROSS EXISTING TRALWEG FINAL CHANGE FINAL CROSS DESIGN THALWEG FINAL CHANGE FINAL
SECTION THALWEG ELEV, THALMWEG a PEAK CHANGE SECTION THALWEG ELEV. THALWEG & PEAK  CHANGE
NO. ELEV. @ PEAK  ELEV.  (ft)  (ft) KO. ELEV. @ PEAK  ELEV.  (ft)  (f0)
3 1020.0  1020.6  1020.8  0.62  0.81 3 1020.0  1020.8  1021.2 0.8  1.18
4 1022.0  1022.6  1022.8 0.3 0.8 4 1022.0  1022.8  1023.2 0.8  1.18
5 1024.0  1024.6  1024.8  0.63  0.83 5 1024.0  1023.1  1022.9  -0.87  -1.09
6 1026.0 _ 1022.3 10218  -1.66  -2.19 6 1026.0 __ 1023.1  1022.8  -0.93  -1.25
7 1026.0  1023.9  1023.3  -2.13  -2.74 7 1026.0  1024.9  1024.6  -1.06  -1.43
8 1026.0  1023.6  1022.9  -2.39  -3.08 8 1026.0  1026.0  1026.0  0.00  0.00
9 1026.0  1023.5  1022.7  -2.53  -3.30 9 1027.0  1027.0  1027.0  0.00  0.00
9.1 1026.0  1024.1  1023.6 _ -1,88  -2.43 9.1 1027.2 _ 1026.8  1026.6  -0.36  -0.58
9.2 1026.0  1025.9  1025.8  -0.08  -0.20 9.2 1027.3  1026.9  1026.7  -0.36  -0.58
9.3 1026.0  1025.9  1025.8  -0.07  -0.19 9.3 1027.4  1027.0  1026.8  -0.36  -0.58
10 1026.0  1025.9  1025.8  -0.08  -0.22 10 1027.8  1027.4  1027.2  -0.36  -0.58
11 1026.0  1025.9 _1025.8  -0.08  -0.20 1 1028.3  1028.0  1027.8  -0.36  -0.58
12 1026.6  1026.1  1026.0 0.1 0.0V 12 1028.8  1028.3  1028.1  -0.5%  -0.78
13 1026.0  1026.2  1026.0  0.17  0.02 13 1029.4  1028.9  1028.6  -0.51  -0.78
14 1026.0  1026.2  1026.0  0.17 0.0 14 1029.9  1029.4  1029.1  -0.51  -0.78
15 1026.0  1026.0 _ 1025.9 _0.03  -0.15 15 1030.4  1030.1 _ 1029.9  -0.35  -0.50
16 1027.0  1027.0  1026.9  0.02  -0.13 16 1031.0  1030.6  1030.5  -0.35  -0.50
17 1030.0  1030.0  1029.9  0.00  -0.12 17 1031.5  1031.2  1031.0  -0.32  -0.46
18 1030.5  1030.3  1030.3  -0.16  -0.16 18 1032.0  1031.8  1031.8  -0.20  -0.20
19 1032.0  1031.8  1031.8 _ -0.18 _ -0.18 19 1032,0_ 1031.8  1031.8  -0.22  -0.22
20 1034.0  1033.8  1033.8  -0.20  -0.20 20 1034.0  1033.8  1033.8  -0.24  -0.24
20.5  1034.0  1033.8  1033.8  -0.16  -0.16 20.5  103.0  1033.8  1033.8  -0.20  -0.20
21 1034.0  1033.1  1032.7  -0.90  -1.26 21 1034.0  1033.1  1032.8  -0.89  -1.24
22 1035.0  1033.8  1033.3  -1.23 _ -1.69 22 1035.0  1033.8  1033.4 _ -1.22  -1.65
23 1036.0  1034.9  1034.5  -1.12  -1.52 23 1036.0  1035.0  1034.6  -1,05  -1.42
2 1038.0  1037.1  1037.0  -0.94  -1.02 24 1038.0 10371 10371 -0.87  -0.93
25 1038.0  1037.2  1037.1  -0.84  -0.92 25 1038.0  1037.2  1037.1  -0.83  -0.89
26 1038.0  1037.2  1037.1  -0.84  -0.92 26 1038.0  1037.2  1037.1  -0.81  -0.87
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TABLE 4.4: SUMMARY OF RESULTS OF SCOUR ANALYSIS
i_ REACH GENERAL BED- BEND LOW- ABUTHMCNT PIER DROP 100- LONG - DESIGN
SCOUR FORM SCOUR FLOMW SCOUR SCOUR SCOUR YEAR TERM SCOUR
DEPTH SCOUR DEPTH CHANNEL DEPTH DEPTH DEPTH SCOUR SCOUR DEPTH
(ft) DEPTH (ft} DEPTH (ft) (ft) (ft) DEPTH DEPTH (ft)
(ft) (ft) (fo) (f1)
EXISTING CONDITIONS
STRAIGHT 1.5
(D/S BRIDGE) 3_30 3.62 R/A 2.00 N/A N/A N/A 11.60 13.00 21,5
STRAIGHT 21.5
(U/S BRIDGE) 0.22 1.72 N/R 2.00 N/A N/A R/A 5.12 13.00 18.12
CURVED 21.5
(OUTER BANK) 0.22 1.72 5.30 2.00 H/A N/A N/A 12.01 13.00 21.5
CURVED 21.5
( INNER BANK) 0.22 1,72 N/A 2.00 H/A N/A N/A 5.12 13.00 18.12
BRIDGE 21.5
(S. ABUTHMENT) 0.22 1.72 5.30 2.00 7.13 (21.67) N/A 21.28 13.00 21.5
BRIDGE 21.5
(M. ABUTMENT) Q.22 1.72 N/A 2.00 56.15 (21.67) N/A 78.11 13.00 21.5
ALTERNATIVE A
STRAIGHT 5.00
(D/S GCS) N/A N/A H/A N/A N/A N/A 21.85 28.41 13.00 41,41
STRAIGHT 21.5
{U/S GCS) 0.78 2.24 N/A 2.00 N/A N/A N/A 6.53 1.0 7.53
CURVED 21.5
(OUTER BANK) 0.78 2.24 5,44 2.00 N/A N/A N/A 13.60 1.00 14.60
CURVED ' 21.5
( INNER BANK) 0.78 2.24 N/A 2.00 N/A N/A N/A 6.53 1.00 7.53
BRIDGE 21.5
(S. ABUTMENT) 0.78 2.24 5.44 2.00 2.24 (22.06) N/A 16.51 1.00 17.51
BRIDGE 21.5
(N. ABUTMENT) 0.78 2.24 “NSA 2.00 N/A 5.88 N/A 14,17 1.0 15.17
ALTERNATIVE B
STRAIGHT 2.0
(D/S GCS) N/A N/A N/A N/A N/A N/A 22.17 28.82 13.00 41.82
STRAIGHT 1.5 .
(U/S GCS) 0.78 2.34 H/A 2.00 N/& N/A N/A 6.65 1.00 7.66
CURVED 21.5
(CUTER BANK) 0.78 2.34 5.39 2.00 /A N/A H/A 13.65 1.00 14.66
CURVED 21.5
{ INNER BAKK) 0.78 2.34 N/A 2.00 N/A N/A N/A 6.66 1.00 7.66
BRIDGE 1.5
(S. ABUTMENT) 0.78 2.34 5.39 2.00 N/A (22.20) N/A 13.66 1.00 14.66
8RIDGE 21.5
(N. ABUTMENT) 0.78 2.34 N/A 2.00 N/A H/A N/A 14.30 1.00 15.30
( ) Denotes computed value that is not applicable for design purposes.
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bank will be close enough to the bridge piers to be affected by pier scour. Within the
bridge reach, an abutment-scour component was also included since the approaches to the
19th Avenue bridge can force a significant quantity of overbank flow through the bridge

