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Western Segment of the Las Vegas Beltway
Design Memorandum Craig Road to Hualapai Way

EXECUTIVE SUMMARY

INTRODUCTION

CH2M HILL, as the prime consultant for the design of the segment of the Las Vegas Beltway
from Craig Road to Hualapai Way, has contracted with G. C. Wallace, Inc. (GCW) to provide
engineering and design services for the Gowan Beltway West Channel facilities from
Centennial Parkway to the Lone Mountain — Beltway Detention Basins, and for the Lone
Mountain - Beltway Detention Basin facilities. A vicinity map and location map showing the
location of the project are included as Figures E-1 and E-2.

PURPOSE

The purpose of this memorandum is to present the results of the initial hydraulic modeling to
conduct normal depth analysis and to prepare preliminary cost estimates for the Gowan
Beltway West Channel and the Lone Mountain — Beltway Detention Basins and pertinent
facilities.

The project has been divided into two phases. Phase 1, which was addressed in the hydrology
report, consisted of providing estimated flows and their corresponding discharge locations to
the future storm drain facilities. Phase 2, which is addressed in this report, consists of
providing hydraulic design of the future regional flood control facilities. The following is a list of
the regional facilities shown in the 2002 Master Plan Update, Clark County Regional Flood
Control District, that are to be addressed in Phases 1 and 2 of this project:

GOBW 0277 is a 1,400-linear foot (LF) 10-foot wide by 4.5-foot deep concrete channel;
GOBW 0250 is a 1,400 LF 10-foot wide by 7.5-foot deep concrete channel:
GOBW 0248 is a 100 LF 10-foot wide by 8-foot high RCB;

GOBW 0220 is a 1,500 LF 15-foot wide by 7.5-foot deep concrete channel;
GOBW 0194 is a 1,400 LF 15-foot wide by 10-foot deep concrete channel:
GOBW 0124 is a 3,700 LF 14-foot wide by 7-foot deep concrete channel;
GOBW 0096 is a 1,500 LF 15-foot wide by 7.5-foot deep concrete channel;
GOBW 0054 is a 200 LF 8-foot wide by 8-foot high RCB connector pipe:
GOBW 0053 is a 300 LF 8-foot wide by 8-foot high RCB connector pipe;
GOBW 0052 is a 555 acre-foot Detention Basin System;

GOBW 0051 is a 100 LF 18-inch RCP outlet; and

GOBW 0050 is a 32,890 cfs PMF spillway.

G.C. WALLACE, INC.
Engineers/Planners/Surveyors
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Western Segment of the Las Vegas Beltway

Desigh Memorandum Craig Road to Hualapai Way

CONCLUSIONS AND RECOMMENDATIONS

The project facilities are not located in a FEMA-designated Special Flood
Hazard Area.

The Gowan Beltway West Channel system will have design flows ranging from
approximately 520 cfs at the north end to 2,180 cfs at the south end.

The detention basin facilities will inciude two basins located on the northwest
and southwest quadrants of the Lone Mountain Road interchange. The peak
storage volume for the detention basin on the northwest quadrant will be
approximately 150 acre-feet. The peak storage volume for the detention basin
on the southwest quadrant will be approximately 500 acre-feet.

A dual level outfall is planned for the Lone Mountain - Beltway Detention Basins
to minimize adverse impacts to downstream facilities. The lower level outfall will
restrict peak discharge for the combined detention basins to approximately 47
cfs for the level of storage that will collect to the basins for the design storm that
encompasses the watershed for the Gowan Detention Basins. The second level
outfall will increase the discharge to approximately 180 cfs maximum as the
storage volume increases from a volume of 320 acre-feet to 650 acre-feet. This
will provide for a storm centered over tributary watershed for the Lone Mountain
- Beltway Detention Basins to discharge from the basins in approximately seven
days while minimizing adverse impacts on the Gowan North system.

Two Beltway Channel alignment and profile options were presented based on
the existing topography and the proposed Western Beltway alignment. The first
option is an open channel system from the Centennial Parkway alignment to the
inlet system at the north detention basin. The second option is a box culvert
system from Centennial Parkway to immediately south of Ann Road and an
open channel system from that point to the inlet system to the north detention
basin. Option #2 is the recommended alternative that is shown on the
drawings. Option #2 was selected to avert the need to acquire additional right-
of-way to accommodate the depressed beltway and the required access
roadway and manway for an open channel system.

G.C. WALLACE, INC,
Engineers/Planners/Surveyors
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Western Segment of the Las Vegas Beltway

Design Memorandum Craig Road to Hualapai Way

Minor amounts of additional right-of-way will be required to provide for the
proposed channel alignment at Ann Road that curves around the proposed
bridge abutment at the west side of the Ann Road alignment and to
accommodate the channel access roads/ramps at the proposed locations.

Three storm drain lateral inflow options to the Beltway Channel were presented
in this report. Option A consists of four inflow locations at the Centennial,
Tropical, Ann, and Washburn alignments. Option B consists of seven inflow
locations at the Centennial, Azure, Tropical, El Campo, Ann, Hammer, and
Washburn alignments. Option C consists of ten inflow locations at the
Centennial, Regina, Azure, Tropical, El Campo, La Mancha, Ann, Stephen,
Hammer, and Washburn alignments. Option B is the recommended alternative
shown in the drawings.

The LMBW detention basin outfall extends east from the 8-foot by 8-foot RCB
balancing conduit. A 434 linear foot 36-inch RCP conveys 180 cfs under
pressure to a 66-inch RCP. At the junction to the 66-inch RCP the flow in the
pipe changes to a gravity flow condition. The flow is conveyed 324 linear feet to
a 717 linear foot 72-inch RCP that connects to the proposed (Gowan North
Channel) Phase IV. The onsite beltway storm drainage system connects to the
outfall system at the junction with the 72-inch RCP.

For the South Detention Basin, a 590 linear feet, 10-feet wide concrete spillway
weir is proposed (with 3-feet deep cutoff wall at each side of the weir apron).
The spillway weir will be centered about the low point on the beltway ramp. A
similar concrete spillway weir is proposed at the north side of the north detention
basin where overflow will discharge from that basin.

G.C. WALLACE, INC.

Engineers/Planners/Surveyors
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Western Segment of the Las Vegas Beltway

Design Memorandum Craig Road to Hualapai Way

INTRODUCTION

CH2M HILL, as the prime consultant for the design of the segment of the Las Vegas
Beltway from Craig Road to Hualapai Way, has contracted with G. C. Wallace, Inc.
(GCW) to provide engineering and design services for the Lone Mountain — Beltway
Detention Basins (hereinafter referred to as the LMBW Detention Basins) and the
Gowan Beltway West Channel from Centennial Parkway to the LMBW Detention
Basins (hereinafter referred to as the Beltway Channel). A vicinity map and location
map showing the exact location of the project are included as Figures 1 and 2.

FEMA FLOOD PLAIN INFORMATION

Figure 3 shows the project site in relation to designated Federal Emergency
Management Agency (FEMA) flood zones. According to Flood Insurance Rate Map
(FIRM) Panels 32003C 1750 E and 2150 E, dated September 27, 2002, the project
site lies within FEMA-designated Zone X. Areas designated as Zone X are
described as being outside of the 500-year floodplain.

CLARK COUNTY REGIONAL FLOOD CONTROL DISTRICT
(CCRFCD) FACILITIES

Figure 4 is reproduced from Figure F-7 of the 2002 Clark County Regional Flood
Control District (CCRFCD) Las Vegas Valley Master Plan Update (Reference 1,
hereinafter referred to as the 2002 MPU). This figure depicts the project site in
relation to existing and proposed CCRFCD facilities. As shown on the figure,
Facility GOBW 0277 is a 1,400 linear foot (LF) 10-foot wide by 4.5-foot deep
concrete channel. Facility GOBW 0250 is a 1,400 LF 10-foot wide by 7.5-foot deep
concrete channel. Facility GOBW 0248 is a 100 LF 10-foot wide by 8-foot high RCB.
Facility GOBW 0220 is a 1,500 LF 15-foot wide by 7.5-foot deep concrete channel.
Facility GOBW 0194 is a 1,400 LF 15-foot wide by 10-foot deep concrete channel.
Facility GOBW 0124 is a 3,700 LF 14-foot wide by 7-foot deep concrete channel.
Facility GOBW 0096 is a 1,500 LF 15-foot wide by 7.5-foot deep concrete channel.
Facility GOBW 0050 is a 32,890 cfs PMF spillway. Facility GOBW 0051 is a 100 LF
18-inch RCP outlet. Facility GOBW 0052 is the 555 acre-feet Lone Mountain-
Beltway Detention Basin. Facility GOBW 0053 is a 300 LF 8-foot wide by 8-foot high

G.C. WALLACE, INC.

