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Railroad Channel — Preliminary Design Report Amendment City of Kingman

1.0 _INTRODUCTION
Stantec Consulting, Inc. (Stantec) was retained by the City of Kingman to evaluate channel alternatives

for the Railroad Diversion Channel, a proposed channel along the south side of the BNSF Railway. The
Draft Report was submitted to the City of Kingman and BNSF Railway in November 2000. Comments
received from the City and BNSF Railway were incorporated into the Final Report that provided direction
for the selection of a preferred alternative. The “Railroad Diversion Channel Preliminary Design Report”
dated November 2001 is the Final Report that is referenced in this Amendment. Subsequent to the Final
Report submittal, Stantec Consulting received comments from the City in January 2002 that prompted
additional correspondence and coordination with the BNSF Railway. Further information received in
December 2002 from BNSF Railway allows the Final Report to be amended. Specifically, the approval
for the use of a concrete-lined channel and BNSF Railway’s desire to have a channel with bank protection

adjacent to their right-of-way or tracks requires the preferred alternative to be modified.

This report addresses the changes available from recommendations of the “Railroad Diversion Channel
Preliminary Design Report” dated November 2001 for the Final Designer of the Railroad Diversion

Channel. In addition, a revised preferred alternative along with an updated cost estimate 1s included for

planning purposes.

The Final Designer will have the opportunity to review all alternatives and further evaluate the
recommendations of this report based on detailed topographic surveys that will be required for final design.
The preliminary design provides the framework needed to expedite coordination with BNSF and final

design approval.

Stantec Consulting Inc. 7
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2.0 HYDRAULIC DESIGN CRITERIA

2.1 Hydraulic Criteria

The Final Report specified channel design that adhered to the criteria and design guidance set forth in the
Drainage Design Manual for Maricopa County, Volume II, Hydraulics and Hydraulic Design of Flood
Control Channels, EM 1110-2-1601, Corps of Engineers. Further investigation for design guidelines of
concrete-lined channels revealed criteria used by Arizona Department of Transportation (ADOT). Chapter

600 — Highway Drainage Design of the Roadway Design Guidelines dated May, 1996 provides detailed
information that ADOT uses for concrete-lined channels. These guidelines allow velocities to 30 fps, in

lieu of the 20 fps used by the Flood Control District of Maricopa County.

This allows the typical sections for the concrete-lined channels to be reduced, which will mitigate utility
and roadway conflicts, specifically through Reaches 1C, 2, 3, 4, 5A, 5B, 6A, 6B and 6C. Channel side
slopes for concrete-lined channel is recommended to be 2:1 (H:V) and the minimum bottom width of 8

|
»
I
l
'
|
;
;
|

feet specified. The side slopes can be adjusted to 1.5:1 (H:V) to maintain a trapezoidal typical section.

Earthen channels can be used as specified in the Final Report, with the possibility of adding a gabion
mattress along the bank adjacent to the BNSF Railway tracks and/or right-of-way. This composite section
will essentially perform with the same hydraulic properties as the earthen channel, considering the limited

amount of bank protection. This feature will need to be resolved during final design.

2.2 Hydraulic Analysis
Preliminary hydraulic analyses for the revised concrete-lined channel alternative using ADOT ciriteria was

performed using FlowMaster v6.0 design software by Haestad Methods. The analysis determined normal

analysis for the final design will need to insure that normal depth calculations for the water surface profiles
of each reach is not impacted by upstream and downstream water surface profiles. Results of the hydraulic

analysis for the concrete-lined channel alternative, as well as the earthen and gabion-lined channels for

Reaches 1A through 9B are in Appendix B.

' depth, Froude Number and velocity for the range of bottom widths for trapezoidal channels. Hydraulic

l Stantec Consulting Inc.
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3.0 AMENDED CHANNEL ALTERNATIVE

3.1 General
Correspondence with the City and BNSF Railway after November 2001 renders the Preferred Channel

Alternative selected in the Final Report obsolete. These letters and attachments are found in Appendix A.
Consequently, a new alternative is presented in this report for reference and planning purposes to assist
the City in future budgeting and project selection. The design engineer will select the final channel typical
section and lining. However, the option to prepare alternative designs for selected reaches, such as
Reaches 7 through 9, could allow the contractor to provide the most economical channel for the project.
Table 3.1.1 summarizes the station limits, length, peak discharge, existing ground slope, and proposed

design slope for each of the Reaches.

Table 3.1.1
Reach Stationing Length Design Q Reach Slope Design Slope
(feet) {cfs) (ft/ft) (f/ft)

1A 99+76.9 to 127+00 2,723 679 0.0020 0.0020
1B 127+00 to 146+00 1,900 679 0.0020 0.0020
1C 146+00 to 157+00 1,100 679 0.0020 0.0020

157+00 to 175+00 1,800 1,590 0.0030 0.0043
3 175+00 to 185+00 1,000 1,994 0.0236 0.0181

185+00 to 218-+00 3,300 2,196 0.0035 0.0035
5A 218+00 to 221+75 375 2,390 0.0090 0.6045
5B 221+75 to 229+30 755 2,390 0.0090 0.0025
6A  229+30to 236+70 740 2,815 0.0090 0.0025
6B 236+70 to 241+65 495 2,815 0.0090 0.0120
6C 241465 to 257+00 1,535 2,815 0.0090 0.0073
6D  257+00 to 274+43 1,743 2,815 0.0090 0.0018

274+43 10 321+16 4,673 3,921 0.0054 0.0017
8 321+16 to 383+57 6,241 5,703 0.0067 0.0016
9A  383+57 to 387+84 427 12,306 0.0067 0.0044
9B 387+84 to 393+83 599 12,306 0.0067 0.0128

The channel depth and geometry for each reach (and sub-reach) was optimized in order to minimize impact

to existing infrastructure, excavation quantities and channel bank lining cost while also providing a

Stantec Consulting Inc. 3
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b minimum of one foot of freeboard. Table 3.1.2 summarizes the bottom widths (BW), normal flow depth
(FD), velocity (V) and lining type for each reach for the preferred alternative.

Table 3.1.2

Reach BW FD v Lining
® @ ()
1A 120 49 5.7 Earthen
1B 12.0 49 5.7 Earthen/BNSF Gabion

1C 9.0 49 8.6 Concrete
2 160 49 13.8  Concrete
3 8.0 5.0 25.8 Concrete
4 150 6.4 14.1  Concrete

SA 260 4.7 147 Concrete

5B 260 56 12.0  Concrete

6A 260 5.6 12.0 Concrete

6B 12.0 5.4 233 Concrete

6C 200 5.3 19.2 Concrete

6D 46.0 6.3 7.2 Earthen/BNSF Gabion
7 70,0 6.3 7.3 Earthen/BNSF Gabion
8 108.0 6.3 7.4 Earthen/BNSF Gabion
OA 150.0 6.2 12.0  Earthen/Gabion

9B 93.0 6.5 17.8  Gabion Mattress

Through Sections 18, 7, 8 and part of Section 5 (Township 21 North, Range 16 West), the horizontal
alignment for the channe} utilizes as much of the BNSF Railway right-of-way as possible. After passing
through the residential areas, the channel alignment shifts completely outside of the BNSF railroad until
outletting into Rattlesnake Hill Wash.

The daylight line for the channel cut-slope on the north side adjacent to the railroad provides room for a
possible future third track and access road. The construction line and the channel centerline have been
offset for several reaches in order to assist in establishing the cut-slope limits. Figure 3.1 provides the
typical cross section of the channel to illustrate the close coordination with grading within the BNSF right-

of-way adjacent to Eastern Street.

Stantec Consulting Ine. 4
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3.2  Proposed Flood Control Measures
Normal depth calculations were performed iteratively to armve at satisfactory channel geometry,
longitudinal slopes and linings for each reach. This was done to conform to right-of-way constraints,

channel hydraulic criteria, channel excavation, and possible backwater effects.

An earthen 2:1/3:1 trapezoidal channel 1s proposed to be used for Reaches 1A and 1B. Gabion mattress
bank protection would be required for the 2:1 side slope bank within the BNSF right-of-way (Reach 1B).
Stable, subcritical flow is achieved due to a relatively flat longitudinal slope. No drop structures are

needed in these reaches.

Concrete-lining is utilized in Sub-reach 1C through Sub-reach 6C. Longitudinal slopes and channel
geometry are set to insure stable flows (Froude Number lower than 0.85 or greater than 1.15). One drop
structare is needed in Reach 3 and an energy dissipater will be required at the downstream end of Reach
6C. The alignment for Sub-reaches 5B and 6A swings the channel around the proposed Airway Avenue
underpass of the railroad tracks, which lowers the longitudinal slope and transitions the hydraulic
properties to an unstable flow regime with the Froude Number of 1.0. Additional freeboard will be

required for these two (2) Sub-reaches.

An earthen 2:1/3:1 trapezoidal channel is proposed for Sub-reach 6D, Reaches 7 and 8 and Sub-reach 9A.
Due to the available undeveloped open space and airport property, the channel right-of-way and alignment
1s shifted outside the BNSF Railway, which may eliminate the need for bank protection. The channel
velocities are controlled by using a wider channel bottom and flatter longitudinal slopes that will require

drop structures to control the gradient.

Gabion mattresses are to be used for Sub-reach 9B. This portion of the channel increases in slope to
convey design flows under the railroad crossing at Rattlesnake Hill Wash. Due to the high velocities,

energy dissipation should be considered downstream of the structure.

3.2.1 Reachl

Reach 1 extends from the extension of Phoenix Avenue to Adams Street in the Hilltop area of the City.

The channel at Station 99+76.94 ties into an existing umamproved channel that intercepts runoft from the
‘north side of Haulapai Mountain Road (method of transitioning to this existing channel is left as an item

for final design). From Station 99+76.94 to 157+00, the channel traverses across “Getz Station™ and

Stantec Consulting Inc. 6
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crosses under Louise Avenue at approximately Station 113+65. North of Station 157+00, the 200 feet of
railroad right-of-way that is centered on the westbound tracks is abutted by 20 feet of roadway right-of-way
for Railroad Street within the Golden Gate Addition subdivision. The roadway is unpaved and the lots are
undeveloped. The proposed channel longitudinal slope of 0.20% follows the existing ground slope of
0.20% (which maintains flow within the subcritical flow regime). Right-of-way acquisition across the Getz
Station has been included in the cost estimate. A twin barrel 10° X 6” concrete box culvert is proposed for

the crossing at Louise Avenue.

The typical section for Sub-reaches 1A and 1B is an earthen trapezoidal channel, 5.0 feet deep, witha 12.0
foot bottom width and 2:1 (H:V) side slope on the north side and 3:1 side slope on the south side. 6-inch
thick gabion mattresses line the 2:1 side slope for Sub-reach 1B. Sub-reach 1C is concrete-lined with a

bottom width of 9.0 feet.

3.2.2 Reach 2
Reach 2 begins at Adams Street and runs east 1,800 feet to the west side of Eastern Street. Adams Street

will convey flows from a proposed detention basin and improvements to the roadway are currently being
designed. From Station 157+00 to 166-++00 the raiiroad right-of-way is abutted by 20 feet of roadway right-
of-way for Railroad Street within the Golden Gate Addition subdivision. From Airfield Avenue to the east

L I

within Section 7, a 20-foot easement exists adjacent to the BNSF right-of-way. There are no structures

along the alignment. However, one business (the tire store) at Station 164+00 may be impacted by the

proposed improvements.

S The typical channel section consists of concrete lining with a bottom width of 16.0 feet, side slopes of

1.5:1, a longitudinal slope of 0.43%, and a channel depth of 5.0 feet.

3.2.3 Reach 3
l Reach 3 extends from the west side of Eastern Street to feet to Station 185+00, mid-block between Alpha

Street and Evans Street. Eastern Street turns from a north-south alignment.and runs easterly parallel to the

l BNSF Railway. The south side railroad right-of-way provides approximately 85 feet from the centerline
of the eastbound tracks and a total of 200 feet. Eastern Street has 50 feet of right-of-way adjacent to the

l railroad. This reach is unique due to the 2.36% longitudinal slope of the existing ground line. A channel
lope of 1.81% 1s maintained through this reach which will require one drop structure at the downstream

l limit of Reach 3. The roadway 1s paved and the lots are undeveloped.

I Stantec Consulting Inc. 7
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The typical channel section consists of concrete lining with a bottom width of 8.0 feet, side slopes of 1.5:1,

and a channel depth of 5.0 feet.

3.2.4. Reach 4
Reach 4 begins at the mid-block between Alpha Street and Evans Street (Station 185+00) and extends to

the east 3,300 feet to Station 218+00 at the intersection of Eastern Street, Kenwood Avenue and North
Central Street. The railroad, Eastern Street, and proposed channel passes under Interstate 40 at Station
199-+00. Eastern Street runs parallel to the BNSF Railway throughout this reach within a 50-foot roadway
right-of-way. The south side railroad right-of-way provides approximately 85 feet from the centerline of
the eastbound tracks and a total of 200 feet. This reach has a 0.35% longitudinal slope for the existing
ground line. Eastern Street roadway is paved and there are a few lots that have been developed south of
Interstate 40. The concrete box culvert directing flows to the northwest to pass under the railroad and

SR66 will be by-passed and abandoned.

The typical channel section consists of concrete lining with a bottom width of 15.0 feet, side slopes of

1.5:1, and a channel depth of 6.4 feet.

3.2.5 Reach 5

Reach 5 extends from the intersection of Eastern Street, Kenwood Avenue and North Central Street

(Station 218+00) to the new Airway Avenue alignment (Station 229+30). Eastern Street runs parallel to
the BNSF Railway throughout this reach within 50 feet of roadway right-of-way. The south side of the
railroad right-of-way provides approximately 85 feet from the centerline of the eastbound tracks. The
existing ground line has a slope of 0.35% through this reach. This reach has been subdivided into two sub-
reaches. Sub-reach 5A is parallel to the railroad and Sub-reach 5B covers that portion of the reach where
the channel alignment veers away from the railroad to Joop around the new Airway Avenue alignment.
Eastern Street roadway is paved and there are a few lots that have been developed north of Interstate 40.
In conjunction with the Airway Avenue Railroad Crossing project, new right-of-way for roadway and
drainage purposes has been identified for Reach 5 in order to provide a drainage channel around the

underpass site. Consequently, no additional right-of-way has been identified for this reach.

bThe typical channel section for Sub-reach SA and 5B consists of a concrete-lined channel with a bottom

width of 26.0 feet and 1.5:1 side slopes. Sub-reach 5A has a longitudinal slope of 0.45% that results in

Stantec Consulting Inc. 8
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a flow depth of 5.6 feet in the supercritical flow regime. Sub-reach 5B has a longitudinal slope of 0.25%,
resulting in a flow depth and critical depth of 5.6 feet, which will require additional freeboard for this

unstable flow regime.

3.2.6 _Reach 6
Reach 6 begins at the new Airway Avenue alignment (Station 229+30) and extends easterly 4,513 feet

(Station 274+43), just east of the extension of North Castle Rock Road along the railroad. Eastern Street
runs parallel to the BNSF Railway with 50 feet of roadway right-of-way to the existing Airway Avenue
alignment along the north line of Section 8. The railroad right-of-way provides approximately 85 feet on
the south side of the eastbound tracks and a total of 200 feet. No additional right-of-way is existing
adjacent to the railroad within Section 5. Section 4 has a 70-foot wide strip of existing right-of-way
adjacent to the BNSF right-of-way. The prevailing longitudinal slope for the existing ground line through
this reach is 0.70%. For this amended alternative, this reach was subdivided into four Sub-reaches, 6A,
6B, 6C and 6D). As discussed previously in Section 3.2.5, the land acquisition for the proposed Airway
Avenue Railroad underpass will provide the needed right-of-way for the channel within Section 8. Right-

of-way identified for this reach is all within Section 5. No building structures are impacted by the

[ I

alignment through Reach 6.

The typical channel section for Sub-reach 6A is a concrete-lined channel with a bottom width of 26.0 feet,
1.5:1 (H:V) side slopes, a longitudinal slope of 0.25%, resulting in a channel depth of 5.6 feet and unstable

__ flow. Additional freeboard will be required. The typical channel section for Sub-reaches 6B and 6C
consists of a concrete-lined channel with 1.5:1 side slopes. Sub-reach 6B has a boftom width of 12.0 feet
and a longitudinal slope of 1.20% that results in a flow depth of 5.4 feet in the supercritical flow regime.
Sub-reach 6C has a bottom width of 20.0 feet and a longitudinal slope of 0.73%, resulting in supercritical
flow with a flow depth of 5.3 feet. An energy dissipater will be required at the downstream end of Sub-

reach 6C to transition flow to a tranquil, non-erosive flow.

The typical section for Sub-reach 6D is an earthen channel with a bottom width of 46 feet, 2:1 side slope

on the north side, 3:1 side slope on the south side, a channel depth of 7.5 feet, a longitudinal slope of

0.18% and a corresponding flow depth of 6.3 feet. The flatter side slope on the south side aids in reducing
bank scour from overland flows draining into the channel from the southeast. Though the flow velocity

I is slightly higher than desired (7.2 fps), the conditions are stabilized by providing four drop structures. The
channel cut-slope limits requires a 130-foot wide strip of right-of-way from Station 257+00 to 268+00 and

l Stantec Consulting Inc. g
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b a 90-foot wide strip of right-of-way from Station 268+00 to Station 274+43. The channel improvements,
beginning at this sub-reach, do not fall within BNSF Railway right-of-way and remain outside of the BNSF
Railway right-of-way to the end of the proposed channel. However, a 6-inch thick gabion mattress 1s

proposed to line the 2:1 side slope (adjacent to BNSF right-of-way) for the reach.

3.2.7 Reach 7
Reach 7 begins at Station 274+43, just east of the extension of North Castle Rock Road and continues

parallel with the railroad a distance of 4,673 feet to Station 321-+16 at Diagonal Wash. Diagonal Wash will
be diverted into the railroad channel and downstream drainage structures will be abandoned. The 70 feet
of existing roadway right-of-way on the east side of the railroad right-of-way extends to Rae Drive which
is the east-west mid-section line road for Section 4 (Station 280+00). Reach 7 enters Section 33 and onto
Kingman Airport property at Station 310+55 (BNSF Railway’s Berry Station has a total of 400 feet of
right-of-way in Section 33 centered on their alignment, providing 200 feet on the south side). This reach
has a 0.54% existing longitudinal slope. No building structures are impacted by the alignment through
Reach 7.

The typical section for Reach 7 is an earthen channel having a bottom width of 70 feet, 2:1 side slope on
the north side, 3:1 side slope on the south side, channel depth of 7.5 feet, a longitudinal slope of 0.17% and
corresponding flow depth of 6.3 feet. Six drop structures are needed in this reach to maintain the channel
slope of 0.17%. Due to the curvature of the channel within Reach 7, an additional 90 feet of right-of-way
is needed beginning south of Rae Drive, an additional 160 feet of right-of-way is needed at Rae Drive and
then an additional 260 feet is needed along the south boundary of the Kingman Airport property. The
improvements along this reach are outside BNSF Railway existing right-of-way. A 6-inch thick gabion
mattress line the 2:1 side slope (adjacent to BNSF right-of-way) for the reach.

3.2.8 Reach 8 '
Reach 8 begins at Station 321+16, Diagonal Wash, and passes adjacent to the BNSF Railway’s Berry

Station site through Kingman Airport property extending to Station 383+57 for a total distance of 6,241
feet. Total right-of-way width for the railroad and Berry Station within Section 33 is 400 feet, but reduces
to 200 feet in Sections 34 and 27. The channel improvements for this reach do not fall within BNSF
Railway existing right-of-way. This reach has a 0.67% existing longitudinal slope. A sand and gravel

o sl Rl Sl

operation will be impacted by the channel improvements at Station 383-+00.

I Stantec Consulting Inc. 10
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An earthen channel is recommended for Reach 8 having a bottom width of 108 feet, a 2:1 side slope on
the left side, a 3:1 side slope on the right side, a channel depth of 7.5 fect, a longitudinal slope of 0.16%
and a corresponding flow depth of 6.3 feet. Ten drop structures are needed in this reach to maintain a
channel slope of 0.16%. Reach 8 will require 200 feet of additional right-of-way through the Airport
property increasing to 260 feet of right-of-way past the west line of Section 34. Approximately 227,825
cubic yards of waste material is generated for this reach. A 6-inch thick gabion mattress lining the 2:1 side

slope is proposed to eliminate any maintenance and possible erosion of the bank adjacent to the BNSF

right-of-way.

3.2.9 Reach9
Reach 9 begins at Station 383+57 and terminates at Rattlesnake Hill Wash (1026 feet reach length). For

the amended alternative, this reach was subdivided into two sub-reaches, 9A (427 feet) and 9B (599 feet).
The entire reach has a 0.67% longitudinal slope for the existing ground line along a line parallel with the

railroad (BNSF Railway right-of-way is a total of 200 feet adjacent to this reach).

As discussed previously, the railroad drainage structure at Rattlesnake Hill Wash was reconstructed in the
late 1980s after a fire destroyed the previous wooden structure. The City of Kingman contributed funds
to BNSF to increase the size of the new structure to accommodate additional flows from the future
Railroad Diversion Channel. The structure was upsized and all parties agree in principal to divert all flows

to this outfall. See Appendix D of the “Railroad Diversion Channel Preliminary Design Report™.

The alignment illustrates the diversion channel curving around to meet up with Rattlesnake Hill Wash.
Though some design recommendations are discussed below, further design elements will need to be
evaluated at the junction of the diversion channel and the wash to mitigate scour and any significant
sediment deposition. Right-of-way for this reach would need to extend from the Railroad right-of-way for
a distance that would encompass the curvature of the channel as it redirects flow into the drainage
structure. The right-of-way needed through the Airport property would be approximately 260 feet from
the beginning of the reach to a maximum of 390 feet at the curve of the channel into Rattlesnake Hill
Wash.

The typical section for Sub-reach 9A is an earthen channel with gabion mattress lined banks, a 150 foot
bottom width, a 2:1 side slope on the left, a 3:1 side slope on the right, a 7.5 foot channel depth, a
longitudinal slope of 0.44% and a corresponding flow depth of 6.2 feet. The design flow velocity is

"tgTTTTTTTTTTTT e T
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approximately 11.4 fps. No drop structures will be needed. A total of 11,674 cubic yards of waste material

is generated and 1,018 cubic yards of gabions are needed for the proposed improvements.

For Sub-reach 9B, a completely lined trapezoidal channel (gabion mattresses) is recommended due to the
steeper slope. The steeper slope and one drop structure is necessary to lower the invert of the existing
Rattlesnake Hill Wash at the railroad drainage structure. The typical section for this gabion-lined channel
would have a bottom width transitioning from 150 feet to 93 feet, a 2:1 side slope on the left and right sides
(with earthwork and channel transitioning on the right bank with the existing wash being left for final
design), a 1.28% longitudinal slope, a transitioning channel depth from 7.5 feet to the depth at the bridge
drainage structure, and an approximate flow depth of 6.5 feet. The 93 foot width matches the approximate
width of the drainage structure underneath the railroad. A total of 5,248 cubic yards of waste material is

generated and 3,138 cubic yards of gabions are needed for the proposed improvemerits.

The drop structure upstream of the railroad bridge at MP 590.1 will assist in providing energy dissipation,

lower channel velocities, and lower the wash invert to provide the capacity at the structure.

Stantec Consulting Inc. 12
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b 4.0 _AMENDED ALTERNATIVE COST ESTIMATE AND IMPLEMENTATION

amended alternative along with the total project costs.
Table 4.1

Table 4-1 provides a summary of the construction and right-of-way cost estimates for each reach of the

Stantec Consulting Inc.

14 Construction 74,925
I Right-of-Way 16,500
1B Construction 153,768
Right-of-Way
E 7¢ | Construction 155,248
Right-of-Way
P Construction 288 881
Right-of-Way 0
i 3 Construction 178,144
Right-of-Way 7,095
4 Constraction 619,216
l Right-of-Way 18,160
54 Construction 82,928
Right-of-Way 0*
p 5B Construction 199,0872
Right-of-Way 143,227
64 Construction 186,943
l Right-of-Way 91,1857
6B Construction 87,6288
Right-of-Way 0
I 6C Construction 261,331
Right-of-Way 75,365
6D Construction 247197
Right-of-Way 245,960
E 7 Construction 822,171
Right-of-Way 588,147
8 Construction 1,564,080
I Right-of Way 1,040,371°
94 Construction 348,120
Right-of-Way 119,495°
l gp | Construction 323,886
Right-of-Way 175,108°
Construction Cost +15% $74,925 $2,787,216 $2,059.466 $672,006
l Right-of-Way Cost $16,500 $834,107 $100,620 0
l TOTALS $91,425 $3,621,323 $2,160,086 $672,006
. GRAND TOTAL $6,544,840
l 'Right-of-way for Reaches 1A, 1B and 1C
“Right-of-way included with Airway Avenue improvements / Not Included in Cost Estimate
*Right-of-way on Airport Authority property / Not Included in Cost Estimate
I 13




Railroad Channel — Preliminary Design Report Amendment City of Kingman

Total construction cost for this amended alternative is $5,593,613 with a right-of-way cost of $951,227.

Complete quantities and cost estimate for the preferred alternative is in Appendix C.

Unit prices for preparation of the cost estimates are as follows:

Earthwork — Excavation $3.50 / cubic yard

Riprap $85 / cubic yard

Gabions $90 / cubic yard

Concrete $160 / cubic yard

Drop Structures (Gabions) ~ $90/ cubic yard

Contingency 15%

Right-of-Way $1.00 / square foot (BNSF $0.50 / square foot)

The total earthwork for the selected alternatives for the project is approximately 544,180 cubic yards. With
the railroad embankment for the future 3™ track requiring roughly 100,000 cubic yards, an export of
approximately 450,000 cubic yards would be yielded from the project. Earthwork comprises of over 30%

of the construction cost.

Hydrologic analysis shows the need for the construction of the detention basins. The Southern Avenue —
Eastern Street basin is bounded on the east by Eastern Street, to the south by Southern Avenue, to the north
by Phoenix Avenue and to the west by Washington Street. The basin will eliminate storm water runoff
through the Hilltop area and control the outlet by releasing the outfall into Adams Street, 650 feet west of
the basin. Mohave Engineering has designed the East Golden Gate Addition Improvement District which
designed Adams Street to convey an 85 cfs outlet discharge from the basin. Based on this study’s results,

spillway flow will not occur until the 100-year event.

The ADOT basin will provide additional protection downstream. Assumptions made for this study can
be revisited and additional analysis can be undertaken to increase the drainage area that would drain into

the facility. This would provide even more benefit to the overall area drainage master planning efforts.

The recommended alternative for the Railroad Diversion Channel meets all design criteria to assure FEMA
approval for obtaining a Letter of Map Revision for the community. BNSF Railway will not have to be
concerned with maintenance of drainage culverts along the 5.2 mile section of tracks. Finally, protection

throughout the southeast side of the city is realized through the implementation of the Railroad Diversion

Channel (and Basins) Project.

Stantec Consulting Inc. - 14
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The project can be phased to begin providing a benefit to the community. The following provides an order

to the implementation of the project.

(1) Right-of-way acquisition for the entire project would insure that the corridor is set aside for flood

control improvements.

(2) Construction of the detention basin in order to coordinate with design assumptions of the East Golden
Gate Addition Improvement District project.

(3) Construct Reach 5B and 6A with the Airway Avenue Grade Separation Project.

(4) Construct the project beginning with Reach 9 and continuing through to Reach 1.

The two major railroad drainage structures to be diverted into the channel are Diagonal Wash and the
culvert at the north side of Interstate 40. Depending on available funds, providing project limits to capture

these flows will greatly improve downstream drainage conditions.

