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1 PURPOSE OF STUDY

This study consists of a limited review of the hydrology analysis prepared by Boyle
Engineering Corporaf.ion for the Kingman Area Master Drainage Plan (KAMDP), June
1988. Specifically, this review focuses on the location of lateral inflows to Mohave
Wash and the manner in which these flows are combined and routed along Moha_ve

Wash.

This study is being done as part of the final design for the Mohave Wash Channelization
Project from Station 290+00 to Station 380+00 as identified in the KAMDP. Stovall
Engineers, Inc. (SEI) has been retained by Mohave County to prepare the construction
drawings and specifications for the cﬁannel design. Robert L. Ward, P.E., has been
retained as a subconsultant to SEI to prepare the hydrology and hydraulic analysis

for the channel design.

During the initial data—review phase of the hydraulic analysis, questionable inflow
locations were noted in the Boyle HEC-1 model for numerous tributary flows to
Mohave Wash. Both verbal and written discussions on this issue with Boyle
Engineering Corporation resulted in a statement by Boyle Engineering that the
hydrology data developed for the KAMDP was intended to be used as a planning
and design aid and not as the channel design criteria in—place of a detailed drainage

analysis.

Subsequent discussions with Mohave Couhty resulted in a decision by the County
to authorize the addition of a limited hydrology analysis to the Mohave Wash shannel
design contract with SEI. This additional hydrology analysis will consist of identifying
the most probable inflow locations to Mohave Wash and making any necessary
revisions to the Boyle HEC—-1 model to reflect these inflow locations. Regional peak
discharge regression equations are also to be used to verify the results of the

revised HEC—-1 model results.
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The following sections of this report discuss the HEC—1 modeling revisions, peak
discharge verification, and recommendations for design discharges for the Mohave

Wash Channelization Project.
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2 SUMMARY OF ORIGINAL BOYLE HEC-1 MODEL PARAMETERS

As presented in the June 1988 KAMDP, the Boyle HEC-1 model was based on the

following methodologies:

1. Rainfall Event: 100-year, 3—hour storm with temporal rainfall distribution

based on the Indio, California thunderstorm of September 24, 1939.

2. Areal Reduction Factor: Areal reduction in rainfall values was based on

procedures presented in the NOAA Atlas 2, Volume VIII, Arizona.

3. Rainfall Losses: Losses due to interception and infiltration were based

on the SCS curve number methodology.

4. Hydrograph Generation: The SCS unit hydrograph methodology was used
to develop runoff hydrographs. Basin lag time was computed by multiplying

the Corps of Engineers lag equation by 0.78.

The HEC-1 sub-basin delineations and proposed channel alignments are shown on
Exhibits 2 and 3 in the June 1988 Aaster Drainage Plan report prepared by Boyle
Engineering as part of the KAMDP (these exhibits are not included in this hydrology
review report). The HEC-1 model input and output data for the KAMPD are published
in Appef:dfces - Volume 1, Hydrology/Hydraulic Details, June 1988, Boyle Engineering
Corporation. HEC-1 input file A18—-0074.HEC (published in the Volume 1 Appendix,
page A8) was used as the basis for reviewing the model schematic shown in Exhibit

2 to the Master Drainage Plan report.

The major criticism with the Boyle model is the failure to acknowledge the probability
for inflows to reach Mohave Wash at locations upstream of the point at which such
inflows are actually brought into the model routing schematic. For example, runoff
from Sub-Basins A70 and A80 are not input to Mohave Wash until Concentration

Point 70, which is \,nearly a quarter mile downstream of the sub-basin boundaries



at Northern Avenue. Not only does this lead to a probable under-design for that
reach of Mohave Wash between Northern Avenue and CP 70, but it also fails to
acknowledge the fact that substantial amounts of runoff from Sub-Basins A70 and
A80 will enter Mohave Wash between Gordon Avenue and Bank Street, also leading
to a probable under—design for that reach of Mohave Wash through this area. This
type of problem was found to occur throughout the length of Mohave Wash shown

on Exhibit 2 to the Master Drainage Plan report.

An inconsistency was also noted with thé interface of Sub-Basin A0l0 and Drainage
Line Aol to Ao2. Exhibit 2 shows Line Aol to Ao2 splitting Sub-Basin Aol0, yet
the HEC-1 input data shows all of the runoff from Sub-Basin Aol0 entering Mohave
Wash at CP 80. The HEC-1 file also shows flows being routed along Line Aol-Ao02
to enter Mohave Wash at CP 80 rather than at CP Aol. This is not consistent with

information shown on Plates 4 and 5 in the Master Drainage Plan report.

1t should be noted that not all the input data to the Boyle HEC-1 model was
reviewed as part of this study. Accordingly, there may be other errors in the model
that were not detected as part of this review. As stated previously, the purpose
of this review was to make modeling revisions to more accurately reflect lateral

inflow locations to Mohave Wash.

It was assumed that the Boyle HEC—1 model was run with the February 1, 1985
version of HEC~1. The 1988 version of HEC—1 contains revisions to the computational
algorithm for kinematic wave channel routing operations, and, as a re‘sult, causes
different peak discharges to be generated from those published in the KAMDP reports.
The 1985 version of HEC-1 produced an identical match between the re-created
model (see Section 3 of this report) and the original Boylé HEC-1 model. Accordingly,
any future revisions to this HEC—-1 model should be run under the 1985 verson of
HEC-1 in order to provide a consistent basis for comparing any changes in peak

discharge.




3 PROPOSED REVISIONS TO HEC-1 MODEL

Modeling- revisions were based on a detailed review of topographic maps and the
results of a field inspection conducted on June 3, 1993. Boyle Engineering HEC-1
input file A18-0074.HEC was used as the data base for the revised model. Modifications
were only made to the Boyle model to reflect inflow locations and routing operations
along Mohave Wash, i.e., all sub—basin data remained identical to that in the original

Boyle model.

After re—creating the Boyle model, peak discharges from individual sub-basins were
checked against the original Boyle output file A18-0075.HEC to insure that identical
results were being obtained. The 100 percent flow scenario was used for this
comparison, i.e., a point rainfall value of 2.83 inches was used throughout the

watershed.

Plate 1 presents a routing schematic of the HEC-1 revisions that were performed
to more accurately model the inflows to Mohave Wash. The base diagram for Plate
1 was Exhibits 2 and 3 to the KAMDP Master Drainage Plan report.

Changes to the routing operations along Mohave Wash are shown on Plate 1 as
hand-lettered concentration points and combined hydrograph operations. The modified
HEC-1 input/output file (reflecting these changes) is included in Appendix A to
this report. The output file in Appendix A includes numerous comments (KM records)
to document the source of data used for routing operations and to physically identify

locations along Mohave Wash where specific discharges apply.

It should be noted that the HEC-1 model in Appendix A is based on areally reduced
rainfall values. Areally reduced rainfall values were developed from curves in

Figure 14 in the NOAA Atlas 2, Volume VIII, Arizona. Reduction factors were

- developed for a 3-hour storm (to be consistent with the Boyle study), for drainage

areas of 0.001, 10, 50, 100, 150, and 200 square miles. These reduction factors

were applied to the Boyle 100-year, 3—hour point rainfall value of 2.883 inches in
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order to develop a consistent depth—area relationship that reflects the reduction
in rainfall as drainage area size increases along Mohave Wash. This data (rainfall
depth and corresponding drainage area size) was input to the model with JD records.
The use of JD records invokes a depth—area relation sub-routine in HEC-1 that
generates runoff hydrographs that reflect an areally reduced rainfall value as a
function of the total contributing drainage area to any location within the model.
This approach has gained wide acceptance by regulatory agencies charged with the

responsibility for preparation of hydrologic analyses for flood insurance studies.

The areal reduction procedures used in the Boyle study appear to be based on
judgmental interpolations between the 80 and 100 percent flow scenarios. The logic

for this approach was not documented in the Boyle reports.

The most precise way to follow the modeling revisions along Mohave Wash is to
review the HEC-1 input file in Appendix A while simultaneously tracing the path
of each operation on Plate 1. Some general comments are offered in the following

paragraphs to assist the reader in understanding the modeling revisions.

It should be noted that all channel routing lengths along Mohave Wash were scaled
from Plates 1 through 6 and Plate 32 as published in the KAMDP Master Drainage
Plan report (June 1988). All channel routing geometries, slopes, and roughness

values were kept identical to those used in -the original Boyle HEC—1 model.

The upstream end of the M;Jhave Wash channelization project begins at Interstate
40, which is located at Concentration Point (CP) 90 on Plate 1. This location
includes all runoff from Sub-Basins Apl0O, A110, and A100. Flows are then routed
downstream to CP 81 and combined with runoff from Sub-Basin AS80 to create CP
80.

CP 80 is routed to the upstream side of Drainage Line Aol—Ao2 where it is combined
with 100 percent of the runoff from Sub-Basin Ao0l0, resulting in CP 77. As noted
previously, Line Aol-—-Ao2 physically divides Sub-Basin A0l10 into two separate

A
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basins. Since the accuracy of Line Aol-Ao2 is not known, it was assumed that all
of Sub-Basin Aol0 will enter Mohave Wash at the upstream side of the intersection

of Line Aol-Ao2 with Mohave Wash.

Divert operations have been added to the model to input increments of flow from
numerous sub-basins adjacent to Mohave Wash. For example, 90 percent of Sub—Basin
A80 and 75 percent of Sub-Basin A70 have been diverted into Mohave Wash at
Bank Street (CP 74). The remaining flows from thesé two sub-basins are brought
into the model at Northern Avenue (CP 72). _

Triple divert operations have been used to prorate flows from Sub-Basins AnlO and
Aml10 into Mohave Wash. For example, 40 percent of Sub-Basin Anl0 and 46 percent
of Sub-Basin Am10 are diverted into Mohave Wash at the upstream side of Drainage
Line An2-Anl (CP 69). An additional 45 percent of Sub—Basin Anl0 and 35 percent
of Sub-Basin Aml10 are brought into the channel at the confluence with Line
Aml-Am2. The remaining flows from Sub-Basins Anl0 and Am10 are retrieved and
input to Mohave Wash at Castle Rock Road (CP 58).

This technique of flow diversions and retrievals is continued along the remainder
of Mohave Wash. The KM records in the HEC—-1 output file clearly document all of
these operations. The divert ratios that are used in these operations are the result
of applying engineering judgement to the flow patterns observed on topographic

maps and during the site inspection.