Engineers/Planners/Surveyors
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o/ Tributa Channel
River Facility Description Le("“g)'h :‘;:; }:‘Eoi: :i?‘; Arnry Slope

Hile ' (sq.mi.) (%) **
G002 |(GOWAN SOUTH FACILITIES (CHEYENNE CHANNEL)

0112 |Conc Chni 10'W 7'D 1.5:1 SS 7640 4383 cc-c GW3sC 542 230
0257  |Conc Chnl 10'W 6.75'D 1.5:1 SS 4293 2679 ccJ-c GW3sC 2.97 4.10
GOAN |GOWAN ANN ROAD DETENTION BASIN FACILITIES

0000 |48*RCP 3200 168 CAM10D8B GW3sC 377 3.44
0059 22,237 cfs PMF Spillway 22237 CAM10IN GW3sC 377

0060 36" RCP Outiet 100 168 CAM10DB GW3sC 377

0061|336 ac-ft Ann Road Delention Basin 3255 CAM10IN GW3sC 377

0065 |Soil Cement Chnl 8-45'W 3'D 4:1 SS 4500 878 CCAMDK3 GW3sC 065 2.56
GOBE |GOWAN LONE MOUNTAIN SYST. BELTWAY

0000 |Conc Chnl 20'W §'D 2:1SS 4800 1526 CSB3 GW3sC 111 5.67
0069 |20'X 6'RCBC @ Lake Mead 400 1526 CsB3 GW3sC 1.00 1.50
0070 [Conc Chnl 20'W 5'D 2:1 SS 3000 1526 CSB3 GW3sC 1.1 0.50
GOBW |GOWAN BELTWAY WEST

0000 |60" RCP 2700 230 WRHW-C GW3sC 0.45 1.86
0050 {32,890 cfs PMF Spillway 32890 CLMBW T GW3sSC 321

0051 |18"RCP Outlet 100 0 CLMBW1 GW3sC 321

0052 |555 ac-ft Lone Mountain-Beltway Detention Basin 3289 CLmBwW1 GW3sC 321

0053 |8'X 8' RCB Connector Pipe Under Bellway 300 0 CLMBW1 GW3sC 321 1.00
0054 |8'X 8'RCB Connector Pipe Under Lone Mountain Road: 200 0 000 1.00
0096 |Conc Chnl 15'W 7.5'D 0:1 SS 1500 2071 CWRBW1-C GW3SC 205 1.54
0124  [Conc Chnl 14'W 7'D 0:1 SS 3700 1774 CHLBW1 GW3sC 160 1.84
0194  |Conc €hnl 15'W 10'D 0:1 SS 1400 1297 CEFPOB ALLGOW3 496 0.33
0220 [Conc Chnl 15'W 7.5'D 0:1 SS 1500 854 CEFPOA2 ALLGOW3 457 0.36
0248 |10'X 8'RCB 100 589 CCEFPOA1 ALLGOW3 426 0.38
0250 |Conc Chnl 10'W 7.5'D 0:1 SS 1400 855 CEFPOA1 GW3SC 0.49 0.38
0277 |Conc Chnl 10'W 4.5'D 0:1 SS. 1400 305 COMNAZ GW3sC 026 0.56
GOBX |GOWANBOX CANYON

0000 |66° RCP 7000 537 LWBW1 GW3sC (R3] 6.55
0115 |25,020 cfs PMF Spillway 25020 BOXCANYO GW3sC M

0116 |18 RCP Outlet 100 0 BOXCANYO GW3sC 3m

0117  |Existing Gravel Pit Capacity Unknown 0 3.41

0118|393 ac-ft Box Canyon Detention Basin 2502 BOXCANYO GW3sC 3.00

GOL2 |GOWAN LONE MOUNTAIN SYSTEM-BRANCH 2

0000 |66* RCP 700 418 CRBW GW3sC 044 1.72
0014 |84" RCPC 140 418 CRBW GW3sC 044 0.50
GOL3 |GOWAN LONE MOUNTAIN SYSTEM-BRANCH 3

0000 |2:10'X 10'RCBC 500 3937 CLMTS GW3sC 3.96 3.39
0009 |Conc Chnl20'W 10'D 0:1 SS 3800 3841 CRLMT1 ALLGOW3 7.81 1.39
0082 |2:10'X 6'RCBC @ Cheyenne 350 1784 CRCSB3 ALLGOW3 552 5.00
0083 |Conc Chnl 20'W 6'D 0:1SS 1250 1784 CRCSB3 ALLGOW3 552 5.00
0115 |96" RCP 350 1104 DET26 ALLGOW3 a4 4.15
0128  |290 ac-ft Village 26 Delention Basin 3684 VIL26IN GW3sC M

0129 [96° RCP Outiet 370 1104 VIL260T GW3sC M

0137 |Conc Chni 50'W 4D 2:1 SS 7400 25684 VIL26IN GW3sC 4.41 6.08
0289 |Conc Chnl 50'W 4'D 2.1 SS 6600 3607 CSB1 GW3sC 417 7.95
0290 [Natural Wash 363'W 4300 1442 SB1 GW3sC 165 22.50
0370 |Natural Wash 450'W 7000 2329 30 GW3sC 2.51 8.50

Tributal Channel |
Facility Description Le(r;‘g’th 7':7:; }:‘Eo‘;.: :;Ecg:l Areary Slope
X (sq.mi) (%) =
GOWAN LONE MOUNTAIN SYSTEM-BRANCH 4
14'X 8'RCB 650 2309 LMT1 GW3sC 2.00 251
Gabion Chnl 90'W 3.5'D 2:1 SS 2200 2309 LMT! GW3sC 229 372
GOWAN LONE MOUNTAIN SYSTEM
60° RCP 2700 349 CLV15-C ALLGOW4 1174 259
54 RCP 3200 188 LMTNDB ALLGOW4 1139 297
730 ac-ft Lone Mountain Detention Basin 5724 LMTNIN ALLGOW4 1138
Upgrade to 840 ac-ft Lone Mountain Detention Basin 5724 LMTNIN ALLGOW4 1139
36,000 cfs PMF Spillway 36000 LMTNIN ALLGOW4 1139
66" RCP Outlet 200 188 LMTNDB ALLGOW4 1138
60" X 38" RCPC 200 218 GRBW2 GW3sC 0.16 095
Conc Chnl 28'W 8'D 725 5724 CGABW GW3sC 6.97 1.82
Unlined Chnl Variable Width 3.75D 2800 218 GRBW2 GW3sC 0.18 0.90
28'X 8'RCBC 150 5724 CGABW GW3sC 5.97 200
Conc Chnl 28'W 8D 2625 5561 CLMT5 GW3sC 576 326
10'X 10'RCBC 300 1925 CuvB2 GW3sC 1.83 250
Conc Chnl 20'W 4D 2:1 SS 2100 1387 CLMT3 GW3sC 1.38 375
Conc Chnl 20'W 4D 2:1SS 4300 1397 CLMT3 GW3sC 1.38 5.00
GOWAN NORTH SYSTEM
10'X 6'RCB 5280 1449 CWRHW-C GW3sC 2.34 275
10'X 9'RCB 4000 1449 CWRHW-C GW3sC 2.34 0.88
10'X 9'RCB 1320 13563 CARHW-C GW3sC 1.89 076
10'X7'RCB 1320 1138 CEAHW-C GW3sC 1.53 1.14
10'X 9'RCB 1320 935 CTRHW-C GW3sC 1.22 038
8'X7'RCB 1320 730 CADHW-C GW3sC 0.90 076
7' X 6'RCB 1320 541 CCPHW-C GW3sC 0.60 114
RANCHO ROAD SYSTEM - BELTWAY CHANNEL
82 ac-ft Ft. Apache Detention Basin 1031 FADBIN WEST3 1.23
10,310 cfs PMF Spillway 10310 FADBIN WEST3 1.23
66" RCP Outlet with 42" Orifice 100 204 FADBIN WEST3 123
12' X 6'RCBC @ Fort Apache Detention Basin 134 1031 FADBIN WEST3 123 187
Conc Chnl 12'W 6'D 0:1 SS 1978 1031 FADBIN WEST3 1.23 333
12'X 6'RCBC @ Grand Canyon 70 875 CCDMNA1 WEST3 1.03 3.15
Conc Chnl 12'W 6'D 0:1SS 2690 875 CCDMNA1 WEST3 1.03 327
Conc Chnl 12W 5.5D 0:1 SS 1968 636 CCDMNA22 WEST3 0.58 250
Conc Chnl 10W 6D 0:1 SS 2222 636 CCDMNA22 WEST3 0.58 125
RANCHO ROAD SYSTEM - BELTWAY
Conc Chnl 16'W 6D 0:1 SS 2700 1767 CNWBC3 WEST3 39 240
Conc Chnl 12'W 6.5'D 1.5:1 SS 4000 1767 CNWBC3 WEST3 3.91
& 3 I Y TR AT e T RIS EAGA  B  LIy Sy R s TSR e TR S

2002
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Western Segment of the Las Vegas Beltway

Design Memorandum Craig Road to Hualapai Way

RCB connector pipe under the Beltway. Facility GOBW 0054 is a 200 LF 8-foot wide
by 8-foot high RCB connector pipe under Lone Mountain Road.

PROJECT OBJECTIVES

The purpose of this memorandum is to present the results of the initial hydraulic
modeling to conduct normal depth analysis and to prepare preliminary cost estimates
for the Gowan Beltway West Channel and the Lone Mountain — Beltway Detention
Basins and pertinent facilities.

The project has been divided into two phases. Phase 1, which was addressed in the
hydrology report, consisted of providing estimated flows and their corresponding
discharge locations to the Beltway Channel and the LMBW Detention Basins.
Phase 2, which is addressed in this report, consists of providing hydraulic design of
the future storm drain facilities and the design of the Beltway Channel.

The following tasks were performed to prepare this Phase 2 design memorandum:

* Provided Beltway Channel alignment and profile options based on
existing topography and the proposed Western Beltway alignment.

* Identified inflow locations based on flows obtained from the Phase 1
hydrology study and provided three different storm drain facilities
options to convey runoff to the Beltway Channel.