Stantec Consulting Inc. 15
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l January 15, 2002

Mr, James O. Hubbard, P.E. 17 200
Senior Associate -

l Stantec Consulting Inc. TEQ

8211 South 48" Street
Phoenix, Arizona 85044

E FAX: (602)431-9562
i Re:  Railroad Diversion Channel Design Report and Preliminary Plans

Dear Mr. Hubbard:
l I have concerns about some items in the Design Report dated 11/30/01 and preliminary plans for the
’Railroad Diversion Channel:

Estimated Construction Costs; Changes have been made in the recommended channel sections resulting
in substantial increases in the estimated construction costs. It appears some of these changes are in
response to comments from the Burlington Northern Santa Fe Railway Company (BNSF) concerning a

preferred channel lining within their right-of-way. Others may be the result of further flow condition
analyses. A couple of specific comments/questions are,

. It is not clear why the gabian mattress lining is recommended for Reach 1. The concrete lining
estimate is almost $300,000 lower. It also appears flow conditions would be acceptable with an
earthen lining which has a much lower estimated construction cost than either of the lined options.

. The recommended lining for Reaches 2, 3, 4 and part 5 was changed to stacked gabian. We
would ask why the concrete lining would not be acceptable, possibly preferable? Maybe the
BNSF concerns about concrete lining could be addressed by specific lining design features.
Again, there are significant differences in the estimated construction costs. It also appears a
l concrete lining may allow a narrower improvement width that could impact the next comment.

l Channel Alignment Adjacent to Eastern Street; The proposed channel alignment adjacent to Eastern
Street would appear to require relocation of the Eastern Street pavement, and the existing 12" sewer
main between Sta. 178+00 and 222+00. It also appears the recommended additional right-of-way for
I Eastern between Pacific Avenue and 1-40 would involve takes from three, possibly four, developed
roperties. Were these costs considered? In addition, it is not clear what is intended under 1-40 as the
ndicated alignment would appear to put one set of bridge support columns within the proposed channel.
l Would it be possible to tie into and utilize the existing lined section?

“KINGMAN, HEART OF H.ISTORI_C ROUTE 66"



January 15, 2002

Mr, James O. Hubbard, P E.
page 2

We understand the design engineer should evaluate specific design factors for each reach, prior to
construction, but have concern about possibly having only limited, costly options in some areas. Is there
a practical alignment and channel section that could avoid relocation of the 12" sewer and acquisition of
the developed properties?

Please let me know if you have any questions.

Sincerely,

Peter R.J ohnson%

City Engineer

a

Dennis Roberts, Community Development Director
Jack Kramer, Public Works Director
file

'"""““""““""l‘“



Stantec Consulting inc.

8271 South 48th Street

Phoenix AZ 85044

Tel: (6072) 438-2200 Fax: (602) 431-9562

stantec.com

o

Buildings

Environment

Industrial

Transportation

Urbar fand
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Stantec

20 February 2002
File: 81760038

City of Kingman
310 N. Fourth Street
Kingman, AZ 86401

Attention: Mr. Peter R. Johnson, PE

Dear Mr. Johnson:

Reference: Railroad Diversion Channel Design
Report and Preliminary Plan

Thank you for your letter and comments dated January 15, 2002 regarding the Design
Report dated November 30, 2001. Your two (2) observations regarding substantial
channel cost increase are correct. The ‘“preferred altemative” incorporated BNSF
comments concering the channel lining and, secondly, further analysis of the flow
conditions resulted in revised channel sections. As discussed on the telephone, Stantec
will follow-up with Burlington Northern Santa Fe (BNSF) to expiore other options to their
request for an open-cell or flexible revetment bank lining in their letter dated March 24,

2001.

| have revisited the recommendations of the report based on your comments and offer
the following comments:

Reach 1 does not have to be gabion mattress lined. Our initial assumption that
all channels on BNSF Railway property needed to have a flexible lining and that
the entire Getz Station parcel is owned by BNSF is incorrect. As you pointed out,
much of the Getz Station is not owned by the BNSF Railway.

The channe! can be earthen or concrete-lined from the beginning at Station
99+77 to Station 127+00+. Between Stations 127+00 and 157+00 (Reach 2) the
channel alignment is adjacent to the tracks and can be pulled away from the
tracks to be located within the Getz Station parcel and/or private property.

Reaches 2, 3, 4 and 5 could be changed to a concrete-lined channel, pending
design approval by BNSF. The concrete-lined alternative selected in the
Preliminary Design Report permitted supercritical flow, less than 20 feet per
second for Reaches 3 and 5. Final plans will need to design hydraulic structures



~ Stantec

20 February 2002
Mr. Peter R. Johnson, PE
Page 2 of 2

Reference: Railroad Diversion Channel
Design Report and Preliminary Plan

to transition flow from supercritical to subcritical. Based on physical constraints
and longitudinal slopes, this would be the best alternative.

The stacked gabion typical section design maintained subcritical flow throughout
the project. This accounts for the impact on Eastern Street, the developed
property, and utilities. These costs were not included in the estimated

construction cost, which was an oversight.

Final design may need to consider a rectangular concrete-lined open-channel
section. Enclosed is a sketch to illustrate this alternative to insure the existing
roadway, property, and utilities are not impacted. One further note, the engineer
that does provide final design for the channel will need to agree with supercritical

flow design.

I will forward additional information concerning preliminary design concepts for the [-40
area to address your comments at that location.

Thank you again for your review and insight on these issues. Don’t hesitate to call if you
have any questions. :
Sincerely,

STANTEC CONSULTING INC.

2 A

James O. Hubbard
Senior Associate

n:\roadway\81760038\correspondencelettarsipeter johnson-city of kingman ltr 02-20-02.doc
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Stantec Consulting fnc.

8211 South 48th Street

Phoenix AZ 85044

Tel: (602) 438-2200 Fax: (602) 431-9562

stantec.com

Stantec

File: 81760038

BNSF Railway Company
 Public Projects

1624 First Street Northwest

Albuguerque, NM 87102

Attention: Mr. Larry Delaney

Dear Mr. Delaney:

Reference: Railroad Diversion Channel Preliminary Design Report
Kingman, AZ - '

This letter is written to follow-up on your letter dated March 24, 2001 regarding the
above referenced project. BNSF Railway offered comments regarding the preliminary
drainage analysis and we appreciate the time and coordination of all who provided input.
Stantec Consulting developed a preliminary channel alternative based on comments
received in your letter and submitted the alternative to the City of Kingman for review

and comment.

l 20 February 2002

Estimated construction cost more than doubled, from approximately $3.5 million to $7.2
million. The cost to provide an open-cell flexible revetment bank lining on railway

Buildings property is attributed for most of this increase.

Envirsament The City commented on the fact that not all land at the Getz Station is railway property,
which we had assumed and therefore, provided open-cell bank lining. Will BNSF require

ndustrial bank lining when the channel is not adjacent to the future third track?

ransporaton As a designer, | am a proponent for open-cell, flexible revetment bank lining, such as

l cable concrete and gabions (wire-tied baskets with rock). However, due to the limited
width of the drainage corridor through Reaches 2, 3, 4 and 5 (south of the Airway

Urban Land Avenue alignment), a concrete-lined channel with higher velocities aliows the channel

I width to be narrower and eliminate the need to relocate Eastern Street and utilities.
. Weep holes and proper subsurface drainage will ensure free drainage, no backpressure
and prevent undermining. We would appreciate knowing whether a properly designed,

l concrete-lined channel would be approved by the BNSF Railway based on these design

comments.



20 February 2002
Larry Delaney
Page 2 of 2

Reference: Railroad Diversion Channel Preliminary Design Report
Kingman, AZ

Other reaches downstream where right-of way and existing land use is not a constraint,
an earthen channel can be located outside of the BNSF right-of-way. This would
mitigate impact to the railway, provide drainage protection for the tracks, and be a more

economical design.

| have enclosed a copy of your March 24™ letter and an exhibit to illustrate the alignment
and reach locations for reference. If you have any questions or need additional

information, please do not hesitate to e-mail or give me a call,

Thanks again for your time.

Sincerely,

STANTEC CONSULTING INC.

D A

James O. Hubbard
Senior Associate

niroagwayi817680038\corespondanceletters\dalaney Itr 022002.doc

cc. Peter R. Johnson - City of Kingman

. I )

IW Stantec



ENGINEERING SERVICES The Burtington Northern
Larry . Delaney and Santa Fe Railway Company

Manager - Public Projects RE?EWEE}
: o, £ 8.

1624 First Street N. W.

Abuguerue, N 0 67102 DEC 05 2002

Fax 505-767-6838
E-mail Larry Delaney@BNSF.com

December 3, 2002
File: 05040002

Mr, James O. Hubbard
Senior Associate
Stantec Consulting, Inc.
8211 South 48" Street
Phoenix, AZ 85004

RE: Railroad Diversion Channel Preliminary Design Report, Kingman, AZ.

Dear Mr. Hubbard:

Please accept my apologies for the delay in answering your last letter concerning the above captioned
project.

Speaking to your question concerning whether or not BNSF will require bank lining when the proposed
channel is not adjacent to the future third track location, the answer is yes. BNSF prefers that the storm
drain channel be lined whenever the ditch parallels our property, even if the actual channel location is not
within our right of way. Channel erosion, migration and degradation can take place very rapidly because
of the highly erodable native soils and the high intensity storms common to the Kingman area. Because
attrition occurs so quickly, the damage is done long before there is adequate time to react. Unless the
banks are armored, we are concerned that a channel could migrate laterally onto BNSF right of way and
threaten the safety of our train operations. BNSF cannot dictate channel design which is located off of
our property, however, if the City chooses to save the cost of initial construction “with” bank
armourment, then the City forever has the responsibility to control erosion such that it does not harm
railroad facilitics. Any such erosion control which might be required over “on” BNSF property would
require an agreement between BNSF and the City’s contractor, completion of Contractor Safety
Orientation, and current insurance certificates for general liability, auto liability, workers comp. and
Railroad Protective policies. The City must decide if the savings are worth the long-term risk. An
unlined channel will require more frequent routine periodic maintenance and the City must weigh annual
maintenance costs versus initial construction savings.

Answering your second question posed in paragraph four of your letter, BNSF does not object to a
properly designed paved channel section. The design must dissipate the high-energy discharge velocity at
the end of the concrete lined channel section. :

Please feel free to contact me if there are additional questions.

Sincerely,

Larry 5. Delaney
Manager — Public Projects

" Te T T T TTTeTTTTTETTe T
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Roger Swenson
City Manager

City of Kingman
310 North Fourth St.
Kingman, AZ 86401

Peter Johnson

City Engineer

City of Kingman
310 North Fourth St.
Kingman, AZ 86401

G. A. White — Belen

R. J. Boileau — Kansas City

M. R. Bader - Flagstaff

M. G. McCallister — Flagstaff
J. L. Hartley — Kansas City

J. C. Shurson — San Bernardino
C. J. Norris — Denver

D. E. Lozano — Kansas City

J. L. Hostler - Albuquerque
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APPENDIX B — HYDRAULIC ANALYSIS

Stantec Consulting Inc.



Reach 1A / Station 99+77 to 126+00
Worksheet for Trapezoidal Channel

Project Description

l Worksheet Reach 1A - Earthen
Flow Element Trapezoidal Channel
Method Manning's Formula
l Solve For Channetl Depth
input Data
| Mannings Coefficient 0.025
Slope 0.0020 #/ft
Left Side Slope 2.00 H:V
Right Side Slope 300 H:V
l Bottom Width 12.00 ft
Discharge 679.0 cfs
E ~ Results
Depth 493 &
) Flow Area 1200 2
i Wetted Perimeter 38.62 ft
Top Width 36.66 ft
Critical Depth 3.60 ft
Critical Slope 0.0071 ftfit
I Velocity 566 ft/s
Vetocity Head 0.50 fi
Specific Energy 543 ft
Froude Number 0.55
Flow Type Subecritical

Project Engineer: Stantech Consuiting Inc
FlowMaster v6.0 [614b]

Page 1 of 1

n\roadway\28660038\design calculations\rrehan.fm2 Stantech Consulting Inc
05/22/03 01:30:26 PM  © Haestad Methods, Ine. 37 Brookside Road Waterbury, CT 06708 USA (203} 755-1666



Reach 1B / Station 126+00 to 146+00
Worksheet for Trapezoidal Channel

Project Description
l Worksheet Reach 1B - Earthen
Flow Element Trapezoidal Channe
Method Manning's Formula
' Solve For Channel Depth
Input Data
l Mannings Coefficient 0.025
Slope 0.00620 ft/ft
Left Side Siope 200 H:V
Right Side Slope 3.00 H:V
l Bottem Width 12.00 ft
Discharge 679.0 ofs
i Results
Depth 4.93 ft
Flow Area 120.0 f82
E Wetted Perimeter 38.62 f
Top Width 36.66 ft
Critical Depth 360 ft
Critical Slope 0.0071 fi/t
l Velocity 566 fifs
Velocity Head 0.50 ft
Specific Energy 543 ft
Froude Number 0.55
Flow Type Subcritical

Notes: BNSE may require gabion mattress for bank protection an side slopes adjacent to their right-ofiway.

Project Engineer: Stantech Consulting Inc
l ni\roadway\28660038\design calculationsrrehan. frm2 Stantech Consuiting Inc FlowMaster v6.0 [614b]

05/22/03 01:42:00 PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



Reach 1C / Station 146+00 to 157+00
Worksheet for Trapezoidal Channel

Project Description

Worksheet Reach 1C - Concrets
Flow Element Trapazoidal Channei
Method Manning's Formula
Solve For Channel Depth
input Data

Mannings Coefficient 0.016

Siope 0.0020 ftft

Left Side Slope 1850 H:V

Right Side Slope 1.50 H:V

Bottom Width 9.00 #

Discharge 679.0 cfs

Results

Depth 485

Flow Area 78.9 f#

Wetted Perimeter 26.49 ft

Top Width 23585 f

Critical Depth 4.38 ft

Critical Slope 0.0030 fft

Velocity 8,60 fis

Velocity Head 1.15 ft

Specific Energy 8.00 ft

Froude Number 0.83

Fiow Type Subgeritical

Notes: BNSF may require gabion matiress for bank protection on side slopes adjacent to their right-of-way.

Project Engineer: Stantech Consuiting Inc

relroadway\28660038\design calculationsrrchan.fm2 Stantech Consulting Inc FlowMaster v6.0 [614b]
l 05/22/03 01:67:34 PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



Reach 2 / Station 157+00 to 175+00 / Concrete Llined Channel
- Worksheet for Trapezoidal Channel

Project Dascription

' Worksheet Reach 2 - Concrete
Flow Element Trapezoidal Channe!
Method Manning’s Formula
I Solve For Channel Depth
nput Data
' Mannings Coefficient  0.018
Siope 0.0043 fift
Left Side Slope 150 H:V
Right Side Slope 180 H:V
l Bottom Width 16.00 f
Discharge 1.590.0 cfs
: Resulls
Depth 493 ft
Flow Area 115.2 fi?
E Watted Perimeter 33.76 ft
Top Width 30.78 ft
Critical Depth 562 ft
Critical Slope 0.0026 fift
l Velocity 13.80 fi/s
Velocity Head 296 ft
Specific Energy 7.89 #t
Froude Number 1.26
Flow Type Supercritical

Project Engineer: Stantech Consuiting inc

miroadway\28660038\design calcutationsirrchan.fm2 Stantech Consulting inc FlowMaster v6.0 {614b}
0B/22/03 02:01:22 PM  © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 08708 LISA (203} 755-1666 Page 1of 1



Reach 3/ Station 175+00 to 185+00 / Concrete Lined Channel
Worksheet for Trapezoidal Channel

Project Description

l Worksheet Reach 3 - Concrete
Flow Element Trapezoidal Channe!
Method Manning's Formula
l Solve For Channel Depth
input Data
Mannings Coefficient  0.016
I Slope 0.0181 fift
Left Side Slope 1850 H:V
Right Side Sicpe 180 H:V
' Bottom Width 8.00 #t
Discharge 1,894.0 ofs
E Results
Depth 499 ft
Flow Area 77.2 f#
Wetted Perimeter 2598 ft
E Top Width 22,96 ft
Critical Depth 793 ft
Critical Slope 0.0026 fuft
I Velocity 25.83 fifs
Velocity Head 10.36 ft
Specific Energy 16.35 ft
Froude Number 2.48
Flow Type Supereritical
Project Engineer: Stantech Consulting inc
niroadway\285660038\design calculationsirrehan.fm2 Stantech Consuiting Inc FlowhMaster v8.0 [614b]
05/22/03 01:17-40 PM  © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  {203) 755-1666 Page 1of 1



Reach 4 / Station 185+00 to 218+00 / Concrete Lined Channel
Worksheet for Trapezoidal Channel

Project Description

Worksheet Reach 4 - Concr
Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
tnput Data

Mannings Coeffic 0.016
Siope 0.0035 it/ft
Left Side Slope 150 H:V
Right Side Siope  1.50 H:V
Bottom Width 15.00 ft

Discharge 2,186.G cfs

Results

Depth 6.35 it

Flow Area 1558 ft*
Wetted Perimu 37.90 ft

Top Width 34.05 ft

Critical Depth 6.90 ft

Critical Siope 5.0025 /it
Velocity 14.10 ft/s
Velocity Head 3.09 ft

Specific Energ 9.44 #

Froude Numb: 1.16

Flow Type  Supercritical

Project Engineer: Stantech Consulting Inc

n:\roadway\28560038\design caleutationsvyrrehan.fm2 Stantech Consulting Inc FlowlMaster v6.0 [614b]
D5/21/03 03:27:38 PM  © Haestad Methods, nc. 37 Brookside Road  Waterbury, CT 068708 USA  (203) 755-1666 Page 1 of 1



Reach 5A - Concrete Lined Channel
Worksheet for Trapezoidal Channel

Project Description

l Worksheet Reach BA - Cong, Channel-revised 5-21-(
Flow Element Trapezoidal Channel
Method Manning’s Formula
l Solve For Channel Depth
input Data
Mannings Coefficient 00186
l Slope 0.004480 fuft
Left Side Siope 150 H:V
Right Side Slope 1560 H:V
I Bottom Width 26.00 ft
Discharge 2,360.0 cfs
E Results
Depth 473 ft
Flow Area 156.5 ft?
Waetted Perimeter 4305 fit
i Top Width 40.19 ft
Critical Depth B.5T ft
Criticat Slope 0.002504 it
l Velocity 14.70 ftfs
Velocity Head 336 ft
Specific Energy 8.09 ft
Froude Number 1.31
¥ Flow Type Supercritical
Project Engineer: Kaminski Hubbard Engineering
m\rcadway\28660028\design calculations\airway.fm2 Stantech Consulting Inc FlowMaster v6.0 {614b]
05/21/02 10:56:39 AM  © Haestad Methods, Inc. 37 Brooksids Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1of 1



Reach 5B - Concrete Lined Channel
Worksheet for Trapezoidal Channel

Project Description

Worksheet Reach 5B - Conc. Channel-revised 5-21-(
Fiow Element Trapezoidal Channel
Method Manning's Forrmula
Solve For Channel Depth
input Data

Mannings Coeflicient 0.016

Slope 0.002503 #/ft

Left Side Slope 180 H:V

Right Side Slope 1.50 H:V

Bottom Width 26.00 ft

Discharge 2.300.0 cfs

Results

Depth 5587 ft

Flow Area 191,56 f#

Wetted Perimeter 46,10 #

Top Width 42.72 ft

Critical Depth 557 ft

Critical Slope 0.002504 #/ft

Velocity 12.01 fi/s

Velocity Head 224 ft

Specific Energy 7.82 ft

Froude Number 1.00

Flow Type Subcritical

Project Engineer: Kaminski Hubbard Engingering
niroadway\28660028\design calculationsiairway.fm2 Stantech Consulting inc FlowMaster v6.0 [614b]
' 05/21/03 10:58:35 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 765-1666 Page 1 of 1



Reach 6A - Concrete Lined Channel
Worksheet for Trapezoidal Channel

Project Description

I Worksheet Reach BA - Conc. Channel-revised 5-21+(
Flow Element Trapezoidal Channel
Method Manning's Formula
I Soive For Channel Depth
Input Data
I Mannings Coefficient 0.016
Slope 0.002502 fift
Left Side Slope 1.60 H:V
Right Side Slope 150 H: Vv
I Bottom Width 26.00 ft
Discharge 2,300.0 cfs
E Results
~ Depth 557 #
Flow Area 191.6 fi?
i Wetted Perimeter 46.10 ft
Top Width 42,72 it
Critical Depth 557 f
Critical Slope 0.002504 ft/ft
I Velocity . 12.01 fi/s
Velocity Head 2.24 ft
Specific Energy 7.82 ft
Froude Number 1.00
Fiow Type Suberitical
Project Engineer: Kaminski Hubbard Engineering
niroadway\28660028\design calculationsiairway . fm2 Stantech Consuiting Inc FlowMaster v6.0 [614b)
I 05/21/03 10:59:24 AM  © Haestad Msthods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



Reach 6B - Concrete Lined Channel
Worksheet for Trapezoidal Channel

Project Deseription

Worksheet Reach 6B - Conc. Channel-revised 5-21-(
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
tnput Data

Mannings Coefficient 0.018

Slope 0.012000 #/ft

Left Side Slope 150 M@V

Right Side Slope 150 H:V

Bottom Width 12.00 ft

Discharge 2,550.0 cfs

Results

Depth 543 ft

Flow Area 109.5 fi2

Wetted Perimeter 31.59 #

Top Width 28.30 &

Critical Depth 8.06 ft

Critical Slope 0.002522 fi/ft

Velocity 23.30 ft/s

Velocity Head 843 ft

Specific Energy 13.87 ft

Froude Number - 2.09

Flow Type Supercritical

Project Engineer: Kaminski Hubbard Engineering

n:\roadway\28660028\design calculationsiairway.fm2 Stantech Consuiting Inc FlowMaster v6.0 [614b]
I 05/21/03 11:00:12 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203} 755-1666 Page 10f1



Reach 6C / Station 241+65 to 257+00 / Concrete Lined Channel
Worksheet for Trapezoidal Channel

Project Description

Worksheet Reach 6C - Con
Flow Element Trapezoidal Cha
Method Manning's Form
Solve For Channel Depth
input Data

Mannings Coeffic 0.016

Slope 0.0073 fft

Left Side Slope 1.50 H:V
Right Side Slope  1.50 H:V
Bottorn Width 20.00 it

Discharge 1.815.0 cfs

Resuits

Depth 5.25 fi

Flow Area 1463 fi2
Wetted Perim: 3893 ft

Top Width 35.75 fi

Critical Depth 7.07 ft

Critical Slope 0.0024 ftit
Velocity 19.24 fi/s
Velocity Head 575 ft

Specific Energ 11.00 ft

Froude Numbr 1.68

Flow Type supercritical

i
1
i
s
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Reach 6D / Station 257+00 to 274+43 [ Earthen Channel
Worksheet for Trapezoidal Channel

Project Description

Worksheet Reach 6d - Earthen at 2:1/3:1 - 468’ bw - subcritical
Flow Element Trapezoidal Channel
Method . Manning's Formula
Solve For Channel Depth
input Data

Mannings Coefficient  0.025

Slope 0.0018 #/ft

l.eft Side Siope 20 H:V

Right Side Slope 30 H:V

Bottorn Width 46.0 ft

Discharge 2,815.0 cfs

Results

Depth 63 f

Flow Area 389.0 7

Wetted Perimeter 80.0 ft

Top Width 775 ft

Critical Depth 45 ft

Critical Slope 0.0061 fft

Velocity 7.2 fifs

Velocity Head 0.8 f

Specific Energy 7.1 ft

Froude Number 0.57

Flow Type Subcriticat

Notes: BNSF may require gabion mattress for bank protection on side slope adjacent to their right-of-way.

Project Engineer: Stantech Consulting inc
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Reach 7 / Station 274+43 to 321+16 / Earthen Channel
Worksheet for Trapezoidal Channel

Project Description

Worksheet Reach 7 - Earthen at 2:1/3:1 - 70" bw - subcritical
Flow Element Trapezoidal Channel
Method Manning’s Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0025

Slope 0.C017 /4t

Left Side Slope 20 H:V

Right Side Slope 30 H:V

Bottorm Width 70.0 ft

Discharge 3.921.0 cfs

Results

Depth 63 ft

Fiow Area 536.7 2

Wetted Perimeter 103.8 &

Top Width 1013 f

Critical Depth 4.4 #

Critical Slope 0.0080 fi/ft

Velocity 7.3 fifs

Velocity Head 0.8 ft

Specific Energy 71 ft

Froude Number 0.56

Flow Type Suberifical

Notes: BNSF may require gabion mattress for bank protaction on side slope adjacent to their right-of-way.

Project Engineer: Stantech Consulting inc
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Reach 8 / Station 321+16 to 383+57 / Earthen Channel
Worksheet for Trapezoidal Channel

Project Description

Worksheet Reach 8 - Earthen at 2:1/3:1 - 108 bw - su
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coeffic 0.025

Slope 0.0016 f/ft

Left Side Slope 20 HV

Right Side Slope 30 H:V

Bottom Width 1080 #t

Discharge 3,703.0 cfs

Results

Depth 8.3 ft

Flow Area 7738 112

Wetted Perimu 141.8 ft

Top Width 139.3 fit

Critical Depth 43 ft

Criticai Slope  0.0059 ft/fi

Velocity 7.4 fi's

Velocity Head 08 f

Specific Energ 7.1 ft

Froude Numb 0.55
Flow Type  Subcritical

Notes: BNSF may require gabion mattress for bank protection on side slope adjacent to their right-of-way.

Project Engineer; Stantech Consulting inc
N\ \28660038\design calculationsirrehanfin.fm2 Stantech Consulting inc FlowMaster v6.0 [614b]
l 08/22/03 11:21:20 AM  © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1666 Page 1 0f 1



Reach 9A / Station 383+57 to 387+84 / Earthen Channel
Worksheet for Trapezoidal Channel

Project Description

Worksheet Reach ¢ - Gablon/Earthen at 2:1/3:1 - 150" bw - subcritical
Flow Element Trapezoidai Channel
Method Manning's Formuta
Solve For Channel Depth
Input Data

Mannings Coefficient 0.026

Slope 0.0044 fi/ft

Left Side Slope 20 H:V

Right Side Slope 3.0 H:V

Bottom Width 150.0 fi

Discharge 12,308.0 cfs

Resuits

Depth 62 ft

Flow Area 1,028.8 fi*

Wetted Perimeter . 1835 ft

Top Width 181.1 fi

Criticai Depth 5.7 ft

Criticat Slope 0.0058 fift

Velocity 12.0 fi's

Velogity Head 22 ft

Specific Energy 84 ft

Froude Number - 0.88

Flow Type Subcritical

Notes: Gabion Matiress on Side Slopes for Bank Protection.

Project Engineer: Stantech Consulting fnc
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Reach 9B / Station 387+84 to 393+83 / Gabion Liined Channel
Worksheet for Trapezoidal Channel

Praject Description

Worksheet Reach ¢ End - Gabion at 2:1/2:1 - 93’ bw - supercritical
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth

input Data

Mannings Coefficient 0.030

Siope 0.0128 fift

Left Side Slope 20 H: VvV

Right Side Slope 20 H:V

Bottorn Width 83.0 ft

Discharge 12,306.0 cfs S -
Results

Depth 8.5 ft

Flow Area 691.4 f?

Wetted Perimeter 122.2 ft

Top Width $19.1 ft

Critical Depth 77 1t

Critical Slope 0.0072 ftft

Velocity 17.8 fi/s

Velocity Head 49 ft

Specific Energy 11.4 ft

Froude Number 1.30

Flow Type Supercritical

Notes: Side siopes and channel bottom are lined with Gabion Mattresses.