section under both existing conditions and Alternative-A conditions.

It should be noted that, for each subreach, the individual 100-year components
shown in the table, including the low-flow component, represent the actual computed
values. The 100-year scour depths represent the summation of the individual components

(to the left of this column) times the 1.3 safety factor.

The results of the long-term degradation analyses are also shown in Table 4.4.
Since the maximum equilibrium depth at the upstream limit of the design reach was
limited to one foot, this value was selected as the minimum long-term equilibrium depth
for the entire design reach. Within the design reach, the computed armoring depth for
both existing and design conditions was determined to be approximately 16.5 feet. When
the safety factor is applied, the design value becomes 21.5 feet. Within that portion of
the existing-conditions reach located immediately downstream of the grade-control
structure, the computed armoring depth was determined to be approximately 3.85 feet.
When the safety factor is applied, the depth becomes 5.0 feet. This value is based on the
uniform-flow hydraulics of a IOOO—foot—widé channel section. This width approximates
the average width of the existing main channel and the width of a future channel, should

one be constructed.

However, since the grade-control structure will be located a short distance
upstream of an existing 26-foot-deep gravel pit, the S-foot armoring depth was not used
to define the design burial depth for the grade-control structure. Instead, the grade-
control was designed using an approximation of the depth of a potential head-cut.

Designing the grade-control structure in this manner will guard against the possibility of
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a headcut migrating upstream from the brink of the gravel pit. Headcuts are typically
defined as migratory vertical drops in the upstream profile of earthen channels. In this
particular instance, the headcutting process will be initiated as flow plunges into the
gravel pit during the design storm event. Both physical and mathematical model studies
of in-stream gravel pits have shown that the maximum depth of the headcut is
approximately equal to one-half the depth of the pre-flood pit (Reference 12).
Consequently, since the depth of the existing gravel pit is approximately equal to 26 feet,

the maximum head-cut depth is predicted to be approximately 13 feet.

The results just discussed are included under the long-term scour-depth column.
In this column, the top number represents the computed armoring depth, which includes
a safety factor, and the bottom number ecither represents the head-cut depth or the
equilibrium degradation depth. For all existing-condition subreaches, and for the two
design-condition straight reaches located downstream of the grade-control structure, the

bottom number represents the head-cut depth. For the remaining design subreaches, the

bottom number represents the long-term equilibrium depth.

With the exception of the two design reaches located downstream of the grade-
contro}l structure, the final design scour depths were chosen in the following manner.
First, the equilibrium depth or the head-cut, whichever was applicable, was added to the
100-year scour depth. This quantity was then compared to the armoring depth for that
particular reach. The smaller of the two values was then selected as the total or design
scour depth for that reach. For the two excluded design reaches, the armoring depth was
ignored for the reasons previously discussed. Consequently, the total or design scour
depths for these two reaches were based on the sum of the 100-year scour depths and the

head-cut depths.

S la Simons, 14 & Associates, Inc.




Page 37

Generally speaking, channelization (coupled with the installation of the grade-
control structure) will not adversely alter the erosion potential that currently exists outside
the limits of the design reach. Although channelization significantly increases flow
velocities within the design reach, it does not significantly alter the velocity of flow in
either the upstream or downstream direction. Consequently, one would not expect any
adverse geomorphic impacts on the upstream and downstream reaches after the
channelization or bank protection project is complete. Although a comprehensive scour
analysis was not performed on these reaches, the results of the general-scour analysis, as

summarized in Table 4.3, supports this conclusion.

In addition, channelization will not adversely affect the existing stability of the 19th
Avenue bridge. The design plans for the bridge indicate that the bridge piers were
founded at an elevation of 915 feet MSL. This is approximately 112 feet below the
design bed elevation. Since the maximum local-scour depth for the bridge piers was
estimated to be approximately 22 feet, channelization will not adversely impact the

bridge.

The results discussed thus far apply only to the erosion potential associated with
the channel bed. As previously stated, the results of the hydraulic analysis clearly
demonstrates that the velocity of flow within the main channel will increase significantly
under either design alternatives. Consequently, the erosion potential associated with the
channel banks will also increase in response to the increased flow velocities. For
Alternative B, the entire channelized reach is protected to prevent bank erosion.
However, for Alternative A, the stability of the south bank between the grade-control

structure and the western boundary of Cell A-1 is questionable.

It is recognized that the majority of the south bank along this segment of the design

reach is currently protected with rock riprap. However, if the design flow velocity

s'a Simons, Li & Associates, Inc, -
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associated with Alternative A were used originally to design the rock-riprap protection,
the Dg, size of the riprap would have to be approximately three feet (see Figure 4.1).
The thickness of the riprap blanket would have to be approximately six feet. In addition,
the design toe-down depths for the protection would have to conform to the appropriate
values presented in Table 4.4. A field inspection of the existing bank protection does not
appear to support this current design criteria. In addition, it does not appear that the
upstream limit of the existing protection was designed to prevent it from being
outflanked. Consequently, the stability of the existing rock-riprap protection is

questionable under Alternative-A conditions.

