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Summary Recommendation:

In order to eliminate the breakouts it is recommended that four improvements be made to
the existing system as follows:

1. Construct a diversion dike across Waterfall Wash to divert all flow in the wash to
McMicken Dam. The Flood Control District has confirmed that McMicken Dam has
the storage capacity required to accommodate the additional flow. This will reduce
the peak flows in the Canal Wash and reduce the size of the proposed structures in
items 2 and 3.
Preliminary Cost Estimate = $284,000

February 24, 1999

Executive Summary

Problem Iflentification:

Candidate Assessment Report McMicken DamlWhite Tanks #3

The Beardsley Canal Wash (Canal Wash) is adjacent to the west side of the Beardsley
Canal. The Canal Wash if fed by two major tributaries, Waterfall Wash and Cholla
Wash. Waterfall Wash runs within a few hundred feet of the southwest end of
McMicken Dam and joins the Canal Wash just upstream of Olive Avenue. Cholla Wash
joins the Canal Wash halfway between Olive Avenue and Northern Avenue. The Canal
Wash drains to the White Tanks Flood Retention Structure #3. FRS #3 was constructed
to detain all flow tributary to the Canal Wash. It was designed to accept large peak flows
from the Canal Wash, detain them and discharge a small controlled volume of water, thus
eliminating the damaging effects of high peak flow volumes downstream. Under current
conditions a large portion of flow draining to the Canal Wash escapes collection by FRS
#3 by overtopping the Beardsley Canal. Overtopping of the canal causes damage to the
canal, increases repair costs to county roads downstream of the breakouts and is
contributing to 6 miles of Federal Emergency Management Agency (FEMA) special
flood hazard area downstream (east) of Northern Avenue. Proposed improvements to
eliminate the breakouts was first analyzed in a report by AGK Engineers Inc., which
proposed a subcritical concrete channel at a cost of $10,000,000. Proposed
improvements to eliminate the breakouts are reanalyzed ill this report to fmd a more cost
effective solution. The improvements proposed in this report and discussed below are
estimated to cost $1,592,000, which is l/6th of the proposed channel improvements in the
AGK report. In addition, the proposed replacements of the Olive Avenue and Northern
Avenue crossings of the Canal Wash include full 60-foot right-of-way improvements that
will need to be made at some point in the near future as this area develops. Construction
of the proposed improvements will allow FRS #3 to fulfill its intended purpose, eliminate
flood damage to the canal, reduce repair costs to county roads downstream and allow the
FEMA special flood hazard area downstream (east) of Northern Avenue to be removed
by Letter of Map Revision (LOMR).
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Total Preliminary Cost Estimate = $1,592,000
= $1,228,000 with 53% reduction in item 3 cost

2. Replace the existing culverts at Olive Avenue with 5 - 10' x 5' Reinforced Concrete
Box Culverts (RCB's). This will provide the conveyance capacity needed to
eliminate the breakout across the canal at this location.
Preliminary Cost Estimate = $170,000

4. Replace the existing culverts at Northern Avenue with a 70-foot bridge and construct
a grade control structure on the downstream side. This will provide the conveyance
capacity needed to eliminate the breakout across the canal and maintain the existing
profile of the wash.
Preliminary Cost Estimate = $449,000

3. Realign and widen the confluence of Cholla Wash and Canal Wash and revegetate
after construction is complete. The realignment of Cholla Wash will provide a more
efficient hydraulic transition between the two washes. Widening the washes will
provide the conveyance capacity required to reduce the water surface elevation.
Revegetation will allow the area to return to its natural condition and maintain its
hydraulic characteristics. These improvements will eliminate the breakout at this
location.
Preliminary Cost Estimate = $689,000
Note: This cost could be reduced by $364,000 (53%) if a temporary grading permit
could be obtained instead of acquiring right-of-way.
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Maricopa County

1.2 Location

This study assesses the proposed improvements to enhance the inlet channel
(Beardsley Canal Wash) performance for the White Tanks Flood Retention
Structure (FRS) #3. This study determines the feasibility, based on hydraulic
modeling and conceptual cost estimates, of eliminating the overtopping of the
Beardsley Canal during a 1OO-year flood event.

1
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Vicinity Map
Figure 1-1

As shown in Figure 1-1 and Figure 1-2 the study area is located in the northern
portion of Maricopa County and is approximately 5 miles west of Luke Air Force
Base. The Beardsley Canal Wash is located on the west side of Beardsley Canal
Road and extends from just north of Peoria Avenue to Glendale Avenue. At
Glendale Avenue, FRS #3 begins and extends approximately 1 mile southwest.
Figure 1-2 was taken from the ADMS and shows the lOO-year floodplain
delineations.

Candidate Assessment Re?ort McMicken DamlWhite Tanks #3

1.1 Study Purpose
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1.4 Hydrologic Analysis

3

The hydrologic Analysis used in this report was taken from the ADMS. The
existing condition peak I DO-year flows beginning at the upstream end are as
follows:

During the data collection process PBS&J met with officials from the Maricopa
County Department of Transportation (MCDOT) and the Maricopa County Water
Conservation District (MCWCD). The purpose of these meetings was to notify
these agencies about the study and obtain information on flooding problems,

= 2,048 cfs
= 2,245 cfs
= 490 cfs
= 1,755 cfs
= 3,816 cfs
= 5,141 cfs
= 1,486 cfs
= 3,655 cfs

February 24, 1999

Waterfall Wash
Confluence of Waterfall Wash and Beardsley Canal
Breakout across Beardsley Canal upstream of Olive Avenue
Beardsley Canal at Olive Avenue
Cholla Wash
Confluence ofCholla Wash and Beardsley Canal
Breakout across Beardsley Canal upstream of Northern Avenue
Beardsley Canal at Northern Avenue

The Beardsley Canal Wash was studied during the White Tanks/Agua Fria Area
Drainage Master Study (ADMS), prepared by The WBL Group, Inc., dated June
1992. The ADMS completed both hydrologic and hydraulic models for the
Beardsley Canal Wash and identified the breakout locations. The Beardsley
Canal Wash was further analyzed in the Final Conceptual Design Report for the
White Tanks Flood Retention Structure No. 3 Inlet Improvements, by AGK
Engineers, Inc., dated December 1994. The AGK report recommended a concrete
lined channel be constructed to replace the existing Beardsley Canal Wash at a
cost of 10 million dollars.

The Flood Control District provided PBS&J with all previously completed reports
and information pertaining to the Beardsley Canal Wash. This included the
ADMS and the AGK reports previously discussed. This also included digital
topographic files for the study area, HEC-l and HEC-2 input and output files
from the ADMS and other reports related to the analyses being completed with
this study. A list of all the data collected is included in Chapter 6 of this report.
Once the data collection and field investigation was complete a Data Collection
Summary report was completed and submitted to the Flood Control District for
approval.

Ccndidate Assessment Report McMicken DamlWhite Tanks #3

1.3 Previous Studies

CHAPTER 2 - EXISTING CONDITION ANALYSIS

2.1 Data Collection
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2.2 Field Investigation

2.3 Manning's "n" Analysis
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planned public works projects in the study area and as-built plans for the culverts
at Olive and Northern Avenut:s.

On October 9, 1998 PBS&J met with Glen Vorthems of MCWCD. Mr. Vorthems
stated that in the last ten years there have been 2 occurrences where storm water
has backed up at Olive Avenue and Northern Avenue and overtopped the
Beardsley Canal. This overtopping undermines the gunnite lining of the canal
and causes the lining to collapse. Mr. Vorthems also reported that the service
road on the west side of the canal has been "washed out" at several locations.
Evidence of the "wash out" was apparent at the Confluence of Cholla Wash and
Beardsley Canal Wash. Mr. Vorthems said there were no planned improvements
on the west side of the Canal, but that MCWCD was considering extending the
gunite lining of the canal an additional 1 - 2 feet for a distance of 300 feet
upstream of Olive and Northern Avenues.

On November 5, 1998 PBS&J met with Mike Smith of MCDOT. Mr. Smith
indicated that he had reviewed MCDOT's planning projects and studies within the
White Tanks area and had not discovered any that would be impacted by the
project. Mr. Smith directed PBS&J to the location of MCDOT's as-built
drawings, but none were found for Olive Avenue or Northern Avenue.

During the field investigation particular attention was paid to the Beardsley Canal
Wash and the Northern Avenue and Olive Avenue crossings of the wash.
McMicken Dam and its proximity to Waterfall Wash was also investigated.
Pictures 1 through 17 in Appendix A show some of the areas investigated during
the field investigation. Included in Appendix B are pictures taken in conjunction
with the ADMS, which are dated June 1992. The two sets of pictures were
compared to determine if any noticeable changes to vegetation or other features
had occurred since the ADMS. The area on the north (upstream) side of Northern
Avenue has more dense vegetation than at the time of the ADMS. Currently there
are two 60 inch diameter circular Corrugated Metal Pipes (CMP's) at Northern
Avenue. At Olive Avenue there is an 84 inch diameter CMP and a 90 inch
diameter CMP. It should be noted that the 84 inch and 90 inch diameter CMP's at
Olive Avenue are half full of sediment (see Pictures 6 and 9).

An analysis and recalculation of Manning roughness coefficients (n) was
completed and compared to previous studies. The Manning roughness
coefficients used in the original ADMS HEC-2 model were reviewed and
compared to conditions in the field. The Manning "n" values were recalculated at
several locations using the "Estimated Manning's Roughness Coefficients for
Stream Channels and Flood Plains in Maricopa County, Arizona," (EMRC) by the
U.S. Geological Survey, dated April 1991. The conditions of the Beardsley Canal
Wash were compared to the pictures and "n" values given in the EMRC. The "n"
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2.4 Degradation and Scour Analysis
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values for the Beardsley Canal Wash were then calculated from Tables 1 and 2 of
the EMRC. These "n" values were then compared to the values given in the
original HEC-2 model from the ADMS. An "n" valle was calculated for the
channel bottom and another "n" value was calculated for the channel bank and
overbank areas. The channel bottom is sandy with some small to medium size
stone and little vegetation. The channel banks and overbanks are somewhat
irregular with few obstructions but large and frequent vegetation in most areas.
The "n' value calculations and Tables 1 and 2 from the EMRC are included in
Appendix C.

The Manning "n" values were recalculated for the Beardsley Canal Wash
immediately upstream and downstream of Olive Avenue. The results obtained
were reasonably consistent with the "n" values in the original HEC-2 model
upstream of Olive Avenue. Downstream of Olive Avenue the "n" values in the
original HEC-2 model seem to be low in some overbank areas. The Manning "n"
values were also recalculated immediately upstream of Northern Avenue. The
original HEC-2 "n" values also seem low for the overbank areas at this location as
well. The n values for the overbank area in the original HEC-2 model range from
0.030 to 0.060 with most of the overbanks shown as 0.030. The "n" values
calculated in this report for the same area range from 0.045 to 0.070. It is also
apparent from pictures taken in May of 1992 by The WBL Group, Inc. for the
AD~,1S that the \""ge!::!ion in the overbanks has become more dense since those
pictures were taken. These pictures are included in Appendix B. The "n" values
for the overbank areas between Olive Avenue and Northern Avenue were
increased to a minimum of 0.045. The "n" values were also recalculated for the
area downstream of Northern Avenue (see picture 15). The "n" values shown in
the original HEC-2 model are 0.030 for the left bank and 0.040 for the right bank.
The value calculated in this report is 0.035 for both banks. The left bank and right
bank "n" values were changed to 0.035 in the hydraulic models for this report.