¢ Designed facilities necessary to convey runoff down the steep sides of
the detention basins.

¢ ldentified locations requiring erosion protection.
* Designed low flow storm drain facilities for the detention basins.
HYDROLOGY

The 2002 MPU hydrology was used as the basic source for the formation of the
hydrologic model for the Phase 1 hydrology report (Reference 2, hereinafter referred
to as the Hydrology Report).

To provide flexibility for future development, storm drain laterals conveying flow to
the Beltway Channel were designed based on portions of the ultimate conditions
drainage map (see Figure 5 in Hydrology Report) subbasins that may contribute flow

W
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Western Segment of the Las Vegas Beltway

Design Memorandum Craig Road to Hualapai Way

VL.

to those storm drain locations. However, the capacity at any particular location of the
Beltway Channel was designed based on the flows from the Ultimate Condition
HEC-1 nodes determined in the Hydrology Report.

A conceptual layout of the detention basins facilities was presented for regional flood
control master planning purposes in the 2002 MPU. The 2002 MPU presented a
configuration that showed three potential sites for interconnected detention basins.
The volume for the combined basins was estimated to be 550 acre-foot for a nominal
peak outflow. The peak outflow was listed as O cfs; however, the Hydrologic Criteria
and Drainage Design Manual, CCRFCD, August 1999 (Reference 7, hereinafter
referred to as the Manual) states that the maximum drainage time for a regional
detention basin is seven days, therefore, a minimum average outflow of
approximately 40 cfs would be required per the Manual. The design of the LMBW
Detention Basins was addressed in the Hydrology Report.

REGIONAL FLOOD CONTROL FACILITY DESIGN

The detention basin system and associated collection and conveyance systems are
set up in coordination with the beltway and are laid out along the upstream side of
the beltway alignment in order to facilitate the protection of that major infrastructure
and the acquisition of right-of-way for those public facilities.

Beltway Channel - The Gowan Beltway West Channel system extends along the
upstream side of the Las Vegas Beltway from the south side of the Centennial
Parkway interchange to the Lone Mountain — Beltway North Detention Basin located
on the northwest quadrant of the Lone Mountain Road interchange. The channel
system consists of several segments as noted above in the section on CCRFCD

facilities. In this report two Beltway Channel alignment options are presented.

Alignment #1 consists of open channel from the Centennial Parkway alignment to the
Washburn Avenue alignment. At the Washburn Avenue alignment, the channel
transitions to a 10-foot-wide by 10-foot-high RCB and descends to the LMBW North
Detention Basin. Channel geometry, normal depth, and rollwave calculations for the
Beltway Channel Alignment #1 are included on Sheets A1-4 through A1-11 in
Appendix A-1.

Alignment #2 consists of RCB from the Centennial Parkway alignment to the Ann

W
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Western Segment of the Las Vegas Beltway
Design Memorandum Craig Road to Hualapai Way

Road alignment. At the Ann Road alignment, the channel transitions to a 14-foot by
10-foot open channel to the Washburn Avenue alignment. At the Washbum
alignment, the channel transitions to a 10-foot-wide by 10-foot-high RCB and
descends to the LMBW North Detention Basin. Channel geometry, normal depth,
and rollwave calculations for the Beltway Channel Alignment #2 are included on
Sheets A2-4 through A2-11 in Appendix A-2.

At the Ann Road alignment, the two alternative channel alignments are presented.
The first location would be utilized if the bridge abutment is constructed as a vertical
abutment. The second channel alignment curves around the bridge abutment and
extends outside the right-of-way as presented on the plans. See Sheet SD-7 in
Appendix F.

Storm drain laterals are proposed to convey flow to the Beltway Channel. The
proposed lateral sizes are prorated based on the ultimate conditions drainage
subbasins that contribute flow to those storm drain locations. Inflow locations to the
Beltway Channel were presented as Options A, B, and C. Grated inlets may be
provided in lieu of manholes along the RCB sections of the channel alignment to
intercept surface flow that is not conveyed in the storm drain laterals.

Option A consists of four inflow locations at the Centennial, Tropical, Ann, and
Washburn alignments. At Centennial Parkway, a 15-foot-wide maintenance ramp
will convey approximately 340 cfs to the Beltway Channel. At Tropical Parkway, a
66-inch RCP will convey approximately 320 cfs to the Beltway Channel. At Ann
Road, an 8-foot-wide by 6-foot-high RCB will convey 670 cfs to the confluence with
the Beltway Channel. At Washburn Road, a 60-inch RCP lateral will convey 620 cfs
to the Beltway Channel.

Option B consists of seven inflow locations at the Centennial, Azure, Tropical,
El Campo, Ann, Hammer and Washburn alignments. At Centennial Parkway, a
15-foot-wide maintenance road will convey 280 cfs to the Beltway Channel. At Azure
Avenue, a 606-inch RCP will convey 240 cfs to the Beltway Channel. At Tropical
Parkway, a 72-inch RCP will convey 370 cfs to the Beltway Channel. At El Campo, a
60-inch RCP will convey 280 cfs to the Beltway Channel. At Ann Road, an 8-foot-
wide by 6-foot-high RCB will convey 670 cfs to the Beltway Channel section. At
Hammer Road, 72-inch RCP lateral will convey 620 cfs to the Beltway Channel. At

G.C. WALLACE, INC.
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Western Segment of the Las Vegas Beltway

Design Memorandum Craig Road to Hualapai Way

Washburn Road, one 72-inch RCP lateral will convey 570 cfs to the Beltway
Channel.

Option C consists of ten inflow locations at the Centennial, Regina, Azure, Tropical,
El Campo, La Mancha, Ann, Stephen, Hammer, and Washburn alignments. At
Centennial Parkway, a 15-foot-wide maintenance road will convey 200 cfs to the
Beltway Channel. At Regina Avenue, a 48-inch RCP will convey 100 cfs to the
Beltway Channel. At Azure Avenue, a 48-inch RCP will convey 100 cfs to the
Beltway Channel. At Tropical Parkway, a 66-inch RCP will convey 250 cfs to the
Beltway Channel. At EI Campo, a 48-inch RCP lateral will convey 100 cfs to the
Beltway Channel. At La Mancha, a 48-inch RCP lateral will convey 100 cfs to the
Beltway Channel. At Ann Road, an 8-foot-wide by 6-foot-high RCB will convey
350 cfs to the Beltway Channel. At Stephen Road, a 48-inch RCP lateral will convey
200 cfs to the Beltway Channel. At Hammer Road, a 66-inch RCP lateral will convey
400 cfs to the Beltway Channel. At Washburn Road, a 72-inch RCP lateral will
convey 570 cfs to the Beltway Channel.

Detention Basins - Since the detention basins are associated with the beltway
layout, the design of the segment of the beltway in the vicinity of the Lone Mountain

Road interchange has direct bearing on the layout of the detention basins.

A dual detention basin design located adjacent to the northwest and southwest
quadrants of the Lone Mountain interchange is proposed for this project. The north
detention basin will have an elongated shape and will serve as a joint
conveyance/detention facility.

At the Washburn Avenue alignment, the Beltway Charinel transitions to a 10-foot
wide by 10-foot high RCB and conveys 2182 cfs to the north detention basin. An
energy dissipater structure will be located at the inlet to the detention basin with
riprap erosion protection downstream of the energy dissipater.

Along the western side of the north detention basin, a riprap-lined v-ditch will convey
98 cfs to a 20-foot wide concrete channel, which discharges to the detention basin.
Erosion protection will be provided at the channel outfall. A 42-inch HDPE drain low

flow system will be provided and will extend from the main channel outfall to an

W
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Western Segment of the Las Vegas Beltway
Design Memorandum Craig Road to Hualapai Way

From the Master Study for Lone Mountain West by VTN Nevada (Reference 4,
hereinafter referred to as the Lone Mountain Master Study), the total 100-year strest
flow in Lone Mountain Road is 414 cfs (See Appendix C). In addition, 134 cfs is
conveyed in the 42-inch RCP in Lone Mountain Road. Depressed curb and curb
opening along Lone Mountain Road will divert 207 cfs in the north half of the street to
a 20-foot wide concrete channel that will convey the runoff to the north detention
basin.

For locations and details of facilities, see the plan and profile sheets in Appendix F.
Normal depth and riprap calculations for the north detention basin facilities are
included in the appendix.

The initial flows up to a magnitude of approximately 800 cfs from the Beltway
Channel system will pass through the north basin to the balancing conduit that will
convey the flows under Lone Mountain Road to the south detention basin. The
bottom of the north detention basin will be approximately 10 feet higher than the
bottom of the south basin. The north basin will not detain runoff for inflows less than
800 cfs unless the south detention basin has filled to a height above the bottom of
the north detention basin. For inflows in excess of 800 cfs the north basin will detain

a portion of the inflows.

From the Monument at Lone Mountain West Units 1, 3, 4, and 5 Study by VTN
(Reference 5, hereinafter referred to as the Monument Study), 341 cfs is conveyed to
the east end of Peaceful Dawn Avenue. A 20-foot wide concrete channel is
proposed to convey the flow to triple 6-foot by 3-foot culverts. At the northwest
corner of the south detention basin, the 42-inch RCP stub (134 cfs) previously
mentioned, was designed aé a part of the Technical Drainage Study for Cliff
Shadows Four-Plex (Reference 6, hereinafter referred to as the LR Nelson Study).
As part of this report, the 42-inch RCP is extended and drains to a 6-foot by 3-foot
wide culvert. These flows combine (475 cfs) in a 30-foot wide concrete channel and
are conveyed to a 60-foot-wide earthen-lined channel. The earthen-lined channel
transitions to a 30-foot wide concrete channel and discharges to the lower section of
the detention basin. Erosion protection will be provided at the outfall. A 24-inch
HDPE drain low flow storm drain system will be provided in the earthen-lined
channel.