In an effort to quantify the increased erosion potential associated with the south
bank, a scour-width equation (developed by a staff member of SLA), was applied using
the results of the hydraulic analyses. Although this equation, provided as Equation A.8
in Appendix A, applies to unprotected alluvium banks, the results indicate that a three-
fold increase in the erosion potential is possible. Under existing conditions, the potential
bank-crosion distance was estimated to be approximately 85 feet. However, under

Alternative A, the estimated distance was determined to be approximately 240 feet.

Although a detailed qualitative and/or quantitative lateral-migration analysis of the
existing bank was not conducted as part of this study, all empirical data supports the fact
that the outer bank of a channel bend is far more susceptible to erosion than are the banks
along straight reaches. Increasing the velocity of flow entering the bend will most
certainly increase the erosion potential. If the southern bank between Cell A-1 and 19th
Avenue is not properly stabilized, portions of the south bank, including the bridge

abutment and the approach roadway, may be in jeopardy.

From a design standpoint, the two alternatives evaluated produce similar

geomorphic responses. However, considering the potential inadequacy of the existing

sla Simons, Li & Associates. Inc.
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FIGURE 4.1: RIPRAP DESIGN CHART
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rock-riprap bank protection along the south bank near 19th Avenue, Alternative B will

provide the greatest measure of protection.
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V. CONCLUSIONS AND RECOMMENDATIONS

The results of the hydraulic analyses indicate that Alternative A will increase
upstream water-surface elevations by approximately 0.5 feet. The increase associated
with Alternative B was limited to 0.1 feet, which is within the accuracy range of the
applied model. Therefore, the relative impact associated with Alternative B can be
considered insignificant. The significance of the Alternative A impact is not known for
certain at this time. However, it would be advisable to avoid any interaction between the
proposed channelization scheme and the hydraulics of the 7th Avenue bridge by selecting

Alternative B.

The results of the geomorphic analyses indicate that both alternatives will
significantly increase the erosion potential associated with the design reach. In an effort
to minimize construction costs, Alternative A limits the extent of soil-cement bank/levee
protection to those banks within the design reach that are currently unprotected.
However, the results of this study raise some questions regarding the ébility of the
existing rock-riprap bank protection to withstand the increased erosion potential.
Therefore, to avoid the possibility of future damage, which could be linked to the
proposed channelization scheme, engineering judgment dictates selection of Alternative
B.

Normally, studies of this type evaluate the cost-effectiveness of each alternative.
However, in this particular instance, the only difference between the two alternatives is
the extent of bank/levee protection required within the design reach. Since the average
cost of soil-cement bank protection is approximately $1,200,000 per lineal mile, and
Alternative B will require an additional four-tenths mile of soil-cement protection, it is
reasoned that cost of materials for Alternative A would be approximately $500,000 less

than would be the cost of materials for Alternative B.
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However, if the cost of potentially future flood damage and/or possible litigation
were counsidered in the final analysis of Alternative A, Alternative B could, in the long
run, prove to be the most cost-effective flood-control and erosion-control alternative for
the 19th Avenue landfill. As previously stated, this alternative will prevent inundation
and refuse-washout during the 100-year flow event without adversely impacting adjacent
properties and/or structures. Consequently, Alternative B is the recommended

alternative.

Table 5.1 provides the recommended burial depths and elevations for the bank
protection and the grade-control structure. In addition, the top of levee elevations are
also provided. Although Alternative A is not the recommended alternative, the values

associated with this alternative are also included for comparative purposes.

During the planning phase of the overall project, it was recommended that the
flood-control levees be protected using soil cement. Although other forms of bank
protection can promote, enhance and/or support vegetation (which theoretically increases
the aesthetic quality of the completed project), SLA endorses the initial recommendation
to use soil cement because of its effectiveness, durability, and extremely low maintenance
costs. To ensure that the final cost of the soil cement product is kept at a minimum,
Appendix C provides a discussion of some of the cost-optimization techniques that can

be considered when utilizing soil cement as a bank/levee protection measure.
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TABLE 5.1: DESIGN PARAMETERS
ALTERNATIVE A
CROSS WATER LEVEE FLOW N-BANK N-BANK S-BANK S-BANK
SECTION SURFACE CREST LINE SCOUR TOE ~DOWN SCOUR TOE - DOWN
NO. ELEV. ELEV. ELEV, DEPTH ELEV. DEPTH ELEV.
(MSL) {MSL ) (MSL) {ft) (MSL) (ft) {M5L)
8.0 1050.2 | 1053.2 | 1026.0 | 41.4 984.6 1.4 N/A
9.0 1052.5 | 10555 | 1027.0 | a41.4 985.6 41.4 N/A
9.0 1052.5 | 1055.5 | 1027.0 7.5 1019.5 14.6 N/A
9.1 1052.7 | 1055.7 | 102r.2 15.2 1012.0 17.5 N/A
9.2 10s3.5 | 10565 | 1027.3 15.2 1012.1 17.5 N/A
9.3 1053.6 | 1056.6 | 1027.4 15.2 1012.2 17.5 N/A
10.0 | 1054.4 | 1057.4 | 1027.8 7.5 1020.3 14.6 N/A
1.0 | 10s5.4 | 1058.4 | 1028.3 7.5 1020.8 14.6 N/A
12.0 | 1056.7 | 10s9.7 | 1028.8 7.5 1021.3 14.6 N/A
13.0 | 10s6.5 | 1059.5 | 1029.4 7.5 1021.8 14.6 1014.8
1.0 1057.0 | 1060.0 | 1029.9 7.5 1022.4 7.5 1022.4
15.0 | 1057.5 | 1060.5 | 1030.4 7.5 1022.9 7.5 1022.9
16.0 | 10sa.0 | 10s1.0 | 103100 7.5 1023.4 7.5 1023.4
17.0 1058.9 | 1061.9 | 1031.5 7.5 1024.0 7.5 1024.0
ALTERNATIVE B
CROSS | WATER LEVEE FLOW N-BANK N-BANK S-BANK S-BANK
SECTION | SURFACE | CREsY LINE SCOUR TOE-DOWN SCOUR |  TOE-DOWN
NO. ELEV. ELEV. ELEV. DEPTH ELEV. DEPTH ELEV.
(MSL) MsLy (MSL) (ft) (MSL) (f) (MSL)
8.0 | 1050.2 | 1053.2 | 1026.0 41.8 984.2 1.8 984.2
9.0 | 10s2.5 | 10ss.s | 1027.0 41.8 965.2 41.8 985.2
9.0 | 1052.5 | 1055.5 | 1027.0 7.7 1019.3 14.7 1012.3
9.1 1052.7 | 10s5.7 | 1027.2 14.7 1012.5 15.3 1011.9
9.2 1053.5 | 1056.5 | 1027.3 1.7 1012.6 15.3 1012.0
9.3 | 1oss.7 | 1ese.7 | 1027.4 14.7 10§2.7 15.3 1012.1
1.0 | 10s4.1 | 10s7.1 | 1027.8 7.7 1020.1 1%.7 1013.1
1.0 | 10s4.7 | 10s7.7 | 1028.3 7.7 1020.7 14.7 1013.7
12.0 10s5.2 | 10s8.2 | 1028.8 7.7 1021.2 14.7 1014.2
13.0 | 105s.8 | 10s8.8 | 10294 7.7 1021.7 14.7 1014.7
14.0 1056.3 | 1059.3 | 1029.9 7.7 1022.2 7.7 1022.2
5.0 1056.9 | 1059.9 | 1030.4 7.7 1022.8 7.7 1022.8
16.0 | 1057.4 | 1060.4 | 1031.0 7.7 1023.3 7.7 1023.3
17.0 1058.4 T061-.4 1031.5 7.7 1023.8 7.7 1023.8
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APPENDIX A