The plan/profile sheets (Plates 1 through 40) published in the KAMDP Master Drainage
Plan report were used to identify the physical location of the proposed drainage
line outlets to Mohave Wash. For example, due to the map scale, Plate 1 does not
clearly indicate that Line Af2—-Afl actually enters Mohave Wash slightly downstream
of the outlet for Line Ag2-Agl.

The results and application of these HEC-1 modeling changes are discussed in

Section &6 of this report.
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4 PEAK DISCHARGE VERIFICATION

In order- to establish confidence in the results of the hydrologic modeling effort, it
is important to include some type of independent verification analysis. The reports
prepared by Boyle Engineering Corporation for the KAMDP do not include any
documentation to indicate that independent calculations were performed to support
the results obtained from the HEC—1 model. Aécordingly, a peak discharge verification
analysis was performed as part this study to determine whether the HEC-1 model

is producing reasonable results.

Seven different procedures were used to generate independent estimates of the peak
discharge at numerous locations within the Mohave Wash watershed. Five of these
procedures produce direct estimates of the 100-year peak discharge, one procedure
produces a maximum envelope curve for the 100-year event, while a seventh
procedure predicts a maximum discharge envelope that would be characteristic of

some unusually severe flood event.
These seven independent verification procedures are listed and discussed as follows:

1. Peak discharge regression equations presented in Floodplain Delineation
Criteria and Procedures, Report No. 4, Arizona Water Commission, (AWC)
October 1973.

Method 1 employs regional regression equations for different geographical
regions of Arizona. These equations were developed from a modification
of the regional method described in USGS Water Supply Paper 1683. The
100-year peak discharge equation for the western third of Arizona (includes

the Kingman area) is:
Quo0=1500A°%% . it (4.1)

where Qioo = 100-year peak discharge (cfé)
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A = drainage area (square miles)

Peak discharge regression equations presented in Methods for Estimating

Magnitude and Frequency of Floods in the Southwestern United States,

draft report of a pending USGS Water Resources Investigation Report,

January 1992.

Method 2 is based on a USGS analysis of stream gage records for a study
area composed of Arizona, Nevada, Utah, and parts of New Mexico, Colorado,
Idaho, Oregon, Wyoming, Texas, and California. Sixteen sets of regression
equations Were developed for this study area. Region 10 includes Mohave
Wash.

The 100-year peak discharge regression equation for Region 10 is:

Qo= IS0A P> L. (4.2)

where Qico = 100~year peak discharge (cfs)
A
P

drainage area (square miles)

mean annual precipitation (inches)

Based on rainfall data published in the technical reference for Method 3,
the mean annual rainfall for the Mohave Wash watershed ranges from 11
to 11.5 inches.

Peak discharge regression equations presented in Methods for Estimating
the Magnitude and Frequency of Floods in Arizona, USGS Report: ADOT-
RS-15 121, R.H. Roeske, September, 1978.
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Method 3 also utilizes regional regression equations (developed from stream
gage data) for five different regions of Arizona. Accordingly, these
equations should reflect differences in topography and rainfall charac-—

teristics that might exist among these different regions.
The watershed for Mohave Wash is located in Region 1 (Northwest Plateau

Area, see Figure 1 from the technical reference). For the 100-year event,

the peak discharge regression equation for Region 1 is:

Qioo=584A*" .. .(4.3)

where Qioo 100~-year peak discharge (cfs)

A

drainage area (square miles)

A Magnitude—Frequency—Area Relation for Floods in Arizona: A Study to

Advance the Methodology of Assessing the Vulnerability of Brideges to
Floods, Malvick, A.J., Laursen, E.M., Duffy, D., (University of Arizona),
1980.

Method 4 was developed by A.J. Malvick using data from 143 stream gage
locations in Arizona. The gage records varied in length from 6 to 69

years.
The regression analysis conducted by Malvick resulted in both a maximum
envelope curve, which contained all the data points, and a regression

equation specifically developed for the 100-year event. The 100-year

regression equation is:

Qio0 = 826 A (O7800.067Ls &) | e (4.4)

where Qioo = 100-year peak discharge (cfs)

10
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A = drainage area (square miles)

Peak discharge regression equation based on a log—Pearson Type 3 analysis
of stream gage data in Arizona as published in Section 10.2.3 of the ADOT
Highway Drainage Design Manual, Hydrology, March 1993.

Method 5 is based on a regression analysis of streamflow data published

in Basin Characteristics And Streamflow Statistics In Arizona As Of 1989,

USGS Water Resources Investigations Report 91-4041. Log-Pearson Type
3 (LP3) flood-frequency analyses have been performed for this streamflow

data and the results of these analyses are published in the USGS report.

ADOT has performed a regression analysis of the LP3 data as a function

of drainage area size. This resulted in the following regression equation:

Qu00=8S0A%*.......... ereaeaes (4.5)

where Qioo = 100-year peak discharge (cfs)
A

drainage area (square miles)

Regression equations presented in Flood Frequency Estimates in South-
eastern Arizona, ASCE Journal of Irrigation and Drainage Engineering,

Boughton, Renard, and Stone, November 1987.

Method 6 is a 100-year envelope curve developed by Boughton, et al.
This is a statistically based curve that encompasses the 100-year peak
discharges from 24 stream gage stations in southeastern Arizona. As
such, it is not a maximum discharge envelope curve, but instead, establishes

a statistical upper limit for the 100-year event.

11
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The equation defining this curve is (note the use of metric units):

QIOQENV=31.6A(°'77—0-0664Laa A s .¢.(4.6)

where QiooEnv

A

100-year peak discharge envelope value (cubic meters/sec)

drainage area (square kilometers)

7. Peak discharge envelope curve developed by Creager, Justin, and Hinds,

Engineering for Dams, Volume 1, Chapter 5, page 99, 1945.

Method 7 consists of a regression equation that envelopes a set of
unusually severe flood discharges that were recorded in both the United
States and abroad. There is no flood—-frequency associated with this

equation.

The Creager equation is:

-0.048y

q=46CA P T (4.7)

where q = peak discharge per unit drainage area (cfs/square mile) .

>
I

drainage area (square miles)

C = regression coefficient

With C=100, Equation 4.7 was found to envelope all but three of the

floods that occurred in Texas, North Carolina, and the Philippines.

Due to the difficulty involved in accurately assessing all the complex variables

that govern the rainfall/runoff process, perfect agreement between the results

12
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obtained from independent peak discharge methodologies is not expected. The
primary value of the verification analysis is to insure that the HEC-1 model is not

producing grossly unreasonable, or inaccurate, results.

In order to examine the influence of channel routing operations on the HEC—1 model
results, the verification analysis evaluated individual sub-basins as well as major
concentration points along Mohave Wash. Table 4.1 lists the results of the verification
calculations for sevén sub-basins, while Table 4.2 lists the same information for
eight concentration points along Mohave Wash. The data in Tables 4.1 and 4.2 are
graphically illustrated in a bar chart format in Figures 4.1 and 4.2, respectively.
Figures 4.3 and 4.4 plot the respective data from Tables 4.1 and 4.2 in the form
of a power regression curve (y=axP) relating drainage area size to peak 100-year

discharge.

A review of the information in these tables and figures indicates that the individual
sub—-basins are producing peak discharges that are generally within the envelope
defined by the independent regression equations, the only exceptions being Sub—Basins
A80 and A80 which are slightly below the envelope. Figure 4.3 also shows the
power regression curve developed from the HEC-1 data as being positioned within
the envelope defined by the curves for the five 100—year peak discharge estimating

procedures, with the exception of drainage areas less than about 1 square mile.

A review of the data for the concentration points along Mohave Wash indicates a
consistent trend to be at or above the predicted envelope for the 100-year event.
In fact, for the three largest concentration points (CP 10, CP 22, and CP 30), the
HEC-1 model is producing 100-year peak discharges that exceed the Boughton

100-year envelope curve.

Since the HEC-1 model is producing progressively larger increases beyond the
predicted discharge envelope as drainage area size increases, it would appear that
a probable cause of this phenomenon is the channel routing operations used in the
model. It should be recalled that the individual sub-basin discharges, which do

not include routing operations, did not exhibit this trend. Accordingly, the routing

13
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Table 4.1
Summary Of Independent Pesk Discharge Calculstions Used For HEC-1 Model Verification
100-Year Eveat With Arenl Rsinfoll Reduction Iz HEC-1 Model
) Mohave Wnsh Changelization Project
Kingman, Arzons
Dominant Drainage = Mean Annual HEC-1 Boughton
Existing Ares Precipitation Model AWC USGS Roeske Malvick ADOT LP3 100-Year Creager
Sub-Basin Land-Use (sq mi) (in.) | MHVQ2.31 | Regression Region10 Region1 Regression Regression Envelope Envelope
A30 Undeveloped 1.40 11.0 632 1,787 1,423 689 1,074 1,019 2,868 6,184
[y
F'
A80 Residential 1.40 11.0 654 1,787 1,423 689 1,074 1,019 2,868 6,184
Ak20 Undeveloped 1.50 11.0 812 1,852 1,493 712 1,182 1,058 3,009 6,564
Anl0 Residential 2.93 11.0 1,997 2,623 2,386 989 1,865 1,519 4,719 11,459
Ao30 Mountains 3.10 11.5 2,087 2,701 2,577 1,017 1,943 - 1,566 4,896 11,990
A% Mixed 4.00 11.0 1,761 3,084 2,967 1,152 2,332 1,797 5,767 14,667
Af30 Undeveloped 13.10 11.0 3,125 5,716 6,807 2,060 5,186 3,410 11,764 35,121
File: MHVVERIL. WK1

)
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Table 4.2
Summary Of Iedeperdent Peck Discharge Calculstions Used For HEC-1 Model Verification
Concentration Pointz Along Mohave Wash
100-Year Event With Arerl Rainfall Reduction In HEC-1 Model
Mohave Wash Chsarelization Projact
Kingmsn, Arzons
Mohave
Wash Dominant Drainage  Mean Annual HEC-1 Boughton
Concentration Existing Area Precipitation Model AWC USGS Roeske Malvick ADOT LP3 100-Year Creager
Point Land~Use {sq mi) (in.) | MHVQ2.31 | Regression Region 10  Region1 Regression Regression Envelope Envelope
90 Mixed 2.60 11.0 2,209 2,465 2,195 933 1,709 1,424 4,363 10,402
80 Mixed 6.60 11.0 3,858 4,002 4,213 1,472 3,301 2,355 7,870 21,477
72 Mixed 15.50 "11.0 8,372 6,238 7,658 2,237 5,171 3,734 12,931 39,421
58 Mixed 22.13 11.0 12,027 7,507 9,825 2,664 7.194 4,526 15,710 50,013
40 Mixed 63.87 11.0 22,954 13,027 20,633 4,477 13,274 8,022 26,858 96,552
30 Mixed 118.27 11.0 37,750 17,947 31,759 6,055 18,390 11,188 35,605 136,921
22 Mixed 149.97 11.0 41,429 20,305 37,503 6,802 20,730 12,719 39,461 155,688
10 Mixed 167.67 11.0 45,682 21,518 40,549 7,184 21,905 13,509 41,368 165,182

File: MHVVER2. WK1
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Figure 4.1

HEC-1 Peak Discharge Verification
Sub-Basin Locations Contributing to Mohave Wash
Q100 (Cfs) Mohave Wash Channelization Project
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Figure 4.2
HEC-1 Peak Discharge Verification
Concentration Points Along Mohave Wash

Mohave Wash Channelization Project
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Figure 4.3
Power Regression Curves For Sub-Basin Peak Discharge Verification
Mohave Wash Channelization Project
Q100 (cfs) Kingman, Arizona
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Power Regression Curves For Concentration Point Peak Discharge Verification
Mohave Wash Channelization Project
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operations are probably not producing sufficient attenuation in the hydrographs to
match what is actually occurring during flood events. The Boyle HEC—I model is
based on kinematic wave channel routing procedures which are only recommended
for short routing reaches. Several of the Boyle routing reaches are from 2 to 4

miles long, which may be an overextension of kinematic wave methodology.