Project Engineer: Stantech Consulting Inc
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Railroad Channel — Preliminary Design Study City of Kingman

L0 EXECUTIVE SUMMARY

Stantec Consulting, Inc. (Stantec) was retained by the City of Kingman to evaluate channel alternatives

for the Railroad Diversion Channel, a proposed channel along the south side of the BNSF Railway. The
channel was originally proposed in the Kingman Area Master Drainage Plan prepared by Boyle
Engineering Corporation in June, 1988. The channel will intercept runoff from the southeast beginning
approximately at the Southern Avenue alignment and direct flows northeasterly to outfall into
Rattlesnake Hill Wash, located on the south side of the Kingman Airport property. This channel will
alleviate flooding within the city, specifically the areas adjacent to Fairgrounds Boulevard and Bank Street
north of the railroad. In addition, the BNSF Railway embankment will be protected and maintenance of
the existing culverts will be eliminated. Channel improvements have been designed to intercept the

100-year runoff event.

The hydrologic analysis was based on modeling procedures and data recently developed for the Mohave
Wash Channelization project for Mohave County Flood Control District by Stantec Consulting. This
information is published in “Hydrology & Sediment Analysis, Mohave Wash Channelization, Kingman
Area Master Plan Update, Mohave County, Arizona”, October 8, 1999, Robert L. Ward, P.E. This analysis
was adapted and modified slightly to evaluate detention basins near the railroad to further mitigate flooding

upstream of the proposed channel and also to reduce the size of the channel at the upper end of the

proposed improvements.

The channel was subdivided into nine reaches based on watershed delineation and contributing flows.

Each reach was independently studied to determine solutions for economical channel confi gurations and
bank linings, based on constraints each reach was subject to including available right-of-way, future
railroad development and existing structures. A detention basin providing approximately 38 acre-feet of
storage is also proposed, located on the parcel of land between Eastern Street, Southern Street, Washington
Street, and Phoenix Street. This basin will reduce the size of the diversion channel, direct runoff north in

Adams Street and eliminate nuisance drainage problems within a portion of the Hilltop area.

Stantec Consulting Inc. 1
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Initially, an alternative analysis was performed to determine the best channel improvement solution. This
included developing typical sections for earthen, riprap-lined, gabion-lined and fully concrete-lined
sections. After receiving comments from the City of Kingman and the BNSF Railway, the channel
improvement solution determined from this initial alternative analysis was followed up by an effort to
crystallize the solution into one that incorporated agency comments and addressed any further design
concerns. This effort resulted in a “Preferred Alternative”, a proposed solution for the channel
improvements which economically incorporates several types of channel geometry and lining types to

safely convey the 100-year design flows to Rattlesnake Hill Wash and under the railroad tracks.

Stantec Consulting Inc. 2
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2.0 INTRODUCTION

2.1 General
This report presents the results of the hydrologic and hydraulic analysis for the proposed drainage

improvement alternatives for the Railroad Diversion Channel for the City of Kingman. This study was
initiated by the City as a result of Stantec Consulting’s contract with Mohave County F lood Control
District for the “Kingman Area Master Plan — Mohave County Update”, providing new hydrology for the
channelization of Mohave Wash and other flood control alternatives including the Railroad Diversion
Channel. In addition, coordination with the proposed roadway and drainage improvements for the East

Golden Gate Addition Improvement District — Phase 1 project will provide additional protection for the

Hilltop area.

2.2 Location
The Railroad Diversion Channel project is situated adjacent to and parallel with the south side of the BNSF

Railway tracks within the City of Kingman. The proposed alignment begins on the upstream end at
approximately Southern Avenue within the Hilltop area and extends downstream to Rattlesnake Hill Wash,
located on the south side of the Kingman Airport within the Mohave County Airport Authority. A portion
of the proposed channel improvements will lie within the BNSF Railway right-of-way. The channel will
traverse diagonally through Sections 18, 7, 8, 5, and 4 of Township 21 North, Range 16 West and Sections
33, 34 and 27 of Township 22 North, Range 16 West of the Gila and Salt River Base and Mendian,
Mohave County, Arizona within the Kingman City Limits (see Figure 1.1).

2.3 Project Description

The City of Kingman has experienced flooding of streets and neighborhoods as a result of storm water
runoff that outlets through culverts that concentrate flows collected on the upstream side of the railroad
tracks embankment. The Kingman Area Master Drainage Plan, June 1988, documented flooding problems
for Fairgrounds Boulevard and Bank Street, both impacted by this watershed. In addition, the Hilltop area
south of the railroad experiences nuisance flooding due to the sheet flow through the neighborhood. Also,
BNSF Railway must maintenance the culverts which are always susceptible to major storms that would

exceed the capacity of the existing drainage structures.

Stantec Consulting Inc. 3
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The Railroad Diversion Channel project would provide flood protection for areas north of the railroad and
ultimately revise the FEMA Flood Insurance Rate Maps for the community. The current floodplain maps
show Zone A floodplain delineation from Southern Avenue alignment to Louise Street and from Airway
Avenue alignment to the Kino Drive alignment along the south side of the railroad. However, more
significant is the impact north of the railroad. Currently, a Zone A delineation begins on the north side of
SR66 behind the Denny’s restaurant and extends northerly to Mohave Wash, impacting an area between
Bank Street and Roosevelt Street. North of the City limits, Zone B delineation could be deleted for the

area along Diagonal Wash.

All runoff would be intercepted by the proposed channel along the south side of the BNSF Railway and
routed northeasterly to outfall into Rattlesnake Hill Wash. The channel was divided into nine (9) reaches
based on concentration points for contributing storm water runoff peak discharges. Each reach has been

analyzed for four (4) alternatives that studied different channel linings.

In addition to the channel, two detention basins were evaluated to analyze the impact on flows into the
proposed channel and additional protection upstream of the Railroad Channel alignment. The first
detention basin is located at the northwest comner of Eastern and Southern Streets. The second basin
focation, which already has detention capability, is an ADOT borrow pit within Section 9, south of

Interstate 40 and approximately 1 mile east of the railroad alignment.

2.4 BNSF Railway Coordination

During preparation of the Kingman Area Master Plan, personnel from the railroad were contacted to

apprise them of this potential project. In 1988, the City of Kingman contributed funds to Santa Fe (BNSF)
to increase the size of the Rattlesnake Hill Wash structure that was being reconstructed. The structure was
enlarged in order to accommodate additional flows from this project. Stantec has contacted BNSF Railway
during this study to insure that the railroad continues to support this project and placement of the channel
within the railroad right-of-way will be permitted. BNSF representatives acknowledged their support for
this project citing that (1) the diversion channel will eliminate maintenance costs for the existing drainage

structures under the tracks and (2) excavation from the channel could be used to construct the embankment

for a possible future third track.

Stantec Consulting Inc. 4
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2.5 Purpose and Scope

The purpose of this report is to present the results of our hydrologic and hydraulic analysis for the Railroad
Diversion Channel project. The recommendations of this report presents economical and feasible flood
control alternatives which serve to eliminate and/or minimize the potential for flood damage within the
City of Kingman. The approved or preferred alternative will serve as the basis to prepare initial (10%)

plans for the channel alignment and an engineer’s construction cost estimate to implement this flood

control project.

Stantec Consulting Inc. 5
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Railroad Channel — Preliminary Design Study City of Kingman

3.0 HYDROLOGY
3.1 General
The purpose of this analysis is to provide hydrology information needed for the analysis of the proposed

channel and possible detention basins within the watershed. The proposed detention basin sites are located
at the northeast corner of the intersection of Southern Avenue and Eastern Street, and, at an abandoned

ADOT borrow pit located south of [-40. Figure 1.1 shows the detention basin locations along with the

proposed channel alignment.

As will be discussed in Section 3.3, the hydrology analysis also considered the storage effects of the

proposed Fripps Ranch subdivision detention basin.

The following sections of this report discuss the hydrology analysis that was performed for this site. The
hydrology analysis was based on modeling procedures and hydrologic data that was recently developed
for a channel improvement project for Mohave County. This information is published in Hydrology &
Sediment Analysis, Mohave Wash Channelization, Kingman Area Master Plan Update, Mohave
County, Arizona, October 8, 1999, Robert L. Ward, P.E.

3.2 Hydrology Analysis

Computerized rainfall/runoff models were developed for the project watershed using the U.S. Army Corps
of Engineers Flood Hydrograph Package (HEC-1). HEC-1 uses numerical parameters to describe the
amount and temporal distribution of rainfall, the runoff characteristics of the watershed, and the hydraulic
properties of channels that collect and convey direct runoff to concentration points. The computer output

provides a runoff hydrograph at user-selected locations. The June 1992 version (4.0.3E) of HEC-1 was

used for this analysis.

The hydrologic modeling procedures used in this study comply with those published in Highway Drainage
Design Manual, Hydrology, Arizona Department of Transportation (ADOT), October 22, 1992, The
Clark unit hydrograph was used for generating runoff hydrographs and the Green-Ampt infiltration
procedure was used for quantifying rainfall losses. As stated previously, these are the same procedures that
were used for the 1999 Kingman Area Master Plan Update. Accordingly, the reader is referred to the
1999 report for detailed discussions of these hydrologic procedures.

Stantec Consulting Inc. 7
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3.2.1 Drainage Area Delineations

All drainage area boundaries were delineated from USGS quadrangle maps. The sub-basin boundaries are

shown on Plate 1. The HEC-1 routing schematic, developed from Plate 1, is shown on Plate 2.

Tt should be noted that Plates 1 and 2 are taken from the previously referenced 1999 Kingman Area
Master Plan Update report. Accordingly, these Plates include all the HEC-1 sub-basins that were used
in this previous report. The majority of the sub-basins on Plates 1 and 2 are not related to the detention
basin and flood control channe! analysis presented in this report. The HEC-1 models that were created for

this report also include these extra sub-basins.

3.2.2 Rainfall Data

Rainfall depths for the project drainage area were developed from isopluvial maps and regression equations

presented in the Precipitation-Frequency Atlas of the Western United States, NOAA Atlas 2, Volume
1I — Arizona 1973, Table 3.2.1 summarizes point precipitation values for this watershed for several storm
frequencies and durations. Rainfall depths for storm durations less than 1-hour were based on ratios of the

1-hour values using reduction ratios published by Arkell and Richards (1986).

The HEC-1 hypothetical rainfall distribution was used for this analysis. This rainfall distribution 1s created
by sub-routines in the HEC-1 program, which are functions of the point rainfall depths for different time
durations within the design storm period. Both the 6-hour and 24-hour storm durations were used in this

study. The hypothetical rainfall distribution was simulated with a 5-minute calculation interval.

The data in Table 3.2.1 represents point rainfall depths. Adjustments for areal storm distribution were
accomplished with the JD records in HEC-1. The use of JD records generates runoff hydrographs that
reflect areally reduced rainfall values as a function of total contributing drainage area at any selected
location within the watershed. This approach automatically generates a greater amount of reduction in
point rainfall depths as runoff from multiple sub-basins is combined at HEC-1 concentration points. The

areal rainfall reduction for individual sub-basins is based on the area of each sub-basin.

3.2.3 Channel Routing Operations

As stated previously, the Clark unit hydrograph procedure was used to develop a runoff hydrograph for all
sub-basins in the project watershed. However, separate channel routing operations were required to route
hydrographs between concentration points. The "modified Puls, normal-depth, storage and outflow”, and

“Linematic wave "’ routing options in HEC-1 were used for these routing operations.

Stantec Consulting Inc. 8
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Table 3.2.1
Summary Of Point Rainfall Data
Kingman Area Master Plan Update
Mohave County, Arizona

Storm Point Precipitation (inches)
Return
Interval
(yrs) 5-min  10-min  15-min  30-min  1-Hr 2-Hr 3-Hr 6-Hr 12-Hr  24-Hr
2 0.34 0.51 0.61 0.81 0.99 1.10 1.17 1.30 1.45 1.59
5 0.44 0.66 0.82 1.10 1.36 1.51 1.62 1.81 2.03 2.25
10 0.50 0.77 0.97 1.30 1.61 1.80 1.92 2.15 2.42 2.69
25 0.60 0.92 1.17 1.57 1.96 2.19 2.34 2.62 2.96 3.30
50 0.67 1.03 1.32 1.79 2.23 2.49 2.66 2.99 3.38 3.76
100 0.75 1.15 1.47 2.00 2.50 2.79 2.98 3.35 3.79 4.23
500 | 092 1.42 1.83 2.49 3.11 3.48 3.73 4.19 4.75 5.31

2-Year, 6-Hour Rainfali = 1.30 Short Duration
2-Year, 24-Hour Rainfall = 1.59 Rainfall Zone: g
100-Year, 6-Hour Rainfall = 338
100-Year, 24-Hour Rainfall = 4.23

File:Rainfail Data For 1999 Kingman Master Plan xls

Note: Rainfall values from NOAA Atlas, Volume VI, Arizona
Short curation rainfall ratios from Arkell & Richards, 1986.
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Railroad Channel — Preliminary Design Study City of Kingman

3.3 Detention Basin Analysis

The following sections provide detailed discussions of the detention basins that were analyzed in this

report.

3.3.1 Southern Avenue — Eastern Street Basin

Referring to Plate 2, this proposed detention basin is included in Sub-Basin DB1. The City of Kingman
has expressed an interest in constructing a basin at this location in order to reduce discharges to Reach 1

of the proposed railroad flood control channel and reduces flows through the Hilltop area.

The natural ground through this area slopes from the southeast to the northwest. Accordingly, any
detention basin construction at this site will result in a basin with a greater depth (below natural ground)

at the southeast comer than at the northwest corner.

A detention basin at this location would be located on a rectangular plot of land that is approximately 640-
feet long (east-west) by 470-feet wide (north-south). To simplify calculations at this preliminary level of
analysis, an equivalent square basin, with a level ground surface, was used to develop an estimate of the
elevation vs. flood control storage relationship that would be required for this basin. Table 3.3.1 presents
the preliminary stage-storage relationship that was developed for use in this study. Table 3.3.1 also shows
the average rectangular dimensions associated with this theoretical square basin. This data will require

refinement as part of the final design process for this detention basin.

As evaluated in this study, the proposed detention basin is drained by 2-36” RCPs. Basin overflow would
be controlled by a 10-foot wide concrete spillway with an invert elevation set 5-feet above the basin floor,
i.e., the spillway would begin to operate when the basin storage depth exceeded 5-feet. The stage-

discharge relationship associated with this configuration is also presented in Table 3.3.1.

The basin is presently configured to discharge west to Adams Street, where water would then flow north
in Adams to the proposed railroad flood control channel. Table 3.3.2 summarizes the approximate
performance characteristics of this basin, based on the equivalent square and level ground configuration

used to prepare the storage and discharge data in Table 3.3.1.

Stantec Consulting Inc. 19
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Table 3.3.2

Semmary of Proposed Detention Basin Performance
Southern Avenue & Eastern Street
Kingman Railroad Channel & Detention Basin Project
Kingman, Arizona

Detention Basin Data
At Southern & Eastern
Storm Max Water Spillway Storm Return Intesval
Duration Depth Qin Qout Flow
HEC-1 File (hrs) {ft) (cfs) (cf5) (cfs) 10-Yr 25-Yr 50-Yr 160-Yr
KGDET3D 24 5.84 619 160 22 X
KGDET3350 24 3.10 522 124 1 X
KGDET323 24 425 4335 103 0 X
KGDET310 24 321 326 74 0 X
KGDET2ZD 6 5.46 383 141 9 X
KGDET2350 & 4.69 491 113 0 X
KGDET225 6 3.8% 407 94 0 X
KGDET210 6 281 300 65 0 X

Note: Proposed detention basin has a 10-ft wide spillway set 5-ft above the bottom of the basin.
The basin is drained by 2-36" RCPs. Total basin storage at the spillway invert elevation is approximately 24.62 AF.
Fripps Ranch detention basin is assumed to be in-place.

File: Xingman RR Channel HEC-1 Data, Feb 2000 Update.xls
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3.3.2 Fripps Ranch Detention Basin
The proposed Fripps Ranch subdivision is located in the NE % of the NW % of Section 20, T2IN, RI6E.

The property is bounded on the south by Karen Avenue and on the north by Southem Avenue. The property

abuts North Central Street on the east.

A drainage report, prepared by Mohave Engineering Associates, Inc., indicates that a detention basin will
be constructed in the northwest corner of this subdivision (Sub-Basin 786 on Plate 2). Table 3.3.3

summarizes the storage and discharge data that was prepared for this detention basin by Mohave

Engineering Associates.

As presently configured, the Fripps Ranch detention basin will be drained by a single 18” RCP, and will
have a 20-foot wide spillway which will begin to flow when the water depth in the basin reaches elevation

3604.5-feet MSL (1.5-feet deep). The discharge column in Table 3.3.3 represents combined pipe and
spillway flow.

Table 3.3.3
Fripps Ranch Detention Basin
Stage-Discharge-Storage Relationships
(provided by Mohave Engineering Associates)

HW Elevation Discharge Storage Volume
(ft, MSL) (cfs) (AF)
3604.0 0 0
3604.5 0.78 0.2
3605.0 21.46 0.3
3605.5 60.54 0.9
3606.0 112.68 1.1

Stantec Consulting Inc. 13
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As modeled in this study, the Fripps Ranch detention basin discharges at a peak rate of 140 cfs during the
100-year, 24-hour storm and at a rate of 131 cfs during the 100-year, 6-hour storm. Referring to Table
3.3.3, it is obvious that the basin is exceeding the maximum spillway capacity (112.68 cfs) during both of
these storm events. It should be noted that the HEC-1 model is extrapolating the listed storage-discharge
curves to perform the reservoir routing operations for these two storms, i.., the data provided by Mohave
Engineering Associates does not extend above a maximum discharge of 112.68 cfs. Accordingly, this
limitation will probably produce some minor degree of error in the downstream hydrologic calculations

performed by the HEC-1 models that were used for this report.

3.3.3 ADOT Borrow Pit

The City of Kingman has expressed an interest in exploring the stormwater detention storage capabilities

of an abandoned ADOT borrow pit, which is located immediately south of I-40 and approximately 1-mile
east of Eastern Street. Presently, this pit provides approximately 32.11 AF of in-ground storage. This
storage is divided among three excavation sites. The main portion of the borrow pit provides 30.29 AF

of storage, while the two smaller excavations provide about 1.82 AF of storage.

For the purpose of this study, the borrow pit was analyzed in its present condition, and, for a possible future
condition which could occur if the basin were to be enlarged. For comparison purposes, one model was

also developed which completely ignored the storage capacity of the borrow pit.

For the existing condition analysis, only the 30.29 AF of storage in the main borrow pit was used for

effective flood control storage. The 1.82 AF in the two smaller basins was ignored and was assumed to

consumed as sediment storage.

For the future condition analysis, the borrow pit was assumed to be enlarged to a sufficient size to store all

the runoff from the natural drainage area intercepted by the pit (Sub-Basins 830 and 840 on Plate 2).

Stantec Consulting Inc. 14



-‘-—-

Railroad Channel — Preliminary Design Study City of Kingman

Due to the non-availability of detailed topographic mapping of the entire drainage area intercepted by the
borrow pit, it is not possible to accurately define the watershed area that might be controlled by this pit.
For the purpose of this study, drainage boundaries were delineated from USGS quadrangle maps with 40-
foot contour intervals. Based on the quadrangle maps, it appears that the borrow pits will intercept runoff
from Sub-Basins 830 and 840, which have a combined drainage area of 1.2714 square miles. To
compensate for possible drainage boundary errors (due to the large contour interval), it is further assumed
that the runoff from these sub-basins will either naturally enter the main pit, or, be diverted to the main pit
by future manmade diversion berms. A review of 2-foot contour mapping in the immediate vicinity of the
borrow pit, indicates that (under existing conditions) manmade berms may indeed be required to divert

100-percent of the runoff from Sub-Basins 830 and 840 into the borrow pit.

During a 100-year, 24-hour storm, the direct runoff from Sub-Basins 830 and 840 is 99.96 AF. This is
over three times the available capacity of the main ADOT borrow pit volume of 30.29 AF. As a result,
the existing pit will spill during the 100-year, 24-hour storm. The peak discharge of this spill will be on
the order of 600 cfs. However, as will be discussed in Section 3.4, the peak discharge from the pit is
sufficiently delayed to cause a noticeable reduction in peak discharge at the Rattlesnake Hill Wash crossing

of the BNSF railroad.

3.4 Railroad Channel

As stated previously, the proposed railroad channel would extend from near the extension of Southemn

Avenue to the Rattlesnake Hill Wash crossing of the BNSF railroad. The channel would be located on the
south side of the railroad. Referring to Plate 2, the channel would extend from HEC-1 CP (Concentration
Point) 752 to CP 1173. The total channel length is approximately 5.12 miles.

At the present time, there are wash crossings under the BNSF railroad at CP 752, 762, 1013, 1031, 1122,
and 1173. With the proposed railroad channel in-place, all of these crossings would be blocked, with the
exception of CP1173, which is the Rattlesnake Hill Wash crossing.

3.5 Summary of Modeling Results

Sixteen HEC-1 models were created to analyze the impact of different combinations of storms and
detention basins on the proposed railroad flood control channel. Input/Output files are provided
electronically on diskette in Appendix A. Table 3.5.1 presents a matrix of the different modeling
assumptions and the peak discharges that occur at specific locations along the railroad channel. All

scenarios listed in Table 3.5.1 assume the proposed Fripps Ranch detention basin is in-place.

Stantec Consulting Inc. 15
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The modeling variables in Table 3.5.1 are defined as follows:

e Storm Duration - Models are presented for both the 6-hour and 24-hour hypothetical storm
distributions.

e Storm Frequency - Models are included for the 10-year, 25-year, 50-year, and 100-year storms.

e Detention Basin at Southern & Eastern - The 100-year storm is modeled both with and without this
basin in order to evaluate the effectiveness of the basin on the peak discharges in the proposed railroad
channel. All other storm scenarios assume that this detention basin is in-place.

e ADOT Borrow Pit Detention Basin - This basin is modeled in the following three conditions: 1)
existing condition, with 30.29 AF of stormwater storage; 2) non-existent, i.e., no available flood
control storage; and 3) being enlarged to retain 100-percent of the runoff from Sub-Basins 830 and 840.

Only the 100-year, 24-hour storm is modeled for the future, enlarged condition.

A teview of the discharges in Table 3.5.1 indicates that the proposed detention basin at Southern and
Eastern causes a significant reduction in peak discharge through an approximate 6,000-foot length of the

proposed railroad channel that extends from CP 775 to CP 1030.2.

For example, during the 100-year, 24-hour storm, the reduction in peak discharge varies from 22% at CP
775 to 14% at CP 1030.2. Downstream of CP 1030.2, the ADOT borrow pit also begins to exert an

influence on the railroad channel discharges.

The impact of the ADOT borrow pit causes the peak 100-year, 24-hour discharge at the Rattlesnake Hill
Wash crossing of the BNSF railroad to vary from 12,306 cfs (proposed pit enlargement) to 13,025 cfs
(storage effects of the pit are ignored). Under existing borrow pit conditions, the peak 100-year, 24-hour
discharge at the railroad crossing is 12,513 cfs. These discharges reflect the proposed detention basin

being in-place at Southern and Eastern.

Table 3.5.1 provides a complete summary of the impact that the modeling variables will have on the
proposed railroad channel design discharge. Table 3.2.2 provides the results of the reduction in peak
discharge at the proposed detention basin at Eastern Street and Southern Avenue. The analysis illustrates

the impact these basins have on not only the railroad channel, but the Hilltop area as well.

Stantec Consulting Inc. 16
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Railroad Channel — Preliminary Design Study City of Kingman

4.0 HYDRAULIC DESIGN CRITERIA
4.1 Channel Design Criteria

The 100-year storm event is used for all flood control alternative evaluations. The channel will have an
impact on FEMA floodplain delineation for the area adjacent to the BNSF, Mohave Wash due to the
diversion of flow, and other areas of the community that have been delineated by the detailed Flood
Insurance Rate Studies. Consequently, FEMA criteria to provide 1 foot of freeboard will be followed to

insure the project will change the Flood Insurance Rate Maps in the future.

4.2 Hyvdraulic Criteria

Channel design adhered to the criteria and design guidance set forth in the Drainage Design Manual for
Maricopa County, Volume I, Hydraulics and Hydraulic Design of Flood Control Channels, EM 1110-2-
1601, Corps of Engineers. The primary criteria set forth in the design procedures from both of these

references is to provide stable, uniform flow.

Stable flow is checked in hydraulic procedures by computing the Froude Number. The equation for the
Froude Numberis: F =V /(gD)"’, where V = channel velocity, g = 32.2 fps, and D is depth of flow.
A Froude Number of 1.0 distinguishes between subcritical (F < 1) and supercritical (F > 1) flow. To insure

flow is stable, tranquil or subcritical flow provides for an F < 0.85 and supercritical or rapid flow provides

foran F>1.3.

Design criteria for channel velocity is a function of the type of material used for lining the banks or banks
and bottom. A minimum velocity of 5 feet/second is desired to minimize sediment deposition in the
channel. Maximum allowable velocity is determined by ability of the channel lining material to resist
erosive forces. Table 4.2.1 provides the parameters used for the design as well as the Manning’s

Roughness Coefficient.

Table 4.2.1
Channel Lining Material Maximum Velocity Manning’s “n”
Earthen 6.0 fps 0.025
Gabion Banks 9.0 fps ‘ 0.030
Riprap Banks 9.0 fps 0.035
Concrete Banks & Bottom 20.0 fps 0.019
Stantec Consulting Ine. 18
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Railroad Channel — Preliminary Design Study City of Kingman

Channel side slopes for design varies depending on the channel lining material for stability. The earthen
channel provides for a 2:1 (H:V) slope on the north side and a 3:1 (H:V) on the south side. The flatter
slope on the south side reduces potential erosion from the sheet flow entering the channel. Gabion and

riprap lined banks use 2:1 (H:V) slopes. The concrete-lined channel alternative steepens the side slopes

to 1.5:1 (H:V).

4.3 Hydraulic Analysis

Preliminary hydraulic analyses for the alternatives of each reach were performed using FlowMaster v6.0

design software by Haestad Methods. The analysis determined normal depth, Froude Number and velocity
for the range of bottom widths for trapezoidal channels. CulvertMaster v1.0 was used to analyze the box
culvert at Louise Avenue. Hydraulic analysis for the preferred alternative will insure there is no backwater
conditions and verify that normal depth calculations for the water surface profiles of each reach is not
impacted by upstream and downstream analysis. Results of the hydraulic analysis for the preferred

alternative and for the alternatives analysis for each of the reaches and the four channel material

alternatives are in Appendix B.
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5.0 ALTERNATIVES ANALYSIS
5.1 General
The hydrologic analysis provided nine concentration points along the BNSF Railway alignment from

Hualapai Mountain Road to Rattlesnake Hill Wash. Table 3.5.1 provides the 100-year peak discharges for
each of the concentration points. Design of the channel is divided into nine segments or Reaches based
on the 100-year peak discharge. Table 5.1.1 identifies the Stationing from upstream to downstream for
each of the 9 Reaches, length, the design peak discharge and the existing longitudinal slope that coincides

with each reach.