SCOUR EQUATIONS
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I Page A1
l APPENDIX A: SCOUR EQUATIONS
I ARMORING POTENTIAL:
| Do = 50# Y (.1
Where
l D, = Diameter of sediment particle for conditions of incipient
motion (ft)
l T = Boundary shear stress (Ib/ft%)
l v, = Specific weight of sediment (Ib/ft>)
l y = Specific weight of water (Ib/ft’)
and

I AZ, =y, [(1/Py,-1] (A.2)
I Where:
l AZ, = Depth to formation of armor layer (ft)

Y, = Thickness of armor layer (ft)
l P, = Decimal fraction of material coarser than armor layer (ft)
l BED FORM-SCOUR COMPONENT:
l FOR ANTIDUNES: FOR DUNES:

Y, = (V,,/8.55)2 Y, = Y., /6 (A.3)
-l Where: |
l Vg = Average channel velocity (fps)
I Y ax = Maximum Depth of Flow (ft)
i
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BEND-SCOUR COMPONENT:

Y, = (0.0685 Y V,, "PQ2.1((Sin*(Ay2)/Cos(AN*D-IN(Y, 24 8 .03 (A4
Where

A, = Impingement angle (degrees)

Se = Energy/bed slope (ft/ft)

Y, = Hydraulic depth (ft)

Y = Maximum flow depth (ft)

Vavg = Avérage channel velocity (fps)
LOCAL-SCOUR COMPONENT FOR BRIDGE PIERS:

Ly =Yk, (/N Fr>® (A.5)
Where:

Y = Maximum flow depth (ft)

Fr = Froude number

bp = Width of obstruction (ft)

1(p = Pier shape coefficient
BRIDGE-ABUTMENT-SCOUR COMPONENT:

7/6

??z— =275 J= [(T%so— +1) ] (A.6)

9 la Simons, Li & Associates, Inc.
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Where:
dme = The unit discharge in the main channel (cfs/ft)
Q = Discharge of main channel (cfs)
W = Width of the main channel (ft)

Q, = Overbank flow discharge (cfs)

y, = Overbank flow depth (ft)

LOCAL-SCOUR COMPONENT FOR SUBMERGED GRADE-CONTROL
STRUCTURE:

Ly, = 0.581 q%67 (dy/Y)%41 (1-(dy/Y))O-!18 | (A7)
Where:

Y = Maximum flow depth (ft)

d, = Drop height (ft)

q = Unit discharge (cfs/ft)

DOWNSTREAM EXTENT OF BEND-SCOUR COMPONENT:

x = (0.6/m)/Y!V (A.8)
Where:
X = Distance from the downstream tangency point to the location

where secondary currents have dissipated (ft)
Y = Maximum flow depth (ft)

n = Manning’s roughness coefficient

sla Simons, Li & Associates, Inc.
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SCOUR-WIDTH CHANGE:
W, = ((0.088 Q (Sin*(A;/2)/Cos(A N> 2 /(Y15 8 03%)-Tw (A.9)
Where:
A; = Impingement angle in degrees (degrees)
S, = Bed slope (ft/ft)
Y, = Hydraulic depth (ft)

TW = Top width of flow (ff)

Design discharge (cfs)

')
i
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- APPENDIX B

- INPUT/OUTPUT LISTINGS FOR THE HEC-2 ANALYSES
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SLA, INC.
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g8 [035.0 2353.0 1042.0 2370.0 1042.0 2575.0 1040.9 2585.0 10350 2595.0
GR1035.0 26850 {0400 27608 1650.0 2510.0 1060.9 2540.¢ 1065.0 25400
gF  1063.0 3080.0
X 260 1t 2230 2310 400 400 400 ¢ 0 0
GR 1070.¢ 21900 1065.0 2230.0 1060.9 2245.0 1450.0 2275.0 1042 6 2320.0
6k 1042.C 2600.0 1040.0 26100 1840.0 2630.0 1042.¢ 2655.0 1042.0 2780.4
Gk 1035.0 2805.0 1038.9 22300 1040.0 2340.0 1050.¢ 2870.0 1060.0 26%5.0
& 1070.0 22100
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SECK frid WIELE £ Hy HL MuSs BANE £LEY
# uleh s ek 404 ARER put Tag  LEFT/RIGHT
1ML YLiE I KHCH XNR HTH ELMIN SSTA

SLOPE WL0L ITRIAL IDC [CONT  CORAR  T0PYID ENDST

1PROF &
THLEG = §. THEREFURE FRICTION (03S {HLY 1S CALCULATED AS A FUNCTION OF
PROFILE TYPE, WHICH CAN YARY FROM BEACH TO REACH. SEE DOCUHENTATION FOR
DETAILS.