A Level I analysis was completed for degradation and scour of the Beardsley
Canal Wash based on the State Standard for Watercourse System Sediment
Balance, by the Arizona Department of Water Resources, Flood Warning and
Dam Safety Section, dated September 1996. The analysis was completed at Olive
Avenue and at Northern Avenue for both the existing condition and recommended
alternative. The analysis uses drainage area and peak I OO-year flows to determine
the expected setback allowance and channel degradation for both straight
channels and at channel bends. The results of this analysis are given in Table 2­
1. The setback allowance distance given in the table is the maximum amount of
lateral channel migration that can be expected to occur during a 100-year
frequency flood event. This estimated distance is used as a guide for the
placement of structures and facilities in close proximity to the channel. The
channel degradation depth given in the table is the maximum amount of vertical
channel scour or degradation that can be expected to occur in a 100-year
frequency flood event. This estimated depth is used as a guide for toe down

5



2.5 Existing Condition HEC-2 and HEC-RAS Models

Channel Location Channel Type Setback Allowance Channel Degradation
Existing Proposed Existing Proposed

(feet) (feet) (feet) (feet)
At Olive Avenue: Straight Channels 47 32 5.5 3.8

Channel Bends 118 79 6.9 4.7
At Northern Avenue: Straight Channels 74 67 804 7.7

Channel Bends 185 168 lOA 9.5

Candidate Assessment Report McMicken DamlWhite Tanks #3
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distances of bridge piers, channel lining and other structures in or near the channel
bottom. The setback allowance and channel degradation estimates do not take
into account soil type, vegetative cover or other channel characteristics that may
vary between individual channels or between different reaches of the same
channel. Therefore, these values should only be used as a guide. A more detailed
and in depth analysis should be completed in the design phase.

State Standard for Watercourse System Sediment Balance
Level 1 Analysis

Table 2-1

Based on the field investigation it appears that sedimentation and scour have
occurred at several locations along the Beardsley Canal Wash. Sedimentation is
apparent at Olive Avenue. Although it is not readily apparent one would expect
sedimentation to occur at Northern Avenue and at the Confluence ofCholia Wash
and Beardsley Canal Wash under current conditions. Evidence of local scour can
be see in many areas along the canal.

The original HEC-2 model, which was completed with the ADMS has been
converted to a HEC-RAS model and the results of each were compared for the
existing condition. Minor modifications were made to the converted HEC-RAS
model based on current field conditions and the revised Manning "n" values
discussed in section 2.3. These modifications are described in the following
paragraphs. All of the hydraulic models discussed in this section use the flow
rates given in section 1.4. All of the hydraulic models were run in the subcritical
flow regime to conform to FEMA criteria.

The Beardsley Canal was included in the HEC-2 model completed in the ADMS
(Modell). The culvert crossings of the Beardsley Canal Wash at Olive Avenue
and Northern Avenue were modeled as bridges in the original HEC-2. In
addition, it appears that there are gaps between the low chord and the channel
cross-section in the overbank areas of the culvert crossings. This causes the
amount of conveyance area under the road to appear larger in the model than it
really is. The excess conveyance area was eliminated from the HEC-RAS model.
The Olive and Northern Avenue crossings of the wash were modeled as culverts
instead of bridges in the HEC-RAS model. There is a significant difference
between the two models in the amount of flow conveyed through the culverts at

6
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Olive and Northern Avenues. In the original HEC-2 model 1,085 cfs is conveyed
through the Olive AvC::i1ue culverts and 1,447 cfs is conveyed through the
Northern Avenue culv ~rts. In the HEC-RAS model 662 cfs is conveyed through
the Olive Avenue Culverts and 408 cfs is conveyed through the Northern Avenue
Culverts. This is caused b~ the gaps between the low chord and the channel
cross-section in the HEC-2 model as previously discussed.

The culverts at Olive Avenue were further revised by modeling them as semi­
circular CMP culverts to account for sedimentation at that location (see Pictures 6
and 9). The results of the original HEC-2 model and the modified HEC-RAS
model (Model 2) were compared. Table 2-2 shows the water surface elevations
computed in each model and the difference between them. The difference in the
water surface elevations between the two models is less than 0.15 feet everywhere
except immediately upstream of the Olive and Northern Avenue culvert crossings.
The results given in the HEC-RAS model are believed to be more accurate at
these locations since the HEC-2 model analyzes the culvert crossings as bridges
and because the roadway data was not entered properly as previously discussed.

A third hydraulic model was also completed. This HEC-RAS model is the same
as Model 2 except that the Manning "n" values have been revised as discussed in
section 2.3 (Model 3). The water surface elevations from Models 2 and 3 are
included and compared in Table 2-3. Model 3 represents current conditiC'~s fQ:
the Beardsley Canal and is included in this report as the existing condition model
(see Appendix F). A diskette is included in Appendix H with the input files for
Models 1 through 3.

The floodplain maps developed for the ADMS that show the HEC-2 cross­
sections, 2-foot contour topography and FEMA special flood hazard areas are
included in Appendix I. The cross-section plots for Model 3 are included in
Appendix F. The plots show the distribution of the Manning "n" values for each
cross-section and the areas where the water surface elevation overtops the
Beardsley Canal (left bank). The overtopping occurs at several locations,
upstream of Olive Avenue, upstream of Northern Avenue and where Cholla Wash
intersects the Beardsley Canal Wash. Olive Avenue and Northern Avenue are
also overtopped. The existing culverts at those locations are severely inadequate
in terms of conveying the peak 1DO-year flow. The existing condition HEC-RAS
model (Model 3) is used as a base model and is modified for each of the
individual alternatives discussed in Chapter 3.

7
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WATER SURFACE ELEVATION COMPARISON
MODEL 1 VS MODEL 2

TABLE 2-2
Cross Water Surface Water Surface Change in
Section Elevation Elevation Water Surface
Number Model 1 Model 2 Elevation

(feet) (feet) (feet)

0.000 1192.84 1192.85 0.01
0.070 1195.17 1195.17 0.00
0.156 1198.29 1198.29 0.00
0.231 1200.04 1200.11 0.07
0.307 1202.27 1202.24 -0.03
0.390 1208.15 1208.14 -0.01
0.465 1211.43 1211.44 0.01
0.543 1213.93 1213.93 0.00
0.620 1215.09 1215.15 0.06
0.696 1217.17 1217.18 0.01
0.770 1219.98 1220.02 0.04
0.846 1220.24 1220.28 0.04
0.920 1221.50 1221.54 0.04

0.998 1225.72 1225.76 0.04
1.074 1229.03 1228.99 -0.04
1.148 1234.59 1234.51 -0.08

Northern Ave.
1.159 1238.18 1238.79 0.61
1.237 1238.34 1238.92 0.58
1.313 1238.51 1239.04 0.53
1.388 1240.74 1240.84 0.10
1.466 1245.55 1245.67 0.12
1.556 1249.07 1249,12 0.05
1.616 1250.67 1250.75 0.08
1.692 1250.78 1250.93 0.15
1.768 1253.62 1253.56 -0.06
1.844 1259.44 1259.41 -0.03
1.920 1262.78 1262.80 0.02
1.996 1265.60 1265.62 0.02
2.072 1269.12 1269.17 0.05
2.159 1274.66 1275.61 0.95

Olive Ave.
2.167 1278.10 1277.56 -0.54
2.186 1278.10 1277.56 -0.54
2.267 1278.06 1277.51 -0.55
2.330 1278.58 1278.50 -0.08
2.392 1279.67 1279.71 0.04
2.468 1283.04 1283.13 0.09
2.553 1285.71 1285.76 0.05
2.640 1287.34 1287.39 0.05
2.741 1287.96 1288.01 0.05
2.826 1289.12 1289.15 0.03
2.907 1294.58 1294.59 0.01
3.009 1301.28 1301.30 0.02
3.081 1303.22 1303.22 0.00
3.167 1303.93 1303.93 0.00
3.214 1304.20 1304.21 0.01
3.301 1308.63 1308.61 -0.02
3.383 1311.62 1311.64 0.02
3.460 1315.53 1315.52 -0.01
3.540 1318.76 1318.77 0.01
3.610 1320.77 1320.77 0.00
3.678 1321.74 1321.75 0.01

WA"fER SURFACE ELEVATION COMPARISON
~4qODEL 2 VS. MODEL 3

TABLE 2-3
Cross Water Surface Water Surface Change in
Section Elevation Elevation Water Surface
Number Model 2 Model 3 Elevation

(feet) (feet) 'feet)
0.000 1192.85 1192.85 0.00
0.070 1195.17 1195.17 0.00
0.156 1188.29 1198.29 0.00
0.231 1200.11 1200.11 0.00
0.307 1202.24 1202.24 0.00
0.390 1208.14 1208.14 0.00
0.465 1211.44 1211.44 0.00
0.543 1213.93 1213.92 -0.01
0.620 1215.15 1215.08 -0.07
0.696 1217.18 1217.17 -0.01
0.770 1220.02 1220.01 -0.01
0.846 1220.28 1220.23 -0.05
0.920 1221.54 1221.55 0.01

0.998 1225.76 1225.76 0.00
1.074 1228.99 1228.98 -0.01
1.148 1234.51 1234.51 0.00

Northern Ave.
1.159 1238.79 1238.79 0.00
1.237 1238.92 1238.92 0.00
1.313 1239.04 1239.04 0.00
1.388 1240.84 1240.87 0.03
1.466 1245.67 1245.89 0.22
1.556 1249.12 1249.50 0.38
1.616 1250.75 1250.95 0.20
1.692 1250.93 1251.24 0.31
1.768 1253.56 1253.77 0.21
1.844 1259.41 1259.41 0.00
1.920 1262.80 1262.80 0.00
1.996 1265.62 1265.82 0.20
2.072 1269.17 1269.36 0.19
2.159 1275.61 1275.61 0.00

Olive Ave.
2.167 1277.56 1277.56 0.00
2.186 1277.56 1277.56 0.00
2.267 1277.51 1277.51 0.00
2.330 1278.50 1278.50 0.00
2.392 1279.71 1279.71 0.00
2.468 1283.13 1283.13 0.00
2.553 1285.76 1285.76 0.00
2.640 1287.39 1287.39 0.00
2.741 1288.01 1288.01 0.00
2.826 1289.15 1289.15 0.00
2.907 1294.59 1294.59 0.00
3.009 1301.30 1301.30 0.00
3.081 1303.22 1303.22 0.00
3.167 1303.93 1303.93 0.00
3.214 1304.21 1304.21 0.00
3.301 1308.61 1308.61 0.00
3.383 1311.64 1311.64 0.00
3.460 1315.52 1315.52 0.00
3.540 1318.77 1318.77 0.00
3.610 1320.77 1320.77 0.00
3.678 1321.75 1321.75 0.00



3.3 Alternative 1B
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Alternative IB is the same as Alternative lA except bridges are used at Olive
Avenue and Northern Avenue instead ofRCB's.

Alternative lA
Corresponding HEC-RAS model file name: culvert.prj
Replace Existing Olive Avenue Culverts with 10 - 10' x 5' RCB's .
(Freeboard = 0.51 ')
Replace Existing Northern Avenue Culverts with 10 - 12' x 8' RCB's.
(Freeboard = 0.34')

= 2,048 cfs
= 2,245 cfs

ocfs
= 2,245 cfs
= 3,816 cfs
= 5,141 cfs

ocfs
= 5,141 cfs

February 24, 1999

Waterfall Wash
Confluence of Waterfall Wash and Beardsley Canal
Breakout across Beardsley Canal upstream of Olive Avenue
Beardsley Canal at Olive Avenue
Cholla Wash
Confluence ofCholla Wash and Beardsley Canal
Breakout across Beardsley Canalupstre2I:1 of Northern Avenue
Beardsley Canal at Northern Avenue

Alternative lA includes the replacement of the culvert crossings at Olive and
Northern Avenues. The existing culverts are replaced with reinforced concrete
box culverts (RCB's). The number of box culverts added is based on what was
required by the HEC-RAS model to eliminate the overtopping of the canal, Olive
Avenue and Northern Avenue. With this alternative the canal is still overtopped
at the confluence of Cholla Wash and Beardsley Canal Wash.