Table 5.1.1

Reach Stationing Length Design Discharge Slope

1 5+00 to 57+00 5,200 ft 679 cfs 0.0020 fi/ft
2 57+00 to 75+00 1,800 ft 1,589 cfs 0.0030 ft/ft
3 75+00 to 85+00 1,000 ft 1,994 cfs 0.0236 ft/ft
4 85+00 to 118+00 3,300 # 2,196 cfs 0.0035 fv/ft
5 118+00 to 130+00 1,200 ft 2,390 cfs 0.0090 fi/ft
6 130+00 to 176+71 4,671 &t 2,815 cfs 0.0090 fi/ft
7 176+71 10223421 4,650 ft 3,921 cfs 0.0054 fi/ft
8 223421 to 287+21 6,400 ft 5,703 cfs 0.0067 fi/ft
9 287+21 to 293+17 596 fi 12,306 cfs 0.0067 fi/ft

The results of the analysis for each of the reaches are discussed in the following paragraphs. Several initial
design iterations were performed to determine the size and profile of the channel to minimize earthwork
and target at least 1 foot of freeboard for the 100-year water surface elevation to natural ground line on the
south side of the bank. Table 5.1.2 summarizes the bottom widths (BW) in feet, hydraulic flow depth (FD)

in feet, and velocity (V) in feet per second for each reach and alternative used for the initial design.
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Railroad Channel — Preliminary Design Study City of Kingman
Table 5.1.2
Earthen Gabion Rip Rap Concrete

Reach BW FD v BW FD \% BW FD \% BW FD V

100 5.19 570 150 525 508 180 530 449 90 529 7.58

100 7.01 825 150 726 741 180 739 637 9.0 7.27  10.99
220 654 795 150 659 1075 18.0 6.18 1062 90 570  19.95
220 6.87 817 150 &2 8.55 18.0 836 758 100 839 1l1.62
420 549 7.82 300 548 10.65 350 554 935 180 5.61 16.14
440 625 7.56 300 625 1059 350 599 1000 180 6.05 17.20
96.0 5.03 7.18 70.0 504 971 800 512 849 450 501 1490
108.0 587 793 70.0 589 1185 80.0 598 1037 450 585 1812
108.0 6.45 1536 80.0 853 1485 940 855 1294 500 861 2271

D00 -] Oy Ln B W) B o=

The initial horizontal alignment for the channel utilized as much of the BNSF Railway right-of-way as
possible. The daylight line for the channel cut-slope on the north side targeted to match at the future third
track and access road embankment fill-slope limits. Figures 5.1.1 through 5.1.4 provide typical cross
sections proposed for the channel to illustrate the close coordination with grading within the BNSF right-

of-way. The railroad embankment quantity would require approximately 100,000 cubic yards of material.

5.2 Proposed Flood Control Alternatives

Four channel alternatives were considered for each of the 9 reaches; Earthen, Gabion, Riprap and Concrete.
Hydraulic analysis to determine a range of channel geometry that would achieve stable flow was computed
and reviewed. Afier an initial critique of the channel alternatives for each reach, not all of the alternatives

were considered for further study due to physical constraints and engineering judgement.

The Earthen alternative requires no bank protection by reducing channel velocity below the 6 fps erosive
velocity design criteria. This is accomplished by using a wide typical section, flattening the longitudinal
slope and providing drop structures where needed. This alternative typically requires additional right-of-

way for the wider channel.

The Gabion alternative provides 1-foot wire-tied rock bank protection and an earthen channel bottom. The
bank protection extends to 1-foot above the water surface elevation and a 6-foot apron along the toe of

bank. Stable, subcritical flow is achieved by reducing the longitudinal slope and using drop structures.
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The Riprap alternative also utilizes a natural bottom and has estimated a thickness of 18”. Barik protection
provides a toe down of 4 feet and extends to 1-foot above the water surface elevation. Drop structures

were used to control the longitudinal slope to insure stable hydraulic flow.

Concrete channel alternative allows supercritical and subcritical flow. The entire channel will be lined to
allow higher velocities and eliminates bank protection toe down. Cost estimates have used a slab thickness
of 6” for this study. Barnk protection will be keyed into the bank 1-foot above the water surface elevation.

Longitudinal slopes and channel geometry is set to insure flows are not within the unstable flow range of

the Froude Number (0.85 to 1.30).

Exhibits 5.1 through 5.4 provides the channel alignments for Earthen, Gabion, Riprap, and Concrete

alternatives, respectively.

Stantec Consulting Inc. 22
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Railroad Channel — Preliminary Design Study City of Kingman

5.2.1 Reach l
3.2.1.1 General

Reach 1 extends from the extension of Phoenix Avenue to Adams Street in the Hilltop area of the City.

The channel at Station 5+00 ties into an existing unimproved channel that intercept runoff from the north
side of Haulapai Mountain Road. From Station 5+00 to 47+00, the channel traverses across the BNSF
Railway Getz Station and crosses under Louise Avenue at Station 15+20. North of Station 47+00, the 200
feet of railroad right-of-way that is centered on the westbound tracks is abutted by 20 feet of roadway night-
of-way for Railroad Street within the Golden Gate Addition subdivision. The roadway is unpaved and the
lots are undeveloped. The proposed channel longitudinal slope of 0.20% follows the existing ground slope
of 0.20% and allows flows to be within the subcritical flow regime. Right-of-way or easement acquisition

from BNSF Railway across the Getz Station was assumed to be no-cost for the alternative selection.

A twin barrel 10’ x 6’ concrete box culvert is proposed for the crossing at Louise Avenue. This structure

would be used for any of the channel alternatives.

5.2.1.2 Earthen Channel

The typical section for the earthen-lined channel alternative provides for a 10-foot bottom width, flow

depths of 5.19 feet, and an average top width of 40.97 feet. The channel cut-slope limits extend into the
Railroad Street right-of-way and would require acquisition of private property for drainage right-of-way
and relocation of Railroad Street. Earthwork for this alternative would produce approximately 63,826

cubic yards of waste material.

5.2.1.3 Gabion Bank-lined Channel

The typical section for the gabion alternative provided a bottom width of 15 feet to insure a flow depth of

5.25 feet and 1 foot of freeboard. The channel cut-slope limits extend into the Railroad Street right-of-way
and would require acquisition of private property for drainage right-of-way and relocation of Railroad

Street. A total of 62,163 cubic yards of waste material is generated from the proposed improvements.

5.2.1.4 Riprap Bank-lined Channel
The typical section for the riprap bank-lined alternative uses a bottorn width of 18 feet. The channel cut-

slope limits extends into Railroad Street right-of-way and will require additional right-of-way for the

roadway relocation. The total earthwork waste for this alternative is 67,951 cubic yards.

Stantec Consulting Inc. 27
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5.2.1.5 Concrete Channel

The concrete-lined channel alternative provides for a bottom width of 9 feet and an average top width of

27.88 feet through Reach 1. The channel is contained all within BNSF right-of-way. Total excavation is
42,387 cubic yards.

5.2.1.6 Cost Estimates & Recommendation

Table 5.2.1 provides the cost estimates for each of the alternatives for Reach 1. A 15% contingency has

been added to the estimated construction cost. The Earthen alternative is the recommended channel.

Table 5.2.1
Earthen Gabion Riprap Concrete
Construction Cost $314,400 $1,104,060 $1,352,530 $789,410
Right-of-Way $16,475 $5,680 $8,250 $0
Total Cost $330,875 $1,109,740  $1,360,780  $789,410

3.2.2 Reach2
5.2.2.1 General
Reach 2 begins at Adams Street and runs east 1,800 feet to the west side of Eastern Street. Adams Street

will convey flows from a proposed detention basin and improvements to the roadway are currently being
designed. The channel longitudinal slope of 0.30% provides for subcritical flow for all of the alternatives.
From Station 57+00 to 66+00 the railroad right-of-way is abutted by 20 feet of roadway night-of-way for
Railroad Street within the Golden Gate Addition subdivision. From Airfield Avenue to the east within
Section 7, a 20-foot casement is adjacent to the BNSF right-of-way. There are no structures along the

alignment. However, one business (the tire store) at Station 64+00 may be impacted by the proposed

improvements.

5.2.2.2 Earthen Channel
Hydraulic analysis determined that a channel bottom width of 10 feet would be required with the top width

of 50.03 feet to daylight the slopes. The Earthen channel alternative will use the existing Railroad Street
right-of-way and require an additional 20 feet of right-of-way. A total of 26,545 cubic yards of waste

material is generated from the proposed improvements.
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5.2.2.3 Gabion Bank-lined Channel
The typical section for the gabion alternative provided a bottom width of 15 feet to insure a flow depth

of 7.26 feet and 1 foot of freeboard. The channel cut-slope limits extends into Railroad Street right-of-way
and will require 10 feet of additional right-of-way. A total of 25,761 cubic yards of waste material is

generated from the proposed improvements.

5.2.2.4 Riprap Bank-lined Channel
The typical section for the riprap bank-lined alternative uses a bottom width of 18 feet that provides a flow

depth of 7.39 feet. The channel cut-slope limits for this alternative also extends into Railroad Street right-
of-way and will also require an additional 10 feet of right-of-way. The total earthwork waste for this

alternative is 28,037 cubic yards.

5.2.2.5 Concrete Channel

The concrete-lined channel alternative provides for a bottom width of 9 feet and an average top width of

33.81 feet through Reach 2. The channel is contained all within BNSF right-of-way. Total excavation is
17,844 cubic yards.

5.2.2.6 Cost Estimates & Recommendation

Table 5.2.2 provides the cost estimates for each of the alternatives for Reach 2. Construction cost includes

15% contingency. The Earthen alternative is the recommended channel.

Table 5.2.2
Earthen Gabion Riprap Concrete
Construction Cost $106,850 $441,375 $557,820 $309,905
Right-of-Way $32,002 $16,027 $16,026 $0
Total Cost $138,855 $457,400 $573,845 $309,905
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5.2.3 Reach 3
5.2.3.1 General
Reach 3 extends from the west side of Eastern Street to the east 1,000 feet to Station 85+00, mid-block

between Alpha Street and Evans Street. Eastern Street turns from a north-south alignment and runs
easterly parallel to the BNSF Railway. The south side railroad right-of-way provides approximately 85
feet from the centerline of the eastbound tracks and a total of 200 feet. Eastern Street has 50 feet of right-
of-way adjacent to the railroad. This reach is unique due to the 2.36% longitudinal slope for the existing
ground line. Drop structures must be used to design for subcritical flow velocities. The roadway 1s paved

and the lots are undeveloped.

5.2.3.2 Earthen Channel
Hydraulic analysis determined that a channel bottom width of 22 feet would be required with 8 drop

structures. The Earthen channel alternative was eliminated from further study for this reach due to the

hydraulic parameters from the longitudinal slope.

5.2.3.3 Gabion Bank-lined Channel

The typical section for the gabion alternative provided a bottom width of 15 feet with 5 drop structures

to insure a flow depth of 6.59 feet and 1 foot of freeboard. The channel cut-slope limits extends into
Eastern Street right-of-way and will require additional right-of-way. A total of 7,870 cubic yards of waste

material is generated from the proposed improvements.

5.2.3.4 Riprap Bank-lined Channel
The typical section for the riprap bank-lined alternative uses a bottom width of 18 feet and 4 drop

structures for a flow depth of 6.18 feet. The channel cut-slope limits extends into Eastern Street right-of-
way and will require additional right-of-way for the roadway relocation. The total earthwork waste for this

alternative is 10,298 cubic yards.

5.2.3.5 Concrete Channel

The concrete-lined channel alternative provides for a bottom width of 9 feet, an average top width of 29.10

feet and 2 drop structures through Reach 3. This channel alternative will also require additional right-of-

way. Total excavation is 7,247 cubic yards.
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5.2.3.6 Cost Estimates & Recommendation

Table 5.2.3 provides the cost estimates for each of the alternatives for Reach 3. The Concrete alternative

is the recommended channel.

Table 5.2.3
Earthen Gabion Riprap Concrete
Construction Cost N/A $231,370 $282,845 $165,725
Right-of-Way N/A $15,271 $22,620 $7,095
Total Cost N/A $246,640 $305,465 $172,820

5.2.4 Reach 4

5.2.4.1 General
Reach 4 begins at the mid-block between Alpha Street and Evans Street (Station 85+00) and extends to

the east 3,300 feet to Station 118+00, the intersection of Eastern Street, Kenwood Avenue and North
Central Street. The railroad, Eastern Street, and proposed channel passes under Interstate 40 at Station
99+00. Eastern Street runs parallel to the BNSF Railway throughout this reach within a 50-foot roadway
right-of-way. The south side railroad right-of-way provides approximately 85 feet from the centerline of
the eastbound tracks and a total of 200 feet. This reach has a 0.35% longitudinal slope for the existing
ground line. Eastern Street roadway is paved and there are a few lots that have been developed south of
[nterstate 40. The concrete box culvert directing flows to the northwest to pass under the railroad and

SR66 will be by-passed and abandoned.

5.2.4.2 Earthen Channel
Hydraulic analysis determined that a channel bottom width of 22 feet would be required with a top width

of 61.37 feet to daylight the slopes and 2 drop structures to maintain grade. The Earthen channel
alternative was eliminated from further study for this reach since the charnel would require excessive right-

of-way acquisition and the restricted area under I-40 will require a narrower alternative.

5.2.4.3 Gabion Bank-lined Channel
The typical section for the gabion alternative provided a bottom width of 15 feet to insure a flow depth

of 82 feet and 1 foot of frecboard. The limits for the channel cut-slope will require right-of-way

acquisition. A total of 29,257 cubic yards of waste material is generated from the proposed improvements.
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5.2.4.4 Riprap Bank-lined Channel

The typical section for the riprap bank-lined alternative uses a bottom width of 18 feet which provides a
flow depth of 8.36 feet. The channel cut-slope limits extends into Eastern Strect right-of-way and will

require additional right-of-way for the roadway relocation. The total earthwork waste for this alternative

is 32,878 cubic yards.

5.2.4.5 Concrete Channel

The concrete-lined channel altemnative provides for a bottom width of 10 feet, an average top width of

38.16 feet and 1 drop structure through Reach 4. The concrete channel will impact Eastern Street right-of-

way and will require acquisition. Total excavation is 29,913 cubic yards.

5.2.4.6 Cost Estimates & Recommendation

Table 5.2.4 provides the cost estimates for each of the altematives for Reach 4. The construction cost

estimate includes a 15% contingency. The Concrete alternative is the recommended channel.

Table 5.2.4
Earthen Gabion Riprap Concrete
Construction Cost N/A $708,425 $1,049,185  $616,700
Right-of-Way N/A 337,548 $57,641 $18,160
Total Cost N/A $745075  $1,106,825  $634,860

5.2.5 Reach 5

5.2.5.1 General
Reach 5 extends from the intersection of Eastern Street, Kenwood Avenue and North Central Street

(Station 118+00) to the new Airway Avenue alignment (Station 132+00). Eastern Street runs parallel to
the BNSF Railway throughout this reach within 50 feet of roadway right-of-way. The south side railroad
right-of-way provides approximately 85 feet from the centerline of the eastbound tracks and a total of 200
feet. This reach has 2 0.35% longitudinal slope for the existing ground line. Eastern Street roadway is

paved and there are a few lots that have been developed south of Interstate 40.

In conjunction with the Airway Avenue Railroad Crossing project, new right-of-way for roadway and
drainage purposes has been identified for Reach 5 in order to provide a drainage channel around the

underpass site. Consequently, no additional right-of-way has been identified for this reach.
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5.2.5.2 Earthen Channel
Hydraulic analysis determined that a channel bottom width of 42 feet would be required with a top width

of 74.43 feet to daylight the slopes and 3 drop structures to maintain grade. The Earthen channel
alternative was eliminated from further study for this reach due to the curvilinear alignment requirement

for bank protection at the Airway Avenue railroad underpass.

5.2.5.3 Gabion Bank-lined Channel

The typical section for the gabion alternative provided a bottom width of 30 feet to insure a flow depth

of 5.48 feet and 1 foot of freeboard. A total of 25,713 cubic yards of waste material is generated from the

proposed improvements for this alternative.

5.2.5.4 Riprap Bank-lined Channel
The typical section for the riprap bank-lined alternative uses a bottom width of 35 feet. This provides a

flow depth of 5.54 feet for the riprap alternative and a total channel topwidth of 61.2 feet. The total

earthwork waste for this altemative is 27,604 cubic yards.

5.2.5.5 Concrete Channel

The concrete-lined channel alternative provides for a bottom width of 18 feet and an average top width of

37.82 feet through Reach 5. Total excavation is 18,571 cubic yards.

5.2.5.6 Cost Estimates & Recommendation

Table 5.2.5 provides the cost estimates for each of the alternatives for Reach 5. The Concrete alternative

is the recommended channel.

Table 5.2.5
Earthen Gabion Riprap Concrete
Construction Cost N/A $300,000 $361,720 $251,835
Right-of-Way N/A N/A N/A N/A
Total Cost N/A $300,000 $361,720 $251,835
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5.2.6 Reach 6
5.2.6.1 General
Reach 6 begins at the new Airway Avenue alignment (Station 132+00) and extends easterly 4,500 feet

(Station 177+00), just east of the extension of North Castle Rock Road along the railroad. Eastern Street
runs parallel to the BNSF Railway with 50 feet of roadway right-of-way to the existing Airway Avenue
alignment in Section 8. The south side railroad right-of-way provides approximately 85 feet from the
centerline of the eastbound tracks and a total of 200 feet. No additional right-of-way is existing north of
Section 8 within Section 5. Section 4 has a 70-foot wide strip of existing right-of-way adjacent to the
BNSF right-of-way. This reach has a 0.70% longitudinal slope for the existing ground line. As discussed
previously in Section 5.2.5.1, the land acquisition for the proposed Airway Avenue Railroad underpass
will provide the needed right-of-way for the channel within Section 8. Right-of-way identified for this
reach is all within Section 5. No building structures are impacted by the alignment through Reach 6.

3.2.6.2 Earthen Channel

Hydraulic analysis determined that a channel bottom width of 44 feet would be required with a top width

of 80.24 feet to daylight the slopes and 12 drop structures to maintain grade. The Earthen channel

alternative was eliminated from further study for this reach due to the curvilinear channel alignment

requirement for bank protection.

5.2.6.3 Gabion Bank-lined Channel

The typical section for the gabion alternative provided a bottom width of 30 feet and 3 drop structures to

insure a flow depth of 6.25 feet and 1 foot of freeboard. The channel cut-slope limits requires a 40-foot
wide strip of right-of-way within Section 5 with the remainder of the improvements within BNSF Railway
and/or existing roadway right-of-way. A total of 84,483 cubic yards of waste material is generated from

the proposed improvements.

5.2.6.4 Riprap Bank-lined Channel
The typical section for the riprap bank-lined alternative uses a bottom width of 35 feet. The riprap

alternative requirements are the same as the gabion alternative. The total earthwork waste for this

alternative is 84,369 cubic yards.
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5.2.6.5 Concrete Channel

The concrete-lined channel alternative provides for a bottom width of 18 feet and an average top width of

39.14 feet through Reach 6. The channel would require a 20-foot strip along the south side of the BNSF

right-of-way within Section 5. Total excavation is 49,038 cubic yards.

5.2.6.6 Cost Estimates & Recommendation

Table 5.2.6 provides the construction cost estimate with 15% contingency and right-of-way cost for each

of the alternatives for Reach 6. The Earthen alternative is the recommended channel alternative.

Table 5.2.6
Earthen Gabion Riprap Concrete
Construction Cost $480,630 $1,169,735  $1,370,235 $921,210
Right-of-Way $184,090 $184,535 $184,537 $126,687
Total Cost $664,720 $1,354,275 81,554,775  $1,047,900

5.2.7 Reach 7

5.2.7.1 General
Reach 7 begins at Station 177+00, just east of the extension of North Castle Rock Road and continues

parallel with the railroad a distance of 4,621 feet to Station 223+21, which is Diagonal Wash. Diagonal
Wash will be diverted into the railroad channel and downstream drainage structures will be abandoned.
The 70 feet of existing roadway right-of-way on the east side of the railroad right-of-way extends to Rae
Drive, the east-west mid-section line road for Section 4 at Station 182+00. Reach 7 enters Section 33 and
onto Kingman Airport property at Station 211+00 and BNSF Railway’s Berry Station has a total of 400
feet of right-of-way in Section 33 centered on their alignment, providing 200 feet on the south side. All
of the alternatives will require right-of-way and grading outside of the proposed right-of-way to provide
for the design channel depth. This reach has a 0.54% longitudinal slope for the existing ground line. No
building structures are impacted by the alignment through Reach 7.
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5.2.7.2 Earthen Channel

Hydraulic analysis determined that a channel bottom width of 96 feet would be required with a top width

of 126 feet to daylight the slopes and 8 drop structures. This will maintain a longitudinal slope of 0.2%
in order to meet the hydraulic design criteria. Reach 7 begins with needing 30 feet of right-of-way south
of Rae Drive and then expands to 110 feet until reaching Section 33. Within the Berry Station area and

on airport property, the earthen alternative will require only a 20-foot strip of new right-of-way.

5.2.7.3 Gabion Bank-lined Channel

The typical section for the gabion alternative provided a bottom width of 70 feet to insure a flow depth

of 5.04 feet and 1 foot of freeboard. Reach 7 gabion alternative will only require a 70-foot strip of right-of-
way in the north half of Section 4. A total of 28,869 cubic yards of waste material is generated from the

proposed improvements.

5.2.7.4 Riprap Bank-lined Channel
The typical section for the riprap bank-lined alternative uses a bottom width of 80 feet for a flow depth of

5.12 feet and 1 foot of freeboard. Reach 7 requires an 80-foot strip of right-of-way within the north half
of Section 4. The total earthwork waste for this alternative is 38,961 cubic yards.

5.2.7.5 Concrete Channel

The concrete-lined channel alternative provides for a bottom width of 45 feet and an average top width of

63 feet through Reach 7. 50 feet of right-of-way is required in the north half of Section 4. Total

excavation is 25,050 cubic yards.

5.2.7.6 Cost Estimates & Recommendation

Table 5.2.7 provides the cost estimates, including 15% contingency for the construction cost, for each of
the Reach 7 alternatives. The Earthen channel is the recommended alternative for this reach due to the

construction cost and potential to reduce right-of-way acquisition cost.

Table 5.2.7
Earthen Gabion Riprap Concrete
Construction Cost $320,715 $017,020 $1,148,135  $1,191,665
Right-of-Way $356,511 $202,465 $231,384 $144,618
Total Cost $677,225 $1,119,485  $1,379,520  $1,336,285
Stantec Consulting Inc. 36



mw-—nn

Railroad Channel — Preliminary Design Study City of Kingman

5.2.8 Reach 8
5.2.8.1 General
Reach 8 begins at Station 223+21, Diagonal Wash, and passes through the BNSF Railway’s Berry Station

site and Kingman Airport property extending to Station 287+21 for a total distance of 6,400 feet. Total
right-of-way width for the railroad and Berry Station within Section 33 is 400 feet, but reduces to 200 feet
in Sections 34 and 27. This reach has a 0.67% longitudinal slope for the existing ground line. At Station
285+00, a sand and gravel operation may be impacted by this reach.

5.2.8.2 Earthen Channel
Hydraulic analysis determined that a channel bottom width of 108 feet resulting in a top width of 142 feet

and 15 drop structures to maintain a longitudinal slope of 0.2% will be needed to meet design criteria.
Reach 8 earthen alternative will require 20 feet of right-of-way through the Berry Station in Section 33 and
increases to 130 feet at the west line of Section 34. The new right-of-way increases to 140 feet
approximately 300 feet east of the section line and extends into Section 27. Approximately 230,565 cubic

yards of waste material is generated from the alternative.

5.2.8.3 Gabion Bank-lined Channel

The typical section for the gabion alternative provides a bottom width of 70 feet to insure a flow depth of

5.89 feet and 1 foot of frecboard. At the west line of Section 34, an 80-foot strip of right-of-way will be
needed. The new right-of-way increases to 90 feet approximately 300 feet east of the section line and
extends into Section 27 to the terminus of Reach 8. A total of 144,955 cubic yards of waste material is

generated from the proposed improvements.

5.2.8.4 Riprap Bank-lined Channel
The typical section for the riprap bank-lined alternative uses a bottom width of 80 feet to provide a flow

depth of 5.98 feet. At the west line of Section 34, a 90-foot strip of right-of-way will be needed. The new
right-of-way increases to 100 feet approximately 300 feet east of the section line and extends nto Section

27 to the terminus of Reach 8. The total earthwork waste for this alternative 1s 164,960 cubic yards.
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5.2.8.5 Concrete Channel

The concrete-lined channel alternative provides for a bottom width of 45 feet and an average top width of

66 feet through Reach 8. At the west line of Section 34, a 50-foot strip of right-of-way will be required.
The new right-of-way increases to 60 feet approximately 300 feet east of the section line and extends into

Section 27 to the terminus of Reach 8. Total excavation is 94,536 cubic yards.

5.2.8.6 Cost Estimates & Recommendation

Table 5.2.8 provides the cost estimates for each of the alternatives for Reach 8. The construction cost

estimate includes a 15% contingency. The Earthen channel is the recommended alternative for Reach 8.

Table 5.2.8
Earthen Gabion Riprap Concrete
Construction Cost $1,005915  $1,714,710  $2,105,395  §1,973,735
Right-of-Way $508,987 $282,484 $314,830 $186,207
Total Cost $1,514,900 $1,997,195  $2,420,225  $2,159,960

5.2.9 Reach 9

5.2.9.1 General
Reach 9 begins Station 287+21 and terminates within 500 feet at Rattlesnake Hill Wash. This reach has

a 0.67% longitudinal slope for the existing ground line along a line parallel with the railroad. BNSF
Railway right-of-way is a total of 200 feet through this reach. As discussed previously, the railroad
drainage structure at Rattlesnake Hill Wash was reconstructed in the early 1990s after a fire destroyed the
previous wooden structure. The City of Kingman contributed funds to BNSF to increase the size of the
new structure to accommodate additional flows from the future Railroad Diversion Channel. The structure

was upsized and all parties agree in principal to divert all flows to this outfall.

All of the alternatives illustrate the channel outfalling into Rattlesnake Hill Wash essentially at a right
angle to the wash. Preliminary design will need to study alternatives to direct flows from the diversion
channel downstream into the main wash to mitigate scour and any significant sediment deposition. Right-
of-way has been illustrated for the channel only, but computed for 200 feet for all of the alternatives in

order to accommodate the confluence works.
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5.2.9.2 Earthen Channel
Hydraulic analysis determined that a channel bottom width of 108 feet would be required with a top width

of 145 feet to daylight the slopes. Channel right-of-way is illustrated at 140 feet. A total of 15,146 cubic

yards of waste material is generated from the proposed improvements.

5.2.9.3 Gabion Bank-lined Channel
The typical section for the gabion alternative provided a bottom width of 80 feet to insure a flow depth of

8.53 feet and 1 foot of freeboard. Channel right-of-way parallel to the railroad right-of-way is 90 feet. A

total of 10,768 cubic yards of waste material is generated from the proposed improvements.

5.2.9.4 Riprap Bank-lined Channel
The typical section for the riprap bank-lined alternative uses a bottom width of 94 feet for a flow depth of

8.55 feet. Channel right-of-way is illustrated at 100 feet. The total earthwork waste for this alternative
is 12,466 cubic yards.

5.2.9.5 Concrete Channel

The concrete-lined channel alternative provides for a bottom width of 50 feet and an average top width of

79 feet through Reach 9. This reach’s right-of-way requirements for the channel are 60 feet. The concrete
channel altemative was eliminated from further study as an alternate for this reach due to the proximity

to the railroad structure and confluence with the main wash.

5.2.9.6 Cost Estimates & Recommendation

Table 5.2.8 provides the cost estimates for each of the alternatives for Reach 9. Construction cost estimate
includes a 15% contingency. The Earthen channel, modified to provide gabion bank protection, is the

recommended alternative for the confluence structure.

Table 5.2.9
Earthen Gabion Riprap Concrete
Construction Cost $185,750 $168,545 $£214,640 N/A
Right-of-Way* $218,175 $218,175 $218,175 N/A
Total Cost $403,925 $386,720 $432.815 N/A

* 200 wide right-of-way through Reach 9 for all altemnatives
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6.0 RESULTS: ALTERNATIVES ANALYSIS

Table 6-1 provides a summary of the construction and right-of-way cost estimates for each reach and

alternative along with the total project costs for each alternative. The recommended alternative for each
reach has been identified in Table 6-2. Total construction cost for the recommended alternatives for the
project is $3,445,520 and right-of-way cost is $1,341,495. Complete quantities and cost estimate for each

reach and alternative is found in Appendix C.