CRITICAL DEPTH T BE CALCULAIER AT ALL LROSS SECTIONS

CCHY= 109 CEHY: 300
¥SECHD 1.000
3260 CROSS SECTIoM L0 EXTENDED 12,27 FEET
3470 ENCROACHMENT STATIONS: A 3li0.g TYPE: 1 TARGET: 3105.9%%
1.000 24,27 104427 37,39 1044.27 1045.79 1.52 .00 00 1048.09
195000, & ’ SERIEN 0. 13455, 4834, 8. 0. 1040.08
.00 .00 R 0o 040 (45 L0000 1020.00 1724 66
NEHERN 0. & ¢ ¥ ¢ (60 1385.3¢ 3l10.00

ESECND 2.006

5280 CROSS SECTTON 2.00 EXTERDED 12,96 FEET
3470 ENCROACHMENT STATIONS: .00 2%15.0 TYPES ! TARGET- 2514 999

2.000 24,98 1044 %8 103838 00 1046.54 1.56 74 .01 1040.00
195000, 310138923, Jelde. 15, ISH7. 4857, 83, 12, 1040.00
R 1.3 104 742 030 048 .04% [000 [026.00 1é15.73
001833 400, 498, 400, 2 19 ¢ .00 £296.22 2315.00

ESECNO 3.060
3280 CROSS SECTION 3.

=
(==

EXTEXDED 13.76 FEET

3470 ENCRUACHHMENT STATIONS: B 271000 TYRES 1 TARGET: 2005 995
3000 2576 10457k 1037071 Q0 104721 1.45 N [0 o1ash.ae
135000, G. l79sel. 15073, 0. l82s. 2271 371, 24, 1042.00
.02 06 R o 54 009 040 043 000 1020.00 1515.30
91514 &0, 406, 400. 2 1% 0 L0 11340 271800




i HCBENE
Stowe HPT vl f e
it GLok ‘ 1! ALUR A AROE YL
TixE YLUR YIH YER FHL INEH IHR HTK
sLare AR sLOH IHORE [TRIaL  IBC [£6NT CORAR
£SECNG 4,990
3260 CROSS SECTICH 4.00 EXTENDED &.36 FEET
4.008 24,58 104838 1037.%4 G0 1047 5% 140 .36
135000, G, 135000 L. 0. 20563 0. 339,
ik REH 545 .40 RifHE 40 069 009
091321 LHIE 40 d00. ? 14 9 090
¥SECNG 5.000
3301 HY CHANGED HGRE THAM HYINS
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA: 1050.00 ELKEA-
3.080 2.4} 08 104s 77 2. 16 L6
195000, & N, LES26. 8. 730,
il R 004 040 B 063
42470 400. ? 3 i G0
¥SECHD £.000
3301 HVY CHANGED KORE THAN HVYINS
3495 OVERBANK AREA ASSUMED HON-EFFECTIVE, ELLEA: £050.00 ELREA-

6.000  23.21 [047.21 104250
195009, 0. 145006, 0.
05 Lo 13w 0
(003542 460, 409, 400,

¥SECHG 7.000

3301 HV CHANGED MORE THAN HVINS

3495 OVERBANK AREA ASSUMED KON-EFFECTIVE

7000 21.94 104734 1045.13
155000, 0. 133009, 0,
B 00 1Pl .09
05544 430, 300, 380,

09 1856.20 2.9 1.18

0. 14045, 0. &§70.
.000 RiLHH .aes .000
Z 13 0 .00

, ELLEA: 1050.00 ELREA:

9% 105248 4,54 1.82

0. 11304, 0. ¥87.
006 040 000 0906
? 15 U .0

SL4, INC,

o
3~

GL0SS RANE ELEY
THA  LEET/RIGHT
ELKIN  S5TA
TEPHID  ENDST

01 1090.00

34, 1840. GU
1022.09 1585.1
1094 .24 ;buﬂ.OU

1050.96
.25 1050.00
44, 1050.00
1024.00  1596.7%
101473 2e11.52
105000

.25 1050.08
33, 1050.80
1024.00 1668.49
863.95 2552.44

1054.00

46 1050.00

£0.  {0s4.00
1026.00 722,78
733.06 2461.77




o ! FR]
NRSHE frFne fsn LG HY HL
i uCH Lo ACH AR i,
TihE YOH ANL ANCH ¥NR HIN
SLCFE ALUR! LIRS ¥LOhER ITRIAL INC ICONE CORAR
1SECNU 2.000
3280 CROSS SECTION §.00 DXTENDED (24 FEET

3495 OVERRANK AREA ASSUMED RON-EFFECTIVE, ELLEA: 1056.00 £LREA:
§.000 2424 [0S0 24 104456 G0 1054.53 4.2% 2.63
173009, ¢. 175000, 0. 0. 1725 6. [053.
g7 08 166 .00 GOG 4 00 008
004662 410 400, J8d. 3 12 0 REY

FSECHO %.000

SLA, INC.

AGE

FLSE RANE ELEY
T4 LEFT/RIGHT
ELHIH 5574
TOPWED EHDST
1054.00

02 1050.00
o/, 105409
1760.00
5% 244559

[
]
[
oo
sy
==

e

CHIKP CLSTA= 226000 CELCH: 102760 84: 525.00 STCHL: 1748 00 STCHR=  2572.00
EXCAYATION DATA
AEX=  1B95%.586-¢7 HEXR: SEsen-va ¥exI1= LOERCY-YD
3301 HY CHANGED HORE THAH BYINS
3302 WARNING: CONYEVANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, YRATIO - 174
9.006 25,43 1052.48 M2 09 1055.35 2.87 .67 14 1060.00
135000, 0. 195000, 0. 0. 143 0. 1180. 70, 1060.00
47 Qg 138 .08 L0400 A35 R 800 1027.00 1959.27
.00154] 230, 294. 290. 2 14 0 (06 601.46 2560.73
+3ECH0 9.100
CHINP CLSTA=  2763.00 CELCH-  1027.15 BY- 525.00 STCHL-  1845.00 STCHR-  264D.00
EXCAYATION DATA
AEX:  18B64.350-F1 YEXR- all. SK¥Cy-YD VEXT: 80. SE¥CU-YP
3435 OYERBAMY AREA ASSUMED NOM-CFFECTIVE, TilEA: 1060.00 ELREA: | 1060.00
3.106 25,52 042,67 1043.08 000 1055.52 2.8 A8 00 §060.00
£95000. G, 1958060, ) G. 14373, 0. 1218. 3. 1060.08
07 1A R A9 .coa 035 .000 000 102715 1964.22
081534 UL 5. 45, ? 14 g 00 681095 2565.7%




SLA, INC.