Another possible cause for the lack of peak ‘discharge attenuation could be the
failure of the model to simulate transmission losses along the channel beds. This
is a difficult process to simulate because of the lack of measured data on transmission
losses. However, these losses do occur and failure to acknowledge such losses could

lead to an overprediction of peak discharge.

A third cause for the seemingly high peak discharges along Mohave Wash could be
attributed to the fact that the regression equations are based on stream gage data
from watersheds ‘with very little to no urban development, while the Mohave Wash

watershed (as modeled by Boyle) consists of 156 to 20 percent urbanized land-use.

This urbanization was simulated in the Boyle model by an increase in curve number.
However, there is no mechanism available to adjust the regression equations for

various degrees of urban land-use.

In conclusion, the results of this verification analysis would indicate that the Boyle
model is probably producing conservative discharge values for the design of channel
improvements along Mohave Wash. However, the Boyle modeling results are not
considered so excessively high as to invalidate the model results and justify initiating

new studies to possibly change all the routing operations in the model.

7
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5 RECOMMENDATIONS FOR CHANNEL DESIGN DISCHARGE

Table 6.1 lists the 100-year peak discharge values that are recommended for the
design of channel improvements along Mohave Wash. A description of each channel
reach length is provided in terms of physical locations (i.e., street names and
drainage lines that can be identified on Plate 1), as well as by channel stationing
that is referenced to Plates 1 through 6 of the 'June 1988 Master Drainage Plan
report for the Kingman Area Master Drainage Plan. ) The channel stationing is
considered approximate since channel reach lengths were scaled from the referenced
Plates and, undoubtedly, include some error due to the small map scale (1"=800'")
and scale distortion created during the document reproduction process. Table 5.2

presents the same data for the 10-year event.

These tables also list the HEC-1 concentration points that were used to establish
the design discharge for each channel reach. For comparison purposes, the 100-year
an 10-year peak dischérges published in the KAMDP Master Drainage Plan report
are listed in the last columns of Tables 5.1 and 5.2. The differences between the
recommended discharges and the Master Drainage Plan report discharges are a direct

result of the way lateral inflows were introduced to Mohave Wash.

The actual alignment of all the drainage channels proposed for the KAMDP should
be verified prior to initiating final design studies for such channels. As noted in
Section 2 of this report, the exact alignment of Line Aol-Ao02 shows some inconsistency
between the HEC-1 flow routing schematic and the actual drainage pattern associated
with this channel. Final design changes to any of the published channel alignments

would require revisions to the HEC—1 model in order to evaluate downstream impacts.

In conclusion, it should be emphasized that the recommended discharges in Tables
5.1 and 5.2 are based on the Kingman Area Master Drainage Plan being constructed
as shown on Exhibit 8 to the June 1988 Master Drainage Plan report. Failure to
construct all the channels shown on Exhibit 8 will invalidate the design discharges
published in Tables 5.1 and 5.2 of this report.
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Table 5:1
Summary of Recommended Degign Dischsrges
100-Yesr Event
Rohove Wazh Channelizstion Project Note: D/S = downatream
Kingman, Arizona U/S = upstream
File: MHV51. WK1
Drainage Recommended Q100 Published
Chanpel Area Design Q100 by Boyle Engr.
Channel Reach Stations (sq mi) HEC-1 CP (cfs) (cfs)
D/S end of channel to 10+00 to 167.67 10 45,632 46,057
D/S side of Line Ad1-Ad2 63+00
U/S side of Line Ad1-Ad2 to 63400 to 149.97 24 41,532 37,241
D/S side of Line Ael-Ae2 80+76
U/S side of Line Ael-Ae2 80+76 to 120.51 25 37,753 37,241
to D/S side ofLiq'e Af1-Af2 126+00
/
U/S side of Line Af1-Af2 126+00 to 82.72 32 28,065 22,813
to D/S side of Iline Agl-Ag2 129+36 .
U/S side of Line Agl-Ag2 129+36 to 70.72 35 24,046 22,813
to D/S side of Line Ah1-Ah2 158+32
D/S side of Line Ahl1-Ah2 158+32 to 69.44 37 23,971 22,813
to D/S side of Line Ajl-Aj2 185+00
U/S side of Line Aji-Aj2 185+00 to 60.73 44 22,553 22,656
to D/S side of Line Ail-Ai2 197+24
U/S side of Line Ail-Ai2 197+24 to 59.93 46 22,480 22,656
to D/_S side of Line 50-100 241400
U/S side of Line 50-100 241400 to 27.83 2. pealc 13,537 11,910
to D/S side of Line Ak1-Ak2 269+96 L
: e 7
U/S side of Line Ak1-Ak2 269496 to 24.13 ss VY 1260 11,910
to Castle Rock Road 298+12 !
Castle Rock Road 298+12 to 22.13 58 12,027 11,910
to outlet of Line Am1-Am2 314+60.
Outlet of Line Am1-Am2 314+60 to 21.39 60 11,705 8,364
to D/S side of Line Anl-An2 332+76. f
| FEMA
U/S side of Line Anl1-An2 332+76 to 17.35 69 9,218 }08’6’0 6,909
to Northern Avenue 345+72 e
Northern Avenue 345+72 to 15.50 72 8,372 6,909
to Bank Street 370+92
T TN Flf A
Bank Street 370+92 to 14.76 74 (_ 8,158 767 — 6,909
to D/S side of Line Aol-Ao2 408+36 2
U/S side of Line Aol-Ao2 408+36 to 6.90 77 3,972 6,909
to CP 80 425+48 )
CP 80 425+48 to 6.60 80 3,858 2,144
to STA 463+00 463+00
STA 463+00 463+00 to 4.95 75%*CP 80 2,894 2,144
to STA 494+00 494+00
STA 494+00 494+00 to 2.60 90 2,209 2,144
to Interstate 40 504+00
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Toble 5.2
Summary of Recommerded Design Discharges
10-Year Event
Mohave Wash Chonrelzation Project Note: D/S = downstream
Kingman, Arizons U/S = upotream
File: MHVS2.WK1

Drainage Recommended Q10 Published
Channel Area Design Q10 by Boyle Engr.
Channel Reach Stations (sq mi) HEC-1CP (cfs) (cfs)
D/S end of channel to 10+00 to 167.67 10 13,102 13,001

D/S side of Line Ad1-Ad2 63400
U/S side of Line Ad1-Ad2 to 63+00 to 149.97 24 12,144 11,923

D/S side of Line Ael-Ae2 80+76
U/S side of Line Ael-Ae2 80+76 to 120.51 25 12,145 11,923

to D/S side of Line Af1-Af2 126+00
U/S side of Line Af1-Af2 126+00 to 82.72 32 8,786 7,624

to D/S side of Line Agl-Ag2 129+36
U/S side of Line Agl-Ag2 129+36 to 70.72 35 7,547 7,624

to D/S side of Line Ah1-Ah2 158+32
D/S side of Line Ah1-Ah2 158+32 to 69.44 37 7,622 7,624

to D/S side of Line Ajl-Aj2 185+00
U/S side of Line Aj1-Aj2 185+00 to 60.73 44 1.527 7,624

to D/S side of Line Ail-Ai2 197+24
U/S side of Line Ail-Ai2 197+24 to 59.93 46 7,530 7,624

to D/S side of Line 50-100 241400
U/S side of Line 50-100 241400 to 27.83 52 5,214 4,784

to D/S side of Line Ak1-Ak2 269+96
U/S side of Line Ak1-Ak2 269+96 to 24.13 55 5,092 4,784

to Castle Rock Road 298+12
Castle Rock Road 298+12 to 22.13 58 4,994 4,784

to outlet of Line Am1-Am2 314+60
Outlet of Line Am1-Am2 314+60 to 21.39 60 4,389 3,361

to D/S side of Line Anl~An2 332+76
U/S side of Line Anl-An2 332+76 to 17.35 69 3,822 2,957

to Northern Avenue 345+72
Northern Avenue 345+72 to 15.50 72 3,476 2,957

to Bank Street 370+92
Back Street 370492 to 14.76 74 3,425 2,957

to D/S side of Line Aol-Ao2 408+36
U/S side of Line Aol-Ao2 408+36 to 6.90 77 1,641 2,957

to CP 80 425+48
CP 80 425+438 to 6.60 80 1,582 1,054

to STA 463+00 463+00
STA 463+00 463+00 to 4.95 75%*CP 80 1,187 1,054

to STA 494+00 494+00
STA 494+00 494+00 to 2.60 90 1,086 1,054

to Interstate-40 504+00
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It should also be noted that Amendment No.l to the KAMDP proposes a revisioh to
drainage line Cgl-Cg2. Boyle Engineering Corporation was contacted to determine
whether this change was reflected in the KAMDP HEC-1 model. Boyle representatives
indicated they were not aware of, nor had they participated in, the preparation of

any amendments to the KAMDP.

It appears that the City of Kingman may have prepared Amendment No.1 without
any input from Boyle Engineering Corporation. Accordingly, the HEC-1 model in
the Boyle report, and the revised model in this report, do not reflect the impacts

of changing Line Cg as proposed in Amendment No.l.