G.C. WALLACE, INC.
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Western Segment of the Las Vegas Beltway
Design Memorandum Craig Road to Hualapai Way

A local facility (8-foot. wide by 8-foot high RCB) desighed by CH2M Hill conveys
753 cfs to the edge of the south detention basin. A double 54-inch RCP is proposed
to convey the flow to the bottom of the south detention basin. A double impact basin
energy dissipater will be provided at the outfall.

The LMBW detention basin outfall extends east from the 8-foot by 8-foot RCB
balancing conduit. A 434 linear foot 36-inch RCP conveys 180 cfs under pressure to
a 66-inch RCP. At the junction to the 66-inch RCP the flow in the pipe changes to a
gravity flow condition. The flow is conveyed 324 linear feet to a 717 linear foot
72-inch RCP that connects to the proposed (Gowan North Channel) Phase IV. The
onsite beltway storm drainage system connects to the outfall system at the junction
with the 72-inch RCP.

Spillways — The PMP storms were analyzed in the Hydrology Memorandum and
PMF flows were determined for the prescribed drainage areas for the north and
south detention basins. As a part of this preliminary hydraulic study, a two-
dimensional flow analysis was done to evaluate the probable flow paths for the PMF
flows. Two analyses were done using the FLO-2D two-dimensional flow analysis
computer program. The first analysis was done using the historic USGS 20-foot
contour mapping for the area. This mapping predates the major gravel mining
operations in the vicinity of Lone Mountain. The second analysis was done using the
5-foot contour mapping from Clark County that reflects modifications by the gravel
mining operations and more closely represents current topography. Both of the
analyses showed much of the PMF flows from the Box Canyon drainage area
bypassing the detention basins and flowing north of the Washburn Road alignment.
The results of these analyses are contained in Appendix D. Based on the results of
the FLO-2D analyses, the maximum flow that impacts the north detention basin from
a PMP storm over the North Detention Basin PMF Drainage Area is 4,400 cfs. Since
the smaller localized PMF drainage area for the south detention basin generated a
flow of approximately 8,300 cfs, it was determined that both detention basins will be
designed to discharge a PMF flow of at least that magnitude. (An analysis was
done for the north basin to verify that in the event that the entire PMF flow from the
Box Canyon area was diverted to the north basin that it could safely pass with no
freeboard.) The preliminary FlowMaster analyses of the spillways for the detention
basins are contained in Appendix D.

G.C. WALLACE, INC,
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Western Segment of the Las Vegas Beltway
Design Memorandum Craig Road to Hualapai Way

The initial overflow for both detention basins will be at the north side of the north
detention basin since the balancing conduit will convey flow from the south basin to
the north basin in the event that water ponds in the south basin above the maximum
projected water surface elevation of 2738 (overflow discharge from the south basin
does not occur until the minimum ramp elevation of approximately 2741 is reached).
A peak flow of approximately 600 cfs could convey through the balancing the conduit
from the south basin to the north basin and discharge from the north side of the north
basin before the ponding elevation of 2741 was exceeded in the south basin. (In
excess of 600 cfs will discharge over the spillway at the north end of the north basin
for a ponding elevation of approximately 1-foot above the minimum elevation of the
crest of the concrete spillway weir.)

The Nevada State Dam Safety has indicated two main criteria for a detention basin
to be categorized as a “below grade” basin that with reduced risk of failure and a
lower probability of creating an adverse impact on downstream properties. The first
requirement is that the detention volume be located below the natural grade so that
potential energy is not added into the system that would substantially exceed the
energy for natural conditions. The planned storage volumes for both of the detention
basins are substantially below the natural grade, and therefore, both basins comply
with the first requirement. The second requirement is that the grading of the
embankments, downstream from where overflow will discharge from the detention
basins in the event of a PMF flow, represents a minimal risk of failure. The typical
measure of reduced risk is having a slope that is sufficiently flat (typically in the order
of 10:1 or less) and/or sufficiently massive and erosion resistant such that minimal
erosion protection is required. The discharge from the south basin will occur over
the southbound beltway ramp for the Lone Mountain interchange. The top width of
the ramp in the location of the overflow is greater than 40 feet and the paving for the
ramp will have a relatively high resistance to erosion. In order to further ensure the
integrity of the embankment in location where overflow will occur, a 10-feet concrete
weir is proposed with 3-feet deep cutoff wall at each side of the weir apron. A similar
concrete spillway weir is proposed at the north side of the north detention basin
where overflow will discharge from that basin. The initial overflow will occur to the
north and as the depth of the overflow increases, overflow will begin to spill over the

beltway ramp at that location. The representation of the detention basins as “below
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Western Segment of the Las Vegas Beltway

Design Memorandum : Craig Road fo Hualapai Way

grade” will need concurrence of the reviewing agencies including Clark County

Regional Flood Control District and State of Nevada Dam Safety.

Concrete slope paving is considered in the locations of the potential overflow from
the detention basins on the downstream side of the beltway ramps to provide

protection for the ramps against damage from erosion.

Cost Estimates — Preliminary cost estimates were prepared for the regional facilities
addressed in this report. The cost estimates were based on the two different
channel alignments utilizing the recommended storm drain lateral Option B.

G.C. WALLACE, INC.
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Western Segment of the Las Vegas Beltway
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VIl. CONCLUSIONS AND RECOMMENDATIONS

1. The project facilities are not located in a FEMA-designhated Special Flood
Hazard Area.

2. The Gowan Beltway West Channel system will have design flows ranging
from approximately 520 cfs at the north end to 2,180 cfs at the south end.

3. The detention basin facilities will include two basins located on the northwest
and southwest quadrants of the Lone Mountain Road interchange. The peak
storage volume for the detention basin on the northwest quadrant will be
approximately 150 acre-feet. The peak storage volume for the detention
basin on the southwest quadrant will be approximately 500 acre-feet.

4, A dual level outfall is planned for the Lone Mountain - Beltway Detention
Basins to minimize adverse impacts to downstream facilities. The lower level
outfall will restrict peak discharge for the combined detention basins to
approximately 47 cfs for the level of storage that will collect to the basins for
the design storm that encompasses the watershed for the Gowan Detention
Basins. The second level outfall will increase the discharge to approximately
180 cfs maximum as the storage volume increases from a volume of 320
acre-feet to 650 acre-feet. This will provide for a storm centered over
tributary watershed for the Lone Mountain - Beltway Detention Basins to
discharge from the basins in approximately seven days while minimizing
adverse impacts on the Gowan North system.

5. Two Beltway Channel alignment and profile options were presented based on
the existing topography and the proposed Western Beltway alignment. The
first option is an open channel system from the Centennial Parkway
alignment to the inlet system at the north detention basin. The second option
is a box culvert system from Centennial Parkway to immediately south of Ann
Road and an open channel system from that point to the inlet system to the
north detention basin.  Option #2 is the recommended alternative that is
shown on the drawings. Option #2 was selected to avert the need to acquire
additional right-of-way to accommodate the depressed beltway and the
required access roadway and manway for an open channel system.

G.C. WALLACE, INC.
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Western Segment of the Las Vegas Beltway

Design Memorandum Crajg Road to Hualapai Way

Minor amounts of additional right-of-way will be required to provide for the
proposed channel alignment at Ann Road that curves around the proposed
bridge abutment at the west side of the Ann Road alignment and to
accommodate the channel access roads/ramps at the proposed locations.

Three storm drain lateral inflow options to the Beltway Channel were
presented in this report. Option A consists of four inflow locations at the
Centennial, Tropical, Ann, and Washburn alignments. Option B consists of
seven inflow locations at the Centennial, Azure, Tropical, El Campo, Ann,
Hammer, and Washburn alignments. Option C consists of ten inflow
locations at the Centennial, Regina, Azure, Tropical, EI Campo, La Mancha,
Ann, Stephen, Hammer, and Washburn alignments. Option B is the
recommended alternative shown in the drawings.

The LMBW detention basin outfall extends east from the 8-foot by 8-foot RCB
balancing conduit. A 434 linear foot 36-inch RCP conveys 180 cfs under
pressure to a 66-inch RCP. At the junction to the 66-inch RCP the flow in the
pipe changes to a gravity flow condition. The flow is conveyed 324 linear feet
to a 717 linear foot 72-inch RCP that connects to the proposed (Gowan North
Channel) Phase IV. The onsite beltway storm drainage system connects to
the outfall system at the junction with the 72-inch RCP.