Apta LRI punt
SECHS  BEEIH O CMSE $SELE £ HY HL SLOSE BAME ELDY
4 ook ALuE 404 AR YL e LEFT/RIGHT
TIME YLOE ML KHEH XHE WTH ELKIN SaT4
SLOPE RN [TRI e ICONT  CORAR TOPYID ENDST
SPECIAL BRIBGE
SBOox¥ LEOR Laf ROLEN L BKP BAREA 58 ELCHY ELEKE
105 1.5 2,68 00 525,90 30,00 16020.00 L.50 1027.26  1027.15

ESECNS 9.200

CHIHP {LSTA- 220500 CELCH: 1627 .26 BY- 525.00 STCHL:- 1953.35 STCHR= 2576.61
EXCAVATION DATA

AEX= 18796 456-F1 YEXR= &5 BKRCU-YR YEXT: 136 3E¥CU-YD

CLASS & LW FLod

3420 RRIDGE ¥.5.- Y5185 BRIDGE VELGCITY: 15.45 CALCULATED CHAMNEL AREA- 1258%.
EGPRS EGLKC H3 OEIE L BAREA  TRAPLIOID ELLE ELTRE REIRLNM
AREA
RELE SRT VS IS NG 16029, {2058 1055.08  1062.30 g,
3475 OVERKAME AREA ASSUMED NON-EFFERTIVE, ELLEA- 1060.00 ELREA: 1060.00
3200 26.73 1033.51 .ea G0 1056.20 269 .68 .00 1060.00
155009, 0. 195000, 0. 0. 14&le. 0. 1245, 74 106000
R NEH e .00 .G00 035 .009 000 1027.26 1963.12
J013Es 30, = 80, 0 0 0 00 60376 2566.88

£SECKD 7.300
CHINF CLSTA=  2265.00 CELCH: 1027.37 M- 325,00 STCHL= 1933.59 STCHR=  2700.00
EXCAVATION GATA

AbX:  IE715.450-T VESR: 9. 3L 4CY-5T YEXT= 205 8KECU-YD
3500 .27 1053.6e 1043.32 00 105.34 2.69 4 .00 1666.00
135000 ¢, 135000, 0. 0. 14826, 0. 127%. 75, 1060.00
R o0 1S .08 800 35 .00 L0000 1027.39 1%63.10
01352 160, 190, 182 0 14 0 L0 60381 2066.50

»»»»»

SH;HP F STL- F000.00 CELCH: 427 .50 B&: 525,60 STCHL- 168%.20 STCHR: 231080
EXCAVATION TATA
BEX:  IGAED.250-F1 - vEXR: 213 45CH-YD YEXT: 419 .263CU-YD




4 2ef s 1552

SECNG MEPTH CUSEL CRIgS ENERS ks HY

1 GLO8 UoH 3R AL ACH ARiGR

[543 G YH YRR N AHCH ¥NE

SLOPE  xLOEL XLCH XLOBR ITRI&L  IDC [GoNY

10,000 26.29 10%3 0% 104373 09 10%.77 268

135009 0. 155089, . 0. 14540, g,
08 A 13.14 .00 060 035 .6eo

001388 340, 3. 244, 2 [4 i

*ASECND 11.00¢

CHIWP CLSTA=
EXCAVATION DALA

2250.00 CELCH: H28.33 BY= §25.00 STCHL=-

ALYz 18131.388-F YEKE= 271 .0KCU-YD YEXT:
11,002 26,33 1054.66 104426 A0 1857.33 2.6
155000 4. j3a0an, L. G.  ldged.
0“ nﬂ 1532 Rijt 000 035 RHIH
00138 REA 4400, a0 i 14 U

*SECND 12.000
CHIKF CLSTA:
EXCAVATION DATA

F410.00 CELOK: 112304 §¥- 525.00 STCHL=

AEX= 178154501 YEXR: 25%.6KxCU-YD VEXT-
12,980  26.36 1055.20 1044.77 0% 1057.57 264
155000, ¢, 195000, f. 4. 14B8s. it
St IR N .00 RULH .035 .008
001374 520, 390, 0. ! i4 ]
ESECHG 13.9000
CHINP CLSTA=  2550.00 CELCH=  1029.37 BM= 925.00 STCHL-
EXCAVATION DATA
AEX= 17485.150-F7 YEXR- 261. SKECU-YD VEXT= 1211
13.000  26.38 1955.75 048,30 (GG 1058.41 2.66
135000, 0. 133009. C. 8. 14697, .
AR A0 15,09 .00 .000 035 080
001371 460, 400. 350. 0 14 0

FSECHG [4.000

CHIMF CLSTA-  2580.00 GELCH:

5
[
it

125,490 RU- 525.00 STCHL:-

kit LSS
ik TH4
¥IN FLHIN
CORAR THPHID
A3 08
1354, 3.

.ope 102780
N0 6038

530 SKALY-YE

L35 .98
1321, .
000 102833
.00 &04.00

4% SEACU-YD

.54 RIH
1654, 30.
00 10285
00 60410

228155 STCHR-

CALICU~YD
5% .08
1751, 9.
066 102937
.00 D4 1e
227235 STCHR-

BANK £LEY

LEFT/RIGHT

5814
ENDST

1060, 40

106000
1698 06

2301.34

256001

1060.08

1060.00
1548 00
2552.00

105000
106080

2107.35

27§2.08

2920.00

1069.00
1060.00

2087.52

2692.08

2890.0¢




“ .L-L\i[l-c 11
SECHy BEETH CHELY Riks HOELE £4 HY HL LSS RANK FLEV
i utuk HH SRt ALOR ACH ARG Vol THA 'EFT{RIEH?
TilE YL YOH Y08 1ML TNCH FNE HIH ELHIN 56T4
SLOPE AR ALEH ILOgR ITeial JiC {CONT CORAR TGPHID ENDST
EXCAVATION DATA
ARi: 37161 55p-FT yEXE: 56 TEECU-YD YEXT- 1468, IK¥CU-YD
14.000 26,41 1056.31 104543 00 105596 2.66 .55 e 1060.09
135040, a4 135000, 0 0 1430% 0. 1927. 105, 10e0.09
42 A 13.08 .30 .000 3% .toa OG0 102590 227789
003 368 460. 400. 340. 2 14 0 000 60427 2682.11