Table 6-1

; 314,400 1,104,060 1.352,530 789,410
Right-of-Way 16,475 5,680 8,250 0
2 Construction 106,850 441,375 557,820 309,905
Right-of-Way 32,002 16,027 16,026 0
3 Construction N/A 231,370 282,845 165,725
Right-of-Way N/A 15,271 22,620 7,095
4 Construction N/A 708,425 1,049,185 616,700
Right-of-Way N/A 37,548 57,641 18,160
5 Construction N/A 300,000 361,720 251,835
Right-of-Way N/A ‘ N/A N/A N/A
6 Construction 480,630 1,169,735 1,370,235 921,210
Righi-of-Way 184,090 184,535 184,537 126,687
7 Construction 320,715 917,020 1,148,135 1,191,665
Right-of-Way 356,511 202,465 231,384 144 618
P Construction 1,005,915 1,714,710 2,105,395 1,973,755
Right-of~Way 508,987 282,484 314,830 186,207
g Construction 185,750 168,545 214,640 N/A
Right-of-Way 218,175 218,175 218,175 N/A
TOTALS
Unit prices for preparation of the cost estimates are as follows:
Earthwork - Excavation $3.50/cubic yard
Riprap $85/cubic yard
Gabions $90/cubic yard
Concrete $160/cubic yard
Drop Structures {(Concrete)  $250/cubic yard
Contingency 15%
Right-of-Way $1.00/square foot
Stantec Consulting Inc., 40
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Table 6-2

Cos
1 Earthen ‘ 314,400
2 Earthen 106,850
3 Concrete 162,725
4 Concrete 616,700
5 Concrete 251,835
6 Earthen 480,630 184,090
7 Earthen 320,715 356,511
8 Earthen 1,005,915 508,987
[\ Earthen w/Gabions 185,750 218,175
TOTALS $3.445,520 51,341,495

The total earthwork for the selected alternatives for the project is 575,325 cubic yards. With the railroad
embankment requiring roughly 100,000 cubic yards, an export of approximately 475,000 cubic yards

would be yielded from the project. Earthwork alone makes up 67% of the construction cost.

Use of the Earthen alternative will save significant construction cost, but will require more maintenance
cost to clean out and reshape slopes on a periodic basis. One advantage to an earthen channel is the

possibility to grow native grass and allow vegetation to reduce erosion. The concrete alternative will be

virtually maintenance free for Reaches 3, 4 and 3.

Hydrologic analysis revealed the need for the construction of the detention basins. The Southern Avenue
— Eastern Street basin is bounded on the east by Eastern Street, to the south by Southern Avenue, to the
north by Phoenix Avenue and to the west by Washington Street. The basin will eliminate storm water
runoff through the Hilltop area and control the outlet by releasing the outfall into Adarns Street, 650 feet
west of the basin. Mohave Engineering is proceeding with the design of East Golden Gate Addition
Improvement District which will design Adams Street to convey an 85 cfs outlet discharge from the basin.
The preliminary analysis will be revised during final design to size the outfall structure and basin to meet
the outfall criteria and provide complete protection for the 50-year event. Based on this study’s results,

spillway flow will not occur until the 100-year event. A rough cost estimate for the detention basin and

drainage facilities is approximately $400,000.
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The ADOT basin will provide additional protection downstream. Assumptions made for this study can
be revisited and additional analysis can be undertaken to increase the drainage area that would drain into

the facility. This would provide even more benefit to the overall area drainage master planning efforts.

The recommended alternatives for each reach of the channel meets all design critera to assure FEMA
approval for obtaining a Letter of Map Revision for the community. BNSF Railway would be relieved of
maintenance along this 5.15 mile section of tracks. Finally, protection throughout the southeast side of the

city is realized through the implementation of the Railroad Diversion Channel (and Basins) Project.
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7.0 PREFERRED CHANNEL ALTERNATIVE
7.1 General

The channel design for the preferred alternative was based not only on the findings from the alternatives

analysis discussed in Section 5.0 and 6.0 of this report, but also on comments from the City of Kingman
and from the BNSF Railway. Specifically, BNSF required that any channel design within their right-of-
way would incorporate a pervious, flexible, bank channel lining (i.e. an earthen channel design alone would
not be satisfactory). One possible armoring solution mentioned was an articulated revetment type of lining.
This type of lining consists of approximately square, pre-fabricated, interlocking concrete blocks which
are reinforced by longitudinal and lateral cables. Though construction costs would be expensive, this type
of lining would satisfy the hydraulic design requirements of the proposed channel. However, an articulated
revetment lining requires a side slope that is reasonable with respect to steepness (3:1 or 4:1 and not more
than 2:1). Therefore, due to right-of-way requirements of new channel construction not impeding future
railway track improvements within the middle reaches of the proposed channel, a stacked gabion
configuration was selected to minimize the channel widths required. Gabions provide the characteristics
desired in a flexible, yet protective bank lining (i.e. permits free drainage, reduces backpressure and allows
for quick coverage with vegetation). The hydrologic analysis specified nine concentration points along
the BNSF Railway alignment from Hualapai Mountain Road to Rattlesnake Hill Wash. Table 3.5.1
provides the 100-year peak discharges for each of the concentration points. Channel design is therefore
divided into nine reaches based on the watershed delineation and concentration point locations. The
stationing, length, peak discharge and longitudinal slope for each of the nine reaches is listed in Table 7.1.1
(this stationing is different than the stationing used for the alternatives analysis by a value of 100-+00 due

to incorporating extra reach length for Reach 1 into the preferred alternative).
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‘ Table 7.1.1
l Reach Stationing Length Design Discharge Design Slope
1 99+76.94 to 157+00 5,723.06 ft 679 cfs 0.0020 fi/ft
' 2 157+00t0 175+00 1,800 ft 1,589 cfs 0.0030 fi/fi
3 175+00 to 185+00 1,000 ft 1,994 cfs 0.0040 f/ft
4 185+00 to 218+00 3,300 ft 2,196 cfs 0.0035 fi/ft
l 5a 218+00to 221+75 375 ft 2,390 cfs 0.0045 f/ft
5b 221+75t0 229+30 755 ft 2,390 cfs 0.0025 ft/ft
l 6a 229+30 to 236+70 740 ft 2,815 cfs 0.0025 fi/ft
6b 236+70 to 241+65 495 ft 2,815 cfs 0.0062 fi/ft
E 6¢ 241+65t0 257+00 1,535 f 2,815 cfs 0.0038 ft/ft
6d 257+00 to 274+43 1,743 fi 2,815 cfs 0.0018 ft/ft
ﬁ 7 274+43 10 321+16 4,673 ft 3,921 cfs 0.0017 f/ft
321+16 to 383+57 6,241 ft 5,703 cfs 0.0016 ft/ft
' 9a 383+57t0 387+84 427 ft 12,306 cfs 0.0044 fi/ft
9b 387+84 t0 393483 599 ft 12,306 cfs 0.0128 fi/ft
. The channel depth and geometry for each reach (and sub-reach) was optimized in order to minimize
excavation quantities and channel bank lining cost while also providing a minimum of one foot of
I freeboard. Table 7.1.2 summarizes the bottom widths (BW), normal flow depth (FD), velocity (V) and
lining type for each reach for the preferred altemnative.
l Table 7.1.2

Reach BW  FD A% Lining
@ ()  (ps)

1 6.0 6.5 5.5 Gabion Mattress

2 28.0 68 7.7 Stacked Gabions
i 3 350 6.2 8.8 Stacked Gabions

4 400 59 8.9 Stacked Gabions

5a 40.0 5.8 9.9 Stacked Gabions
I 5b 260 6.3 10.8  Concrete

6a 32.0 6.2 11.¢6  Concrete

6b - 40.0 58 11.7  Stacked Gabions
l 6¢c 50.0 5.7 9.7 Stacked Gabions

6d 46.0 63 7.2 Earthen

7 70.0 6.3 73 Earthen
l 8 108.0 6.3 7.4 Earthen

Ga 150.0 6.2 12.6  Gabion/Earthen
P 9b 930 65 17.8  Gabion Mattress
I Stantec Consulting Inc. 44
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Through Section 8 and part of Section 5 (Township 21 North, Range 16 West), the horizontal alignment
for the channel utilizes as much of the BNSF Railway right-of-way as possible. After passing through the
residentially areas, the channel alignment falls completely outside of the BNSF railroad until outletting into
Rattlesnake Hill Wash. The daylight line for the channel cut-slope on the north side adjacent to the
railroad provides room for 2 possible future third track and access road. The construction line and the
channel centerline have been offset for several reaches in order to assist in establishing the cut-slope limits.

Figures 7.1.1 through 7.1.3 provide typical cross sections of the channel to illustrate the close coordination

with grading within the BNSF right-of-way.
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7ul Proposed Flood Control Measures

Normal depth calculations were performed iteratively to arrive at satisfactory channel geometry,
longitudinal slopes and linings for each reach. This was done to conform to night-of-way constraints and

minimize flow velocities, channel excavation, and backwater effects.

Gabion mattresses, lining a 2:1 trapezoidal channel, are proposed to be used for Reach 1. The channel is
7.5 feet deep with bank protection that extends across a six foot channel bottom and side slopes. Stable,

subcritical flow is achieved due to a relatively flat longitudinal stope (0.20%). No drop structures are

needed in this reach.

Stacked gabions are utilized in Reaches 2, 3 and 4, and in Sub-reaches 5a, 6b and 6¢. Stacked gabions
provide a stable and flexible bank lining while also maximizing the channel bottom width (the sides can
be nearly vertical). One 2°x3°x6’ and two 3°x3°x6’ rectangular gabions are staggered and stacked upon
one another to a height of eight feet providing a minimum of one foot of freeboard. A 12°x1’ gabion
mattress extends from under the bottomn stacked gabion into the channel for scour protection. The stacked
gabions run longitudinally along the reach with filter fabric being used throughout. One gabion drop
structure is needed in Reach 2. Due to the existing slope in Reach 3; five gabion drop structures are

needed. Reach 4 and Sub-reach 5a have one gabion drop structure total. Sub-reaches 6b and 6¢

incorporate three gabion drop structures total.

Concrete channel lining with 26-foot and 32-foot bottom widths and a 7.5-foot channel depth is used in
Reaches 5b and 6a for the portion of the channel alignment that meanders around the proposed Airway
Avenue and through the proposed box culvert at that location. The velocity increases slightly through these
reaches, but remains in the subcritical flow regime. The cost estimate uses a 6” slab thickness with the
concrete bank protection keyed into the top of bank. The 7.5-foot channel depth allows for a minimum
of one foot of freeboard above the water surface elevation. Longitudinal slopes and channel geometry are

set to insure flows are stable (Froude Number of 0.85 or lower). No drop structures are needed in these

two Sub-reaches.

An earthen channel is proposed for Sub-reach 6d, Reaches 7 and 8 and Sub-reach 9a. Due to the available
undeveloped open space and airport property, the channel right-of-way and alignment is shifted outside
the BNSF Railway, eliminating the need for bank protection. The channel velocities are controlled by

using a wider channel bottom and flatter longitudinal slopes (flatter slopes are obtained by using gabion

drop structures).
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Gabion mattresses are to be used for Sub-reach 9b. This portion of the channel increases in slope to
convey design flows under the railroad crossing at Rattlesnake Hill Wash. Due to the high velocities,

energy dissipation should be considered downstream of the structure. Exhibit 7.1 depicts the channel

alignment for the preferred alternative.

7.2.1 Reach 1

7.2.1.1 General
Reach 1 extends from the extension of Phoenix Avenue to Adams Street in the Hilltop area of the City.

The channel at Station 99+76.94 ties into an existing unimproved channel that intercepts runoff from the
north side of Haulapai Mountain Road (method of transitioning to this existing channel 1s left as an item
for final design). From Station 99+76.94 to 157-+00, the channel traverses across the BNSF Railway Getz
Station and crosses under Louise Avenue at approximately Station 113-+65. North of Station 157+00, the
200 feet of railroad right-of-way that is centered on the westbound tracks is abutted by 20 feet of roadway
right-of-way for Railroad Street within the Golden Gate Addition subdivision. The roadway is unpaved
and the lots are undeveloped. The proposed channel longitudinal slope of 0.20% follows the existing
ground slope of 0.20% (which maintains flow within the subcritical flow regime). Right-of-way
acquisition from BNSF Railway across the Getz Station has been included in the cost estimate. A twin

barrel 10” x 6° concrete box culvert is proposed for the crossing at Louise Avenue.

7.2.1.2 Gabion Maittresses
The typical section for Reach 1 is a trapezoidal channel, 7.5 feet deep, with a 6.0 foot bottom width and

2:1 (H:V) side slopes. One-foot thick gabion mattresses line the sides and bottom of the channel. A flow
depth of 6.5 feet allows for a minimum of one foot of freeboard. The channel cut-slope limits extend mto
the Railroad Street right-of-way and would require acquisition of private property for drainage right-of-way
and relocation of Railroad Street. A total of 47,890 cubic yards of waste material is generated and 8,380

cubic yards of gabions are needed for the proposed improvements.
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7.2.1.3 Cost Estimate

Table 7.2.1 provides the cost estimate for Reach 1. A 15% contingency has been added to the estimated
construction cost.

Table 7.2.1
Gabion Mattresses
Construction Cost $1,006,954
Right-of-Way $16,472
BNSF Right-of-Way $163,800 ($0.50/SF)
Total Cost $1,247,226

7.2.2 Reach 2

7.2.2.1 General
Reach 2 begins at Adams Street and runs east 1,800 feet to the west side of Eastern Street. Adams Street

will convey flows from a proposed detention basin and improvements to the roadway are currenily being
designed. From Station 157+00 to 166+00 the railroad right-of-way is abutted by 20 feet of roadway night-
of-way for Railroad Street within the Golden Gate Addition subdivision. From Airfield Avenue to the east
within Section 7, a 20-foot easement exists adjacent to the BNSF right-of-way. There are no structures

along the alignment. However, one business (the tire store) at Station 164+00 may be impacted by the

proposed improvements.

7.2.2.2 Stacked Gabions
The typical channel section consists of stacked gabions with a bottom width of 28.0 feet, a longitudinal

slope of 0.30%, a channel depth of 8.0 feet and a corresponding flow depth of 6.8 feet. The channel cut-
slope limits extends into Railroad Street right-of-way and will require 20 feet of additional nght-of-way.

A total of 20,496 cubic yards of waste material is generated and 4,800 cubic yards of gabions are needed

for the proposed improvements.
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7.2.2.3 Cost Estimate

Table 7.2.2 provides the cost estimate for Reach 2. Construction cost includes a 15% contingency.

Table 7.2.2
Stacked Gabions
Construction Cost $587,346
Right-of-Way $32,003
Total Cost $619,349

7.2.3 Reach 3

7.2.3.1 General
Reach 3 extends from the west side of Eastern Street to feet to Station 185+00, mid-block between Alpha

Street and Evans Street. Eastern Street turns from a north-south alignment and runs easterly paralle] to the
BNSF Railway. The south side railroad right-of-way provides approximately 85 feet from the centerline
of the eastbound tracks and a total of 200 feet. Eastern Street has 50 feet of nght-of-way adjacent to the
railroad. This reach is unique due to the 2.36% longitudinal slope of the existing ground line. A channel
slope of 0.40% is maintained through this reach by using drop structures. This keeps the velocities in the

subcritical flow regime. The roadway is paved and the lots are undeveloped.

7.2.3.2 Stacked Gabions
The typical section for Reach 3 is a 15-foot wide earthen bottom with stacked gabion banks. The channel

depth is 8.0 feet. Five drop structures are used within this reach to maintain a design slope of 0.40%. The

normal depth is 6.2 feet. The channel cut-slope limits extends into Eastern Street right-of-way and will

require an additional 40.0 feet of right-of-way. A total of 16,608 cubic yards of waste material is generated

and 2,667 cubic yards of gabions are needed for the proposed improvements.

7.2.3.3 Cost Estimate
Table 7.2.3 provides the cost estimate for Reach 3.

Table 7.2.3
Stacked Gabions
Construction Cost $391,171
Right-of-Way $36,916
Total Cost $428,087
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7.2.4. Reach 4
7.2.4.1 General
Reach 4 begins at the mid-block between Alpha Street and Evans Street (Station 185+00) and extends to

the east 3,300 feet to Station 218+00 at the intersection of Eastern Street, Kenwood Avenue and North
Central Street. The railroad, Eastern Street, and proposed channel passes under Interstate 40 at Station
199+00. Eastern Street runs parallel to the BNSF Railway throughout this reach within a 50-foot roadway
right-of-way. The south side railroad right-of-way provides approximately 85 feet from the centerline of
the eastbound tracks and a total of 200 feet. This reach has a 0.35% longitudinal slope for the existing
ground line. Eastern Street roadway is paved and there are a few lots that have been developed south of
Interstate 40. The concrete box culvert directing flows to the northwest to pass under the railroad and

SR66 will be by-passed and abandoned.

7.2.4.2 Stacked Gabions

The typical channel section consists of stacked gabions with a bottom width of 40.0 feet, a longitudinal

charmnel slope of 0.35%, a channel depth of 8.0 feet and a flow depth of 5.9 feet. The limits for the channel
cut-slope will require 30 to 40 feet of right-of-way acquisition. A total of 58,719 cubic yards of waste

material is generated and 8,800 cubic yards of gabions will be needed for the proposed improvements.

7.2.4.3 Cost Estimate

Table 7.2.4 provides the cost estimate for Reach 4. The construction cost estimate includes a 15%

contingency.
Table 7.2.4
Stacked Gabions
Construction Cost 81,158,474
Right-of-Way $61,223
Total Cost $£1,219,697
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7.2.5 Reach 5
7.2.5.1 General

Reach 5 extends from the intersection of Eastern Street, Kenwood Avenue and North Central Street

(Station 218+00) to the new Airway Avenue alignment (Station 229+30). Eastern Street runs parallel to
the BNSF Railway throughout this reach within 50 feet of roadway right-of-way. The south side of the
railroad right-of-way provides approximately 85 feet from the centerline of the eastbound tracks. The
existing ground line has a slope of 0.35% through this reach. For the preferred alternative, this reach has
been subdivided into two sub-reaches. Sub-reach 5a is parallel to the railroad and Sub-reach 5b covers that
portion of the reach where the channel alignment veers away from the railroad to loop around the new
Airway Avenue alignment. Eastern Street roadway is paved and there are a few lots that have been
developed north of Interstate 40. In conjunction with the Airway Avenue Railroad Crossing project, new
right-of-way for roadway and drainage purposes has been identified for Reach 5 in order to provide a

drainage channel around the underpass site. Consequently, no additional right-of-way has been identified

for this reach.

7.2.5.2 Stacked Gabions
The typical channel section for Sub-reach 5a consists of stacked gabions with a bottom width of 40.0 feet,

a longitudal slope of 0.45%, a channel depth of 8.0 feet and a flow depth of 5.8 feet. A total of 7,186 cubic

yards of waste material is generated and 1,000 cubic yards of gabions are needed for the proposed

improvements for this sub-reach.

7.2.5.3 Concrete Channel

The typical channel section for Sub-reach 5b consists of a concrete-lined channel with a bottom width of

26 feet, side slopes of 1.5:1 (H:V), a longitudinal slope of 0.20%, a channel depth of 7.5 feet and

corresponding flow depth of 6.3 feet. Total excavation is 17,636 cubic yards and the total concrete needed

is 742 cubic yards.
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7.2.5.4 Cost Estimate
Table 7.2.5 provides the cost estimate for both sub-reaches of Reach 5.

Table 7.2.5
5a-Stacked Gabions 5b-Concrete
Construction Cost $132.424 $207,439
Right-of-Way $0 $0
Total Cost $132,424 $207,439

7.2.6 Reach 6

7.2.6.1 General
Reach 6 begins at the new Airway Avenue alignment (Station 229+30) and extends easterly 4,513 feet

(Station 274+43), just east of the extension of North Castle Rock Road along the railroad. Eastern Street
runs parallel to the BNSF Railway with 50 feet of roadway right-of-way to the existing Airway Avenue
alignment along the north line of Section 8. The railroad right-of-way provides approximately 85 feet on
the south side of the eastbound tracks and a total of 200 feet. No additional right-of-way is existing
adjacent to the railroad within Section 5. Section 4 has a 70-foot wide strip of existing right-of-way
adjacent to the BNSF right-of-way. The prevailing longitudinal slope for the existing ground line through
this reach is 0.70%. For the preferred alternative, this reach was subdivided into four Sub-reaches, 6a, 6b,
6c and 6d. As discussed previously in Section 5.2.5.1, the land acquisition for the proposed Airway
Avenue Railroad underpass will provide the needed right-of-way for the channel within Section 8. Right-
of-way identified for this reach is all within Section 5. No building structures are impacted by the

alignment through Reach 6.

7.2.6.2 Concrete Channel

The typical channel section for Sub-reach 6a is a concrete-lined channel with a bottom width of 32 feet,

1.5:1 (H:V) slide slopes, a longitudinal slope of 0.25% a channel depth of 7.5 feet and a corresponding
flow depth of 6.2 feet. Total waste material generated is 16,288 cubic yards and the total concrete needed

is 809 cubic yards.
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7.2.6.3 Stacked Gabions
The typical section for Sub-reach 6b consists of stacked gabions with a bottom width of 40 feet, a channel

depth of 8.0 feet, a longitudinal slope of 0.62% and a corresponding flow depth of 5.8 feet. There are two
drop structures within this sub-reach. The channel cut-slope limits requires a 30-foot wide strip of right-of-
way within Section 5 with the remainder of the improvements within BNSF Railway and/or existing
roadway right-of-way. A total of 5,439 cubic yards of waste material is generated and 1,320 cubic yards

of gabions are needed for the proposed improvements.

7.2.6.4 Stacked Gabions

The typical section for Sub-reach 6¢ consists of stacked gabions with a bottom width of 50 feet, a channel

depth of 8.0 feet, a longitudinal slope of 0.38% and a corresponding flow depth of 5.7 feet. There 1s one
drop structure within this sub-reach. The channel cut-slope limits requires a 60-foot wide strip of right-of-
way within Section 5 with the remainder of the improvements within BNSF Railway and/or existing
roadway right-of-way. A total of 20,403 cubic yards of waste material is generated and 4,093 cubic yards

of gabions are needed for the proposed improvements.

7.2.6.5 Earthen Channel
The typical section for Sub-reach 6d is an earthen channel with a bottom width of 46 feet, 2:1 side slope

on the north side, 3:1 side slope on the south side, a channel depth of 7.5 feet, a longitudinal slope of
0.18% and a corresponding flow depth of 6.3 feet. The flatter side slope on the south side aids in reducing
bank scour from overland flows draining into the channel from the southeast. Though the flow velocity
is slightly higher than desired (7.2 fps), the conditions are stabilized by providing four gabion drop
structures. The channel cut-slope limits requires a 130-foot wide strip of right-of-way from Station 257+00
to 268+00 and a 90-foot wide strip of right-of-way from Station 268+00 to Station 274+43. The channel
improvements, beginning at this sub-reach, do not fall within BNSF Railway right-of-way and remain
outside of the BNSF Railway right-of-way to the end of the proposed channel. A total of 24,061 cubic

yards of waste material is generated and approximately 500 cubic yards of gabions are needed for the drop

structures for this sub-reach.
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7.2.6.6 Cost Estimate

Table 7.2.6 provides the construction cost estimate with 15% contingency and right-of-way cost for

Reach 6.

Table 7.2.6
Concrete Stacked Gabions Earthen
Construction Cost  $214,886 $705,004 $152,572
Right-of-Way $0 §75,364 $245,960
Total Cost $214,886 $780,368 $398,532

7.2.7 Reach 7

7.2.7.1 General
Reach 7 begins at Station 274-+43, just east of the extension of North Castle Rock Road and continues

parallel with the railroad a distance of 4,673 feet to Station 321+16 at Diagonal Wash. Diagonal Wash will
be diverted into the railroad channel and downstream drainage structures will be abandoned. The 70 feet
of existing roadway right-of-way on the east side of the railroad right-of-way extends to Rae Drive which
is the east-west mid-section line road for Section 4 (Station 280+00). Reach 7 enters Section 33 and onto
Kingman Airport property at Station 310+55 (BNSF Railway’s Berry Station has a total of 400 feet of
right-of-way in Section 33 centered on their alignment, providing 200 feet on the south side). This reach
has a 0.54% existing longitudinal slope. No building structures are impacted by the alignment through

Reach 7.

7.2.7.2 Earthen Channel
The typical section recommended for Reach 7 is an earthen channel having a bottom width of 70 feet, a

2:1 side slope on the left side, a 3:1 side slope on the right side, a channel depth of 7.5 feet, a longitudinal
slope of 0.17% and corresponding flow depth of 6.3 feet. Six gabion drop strucfures are needed in this
reach to maintain the channel slope of 0.17%. Due to the curvature of the channel within Reach 7, an
additional 90 feet of right-of-way is needed beginning south of Rae Drive, an additional 160 feet of right-
of-way is needed at Rae Drive and then an additional 260 feet is needed right before entering Kingman
Airport property. The improvements along this reach do not fall within BNSF Railway existing right-of-
way. A total of 110,818 cubic yards of waste material is generated and 1,120 cubic yards of gabions are

needed for the drop structures for this reach.
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7.2.7.3 Cost Estimate

Table 7.2.7 summarizes the cost estimate, including 15% contingency for the construction cost, for

Reach 7.

Table 7.2.7
Earthen
Construction Cost $568,499
Right-of-Way £588,147
Total Cost $1,156,646

7.2.8 Reach 8

7.2.8.1 General
Reach 8 begins at Station 321+16, Diagonal Wash, and passes adjacent to the BNSF Railway’s Berry

Station site through Kingman Airport property extending to Station 383+57 for a total distance of 6,241
feet. Total right-of-way width for the railroad and Berry Station within Section 33 1s 400 feet, but reduces
to 200 feet in Sections 34 and 27. The channel improvements for this reach do not fall within BNSF
Railway existing right-of-way. This reach has a 0.67% existing longitudinal slope. A sand and gravel

operation will be impacted by the channel improvements at Station 383--00.

7.2.8.2 Earthen Channel
An earthen channel is recommended for Reach 8 having a bottom width of 108 feet, a 2:1 side slope on

the left side, a 3:1 side slope on the right side, a channel depth of 7.5 feet, a longitudinal slope of 0.16%
and a corresponding flow depth of 6.3 feet. Ten gabion drop structures are needed in this reach to maintain
a channel slope of 0.16%. Reach 8 will require 200 feet of additional right-of-way through the Airport
property increasing to 260 feet of right-of-way past the west line of Section 34. Approximately 227,825

cubic vards of waste material is generated and 2,880 cubic yards of gabions are needed for the drop

stuctures for this reach.
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7.2.8.3 Cost Estimate

Table 7.2.8 provides the cost estimate for Reach 8. The construction cost estimate includes a 15%
contingency.

Table 7.2.8
Earthen
Construction Cost $1,225,287
Total Cost $1,225,287

7.2.9 Reach 9
7.2.9.1 General
Reach 9 begins at Station 383+57 and terminates at Rattlesnake Hill Wash (1026 feet reach length). For

the preferred alternative, this reach was subdivided into two sub-reaches, 9a (427 feet) and 9b (599 feet).
The entire reach has a 0.67% longitudinal slope for the existing ground line along a line parallel with the

railroad (BNSF Railway right-of-way is a total of 200 feet adjacent to this reach).

As discussed previously, the railroad drainage structure at Rattlesnake Hill Wash was reconstructed in the
late 1980s after a fire destroyed the previous wooden structure. The City of Kingman contributed funds
to BNSF to increase the size of the new structure to accommodate additional flows from the future
Railroad Diversion Channel. The structure was upsized and all parties agree in principal to divert all flows

to this outfall. See Appendix D for correspondence.