Several alternatives are evaluated in this study. The purpose of this evaluation is
to determine the minimum improvements necessary to eliminate the overtopping
of the Beardsley Canal. All of the alternatives evaluated are modeled in HEC­
RAS and included on the disk in Appendix H. The models are all run in the
subcritical flow regime to conform to FEMA criteria. All of the models assume
that no breakouts occur across the canal. Therefore, no flow is diverted out of the
model at Olive Avenue or Northern Avenue. The total flow draining to the
Beardsley Canal is used in these hydraulic models unless otherwise modified by
proposed improvements. The total peak 100-year flows impacting the Beardsley
Canal beginning at the upstream end are as follows:
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3.4 Alternative 2A

3.5 Alternative 2B

Alternative 2B is the same as Alternative 2A except that the existing culverts at
Olive Avenue are replaced with 5 - 10' x 5' RCB's. This eliminates the
overtopping of Olive Avenue. A 20' free span bridge could be used at Olive
Avenue instead of the RCB' s, but based on the preliminary cost estimates (see
Appendix D) it is more economical to use the RCB's.

Alternative 1B
Corresponding HEC-RAS model file name: bridge.prj
Replace Existing Olive Avenue Culverts with a 50' free span bridge.
(Freeboard = 3.02')
Replace Existing Northern Avenue Culverts with a 130' bridge with piers.
(Freeboard = 0.21 ')

10
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Alternative 2A
Corresponding HEC-RAS model file name: divert.prj
Construct diversion dike across Waterfall Wash.
No improvements at Olive.
(Overtopped)
Replace Existing Northern Avenue Culverts with a 70' bridge with piers.
(Freeboard = 0.73')

Alternative 2A includes the construction of a diversion dike across Waterfall
Wash to divert all flow (2,048 cfs) in the wash to McMicken Dam (see Figure 4­
1). The Flood Control District has confirmed that McMicken Dam has the storage
capacity required to accommodate the additional flow. This reduces the peak
flow in the Beardsley Canal Wash at Olive Avenue from 2,245 cfs to 997 cfs. At
Olive Avenue the existing culverts are left in place. Olive Avenue is still
overtopped but not the canal. The canal is higher than the road. Olive Avenue is
overtopped at and to the west of the culverts. At Northern Avenue the existing
culverts are replaced with a 70' bridge and the overtopping is eliminated at this
location. With this alternative the canal is still overtopped at the confluence of
Cholla Wash and Beardsley Canal Wash.

Alternative 2B
Corresponding HEC-RAS model file name: divert2.prj
Construct diversion dike across Waterfall Wash.
Replace Existing Olive Avenue Culverts with 5 - 10' x 5' RCB's.
(Freeboard = 1.46')
Replace Existing Northern Avenue Culverts with a 70' bridge with piers.
(Freeboard = 0.73')

Candidate Assessment Report McMicken Dam/White Tanks #3
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3.7 Alternative 3B

PBSM 11

Note: Although the proposed RCB's at Olive Avenue are more economical than a
20' free span bridge, the HEC-RAS model for this alternative and Alternative 3b
include the free span bridge to show that it is hydraulically the same as the
RCB's.

Alternative 3B is the same as Alternative 3A except that an off-line detention
basin is constructed at the confluence of Cholla Wash and Beardsley Canal Wash
and the existing culverts at Northern Avenue are replaced with 2 - 10' x 8'
RCB's. The off-line detention basin accepts all but 1,500 cfs of the combined
flow from Cholla Wash and Beardsley Canal Wash. The existing culverts at
Northern Avenue must be replaced to convey the 1,500 cfs. As in Alternative 3A
the canal is not overtopped at any point with this alternative.

February 24, 1999

Alternative 3A includes the diversion dike across Waterfall Wash and the
improvements at Olive Avenue as discussed in Alternative 2A and 2B,
respectively. However, instead of replacing the existing culverts at Northern
Avenue with a bridge, an on-line detention basin is proposed at the confluence of
Cholla Wash and Beardsley Canal Wash. The de~ention basin would accept all
flows from the two washes and discharge a maximum of 450 cfs during a 100­
year event. The 450 cfs is based on the maximum amount of flow the existing
culverts at Northern Avenue can accommodate without Northern Avenue or the
canal being overtopped. With this alternative the Canal is not overtopped at any
point.

Alternative 3A
Corresponding HEC-RAS model file name: basin.prj
Construct diversion dike across Waterfall Wash.
Replace Existing Olive Avenue Culverts with 5 - 10' x 5' RCB's.
(Freeboard = 1.06')
Construct an on-line detention basin at the confluence of Cholla Wash and
Beardsley Canal Wash.
No improvements at Northern Avenue.
(Freeboard = 0.25')

Alternative 3B
Corresponding HEC-RAS model file name: basin2.prj
Construct diversion dike across Waterfall Wash.
Replace Existing Olive Avenue Culverts with 5 - 10' x 5' RCB's.
(Freeboard = 1.06')
Construct an off-line detention basin at the confluence of Cholla Wash and
Beardsley Canal Wash.
Replace Existing Northern Avenue Culverts with 2 - 10' x 8' RCB's.
(Freeboard = 1.06')

Candidate Assessment Report McMicken DamlWhite Tcnks #3
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Alternative Location
Olive Ave. Northern Waterfall Wash Confluence Cholla/Beardsly

Ave. Diverson Dike Detention Basin Wash Realignment
lA 10-10'x5' 10-12' x 8'

RCB's RCB's
IB 50' Bridge 130' Bridge

2A 70' Bridge 1,500' Dike

2B 5 - 10' x 5' 70' Bridge 1,500' Dike
RCB's

3A 5 - 10' x 5' 1,500' Dike On-line
RCB's Detention Basin

3B 5 - 10' x 5' 2-10'x8' 1,500' Dike Off-line
RCB's RCB's Detention Basin

3C 5-10'x5' 70' Bridge 1,500' Dike Wash Realignment
RCB's

Alternative 3C
Corresponding HEC-RAS model file name: widen.prj
Construct diversion dike across Waterfall Wash.
Replace Existing Olive Avenue Culverts with 5 - 10' x 5' RCB's.
(Freeboard = 1.46')
Realign and widen the confluence of Cholla Wash and Beardsley Canal Wash.
Replace Existing Northern Avenue Culverts with a 70 bridge with piers.
(Freeboard = 0.73')

Alternative 3C includes the construction of the diversion dike across Waterfall
Wash as discussed in Alternative 2. It also includes the replacement of the
existing culverts at Olive Avenue and Northern Avenue with 5 - 10' x 5' RCB's
and a 70' bridge, respectively. In addition the confluence of Cholla Wash and
Beardsley Canal Wash would be realigned, widened and revegetated aft:er
construction is complete. The realignment of Cholla Wash will provide a more
efficient hydraulic transition between the two washes. Widening the washes will
provide the conveyance capacity required to reduce the water surface elevation.
Revegetation will allow the area to return to its natural condition and maintain its
hydraulic characteristics. As in Alternative 3A and 3B the canal is not overtopped
at any point with this alternative.
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4.1 Alternat've 3C - Recommended Alternative
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Alternatives 3A, 3B and 3C are the only alternatives that eliminate flows
overtopping the Beardsley Canal, Olive Avenue and Northern Avenue at all
locations in a 1OO-year event. Alternatives 3A and 3B were eliminated because of
the high capital improvement costs and significant maintenance costs associated
with detention basin construction. Maintenance costs are all but eliminated with
Alternative 3C and the capital improvement cost is much less. In addition,
Alternative 3C allows the confluence of Cholla Wash and Beardsley Canal Wash
to return to its natural condition after construction is complete.

The diversion dike across Waterfall Wash is shown in Figure 4-1. The dike
should be concrete lined for the first 600 feet. Soil cement lining was considered
and a cost estimate was completed (see Appendix D). However, due to the high
potential for scour where the dike intersects the wash, concrete is recommended
based on material strength and long term durability. The realignment and
widening of the confluence of Cholla Wash and Beardsley Canal Wash is shown
in Figure 4-2. Typical sections of the existing and proposed channel dimensions
at the confluence of Cholla Wash and Beardsley Canal Wash are located in the
HEC-RAS output data in Appendix F and Appendix G (see cross-sections 1.556,
1.466 and 1.388).

Along with the construction of the 70' bridge at Northern Avenue it is
recommended that a Gabion Drop/Grade Control Structure be built on the
downstream side of the bridge as shown in Figure 4-3. This will prevent head
cutting and pier scour. In addition clearing and grubbing should be competed at
Olive Avenue 100 feet upstream and downstream of the proposed culverts in the
channel bottom and channel sides. This will make the inlet and outlet of the
proposed culverts much more hydraulically efficient and help prevent blockage of
the culvert inlets by uprooted or dead vegetation.

13
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The proposed condition water surface elevations and existing condition water
surface elevations (model 3, see section 2.5) developed in the HEC-RAS models
were compared in Table 4-1. As can be see from the table there is a significant
reduction in the water surface elevations at several locations due to the proposed
improvements. The elevation of the top of the left (east) bank (top of canal) is
also shown in Table 4-1 for each cross-section. These elevations were used to
calculate the amount of freeboard there is between the 100-year water surface
elevation and the top of the canal for the proposed condition. This was done for
the subcritical flow regime and the mixed flow regime. The freeboard values are
shown in the table.

The output summary and cross-section plots for the recommended alternative
HEC-RAS model are included in Appendix G. The input files for this HEC-RAS
model are included on the disk in Appendix H. The HEC-RAS model shows that
no breakouts occur with this alternative. All of the proposed improvements
discussed above have been incorporated into the model. The model was run in
the subcritical flow regime to conform to FEMA criteria and the conceptual sizing
and design of the alternatives was based on the hydraulic characteristics of that
model. Cross-sections 1.556, 1.466 and 1.388 were modified for the proposed
realignment and regrading of the Cholla Wash and Beardsley Canal Wash
confluence and are included in Appendix G. These cross-sections can be
compared to the existing condition cross-sections in Appendix F for proposed
modifications to channel geometry. The location of the cross-sections along with
the topography are shown on the cross-section maps in Appendix I.

4.2 Hydraulic Analysis

= 2,048 cfs
= 2,048 cfs

997 cfs
ocfs

997 cfs
= 3,816 cfs
= 4,504 cfs

ocfs
= 4,504 cfs

February 24, 1999

The flow rates used for the recommended alternative are as follows:

Waterfall Wash
Diversion to McMicken Dam
Confluence of Waterfall Wash and Beardsley Canal
Breakout across Beardsley Canal upstream of Olive Avenue
Beardsley Canal at Olive Avenue
Cholla Wash
Confluence of Cholla Wash and Beardsley Canal
Breakout across Beardsley Canal upstream ofNorthern Avenue
Beardsley Canal at Northern Avenue
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WATER SURFACE ELEVATION COMPARISON
EXISTING VS PROPOSED

TABLE 4-1
Cross Water Surface Water Surface Change in Left (East) Freeboard Freeboard
Section Elevation Elevation Water Surface Bank Subcritical Mixed
Number Existing (Model 3) Proposed Elevation Elevation Flow Regime Flow Re1i,ne

(feet) (feet) (feet) (feet) (feet) (feet)
0.000 1192.85 1193.06 0.21 1210.0 16.9 16.9
0.070 1195.17 1195.36 0.19 1210.0 14.6 14.6
0.156 1198.29 1198.47 0.18 1210.0 11.5 11.5
0.231 1200.11 1200.30 0.19 1210.0 9.7 9.7
0.307 1202.24 1202.65 0.41 1210.0 7.3 8.5
0.390 1208.14 1208.51 0.37 1209.0 0.5 0.5
0.465 1211.44 1211.59 0.15 1217.4 5.8 5.8
0.543 1213.92 1214.60 0.68 1219.0 4.4 4.4
0.620 1215.08 1215.62 0.54 1220.7 5.1 5.1
0.696 1217.17 1217.80 0.63 1222.5 4.7 4.7
0.770 1220.01 1220.75 0.74 1221.0 0.3 0.3
0.846 1220.23 1220.78 0.55 1222.3 1.5 1.5
0.920 1221.55 1222.15 0.60 1227.2 5.0 6.2