ESECHE 15,000
CHIHF CLSTA=
EXCAV*TI“N D4

2605.08 GELCH: 1E30_43 BU:- 925.00 STCHL- 229415 STCHR: 291189

S YRR 2SLERMU-YD VEXTT  I709.306CU-TD
15000 26.43 1056.86 104636 .00 1059.58  2.65 .55 .00 1040.00
135000, 6. 135000, g. 0. 14818, 0. M0k 107 1060.00
4308 1NGT 0 0B 035 000 600 1030.43 2302.%7
TR P i R = z 14 0 80 426 2907.13
1SECHT 16.000
CHIMP CLSTA:  2955.00 CELCH:  1B30.95 8= 525.00 STCHL:  2048.92 STCHR: 23410
EXCAVATION DAT
X LSITOSOFT VEXR:  247.1KECUSYD VEXT:  1367.0KCU-YD
16.000  26.46 1057.41 1046.88 .00 1060.06  2.65 .55 .00 1060.00
195000, 9. 195000, 0. 0. 1493, 0. 2202, 112, 1060.00

3 A8 13.08 .00 .000 035 000
001360 400.

[000  1030.95 2232.82
400 30, 1 14 0 A0 604035 2857.1%

ESECNG 17.000
CHIMP CLSTA=
EXCAYATION DATA

2620.00 SELCH: 103148 B 565.00 STCHL= 2234 72 STCHR-  3025.09

AEK=  [7333.550-F7 VEXR: 250, 74¢CU-¥D YEXT= 2217 .78 *CU-Y
17,000 25,88 1058.36 1046.72 00 100,55 2.23 45 04 1060.00
175000, G 195000 C. 0. 1626Y. 0. 2345, ] G 1060.00
14 An 15y RUI .tog 035 .000 080 103148 229718
.GOLLLS 75, 2 it 0 Ruy bﬁﬁ.bn 254282




ST Ao
NEE Y

b

TIKE ViR
SLGPE TLBEL

ASECHD 18,000
16,000 2¢.8Y
175000, 0.
A% .80
00171 404,

CCHY:
ESECHG 15000
£9.000 27.1
155440, g
A4 .0
L0753 400.

ESECH 20,000

I301 HY CHAHGLD iR

20,000 25.5H
135000 0.

A7 oo
L0225 460,

LSECNG 20.500

500 CEHY:

Lo

CUET PRINS
acH QR0

Yok YRig

i YLOBR

105865 104499
1E5000. C.
[1.75 00
400, 406.

0
105315 104371
195000, 0.

a7 a0

THAM HYINS
HIST 58 1050.92
175900, .

14,10 .40
404, 4na.

3301 HY CHAMGED MORE THAN HVINS

20.500 27.07
195000, 0.

A7 .00
005354 §85.

¥SECNO 21,060
21.008
155909

t

Y
LAl

-Qol47} 215,

27.54

. 104326
155000, 8.
1140 il
tas. 185,

165,34 1050.41

14835, 167.
1,53 L7
25, 215,

MEELY

.60

00

40

000

m

.00

.6a0

[

o=
=

.60o

[

[ ]
)
5=

L B
[

1081.70
15210,
Q4

4

106267
13835.
042

14

1063409
17113
040

14

1063.41
LEF%2.
040

14

HY
ARIE
XHR

TP
00H

Mo

2

el

==

12 o -
= -

T

i

(=0

faan)

i
YL
WK

CORAR

.35
2642,

ann
IRULY

.00

23
2841,
.000
0o

{24,
1432.00

tsa. 67

1h

136,
1034.00
595 A%

Tl G

Nl
142.
1034.00

733,39

ideq.00
1045.00
2430.63
3025 .43

1064.00
1062.00

2157.30

2857.70

1965.00
106609
2357.32

313671

SLA, IvC,
PRGE 12




SLA, INC.

PASE 13

R prety CHRE LEIHS HEEE 38 HY HL SLOSS BARE ELEY
i ok WK thig ALOR ACH ARGR ¥ Tde LEFT/RIGHT
TiHE LA Yo YR{E XhL XNCH rHE CH ELHIY SSTA
SLGPE {LoEL i CH ZLOBR PIRiaL JBC iCeNT CORAR TPy ENRST

LLHY: 200 CEHy: .48¢

YSECHG 22,000

3301 WY CHANGED HORE THAH HYINS

22.000
155004,
A9
(02492

CCHY:
$SECHD 23,000
23.000
175000

¥

Ae2186

¥SECNG 24,000
24000
155008,

21
001750

4SECNG 25,000
25.000
195004,
21

.G01934

LSECHY 26,000
2.000
195000
22

092090

KSECND 27.000

£ 0N
26.29

. 180 CEHy-

2698
28,
.30
450.

2770
0.
.09
400,

1061 .29
194570,
1498
400.

1064.17

195090,

12,53
4:

1964, 9%
194472,
12.53
430,

1065.70
{73000,
13,92

W Ld

400.

o

]

10525
430
134

409,

1053.74
1435,
7.98
400,

10535

1055.57
8.

e
450,

185693
0.

.08
4GC.