The preferred alternative illustrates the diversion channel curving around to meet up with Rattlesnake Hill
Wash. Though some design recommendations are discussed below, further design elements will need to
be evaluated at the junction of the diversion channel and the wash to mitigate scour and any significant
sediment deposition. Right-of-way for this reach would need to extend from the Railroad right-of-way for
a distance that would encompass the curvature of the channel as it redirects flow into the drainage
structure. The right-of-way needed through the Airport property would be approximately 260 feet from

the beginning of the reach to a maximum of 390 feet at the curve of the channel into Rattlesnake Hill

Wash.
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7.2.9.2 Earthen Channel with Gabion Mattresses
The typical section for Sub-reach 9a is an earthen channel with gabion mattress lined banks, a 150 foot

bottom width, a 2:1 side slope on the left, a 3:1 side slope on the right, a 7.5 foot channel depth, a
longitudinal slope of 0.44% and a corresponding flow depth of 6.2 feet. The flow velocities would be
approximately 11.4 fps. No drop structures would be needed. A total of 11,674 cubic yards of waste

material is generated and 1,018 cubic yards of gabions are needed for the proposed improvements.

7.2.9.3 Gabion Mattresses
For Sub-reach 9b, a completely lined trapezoidal channel (gabion mattresses) is recommended due to the

steeper slope. The steeper slope and one drop structure is necessary to lower the invert of the existing
Rattlesnake Hill Wash at the railroad drainage structure. The typical section for this gabion-lined channel
would have a bottom width transitioning from 150 feet to 93 feet, a 2:1 side slope on the left and right sides
(with earthwork and channel transitioning on the right bank with the existing wash being left for final
design), a 1.28% longitudinal slope, a transitioning channel depth from 7.5 feet to the depth at the brodge
drainage structure, and an approximate flow depth of 6.5 feet. The 93 foot width matches the approximate
width of the drainage structure underneath the railroad. A total of 5,248 cubic yards of waste matenal is

generated and 3,138 cubic yards of gabions are needed for the proposed improvements.

The drop structure upstream of the railroad bridge at MP 590.1 will assist in providing energy dissipation,

lower channe! velocities, and lower the wash invert to provide the capacity at the structure.

7.2.9.4 Cost Estimate

Table 7.2.8 provides the cost estimate for Reach 9. Construction cost estimate includes a 15%

contingency.
Table 7.2.9
Earthen w/Gabions (Gabions
Construction Cost $155.288 $358,150
Total Cost $155,288 $358,150
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8.0 PREFERRED ALTERNATIVE RESULTS AND IMPLEMENTATION

Table 8-1 provides a summary of the construction and right-of-way cost estimates for each reach of the

' preferred alternative along with the total project costs. Total construction cost for the preferred alternative
is $7,105,079 with a rnight-of-way cost of $1,219,885. Complete quantities and cost estimate for the
I preferred alternative is in Appendix C.
l Table 8.1
I ] Construction 1,066,954
Right-of-Way 180,272
E 3 Construction 587,346
Right-of-Way 32,003
3 Construction 391,171
i Right-of-Way 36,916
p Construction 1,158,474
Right-of-Way 61,223
l s, |Construction 132,424
Right-of-Way 0’
5h Construction 207,439
Right-of-Way 0’
- 6a Construction 214,886
Right-of-Way 0'
6b Construction 181,586
I Right-of-Way 0!
6e Construction 705,004
Right-of-Way 75,364
l 6d Construction 152,572
Right-of-Way 245,960
5 Construction 568,499
Right-of-Way 588,147
P Construction 1,225,287
Right-of-Way 0°
I % Construction 155,288
Right-of-Way 0
% Construction 358,150
Right-of-Way 0*
I TOTALS 81,760,664 $3,361,511 $422,325 52,780,405
I GRAND TOTAL $8,324,965
IRigbt-()f-way mcluded with Airway Avenue improvements.
*Right-of-way on Airport Authority property.
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Unit prices for preparation of the cost estimates are as follows:

Earthwork — Excavation $3.50 / cubic yard

Riprap $85 / cubic yard

Gabions $90 / cubic yard

Concrete $160 / cubic yard

Drop Structures (Gabions)  $90 / cubic yard

Contingency 15%

Right-of-Way $1.00 / square foot (BNSF $0.50 / square foot)

The total earthwork for the selected alternatives for the project is 602,575 cubic yards. With the railroad
embankment requiring roughly 100,000 cubic yards, an export of approximately 500,000 cubic yards

would be yielded from the project. Earthwork comprises nearly 30% of the construction cost.

Hydrologic analysis shows the need for the construction of the detention basins. The Southern Avenue —
Eastern Street basin is bounded on the east by Eastern Street, to the south by Southern Avenue, to the north
by Phoenix Avenue and to the west by Washington Street. The basin will eliminate storm water runoff
through the Hilltop area and control the outlet by releasing the outfall into Adams Street, 650 feet west of
the basin. Mohave Engineering is proceeding with the design of East Golden Gate Addition Improvement
District which will design Adams Street to convey an 85 ¢fs outlet discharge from the basin. The
preliminary analysis will be revised during final design to size the outfall structure and basin to meet the
outfall criteria and provide complete protection for the 50-year event. Based on this study’s results,

spiltway flow will not occur until the 100-year event. A rough cost estimate for the detention basin and

drainage facilities is approximately $400,000.

The ADOT basin will provide additional protection downstream. Assumptions made for this study can
be revisited and additional analysis can be undertaken to increase the drainage area that would drain mto

the facility. This would provide even more benefit to the overall area drainage master planning efforts.

The recommended alternative for the Railroad Diversion Channel meets all design criteria to assure FEMA
approval for obtaining a Letter of Map Revision for the community. BNSF Railway will not have to be
concerned with maintenance of drainage culverts along the 5.2 mile section of tracks. Finally, protection

throughout the southeast side of the city is realized through the implementation of the Railroad Diversion

Channel (and Basins) Project.
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The project can be phased to begin providing a benefit to the community. The following provides an order

to the implementation of the project.

(1) Right-of-way acquisition for the entire project would insure that the corridor is set aside for flood

control improvements.

(2) Construction of the detention basin in order to coordinate with design assumptions of the East Golden
Gate Addition Improvement District project.

(3) Construct Reach 5b and 6a with the Airway Avenue Grade Separation Project.

(4) Construct the project beginning with Reach 9 and continuing through to Reach 1.

The two major railroad drainage structures to be diverted into the channel are Diagonal Wash and the
culvert at the north side of Interstate 40. Depending on available funds, providing project limits to capture

these flows will greatly improve downstream drainage conditions.
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HEC-1 INPUT/OUTPUT

3.5" Diskette
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HYDRAULIC ANALYSIS OUTPUT
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City of Kingman - RR Channel / Reach 1 / Earthen
Rating Table for Trapezoidal Channel

Project Desoription

Workshest

Flow Element

2:1/3.1 slepes (Reach 1)-Earthen-su
Trapezoidal Channel

Method Manning's Formula
Solve For Channel Depth
input Data
Mannings Cosgffic  0.025
Siope 002000 R
Left Side Siope 200 H:V
Right Side Slape 300 HV
Discharge 680.00 cfs
Attribute Minimum  Maximum  Increment
Bottom Widih (ft) 5.00 30.00 1.00
Bottom 1 Depth | Velocity | Flow Wetted Top
Widih () {ft/s) Area [Perimeter] Width
{ft} {it%) {ft) (ft}
5.00 5.85 575 1182 37.11 34.74
§.00 578 575 118.3 37.22 3492
7.00 563 5.74 118.5 37.37 35.13
8.00 5.48 573 118.8 37.56 3538
9.00 5.33 5.71 119.0 37.78 3586
10.00 518 570 119.4 38.03 35.97
11.00 5.06 5.68 118.7 38.32 36.21
12.00 4.94 5.66 1261 38.64 3888
13.00 4.81 5.64 1205 38.89 37.07
14.00 470 .62 121.C 39.37 37.50
18.00 4.5¢ 5.60 121.5 38.78 37.88
18.00 4.48 &.57 122.0 43.21 3842
17.00 438 558 1226 4067] 3882
18.00 4239 5.52 123.2 41.15 39.44
18.60 420 549 122.8 41.66 35.88
20.00 411 5.47 124.4 42.18 40.85
21.00 4.03 5.44 125.0 4273 4113
22.00 3.88 5.41 1257 43.30 4173
23.00 3.87 5.3 128.4 43.88 42.34
24.00 278 5.35 127.1 44 48 42.97
25.00 3.72 5.32 127.8 4510 43682
28.00 368 5.29 128.5 4574 44.28
27.00 3.59 5.28 1282 45.39 44 .95
28.00 3.53 5.23 130.6 47.05 45.65
25.00 3.47 520 130.7 47.73 46.35
30.00 3.41 517 131.5 4842 47.08

niwrcadway\28660038wesiyn calculations\yirohan.fm2

O7/07/00 02:00:33 PM © Haestad Methods, Inc.

"~

Stantech Consulting inc
37 Brookside Road Waterbury, CT 08708 LiSA

Project Engineer: Staptech Consulting Inc

(2Q3) 755-1666

Flowidaster v6.0 [814b]
Page 1 of 1
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City of Kingman - RR Channel / Reach 1/ Station 5+00 to 57+00
Worksheet for Trapezoidal Channel

Project Description

Worksheet 2:1/3:1 slopes {Reach 1)-Earthen-subcritical
Flow Eismant Trapezoidal Channel

Meathod Manning's Formula

Solve For Channet Depth

input Data

Mannings Coefficient 0.025

Siope 0.002600 it
Left Side Siope 200 MoV
Right Side Siope 300 MV
Bottom Width 20.00 ft
Discharge 6580.00 ofs
Resuits
Depth 411 ft
Flow Area - 124.4 2
Wetted Perimeter 42.18 ft
Top Width 40.55 #
Criticai Depih 280 ft
Critical Siope 0.007217 W
Veiocity 547 fi's
: Veiocity Head 048 ft
l Specific Energy 4.57 ft
rrouds Number .85
- Flow Type Subcritical
‘ Project Engineer: Stantech Consulting Inc
mroadway\28560038\design calculations\rrchan.fm2 Stantech Ceonsulting Inc FlowhMaster v6.0 [614b]
05/18/00 04:28:48 PM @ Haestad Methods, Inc. 37 Brookside Roag  Waterbury, CT 08708 USA  {203) 755-16588 Fage 1 of t
i BR /-2



: City of Kingman - RR Channel / Reach 1/ Gabions
l Rating Table for Trapezoidal Channel

Project Description

Workshest 2:1 slopes {Reach 1Gebion-subcritical
: Flow Elemeant Trapezoidal Channet
Method Manning's Formula
Solve For Channegl Dapth
I input Data
Mannings Coefficient 0.030
: Siope 0.002000 fuft
y Left Side Slope 200 MV
l Right Side Slope 200 H: v
: Discharge 880.00 ¢fs
l Attribute Minimum Maximum increment
. Bottom Width (ft} 15.00 30.00 5.60
E HBottom Depth Velocity Flow Wetted Top
Width {ft) (ft/s} Arez Parimeter Widin
{r) {ft%} (ft) {ft}
10.00 5.68 5.18 131.3 38.74 33.82
15.00 525 5.08 133.7 38.46 35.99
20.00 4.687 4.98 1371 40.89 3888
25.00 422 4.82 141.0 43.88 41.868
l 30.00 3.8% 4.68 145.2 47.22 45490
I Project Enginesr: Stantech Consulting Inc
niroadwayiZB560038\design calcuialionsyrchan . im2 Stantech Consulting Inc FlowMaster v8.0 [814b]
05/18/00 04:27:14 PM € Haestad Methods, Inc. 27 Brookside Road  Waterbury, CT 08708 USA  (203) 755-1665 Page 1 of 1
=f L 2
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City of Kingman - RR Channel / Reach 1 / Station 5+00 to 57+00 R
l Worksheet for Trapezoidal Channel

Project Description

Waorksheet 2:1 slopes (Reach 1-Gabion-subcritical
Flow Eiement Trapezoidal Channel

Methed Manning's Formuia

Solve For Channel Depth

Input Daia

Mannings Coefficisnt 0.03C

Siope D.GG2000 firft
i.eft Side Slepe 200 H:v
Right Side Siope 2.00 H:V
Bottorn Width 15.00 #
Discharge 880,00 cfs
Resuits
Depth 525 #t
Flow Area 1337 f#2
Wetted Perimeter 38.46 ft
Top Width 3569 #
Critical Depth 341 #
i Critical Slope 0.0102682 Wit
: Vealocity 5.08 fus
5 Velocity Head 0.40
l Specific Energy 585 #
Froude Number 0.48
- Flow Type Subcritical
‘ Project Engineer: Stantech Consuiting Inc
niroadway\28660038\design calculationsirrechan.fm2 Stantech Consulting Inc FiowhMaster v&.0 [814D)
O%/18/00 04:26:25 PM © Haestad Methods. Inc. 37 Brookside Road  Waterbury, CT 08708 USA (203) 765-1688 FPage 1 of 1
| Bil=if



City of Kingman - RR Channel / Reach 1/ Riprap
l Rating Table for Trapezoidal Channel

Project Description

Worksheet 2:1 slopes (Reach 13-k
Flaw Elamant Trapezoidal Channel
Method Manning's Formula
Soive For Channs! Depth

Input Bata

Mannings Coeffic  0.035
Slope 002000 a4
Left Side Slope 2.00 H:V
Right Side Slope 2.00 H:V

Discharge 68C.00 cfs
Adtribute Minimum  Maximum  Incremeant
Bettom Width (/) 2.00 23.00 1.00

Bottom Dapth | Velocity Flow Wetted Top
Width () {ft/s) Area [Perimeter; Width
5 () {ft) ]
2.00 806 4.68 146.1 3805 3424
3.00 7.83 466 146.0 38.40 34.31
4.00 760 456 148 0 38.00 34.41

5.00 7.28 4.68 1461 38.03 34.55
5.00 7.18 465 148.2 38.11 34.72
7.00 £5.98 4.85 145.3 38.42 34.92
8.00 6.79 4.84 146.6 38.37 35.16
9.00 6.81 483 148.9 38.56 35.44
10.00 6.44 4.82 147.2 38.78 3574
11.00 8.27 4.51 147.6 39.04 35.08
12.00 5.11 4.59 148.0 39.33 36.44

13.00 5.66 488 1485 3265 36.84
14.00 5.81 4.55 148.0 40.00 37.28
15.00 5.68 455 1486 43.39 37.71
16.00 5.54 4.53 1802 40.80 38.18
i7.00 542 4.514 150.8 41.23 35.88
18.00 5.30 449 151.5 41.70 39.19
19.00 5.18 447 152.2 42.18 3873

20.00 507 4.45 153.0 42.69 40.28
21.00 .87 442 153.7 43.22 40.87
22.00 £.87 4.40 154.5 43.77 41.47
23.00 4.77 4.38 1553 4434 42.09
24.00 4.88 438 1581 44.93 4272
25.00 4.59 433 187.0 4553 43.37
25.00 451 4.31 167.8 4616 44 03

27.00 4.43 428 158.7 45.78 4470
28.00 4.35 4.28 1585 47.45 4539
28.00 4.27 4.24 160.4 48.11 45.08
30.00 4.20 4.2% 161.4 48.79 46.81
31.00 413 4.18 162.3 49.48 47.53
32.00 4.07 4.17 163.2 50.18 48.26
33.00 4.00 4.14 1541 50.80 48.0%
34.00 3.94 412 165.0 51.82 49.78
35.00 3.88 410 168.0 52.38 50.52

Project Engineer: Stantech Consulting Ing
miroadway\28880038\design calculations\rrehan fm2 Stantech Consulting inc Flowdaster v8.0 [814b]
07/95/00 10:150:38 AM @ taestad Meathods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA (203} 755-1688 Page 1 of 1

I B -5



City of Kingman - RR Channel / Reach 1/ Station 5+00 to 57+00
Worksheet for Trapezoidal Channel

Project Description

Workshest 2:1 slopes (Reach 1)-Riprap
: Fiow Elemeant Trapezoidal Channel
l Method Marnning's Formula
Solve For Channel Depin
l input Data
Mannings Coefficient ¢.035
: Stope 0.002000 vt
' Left Side Slope 200 MV
l Right Side Siope 200 H:V
Botiom Width 20.00 f#t
Discharge §80.00 cfs
. Results
: Depth 507 ft
E Fiow Area 153.0
Wetted Perimeter 4269 #
. Top Width 40.25 #
Critical Depth 287 #
ﬁ Critical Slope 0.014088 Uit
Velocity 4.45 fi/s
Velocity Head G.31 ft
l Specific Energy 538 ft
Froude Number 0.40
: Flaw Type Subcritical
Project Engineer: Stantech Consulting Inc
niroadway\28860038\design catcutations\rrchan. fm2 Stantech Consulting inc FlowMaster v6.0 [514b)

05/19/00 04:28:24 PM © Haestad Metnods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA {203) 755-1886 Page 1 of 1

I ‘ PR~



City of Kingman - RR Channel / Reach 1/ Concrete
Rating Table for Trapezoidal Channel

Froject Description

Workshest 1.5:1 slopes (Reach 1)-Concrete-S1
Flow Element Trapezoidal Channel

Mathod Manning's Formuia

Solve For Channel Depth

input Data

Mannings Coeffic 0.018
Slope Go2000 R
Left Side Siope 150 H: W
Right Side Slope 1.50 H:V

Discharge 680.00 cfs
Attribute Minimum  Maximum  Increment
Bottom Width (f} 2.00 30.00 1.00

Bottom | Depth | Velocity Flow Wetted Top

Width () (ft's} Area  |Perimeter; Width
(fty it ) (ft)
2.00 7.08 7.65 88.9 27.45 23.18
3.00 8.78 7.66 887 27.38 2327
4.50 6.47 787 BB.7 27.33 23.41
5.00 8.20 7686 83.7 27.37 23.51
8.60 5.85 7.65 88.5 27.48 23.86
7.00 572 7.683 891 27.82 2415
8.00 5.50 7.61 883 27.82 2450
8.00 5.28 7.88 83.7 28.08] 2488
10007 BH0] T 755 901 28400 2531

- ™ = = mom o omgn =

11.00 4.82 7.51 90.5 28.75 25.77
12.00 4.76 7.47 81.0 28.15 28.27
13.00 4.60 743 91.6 25.59 26.80
14.00 4.48 7.38 g92.1 30.06 27.37
15.00 4.32 7.33 92.8 30.87 27.96
16.90 4.18 7.28 93.4 31.114 28.57
17.00 4.07 7.23 841 31.68 2522
18.00 3.968 747 4.8 32.28 28.88
18.00 3.85 7z 85.5 32.90 30.56
20.00 378 7.08 66.3 33.54 31.27
21.00 366 7.0% 7.0 3420 31.8%
22.0C 3.57 £.95 o978 34.89 32.72
23.00 .48 £.20 98.8 25.59 33.47
24.00 3.41 €54 85.4 38.30 34.24
25.00 3.34 879 100.2 37.04 35.01

227 6.74 101, 37.78 38.80
320 6.68 101.8 38.54 38.60
3.14 6.63 102.6 34.31 37.41
29.00 3.08 5.58 103.4 43.09 38.23
30.00 3.02 8.53 104.2 40.88 38.05

IR T O .
BSOR P
RN 54
D oo
OO

Project Engineer: Stantech Consulting Inc

rv\roadway\28680038\design calculationsirrchan fm?2 Stantech Consulting Ine FlowMaster v&8.0 [614b]
08/28/00 09:53:32 AM @ Haestad Methods, Inc. 37 Brookside Road  Waterbury, OT 068708 USA (203} 755-16686 Page 1 of 1
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City of Kingman - RR Channel / Reach 1/ Station 5+00 to 57+00

Worksheet for Trapezoidal Channel

Project Description

Worksheet 1.5:1 siopes {(Reach 1)-Concrste-Suboritical
Fiow Elernent Trapezoida! Channal

Method Manning's Formuia

Soive For Channei Depth

input Cata

Mannings Cosefficient

0.018

Siope 0.002000
Left Side Siope 1.50 MoV
Right Side Slope 1.50 H: v
Bottem Width 1C.00 fi
Discharge 580.00 ofs
Resuits

Depth 510 f
Fiow Area ac. fi#
Wetted Perimeter 2840 ft
Top Widih 2531 #
Critical Depth 421
Critical Slope C.004188 fuft
Veiogcity 7.55 s
Velocity Head 0.89 #
Speclfic Enegrgy 589 #t
Froude Number 0.71

Flow Type Subcritical

niroadweay 28660038\design caiculations\rrchan.im2

05/19/00 04:24:28 PM

© Haestad Methods, inc.

Stantech Consuflting inc

37 Brookside Road  Waterbury, CT 08708 USA

(203) 755-1668

Project Engineer: Stantech Consulting Inc
FlowMaster v6.0 [614b]
Page 1 of 1
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l City of Kingman - RR Channel / Reach 2 / Earthen
Rating Table for Trapezoidal Channel

Project Description

Workshest 2:1/3:1 siopes (Reach 2)-Earthen-S¢
Flow Element Trapezoidal Channel

Method Manning's Formuia

Solve For Channet Depth

input Data

Mannings Coeffic 0025
Slope 003000 /it
Left Side Siope 200 H: Vv
Right Side Slope 300 H:V

Discharge .580.0C cfs
Adtribute Minimum Maximum increment
Bottom Width {ft) 5.00 35.00 1.00

Botiom | Depth | Veiociy Flow Wetted Top

Width (ft} {fifs) Area  Perimeter Width
{ft) (ft%) {ft) {ft}
5.08 7.82 §.28 181.8 47.19 44 08
€.00 7.84 828 191.9 47.25 44 .21
7.00 7.48 8.28 1821 47 .38 44.38
8.00 7.31 827 182.3 47.49 44 57
.00 7.16 8.26 18925 47.64 4479

10.00 7.G1 8.25 192.8 47.83 45.03
11.00 5.88 8.23 193.2 45.04 45.30
12.00 6.72 822 183.5 48.28 4560
13.00 6.58 8.20 184.0 48.54 45.92
14.00 6.45 §.18 194.4 48.83 45.26
15.00 6.33 8.16 164.9 49.15 46.63
18.00 8.20 813 195.5 45,49 47.02
17.00 &.08 &.11 196.0 45.85 47.43
18.00 5.67 8.09 186.5 50.24 47.86
12.00 5.86 §.08 187.3 5064 48.31
20.00 5.78 8.03 167.9 51.07 48.78
21.00 5.885 8.00 188.8 51.52 44.27

22.00 556 7.98 189.4 51.96 4978
2200 540 7.85 2001 52.47 50.30
2400 537 T7.92 200.¢ 52.08 50.84
25.00 5.28 7.88 261.7 53.50 5%.40
26.00 518 7.85 202.5 54.04 51.97
27.00 G511 7.82 203.3 54.59 52.65
28.00 5.03 .79 2041 £56.18 5318

28.00 4.85 78 205.0 5574 53.77
30.00 4.88 772 2059 56.34 54.35
31.00 4.81 7.89 208.8 56.95 55.03
32.00 4.74 7.68 207.7 57.657 55.68
33.00 467 7.82 208.6 58.20 56.34
34.00 4.80 7.59 2008 58.88 57.02
35.00 4.54 7.58 210.4 58.51 57.70

Project Engineer: Stantech Consulting Inc

niircadway\Z286560038\design calcutationsirrechan.im2 Stantech Consulting ing FlowMaster v8.0 {814b]
G7/07/00 02:01:08 PM © Hasstad Methods, Inc. 37 Brookside Road  Waterbury, CT 068708 USA  (203) 755-1888 Page 7 of 1
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l City of Kingman - RR Channel / Reach 2/ Station 57+00 to 75+00
Worksheet for Trapezoidal Channel

Project Desoription

Worksheet 2:1/3:1 siopes {Reach 2)-Ezarthen-Subcritical
; Flaw Element Trapezoidal Channel
l Method Manning's Formula
Solve For Channel Depth
' input Data
Mannings Coefficient 0.025
Slope 0.003000
l Left Side Slope 200 H:V
Right Side Slope 300 HV
Sotiom Width 15.00 ft
l Discharge 1,580.00 ofs
Results
Depth 5.33 ft
E Flow Area 164.9 2
Wetlted Perimster 4915 §t
Q Top Width 4663 fi
i Critical Depth 526 f
Critical Siope 0.0082357 fyft
' Velocity 8.18 fus
Velocity Head 1.03 ft
I Specific Energy 7.36 #
: Froude Number 0.70
- Flow Type Subcritical
i Project Engineer: Stantech Consulting Inc
; niroadway\28680038\gesign calculationsirrchan fm2 Stantech Consulting Inc FlowMaster v6.0 [614b}
05/19/00 04:12:33 PM & Haestad Methods, inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-18686 Page 1 of 1
I 2T s
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City of Kingman - RR Channel / Reach 2/ Gabions
Rating Table for Trapezoidal Channel

Froject Description

Worksheet 2:1 slopes {Reach 23-Gabion-sul
Flow Element Trapezoidal Channe!