0.998 1225.76 1226.66 0.90 1230.3 3.6 3.6
1.074 1228.98 1229.80 0.82 1231.8 2.0 2.0
1.148 1234.51 1231.82 -2.69 1234.5 2.7 2.7

Northern Ave.
1.159 1238.79 1233.77 -5.02 1234.5 0.7 0.7
1.237 1238.92 1234.93 -3.99 1237.1 2.2 2.2
1.313 1239.04 1237.91 -1.13 1239.1 1.2 1.2
1.388 1240.87 1239.40 -1.47 1244.1 4.7 4.7
1.466 1245.89 1240.91 -4.98 1247.8 6.9 6.9
1.556 1249.50 1244.02 -5.48 1250.0 6.0 6.0
1.616 1250.95 1246.99 -3.96 1249.7 2.7 2.7
1.692 1251.24 1250.53 -0.71 1251.9 1.4 1.4
1.768 1253.77 1252.90 -0.87 1254.6 1.7 1.7
1.844 1259.41 125718 -2.23 1261.0 3.8 3.8
1.920 1262.80 1260.88 -1.92 1265.2 4.3 4.3
1.996 1265.82 1264.10 -1.72 1268.7 4.6 4.6
2.072 1269.36 1267.80 -1.56 1271.1 3.3 3.3
2.159 1275.61 1271.80 -3.81 1275.7 3.9 3.9

Olive Ave.
2.167 1277.56 1275.54 -2.02 1277.0 1.5 1.5
2.186 1277.56 1275.74 -1.82 1277.0 1.3 1.3
2.267 1277.51 1275.75 -1.76 1277.8 2.0 2.0
2.330 1278.50 1277.77 -0.73 1280.3 2.5 2.5
2.392 1279.71 1279.71 0.00 1282.7 3.0 3.0
2.468 1283.13 1283.13 0.00 1285.8 2.7 2.7
2.553 1285.76 1285.76 0.00 1288.7 2.9 2.9
2.640 1287.39 1287.39 0.00 1298.8 11.4 11.4
2.741 1288.01 1288.01 0.00 1292.1 4.1 4.1
2.826 1289.15 1289.15 0.00 1291.0 1.8 1.8
2.907 1294.59 1294.59 0.00 1295.9 1.3 1.5
3.009 1301.30 1301.30 0.00 1301.8 0.5 0.5
3.081 1303.22 1303.22 0.00 1303.8 0.6 0.6
3.167 1303.93 1303.93 0.00 1306.3 2.4 2.4
3.214 1304.21 1304.21 0.00 1312.8 8.6 8.6
3.301 1308.61 1308.61 0.00 1314.5 5.9 5.9
3.383 1311.64 1311.64 0.00 1319.1 7.5 7.5
3.460 1315.52 1315.52 0.00 1320.4 4.9 4.9
3.540 1318.77 1318.77 0.00 1321.3 2.5 2.5
3.610 1320.77 1320.77 0.00 1324.0 3.2 3.2
3.678 1321.75 1321.75 0.00 1330.0 8.3 8.3
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Preliminary cost estimates were made for the recommended alternative. The unit
cost data is based on the values given in the AGK report. These values were
adjusted only for inflation unless otherwise noted in the cost calculations in
Appendix D. The unjt cost data includes installation, excavation and or inclusive
materials such as rebar (see cost calculations for more detail). The unit cost data
used is as follows:

Bridges: $65/square foot of bridge deck
Box Culverts: $320/cubic yard concrete
Concrete Channel Lining: $200/cubic yard concrete
Soil Cement Channel Lining: $60/cubic yard
Gabion Cost: $110/cubic yard
Dike Construction Cost (unlined): $24/LF
Excavation Cost: $4/cubic yard
Right-of-Way Cost: $14,000/acre
Revegetation Cost: $2,000/acre

Miscellaneous costs for grading and clearing and grubbing were also added to the
total cost. A 10% utility conflict contingency was added into all of the estimates
except the Waterfall Wash diversion dike. There is a fiber optic line on the west
side of the Beardsley Canal under the maintenance road but it should not interfere
with the recommended facilities. A 20% construction contingency was added to
all cost estimates. Maintenance costs were assumed to be negligible for all
facilities. However, a maintenance cost was calculated for the diversion dike
across Waterfall Wash (see cost calculations). The cost of box culverts vs.
bridges was completed for Olive Avenue and Northern Avenue. The box culverts
are more cost effective at Olive Avenue and the bridge is more cost effective at
Northern Avenue. The following cost estimates are for the recommend
alternative and include the contingency estimates discussed above.

Diversion dike across Waterfall Wash = $284,000
Replace Existing Olive Avenue Culverts with 5 - 10' x 5' RCB's = $170,000
Realign and widen Cholla Wash/Beardsley Canal Wash confluence = $689,000*
Replace Existing Northern Avenue Culverts with a 70' bridge = $449,000**

Total Cost Recommended Alternative =$1,592,000

*This cost could be reduced by $364,000 (53%) if a temporary grading permit
could be obtained instead of right-of-way.
**Includes Gabion Drop/Grade Control Structure
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The Beardsley Canal Wash drains to the WLite Tanks Flood Retention Structure
#3. FRS #3 was constructed to detain all flow tributary to the Beardsley Canal
Wash. It was designed to accept large peak flows from the Beardsley Canal
Wash, detain them and discharge a small controlled volume of water, thus
eliminating the damaging effects of high peak flow volumes downstream. Under
current conditions a large portion of flow draining to the Beardsley Canal Wash
escapes collection by FRS #3 by overtopping the Beardsley Canal. Overtopping
of the canal causes damage to the canal, increases repair costs to county roads
downstream of the breakouts and is contributing to 6 miles of FEMA special
flood hazard area downstream (east) of Northern Avenue. Proposed
improvements to eliminate the breakouts were first analyzed in the AGK report,
which proposed a subcritical concrete channel at a cost of $10,000,000. Proposed
improvements to eliminate the breakouts were reanalyzed in this report to fmd a
more cost effective solution. The proposed improvements will cost $1,592,000,
which is 1/6111 of the proposed channel cost in the AGK report. In addition, the
proposed replacements of the Olive Avenue and Northern Avenue crossings of
the Beardsley Canal Wash include full 60-foot right-of-way improvements that
will need to be made anyway as this area develops. Construction of the proposed
improvements will allow FRS #3 to fulfill its intended purpose, eliminate flood
damage to the canal, reduce repair costs to county roads downstream and al!ow
the FEMA special flood hazard area downstream (east) of Northern Avenue to be
removed by Letter of Map Revision (LOMR).
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Picture 1: Looking North At Beardsley Canal From Olive Avenue

Picture 2: Looking West At Olive Avenue From Beardsley Canal
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Picture 3: Looking South At Beardsley Canal From Olive Avenue

Picture 4: Looking North At Beardsley Canal Wash Just Upstream Of Olive Avenue
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Picture 5: Looking At Vegetation Obstructing Beardsley Canal Wash Just Upstream Of
Olive Avenue

Picture 6: Looking Downstream At Olive Avenue Culverts
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Picture 7: Looking North (Upstream) At Beardsley Canal Wash From Olive Avenue
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Picture 8: Looking South (Downstream) At Beardsley Canal Wash From Olive Avenue

-'

Picture 9: Looking North (Upstream) At Olive Avenue Culverts
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Picture 10: Looking North At Beardsley Canal From Northern Avenue

Picture 11: Looking North (Upstream) At Beardsley Canal Wash From Northern
Avenue
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Picture 12: Looking South (Downstream) At Northern Avenue Culverts

Picture 13: Looking South (Downstream) At Inlet To Northern Avenue Culverts
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Picture 14: Looking West At Outlet Of Northern Avenue Culverts

Picture 15: Looking South (Downstream) At Beardsley Canal Wash (Improved Section)
From Northern Avenue
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Picture 16: Waterfall Wash Looking Upstream, Northwest Of McMicken Dam

Picture 17: Waterfall Wash Looking Downstream, Northwest Of McMicken Dam
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PICTURES FROM ADMS
MAY 1992
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Wash 1 - Beardsley Canal Wash - Looking North of Peoria Avenue
Typical "n" Value: .05

Wash 1 - Beardsley Canal Wash - Looking South - Channel and West Overbank
Typical "n" Value: Channel = .035, Right = .07
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Wash 1 - Beardsley Canal Wash Upstream of Northern Avenue
Typical "n" Values: Left = .06, Channel = .035, Right = .06

Wash 1 - Beardsley Canal Wash Upstream of Northern Avenue - West Overbank
Typical "n" Value: .07
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Wash 1 - Beardsley Canal Wash - Looking North of Northern Avenue
Along West Side of Beardsley Canal

Typical "n" Values: Left = .05, Channel = .045, Right = .05

Wash 1 - Beardsley Canal Wash - Looking South Along the West Side of
Beardsley Canal Toward White Tank Structure #3

Typical "n" Values: Left = .035, Channel = .035, Right = .035
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Wash 1 - Beardsley Canal Wash Downstream of Northern ­
Looking South to White Tank Structure #3

Typical "n" Values: Left = .04, Channel = .02 - .04, Right = .04

Wash 1 - Beardsley Canal Wash - Looking South at Olive Avenue
Typical "n" Values: Left = .06, Channel = .05, Right = .07
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Wash 1 - Beardsley Canal Wash Looking South at Olive Avenue - West Overbank
Typical "n" Value: .05

Wash 1 - Beardsley Canal Wash - West Overbank Looking South
Typical "n" Value: .05
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APPENDIXC

MANNING'S "n" CALCULATIONS
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- A common method of selecting the roughness coefficient, n, is to
first select a base value of n for the bed material (table 1). The base
values of n are for· a straight uniform channel of a given bed material.
Cross-section irregularities, channel alignment, obstructions, vegetation,
and other factors that increase roughness are accounted for by adding
increments of roughness to the base value of n. Ranges of adjustments for
the factors that may add tn.channel roughness are shown in table 2.

Many alluvial channels in Maricopa County have bed material that
moves during floodflow. In addition to the changing channel geometry of
these channels, the roughness coefficient may change during floodflow
because of the changing form of the channel bed in parts of the channel
cross section (Davidian, 1984). Bedforms, such as dunes, antidunes, and
plane bed have been observed during large floods. Within a few minutes,
dunes can appear, disappear, and reappear at different locations across a
large stream channel. The Manning roughness coefficient can double or
triple when the bedform changes from plane to dunes. A method of defining
reliable values of Manning's n for unstable alluvial channels is not avail­
able. A plane bedform is common during large floods, and for this report,
plane-bed conditions are assumed where the roughness coefficient is related
to the size of the channel material and not the form of the channel bed.
Plane-bed conditions were assumed for nearly all indirect measurements of
peak discharge where the slope-area method was used .

Table 1.--Base values of Hanning's nfor stable channels

[Modified from Aldridge and Garrett, 1973, table 1]

Channel material

Concrete .
Rock cut .
Firm so i 1 .
Coarse sand .
Fine gravel .
Grave1 .
Coarse gravel .
Cobble .
Boulder .

lStraight uniform channel.
2Smoothest channel attainable in indicated material.
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Table 2.--Adjustment factors for the determination of overall
Hanning's n values

[Modified from Chow, 1959]

Ex-.ple

s.oothest channel attainable in giwn bed _terial.

Channels with sl i;htly eroded or lCOU"ed side slapes •

Channels with .ooerately sloughed or eroded side slopes•

Channels with bedly sloughed banb~ unshaped. jagged. and
irregular surfaces of channels in rode.