For the South Detention Basin, a 590-linear foot, 10-foot wide concrete
spillway weir is proposed (with 3-feet deep cutoff wall at each side of the weir
apron). The spillway weir will be centered about the low point on the beltway
ramp. A similar concrete spillway weir is proposed at the north side of the
north detention basin where overflow will discharge from that basin.
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APPENDIX A

Beltway Channel Hydraulics

A-1 Channel Alignment #1
A-2 Channel Alignment #2



APPENDIX A-1

Channel Alignment #1

Beltway Channel Exhibits
Flowmaster Calculations



STA

730+00 (10" wide, Q = 2182 cfs)

Worksheet for Irregular Channel

Project Description

Worksheet STA 730+00 (10' wide, Q = 2182 cfs) - min radius = 0 feet
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.018000 ft/ft

Discharge 2,182.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method

Improved Lotter's Method
Improved Lotter's Method

Closed Channel Weighting Metho! Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 7.81 ft
Elevation Range 0.00 to 10.00
Flow Area 78.1 ft?
Wetted Perimeter 2562 ft
Top Width 10.00 ft
Actual Depth 7.81 ft
Critical Elevation 1140 ft
Critical Slope 0.007098 ft/ft
Velocity 27.94 ft/s
Velocity Head 12,13 it
Specific Energy 19.94 ft
Froude Number 1.76
Flow Type Superecritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+10 0.015

Natural Channel Points

Station Elevation
() {ft)
0+00 10.00
0+00 0.00
0+10 0.00
0+10 10.00

f:\451-002\drainage\calcs\flowmaster\1 bwmaster.fm2
04/19/04 08:40:53 AM ®© Haestad Methods, Inc.

G. C. Wallace Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer; GCW User
FlowMaster v7.0 [7.0005]

+1-203-755-1666 Page 1 of 1




STA 730+00 (10’ wide, Q = 2182 cfs)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 730+00 (10' wide, Q = 2182 cfs) - min radius = 0 feet
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.018000 ft/ft
Water Surface Elevation 7.81 ft
Elevation Range 0.00 to 10.00
Discharge 2,182.00 cfs
10.00°F i
8.00 =
600 v N
4.00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10
vl
H:1
NTS
Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\1 bwmaster.fm?2 G. C. Wallace Inc

04/19/04 08:40:58 AM ©

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

FlowMaster v7.0 [7.0005]
+1-203-755-1666 Page 1 of 1




STA

734+00 (10’ wide, Q = 2182 cfs)

Worksheet for Irregular Channel

Project Description

Worksheet STA 734+00 (10' wide, Q = 2182 cfs) - min radius = 500 ft
Flow Element irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.018000 ft/ft

Discharge 2,182.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method

Improved Lotter's Method
Improved Lotter's Method

Closed Channel Welghting Metho Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 7.81 #t
Elevation Range 0.00 to 10.00
Flow Area 78.1 ft?
Wetted Perimeter 25.62 ft
Top Width 10.00 ft
Actual Depth 7.81 it
Critical Elevation 11.40 ft
Critical Slope 0.007098 ft/ft
Velocity 27.94 ft/s
Velocity Head 1213 ft
Specific Energy 19.94 ft
Froude Number 1.76
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+10 0.015

Natural Channel Points

Station Elevation
(M (ft)
0+00 10.00
0+00 0.00
0+10 0.00
0+10 10.00

f:\461-002\drainage\calcs\flowmaster\1bwmaster.fm2
04/19/04 08:41:.04 AM © Haestad Methods, Inc.

G. C. Wallace Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]

+1-203-755-1666 Page 1 of 1



STA 734+00 (10" wide, Q = 2182 cfs)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 734+00 (10’ wide, Q = 2182 cfs) - min radius = 500 ft
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.018000 ft/ft
Water Surface Elevation 7.81 ft
Elevation Range 0.00 to 10.00
Discharge 2,182.00 cfs
10.00
8.00 =
6.00 -
4.00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10
v
H:1
NTS

f:\451-002\drainage\calcs\fltowmaster\1bwmaster.fm2

04/19/04 08:41:10 AM ©

G, C. Wallace Inc

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW User
FlowMaster v7.0 [7.0005}

+1-203-755-1666 Page 1 of 1




STA 735+00 (10' wide, Q = 2182 cfs) - min radius = 500 ft
Worksheet for Irregular Channel

Project Description

Worksheet STA 735+00 (10' wide, Q = 2182 cfs) - min radius = 500 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.050000 ft/ft

Discharge 2,182.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Metho:

Improved Lotter's Method
Improved Lotter's Method

Horton's Method

Results
Mannings Coefficient 0.015
Water Surface Elevation 5.26 ft
Elevation Range 0.00 to 10.00
Iflow Area 52.6 ft?
Wetted Perimeter 20.52 ft
Top Width 10.00 ft
Actual Depth 5.26 ft
Critical Elevation 11.40 ft
Critical Slope 0.007098 ft/ft
Velocity 41.49 ft/s
Velocity Head 26.75 ft
Specific Energy 32.01 ft
Froude Number 3.19
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+10 0.015

Natural Channel Points

Station Elevation
(ft) ()
0-+00 10.00
0+00 0.00
0+10 0.00
0+10 10.00

f:\451-002\drainage\calcs\flowmaster\t bwmaster,fm2
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STA 735+00 (10" wide, Q = 2182 cfs) - min radius = 500 ft
Cross Section for Irregular Channel

Project Description

Worksheet STA 735+00 (10" wide, Q = 2182 cfs) - min radius = 500 f
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.050000 ftfit
Water Surface Elevation 5.26 ft
Elevation Range 0.00 to 10.00
Discharge 2,182.00 cfs
10.00p
8.00
6.00
4.00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10
vl
H:1
NTS
Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\tbwmaster.fm2 G. C. Wallace Inc

FlowMaster v7.0 [7.0005]
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STA 735+00 (10' wide, Q = 2182 cfs) - min radius = 500 ft
Worksheet for Irregular Channel

Project Description

Worksheet STA 738+00 (10' wide, Q = 2182 cfs) - min radius = 2853.50 it
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.050000 ft/ft

Discharge 2,182.00 cfs

Options

Current Roughness Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Metho:

Horton's Method

Results

Mannings Coefficient
Water Surface Elevation

Elevation Range
Flow Area
Wetted Perimeter
Top Width
Actual Depth
Critical Elevation
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number
Flow Type

0.015
5.26 ft
0.00 to 10.00
52.6 ft
20.52 ft
10.00 ft
5.26 ft
11.40 ft
0.007098 fu/ft
41.49 fi/s
26.75 ft
32.01 ft
3.19
Supercritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 0+10 0.015

Natural Channel Points

Station Elevation
(ft) (ft)
0+00 10.00
0+00 0.00
0+10 0.00
0+10 10.00
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STA 738+00 (10" wide, Q = 2182 cfs) - min radius = 2853.50 ft

Worksheet for Irregular Channel

Project Description

Worksheet STA 738+00 (10' wide, Q = 2182 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channe! Depth

Input Data

Channel Slope 0.050000
Discharge 2,182.00

ft/ft
cfs

Options

Current Roughness Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Methor

Horton's Method

Results
Mannings Coefficient 0.015
Water Surface Elevation 5.26 ft
Elevation Range 0.00to 10.00
Flow Area 52.6 fi*
Wetted Perimeter 20.52 ft
Top Width 10.00 ft
Actual Depth 5.26 ft
Critical Elevation 11.40 ft
Critical Slope 0.007098 fu/it
Velocity 41.49 ft/s
Velocity Head 26.75 ft
Specific Energy 32.01 ft
Froude Number 3.19
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+10 0.015

Natural Channel Points

Station Elevation
(ft) ()
0+00 10.00
0+00 0.00
0+10 0.00
0+10 10.00

f:\451-002\drainage\calcs\flowmaster\1bwmaster.fm2
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STA 738+00 (10" wide, Q = 2182 cfs) - min radius = 2853.50 ft
Cross Section for Irregular Channel
Project Description
Worksheet STA 738+00 (10' wide, Q = 2182 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Section Data
Mannings Coefficient 0.015
Channel Slope 0.050000 ft/ft
Water Surface Elevation 5.26 ft
Elevation Range 0.00 to 10.00
Discharge 2,182.00 cfs
10.00 %
8.00
6.00
4.00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10
! _ vl
H:1
] NTS
i
Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\1bwmaster.fm2 G. C, Wallace Inc FlowMaster v7.0 [7.0005]
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STA

743+50 (14" wide, Q = 2182 cfs)

Worksheet for Irregular Channel

Project Description

Worksheet STA 743+50 (14’ wide, Q = 2182 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.050000 ft/ft

Discharge 2,182.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method

Improved Lotter's Method
Improved Lotter's Method

Closed Channel Weighting Metho Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 3.84 ft
Elevation Range 0.00 to 10.00
Flow Area 53.8 ft2
Wetted Perimeter 21.68 ft
Top Width 14.00 ft
Actual Depth 3.84 ft
Critical Elevation 9.11 ft
Critical Slope 0.004769 ft/ft
Velocity 40.58 ft/s
Velocity Head 25.59 ft
Specific Energy 29.44 ft
Froude Number 3.65
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+14 0.015

Natural Channel Points

Station Elevation
(ft) (ft)
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00

f:\451-002\drainage\calcs\flowmaster\1 bwmaster.fim2
04/19/04 08:41:38 AM ©® Haestad Methods, Inc.