Method Manning's Formula

Solve For Channe! Depth

Input Data

hMannings Coeffic  0.G30

Slope 003000 fi/ft

Left Side Siope 200 H:V
Right Side Slope 200 H!V
Discharge 580,00 cfs

Aftribute Minimum Maximum increment

Bottom Width (ft) 16.60 &0.00 5.00

Bottom Diapth Velocity Flow Weited Top
Width {f) (ft/s} Area |Perimeter] Width
() (ft*) {f (1)
10.00 8.10 7.48 2122 485.22 42 40
15.00 7.26 7.41 214.5 47 449 44.08
20.00 6.57 7.30 217.9 48.40 46.28
25.00 5.00 7.18 222.2 51.85 49,01
30.00 553 7.60 227.0 5473 52.12
35.00 513 5.85 232.3 57.95 55.83
40.00 4.79 5.68 237.8 61.44 £y.18
4500 4,51 8.52 243.4 8518 63.03
50.00 4.28 .38 249.1 £89.04 67.03
55.00 4.04 §.24 254.8 73.07 7118
60.00 3.85 6.10 280.5 77.21 75.38
Project Engineer. Stantech Consulling ing
n:\roadway\z28660038\design calculations\rrchan. fm2 Stantech Consuiting Inc FlowMaster v6.0 [614D)
OB/08/00 05:38:36 PM © Haestad Mathods, Inc. 37 Brookside Road  Waterbury, CT 08708 USA  {203) 755-1666 Page 1 of 1



City of Kingman - RR Channel / Reach 2 / Station 57+00 to 75+00
Worksheet for Trapezoidal Channel

Froject Dascription

:‘ Worksheet 2:1 slopes {Reach 2}-Gabion-subcritical
rlow Elemant Trapezoida! Channel
l Method Manning's Formuia
: Solve For Channel Depth
I input Data
Mannings Cosfficient 0.030
Stope 0.003000 f/it
l Left Side Slope 2.00 H:V
Right Side Slope 200 H:V
P Bottom Width 15.00 f
l Discharge 1,580.00 ¢fs
i Resuits
Depth 728 ft
Flow Area 2145 f*
Wetled Perimeter 47.42 f
Top Width 4408 ft
i Criticat Dapth 548 f
ritical Siope 0.009151 frv/it
Velocity 7.41 fis
' Velocity Head 0.85 #
! Specific Energy g4z ft
: Froude Number 0.59
- Fiow Typs Subcritical
P Proiect Engineer: Stantech Consulting Inc
niroadway28660038\design calcutationsirrchan. fm2 Stantech Consulting Inc Flowbiaster v6.0 [814b]
I QE19/00 04:05:38 PM © Haestad Methods, inc. 37 Brookside Road  Waterbury, CT 08708 USA {203} 755-1566 Page 1 of 1
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City of Kingman - RR Channel / Reach 2/ Riprap
Rating Table for Trapezoidal Channel

Project Description

Workshest 2:1 slopes {(Reach 2)-R
Fiow Element Trapezoidal Channel
tethod Manning's Formutla
Solve For Channe! Depth

input Data

Mannings Cosffic  0.035
Siope 003000 Ut
Left Side Slope 200 H:.v
Right Side Stepe 2,00 H: V

Discharge .590.00 cfs
Attribute Minimum  Maximum  incremens
Bottom Width (it} 500 30.00 1.00

Boitem | Depth | Velocity Fiow Wetted Top

Width {1 (ft/s) Area Perimeter; Width
{f1) (% {f ()
5.0 9.71 6.71 2371 48.42 43.84

6.00 9.49 6.70 2372 48.45 43.87

7.00 9.28 6.70 2373 48.51 4413

8.00 9.08 670 237.5 48.60 44 31

9.00 8.88 6.69 237.7 48.72 44.353
10.0G 8.68 .68 238.0 48.87 4477
11.00 8.51 6.67 238.3 49.05 4503
12.00 8.33 6.66 238.7 48.25 45.32
13.06 g8.18 6.65 238.2 4944 4583
14.00 7.9% 5.63 239.7 48976 4587
15.00 7.BS .62 240.2 50.03 46 .34
16.00 7.88 .60 240.8 50,35 4572
17.00 7.53 6.58 2415 50.68 4713
18.00 7.3% 8.57 2422 51.04 47.55
18.00 728 5585 2429 51.42 45.00
20.C0 7.2 8.53 2437 51.83 45.47
21.00 6.88 .50 244.5 5226 48.86

22.00 6.87 5.48 2453 5270 49.46
23.60 6.75 5.48 246.2 53147 49.58
24.00 8.63 6.44 2470 53.65 50.52

25.00 §.52 §.41 248.0 5415 51.08
28.00 .41 6.39 248.8 524.67 51.65

27.00 .31 £.36 248.9 55.21 5223
28.00 £.21 534 250.9 5578 52.83
28.00 5.1 6.31 251.9 56.33 53.44

30.00 6.02 6.29 2528 58.¢1 54.07

Project Engineer: Stantech Consulting inc
nrcadway\28650038\design calcutationsirrchan.fm2 Stantech Consuiting inc FlowMaster v&8.0 [814D]
' Q7/05/00 10:51:32 AM © Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-18688 Page 1 of 1
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l City of Kingman - RR Channel / Reach 2 / Station 57+00 to 75+00
Worksheet for Trapezoidal Channel
Project Description
Waorksheet 2:1 siopes {Reach 2}-Riprap
Flow Elemant Trapezoidal Channet
l Method Manning's Formula
Solve For Channai Depth
' Input Datz
: Mannings Coefficient 0.035
‘ Siope 0.003000 fuft
l Left Side Siope 200 H:V
_ Right Side Sicpe 200 H:V
2 Botiom Width 2000 ft
l Discharge 4,580.0C cfs
‘ Results
Depth 72 1t
Fow Area 243.7 ¥
: Wetted Perimeter 51.83 ft
Top Width 48.47 1
i Critical Depth 4.80 1
- Critical Slops 0.012464 ¥t
: Velasity £.53 fis
Velocity Head 056 1t
Specific Energy 7.78 ft
Froude Number 0.51
I Fiow Type Subcritical
' Project Engineer: Stantech Consulting Ine
niroadway\ 28660038 \design caleulationsyrchan.fm2 Stantech Consulting Inc FiowMastar v6.C [514b]
| 0500 04:10:08 PM @ Haestad Methods, inc. 37 Brookside Road  Waterbury, CT 06708 USA  {203) 7551668 Page 10f1
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City of Kingman - RR Channel / Reach 2/ Concrete
Rating Table for Trapezoidal Channel

Project Description

Workshest 1.5:1 siopes {Reach 2}-Concrete-St
Flow Element Trapezoidal Channel

Methed Manning's Formula

Solve For Channe! Depth

input Data

Mannings Coeffic 0018
Slepe 003000 Rt
Left Side Slope 180 H:V
Right Side Stope  1.50 H:V

Discharge 880,00 cfs
Astribute Minimum  Maximum  Incremsant
Bottom Width (i) 2.00 30.00 1.00

Bottom | Daepth | Velocity | Flow | Weatted Top

Width #) (ft/s) Arza  |Perimster) Widih
{) {ft*) it ()
2.00 917 1101} 1444| 3508| 29.51

3.00 886, +1.021  144.2] 3493 2557
4.00 856] 1103 1441 34.86] 2968
5.00 8271 11.04] 144.1| 23483 2882
5.00 8000 1830 144.1]  34.85!  30.07
7.00 775 11.02] 144.2| 34983 3024
8.00 750]  11.01 1444 3505! 30.50
900|  7.27] 10988} 14470 3521 3081
Ho.0o 7051 4008, <450] 3542|3115
11.00 684 10831 1454 3568  31.52
12.00 684 10.80| 1458] 3588 31.83
13.00 5.45| 10.86] 1464) 36.27| 3237
14.00 828| 10.82| 147.0] 3663 3283
15.00 811 10771 147.60  37.03] 3332
16.00 595| 10.72] 1483 3745 3385
17.00 sac| 10871 148.0]  37.81] 3440
18.00 566! 1082] 14981 3823%| 3497

- o o o g

19.00 582 10.56 1506 iBg 35.86
20.00 5.39 10.50 1514 3544 38.17
21.00 5.27 10.44 152.2 3999 36.80
22.00 5.15 10.38 1531 40.57 37.45
23.00 5.04 10.32 154 .G 4117 3812
24.00 4.83 10.28 158, 41,76 38.80
25.00 4.83 10.20 125.9 42.43 38.50
26.00 4.74 10.14 156.8 43.08 40.21

27.00 4.85 10.07 157.8 43.75 40.94
28.00 4.56 10.01 158.8 44 .44 41.67
289.00 4.47 .85 1588 45.1 42.42
30.00 4.39 9.88 160.8 45.84 43.18

Project Engineer: Stantech Consulting Inc
niroadway\2 8660038\design calculations\rrehan.fm2 Stantech Consulting ine FlowhMaster v8.0 [614D]
Q8/29/00 08:52:00 AM © Haesiad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1666 Page 1 0of 1
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City of Kingman - RR Channel / Reach 2 / Station 57+00 o 75+00
Workshest for Trapezoidal Channel

Project Description

Worksheet 1.5:1 slopes (Reach 2}-Concrete-Subcritical
Flow Element Trapezoidal Channel
I Method Manning's Formuia
; Solve For Channel Denth
l input Data
: Mannings Coefficient C.018
Siope (003000 it
l Left Side Slope 1.50 H:V
. Right Side Slope 1.50 H:V
§ Bottom Width 10.00 #
I Discharge 1,590.00 ofs
Resulis
E Depth 7.05 fi
Flow Area 145.0 ¢
Weited Perimeter 3542 f
Top Width 315
i Critical Depth 8.88 ft
Critical Slope Q.003787 fuUft
: Velociy 10.96 fUs
I Velocity Head 187 #
Specific Energy 8.82 fi
Froude Number 0.90
- Flow Type Subcritical
P Project Engineer: Stantsch Consulling inc
nrozdway\2 8650038 \design calculations\irchan. fm2 Stantech Consulting inc FlowMaster v8.0 [614b]
I 05f19f00 04:05:55 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1§
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l City of Kingman - RR Channel / Reach 3 / Earthen
Rating Table for Trapezoidal Channel

Project Description

Worksheet 2:4/3:1 siopes (Reach 3)-Earthan-51
Flow Etement Trapezoidal Channel

Method Manning's Formula

Solve For Channsl Depth

Input Data

Mannings Coeffic 0025

Slepe 002500 A4

Left Side Siope 200 H:V
Right Side Slope 3.00 H: V

Discharge 89500 cfs
Attribute Minimum  Maximum  Increment
Botiom Width {f) 10.00 40.00 1.00

Boftom Depth | Velocity Flow Weited Top

Width {1} {fi's) Araa  Perimeter Width
{1t (7% {ft) {ft)
10.00 .08 8168 2443 53.65 50.43
11.00 F.92 8,15 2447 53.83 53.67
12.00 7.79 8.14 2450 54.04 50.93
13.00 7. 54 513 245.4 5426 51.2Z2
14.00 T.51 8.11 2459 54.52 5153
15.00 7.37 810 245.4 5479 51.88
16.00 7.24 85.08 2486 55.09 52.20
17.00 7.1 8.08 247.5 55.41 5257

18.00 5.99 so4l 2ast| 5575 5296
19.00]  6.87 8.02| ©248.8| 5811 5337
20.00 6.76 goo| z404| 5649 5380
21.00 665, 798| 2501 56890 5424
22.00 6.54 795 2508 57.310  B47d
23.00 644 7.83 251.8 5775 5518
22.00 634 700| 2524 5820 5588
25.00 6241  788| 2532 58.88 56.19

25.00 6.14 785 2841 5815 56.72
27.00 5.05 7.83 254.9 58.67 57.28
28.00 5.06 7.80 255.8 60.19 57.81
28.00 5.88 777 258.7 60.72 5838
30.00 5.7% 774 257.7 51.27 58.86
31.00 57 7.71 2586 61.83 55.58

32.00 5.63 7.69 2586 £82.41 80.18
33.00 5.86 7.86 2605 62.98 §0.78
34.60 5.48 7.83 2815 83.59 61.41
3500 541 7.60 2B2.5 64.21 62.05
3500 5.34 7.57 253.5 84.83 62.70
37.00 5.27 7.54 2846 65.45 83,36
38.0C 5.21 7.51 2056 66.11 £4.03
39.00 5.14 7.48 268.7 668.76 84.71
40.00 5.08 745 287.7 67.42 85.40

Project Enginser: Stantech Consulting Ing

niiroadway\286680038\design calculationsirrghan.ima2 Stantech Consulting ine FlowMasigr v6.0 [614b]
Q7/07/00 02:02:23 PM @ Maestad Methads, Inc. 37 Brookside Road  Woaterbury, CT 08708 USA  {203) 755-1666 Page 1 of 1
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Project Description

Workshesat
Fiow Element

2:1/3:1 siopes (Reach 3)-tarthen-Subcritical
Trapezoidal Channel

Method Manning's Formula
Solve For Channeai Depth
input Data

Marnings Coefficient
Slope

{eft Side Slope
Right Side Slope
Bottom Width

0.025

0.002500 fft

2.00 vV
3.00 MoV
20.00 #

Discharge 1,885.00 cfs
Results

Depth 5.76 ft
Flow Area 2484 #*
Watted Perimeter 5848 #
Top Width 53.80
Criticat Depth 537 #
Critical Slope 0.006178 /Rt
Valooity 8.00 fvs
Veiociy Head 0.89 f1
Specific Energy 7.5 it
Froude Number ¢.65

City of Kingman - RR Channel / Reach 3/ Station 75+00 to 85+00
Worksheet for Trapezoidal Channel

i Flow Type Subcriticat -
o A
P jorE”
S ShAE 675

y:

Frowerdhy % T i '

I
i B
: Project Engineern: Stantach Consulting Ing
: niroadway\28880038\design calculationsirrehan.im?2 Stantech Consulting Inc FlowMaster v6.0 [614b]
I O5/19/00 01:55:42 PM © Haestad Methods, inc. 37 Drookside Road  Waterbury, CT 08708 USA  (203) 755-1666 Page 1t of 1



I City of Kingman - RR Channel / Reach 3/ Gabions
: Rating Table for Trapezoidal Channel

Project Description

Workshesat 2:1 slopes (Reach 3)-Gabion-subcritical
Fiow Cisment Trapezoida! Channel
Method Manning's rormuia
Solve For Channel Depth
I input Data
Mannings Coefficient  6.030
Slope 0.007000 ft/fi
l Left Side Slope 2.00 H:V
: Right Side Slope 2.00 H1V
Discharge 1,895.00 cfs
. Attribute Minimum Maximum ingrement
Bottom Width (ff) 10.00 30.00 5.00
E Bottom Depth Velocity Flow Wetted Top
: Width (ft) {f's} Area Perimeter Width
{ft) {f#) iy {fty
i 10.00 7.39 10.88 183.3 43.07 38.58
: 15.00 5.59 10.75 185.7 44.47 41.38
20.00 5.93 10.55 186.1 46.53 43.73
I 25.0G 540 16.32 193.2 49.14 45.58
! 30.00 4.96 10.08 197.9 52.47 4983
. Project Engineer: Stantech Consulling Inc
- niroadwayl28560038\design calculationsirrchan.fm2 Stantech Consulting inc FlowlMasier v5.0 [614b]
l 0HM8/00 03:37:48 PM © Haestad Methods, inc. 37 Brookside Road  Walerbury, CT 08708 USA  (203) 755-1866 Page 1ol 1
RRE - =



City of Kingman - RR Channel / Reach 3 / Station 75+00 to 85+0C
Worksheet for Trapezoidal Channel

Project Description

Workshest 2:1 siopes (Reach 3)-Gabion-subgritical
Flow Element Trapezoidai Channal

Method Manning's Formuta

Sachve For Channel Depth

tnput Data

fannings Coefficient 0.030

Slope 0.007000 i/
Left Side Siope 200 H:V
Right Side Siope 200 HIV
Bottorm Width 15.0C
Discharge 1.685.00 cis
Resuits

Depth 8.58 ft
Flow Arsa 1857 ft*
Wetted Perimeter 4a4.47 ft
Top Width 41.36 ft
Critical Depth 6,21 ft
Critical Slope 0.008885 fuft
Velocity 10.75 /s
Velocity Head 179 f
Specific Energy 8.38 ft
Froude Number 0.88

Flow Type Subcritical

¢ < e od S
w L Y g A TR
7,2 A AT
I ;,M P a
/[ 7 ».‘{Rz {Mj
Project Engineer: Stantech Consulting Ing
niroadway\28860038\design calculationsirrchan. fmz Stantech Consulting ing Fiowhlaster v8.0 {8140}
05/18/00 03:36:45 PM ® Haestad Methods, inc. 37 Brookside Road  Waterbury, C7 08708 USA  {203) 755-1668 Page 1 of 1
noE-L S



City of Kingman - RR Channel / Reach 3/ Riprap

Rating Table for Trapezoidal Channel

Project Description

Worksheaat 2:1 slopes (Reach 3)-F
Fiow Element Trapezoidal Channel
Method Manning's Formuia
Solve For Channe! Depth
input Data
Marnings Coeffic 0.035
Slope 008500 Wi
Left Side Siope 2.00 H:V
Right Side Siops 2.00 H:V
Discharge 885.00 cfs
Attribute Minimum  Maximum  Increment
Bottom Width (ft} 5.00 20.00 1.00
Bottorn | Depth | Veiocity Flow Wetted Top
Widih {ft) {fUs) Arsa (Perimeter Width
() {7 (ft) (ft)
5.00 8.38 16.93 162.5 42.49 32,53
8.00 8.17 10.93 182.6 42.54 38.69
7.00 7.87 15.92 182.7 £2.63 38.87
8.00 777 10.91 182.9 4278 38.08
5.00 7.58 10.88 163.2 42.80 35.33
10.00 740 10.87 183.5 43.08 39.80
11.00 7.23 106.85 183.9 43.31 39.60
12.00 7.08 1G.82 184.3 43.56 40.23
13.00 8.90 10.80 184 .8 43.84 40.59
14.00 5.74 10.77 185.3 4415 40.97
15.00 6.58 10.73 185.9 44.4% 41.38
16.00 5.45 10.70 186.5 44 83 41.81
17.00 §.32] 10.86| 187.1) 4524] 4225
18.08 5.18 10.62 167.8 45.66 42.74
18.08 5.08 10.88 188.5 48.0% 43.23
20.00 5.94 10.54 188.3 46.55 43.75%
21.0C 5.82 10.50 180.0 47.04 44 29
22.00 5.71 10.45 180.9 47.54 44 B4
23.060 5.60 10.41 161.7 48.05 4542
24.00 5.50 10.36 1628 48.60 48.00
25.00 5.40 10.31 183.4 45.18 4561
26.00 531 10.27 184.3 4974 4723
27.00 522 10.22 188.3 50.33 47.87
28.00 513 1017 1952 50,94 48.81
28.00 5.04 10.12 197.2 51.58 4518
30.00 4.58 10.07 1681 52.19 49.85

-y T E Em EmmEmgmEE .- - -

Notes: Existing Longitudinal Slope = 2.36%

r\roadway\286580038\design calculationsyrchan.fm2

Q7/C8/00 10:51.586 AM & Haestad Methods, Inc, 37 Brookside Road  Waterbury, CT 08708 USA  (203) 755-1668

Stantech Consulting Inc

Project Engineer Stantech Consutlting Inc
FiowMaster v8.0 [614b]
Page 1 of 1
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City of Kingman - RR Channel / Reach 3 / Station 75+00 to 85+00
Worksheet for Trapezoidal Channel

Project Description

Worksheet 21 slopes (Reach 3)»-Riprap
Fiow Element Trapezoidal Channset
Method Manning's Formuia

Sclve For Channe! Dapth

Input Bata

Mannings Coefficient 0.035

Siope 0.008500 1t
Left Side Slope 2060 H:V
Right Side Siope 200 H:V
Bottom Width 20.00 #
Dischargs 1.895.00 ofs
Resulis

Depth 564 ft
Flow Area 189.3 2
Wetled Perimeter 4855 #
Top Width 4375

Critical Dapth 557 #
Criticat Slope 0.012083 Uit
Velocity 10.54 fifs
Velocity Head 1.73 ft
Specific Ensrgy 7.56 ft
Frouge Number .89
Flow Type Subcritical

-

ﬁ’ o é‘g P
. A fid At
5‘& - = %3 = > 3 gf"f' P
£ g - i -
{ o 7 { ~-Groeds - 4
&4 A CrpperUEes
; ¢ = i e .
. H D
A sy e .
(z ﬁ/{’?*’g ik & & P o £ i
fj . :ﬂ ~F r‘k\;{f‘:}
7 i B
A T

Proiect Engineer: Stantech Consulting inc
niroadway\28560038\design calculationsyrrehan.fm Stantech Consulting Inc FlowhMaster v6.0 [614Db]
I 05/16/00 03:38:35 PM @ Hasstad Methods, inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 7551666 Page 1 of 1
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l City of Kingman - RR Channel / Fieach 3/ Concrete
Rating Table for Trapezoidal Channel

Proiect Dascription

Worksheet 1.5:1 slopes {Reach 3) - Concrete Subcritical w/ Hig
Flow Element Trapezoidal Channel

Method Manning's Formuls

Soive For Channel Depth

input Daia

Mannings Coeffic 0.019
Slope C12800 /i
l.eft Side Slope 150 H.V
Right Side Slope 150 H:V

Discharge ,885.00 cfs
Attribuie Minimum  Maximum Incremeant
Bottom Width {ft} 8.00 30.00 1.00

Bottom | Depth | Velocity Flow Wetted Top
Width {1 {fi/s) Area [Perimeter] Width
" {f%) {ft} {fty

8.00 591 2007 9o.7| 20831 2673
900/ 570 19.95 100.0| 2955 2610
10007 550 e.87] 100.4|  20.831 26750
11000 sa3z| 1978 1008 30160 2685
12.00) 514 1969 101.3| 3054 2742
13.00 ass| 19858 1019 3095L 2793
14.00 483 1047, 102.5| 3140 2848
15.00 488 1935 103.1| 31.88] 2904
18.00 455 4523 103.8| 52307 2964
17.00 sez| 1910, 1045 3284) 3028
18.000 430 1887] 1052 3351 3090
19.00]  41¢| 1883 1058| 3440 3157
20,00  408| 1870] 108.7| 34720 3225
21.00 aus| 1856| 107.5| 3538 3295
22.00 a8s| 18430 108.3| 36.02] 3367
23.00 380| 1829) 100.1| 3870 3440
24.00 372 18450 109.8| 37.40] 3515
25.00 34| 1802 1107|3811, 3591
26.00 ass| 417.880 1118 3884 35668
27.00 aag| 17750 1124| sussl 3748
28.00 a4z 17810 1123| 4033 3826
20000  3.38| 17.48] 114.1] 4109 2908
30000 3200 17.350 1150] 4187 3987

Project Engineer: Stantech Consulting inc

- g =

niroadway'\ 28650038\ design caloulationgirrchan. fm2 Stantech Consuiting inc FlowMaster v8.0 [614b]
08/28/00 11:45:08 AM © Haestad Methods, Ina. 27 Brookside Road  Waterbury, CT 08708 USA  {203) 755-16866 Page 1 of 1
BR3—F#
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City of Kingman - RR Channel / Reach 3 / Station 75+00 to 85+00
Worksheet for Trapezoidal Channel

Projact Description

Worksheet 1.5:1 slopes (Reach 3} - Concrete Subcritical w/ Hig
Fiow Slement Trapezoidal Channel
hMethod tanning's Formula
Solve For Channel Depth
Input Data

Mannings Coeffic  0.019

Siope £.012800 f/ft

Left Side Slope 150 H:V

Right Side Slope 1.50 H:V

Bottom Width 9.00 f#

Discharge 88500 ofs

Rasulis

Depth 570 #

Flow Area 100.0 #*

Wetted Perim: 29.55 ft

Top Width 2610 #

Critica! Depth 770 ft

Critical Slepe 0.003703 ft/ft

Vealogcity 19,85 ft/s

Velocity Head 6,18 ft

Speciiic Energ 11.88 ft

Froude Numb: 1.80

Flow Type

supercritical

n\roadway\28860038\design caleulationsirrchan. iz

08/29/00 11:44:50 AM

@ Haestad Msathods, Inc.

~ o
= &
-
-
- P 1
il ok

Stantech Consulting Ine

37 Brookside Road  Waterbury, 7 08708 USA

Projiect Engineer: Stantech Consulting Inc

{203) 755-1665

FlowMaster v6.0 {814b]
Page 1 of 1
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City of Kingman - RR Channel / Reach 4/ Earthen
Rating Table for Trapezoidal Channel

Project Descriplion

Worksheet

Flow Element

2:1/3:1 slopes {(Reach 4)-Earthen-5u
rapezoidal Channel

Methed Manning's Formula
Scive For Channel Depth
Input Data
Mannings Coefiic  0.025
Stope 002500 fUft
Left Side Slope 2.00 H:V
Right Side Slope 300 HIV
Discharge 200.00 cfs
Attribute Minimum  Maximum  Increment
Bottom Width (i) 5.00 35.00 1.00
Botiom Depth | Velochty Fiow Wetted Top
Width {ft) {ft/s) Area  {Perimeter; Width
(ft {ft%) {f; {ft)
5.00 .28 8.40 261.9 55.12 51.42
8.00 g.11 8.40 262.0 55.16 51.54
7.00 8.94 8.39 262.1 55.23 51.88
8.00 8.77 8.39 262.3 55.33 51.84
9.08 2.80 8.38 262.5 55.45 52.02
10.00 8.45 B.37 262.5 55.80 52.23
11.00 8.2 8.36 263.1 5577 £2.48
12.00 8.14 8.38 263.5 55.86 52.72
“1300) B0 8.a4| 2638 5618| 5289
14.00 7.86 B.32 264.4 5642 53.29
15.00 772 8.31 264.9 56.88 53.61
1_500 7.5 8.28 265.4 568.87 53.94
17.00 7.48 2.27 266.0 57.27 5430
18.00 7.34 8.25 256.8 57 .80 54 .88
12,00 7.21 8.23 267.2 57.85 55.07
20.00 70 8.21 2687.9 58.31 55.49
21.00 5.98 8.1% 268.8 58.70 5592
22.00 587 8.17 258.3 58,11 58.37
23.00 877 818 2701 5653 5653
24.00 868 8.1z 270.9 58.97 57 31
25.0C 6.58 814 2717 60.43 57 .81
28.00 §.45 8.07 272.6 £50.80 58.32
27.00 8.37 8.C5 273.4 61.38 58.85
28.00 828 8.02 274.3 51.89 5038
29.00 &£.19 7.98 2753 82.41 59.85
30.00 5.10 7.97 2782 82.95 60.51
31.00 6.02 7.94 277.2 £3.45 61.09
32.00 5.84 7.81 2781 64.05 61.69
33.00 5.88 7.88 279.1 64.63 82.29
34.00 5.78 T.85 2801 §5.21 82.91
35.60 571 7.82 281.2 £5.81 B3.53 .

07/07/00 02:04:07 PM

nroadway\28860038\design calculationsyrehan. im2
@ Haestad Methods, Inc.