0.000

•001- .005

•006- .010

.011- .020

Naming's n
edjustlllent lChanne l cend i t ions

SIlIooth

Moderate

Minor

Severe

Degree of i rregulari tv:

II,.
II

Effects of obstructi on 2:

Negligible .000- .004

Minor .005- .015

Appreciable .020- .030

Severe .040- .060

Vegetation:

Small .002- .010

Mediun .010- .025

Large .025- .050

See footnotes at end of table.

A few scattered obstructions. which incll.de debris deposits.
stumps. exposed roots. logs. pi ers. or isolated boulders.
that occupy less than 5 percent of the crosa-sectional area.

Obstructions occupy 5 to 15 percent of the cross-sectional
ar.. and the spaci~ bet...... obstructions is such that the
sphere of influence arCX61d one obstruction does not extend
to the sphere of influence around another obstruction.
S.aller adjustMnts are u.ed for curved UDOth-surfaced
objects then are used for sharp-edged angular objects.

Obstructions occupy frOll 15 to 50 percent of the cross­
sect I ana l ar.. or the space between. obit ruc t ions is sull
enough to cause the effects of several obstructions to be
additive. thereby blocking an equivalent part of a crolS
section.

Obstructions occupy -are than 50 percent of the cro.s­
sect i onal area or the spece between obstructi ens is _ll
~ to cause turbulence across _t of the cross section.

Dense growths of flexible tl.rf gr.s. such • Be,..... or
weeds where the everage depth of flow is at least two tiNs
the height of the vegetation; ~le tree seedlings such ..
willow. cottonwood. arrow weed, or saltcedar where the
average depth of flow is at lent three ti.. the heiltlt of
the vegetation.

Grass or weeds where the averave depth of flow is frOll one
to two t 1_ the hel ght of the vegetat ion; ~rately dense
st.-y gra... weed., or tree seedlings where the averave
depth of flow is fl"Oll two to three ti.. the height of the
vegetation; .aderately dense eru.n, .1.llar to 1- to Z-year­
old saltcedllr in the~ .eucn, along the bene. end no
significant vegetation along the chernel botte.. where the
hydr-..lic redius exceeds 2 feet.

Turf llr... or weeds where the _age depth to flow i. about
tqJBl to the height of vegetation~ s_ll tree. intergrown
with ae- weeds end bnah where the hydr..lic redius exceeds
2 feet.
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TabTe 2.--Adjustment factors for the determination of overall
Hanning's n values--Contlnued

R.tio of the -eede.. l~th to the st ..aight length of ch.nnel
is 1.2 to 1.5.

~le

Ret i 0 of the llIe.nde.. l~th to the st... ight length of the
charnel ..each is 1.0 to 1.2.

Tu.. f g..... or weeds where the .w..age cMpth of flow i. l...
than h.lf the height of veget.tion; ... ll bu.hy t ..ee.
inte..g ..own wi th weed••l~ .ide .lapes of dense catt.ils
g..owing .long charnel bottCII; t ..ees inte..g ..own with weeds
and brush.

Large and sull ero.. sections alternate occasionally, or
the _in flow occuiCll'llllly shifts f ..CII .ide to .ide owing to
changes in crou-sectiCll'llll shape.

Size and shape of eros. aec:tions charcle gredually•

L.rge and .-ell c..oss sections alte..nate f ..equently, or the
.. in flow f ..equently shifts f .. om side to side owing to
changes in crou-sectional shape.

1. 15

1.00

•000

•050- .100

.010- .015

.001- .005·

Appreciable

Mino..

Al ternating

G..adual

Alternating

Very la..ge

Charnel condi t i ons

Va.. iations in charnel
cross section:

Vegetation--Continued:

I
I
I
I

I

I
I

I
I

For floodflows in sand channels with moveable beds, roughness
mainly is a function of the size of the bed material as shown in the
following table (Benson and Dalrymple, 1967, p. 22).

lAdjustments fo.. deg..ee of i ....egul ... ity, v... iations in c ..oss section, effect of obstructions, .nd
vegetation a ..e added to the base n v.lue (table 1) befo..e IlUltiplying by the adjustment fo.. lIlt!ande...

2eonditions conside..ed in othe.. steps IlUSt not be ..eeYllluated 0 .. ctJplic.ted in this section.

3Adjustment v.lues apply to flow confined in the charnel and do not apply whe..e downv.lley flow c..osses
meanders. The adjustment is • RJl tipl ie...

R.tio of the .e.nder length to the str.ight length of
charnel is gre.ter than 1.5.

.023

.025

.026

Manning's n

0.6
.8

1.0

Median grain size,
in mi 11 imeters

0.012
.017
.020
.022

Manning's n

1.30

0.2
.3
.4
.5

Median grain size,
in mi 11 imeters

Severe

;..,'.-'

'~f

I,i-
1-:

i
!
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APPENDIXD

PRELIMINARY COST ESTIMATE CALCULATIONS
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WATERFALL WASH
DIVERSION DIKE



To tt<l rJ,- v/l/ i-eJ. rid W ==- 'J/() ~ r ch
/If,.ordY )"", ...+e. sl,fe d;: fl/d'p'5e~ d'lV/f/ eI ~ VI. ---;7 t
!l.oI"N)~5 ((I})I (/d.!(A.e :::::- I,()J-~ p.T ld~/e1iltl.-"

= (), ()3)" ~ crf~- /ev-e..f-lt 'f-~f/~

);Ae 5h/e -= r.t:/
- 3() /

O-ef/tA -==- s I

130 fto~ 1Iv,"} t~

1'B5.' COMPo BY:
, CHK. BY: _

,
- DATE:. "iret: h!~ fer -/:!-(I W/HI, SHEET NO. _I IV/did/'" O. iCe 4/"4I cA~~e! c.... ({,,!ab'a0 JO~_NO.:----

- - ." -I LiJ.. ( ({A.(6.. t-/4/'-5 ~ /' f r t (/"" ;""./ y >-"z /"'/ p / 1)1/11/f ;.,;:; .

); lee- ()- rJ Uv(jtV /V e( tf) vI/v.l/ I W r;1f~/ 411 Jv-~ ~ It - /j-- : ---

I !1 G ;Y\;-d\p~ ~()~.

I
I
I
I
I
I F/()/Vl

I ~~1~r

I
I
I

/Vd/ ~ .. I If/~ (al (;I{I, 'frJI,/4/ j :

S l( / -/4. ( .f!.- ltv" t4 (/I)j == tJ~ 0J-)"" ==- r.j-, 'J. d ~r-
~n)j :::. 0, O)~ == ); do /-r - ----.

E y ~ C( f./ L teJ "Itt ~/ (). I td 0e as ep( 1d J~ /1J ~ t jce

(JrA/' I1l (I.()~i- - 'ttl Ct:.IN~e( DNti 6.(,/;55 eK /.>117 - W~~~.. .-.-
- - ---_._---- _.- -

11;,v /~ b1 ~- -),/r. ~lVf/I~~ - £f / fa II J I~I !~ f/-r/~;~i-;~({!,.;~
- - - ... -----r.~ .-.-'-~------- - . -. :~~ - . _. - - --:=:-'"2.-::-~$1~~.

I ('-/.6,.. t ( _:!>I..'.fI. (rJ. J e. Co"" p/rdeJy )., cis eJ /; e (~..,.ld4.£.. _~.:::... .

I (5 e -e 1)1/.J'[~ l 5e<- f;J/t/ . '6f .,~. ,1t'I'lfN ~ l'q,",~ ~f'S'f"::~.~~~t:·

I



PBS_~I COMP.BY:
, CHK. BY: _

'. DATE:
~ubject: {(J~ -f E t/~ ~f~ SHEET NO.: _

r"fPrt!t!1 tv",.>'} #id,,;'(rJ:::!:. #,'Kt? Q~rA (f{ .....-.eI JOB NO.: _

~ CAfA V/V t ( ; #tj? ~ .:: S-I /Jd ft6A? lv, ';rJ fh .:::= 1() / s.../e __ ~/€==-~~/I'

I {AdN"N" (/ /p~1 fl, .=: I, JO() / .-_:-~/.::~;~
'TtltA/ e~ (AV6v"h'o--' t/ulCA",e ~ tj{~(/ r &&J(i-:JJ~dQ/;:1?~ti:Jc;>+-)

., =(!7C;;(}Qi1~ = )!_???;;1J

~ 10 tfA./ (>Y(~vv.t(o,.,. (dS T= (11m tI:J~ =J5"T, s-5b :::-~-::

10;ke (&N) t"fA. eff.v' ( d'> t .: ~'i"Q();)(.).*) .;c.,f~ I1d~ __- _. .­

',t?;-k<? st.,,,,!1 it' u~(dfe II..-e/ /Or ~~() /t-d <I{.J 5",(.V-~'
I/~ r/jfAr(3 Cf-I. Tbe dJ~,v' #f,/7% /~ 6,st'/ t//t/ -r~f! .--

- _.-...

• 5CVw tX4/Cd y 5/"/ ("" 4//t".rp/,x- E,

I L~;'fV? Lf/vf ~ =: (jJ)(2) -f ;/ = J I /

rJf,,.f (t/N("e--I-e !/&((!""e =(5Ijf))~ritJ1= fl}()O HI

I ~& 30() If}~f) ~ J r.rr-yl/-__

I TJta{ (dtvc/~Jt- (05t = (jCf) ,//1)000 ty'.J ::;::.#{tOdd -:~~~~_
I CIefJ f IA-j ()v ). G- rVI. tJil'--j :- -1/~ dO0 _ _-.:.: - ---- -;-~j-~~.-;
I ----o-r-j''''-'-~!; -;--!-t,-;-.

Po; ~l f- - Jf- IN~Y =:- (1..", AA/eI 74 ( -r:- IJ,-fr:e~>J)I of 4<rI'S.7- I.t.~¥~4f-~-=1
1--= 13-;/)c (')/JO ';: 20 S <JiJO tCf J- - - --- ~l_ ~~-~~-

I, -- ..:-~~-~-~~ -:-~ h/l~ '-dO 1J-~) !(t,(/..e -r -:::::--( /-. 7 /JC";~~~~.~-;---;, - ev J / '7' "f / ~- _Ji - tr c...;> -+~._-,_lL_,
----- ,- --""7---....:;-~--, -~-- --- --~. -- ----- ' i.f.l, ~tJ..l ---.-r-~ '-, - ;--- i--,----~-' -:--~I-

'----'--..--r-~!-~ ! • f I l.~" J I' ,; i' ; ! ~ l--: " I I . -l
--+-- - I ,', '.',' , -. I 1-'; -, "I

I , ;- ,I -- r ; I ' ! 'I I ' , '
..J:_ " ,



- r- .----- - -r- 1
-- .-1-_ ,....l._'-

.
--~ ._-

- .•. f - .~-- - --..-I......-..~

-.- - -+-...:-. - .;- • _. • -'---I-"-)--r-i---+.-i I .

-_..--"- --. ·-r--~-~- ... 0- __~._. _--,. ----.. ",--_.-- ----,

.-- . -- -.- - --=E ~q• I ' I I_. --- ----....--...- ---.,----- ~ ~ ~ ---- . I I .