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]
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STA 743+50 (14' wide, Q = 2182 cfs)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 743+50 (14' wide, Q = 2182 cfs) - min radius = 2853.50 ft
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.050000 ft/ft
Water Surface Elevation 3.84 ft
Elevation Range 0.00 to 10.00
Discharge 2,182.00 cfs
10.00 ¢ i
8.00
6.00
4.00 -
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
V:1L_
H:1
NTS
Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\itbwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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STA

746+00 (14’ wide, Q = 1864 cfs)

Worksheet for Irregular Channel

Project Description

Worksheet STA 746+00 (14' wide, Q = 1864 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel! Depth

Input Data

Channel Slope 0.050000 ft/ft

Discharge 1,864.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Metho

Improved Lotter's Method
Improved Lotter's Method
Horton's Method

Results

Mannings Coefficient 0.015
Water Surface Elevation 3.44
Elevation Range 0.00 to 10.00
Flow Area 48.2 ft?
Wetted Perimeter 20.88 it
Top Width 14.00 ft
Actual Depth 3.44 ft
Critical Elevation 8.20 ft
Critical Slope 0.004571 fu/ft
Velocity 38.68 ft/s
Velocity Head 23.25 ft
Specific Energy 26.69 ft
Froude Number 3.68
Flow Type Superecritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 0+14 0.015

Natural Channel Points
Station Elevation
() (ft)
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00

f:\451-002\drainage\calcs\flowmaster\ibwmaster.fm2
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STA 746+00 (14" wide, Q = 1864 cfs)
Cross Section for Irregular Channel

Project Description

Worksheet STA 746+00 (14" wide, Q = 1864 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.050000 ft/ft
Water Surface Elevation 3.44 ft
Elevation Range 0.00 to 10.00
Discharge 1,864.00 cfs
10.00 |
8.00
6.00
4.00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
Vi L_
H:1
NTS

Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\ibwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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STA 752+00 (14' wide, Q = 1864 cfs)
Worksheet for Irregular Channel

Project Description

Worksheet STA 752+00 (14' wide, Q = 1864 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.025000 ft/ft

Discharge 1,864.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method

Closed Channel Welghting Metho: Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 4,39 ft
Elevation Range 0.00 to 10.00
Flow Area 61.4 ft2
Wetted Perimeter 22,77 ft
Top Width 14.00 ft
Actual Depth 4,39 ft
Critical Elevation 8.20 ft
Critical Slope 0.004571 ft/ft
Velocity 30.35 ft/s
Velocity Head 14.31 ft
Spedcific Energy 18.70 ft
Froude Number 2.55
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+14 0.015

Natural Channel Points

Station Elevation
ft) (ft)
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00

f:\451-002\drainage\calcs\flowmaster\1bwmaster.fm2 G. C. Wallace Inc

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]
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STA 752+00 (14’ wide, Q = 1864 cfs)
Cross Section for Irregular Channel

Project Description

Worksheet STA 752+00 (14' wide, Q = 1864 cfs) - min radius = 2853.50 t
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.025000 ft/ft
Water Surface Elevation 4,39 ft
Elevation Range 0.00 to 10.00
Discharge 1,864.00 cfs
10.00 1
8.00
6.00 b—u--
4.00 :
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
vi|
H:1
NTS

Project Engineer; GCW User
f\451-002\drainage\calcs\flowmaster\1bwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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STA 760+00 (14' wide, Q = 1864 cfs) - min radius = 0 ft
Worksheet for Irregular Channel

Project Description

Worksheet STA 760+00 (14' wide, Q = 1864 cfs) - min radius = 0 ft
Flow Element Irregular Channe!

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.025000 ft/it

Discharge 1,864.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method

Improved Lotter's Method
Improved Lotter's Method

Closed Channel Weighting Metho Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 4.39 ft
Elevation Range 0.00 to 10.00
Flow Area 61.4 ft*
Wetted Perimeter 2277 ft
Top Width 14.00 ft
Actual Depth 4.39 ft
Critical Elevation 8.20 ft
Critical Slope 0.004571 ft/ft
Velocity 30.35 fi/s
Velocity Head 14.31 ft
Specific Energy 18.70 ft
Froude Number 2.55
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+14 0.015

Natural Channel! Points

Station Elevation
(ft) ()
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00
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STA 760+00 (14' wide, Q = 1864 cfs) - min radius = 0 ft
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 760+00 (14' wide, Q = 1864 cfs) - min radius = 0 ft
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.025000 ft/ft
Water Surface Elevation 4.39 it
Elevation Range 0.00 to 10.00
Discharge 1,864.00 cfs
10.00 i
8.00
6.00
4,00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
Vi1 Lﬁ
H:1
NTS
Project Engineer; GCW User
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04/19/04 02:39:24 PM © Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1




STA 763+00 (14' wide, Q = 1864 cfs) - min radius = 3146.50 ft
Worksheet for Irregular Channel

Project Description

Worksheet STA 763+00 (14’ wide, Q = 1864 cfs) - min radius = 3146.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.025000 ft/ft

Discharge 1,864.00 cfs

Options

Current Roughness.Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Methos

Horton's Method

Results
Mannings Coefficient 0.015
Water Surface Elevation 4,39 ft
Elevation Range 0.00 to 10.00
Flow Area 61.4 ft?
Wetted Perimeter 22,77 ft
Top Width 14,00 ft
Actual Depth 4.39 ft
Critical Elevation 8.20 ft
Critical Slope 0.004571 f/ft
Velocity 30.35 fi/s
Velocity Head 1431 ft
Specific Energy 18.70 ft
Froude Number 2.55
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+14 0.015

Natural Channe! Points

Station Elevation
{ft) (1)
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00
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STA 763+00 (14’ wide, Q = 1864 cfs) - min radius = 3146.50 ft

Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 763+00 (14’ wide, Q = 1864 cfs) - min radius = 3146.50 ft
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.025000 ft/ft
Water Surface Elevation 4.39 ft
Elevation Range 0.00 to 10.00
Discharge 1,864.00 cfs
10.00
8.00
6.00 .
4.00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
Vi1 L
H:1
NTS
Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\1bwmaster.fm?2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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STA 766+00 (14’ wide, Q = 1761 cfs)
Worksheet for Irregular Channel

Project Description

Worksheet STA 766+00 (14' wide, Q = 1761 cfs) - min radius = 3146.50 ft
" Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.025000 ft/ft

Discharge 1,761.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Welghting Metho!

Improved Lotter's Method
Improved Lotter's Method
Horton's Method

Results

Mannings Coefficient 0.015
Water Surface Elevation 4.21 ft
Elevation Range 0.00 to 10.00
Flow Area 59.0 ft?
Wetted Perimeter 22.43 ft
Top Width 14.00 ft
Actual Depth 4.21 ft
Critical Elevation 7.89 it
Critical Slope 0.004506 ft/ft
Velocity 29.85 ft/s
Velocity Head 13.84 ft
Specific Energy 18.06 ft

Froude Number 2.56
Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 0+14 0.015

Natural Channe! Points

Station Elevation
(ft) (ft)
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00
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STA 766+00 (14' wide, Q = 1761 cfs)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 766+00 (14’ wide, Q = 1761 cfs) - min radius = 3146.50 ft
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.025000 ft/ft
Water Surface Elevation 4.21 ft
Elevation Range 0.00 to 10.00
Discharge 1,761.00 cfs
10.00} ]
8.00
6.00
4.00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
V:1 t_
H:1
NTS
Project Engineer: GCW User
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STA

780+00 (14' wide, Q = 1761 cfs)

Worksheet for Irregular Channel

Project Description

Worksheet STA 780+00 (14' wide, Q = 1761 cfs) - min radius = 3146.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.006000 ft/ft

Discharge 1,761.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Methox Horton's Method
Results

Mannings Coefficient 0.015

Water Surface Elevation 7.08 ft

Elevation Range 0.00to 10.00

Flow Area 99.2 ft2

Wetted Perimeter 28.17 ft

Top Width 14.00 ft

Actual Depth 7.08 ft

Critical Elevation 7.89 ft

Critical Slope 0.004506 ft/ft

Velocity 17.76 ft/s

Velocity Head 4.90 ft

Specific Energy 11.98 ft

Froude Number 1.18

Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 0+14 0.015

Natural Channel Points

Station Elevation
(ft) (ft)
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00
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STA 788+50 (14" wide, Q = 986 cfs)
Worksheet for Irregular Channel

Project Description

Worksheet STA 788+50 (14' wide, Q = 986 cfs) - min radius = 3146.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.006000 ft/ft

Discharge 986.00 cfs

Options

Current Roughness Meathod Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Metho! Horton's Method
Results

Mannings Coefficient 0.015

Water Surface Elevation 4,63 ft

Elevation Range 0.00 to 8.00

Flow Area 64.9 ft*

Wetted Perimeter 23.27 ft

Top Width 14.00 ft

Actual Depth 463 ft

Critical Elevation 5.36 ft

Critical Slope 0.003999 ft/ft

Velocity 156.20 ft/s

Velocity Head 3.69 ft

Specific Energy 8.22 ft

Froude Number 1.24

Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 0+14 0.015

Natural Channel Points

Station Elevation
(ft) (ft)
0+00 8.00
0+00 0.00
0+14 0.00
0+14 8.00
f:\451-002\drainage\calcs\flowmaster\1 bwmaster.fm2 G. C. Wallace Inc
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STA 788+50 (14' wide, Q = 986 cfs)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 788+50 (14' wide, Q = 986 cfs) - min radius = 3146.50 ft
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient
Channel Slope

Water Surface Elevation
Elevation Range
Discharge

0.015
0.006000 ft/ft
4.63 ft
0.00 to 8.00
986.00 cfs

8.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

0+00

f\451-002\drainage\calcs\flowmaster\1bwmaster.fm2
04/19/04 08:43:20 AM  © Haestad Methods, Inc.
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STA 809+50 (14' wide, Q = 729 cfs)
Worksheet for Irregular Channel

Project Description

Worksheet STA 809+50 (14' wide, Q = 729 cfs) - min radius = 0 ft
Fiow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.008200 it/ft

Discharge 729.00 cfs

Options

Current Roughness Method Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method
Horton's Method

Closed Channel Weighting Metho:

Results
Mannings Coefficient 0.015
Water Surface Elevation 3.36 ft
Elevation Range 0.00 to 8.00
Flow Area 47.0 ft?
Wetted Perimeter 20.72 ft
Top Width 14,00 ft
Actual Depth 3.36 ft
Critical Elevation 438 ft
Critical Slope 0.003831 fi/ft
Velocity 15.50 ft/s
Velocity Head 3.73 #t
Specific Energy 7.09 ft
Froude Number 1.49
Flow Type Superecritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+14 0.015

Natural Channel Points

Station Elevation
(ft) (ft)
0+00 8.00
0+00 0.00
0+14 0.00
0+14 8.00

f:\451-002\drainage\calcs\flowmaster\1 bwmaster.fm?2
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APPENDIX A-2

Channel Alignment #2

Beltway Channel Exhibits
Flowmaster Calculations



STA 730+00 (10' wide, Q = 2182 cfs) - min radius = 0 feet
Worksheet for Irregular Channel

Project Description

Worksheet STA 730+00 (10" wide, Q = 2182 cfs) - min radius = 0 feet
Flow Element irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.018000 ft/ft

Discharge 2,182.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method improved Lotter's Method
Closed Channel Weighting Method Horton's Method
Results

Mannings Coefficient 0.015

Water Surface Elevation 7.81 ft

Elevation Range 0.00 to 10.00

Flow Area 78.1 ft*

Wetted Perimeter 25.62 ft

Top Width 10.00 ft

Actual Depth 7.81 ft

Critical Elevation 11.40 ft

Critical Slope 0.007098 ft/ft

Velocity 27.94 fi/s

Velocity Head 1213 f#t

Specific Energy 19.94 ft

Froude Number 1.76

Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station Coefflcient
0+00 0+10 0.015

Natural Channel Points

Station Elevation
(ft) (f
0+00 10.00
0+00 0.00
0+10 0.00
0+10 10.00

. Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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STA 730+00 (10" wide, Q = 2182 cfs) - min radius = 0 feet
Cross Section for Irregular Channel

Project Description

Worksheet STA 730+00 (10" wide, Q = 2182 cfs) - min radius = 0 feet
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.018000 ft/ft
Water Surface Elevation 7.81 ft
Elevation Range 0.00 to 10.00
Discharge 2,182.00 cfs
10.00% T
8.00 =
6.00
4.00
2.00
0.00 ‘ 5
0+00 0+02 0+04 0+06 0+08 0+10
V:1L__
H:1
NTS

Project Engineer: GCW User
f:\451-002\drainage\calcs\flowmaster\Zbwmaster.fm?2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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STA 736+00 (10' wide, Q = 2182 cfs) - min radius = 500 ft

Worksheet for lrregular Channel

Project Description

Worksheet STA 736+00 (10' wide, Q = 2182 cfs) - min radius = 500 ft
Flow Element Irregular Channe!

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.050000 ft/ft

Discharge 2,182.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method  Improved Lotter's Method

Closed Channel Weighting Metho: Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 5.26 ft
Elevation Range 0.00 to 10.00
Flow Area 52.6 ft*
Wetted Perimeter 20.52 ft
Top Width 10.00 ft
Actual Depth 5.26 ft
Critical Elevation 11.40 ft
Critical Slope 0.007098 ft/ft
Velocity 41.49 fi/s
Velocity Head 26.75 ft
Specific Energy 32.01 ft
Froude Number 3.19
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+10 0.015

Naturai Channel Points

Station Elevation
(tt) ()
0+00 10.00
0+00 0.00
0+10 0.00
0+10 10.00

f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace inc

- Project Engineer: GCW User

FlowMaster v7.0 [7.0005]

04/19/04 04:14:46 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1




STA 736+00 (10' wide, Q = 2182 cfs) - min radius = 500 ft

Cross Section for lIrregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 736+00 (10" wide, Q = 2182 cfs) - min radius = 500 ft
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Project Engineer; GCW User

Mannings Coefficlent 0.015
Channel Slope 0.050000 ft/ft
Water Surface Elevation 5.26 ft
Elevation Range 0.00 to 10.00
Discharge 2,182.00 cfs
10.00 1
8.00
6.00
4.00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10
vl
H:1
NTS
f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G, C. Wallace Inc

04/19/04 04:14:53 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

FlowMaster v7.0 [7.0008]
Page 1 of 1




STA 739+00 (10" wide, Q = 2182 cfs) - min radius = 2853.50 ft
Worksheet for Irregular Channel

Project Description

Worksheet STA 739+00 (10" wide, Q = 2182 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.050000 ft/ft

Discharge 2,182.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Metho

Improved Lotte

Improved Lotter's Method

r's Method

Horton's Method

Results
Mannings Coefficient 0.015
Water Surface Elevation 5.26 ft
Elevation Range 0.00 to 10.00
Flow Area 52.6 ft*
Wetted Perimeter 20.52 ft
Top Width 10.00 ft
Actual Depth 5.26 ft
Critical Elevation 1140 ft
Critical Slope 0.007098 f/ft
Velocity 41.49 ft/s
Velocity Head 26.75 ft
Specific Energy 32.01 ft
Froude Number 3.19
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+10 0.015

Natural Channel Points

Station Elevation
{ft) (ft)
0+00 10.00
0+00 0.00
0+10 0.00
0+10 10.00

f:\451-002\drainage\calcs\flowmaster\2bwmaster.fm2
04/19/04 04:15:39 PM © Haestad Methods, Inc.

G, C. Wallace Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer. GCW User
FlowMaster v7.0 [7.0005]

+1-203-755-1666 Page 1 of 1




STA 739+00 (10’ wide, Q = 2182 cfs) - min radius = 2853.50 ft
Cross Section for Irregular Channel

Project Description

Worksheet STA 739+00 (10' wide, Q = 2182 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Project Engineer; GCW User

Mannings Coefficient 0.015
Channe! Slope ’ 0.050000 ft/ft
Water Surface Elevation 5.26 ft
Elevation Range 0.00to 10.00
Discharge 2,182.00 cfs
10.00¢
8.00
6.00
4.00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10
v
H:1
NTS
f:\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace Inc

04/19/04 04:15:44 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

FlowMaster v7.0 [7.0005]
Page 1 of 1




STA 743+00 (14’ wide, Q = 2182 cfs) - min radius = 2853.50 ft
Worksheet for Irregular Channel

Project Description

Worksheet STA 743+00 (14' wide, Q = 2182 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.050000 ft/ft

Discharge 2,182.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method
Results

Mannings Coefficient 0.015

Water Surface Elevation 3.84 ft

Elevation Range 0.00 to 10.00

Flow Area 53.8 ft*

Wetted Perimeter 21.68 ft

Top Width 14.00 ft

Actual Depth 3.84 ft

Critical Elevation 9.11 ft

Critical Slope 0.004769 ft/it

Velocity 40.58 ft/s

Velocity Head 25,59 ft

Specific Energy 29.44 ft

Froude Number 3.65

Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 0+14 0.015

Natural Channel Points

Station Elevation
(ft) (ft)
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00

Project Engineer: GCW User
f:\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005}
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STA 743+00 (14' wide, Q = 2182 cfs) - min radius = 2853.50 ft
Cross Section for Irregular Channel-

Project Description

Worksheet STA 743+00 (14' wide, Q = 2182 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.050000 ft/ft
Water Surface Elevation 3.84 ft
Elevation Range 0.00 to 10.00
Discharge 2,182.00 cfs
10.00 _
8.00
6.00
4.00 -
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
Vi 1L
H:1
NTS

Project Engineer: GCW User
f\4561-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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STA 746+00 (14" wide, Q = 1864 cfs) - min radius = 2853.50 ft
Worksheet for Irregular Channel

Project Description

Worksheet STA 746+00 (14" wide, Q = 1864 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data
Channel Slope 0.050000 ft/ft
Discharge 1,864.00 cfs
Options
Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 3.44 1t
Elevation Range 0.00 to 10.00
Flow Area 48.2 fi?
Wetted Perimeter 20.88 it
Top Width 14.00 ft
Actual Depth 3.44 ft
Critical Elevation 8.20 ft
Critical Slope 0.004571 fu/ft
Velocity 38.68 ft/s
Velocity Head 23.25 ft
Specific Energy 26.69 ft
Froude Number 3.68
Flow Type Supercritical
Roughness Segments
Start End Mannings
Station Station Coefficient
0+00 0+14 0.015
Natural Channel Points
Station Elevation
] (ft)

0+00 10.00

0+00 0.00

0+14 0.00

0+14 10.00

Project Engineer: GCW User
f:\451-002\drainage\calcs\flowmaster\2bwmaster.fmz2 G. C. Wallace Inc FlowMaster v7.0 [7.0005])
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STA 746+00 (14’ wide, Q = 1864 cfs) - min radius = 2853.50 ft

Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method
Solve For

STA 746+00 (14' wide, Q = 1864 cfs) - min radius = 2853.50 ft

Irregular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.050000 ft/ft
Water Surface Elevation 3.44 ft
Elevation Range 0.00 to 10.00
Discharge 1,864.00 cfs
10.00 5 -
8.00
6.00
4,00
2.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
V:1;IL_
H:1
NTS

f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2

04/16/04 11:08:56 AM © Haestad Methods, Inc.