The proposed amendment would reportedly reduce flows in the railroad channel, and
possibly, in that reach of Mohave Wash downstream of CP 50. The magnitude of
change in flows through Mohave Wash would probably be minor. Failure to include
the impacts of this amendment in the HEC—1 model should create slightly conservative

design flows in Mohave Wash downstream of CP 50.
Should a decision be made to include the Amendment No.l revision in the HEC-1

model, the City of Kingman would have to provide the technical details of how this

revision should be modeled.
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APPENDIX A

HEC-1 Input/Output Data
100~Year, 3—Hour Storm

Model MHVQ2.31

Mohave Wash Channelization Project
Kingman, Arizona
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FLOOD HYDROGRAPH PACKAGE HEC-1 (IBM XT 512K VERSION) -FEB 1,1985
U.S. ARMY CORPS OF ENGINEERS, THE HYDROLOGIC ENGINEERING CENTER, 609 SECOND STREET, DAVIS, CA. 95616

Xxk%

THIS HEC-1 VERSION CONTAINS ALL OPTIONS EXCEPT. ECONOMICS, AND THE NUMBER OF PLANS ARE REDUCED TO 3
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26
27
28
29
30
3
32
33
34
35
36
37
38

39
40

42

43
4
45
46
47

"HEC-1 INPUT ' PAGE
ID....... ) S 2000000, R T ool Soiviin boeinnn. Tovenens ..., 9...... 10
ID MOHAVE WASH CHANNELIZATION PROJECT
D PART OF THE KINGMAN MASTER DRAINAGE PLAN
D CITY OF KINGMAN, ARIZONA
0
D REVISIONS TO BOYLE ENGINEERING HEC-1 MODEL TO MORE ACCURATELY REFLECT
D LATERAL INFLOWS TO THE PROPOSED MOHAVE WASH CHANNELIZATION PROJECT.
1D
1D MODELING REVISIONS PREPARED FOR MOHAVE COUNTY PUBLIC WORKS
10 MODELING REVISIONS PREPARED BY ROBERT L. WARD, P.E, CONSULTING ENGINEER
D
D FILE: MHVG2.3I
ID BASED ON 1985 VERSION OF HEC-1 TO BE CONSISTENT WITH BOYLE STUDY,
1D THIS MODEL IS A REVISION TO BOYLE HEC-1 INPUT FILE: A18-0074.HEC
I
Db _Jb RECORDS ARE USED TO PROVIDE AREAL REDUCTION IN POINT RAINFALL VALUES.
ID AREAL REDUCTION FACTORS ARE BASED ON FIGURE 14, NOAA ATLAS 2, VOL. VIII,
1D ARIZONA, USING A 3-HOUR STORM.
D
1D ALL CHANNEL ROUTING LENGTHS ALONG MOHAVE WASH HAVE BEEN SCALED FROM
D PLATES 1 THROUGH 6 & PLATE 32, AS PUBLISHED IN THE KINGMAN AREA
1D "MASTER DRAINAGE PLAN" DATED JUNE 1988, BOYLE ENGINEERING CORPORATION.
ID
ID (322332200023 RRERR RPN R RS2SR REEP PP S
1D 3-HR STORM: 100-YR EVENT
ID 13330 R 2082022002203 2830083038080 0880000ttt seedel
*DIAGRAM
IT 5 60
IN 5
I0 5
JD 2.83 .001
PI 1.3 1.3 1.1 1.5 1.5 1.8 1.5 1.8
Pl 1.6 1.8 2.2 2.2 2.2 2.0 2.6 2.7 .
PI 3.3 3.1 2.9 3.0 3.1 4.2 5.0 3.5 6.8
PI 8.2 5.9 2.0 1.8 1.8 .6
JD 2.75 10
Jb 2.54 50
D 2.39 100
JD 2.31 150
JD 2.26 200
KK Ap10 SUB-BASIN Ap10 RUNOFF
BA .40
LS 86
up .30
KK 94 cpP
Kn ROUTE FLOWS FROM Ap2 TO Apl
KM ROUTING LENGTH FROM BOYLE PLATE 32.
K REMAINING DATA FROM BOYLE ROUTING OPERATION Ap2---Apl.
RK 3304 ,0100 .03 75 2
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48
49
50
51

52
53
54

55
56
57
58
59

60
61
62
63

64
65
66
67

68
69
70
Pa
72

73
74
75
76

77
78
79
80
81

82
83
84
85
86
87

HEC-1 INPUT PAGE

ID....... ) P 2o oo [ - T bovirns Toeeunnn 8.uiiis 9...... 10

KK
BA
LS
up

KK
KM
HC

KK
KM
Kn
KN
RK

KK
BA
LS
up

KK
KM
KM
HC

KK
Kn
KN
Ki
RK

KK
BA
LS
up

KK
KM
KM
KM
HC

KK
KM
KN
KM
KM
RK

A110
.90

.30

Apl

92

444

A100
1.30

45

90

81

7928

A90
4.0

46

80

76

1712

SUB-BASIN A110 RUNOFF

86

cp
COMBINE CP 94 & SUB A110

cP

ROUTE FLOWS FROM Apl TO CP 92

ROUTING LENGTH FROM BOYLE PLATE 32.

REMAINING DATA FROM BOYLE ROUTING OPERATION Apl---90.
.0071 .02 TRAP 30 2

SUB-BASIN A100 RUNOFF

86

cp
COMBINE CP 92 & SUB A100
THIS IS THE TOTAL FLOW IN MOHAVE WASH AT THE NORTH SIDE OF I-40.

ce

ROUTE FLOWS FROM CP 90 TO CP 81

ROUTING LENGTH FROM BOYLE PLATE 5.

REMAINING DATA FROM BOYLE ROUTING OPERATION 90---80.
.0071 .03 TRAP 100 2

SUB-BASIN A90 RUNOFF

72

cP

COMBINE SUB A90 & CP 81.

NOTE: CP 80 IN THE BOYLE MODEL (not Exhibit 2 though) COINCIDES
WITH CP 78 IN THIS MODEL.

cP

ROUTE CP 80 TO CP 76 WHICH IS IMMEDIATELY UPSTREAM OF THE

CONFLUENCE WITH LINE Aol--A02.

ROUTING LENGTH FROM BOYLE PLATES 4 & 5.

REMAINING DATA FROM BOYLE ROUTING OPERATION 80---70.
.0040 .03 TRAP 100 2
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88
89
90
91

92
93
9%
95
96
97

98
99
160
101

102
103
104
105

106
107
108

109
110
111
112

113
114
115
116
117

118
119
120
121
122

123
124
125
126

127
128
129
130
131

HEC-1 INPUT ‘ PAGE

10....... | . 2 K S bovinn S5....... bocinnnn Tociinns 8....... 9 10
KK Ao010 SUB-BASIN Aol0 RUNOFF

BA .30

LS 85

up 3

KK 77 cP

KM ' COMBINE SUB Aol0 & CP .76

KM THIS OPERATION MAKES A CONSERVATIVE ASSUMPTION THAT ALL RUNOFF
KM FROM THE ORIGINAL BOYLE SUB-BASIN Aol0 WILL ENTER MOHAVE WASH
KM UPSTREAM OF THE CONFLUENCE WITH LINE Aol--Ao02.

HC 2

KK Ao20 SUB-BASIN Ao20 RUNOFF

BA 1.70

LS 83

ud 45

KK 4030 SUB-BASIN Ao30 RUNOFF

BA 3.10

LS 86

up .66

KK Ao2

KM COMBINE FLOWS AT Ao2

HC 2

KK Aol A02---Aol

KM ROUTE FLOWS FROM Ao2 TO Aol

KM ROUTING DATA FROM BOYLE OPERATION Ao2---80.

RK 6400 .0100 .03 TRAP 75 2

KK 78 cp

KM COMBINE CP 77 & CP Aol

KM THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWNSTREAM OF
KM THE CONFLUENCE WITH LINE Aol--Ao2.

HC 2

KK 75 cP

KM ROUTE CP 78 TO CP 75 AT BANK STREET

KM ROUTING LENGTH FROM BOYLE PLATE 4.

KM REMAINING DATA FROM BOYLE ROUTING OPERATION 80---70.

RK 3766 0040 .03 TRAP 100 2

KK A80 SUB-BASIN A80 RUNOFF

BA 1.40

LS 74

up .51

KK A80DV DIV

KM SPLIT 90% OF RUNOFF FROM SUB A80 TO ENTER MOHAVE WASH AT BANK ST.
DT A8ORT

DI 0 10000

D@ 0 1000
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132
133
134
135

136
137
138
139
140

141
142
143
144

145
146
147
148
149

150
151
152

153
154
155

156
157
158
159

168
161
162
163
164
165

166
167
168
169

170
171
172
173
174
175

HEC-1 INPUT

ID....... Lo 2.0 X P T SR S.viien | O Tovvnenn 8.t 9.t 10

KK
BA
LS
up

KK
K
DT
DI
Do

KK
KM
KM
HC

KK
KM
KM
KM
RK

KK
KM
DR

KK
KM
DR

KK
KM
K
HC

KK
KM
KM
KM
KM
RK

KK
BA
LS
ub

KK
KM
KM
DT
DI
D8

A70
2.40

.57
A700V
A70RT

0
0

74

73

2520

A70RT

A70RT

ABORT

A8ORT

72

)

1296

Ani0
2.93

.60

An10DV

An10RT

0
0

SUB~BASIN A70 RUNOFF

74

DIV
SPLIT 75% OF RUNOFF FROM SUB A70 TO ENTER MOHAVE WASH AT BANK ST.

10000
2500

cp

COMBINE CP 75, A80DV, & A700V

THIS IS THE TOTAL FLOW IN MOHAVE WASH AT BANK STREET.
14.76

CP

ROUTE CP 74 TO CP 73 AT NORTHERN AVENUE

ROUTING LENGTH FROM BOYLE PLATE 4.

REMAINING DATA FROM BOYLE ROUTING OPERATION 80---70.
.0040 .03 TRAP 100 2

RET
RETRIEVE 25% FLOW SPLIT FROM SUB A70

RET
RETRIEVE 10% FLOW SPLIT FROM SUB A8D

cP

COMBINE CP 73, A70RT, AND ABORT.

THIS IS THE TOTAL FLOW IN MOHAVE WASH AT NORTHERN AVENUE.
15.50

cp

ROUTE CP 72 TO CP 71 WHICH IS IMMEDIATELY UPSTREAM OF THE

CONFLUENCE WITH LINE An2--Anl.

ROUTING LENGTH FROM BOYLE PLATE 4.