. -~-------.-.j ~_ .. -l...-..~... .. .". - _. ---- -- -r-....--;--+--~
-
~ -

COMPo BY: _

CHK. BY: _

DATE:
I rS t-I'/'-~fe {OA/f/~vf ~~ SHEET NO.: _

fAil M ~'t/""5\-v ~'ki ..,-eI JOBNO.: _

1,,1f-d-f - My· UJ5T :::(Lf;;> ~{/~.7} t~:~:-~ ~~ <f'~d ~=:-

rtfSr~:~s >"n fk'l~ &100 -!'{ ~(}(Jtj r.ll;~#~() -It ~ trJtJ:- _

:;;: l. 36( 3S-b

I PiU{ ~ ) 09; (dN $ Tr (A G t/(j,A; f6~ 'It ""71'---CY

tdT#/ (dST c 63bI1r;~) rf!J-3~JSh)@.Lq)J2d>JJ.J-7-··

'Toto! {as] ~ l?~ itlo

"It (I./'-vt {A l 0/fJ,,--t e.. (1/!,r = (0 )1)(}1001fF.)();-",J -.!(~r;t7(/tl . ~.
Ifte: rAe ff(}f;-:3rJYt'~ /'1tJl>vftJ/v a.Me (d$r;4/

VftV(hl~ei CA.u~/Ve/; tvA. 5 nIC{J;V' -//-If/l t'~ e. 4-(r~ rtP,,,,7-..

lifo v tv 1"1 tt.e. Ue6. vre( (.f.~;( tCke wf4--e viU/p'. d ­
15Vf (,h t"'-tvr 1/(ll'"r l/if/9 AA.IIVf-A.iN().vd) /Iv, fA It! 6~

y'l:f VI If- e). IJ /,,1/ ~ /e,..{/-rl;;-C /YlA/./ (A/-.... '""c e C~Sr: ~ _~

11'1/'jZY be 3() JtF30y{~/5/ ::.-::~::-~-:~
- -- . - -:-2-~' ! J 1J

I
I
I



COMPo BY: _

CHK. BY: _
DATE: _

SHEET NO.: _

JOB NO.: _

nJSJ
IUbject: (12 ~ t- ES1!At.1_'fe ~.-v f)..., ~-t/)

rf/lAf-~/' 411 w6t~6 Il l
v Pr st',,-" a-ke

I --- - - - - -
f> h ~~. ""t e - Cd 5 t d';:- ~,"I {(/)~ 'I',Ni- J/~ed AI ~Ir--e..

I (UIV (..-::~ 'I-e II'Nfj Ait-e I

I F/or. lf~v,(J;;5. fr-( cf.{(Ctf-/c~~:

co>t =- t 61. oou
/

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



I
I
I
I
I
I
I
I'
I
I
I
I,

I
'I
,I
I
I
I
I
I

OLIVE AVENUE



~ - -t ~ --_._-

- - -----i--- -- -

CaMP. BY: _

CHK. BY: _

DATE: _

SHEET NO.: _

JOB NO.: _

{ d,,; (,e;(e (f,,( fl.", -t rlt' L.E ~ I ~-I() / >c r;- / ~ ( 85 .-- _ _'.._1 ...._. ._

V()("~~f':= (j?/) (r)OJ f-~J)JC6) '=-I'fl ~-~-_:-

I PBSI
I Subject: &151 e ~7l/h ~ f-e
I (}/;ve ,tlv&v fA <! 151 it:. (JJ. (,p, f-5

I tJJ:ve ll(JfA/u<l ~ - I()' K >//(~ /6ffL-d~_~~:_~:_~: I

I wP,tf A-j_~~O_~ 7", GIc~-f> ~ ~ ~~ I1-JLfI tt5 t:- . 12_~_ . - _: -- .:.~-- -'--

f.A5e 3,) rJ JyP (o~tdie -..) /',.,c/f/'J~5 51eelQvJ /",~j;f¢/)-._

I
I
I
I
I
I
I
I

'I
I

I

I
I

I
I



COMPo BY: _

CHK.BY: ___
DATE: ___

SHEET NO.: _

JOB NO.: ------------

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

i ,

h=--=' Ii;;' I I .• I!'~' I ~..:::. -" -~ - ! ' ; -- . ,;--;" --- -.- ---,----;---t-.+-+++++++++-;-'-~ .
H+1------,--,I:---,-.-:....j;.....L.+-'t-'-.+++-4--1:i-+4-L-L·....L·.........; ~I.+-~-~-r-l-J.. I / I " '," t I . ; I I ; TT1

., ,. '-.-'-L . ':1 " I, .
Ii, '-''- -;-t-'...;-+-+--+-H'-+-+-~""';-+-l"! I T r+-h~ , ,i l:-r '. ~-h--+'+-H-t-HI-H-H+-i---1''-'-'-H
r+~~ !- " hi' I' :::1 "I
-; I !' : I j

I
t



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

~

CHOLLA WASHIBEARDSLEY CANAL WASH
CONFLUENCE



; , II' I ,; J. I, L..-- ' I
-_.- ->-. _ -11 r- . /I. ().L-;.-~ ~ --------, , " I • I-':~'--j--r-'+-+-+-++-11--++-,+-+-!,-+-H":=1,i : I,,' '- ::Ji;"'l, 71'14 .. . i I I I I I I I I
~+'; I' I I I I

.. ~_ .. _' ,-.:.J- ~..-Li-...j.. , I :: • ..;....;-:.... -!....;.....L..:...' !-~:""'l--'-I-.!...-'- i '-+-+t--H-+-++-H-+-+I
l I I ! I '-t+,-l-;! : : .' I iI

,



.:

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

-+---_.... -- -....-._.

_ -1._

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

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

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

• __._1 .• __

- -. I -~,1-'--;
--.---rr-----+-"--

.-.--t-----.-.~
.- -- ---i--rr--_.:--"'-._.... -.

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

. - --r---.----

.. . _1_'_' ----

COMPo BY: _

CHK. BY: _

DATE: _

SHEET NO.: _

JOB NO.: -----

. ...,...-

(tJ(A (vi 6e r edt-r c IE tI
1'/ a rtP~/~/~/'

.:'..,,~ '\

Esh~'"I{}-ft?
~1'6,/ ~It

I'BSJ
'UbjeCt: . (, 5 T
~I/{, WW;

fr9S~ c;;oJJ)'3~ a(}(j

I flli, ~ ) tJ ~ ..(()#5t/u-cJ-/,w- ..~ 'It',,: / ~_,v--,c,,---__

I ~(~~5 toet .~t/ I,'iy t(}"" fw.fl~-vcy. .

11()!fA ( (asr=: !}?JqO(}() "tI~Jg ~~~'; = .fbJ'~ dOd .•~~~~~~

~tt( (O~t ':& ~~8'~ OM )

I ~ ---
,i1!ofe: -. Tte tJral (&st-

I----~···_·_---~ - ---'
. .... . by 11] #~ IOu G"Jt)

I Irq t()"1~//l>/~ {Quid. t.e tl'/Zll~ ~d /'... 57,(",;· .......:..~ ._~

I .:- ~.f--6J~.f~/~)"'J _.!:.!~~r~~~-:.J1/~y~_-.--
--- -- - --- -- -... - - . -- ~----- ._-. ._--- -

I
.- _-_·0_-_-__~ '-. ~-:- ~i.= =-- .-- 1-- ,. .--:~ =- =..=-~--_.~_.- -._------...--



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

~

NORTHERN AVENUE



COMPo BY: _

CHK.8Y: _

DATE:
SHEET NO.: _

JOB NO.: -----

(()~ I". dy/tt'lJ >T,c,( (. ifrve. go /'-lie J -.i'?" IrJlVj

(5ee F/jflVf' If-) ~/ 6-alJ/#- £~)'t:/~V~

~1't;)~:--IJ~~}viA /r;tJ 1 w,'-1e I /IJIJ I ufl~7/e",.~~ · ,.._~'._ ---'-~~~~,-

(ro 1(lob? f~";;;-/rI('/~M%:{!) ~~Lf;/i-l{: r";=·,-_~--~;~-
- ----_.

;flo t~: ~/-9At- dr- tv"y .A()w~5t/f'd/frl d' #;/'(X(!/""; ,(~~

~!I'(~'y .tef'/V P.Gf&l'/(/ tfJ/ ,~lvpd ~~~~~/~ ~~~~.?-f~+~-=.,,~.
#.] )/V Itf- Cii/V- ('( I'lr 4-1-~ /tt!/V;?i: ~~-~--:~:~-

1PB5I
1 Subject: j fl~ f E-t;tJ"". '/-e1 tJLp r T/'~/'~ AI/ f"", U..{!. ~//017.R-
,

I /I!t;~1i(J;~ -~·Al/j;;o ~
I

I
I

i

I,
I·

•I fr(;(P;-o1P/ ~r~ Ae
I

I (,ohl.-/ =.1{10/Cy

I (;-(b1do/ j1,(a"e- (gO ju.)(b I + Ig) + &01G )(]/~-~/f ~~jt)

I· --.' --~(J 0lf:O .ff3 ) G'I - yj!-) -== 1? j !-- ~~:=_.-~:-=~
. I J ~ff; -. y .=-=--=-=--=

• l-f-6;j~rt~~i:r';"~·j11l,()=-~;i~:~~~f!J()-:<=~~~~=.Ti-=~1C
i ._{T~ .' -__-~=__,.~.~~~~~-~'f0yv. yell: ~tI/ __~LJl t -/0. ~~?1~1_ ~T~~~~~Ll I jI -_. --_.- ._-- -,--+----+---- ,-- - -----.-.- ...,.....;-+- . ' . •

I '=_&£'a~~~~-!::1A115f.{_e",~ _~~;;:j~._~V~-;f-;~~, ~:Jid;#~~~~0! ': I .~~

~ ~_io~gii3tt_to-6:~i~.'t;{_--;};;/O~-=%~~~=-'iliW!fJ:_;·r:, ,-j
./ . . I - - I _ --" _ _-- _ ,. _ . -'-'-'~ _ ~--' '-- -'~:-- .....

._.-7!I{~-(." --"·l-~~.-_J;i;~~~1ir,A--(' f(~;)~~~fr-~ ,~~~&-. ~~- : .Sf:: : i I ~~~
1---........~,4.:+..;...~ '.-+-+-+-4-l-i ; :..-:...+ n:D-~~.+H±±t±·I i I . (1·· i I 1/ .-+--,. I r~I--r-+++-llri-H--l-+-+-ri

, • I I ,.r--' i' Ii'~ I I . I
--;-----~-,-_.;-~ .-,/.. . '-.~ '," c~ . ' -L/C:~ .....:..-y~-;J..J /:~. " I f

• • I .lfJi -,II ,Ifi'" /·-1"1"'1 \;'. -{~,;r,tt (;;fti'T"rl·dN' :-f-;i;I(I~.,i-- M .' I I
Ih, I. ~I



I

_ 4_t _ . _

--i- -'---

- ,--------­
_~_L._~.~_ ... __. _.

-;-

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

._.- ·---i .- . ~-- ~-

--- -.-,
- -+---- - -- - - -

--_. I ! L-t-j , --;-.._ -_._..---..._.-' -

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

CaMP. BY: _

CHK.BY: __
DATE: _

SHEET NO.: _

JOB NO.: ------

-+- ..