.0

0o

00

080

.00
3t

045

.60

.0on

a9
£

1064 7¢
12787.
040

14

1065.74
1387,
640

14

1066.73
15495,
049

14

[0a7.57
15877,
040

14

106341
14750,
049

13

3.00
502,
0435

(%]
= O Ln
=T ~= ) f=

2.7

000

U

75
3064.
.oog
00

33
350,
.0eg
40

e
3353,
.00
.08

a7

.63
3518,
L4009
.00

.80
3647,
RULY
.00

1633,
7172

0%
156
103600
73041

.0
164,
1038.09
637.5¢

0
17t
1035.00
731.07

04
178.
1038.00
669 .24

1065.00
136000
2327.43

3085.14

106400
106009
2194.7

1

~y r
-

52

n
[

1970.00
197000
2093.74

26412

1064.00
1068.00

2121.36

233245

196500
107009

223431

2903.55
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SECHE HY U
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& L
ARE MTH AR SSTA
{CONT COEAR 1ol ENBST

3301 HY CHAHGED MORE THAN HYINS

:7.35 1050 5% RHOHUA N 1.8l 6 4% 1070.00
ELENRR 17. 0. 12045, 1, 797, 154, 1066.00
] 4 000 1638.00 2147.%2
00 512 2987.1%
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F=

e ]

[

-
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edeid AEERTR:

THIS RUH CXECUTEDR  4/26/%! Fid6:d

R %al

AT R B e P O e L SV e e L R e g
FASE DATED SEF 55 UFDATED SEPT 14§70

EREOK CoRR - 01,02,03
HODIFICATION -
EERERLLRY LRV T R LR ROt R R LR R

ROTE- ASTERISK (¥ AT (EFT OF CROSS-SECTION NUMSER INDICATES MESSAGE IN SUMHARY OF ERRGRS 1187

DESIENIS. DAT

SURHARY PRINTOUT

SECHD CWSEL YLOB VCH YROB LLog 4CH GROR DEPTH  TOPYID S5TA EWDST

1000 104427 il 10.38 7.07 00 16643590 3451440 2427 38534 17l 3H0L00
2000 1044 .98 1.9% 1651 7.42 .77 15892256 Gal45.73 245 IPEE2F 0 LElR.7R 2915.00

3.000 104576 i 9,88 6.64 A0 179320.68  15079.48 25,74 QIR0 1515380 2716.00
4.000 1DdE.3 09 948 B .00 1950046, 00 B0 0 2438 103484 1585.15  2wE0.00
5.000  1046.61 g {1.8 00 .00 19300000 R 2261 1004073 199679 2411.%2
6.000  1047.2] .00 13.63 0 .00 19508000 00 2320 88395 1668.4% 255244
7.000 1947.94 .00 17.10 .00 .09 19508C.09 .00 2i.94 73%.06  1722.71  2461.77

§.000  1650.24 R 16,63 00 .60 195000.00 R 24.24 6BS.NT 1760.00 2445 59

Tt

000 1052.48 09 13.58 Rl 00 195000.00 .09 20,48 s01.46 195927 2540.73
2.000  1952.67 .00 13.57 .00 00 195006.00 .00 25.52 801.55 1964 27 2965.7%
3,200 1053.51 .09 1316 .00 .00 195600.09 R 26,73 60376 19312 7546.33
3.300  1003.46 .60 1315 00 00 12500009 00 26,27 AB3.EDL 19630 256,30
16000 1054.09 .o 15.14 09 60 135000,00 00 2627 0388 16%2.06 230).%4

PLLOBO 1054 .66 00 13.12 o 00 1%5000.00 A 26,33 GD4.00  13E.00 2550.00
12,090 1055.20 ik 15.19 .40 A0 18s0ng 00 A0 2636 &04.10 0 2107.55

13,606 1035.75 i 13.0% .00 .09 19500600 RE 6.3 w04 fe 220752 pES? .08

14.000  [056.3! 00 13.08 REY 00 125000.00

PRI nL¥
B33 faE !

—
L)
Eed
L= N
£
—_
o
L)
En
ra
]
P
"D
e
]




SECH oHSEL Ying YUK YEOF 0k LOH OEig DEFTH TOFUID S5T4 Eubst
000 105G 10 13.07 y an 155¢ i 43 ; 075
15,000 108:.%e Ny 13,0 B RO RO RHH 2643 64,26 2302.87  2907.13

16,000 1087.4) on 130 R B0 1E5000 00 .an 26.46 60435 225282 285719
17.900 1058 3¢ .00 115 .60 RECBLICHERES REY o 6B pA5.43 224718 294282
16.060  1058.8% R 1.7 Rt REUBRELCIR L Ret 26.89  BSE67 231L.LD 0 2947.7%
12,000 105%.15 A 12,482 .00 00 £25000.00 Bl 705 632,37 2355.93 2986.30
28,600 1959.58 .60 14.10 REL 00 195604, 00 A 20,36 SMILEY MI0.63 3029.48
20,500 1061.07 ot 1 UL 00 15000, 00 .00 27,07 70639 2157.30  2857.70

21,000 1061.34 Ry [1.53 L7 00 154832.50 147,43

P
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APPENDIX C: COST-OPTIMIZATION TECHNIQUES FOR SOIL CEMENT

Soil-cement construction costs are primarily a function of the following items:

1. The strength of the mix (i.e., cement/flyash content);
2. The total volume of soil cement required; and
3. The earthwork requirements.

Although there are other items which may, when added together, contribute a
significant amount to the total cost of a typical bank-protection project, they are
individually of secondary importance. For this particular project, the most significant
secondary expense will be the relocation of refuse and/or hazardous wastes. Since it is
likely that this item will not be considered as a separate pay item, it will probably be
reflected in the unit earthwork costs.

With respect to the three primary items, the following cost-reduction measures
should be taken into consideration

1. Mix strength:
a. Determine the minimum-allowable strength and specify this strength.

b. Do not include specification provisions that call for adjustments in
the amount of cement required solely for the purpose of increasing
durability. The thickness of the typical soil-cement unit alone
provides for durability.

c. Allow for the use of flyash under specific limitations to reduce the
cost of the mix.

d. Write the specifications in a manner that will eliminate the need to
pay a contractor for any additional flyash or cement he independently
uses to create a mix of higher than required strength.

2. Volume requirements:
a. Provide toe-down depths that are based on sound engineering

judgment, and ensure that the depths fluctuate in accordance with the
erosion hazard.

sla Simons, Li & Associates, Inc.
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b. Examine the possibility of reducing the typical eight-foot width, if
engineering analyses support that reduction.

c. Minimize or eliminate access ramps, bicycle accessibility, and other
nonessential uses of soil cement, unless the requesting agency 1is
willing to pay for both the design and construction of these features.

3. Earthwork requirements:

a. Minimize or eliminate intrusion into known or suspected areas
containing hazardous materials.

b. Adjust the alignment to minimize both cut and fill requirements.

c. If borrow material is needed, specify that it is to be removed from
the channel or adjacent areas in a manner that will provide secondary
benefits to the project.

d. Do not require that fill material be placed against the soil cement for

strictly aesthetic reasons.

sla Simons, Li & Associates, Inc,