REMAINING DATA FROM BOYLE ROUTING OPERATION 80---70.
.0040 .03 TRAP 100 2

SUB-BASIN An10 RUNOFF
85
DIV
SPLIT 40% OF RUNOFF FROM SUB Anl0 TO ENTER MOHAVE WASH IMMEDIATELY

UPSTREAM OF LINE An2--Anl

10000
6000

PAGE 4
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176
177
178
179

180
181
182
183
184

185
186
187
188
189
190

191
192
193
194

195
196
197
198

199
200
201
202
203

204
205
206
207
208

209
210
211

212
213
214
215
216
217

HEC-1 INPUT PAGE

ID....... ..., 2. X T SRR 5.t | J Tovivens P 9. et 10

KK
BA
LS
ub

KK
KM
0T
DI
D8

KK
KN
KM
KM
Kn
HC

KK
BA
LS
ub

KK
KM
KM
RK

KK
KM
KM
KM
HC

KK
KM
KM
KM
RK

KK
KM
DR

KK
KMt
KM
DT
DI
0@

Am10
1.50

.56

An10DV

Am10RT

0
0

69

3

An20
2.20

.37

Anl

20400

70

65

1816

An10RT

An10RT

An10R2

An10R3

0
0

SUB-BASIN Am10 RUNQFF

71

DIV
SPLIT 45% OF RUNOFF FROM SUB Am10 TO ENTER MOHAVE WASH AT CP Ant

10000
5500

cP

COMBINE CP 71, THE 40% FLOW-SPLIT FROM SUB An10, AND THE

45% FLOW SPLIT FROM SUB Am10.

THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY UPSTREAM OF THE
CONFLUENCE WITH LINE An2---Anl.

17.347

SUB-BASIN An20 RUNOFF

88

cp

ROUTE FLOWS FROM An2 TO Anl.

ROUTING DATA FROM BOYLE ROUTING OPERATION An2---60.
.0105 .03 TRAP 50 2

cP

COMBINE CP 69 & CP Anl

THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWNSTREAM OF
. THE CONFLUENCE WITH LINE Anl--An2.

cpP

ROUTE CP 70 TO CP 65

ROUTING LENGTH FROM BOYLE PLATES 3 & 4.

REMAINING DATA FROM BOYLE ROUTING OPERATION 70---60.
.0063 .03 TRAP 150 2

RET
RETRIEVE 55% FLOW-SPLIT FROM SUB AniD

DIV
SPLIT AN ADDITIONAL 45% OF THE RUNOFF FROM SUB AnlO TO ENTER
MOHAVE WASH AT THE CONFLUENCE WITH LINE Ami---Am2.

6000
1500
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218
219
220

221
222
223
224
225
226

227
228
229
230
231

232
233
234
235
236

237

238
239

240
261
242

243
244
245
246

247
248
249
250
251

252
253
254
255

256
257
258
259
260
261

HEC-1 INPUT

ID....... Lo 2000 R S 5.0, beruennn Tovenenn 8....it 9ouinnn 10

KK
Kn
OR

KK
KM
Knt
DT
DI
Do

KK
KM
KM
KM
HC

KK
Kn
KM
KM
RK

KK
KM
DR

KK
KM
DR

KK
Kn
KM
HC

KK
KM
KM
KM
RK

KK
BA
LS
up

KK
KM
Kn
0T
DI
Y

An10RT RET
RETRIEVE 60% FLOW SPLIT FROM SUB Ami0
Am10RT
An10R2 DIV
SPLIT 35% OF RUNOFF FROM SUB Am10 TO ENTER MOHAVE WASH AT THE
CONFLUENCE WITH LINE Ami---Am2.
Am10R3
0 5500
0 2000
60 cp
COMBINE DIV Am1DR2, DIV AnlOR2, & CP 65
THIS IS THE TOTAL FLOW IN MOHAVE WASH AT THE CONFLUENCE WITH
LINE Aml---Am2.
3 21.3905
57 cP
ROUTE CP 60 TO CP 57 AT CASTLE ROCK ROAD (extended)
ROUTING LENGTH FROM BOYLE PLATE 3.
REMAINING DATA FROM BOYLE ROUTING OPERATION 60---50.
1648  .0036 .03 TRAP 150 2
Am10R3 RET
RETRIEVE REMAINING 20% FLOW-SPLIT FROM SUB Am10
Am10R3
An10R3 RET
RETRIEVE REMAINING 15% FLOW-SPLIT FROM SUB An10.
An10R3
58 cp
COMBINE CP 57, RET Aml1OR3, & RET An1OR3
THIS IS THE TOTAL FLOW IN MOHAVE WASH AT CASTLE ROCK RD (extended)
3 22.13
54 cP i
ROUTE CP 58 TO CONFLUENCE WITH LINE Ak1--Ak2
ROUTING LENGTH FROM BOYLE PLATE 3.
REMAINING DATA FROM BOYLE ROUTING OPERATION 60---50.
2816 .0036 .03 TRAP 150 2
A60 SUB-BASIN A60 RUNOFF
2.10
74
Jbb
A60DV DIV
SPLIT 85% OF RUNOFF FROM SUB A60 TO ENTER MOHAVE WASH IMMEDIATELY
UPSTREAM OF THE CONFLUENCE WITH LINE Ak2--Akl.
A6ORT
0 10000
0 1500
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262
263
264
265

266
267
268
269
270
271

272
273
274
275
276

277
278
279
280

281
282
283

284
285

286

287
288

289
290
291
292
293

294
295
296

297
298
299

300
301
302
303
304

HEC-1 INPUT

ID....... ) SRS 2.0, 3o booona.. S5.00eint | S Tovivnns 8....it 9.t 10

KK
BA
LS
up

KK
KM
KM
DT
DI
D8

KK
KN
K
K
HC

KK
BA
LS
ub

KK
KM
RK

KK
KM
K
KM
HC

KK
Kn
Kn
KM
RK

KK
KM
DR

KK
KM
DR

KK
KM
KM
KM
HC

Ak10
2.10

.43
Ak10DV
AK1ORT

0

0

55

3

Ak20
1.50

.37
Ak1
9600

56

51

2896
A6ORT
A6ORT

AK10RT
AK10RT

52

3

SUB-BASIN Ak10 RUNOFF

68

DIV
SPLIT 10% OF RUNOFF FROM SUB Ak10 TO ENTER MOHAVE WASH IMMEDIATELY
UPSTREAM OF THE CONFLUENCE WITH LINE Ak2--Akl.

10000
9000

cP

COMBINE CP 54, DIV A60DV, & DIV Ak10DV

THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY UPSTREAM OF THE
CONFLUENCE WITH LINE Ak2--Ak1

24,125

SUB-BASIN Ak20 RUNOFF

74

cp

ROUTE SUB Ak20 FLOWS ALONG LINE Ak2--Akl
.0078 .03 TRAP 150 2

cp

COMBINE CP 55 WITH CP Akl
THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWSTREAM OF THE
CONFLUENCE WITH LINE Ak2--Akl

cP

ROUTE CP 56 TO CONFLUENCE WITH LINE 100--50

ROUTING LENGTH FROM BOYLE PLATE 3.

REMAINING DATA FROM BOYLE ROUTING OPERATION 60---50.
.0036 .03 TRAP 150 2

RET
RETRIEVE 15% FLOW-SPLIT FROM SUB A60

RET
RETRIEVE 90% FLOW-SPLIT FROM SUB Ak10

cp

COMBINE CP 51, RET A6ORT, & RET Ak1ORT

THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY UPSTREAM OF THE
CONFLUENCE WITH LINE 100--50.

27.83

PAGE 7




p—

S|

)

3

— )

A R I Y B

3

-

LINE

305
306
307
308

309
310
i

312
313
314
315

316 -

317
318

319
320
321

322
323
324
325

326
327
328

329
330
331
332

333
334
338

336
337
338

339
340
341
342

ID..... R DR 2,000, K I S S.ovin | JUR Tovvinnn 8.t 9.iuuns 10

KK
BA
LS
ub

KK
KM
RK

KK
BA
LS
up

KK
KM
HC

KK
KM
RK

KK
BA
LS
up

KX
KM
RK

KK
BA
LS
ub

KK
KM
HC

KK
KM
RK

KK
BA
LS
ub

Cgl0
2.40

.63

130

2500

Cf10
2.60

.64

130

120

7200

Ce20
1.80

.53

120

8000

Cell
1.0

L2

120

110

5200

Cd30
4.70

.75

" HEC-1 INPUT

SUB-BASIN Cg10 RUNOFF

79
140---130

ROUTE FLOWS FROM 140 TO 130
.01 .03 TRAP

SUB-BASIN Cf10 RUNOFF

80

COMBINE FLOWS AT 130

130---120 _
ROUTE FLOWS FROM 130 T0 120

.0069 .03 TRAP

SUB-BASIN Ce20 RUNOFF

83

Ce2---120
ROUTE FLOWS FROM CE2 TO 120

L0175 .03 TRAP

SUB-BASIN Cel0 RUNOFF

68

COMBINE FLOWS AT 120

120---110
ROUTE FLOWS FROM 120 TO 110

.0053 .03 TRAP

SUB-BASIN Cd30 RUNOFF

86

50

75

75

75

PAGE 8



)

,_

3

3 T3

LINE

343
344
345

346
347
348
349

350
351
352

353
354
3585

356
357
358
359

360
361
362

363
364
365

366
367
368
369

370
3N
372

373
374
37%
376

377
378
379

380
381
382
383

HEC-1 INPUT

ID....... oo, 2.0, R S bouans, Scviinnn 6

KK
KM
RK

KK
BA
LS
ub

KK
KM
HC

KK
KM
RK

KK
KM
HC

KK
KM
RK

KK
BA
LS
ub

KK
KM
RK

KK
BA
LS
ub

KK
Knt
RK

KK
BA
LS
up

Cd2

3200

Cd20
1.60

43

Cd2

110

14400

Cd10
2.60

.43

110

100

6100

Cc20
3.10

.63

Cel

20400

Cb20
4.90

.78

Ccl

5600

Cb30
1.50

.63

Cd3---Cd2
ROUTE FLOWS FROM Cd3 70 Cd2

.0109 .03 TRAP

SUB-BASIN Cd20 RUNOFF

78

COMBINE FLOWS AT Cd2

€d2---110
ROUTE FLOWS FROX Cd2 TO 110

0153 .03 TRAP

SUB-BASIN Cd10 RUNOFF

68

COMBINE FLOWS AT 110

110---100
ROUTE FLOWS FROM 110 TO 100

.0082 .03 TRAP

SUB-BASIN Cc20 RUNOFF

86

Cc2---Ccl
ROUTE FLOWS FROM Cc2 TO 100

.0164 .03 TRAP

SUB-BASIN Cb20 RUNOFF

74

Cb2---Cel
ROUTE FLOWS FROM Cb2 TO Cbl

.0107 .03 TRAP

SUB-BASIN Cb30 RUNOFF

84

90

100

75



) )