~~S;()()jJ(!.)J

7

I

Subject: (0 s r
AI/; r t"- (J,.- ..-v

~
I
I

I

-PBS]
I
I
I 7tJ t",( (()s"C_~J:3'1'7; (J() I

I fa t~( (tJs1

I
I
I
I
I
I
I
I
I



.- ------<--'-~

CaMP. BY: _

CHK.BY: __

DATE: _

SHEET NO.: _
JOB NO.: __

I PBSJ
I Subject: to 5., £st//"'t ~ fO
I ..LVI'71..,/, ,N' !t1//-fA' 6",[ (fA Lv P/1;;5

I, ;t/t. / ~ I. ;f.p, c€- I() - /1-' X ~/ llG,tJ 5, () rtv 1/ N'~

;I WAil () .. rJ, _ /(Jd -;: Tt..,'(};:Nt5j = q~//- _IYf:-/ _ U.S e (y. II :::=
I USe 31-0 ~ {(}Kdfe -> l..--dfAr/tJ ~7t'd ,~tI /:'-~;'...(;~~~

I (64/ ( " rf-e {/q (f/',-,/l I'Pr L F; 1/-tC Id - 1/)(8'1 /< C81;_ . _

• !/,{V.MekP = (;1. 01 -+- 1S-,17 )(U7){2) +($>;(.0:) hJ = Y]J>~

~ To TIAI II,I/,f"",a fd/' (f)-Il')( t
l

RJ!1j) ~J'I1..."'/ ==Edt~Jlf1~

I - - - . .. ===- I I ()3-y/~if- ~~.- .
~ . -- --

~ I3JY (vJVP/f- (d5! ~ (~/01y/~()()f;;!JJJ)L)b-~----

~ jVdf titer"" IJl/f/l/fA e 8/1')F- r'os"- =- 1J11J~ '{dO .~-·1S-J; ~~;
I e-() ltv; fI, -o/j"'JpJ A f- AId/tt. PI'" ,1f/f,v{,( e.. • -- --=---:';=:-Tc-:::.-

I

:
:



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

APPENDIXE

DEGRADATION AND SCOUR CALCULATIONS



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

EXISTING CONDITON



Jj5 = O.r~7&>« ,>/W = 3. CfCf t'ioei
/.~; -= O,)-iq C}J-'{)f 7' -=- fj; S'l1 l-e.er

dire, -= d.fJl- (:; 2 Cfr)~,h = 2. () ') /e-er -- -_T -

_ _ _-l-_ _ __ =- __

I'BSJ
IUbject -"'-- _

COMPo BY: _

CHK. BY: _

DATE: _

SHEET NO.:_2..~__

I _ _ _ ~OB NO.:

I f61 ,..f 1- / CA~,v,.." ef f}ej'" t1. d~ tid~ E5 f;}.-, .Jr'~I EiC;-I 1)7-._--t;-~~-~-/j;-1) r"

I d
5
~ rAy5 +d

1t5
~ ~ ~141 5t ~W- tI~0 r;V -~: :~-~-

tty.> :::: f-~~,.r:t I "tJ /"fIt d~ii~-~r: -- --- .

I dlt~:= ~~;J tf/"''l )ejrl(d(Ah~ (lif. -.-:' __~.

I rJ0/5 ~ 0, ()7 Cd(O() ) Q, 'f -(0/ >I fA i7/..1- Ct, ,-,/V &(; .. ~ =:.-_ ~.- _~~=-­

I d'l 5 -=- (j,)(f! (Q/Od/'''' 14/ (/.(IN...-el N.de> w/7t; G4'J:V:<t-ft:t~e-

J - 0. )d·~I ft/~r- - rJ ()). l&Ido!

1;1. ~ jl/~/e

I
I
I d5> == 1«<f +- 2. rJ S- ~ ~, <f f{ -fi-er~~-~-··-=--· - --

or - _--:~ '.- --~-=--
I }5 -= 4: 'to f 1 ,0 c;- =- (. &?)' /e ef __==--__
f rg M~~~~(JTJjS =0 /UC;7 ~dl('t ~ ~1-~!Cf!~~!~_~
-- - -'-- -=-'-=~-:-"J9:; ~ (j. J/" {yi'1'f}- -1" ,- -{, _~3- f e~7TT11 ' ii' Ii; !

I --=-:- - JI tY"= 0.01 C0~Cf j!~::: 3. ')tfeet =-,-,t't~7'i;--_.
-.- .. -- - -.- +------

1__ dL -;;-Cf.1l-+1. 5' / ~- 8'/fLt]:ic~_:':~~~~~J iii 1~5

I-~-~)!~-=-,.~-)-i3.~' /~~-(~~?j2E~-;-~~~~:'CiF3L~-~
! (It J .: I I JTTr-r'+~- -~. --,-.--+----- " ' , --...+->---.' ' ~ .-,-..-W- ; I I I ,

~;- -i~1 l-i"l~' ' I I , ,'.1 . L.LJ...~L.,... .' I I, J , I ! I IT'll , '
_, t .• j" I I" ' . . I. '.' I' II·' T , . I \ I I ' I

fl. I '." I I I
I I' I j;;~ -t T



_~ l_·_

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

.. -- ' I_t--.-_..- -,-­
_._---~

- ---_._--~-.
• • • • t

~4__.. ___+_I_._.:_.L_._

- _~. - __-t-.'-"";""'_

- -~--_----..._---• : I .
-'------ ---1.- -.--;-.-0.- .,..

COMPo BY: _

CHK. BY: _

DATE: _

SHEET NO.:_.J'--__
JOB NO.: _

~t ra-,y J. r"- Ci.d _/Vt if ­

el.I ",,-ve( '6f-, '5
-/o~ .str"l/:Jit' ~11~dJ _

_.- - -- -- -,-

dt 1- -vltl.;V~t( Je--/S _ ~-~~_ ~~~~-
r- t j I

~ J._~.

-- _.- .._- - - .-. -".-~n=t=...j--.
~.- -- .-- --':------------- -!.--------- . .: [-LH___ '_ ' I.J....'_ I .:--'--+_! J

-- - -_._~ -- - ------ ---.+. ~~ ._~ ·--..--·--,--I-++;...L.~Ih ..+-+-t-i
..;._.:...........:_._.-1..._--1

1
__' _.~ l ............-r-H-+-+-+-++-+-+-H

: :
. - -- .---.------- -- ------ ----' -- ---'----++~i___'__f__+_'--'-'

'._. _._._J,. __ .a."__

::::::'- Cf 7 ..,e-e€t -/7;/

==- lIt /-e~r ~r

;V;/1Af/~ ~ 7ft ~eer-

_ Irs--He-

.. _. ..---- .-+.- -- _..-

I'BSJ
'Ubject _

I
I ~ r + 3) E(/et ( &f ~ (id-- (Jr ~_/~_r/__~_1uA_,.i_'......7-k~L_......,__'tj7~(I t_fJ..,l.)_C"J¥ /:-:~I3-:-:-i'-=7=--=-~'::~:::ti-l:::::-:n~~~-

fJ~-- !7er.b;..c!::. ((AletA/A.-/--ed ,'A/ ~~-r-_ / _fd ..aetf_;~~~rf--~

I 1'1 /,v ir-tA /'l '~f fA /,e) e';Q5/;/1/ bf/l~H"'" ,/e 1f/t/f7f/~ a +- J

I /Vt'tA.1'"'" 5T/(/4rV1 s;fe tJ/\/A tit e a.vt-/ve cA~/f;'--ef,

I It t! (J(/ve

I 13. ~
I
I
I
I
I
I
I
I
I -- --- - .. -,-- - ---;---- -----~r-- ~----... --~ ..--++-.~, t-c,,...f,---t--7-,-t-.-H,

_. _ '... _ ' ._~ .__1 .. " , I I 1_1
:' ',; I

I - -. ---- -- -r--.- -- - .-~=s - -. - -- i r-·-~.-:-"'1--.-7"-~I-'. -.,------.....,.-,--t-+-......, ~,,-r-+,--+-+--'-1
- --.. ---..---...............-,.....-------- "---rr;- I I i!L--r--......l..---+.+-'H-+-+-i-++-+-+-H
_ __ _ _ -L-. ' I • I '! '~ : .......-- ,... ~LL.' . ' ~ .: ~ ;-+-+ L-l_L.~....,.....L.;...";"'".;.-'o-f:-++++-+-H-+++H

-.. -------.--.mE"-. --- ,.., --1-------I---<----;~..- h-r--- -j-1--- ! ,....._____ __ . _-----+-' , _'_ L_,- .J.....L:_. , ,~ I i 'I I I, H·-+--t-·~'r+++1+-'I-H-+++-H.++++-H_______ ...=--I_'i=m .i..-.;.....~.J' n~l I LL...':::=':::":i I.. I ' .,.---r-y-T-' I I I
, -liT' 'j . ; ;., I"" ' I' , i ' I

, ,I Ii! I I, : -r-r 1 I I ;,



-- --_..- -,

---------

Il.@
(3, e

IE x/s t /~~ {(/JV d/~;d/f/

f<. ef (;{ /r (J ; /'v /d/' ~ 6t f /t/--'V'

J. f}ra. /tV~j€ fir {(I

11, e ~1/1/e, ;?-(/(J;v fA e ==- Lf; 3b /Y);' ~

B, e ;1II/tAP,-rd A-f/f~fA e-- == /(J, ~7 ~ " '2.

2. fleC4.K (()()- 'yf't;f--- /},s c/u/y€

vVtJ-fe', use fd fal !/dV w/ t~ ()fA t d,'t/!//51(j/l/..$ #~_

b/(~ kdVtf5 a (/diS Cd..vltl ,

() 1/1/ e 11f/-P/VrAe -=- 1) J ~S (;6

;VJr tA$r,v !1-f/P/VtA(;. C ~/ ~d V c:.6

I'BS' COMPo BY: ;t!<!j tr ,&, ,'rI
, CHK. BY: _

I DATE:

ubject: ~COC(/ /IN'~(v51>, ~5,A- f, I SHEET NO.: d)
f.~ f I': 51Qc" d~," ~ W. tt:- r;<VSe -;<& 7'.......__~t'Ip..'Nt~/":~OB NO. ----

L ei/e ( . I Ilva (}:513
1------"""-----
i-·
I
I
I
I
I
I

I l I I
} I·



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

I

PROPOSED CONDITON



COMPo BY: &fT:At/.:..
CHK. BY: _

DATE:

SHEET NO.: CJ)
JOB NO.:----

~>k br I
5 y ff,''YJ 5erJ,',..,p./f &.111!Vcl'

)

II . . Ira fd5td (d/V )/.1-ld/l/

!<e qfA/rei iN 7'1r~?t fir)/V

I, t/'~ /N ~je .4/'e~
A. @, ~/I ve At/p/Vaf! =- I. /0 /l1; ~

13. € /1/Orr~ ~/"r'" At/pA/ f/f e =- 7, /! /Y1 i ~

1, fer;. 1\ IO()~ Y~o" f)l) Clta--je'

A, @ Ol've A-v (';v(;{(J ~ 197 G-~

11 € ;VdrlIlfrN ;1-i/f"vlA e- :::= tf> () Cf c h

fJ", ~ I) if}- f"A ( /'1,'1' ~ 1;',# Se t6a vI: ,1/fd'-""U'!/ ~f'J(J~d {,NA/j~#",

{,e. f J(}.(,k -=:: to (al(jd)&~r;- h, 5trtAfjAI ch«/t//t-e~ (/r c-4p,...A.-'~~ -

~ /tA /Yl /Nd" ( a/'" {/17t (i;, ~e # _ _

~etb~Jc =).r:{()(()d)t';t;" /O/{!;,,../-vef.5 w/14 (jbv/'U5 CU,...V"'~7"re

Or C~~N"/f/~I j"J~

(? ()tve =:;. {jd )(f?7/F =- 3) -/e-ef- >_=_;
1~(2.r:;)lfr7fs:::: 7~ /e~T#-frt?:.I·- l' - I LL-l.~

131 5(t J()(!c e ;0/71tp/# = (if)}[,-!)Icf)(J·~~ b7 ~t:~:~~~-S~---
~--··--~r-:""-t-~-~ .. -t- --

. :.-=-: _. _ _ _ _ ~ r~:..)_&C;tf ~yc; ~ /6 r. (ej~:::!~--:

-PBS]
I SubJ'ect:. ~ C (/ qr' /1,.., "/l/z/5r /I 5htc Sfh d .,d :U/' w.t'/,{(/tP 5e

L ef/ e( I A /VA ( Y s;j

I
I
I
I
I
I
I
I
I
I
I A-, !J e-,f/;~fc

:1
, I
! .

I
I

I

r -, --7 - __t_.~

I • i I I , I I ! ,1 I !