Project Engineer: Stantech Consulting Inc
Stantech Consulting Inc FlowMaster v8.0 [514b]
37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1868 Page 1 of1
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City of Kingman - RR Channel / Reach 4 / Station 85+00 to 115+00
Worksheet for Trapezoidal Channel

Project Descrintion

Waorkshest 2:1/3:1 slopes (Reach 4)-Earthen-Subcritical
Flow Element rapezeidal Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient 0.025

Siope 0.002500 /1t

Left Side Siope 200 H:V

Right Side Slope 3.00 H:V

Bottorn Width 30.00 ft

Discharge 2,200.00 cfs

Resuits kT

Denth 5§10 i N i

Flow Area 2782 it Pty e TFT A

Wetiad Perimeter 62,95 #

Top Width 60.51 ft . /o
o Gt St

Critical Depth 479 ft e e o pEL TR 7
Critical Slope 0.006154 fi/ft ’ )
Velocity 7.87 fs e F o Al
Velocity Head 0.89 hs F i
Specific Energy 7.09 |
Frouge Number 0.66
Flow Type Subcritical

Notes: Natural Greund Slope = 0.35%
Flattened longitudinal siope to provide 8 fps or less.
Drop Structures

'{::.
o]
£y
Gy
m‘?‘
5
3
£
i\

Project Enginger Stantech Consulting Ing

) niroadwayi28680038\design calculations\rrochan. fm2 Stantech Consulting inc FiowMaster v8.0 [614b]
05/18/00 01:59:33 PM @ Haestad Methods, Inc. 37 Brooksitge Road  Waterbury, CT 08708 USA {203} 755-1886 Page 1 of 1
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l Gity of Kingman - RR Channel / Reach 4 / Gabions
' Rating Table for Trapezoidal Channel

Project Description

Worksheet 2:1 slopes (Reach 4)-Gablon-subceritical
Flow Element rapezoidal Channel
Method Manning's Formuia
Solve For Channel Depth
l input Data
Mannings Coefficient  0.030
Siope 0.003500 fu/ft
l Left Side Sicpe 200 H:V
- Right Sids Slope 200 H:V
Discharge 2,200.00 cfs
l Attribute Minimum Maximum ingrement
‘ Bottorn Width (i) 500 50.00 5.00
E Bottom Dapth Velocity Flow Wetted Top
; Width {fe) (fi/s) Area Perimeter Width
; {ft) {f2y (i) {ft)
i £.00 10.10 £.85 254.3 50.15 45.38
10.00 9.07 8.62 255.2 50.56 46827
: 15.00 8.20 8.55 257 .4 51.66 47.7%
' 20.00 7.47 8.44 260.8 53.39 45.86
| 25.00 5.85 &.30 285.1 55.64 5240
30.00 8.33 8.14 270.2 58.32 55.33
35.00 5.88 7.98 275.7 61.25 58.57
40.00 5.52 7.81% 281.6 64.67 62.07
; 45.00 5.9 7.65 287.7 68.23 8577
50.00 4.91 7.49 283.9 1.87 89.85
Project Engineer: Siantech Consulting inc
niroadway'\2B88003Bdesign calculationsirrchan.fm2 Stantech Consuiting Inc FiowhMaster v6.0 {6140}
05/19/00 §3:16:28 PM © Haestad Methods, inc. 37 Brookside Road  Waterbury, CT 08708 USA  (203) 785-1666 Page 1of t
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City of Kingman - RR Channel / Reach 4 / Station 85+00 to 115+00
Worksheet for Trapezoidal Channel

Project Description

Worksheet 2:1 slopes (Reach 4)-Gabion-subcritical
Flow Eiement Trapezoidal Channel
I Wethod fanning's Formula
Solve For Channel Depth
l input Data
Mannings Coefficient 2.030
Siope 0.003500 f/ft
l L.eft Side Siope 200 H:V
Right Side Siope 200 H:V
Bottorn Width 2000 ft
I Digcharge 2,200.00 cfs
Results
Deapth 747 ft
E Fiow Area 260.8 ft2
Wetted Perimeter 53.39 #t
Top Width 49.86 ft
i Critica!l Depth 589 ft
Critical Slope 0.00875% it
Valocity §.44 fis
Veloohy Head 111 ft
' Specific Energy 8.57 #
roude Number 0.65
' Fiow Type Subcritical
Project Engineer: Stantech Consulling inc
Arcadway\28660038\desion calculationsirrchan.fm2 Stantech Consuiting Inc FlowMaster v58.0 [614b]
05/19/00 03:14:33 PM © Haestad Methods, Ine. 37 Srookside Road Wraterbury, CT 08708 USA  (203) 755-1668 Page 1 of 1

BRH- 4



City of Kingman - RR Channel / Reach 5/ Earthen
Rating Table for Trapezoidal Channei

Project Description

Worksheet 2:1/3:1 slopes (Reach 5)-Earthen-St

Flow Element rapezoidal Channel

Method Manning's Formuia

Solve For Channel Depth

input Data

Manrnings Coeffic  0.025

Slope 0OZ500 fii

Left Side Siops 200 H:V

Right Side Siope 3.00 H:V

Discharge ,380.00 cfs

Attripute Minimum  Maximum Increment

Botiom Width (ff) 20.00 50.00 1.00

Bottom | Depth | Velocity Flow Wetted Top

Widlth {fy {fs) Area {Parimeter] Widih
(f (%) ) (ft)
20.00 7.38 8.40 284.5 59.92 56.87
21.00 7.28 8.38 285.3 £0.29 £7.40
22.00 77 8.35 288.1 E0.69 £7.83
23.00 7.06 8.33 286.8 §1.10 58.29
2400 6.85 8.31 287.6 81.53 58.76
2500 6.85 8.28 288.5 51.97 £5.24
26.00 58.75 8.26 288.3 52.43 58.74
2700 665 824 2902| 6231 6028 s Z
28.00 £.58 8.21 2911 £53.40 60.79
25.00 8.47 B.18 2892.0 8381 61.33
30.00 £.38 8.16 283.0 £54.43 61.89
31.00 8.29 8.13 284.0 54,98 £2.45
32.00 5.21 8.10 284.9 65,51 53.04
33.00 8.13 8.08 286.0 66.07 £3.63
34.00 3.05 8.05 287.0 £55.64 54.23
35.00 587 g.02] 2880 67.22 £4.85
38.00 5.89 7.88 289,17 87.82 85.47
37.00 5.82 7.85 3061 £8.43 68.11
38.00 575 7.e3 301.2 £68.05 £58.75
38.00 588 7.81 3023 569.67 67.41
40.00 5.61 7.88 303.4 7031 5807
41.00 5.55 7.85 a04.5 70.86 68.75
42.00 548 7.82 305.7 71.62 £59.43
43.00 5.42 778 306.8 72.28 7012
44 00 5.38 7.76 307.9 7258 70.82
4£5.00 5.30 7.73 3091 73.64 71.52
46.00 525 7.78 310.2 74.33 72.24
47.00 519 7.68 311.4 75.03 72.968
48.00 5.14 7.65 312.8 75.73 73.69
49.00 508 7.62 3137 76.45 7442
50.08 5,03 7.58 314.5 77A7 75.186

niroadwayi? 8660038\design calculationsirrchan. fm2
07/07/00 02:08:10 PM

Project Engineer: Stantech Consuliing Ing
Fiowhaster v8.0 {614b]

Stantech Consulting inc

37 Brookside Road Waterbury, CT 06708 USA  {203) 755-1666

2 Haestad Methods, inc.
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City of Kingman - RR Channel / Reach 5/ Station 115+007tp,125+00
Worksheet for Trapezoidal Channel

roject Description

Worksheet 2:1/3:1 siopes (Reach 5)r-Earthen-Subgsritical
Flow Element Trapezoidal Channel

Method Manning's Formula

Scohve For Channel Depth

input Data

Manrnings Coefficlent
Slope

Left Side Slops
Right Side Slope
Bottom Width

0.025
0.002500 ft/ft
200 H:V
3.00 H:V
35.00 ft

Discharge 2.390.00 ofs
Resulls

Depth 587 ft
Flow Area 288.C #*
Wetted Perimeter 67.22 #
Top Width B4.85 it
Critical Depth 487 #
Critical Slope 0.008120 it
Velocity 8.02 fi/s
Velocity Head 1.00 ft
Specific Energy 8.97 f#t
Froude Number (.86
Fiow Type Subcritical

nroadway\28660038\design calculationsirehan.fm2

05/19/00 01:48:27 PM

® Haestad Methods, Inc.

=S
3

Stantech Consuiting Inc
37 Brockside Road  Waterbury, CT 06708 USA

Project Enginesr: Stantech Consulting Inc

{203} 755-1686

FlowhMaster v6.0 [614b]
Page 1 of 1



. City of Kingman - RR Channel / Reach 5/ Gabions
i Rating Table for Trapezoidal Channel
L Project Description
Workshest 2.1 stopes (Reach 5)-Gabion-sul
. Flow Element Trapezoidal Channel
Method Manning's Formula
l Soive For Channe! Depth
) input Data
: Mannings Ceeffic  0.030
l Slope 007000 #/4t
: Left Side Slope 200 H:V
: Right Side Slope 2.00 H:V
l Discharge 32000 cis
' Attribute Minimum  Maximum  Increment
E Bottorn Width (ft) 5.00 100.00 5.00
; Bottom Depth | Velocity Fiow Wetted Top
Width ffty {ft/s) Area  |Perimeter; Width
i 3] {ft% (ft; 4]
: 5.00 9.04 11.45 208.7 45 44 41,17
. 10.00 8.04 11.40 2087 4585 42.16
I 15.00 7.21 11.28 212.0 47.23 43.83
20.00 B5.52 11.10 215.4 49.15 45 08
28.00 5.98 1¢.88 2198 5%.62 48 81 v
30.00 5.48 10.65 2245 54.51 51921 7 -
- 3B00( 5.08{ 1040 2207| B7.74] 5532
435.00 4.75 10.16 2352 61.25 58.00
: 45.00 4.47 8.93, 2408 B4.97| 52.88
I 50.00 422 §.70 248.5 £8.86 58.87
£5.00 4.00 8.48 252.2 72.80 71.01
80.00 3.81 8.27 257.8 77.08 7525
85.00 3.64 9.07 283.4 B81.30 79.87
70.00 3.49 8.8% 268.9 85.62 82.97
75.00 3.38 B8.71 274.4 20.01 8843
80.00 3.23 8.54 278.7 94.47 G2.84
85.00 312 8.39 285.0 98.57 97.49
a90.00 3.02 g.24 2901 103.51F 102.08
95.00 2.83 8.10 29521 108.097 108.71
100.00 2.84 7.58 300.21 ti2.70) 111.36

Project Enginear: Stantech Consulting ine

n:yroadway\28680038\design calculationsirrchan. fm2
08/06/00 $9.32:30 AM ® Haestad Methods, Inc.

Stantech Consulting inc
37 Brookside Road  Weaterbury, CT 08708 USA

FiowMaster v8.0 [814b}

(203} 755-1666 Page 1 of 1



City of Kingman - RR Channel / Reach 5/ Station 115+00 to 125+00
Worksheet for Trapezoidal Channel

Proiect Description

Workshest 2:1 siopes (Reach 5)-Gabion-subaritical
Flow Element Trapezoidal Channeal
Method Manning's Formula
Solve For Channel Depth
input Data

Mannings Coefficient 0.030

Slepe 0.007000 fuit

Lefi Side Slops 2.00 H: W

Right Side Slope 200 HIV

Bottom Widih 20.00 f1

Discharge 2,390.00 cfs

Results

Depth 8.52 ft

Fiow Area 215.4 ft#

Wetted Perimeter 49.15 fi

Top Width 48.08 ft

Critical Depth 8.17 ft

Critical Slops 5.0086884 Rt _
Velocity 1110 fis -
Velocity Head 1.91 ft

Specific Energy 843
Froude Number 050

low Typs Subcritical

MNotes: Exisiting Longitudinal Slopeg = 0.80%
Slope decreased to insure subgcritical, stable flow

Y o~ s et TF D P
{ fooo /( .007 C.ER/)
..«*3:_’*”‘"““’“'
: r A f {
i o G0 And T -
Project Engineer: Stantech Consulting Inc
niroadweyi28660038\design calculationsirrchan.fm2 Stantech Consulting inc FiowMaster vE8.0 [514b]
05/12/00 02:45:08 PM © Haestad Methods, Ine. 37 Brookside Road  Waterbury, CT 08708 USA  (203) 755-1668 Page 10of 1



City of Kingman - RR Channel / Reach 5/ Riprap
Rating Table for Trapezoidal Channel

Project Description

Worksheet 2:1 siopes (Reach 5)-F
Flow Element Trapezoidal Channel
Mathod Manning's Formula
Soive For Channe! Depth

input Data

Mannings Coefiic  0.035
Siope Go7000 /R
Left Side Slope 200 HIV
Right Side Slope  2.00 H:V

Discharge .390.00 cfs
Attribuie Minimum  Maximum  Increment
Bottom Width (ft) 10.00 40.00 1.00

Bottom Depth | Velocity Flow Wetied Top
Width (ft) (ft/s) Area |Perimeter; Width

() (it {ft (it

10.00 8.63 10,16 2352 48.58| 44.51
11.00 8.44 10.15 2355 48.76 4478
12.00 g.271 10.13F 2358 4887 4507
13.00 8.10 10.11 236.4] 48.21 4536
14 00 7.93 10.08 2356 4947] 4573
15.040 777 10.07 237.4 49781 48009
18.00 762 10.04 238.0 50,07, 4848
17.00 7.47 10.04 238.7 50.41% 46.80
18.00 7.33 2.99 2293 50.78| 47.32
19.00 7.18 9.96 2401 51.16 47.77
20.00 7.06 9.92 240.8 51.57 45.23
21.00 £.93 9.88 2418 52.00 48.72
22.00 6.81 9.86 24325 52 441 48.23
23.00 8.69 §.82 243.3 £2.91 4376
24.00 8.57 8.79 244.2 53400 5030
2500 6.48 275 2451 £3.91 50.85
26.00 5.36 9,71 246.% 54 43 51.43

27.00 5.28 8.67 2471 54.97 52.01
28.00 68.15 S.54 248.0 55.52 52.62
28.060 £.08 9.860 2481 56.08 53.23
30.00 5.98 8.56 2501 56 .68 53.86
31.00 5.87 9.52 251.2 57.27 54.50
32.00 5.79 G.48 252.2 57.88 55.15
33.00 5.70 9.44 25833 58.51 £85.82
3400 562 .38 254.4 58.15% 56.48
35.00 5.54 9.35 2555 £9.79 57.78
36.00 5.47 9.31 25686 &60.45 57.87

37.00 5.38 9.27 257.8 81.12 58.58
358.00 532 .23 2589 §1.80 58.29
39.00 5.25 9.18 260.1 62.48 50.01
40.00 519 9.15 281.2 £83.19 60.74

Project Engineer: Stantech Consulting inc
n\roadway\28660038\design calculations\rrehan. frm2 Stantech Consuiting Inc FlowMaster v6.0 [614D]}
a7/05/00 11:18:38 AM ® Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 08708 LISA (203) 755-1866 FPage 1 of 1
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City of Kingman - RR Channel/ Reach 5/ Station 115+00 to 125+00
Worksheet for Trapezoidal Channel

Project Desoription

Workshest 2:1 slopes {(Reach &)-F
Flow Element Trapezoidat Channel
Method Manning's Formula
Solve For Channegl Depih

input Data

Mannings Cosffic  0.035

Siope Oo7oC0 ®H
Lef Side Slope 200 H ¥V
Right Side Slope 2.00 H:V
Bottom Width 20.00 ft

Discharge 380,00 cfs
Resuits

Depth 7.06 f

Fiow Area 2408 fi*

Wetted Perimi 51.57 ft

Top Width 4823 H

Critical Dapth 8§17 f

Critical Siepe  0.011783 #/f
Velocity 9.92 fis
Velocity Head 153 ft

Specific Energ 8.58 #

Froude Numb 0.78

Fiow Type Subcritical

Project Engineer: Siantech Consuiting Inc
FlowMaster v6.0 [614b]

mroadway\28660038\design calculationsiyrrchan.fm2 Stantech Consulting inc
Page 1 of 1

O7/08/00 11:21:58 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 7851 568
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City of Kingman - RR Channel/ Reach 5/ Concrele
Rating Table for Trapezoidal Channel

Project Description

Worksheet 1.5:1 slopes (Reach 5)}-Concrete-sup
Fiow Element Trapezoidal Channei

Method Manning's Formuia

Solve For Channal Depth

input Data

Mannings Coeffic 0.018

Slope £007000 Uk
Left Side Slope 1.50 H:V
Right Side Slope 1.80 H.V

Discharge ,380.00 cfs
Agtribute Minimum  Maximum  Increment
Boitom Width (1} 10.00 40.00 1.00

Bottom Depth | Velocity Flow Wetted Top

width (ft) (ft/s) Arez |Perimeter; Width
{f (fi® {ft i
10.0G 6.99 16.68 143.3 35.22 30.88
11.00 8.79 16.63 143.7 35.47 31.38
12.00 §.59 16.58 144.2 35.76 1.77
13.00 £.40 16.52 1447 36.08 32.21
14.00 £.23 16.45 1453 3645 32.88
15.00 8.06 16.28 145.9 36.84 33.17

18.00 580 18.30 1486 37.27 33.7¢
17.00 575 18.22 147.3 37.73 34.25
18.00 5.61 i16.14 1481 38.21 34.82 |-
18.00 5.47 16.06 148.9 38.72 35.41

26,060 s34] 1507|4497, 29.28| 3803
21.00 23] 1588| 150.5] 39.82] 3568
22.00 5111 15791 151.4| 4041l 3732
23.00 4000 16800 1523 41.01f 37.88
24,00 4. 89 15.60 153.2 41.63 38.87
25.00 47cl  4m80| 18542 42.27|  39.97
26.00 agol 1541 155.1] 42.83] 4008
27.00 4 50 15.31 156.1 43 60 40.81
28.00 482t B27|  1574|  44.28) 415
28.00 222l 1mszl 15800 44.98; 4230
30.00 4350 1m.03]  156.0| 4570 43.08
31.00 a2al 1483 18040 48482 4383
22.00 200t 1484| 18111 4718|4481
33.00 413 14.75 1621 47.914 45 40
34.00 4071 14857 18231  4BB5] 4620
35.00 406, 1458] 1841] 89.43] 47.01
36.00 so4| 1447 485.1| 50.21] 47.82
37.00 agel 1438l 1862 5099] 4864
38.00 sg82| 1428| 16720 5178|4947
39.00 3770 1421 1882| 52.58] 50.30
40.00 2740  s412] 1B83] 53387 51.14

Project Engineer: Stantech Consulting In¢
n\roadway\28660028\design calculationsirrehan fm2 Stantech Consulting Inc FiowMaster v6.0 [6145]
08/28/00 08:52:24 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 08708 USA  (203) 755-1666 Page 1 0of 1
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. City of Kingman - RR Channel / Reach § [ Station 115+00 to 125+00
Worksheet for Trapezoidal Channel

Project Description

Workshesat 1.5:1 slopes {Reach 5)-Concrete-sup
Flow Element Trapszoidal Channel

Method Manning's Formuia

Solve For Channei Depth

Input Data

Mannings Coeffic  0.018

Slops DO7C00 it
t eft Side Siope 1.50 HV
Right Side Slope 150 H:V

Botiom Width 30.00 #
Discharge 38060 cofs
Resuits

Depth 435 i
Fiow Area 185.0 ft*
Wetted Perimt 4570 ft
Top Width 43.06 &
Critical Depth 530 ft
Critical Siope  0.003517 /4
Velacity 15.03 {i/s
Velocity Head 2351 #
Specific Energ 788 ft
Froude Numt: 1.38

Flow Type supercritical

Project Enginser: Stantech Consulting Ing

n\roadway\28660038'\design calculationsirrehan fm2 Stantech Consulting Inc FiowMaster v&8.0 [614D]
08/28/00 02:18:40 PM @ HMaestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  {203) 755-1666 Page 1 of 7
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City of Kingman - RR Channel/ Reach 6 / Earthen
Rating Table for Trapezoidal Channel

Project Description

Worksheet
Flow Element

2:1/3'1 slopes [Resch 8)-Earthen-5t
Trapezoidal Channel

S

Method Manning's Formula
Saive For Channel Depth
input Data
Mannings Coeffic  0.025
Slope 052000 &R
l.eft Side Siope 200 vV
Right Side Slope 300 H:V
Discharge 815.00 ofs
Attribute Minimum  Maximum  Increment
Bottom Width (ft) 2500 55.00 1.00
rBottom Depth | Velocity Flow Wetted Top
Width {ft) (ft/s) Area Perimeter] Widih
(ft) (1t%) (%) (it}
25.G0 7.88 T.89 3522 87.53 64.39
26.00 7T 7.97 353.0 £7.95 64,86
27.00 767 7.95 353.3 58.3% 65.33
28.00 7.56 7.93 354.8 68.84 65.82
28.0C 7.47 7.91 355.8 89.30 66.33
30.00 7.37 7.89 356.8 59.78 £66.84
31.00 727 7.87 357.8 70.27 87.37
32.00 7.18 7.84 358.8 70.78 67.91
22.00 7.09 782 359.8 71.29 68 .47
34.00 7.01 780 3610 71.82 59.03
35.00 6.92 7.78 382.0 7237 £9.861
35.00 6.84 775 3631 72.92 70.20
37.00 6.76 7.73]  384.3] 73497 709
38.00 5.68 770 3854 74.06 71.40
38.00 8.60 7.68 3656.6 74.65 72.02
40.00 8.53 7.65 387.7 7525 F2.85
41.00 6.48 7.83 368.0 75.85 73.28
42.00 8.38 7.81 3701 76.47 73.83
43.00 5.32 7.58 37%.3 7710 74.58
44 .00 6.25 7.56 372.8 7773 75.24
45.00 .18 753 3738 78.38 7581
45 .00 812 7.51 3750 78.03 76.69
47.00 6.08 7.48 378.3 79.69 77.28
485.00 5.92 7.48 3775 80.36 7787
49.00 593 T.43 378.8 £1.03 78.67
50.00 5.88 7.41 3801 81.72 79.38
51.00 5.82 7.38 3814 g2.41 80.09
52.00 5.76 736 382.8 83.11 20.81
53.00 571 7.33 383.9 83.81 81.54
54.00 5.65 7.31 3852 84.52 gz2.27
55.00 560 7.28 388.5 85.24 83.01
Project Engineer: Stantech Consulting Ing
n:\roadway\28660038\design calcutations\vrrchan . fm2 Stantech Consulting Inc FlowMaster v5.0 [614b]
O7/07/00 02:06:13 PM © Haestag Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1668 Page 1 of 1
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City of Kingman - RR Channel / Reach 6 / Station 125+00 to 167+00
Worksheet for Trapezoidal Channel

Project Description

Worksheet 2:1/3:1 slopes (Reach 8)-Earthen-Subcritical
Flow Element Trapezoidal Channel

Methed fanning's Formuia

Solve For Channel Depth

input Data

Mannings Coefficient
Slope

Left Side Siope
Right Side Slope
Bottom Widilh

0.025
0.002000 #/H
200 H:V
3.00 H:V
Casoon

Discharge 2,815.00 cfs
Resuls

Depth 7.88 ft
Flow Arga 352.2 ff
Wetted Penmeter 6753 #
Top Widih 64.3¢ ft
Criical Depth 597 1t

Critical Slope

0.005807 fUht

Vetocity U799 s
Velocity Head 098t
Specific Energy 82.87 ft
Froude Nugmber £.80

Fiow Type Suberkical

-

FELT

niroadway\2B860038\design calculationsirrchan.fm2

05/18/00 01:48:15 PM

Stantech Consuliing inc
& Haestad Methods, Inc. 37 Brockside Road  Waterbury, CT 068708 USA (203} 755-1866
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Project Engineer: Stantech Consulting inc
FlowMuaster v8.0 [614b]
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City of Kingman - RR Channel / Reach 6 / Gabions
Rating Table for Trapezoidal Channel =

o I o

Project Description

l Worksheet 2:1 siopes (Reach 8-Gabion-sui
Flow Elemant Trapezoidal Channel
Method Manning's Formuia
' Solve For Channel Depth
input Data
: Mannings Coeffic  0.030
l Siope 006000 Uit
Left Side Siope 200 H:V
Right Side Slope 2.00 H:V
l Discharge ,815.00 cfs
Altribute Minimum Maximum Ingrement
Bottom Width (f) 10.00 100.60 500
: Bottom | Depth | Veloclty Flow Wetted Top
Width (fty (ft/s) Area (Perdmeter] Widlh
ﬁ (ft) (ft% () ()
10.00 8.97 11.22 250.8 50.14 45.90
15.00 8.1 11.12 2531 51.28 47.43
l 20.00 7.38 10.88 256.5 53.00 49.51 .
25000 677 1078|. 260.8). 585.27(. 52074 R
: 3000| 825 1059| 2658 57.97) 5501
- 35600 TsEz|  qo37| zris| 8102, 5827
40.00 5.45 10.18 277.2 64 .36 81.79
: 450605 43]7 spal 2832| 87.920 6550
50.00 485 973 2864] 7168 £9.39
l 55.00 4.60 §.52 2958 75.59 7342
80.00 4.39 8.33 301.8 79.63 77.55
85.00 4.20 9.14 308.0 83.77 81.79
I 70.00 4.02 8.96] 314.1| 88.00] 86.10
75.00 3.87 B.74 320.2 02.31 80.48
80.00C 3.73 883 326.2 96.68 94.92
85.00 3.80 8.48 332.1 101.11 99.41
890.00 2.48 8.33 337.8] 105.58( 103.94
95.00 3.38 8.9 34360 11010 108.51
100.00 3.28 8.06 34921 114880 11311

Y
o
i)!
b
vy
%,
3.4,
o
i,
R
T
)
4
Wi
hwy
£

Project Enginear: Stantech Consulting ins

nircadway\28660038\design calculations\rrchan. fma2
0B/06/00 08:32:03 AM @ Haestad Methods, Inc.

Stantech Consulting inc
37 Brookside Road  Waterbury, CT 06708 USA

FlowMaster v8.0 [814b]

(203) T55-1666 Page 1 of 1
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City of Kingman - RR Channel / Reach 6 / Station 125+00 to 167+00

Worksheet for Trapezoidal Channel

Project Description

2:1 slopes (Reach §)-Gabion-subcritical

Worksheet

Flow Eiement Trapezoidal Channel
Method Manning's Formula
Soive For Channei Depth
Input Data

Mannings Coefiicient

Siope

Left Side Sicpe
Right Side Slope
Bottomn Widih

0.030
£.008000 it

2,00 HV
200 H:V
ft

20.00

Discharge 2.815.00 cfs
Results

Depth 7.38 #
Flow Area 256.5 fi*
Wetted Perimeter 53.00 #
Top Width 49.51 #f
Critical Depth 875 ft
Critical Slope 0.008478 fuft
Velocity 10.98 fis
Velocity Head 1.87 ft
Specific Energy 9.25 &
Froude Number 0.85
Flow Type Subcritical

] - 4 {:‘z{:/'
1 s AF 15 d
s ;‘ L
B L

mirgadway\28680038\design calculationsirrehan.fm2

05/24/00 £7:58:17 AM

@ Haestad Methads, Inc.

Stantech Consulting inc

37 Brookside Road  Waterbury, CT 08708 USA

Project Engineer: Stantech Consuiting inc

{203) 755-1666

FlowMaster v8.0 [514D]
Page 1 of 1
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l City of Kingman - RR Channel/ Reach 6 / Riprap
: Rating Table for Trapezoidal Channel

Project Description

Worksheet 2:1 slopes {(Reach B
Fiow Element Trapezoidal Channel
Method Manning's Formuia
Soive For Channel Depth

input Data

Mannings Coeffic 0.038

Slope Q073240 i/t
Left Side Slope 2.00 H:V
Right Side Slope 200 H:V
Discharge 815,00 cofs

Attribute Minimum  Maximum  Increment

Bottormn Width {ft) 15.06 45.00 1.00

Bottom Depth | Velocity | Flow Wetted Top
Width () (fifs) Area  Perimeter Width

{fty (it} " (f}

15.00 8.32 10.68 2832 52.21 48.28
16.00 818 10.67 283.8 52.50 4865
17.00 8.01 10.64 264.4 52.82 45 .04
18.00 7.88 10.62 2851 53.1 480 45
19.00 772 10.59 2858 53.562 4588
20.00 7.58 10.56 266.8 53.91 50.33
21.00 7.45 10.83 267 .4 54.31 50.80
22.00 7.32 10.48 268.3 54.74 51.28
23.00 7.20 10,48 268.4 55.19 51.79
24.00 7.08 10.42 270.0 55.65 52.31
25.00 £.96 10.39 271.0 56.13 52.85
26.00 5.85 1035 271.9 58.63 53.40
27.00 6.74 10.31 z72.9 57.15 53.87
28.00 6.64 10.28 Z73.9 57.68 54.55
28.00 £.54 10.24 275.0 58.23 55.14
30.00 6.44 10.20 276.0 58.79 55.75
31.00 6.34 10.16 2771 58.37 56.57
32.00 528 10.12 278.2 59.96 57.01
33.00 818 10.08 2793 60.56 57 68
34.00 g.08 10.04 280.4 6117 5834
35.00 5.89 10.00 281.8 61.80 58.97

3800 5.81 088 282.8 g2.44 59.65
37.00 5.83 G.91 233.9 8208 60.34
358.00 5.76 .87 2851 83.7 61.03

39.00 563 5.83 288.3 64.42 51.74
40.0C 5.61 8.7% 287.5 65.10 62.45
41.00 5.54 875 288.7 6579 B3.57
42.00 5.48 9.71 2889 55.49 63.90
43.00 5.41 9.87 281.2 67.19 64.64
£4.00 5.35 8.63 282.4 &87.91 865,39
45.00 5.28 9.58 2837 88.63 66.14

Project Engineer: Stantech Consulting Inc
n:\roadway\28660038design calculations\rrchan. fm2 Stantech Consulting ing FlowMaster v6.0 [614b}
07/05/00 11:17:02 AM © Haestad Mathods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 7551688 Page 1 of 1
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City of Kingman - RR Channel / Reach 6 / Station 125+00 to 167+00

Worksheet for Trapezoidal Channel

Project Description

Worksheet 2.1 slopas (Reach G)-ri
Fipw Element rapezoidal Channsal
Method Manning's Formuia
Solve For Criannei Depth

input Data

Mannings Coeffic 0.035

Skope oC7340 R

Left Side Slope 2.00 H:V
Right Side Slope 200 H:V

Bottom Width 2000 ft
Discharge ,815.00 cfs
Rasulis

Dapth T8 ft
Flow Ares 266.6 f1*
Wetted Perimu 5381 #ft
Top Width 50.33 ft
Criticat Depth 675 #
Criticaf Slope  0.011540 fUft
Velocity 10.56 fifs
Velocity Head 1.73 #f
Specific Energ 8.31 ft
Froude Numb .81

Fiow Type Suberitical

Project Engineer: Stantech Consuiting inc
FiowMaster v6.0 [814Db]
Page 1 of 1

nroadway\2B660038 design calculationsirehan.fm2 Stantech Consulting Ing
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City of Kingman - RR Channe! / Reach 6 / Station 125+00 to 167+00
Worksheet for Trapezoidal Channel

Project Description

Worksheet 1.5.1 slopas {Reach 8)-Concraie-sup
Fiow Eiemeni Trapezoidal Channel

Method Manning's Formula

Soive For Channel Depth

Input Data

Mannings Cosffic  §.019

Siope 