3 1 3y 71 71 )

R |

)

]

T3 T

I

LINE

384
385
386

387
388
389

390
391
392
393

394
395
396
397

398
399
400

401
402
403
404

405
406
407
408
409

410
411
412
413
414
415

416
417
418
419

420
421
422
423

HEC-1 INPUT

....... Lo, % 3, beinrs 5. innn. bevnnns Teenns 8ernn. 9.0 10

KK
KM
HC

KK
KM
RK

KK
BA
LS
ub

KK
BA
LS
up

KK
KM
HC

KK
KN
KM
RK

KK
KM
KM
KM
HC

KK
KM
KM
KM
KN
RK

KK
BA
LS
ub

KK
BA
LS
ub

Ccl

100

20000

Ccll
3.00

.57

Cb10
1.80

.55

100

53

6400

50

47

4176

AS0
.50

.24

Ail0
.80

.31

COMBINE FLOWS AT Ccl

Cct---100
ROUTE FLOWS FROM Cbl TO 100
.0188 .03 ’ TRAP 100 0

SUB-BASIN Cc10 RUNOFF

68

SUB-BASIN Cb10 RUNOFF

68

COMBINE FLOWS AT 100

cp

ROUTE FLOWS FROM 100 TQ CP 53

DATA FROM BOYLE ROUTING OPERATION 100---50.
.0083 .03 TRAP 150 2

cP

COMBINE CP 53 & CP 52

THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWNSTREAM FROM
LINE 100---50.

Cp

ROUTE CP 50 ALONG MOHAVE WASH TO CP 47.

CP 47 IS LOCATED AT THE CONFLUENCE WITH LINE Ail---Ai2.

ROUTING LENGTH FROM BOYLE PLATES 2 & 3.

REMAINING DATA FROM BOYLE ROUTING OPERATION 50---40.
.0036 ° .03 TRAP 250 2

SUB-BASIN AS0 RUNOFF

79

SUB-BASIN Ail0 RUNOFF

71

PAGE 10



3

1

3

]

- LINE

424
425
426
427
428
429

430
431
432
633
434

435
436
437
438

439
440
441

442
443
444
445
446

447
448
449
450
451
452

453
454
455
456

457
458
459

460
461
462
463

HEC-1 INPUT

ID..... P S 200000, R [ S 5.t | Tovernne R T 10

KK
Kn
KM
DT
DI
Da

KK
KM
KN
Kn
HC

KK
BA
LS
up

KK
KM

KK
KM
KM
K
HC

KK
KN
Kn
KM
KM
RK

KK
BA
LS
up

KK
KM
RK

KK
BA
Ls
ub

Ai10DV

AL110RT
0
0

46

3

Ai20
.80

.12

41

7000

b4

42

1224

Aj20
1.02

45

43

19600

Ajl0
1.92

74

DIV
SPLIT 75% OF RUNOFF FROM SUB Ail0 TO ENTER MOHAVE WASH IMMEDIATELY
UPSTREAM OF THE CONFLUENCE WITH LINE Ai2---Ail.

10000

2500

cp

COMBINE €P 47, SUB A50 AND DIV Ail0DV.

THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY UPSTREAM FROM
THE CONFLUENCE WITH LINE Ai2---Ail

59.93

SUB-BASIN Ai20 RUNOFF

78
cp
ROUTE FLOWS FROM CP Ai2 TO CP 41
.0086 .03 TRAP 50 0
cp

COMBINE CP 46 AND CP 41
THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWNSTREAM OF THE
CONFLUENCE WITH LINE Ai2--Ail

cp

ROUTE CP 44 ALONG MOHAVE WASH TO CP 42.

CP 42 IS LOCATED AT THE CONFLUENCE WITH LINE Aj2---Ajl.
ROUTING LENGTH FROM BOYLE PLATE 2.

REMAINING DATA FROM BOYLE ROUTING OPERATION 50---40.

.0036 .03 TRAP 250 2

SUB-BASIN Aj20 RUNOFF

79
cp
ROUTE FLOWS FROM Aj2 TO Aj1
.01 03 TRAP 75 2

SUB-BASIN Aj10 RUNOFF

68

PAGE 11



~3 /7 3 31 31 ) )

3 T

N

)

D

3

]

LINE

464
465
466
467

468
469
470

471
472
473
474
475

476
477
478
479
480

481
482
483
484

485
486
487

488
489
490
491

492
493
494
495
496
497

498
499
500
501

502
503
504
505
506
507

"HEC-1 INPUT

ID....... Lo 200000, X S5..iinn | PP 7oeinens [ J 9.uens. 10

KK
Kt
Kn
HC

KK
KM
DR

KK
KH
KN
KM
HC

KK
KM
Kn
Kn
RK

KK
BA
LS
up

KK
KM
RK

KK
BA
LS
up

KK
KM
KN
DT
DI
e

KK
BA
LS
ub

KK
K
KM
DT
DI
Y

45

Ai10RT

A110RT

40

38

2816

Ah20
2.50

.63

Ahl

6000

Ah10
1.50

4l

Ah10DV

Ah10RT

0

0

A40
3.00

.57

A40DY

A4ORT

0
0

cp
COMBINE SUB Aj10 AND CP 43.
THIS IS THE TOTAL FLOW ENTERING MOHAVE WASH FROM LINE Aj2--Ajl.

RET
RETRIEVE 25% FLOW SPLIT FROM SUB Ail0

cp
COMBINE CP 45, CP 42, AND RET Ai10RT
THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWNSTREAM OF
THE CONFLUENCE WITH LINE Aj2--Ajl.
63.87

cpP

ROUTE CP 40 TO QUTLET OF LINE Ah2--Ahl.

ROUTING LENGTH FROM BOYLE PLATE 2.

REMAINING DATA FROM BOYLE ROUTING OPERATION 40---30.
.0039 .03 TRAP 300 2

SUB-BASIN Ah20 RUNOFF

78
\
ce
ROUTE SUB Ah20 ALONG LINE Ah2--Ahi TG MOHAVE WASH
.0088 .03 TRAP 50 0

SUB-BASIN Ah10 RUNOFF

1

DIV

SPLIT 55% OF RUNOFF FROM SUB Ah1D TO ENTER MOHAVE WASH AT THE

INTERSECTION WITH LINE Ah2-=Aht.

10000
4500

SUB-BASIN A4D RUNOFF

68

DIV

SPLIT 75% OF RUNOFF FROM SUB A4D TO ENTER MOHAVE WASH AT THE

INTERSECTION WITH LINE Ah2--Ahl.

10000
2500

PAGE 12



S R T

3 T3 71 T3

3 T3

—3 T3 T3

]

—

]

LINE

508
509
510
511
512

513
514
515
516
517

518
519
520

521
522
523

524
525
526
527
528
529

530
531
532
533
534

535
536
537
538

539
540
541

542
543
544
545

546
547
548

1D.

KK
Kn
K
KM
HC

KK
KN
KM
KM
RK

KK
KM
DR

KK
KM
DR

KK
Knt
KN
DT
DI
Do

KK
Kn
Kit
KM
HC

KK
BA
LS
uo

KK
Kn
RK

KK
BA
LS
ub

KK
KM
HC

...... 1

37

36

2896

A4ORT

ALORT

Ah10RT

Ah10RT

Ah10R2

AR10R3

0

0

35

Ag4l
2.50

.60

Agd

2400

Ag30
3.40

.45

Ag3

HEC-1 INPUT

..... e b S b T8 910

cp -

COMBINE CP 38, CP Ahl, DIV AR10DV, AND DIV A4ODV. -

THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWNSTREAM OF
THE CONFLUENCE WITH LINE Ah2--Ahl.

69.445

CcP
ROUTE CP 37 TO CP 36 AT THE CONFLUENCE WITH LINE Agl---Ag2.

ROUTING LENGTH FROM BOYLE PLATE 2.
REMAINING DATA FROM BOYLE ROUTING OPERATION 40---30.
.0039 .03 TRAP 300 2

RETY
RETRIEVE 25% FLOW SPLIT FROM SUB A40

RET
RETRIEVE 45% FLOW SPLIT FROM SUB Ah10.

DIV
SPLIT 35% OF RUNOFF FROM SUB Ah10. TO ENTER MOHAVE WASH IMMEDIATELY
UPSTREAN OF LINE Agl--Ag2

5500
1000

cpP
COMBINE CP 36, RET A4ORT, AND RET Ah10R2
THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY UPSTREAM OF THE
CONFLUENCE WITH LINE Agl--Ag2.
70.72

SUB-BASIN Ag40 RUNOFF

89
Agh--Ag3
ROUTE FLOWS FROM Agé TO Ag3
0083 .03 TRAP 75 2

SUB-BASIN Ag30 RUNOFF

84

COMBINE FLOWS AT Ag3

PAGE 13



3 T3 T3 7

)

LINE

549
550
581

562
553
554
555

556
567
558

559
560
561

562
563
564
565

566
567
568
569

570
571
572
573
574

575
576
577
578
579
580
581

582
583
584
585

586
587
588
589

HEC-1 INPUT
10....... ) I 200t N S bovrninn Sevienn buvunnn Toviens 8.u.... 9. 10
KK Ag2 Ag3---Ag2
KM ROUTE FLOWS FROM Ag3 TO Ag2
RK 13600 .01 .03 TRAP 75 2
KK Ag20 SUB-BASIN Ag20 RUNOFF
BA 3.50
LS 74
up .59
KK Ag2
KM COMBINE FLOWS AT Ag2
HC 2
KK Agl CcP
KM ROUTE FLOWS FROM Ag2 TO Agl
RK 18800 .01 .03 TRAP 75 2
KK Agil SUB-BASIN AglD RUNOFF
BA 2.60
LS 68
ub .56
KK 34 CP
KM COMBINE CP Agl AND SUB Agl0.
KM THIS IS THE TOTAL FLOW ENTERING MOHAVE WASH FROM LINE Agl--Ag2.
HC 2 ‘
KK 33 cP
KM COMBINE CP 35 & CP 34.
KM THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWNSTREAM OF
KM THE CONFLUENCE WITH LINE Agl---Ag2.
HC 2
KK 32 cp
KM ROUTE CP 33 TO CP 32 AT THE CONFLUENCE WITH LINE Af1---Af2,
KM ROUTING LENGTH FROM BOYLE PLATE 2.
KM REMAINING DATA FROM BOYLE ROUTING OPERATION 40---30.
KM THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY UPSTREAM OF THE
KM CONFLUENCE WITH LINE Afi---Af2.
RK 336  .0039 .03 TRAP 300 2
KK Af60 SUB-BASIN Af60 RUNOFF
BA 5.50
LS 89
up .65
KK Af50 SUB-BASIN Af50 RUNOFF
BA 3.60
Ls 89
ub .58

PAGE 14



—3 3

)

7

.