COMPo BY: _
CHK. BY: _
DATE: _

SHEET NO.: ~
JOB NO.:----

1PB5I
I Subject: _

I• !? /1-- 2 ( CIt.~"vel ~(..rIA tit)- It~ 1:5. 1,,,,0.11',,,,I ~Q/d3evl CiA-j '7-,'v~_

, dJ --~. dy; 1- dlt; jJ ~ ttJr~1 sellu /' "P/l'?; (,CrJ - -_:--
I J,s ==: 6-""".#/,,1 Jer",hl-",- Vt/ --.-~~
I liT:>'::: LaA-j T/>/'! dej'dlgtlil-' vd ..:..
I i

j
>:::. t). (')? (alddl C; H/ 5T/lilfhl- c;(lf,A--A.-eU

J (_11 -·dr..fI () y;, .=: I,)./f{ (( lId)' hJr thiJ·"",e I /t.. (/,e:: tv,·7!) ((F!/pl",..e

. d, f;

I AI t5 ;::: ,1. 0).. (a IOU)
I
I

---- ---_..
I I •
. I

I A. e ()/,' IIe J15 .::: rJ./<; ) C'/f 7)d, 'f:;; ], 'f q -/e-e
I IV /1//'7 )(),C; "'" >. Cf7 k-e.T

rJ9~ ~(),:J-(? () 1'l
I ;) 1/5 = tJ,01 ( ff7) 1/.6 .=: I, JG -/e~ f

I rJ:, c:: 2. <f" r- I. H.:::: ]. 7~ -/eer
,:r::: 3.'17 T 1,).(, =- l{; 73 ~e-ef

I
,
: !J. e!. ;f/,J,ft;P/A/ ti,5- ~ /},(O (jsoet! d,,/ =: 't {PI' /e-e~ .. =-:::

! ' /; = ().J-Iq f!s-JIIl tf ==-J.}<f 4:7'-- ~~;:~:
i I d/t$ ~ 0, o).0!r;/)'f!'f, =:; 3. II f:.e-f!;r ~~o~ ~.- -

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

I d5 ~ q,)tf f 3, II ::: 'h 6 s- -c_~ e-r_ -:~-- :=-r---=;--=---~--.
I -- - - - _.. - - . -. - ---- --



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

___-.1. _.

.
-·-~~~·-i·=t=r~t~ ::--=-

.-=--=-~~ ~ I t-r=~~-~~.

COMPo BY: _

CHK. BY: _

DATE: _

SHEET NO. :----I.61.L...-__

JOB NO.: -----

Td dej",/"",,',..~

/;e fwf'~.., ~

CIi" -v'/Vet

./ .j- . I -J- ,/ / /
7-'t.' /' 5.,,,Ci { f /1 / iJl(1 /v/"'{ IJ

IA f eha.,.v/t/ e/ .J'/V/'>

N/ ST/61"IAt t'-p ..... ~f!#ft

IJtr &AJfI/f//Vel ~"~5

A~ ()II I I/e ~ 31. .,Le.€f.
:::: 71 /-fl.eT

IJ, f! ll/J/ttlJ//V ~ f7 ,/~~../'-:

::::: (~f -!£1-e /-

IPBSJ
I Subject _

I
I fu,., 3 I £ v-> ( I.( flvf i(h/ {/-/ If, 'ott>/" Jfa.!JIk1y I~'p<l.dj fiOj7dsr/ C,-,t'h'J.

I (j <,f', ~ef ba. c/r: (?<Ic I.( i,d ) I'", A, f I
/}J/~V I 'A (/t!'J'1 /l'1 fA I',~ fcl /".....(151 '(/,-'" btA /'/t".-

I kIa/,' ~i/ta-, 51-If ("vi ,lit! tt(,!,~e.

I
I
I
I
I
I
I
I
II

I
I

-I

~
I ' .,"-,-:"--;" ,,~···t--· . --...-. -- o.....i.....f-~~--r--"--+-,--H'c+;+-;;::+!; : Ii: l i I ;T.:r I , I j : <"-.

If. t



---- --- - - - - - -- - ---- - - - - -
State Standard for Watercourse System Sediment Balance

L 11 A I .eve nalYSIS
Channel Location Channel Type Setback Allowance Channel Degradation

Existing Proposed Existing Proposed
(feet) (feet) (feet) (feet)

At Olive Avenue: Straight Channels 47 32 5.5 3.8
Channel Bends 118 79 6.9 4.7

At Northern Avenue: Straight Channels 74 67 8.4 7.7
Channel Bends 185 168 10.4 9.5
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EXISTING CONDITION
HEC-RAS OUTPUT



-.. - _I _- _. - -' - -'.. - - - - -
HEC-RAS Plan: Plan 02 River: RIVER-1 Reach: Reach-1

~F "ffj 16 '", (cfs) (ft) (ft) (ft) ~ (ft). (ft) (ft) (ft) (fils) (ft) (flIft)
Reach-1 3.678' 148.00 1321.75 9984.76 10021.55 36.79 1318.80 2.95 2.15 1321.82 0.001132
Reach-1:~" 3.61 .~ 148.00 - .. 1320.77 9987.12'- 1004D.69 53:5'7 1318.30' - 2.47 - 4.12 132101 '0.005814

~
eaCh-1 296.00~18.!~"::, 9993.32 10043.85r-----5D.53 -1316.30 2.47 -- --3:94 -1319.01 -'0.005175

.' 29600 131552 9988.74 10013.79 -~.05-1312.60 2.92 ff15 -1316.10 0009332

296'00 1311'64 9985.91 10018.18 32.27 1309.10 2.54 5.72 1312.14 0.009893

R~ach-1 G 1.074-,,%*,,; 3655.00 1228.98 9957.65 10032.45 74.80 1221.00 7.98 10.53 1230.70 0.005045-L...__._.l- ....l.... -L... .l-_

(Reach-1 . 2.159 u 1755.00 1275.61 --1-275.611-~9~9-13~.2-7+---10392.89 479-:63 ---1269.60 ~ ---2.-05 --12i5.67 -0.000218

~16e"--a-ch---L--+-2.""07=2""""","",'-.-l--"'-17=5""5"'.0""'0+--- 1269.36 9971.60 10233.43 261.83 126350 5.861- 4.87 1269.60 i -0001881

~
1 .,it 1.996 t','f"f 2048.00 _ 1~~~~2 1265.82 9973.64 - 10038.62 64.98 1260.40 5.42 11.32 126762; 0.009309

. '2048.00 '1262.80 9973.01 10049.95 76.94 125520 7.60 "7.64 126370L_~00~~~~

2048.00 1259A1 -1259.41 9980.99 10055.13 - --7-4-.14 1252.40 7.01 - 10.92 1261.21 0.009187
lWacl:l~1). 1:76~ :.~, 2048.00 ------ - '1253.59 ' -9-96-3-.05 '--'102-35-.931-- --272.88 - 1250701--- '-2.89 - -~--1253.87 --0.006205

R~ch-h. '>t' 1.692 .~.,. - 2048.00 1252.06 9960.00 10145.75 185.75 1247.70 4.36 5.06 1252.33 0.002609

Reach-h i¥ 1.616 ~.;d. 2048.00 1251.91 9950.00 10196.62 246.62 1244.00 7.911-- 2.59 1251.991 0:00am

Rll8ch-1 .: 1.556 !fA' 5141.00 1249.53 9959.75 10121.01 161.26 1241.00 8.53 11.00 1251.32 0.005883

•
~ach'1"':it 11 ..4636 w

n 5141.00 1245.89 1245.89 9980.18 10157.58 177.40 1237.50 8.39 12.27 1247.61'-0.010707
5141.00 1240.87 1240.87 9981.73 10180.25 198.52 1234.50 6.37 12.18 124230 0.014673

1.3 --."-51..,-4..,-1....,.0.,,..0+-----I---:1-=-2=39=-.0=4+-- 9951.39 10185.97 234.58 1230.80 824 6.75 1239.63 0.002381

1.2 4645.00 1238.92 9950.00 10304.22 354.22 1227.80 11.12 4.22 1239.08 o ('l)'l54fl
J 1.1 4150.00 '-12-34-.51 --1-23-8)9 - 9886.00 ----:w271.51 - - 385.51 - 1224.401-----1439 . - - -3.71 -1238.95 oooo~881
;1 1.1 '--C=-u'7lv-e--:rt-l----+------I-----I------I-------l-----+---·........-jI--------j I

Reach-1 s 1.148 ,;"'Ci 3655.00 1234.51' 1234~5'1 9880.00 --10068.81 f-- -188:'81' 1224.00 --10.51 - "7:651--1235.09 -0.0012931



- - - - -, - -- - - - - - - - -
(tt) (It) (tt) (It) (Il) (ft) (ft) (ftls) (It) (ffIft)

1225.76 1225.76 9969.12 10043.81 74.69 1218.30 7.46 12.36 1228.11 0.007148

1221.55 1221.55 9966.12 10093.28 127.16 1215.60 5.95 10.36 1223.19 0.007726
---:::-::-::-::--:::-::-+--- 1220.23 9943.31 10148.45 -- ---WS.14 1213.60 6.63 6.88 1220.86 0.001789

--- --1220.01 .. 9949.81 --1'646D.OO--~:19 -1211.30 8.71 5.20 - 1220.27 0.000868

1217.17 -1217.17 9954':13 10045.87 91.73 --1210.00 --717---~ -1219.36 -----0.006530

+':-~"""':"':;:;;;Si1--~c=--;;-;:t----- 1215.08 9954.62 10333.08 378.47 1207.80 7.28 6.02 1215.49 ------0.001701

1213.93 --9940.37 --10172.98 232.62 -- 1206.70 - 7.23 - ~ --121460 ----0:002689

--:r211.43 - 9922.85 10040.73 117.88 -1205.00 6.43 9.91 -1212:94 00060901

1208.15 1208.15 9931.17 10041.53 110.37 1201.80 6.35 11.07 1210.06 0.008543'

1202.44 9875.66 10320.44 235.02 1197.70 4.74 6.16 1203.40 0.007312

- 1200.13 9953.06 --10268.09 292.79 1196.00 4.63 7.27 1200.85 0.005556
4414.00 1197.86 1198~29 -990f84 10260.79 352.95 --1193~()~ 4.39 - -6.69-~69 0.004331

__4~~~00 1195.13 1195.17r--99~8.32 10160.31 211.99 1192.00 - 3.17 - 6.72 ~.34 0007647
t-::::-:...,....,-,---'-+.:----::----j 4414.00 1192.55 1192.65 9947.29 10139.24 191.95 1169.40 3.45 6.46 1193.94 0.005502
""---'~~~-'---'---""'------'----- - - --- - - -- .



- - -- ---'--------_._-
HEC-RAS Plan' Plan 02 River'RIVER-1 Reach' Reach-1

Reach River Sta E.G. US. W.S.US. E.G.IC E.G. OC MinTopRd Culv Q QWeir DeitaWS CulvVelln CulvVelOut

(ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (ft) (ftls) (ftls)

Reach-1 2.163 Culvert #1 1277.59 1277.56 1271.26 1277.59 1275.90 32.68 2062.61 1.95 1.48 1.48
i-------- ------ '---1- -- --_. -- - -- - --

Reach-1 2.163 Culvert #2 1277.59 1277.56 1274.69 1277.59 1275.90 149.71 2062.61 1.95 7.78 7.78-_. --
Reach-1 1.1535 Culvert #1 1238.95 1238.79 1233.06 1238.95 1234.50 408.42 3741.58 4.28 10.40 10.40

-- ------
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APPENDIXG

RECOMMENDED ALTERNATIVE
HEC-RAS OUTPUT
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HEC-RAS Plan: imp. bridge R~ver: RIVER-1 Reach: Reach-1._--,--._._---_....- . ~_..~----_.

Reach RiverSta E.G. US. W.S.US. E.G.IC E.G.OC Min Top Rd CulvQ Q.•
(tt) (tt) (tt) (tt) (tt) (efs) (

Reach-1 2.163 Culvert #1 1275.72 1275.54 1273.67 1275.72 1277.00 997.00
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Total

- - - - - - - - - - - -
HEC-RAS Plan: imp. bridge River: RIVER-1 Reach: Reach-1

Reach River Sta E.G. US. Min EI Prs BR Open Area PrsOWS Q

(ft) (ft) (sq ft) (ft) (c

Reach-1 1.1535 I 1234.50 1231.00I 429.00 1233.77
-
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