,_~‘.<

1

LINE

590
591
592

593
594
595

596
597
598
599

600
601
602

603
604
605

606
607
608
609

610
611
612
613

614
615
616

617
618
619

620
621
622
623

624
625
626

627
628
629
630

HEC-1 INPUT

ID....... ) SR 200000, R P L R 5

KK
KN
HC

KK
Kn
RK

KK
BA
LS
up

KK
Kit
HC

KK
KM
RK

KK
BA
LS
up

KK
BA
LS
up

KK
KM
HC

KK
KN
RK

KK
BA
LS
up

KK
KM
HC

KK
KM
KM
RK

AfS

Afd

10800

Af40
10.20

.66

Afd

Af3

26000

Af30
13.10

.81

Af20
1.10

.37

Afd

Af2

10400

Af10
1.90

.54

Af2

Afl

6800

COMBINE FLOWS AT AfS

AfS---Afé
ROUTE FLOWS FROM Af5 TO Afé

. 0407 .05 TRAP

SUB-BASIN Af40 RUNOFF
84
COMBINE FLOWS AT Af4

Afd---Af3
ROUTE FLOWS FROM Afé TO Af3

.0265 04 TRAP

SUB-BASIN Af30 RUNOFF

68

SUB-BASIN Af20 RUNOFF

74

COMBINE FLOWS AT Af3

Af3---Af2
ROUTE FLOWS FROM Af3 TO Af2

013 .03 TRAP

SUB-BASIN Af10 RUNOFF

68

COMBINE FLOWS AT Af2

cp

100 0
200 0
150 2

ROUTE FLOWS FROM Af2 TO Afl

THIS IS THE TOTAL INFLOW TO MOHAVE WASH FROM LINE Af2---Afl.
.0088 03 TRAP

150

2
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T3 T

—3 73 73 73 71 73 73

3 T3 T3

]

LINE

631
632
633

634
635
636
637

638

639
640
641
642
643

644
645
646
647

648
649
650
651
652
653

654
655
656
657

658
659
660
661
662
663

664
665
666
667
668

669
670
671
672

HEC-1 INPUT

I0....... L. 2.0 R TR boovinns Soviiinn L Tovinens 8.iinn 9...... 10

KK
K
DR

KK
KM
KM
KM
HC

KK
KM
K
KM
RK

KK

LS
up

KM
Knt
DT
DI
Do

KK

LS
up

KK
KM
Kn
DT
DI
Do

KK
KN
KM
KM
HC

KK
BA
LS
up

Ah10R3

Ah10R3

30

3

26

4296

A30
1.40

.40

A30DV

A3ORT

Ael0
1.50

.37

Ae10DV

Ael0RT

0

0

25

Aeb0
2.00

.36

RET .
RETRIEVE REMAINING 10% FLOW-SPLIT FROM SUB Ah10.

cP
COMBINE CP 32, CP Af1, AND RET Ah10R3
THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWNSTREAM OF
THE CONFLUENCE WITH LINE Af2---Afl.
118.27

cP
ROUTE CP 30 ALONG MOHAVE WASH TO OUTLET OF LINE Ae2---Ael.
ROUTING LENGTH FROM BOYLE PLATES 1 & 2.
REMAINING DATA FROM BOYLE ROUTING OPERATION 30---20.
.0042 .03 TRAP 350 2

SUB-BASIN A30 RUNOFF

71

DIV

SPLIT 85% OF RUNOFF FROM SUB A30 TO ENTER MOHAVE WASH IMMEDIATELY

UPSTREAM OF LINE Ae2---Ael

10000
1500

SUB-BASIN Ae1Q RUNOFF
71
DIV
SPLIT 70% OF RUNOFF FROM SUB AelD TO ENTER MOHAVE WASH IMMEDIATELY

UPSTREAM OF LINE Ae2---Ael.

10000
3000

cp
COMBINE CP 26, DIV A30DV, AND DIV AelCDV.
THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY UPSTREAM OF THE
CONFLUENCE WITH LINE Ae2---Ael
120.51

SUB-BASIN Ae60 RUNOFF

89

PAGE 16




)

A R R

3 7Y 7)Y Ty T

A |

3

]

3

,__

3

]

A R R

LINE

673
674
675

676
677
678
679

680
681
682

683
684
685

686
687
688
689

690
691
692

693
694
695

696
697
698
699

700
701
702

703
704
705

706
707
708
709

710
711
712

HEC-1 INPUT

ID....... Lo 200000 K F S Soviiinn 6

KK
KN
RK

KK
BA
LS
ub

KK
KM
HC

KK
KM
RK

KK
BA
LS
up

KK
KM
HC

KK
KM
RK

KK
BA
LS
up

KK
KM
HC

KK
KM
RK

KK
BA
LS
up

KK
KM
HC

Aed
12000

Ae50
5.70

.58

Aed

Aed
14800

LAY
12.30

48

Aed .

Aed

19500

Ae30
5.60

.49

Aed

Ae2

23600

Ae20
3.20

.59

Ae?

Aeb---Aed
ROUTE FLOWS FROM Aeb TO Aed

.0383 .08 TRAP

SUB-BASIN Ae50 RUNOFF

84

COMBINE FLOWS AT AeS

Ae5---Aek
ROUTE FLOWS FROM Aed TO Aed

.0203 .04 TRAP

SUB-BASIN Aeé0 RUNOFF

74

COMBINE FLOWS AT Aeé

Aed---Aed
ROUTE FLOWS FROM Aed TO Aed

L0146 .03 TRAP

SUB-BASIN Ae30 RUNOFF

74

COMBINE FLOWS AT Aed

Ae3---Ae2
ROUTE FLOWS FROM Aed TO Ae2

0142 .03 TRAP

SUB-BASIN Ae20 RUNOFF

68

COMBINE FLOWS AT Ae2

100

200

300
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—

)

)

,

3

,___

T

LINE

713
714
715
716

717
718
719

720
721

722
723
724
725
726

727
728
729

730
731
732

733
734
735
736
737

738
739
740
741

742
743
744

745
746
747
748

749
750
751

HEC-1 INPUT

ID....... Looooe, 2oiiiin, R PR boonnl 5...0.0, L JO Tovinnn. . 9..uens 10

KK
KM
Knt
RK

KK
KH
Kn
Kt
HC

KK
KM
Kn
KN
RK

KK
KM
OR

KK
KM
DR

KK
KN
KM
K
HC

KK
BA
LS
up

KK
KM
RK

KK
BA
LS
ub

KK
Kt
RK

Ael

9600

24

23

1776

A3ORT

A3ORT

Ae10RT

Ae10RT

22

Adé0
.90

.23

Adé

2400

Ad50
3.90

.56

Ada

4800

cp
ROUTE FLOWS ALONG LINE Ae2---Ael TO CP Ael AT MOHAVE WASH.
THIS IS THE TOTAL INFLOW TO MOHAVE WASH ALONG LINE Ae2---Ael.
.0094 .03 TRAP 150 2
cp
COMBINE CP 25 AND CP Ael.
THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWNSTREAM FROM
THE CONFLUENCE WITH LINE Ae2---Ael.
cp
ROUTE CP 24 TQ CP 23 AT THE CONFLUENCE WITH LINE Adi---Ad2.
ROUTING LENGTH FROM BOYLE PLATE 1.
REMAINING DATA FROM BOYLE ROUTING OPERATION 30---20.
.0042 .03 TRAP 350 2
RET
RETRIEVE 15% FLOW SPLIT FROM SUB A30
RET
RETRIEVE 30% FLOW SPLIT FROM SUB AelD
cP
COMBINE CP 23, RET A30RT, AND RET AelORT.
THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY UPSTREAM OF
THE CONFLUENCE WITH LINE Ad2---Adl.
149.97
SUB-BASIN Ad60 RUNOFF -
89
Adé6---Adé
ROUTE FLOWS FROM Ad6 TO Adé4
.01 .03 TRAP 75 2
SUB-BASIN RUNOFF FROM AdSO
89
AdS---Ad4
ROUTE FLOWS FROM Ad5 TO Add
.0083 .03 TRAP 75 2
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3 1 T3 7

7

3 1 7T

3

LINE

752
753
754
755

756
757
758

759
760
761

762
763
764
765

766
767
768

769
770
m

772
773
774
775

776
777
778

779
780
781

782
783
784
785

786
787
788
789
790

HEC-1 INPUT

ID....... ) PR 2,000 N J bovinons S..vntn bovunnnn Tovinnns 8.t 9...... 10

KK
BA
LS
uo

KK
Ki
HC

KK
KM
RK

KK
BA
LS
uD

KK
KM
HC

KK
KM
RK

KK
BA
LS
up

KK
KN
HC

KK
KH
RK

KK
BA
LS
ub

KK
KM
KM
K
HC

AdéD
2.70

.57

Adé

Ad3

16000

Ad30

1.80

.56

Ad3

Ad2

4800

Ad20
2.50

.66

Ad2

Adl

18400

Ad10
1.50

.57

20

SUB-BASIN Ad40 RUNOFF

89

COMBINE FLOWS AT Adé4

Adé---Ad3
ROUTE FLOWS FROM Adé TO Ad3
.01 03 TRAP 75 2

SUB-BASIN Ad30 RUNOFF

74

COMBINE FLOWS AT Ad3

Ad3---Ad2
ROUTE FLOWS FROM Ad3 TO Ad2
.0073 .03 TRAP 75 2

SUB-BASIN Ad20 RUNOFF

74

COMBINE FLOWS AT Ad2

cp
ROUTE FLOWS ALONG LINE Ad2---Adl TO OUTLET AT MOHAVE WASH
.01 .03 TRAP 100 2

SUB-BASIN Ad10 RUNOFF

68

cp

COMBINE CP 22, CP Adl, AND SUB Ad10

THIS IS THE TOTAL FLOW IN MOHAVE WASH IMMEDIATELY DOWNSTREAM FROM
THE CONFLUENCE WITH LINE Ad2---Adl.
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LINE

791
792
793
794
795

796
797

798
799

800
801
802
803

804
805
806
807
808
809
810

HEC-1 INPUT

....... ) S 2.0, K T booiin Siciiinn | N Tovivnns :J. 9ovins 10

KK
KN
K
KM
RK

KK
BA
LS
up

KK
BA
LS
ub

KK
Kn
Kn
KM
KM
HC
24

11

5832

A20
2.00

.39

ALD
2.40

.55

10

cp

ROUTE CP 20 TO DOWNSTREAM END OF CHANNEL

ROUTING LENGTH FROM BOYLE PLATE 1.

REMAINING DATA FROM BOYLE ROUTING OPERATION 20---1C.
.0030 .03 TRAP 400 2

SUB-BASIN A20 RUNOFF

71

SUB-BASIN A10 RUNGFF

68

cp

COMBINE CP 11, SUB A10, AND SUB A20.

THIS IS THE TOTAL FLOW IN MOHAVE WASH AT THE DOWNSTREAM END OF
THE CHANNEL IMPROVEMENTS AS PRESENTED IN THE KINGMAN MASTER
DRAINAGE PLAN.
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SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT )

LINE (V) ROUTING (---)) DIVERSION OR PUMP FLOW
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52 AL,
v
v
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60 A100
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v
v
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77 1 I
v
v
82 76
88 4010
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113 78,
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v
118 75
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v
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O
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Vv
v
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346
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130
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120

Cf10

Ce20

120

Cd30

Cd2
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110
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Cd20
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¢20

427
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Ch30
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v
100
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y
Vv
Cel
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y
Vv
Cel
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v
v
100
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1
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v
53
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453
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476

481
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520
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v
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v
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552
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570

575
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600
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Ag3

Agd

Ag2

Ag2

Agl

34

Af60

AfS
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FLOOD HYDROGRAPH PACKAGE HEC-1 (IBM XT 512K VERSION) -FEB 1,1985

U.S. ARMY CORPS OF ENGINEERS, THE HYDROLOGIC ENGINEERING CENTER, 609 SECOND STREET, DAVIS, CA. 95616

Xkxx

MOHAVE WASH CHANNELIZATION PROJECT
PART OF THE KINGMAN MASTER DRAINAGE PLAN
CITY OF KINGMAN, ARIZONA

REVISIONS TO BOYLE ENGINEERING HEC-1 MODEL TO MORE ACCURATELY REFLECT
LATERAL INFLOWS TO THE PROPOSED MOHAVE WASH CHANNELIZATION PROJECT.

MODELING REVISIONS PREPARED FOR MOHAVE COUNTY PUBLIC WORKS
MODELING REVISIONS PREPARED BY ROBERT L. WARD, P.E, CONSULTING ENGINEER

FILE: MHYQ2.3I
BASED ON 1985 VERSION OF HEC-1 TO BE CONSISTENT WITH BOYLE STUDY.
THIS MODEL IS A REVISION T BOYLE HEC-1 INPUT FILE: A18-0074.HEC

JD RECORDS ARE USED TO PROVIDE AREAL REDUCTION IN POINT RAINFALL VALUES.
AREAL REDUCTION FACTORS ARE BASED ON FIGURE 14, NOAA ATLAS 2, VOL. VIII
ARIZONA, USING A 3-HOUR STORM.

ALL CHANNEL ROUTING LENGTHS ALONG MOHAVE WASH HAVE BEEN SCALED FROM
PLATES 1 THROUGH 6 & PLATE 32, AS PUBLISHED IN THE KINGMAN AREA
"MASTER DRAINAGE PLAN" DATED JUNE 1988, BOYLE ENGINEERING CORPORATION.

(3220083332223 2333333332230 383333383223 00802302223 0220 2% 2

3-HR STORM: 100-YR EVENT

1333333333033 303 R3320 0288333230300 2300300000 R e s st

28 10 OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
0SCAL 0. HYDROGRAPH PLOT SCALE
IT HYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITINE 0000 STARTING TIME
NQ 60 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 1 0 ENDING DATE
NDTIME 0455 ENDING TIME
COMPUTATION INTERVAL .08 HOURS
TOTAL TIME BASE 4.92 HOURS
ENGLISH UNITS
29 7D INDEX STORM NO. 1
STRM 2.83 PRECIPITATION DEPTH
TRDA .00 TRANSPOSITION DRAINAGE AREA
30 PI PRECIPITATION PATTERN
1.30 1.30 1.10 1.50 1.50 1.80 1.50 1.80 1.80
1.60 1.80 2.20 2.20 2.20 2.00 2.60 2.70 2.40
3.30 3.10 2.90 3.00 3.10 4,20 5.00 3.50 6.80
8.20 5.90 2.00 1.80 1.80 .60

36 1D

INDEX STORM NO. 2

1.50
2.70
7.30




,,
——

T3 T3 7]

3

)

0PI

35 3D

0PI

36 3D

0PI

37 1D

0PI

38 JD

0PI

HARNING

WARNING

WARNING

WARNING

WARNING

STRM
TRDA 1
PRECIPITATION PAT
1.30 1.30
1.60 1.80
3.30 3.10
8.20 5.90

INDEX STORM NO. 3
STRM

2.75
0.00

TERN

2.54

TRDA 50.00

PRECIPITATION PATTERN

1.30 1.30
1.60 1.80
3.30 3.10
8.20 5.90

INDEX STORM NO. &
STRM

2.39

TRDA 100.00

PRECIPITATION PATTERN

1.30 1.30
1.60 1.80
3.30 3.10
8.20 5.90

INDEX STORM NO. S
STRM

2.31

TRDA 150.00

PRECIPITATION PATTERN

1.30 1.30
1.60 1.80
3.30 3.10
8.20 5.90

INDEX STORM NO. 6

STRM
TRDA 20
PRECIPITATION PAT
1.30 1.30
1.60 1.80
3.30 3.10
8.20 5.90

XXX TIME INTERVAL IS GREATER

*** TIME INTERVAL IS GREATER

*X* TIME INTERVAL IS GREATER

¥** TIME INTERVAL IS GREATER

*Xx TIME INTERVAL IS GREATER

2.26
0.00

TERN

THAN

THAN

THAN

THAN

THAN

PRECIPITATION DEPTH
TRANSPOSITION DRAINAGE AREA

1.10
2.20
2.90
2.00

PRECIPITATION DEPTH
TRANSPOSITION DRAINAGE AREA

1.10
2.20
2.90
2.00

1.50
2.20
3.00
1.80

1.50
2.20
3.00
1.80

1.50
2.20
3.10
1.80

1.50
2.20
3.10
1.80

PRECIPITATION DEPTH

TRANSPOSITION DRAINAGE AREA

1.10
2.20
2.90
2.00

PRECIPITATION DEPTH
TRANSPOSTTION DRAINAGE AREA

1.10
2.20
2.90
2.00

PRECIPITATION DEPTH
TRANSPOSITION DRAINAGE AREA

1.10
2.20
2.90
2.00
.29*LAG
. 29*LAG
.29%LAG
L 29*LAG

.29*LAG

1.50
2.20
3.00
1.80

1.50
2.20
3.00
1.80

1.50
2.20
3.00
1.80

1.50
2.20
3.10
1.80

1.50
2.20
3.10
1.80

.80
.00
.20
.60

1.80
2.00
4.20

.60

1.80
.00
.20
.60

.80
.00
.20
.60

1.80
.00
.20
.60

.50
.60
.00

.50
.60
.00

1.50

o~

.60
.00

.50
.60
.00

.50
.60
.00

.80
.70
.50

.80
.70
.50

1.80

.70

3.50

1.80

.70

3.50

(SN ]

.80
.70
.50

1.80

[o N 0

[o N )

.40
6.80

.80
.40
.80

.80
40
.80

.80
40
.80

.80
.40
.80

~ O

.50
.70
.30

.50
.70
.30

.50
.70
.30

1.50
2.70
7.30

1.50
2.70

~1

.30
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OPERATION

HYDROGRAPH

ROUTED TO

HYDROGRAPH

2 COMBINED

ROUTED TO

HYDROGRAPH

2 COMBINED

ROUTED TO

HYDROGRAPH

2 COMBINED

ROUTED TO

HYDROGRAPH

2 COMBINED

HYOROGRAPH

HYDROGRAPH

2 COMBINED

ROUTED TO

2 COMBINED

ROUTED TO

HYDROGRAPH

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

DIVERSION TO

HYDROGRAPH

HYDROGRAPH

AT

AT

DIVERSION TO

HYDROGRAPH

3 COMBINED

ROUTED 10

HYDROGRAPH

AT

AT

AT

STATION
Ap10
94
A110
Apl
92
A100
90

81
AS0
80

76
Aol0
77
Ao20
Ao30
A02
Aol
78

75
A80
A8ORT
A8ODV
A70
A70RT
A700V
74

73

A70RT

PEAK
FLOW

377.
367.
846.
1208.
1203.
1051.
2209.
2112.
1761.
3858.
£81A.
308.
3972.
1235.
2087.
3236.
3204.
7001,
6979.
654,
65.
588.
1052.
263.
789.
8158.
8093.

263.

FLOW IN CUBIC FEET PER SECOND
AREA IN SQUARE MILES

RUNOF

TIME IN HOURS,

TIME OF -

PEAK

2.83

2.92

2.83

2,83

2.83

2.92

2.83

3.00

3.00

3.00

3.00

2.75

3.00

2.92

3.08

3.00

3.08

3.08

3.08

3.00

3.00

3.00

3.08

3.08

3.08

3.08

3.08

3.08

AVERAGE FLOW FOR MAXIMUM PERIOD
R 24-HOUR

6-HOU

77.

77.

173.

250.

250.

250.

498.

487.

351,

834,

832.

55.

8387.

281,

589,

867.

855.

1713.

1694.

140.

14.

126.

239.

60.

179.

1951.

1936.

60.

F SUMMARY

77.
77.
173.
250.
250.
250.
498.
487.
351,
834.
832.
55.
887.
281.
589.
867.

855.
1713.
1694.
140.
1.
126.
239.
60.
179.
1951.
1936.

60.

72-HOUR

77.

77.

173.

250.

250.

250.

498.

487,

351,

834,

832.

55.

887.

281.

589.

867.

855.

1713.

1694.

140.

14.

126.

239.

60.

179.

1951.

1936.

60.

BASIN
AREA

11.

11,

14,

14,

.40
.40
.90
.30
.30
.30
.60
.60
.00
.60
.60
.30
.90
.70
.10
.80

.80

70

70

.40

.40

.40

.40

.40

.40

76

76

.40

MAXIMUM TINE OF
STAGE MAX STAGE

B MTy Div @ Mwesh
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Am10R2
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57
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A6ORT
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8320.

1997.
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799.
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315.
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1766.
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1198.
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