G. C. Wallace Inc

Project Engineer: GCW User
FlowMaster v7.0 {7.0005]
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STA 752+00 (14’ wide, Q = 1864 cfs) - min radius = 2853.50 ft
Worksheet for Irregular Channel
Project Description
Worksheet STA 752+00 (14' wide, Q = 1864 cfs) - min radius = 2853.50 ft
Flow Element irregular Channel!
Method Manning's Formula
Solve For Channel Depth
Input Data
Channel Slope 0.025000 ft/ft
Discharge 1,864.00 cfs
Options
Current Roughness Method Improved Lotter's Method
Open Channel Welghting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 4.39 ft
Elevation Range 0.00to 10.00
Flow Area 61.4 ft?
Wetted Perimeter 22.77 ft
Top Width 14.00 ft
Actual Depth 4,39 ft
Critical Elevation 8.20 ft
Critical Slope 0.004571 ft/ft
Velocity 30.35 ft/s
Velocity Head 14.31 ft
Speclific Energy 18.70 ft
Froude Number 2.55
Flow Type Superecritical

Roughness Segments

Start End Mannings |
Station Station Coefficient |
0+00 0+14 0.015

Natural Channel Points

Station Elevation
(ft) ()
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00

Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G, C. Wallace inc - FlowMaster v7.0 [7.0005]
04/16/04 11:09:40 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



STA 752+00 (14" wide, Q = 1864 cfs) - min radius = 2853.50 ft
Cross Section for Irregular Channel

Project Description

Worksheet STA 752+00 (14' wide, Q = 1864 cfs) - min radius = 2853.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.025000 ft/ft
Water Surface Elevation 4.39 ft
Elevation Range 0.00 to 10.00
Discharge 1,864.00 cfs
10.00p =
8.00
6.00
4.00 ’
2.00 :
0.00 ; : :
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
V:1i___#
H:1
NTS

Project Engineer: GCW User
f:\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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STA 760+00 (14' wide, Q = 1864 cfs) - min radius = 0 ft

Worksheet for Irregular Channel

Project Description

Worksheet STA 760+00 (14' wide, Q = 1864 cfs) - min radius = 0 ft
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data
Channe! Slope 0.025000 fi/ft
Discharge 1,864.00 cfs
Options
Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 4.39 ft
Elevation Range 0.00 to 10.00
Flow Area 61.4 ft?
Wetted Perimeter 2277 ft
Top Width 14.00 ft
Actual Depth 4.39 ft
Critical Elevation 8.20 ft
Critical Slope 0.004571 ft/ft
Veloclty 30.35 ft/s
Velocity Head 14.31 ft
Specific Energy 18.70 ft
Froude Number 2.55
Flow Type Superecritical
Roughness Segments
Start End Mannings
Station Station Coefficient
0+00 0+14 0.018

Natural Channel Points

Station Elevation
(ft) ()]
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00

f:\451-002\drainage\calcs\flowmaster\2bwmaster.fm2
04/16/04 11:10:10 AM  © Haestad Methods, Inc.

G. C. Wallace Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer. GCW User
FlowMaster v7.0 [7.0005]

+1-203-755-1666 Page 1 of 1




STA 760+00 (14’ wide, Q = 1864 cfs) - min radius = 0 ft
Cross Section for Irregular Channel

Project Description

Worksheet STA 760+00 (14' wide, Q = 1864 cfs) - min radius = 0 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.025000 ft/ft
Water Surface Elevation 4.39 ft
Elevation Range 0.00 to 10.00
Discharge 1,864.00 ofs
10.00§ -
8.00
6.00
4.00 :
2.00
0.00 }
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
V:1LA
H:1
NTS

Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace Inc " FlowMaster v7.0 [7.0005]

04/16/04 11:10:04 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1




STA 766+00 (14’ wide, Q = 1761 cfs) - min radius = 3146.50 ft
Worksheet for Irregular Channel

Project Description

Worksheet STA 766+00 (14' wide, Q = 1761 cfs) - min radius = 3146.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.025000 ft/ft

Discharge 1,761.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method
Results

Mannings Coefficient 0.015

Water Surface Elevation 4.21 ft

Elevation Range 0.00 to 10.00

Flow Area 59.0 ft

Wetted Perimeter 22.43 ft

Top Width 14.00 ft

Actual Depth 4.21 ft

Critical Elevation 7.89 ft

Critical Slope 0.004506 ft/ft

Velocity 29.85 ft/s

Velocity Head 13.84 ft

Specific Energy 18.06 ft

Froude Number 2.56

Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 0+14 0.015

Natural Channel Points

Station Elevation
(ft) 9]
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00

Project Engineer: GCW User
f:\451-002\drainage\calcs\flowrmaster\2bwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 {7.0005]

04/16/04 11:10:42 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1




STA 766+00 (14' wide, Q = 1761 cfs) - min radius = 3146.50 ft
Cross Section for Irregular Channel

Project Description

Worksheet STA 766+00 (14' wide, Q = 1761 cfs) - min radius = 3146.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.025000 ft/ft
Water Surface Elevation 421 ft
Elevation Range 0.00 to 10.00
Discharge 1,761.00 cfs
10.005— ‘ _
8.00
6.00
4.00 -
2.00
0.00 :
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
Vi
H:1
NTS
Project Engineer: GCW User
f\451-002\drainage\calcs\flowmastern\2bwmaster.fm2 G. C., Wallace Inc

FlowMaster v7.0 [7.0005]}
04/16/04 11:10:34 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1




STA 778+00 (14' wide, Q = 1761 cfs) - min radius =

Worksheet for Irregular Channel

3146.50 ft

Project Description

Worksheet STA 778+00 (14' wide, Q = 1761 cfs) - min radius = 3146.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.006000 ft/ft

Discharge 1,761.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method

Improved Lotter's Method
Improved Lotter's Method

Closed Channel Weighting Method Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 7.08 ft
Elevation Range 0.00 to 10.00
Flow Area 99.2 ft?
Wetted Perimeter 28.17 ft
Top Width 14.00 ft
Actual Depth 7.08 ft
Critical Elevation 7.89 ft
Critical Slope 0.004506 ft/it
Velocity 17.76 fis
Velocity Head 4,90 ft
Specific Energy 11.98 ft
Froude Number 1.18
Flow Type Supercritical
Roughness Segments
Start End Mannings
Station Station Coefficient
0+00 0+14 0.015

Natural Channel Points

Station Elevation
(1 (ft)
0+00 10.00
0+00 0.00
0+14 0.00
0+14 10.00

f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2
04/16/04 10:37:42 AM ® Haestad Methods, Inc.

G. C. Wallace Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]
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STA 778+00 (14' wide, Q = 1761 cfs) - min radius = 3146.50 ft
Cross Section for Irregular Channel

Project Description

Worksheet STA 778+00 (14' wide, Q = 1761 ¢fs) - min radius = 3146.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.006000 fi/ft
Water Surface Elevation 7.08 ft
Elevation Range 0.00 to 10.00
Discharge 1,761.00 cfs
10,007
8.00
6.00
4.00
2.00
0.00 :
0+00 0+02 0+04 0+06 0+08 0+10 0+12 0+14
V:ﬂ_m
H:1
NTS
Project Engineer. GCW User
f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace Inc

FlowMaster v7.0 [7.0005]

04/16/04 10:37:39 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1




STA 784+00 (12' wide, Q = 1266 cfs) - min radius = 3166 ft
Worksheet for Irregular Channel

Project Description

Worksheet STA 784+00 (12' wide, Q = 1266 cfs) - min radius = 3166 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.006000 ft/ft

Discharge 1,266.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Welghting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method
Results

Mannings Coefficient 0.015

Water Surface Elevation 6.45 ft

Elevation Range 0.00 to 8.00

Flow Area 77.4 ft?

Wetted Perimeter 24.91 ft

Top Width 12.00 ft

Actual Depth 6.45 ft

Critical Elevation 7.02 ft

Critical Slope 0.004811 fuft

Velocity 16.35 fi/s

Velocity Head 415 ft

Specific Energy 10.61 ft

Froude Number 1.13

Flow Type Superecritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 0+12 0.015

Natural Channel Points

Station Elevation
{f (ft)
0+00 8.00
0+00 0.00
0+12 0.00
0+12 8.00

Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\Zbwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]

04/16/04 10:37:53 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 1




STA 784+00 (12' wide, Q = 1266 cfs) - min radius = 3166 ft
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 784+00 (12' wide, Q = 1266 cfs) - min radius = 3166 ft

Irregular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.006000 ft/ft
Water Surface Elevation 6.45 ft
Elevation Range 0.00 to 8.00
Discharge 1,266.00 cfs
8.00¢ —p
7.00 -
6.00
5.00
4.00
3.00
2.00
1.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12
V:1§___
H:1
NTS

f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2
04/16/04 10:37:50 AM  © Haestad Methods, Inc.

G. C. Wallace Inc
37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1

Project Engineer: GCW User
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STA 788+50 (12' wide, Q =986 cfs) - min radius = 3146.50 ft

Worksheet for Irregular Channel

Project Description

Worksheet STA 788+50 (12' wide, Q = 986 cfs) - min radius = 3146.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel! Slope 0.006000 ft/ft

Discharge 986.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Method

Improved Lotter's Method
Improved Lotter's Method
Horton's Method

Project Engineer: GCW User

Results
Mannings Coefficient 0.015
Water Surface Elevation 5.35 ft
Elevation Range 0.00 to 8.00
Flow Area 64.2 ft*
Wetted Perimeter 2271 ft
Top Width 12.00 ft
Actual Depth 5.35 ft
Critical Elevation 5.94 it
Critical Slope 0.004532 ft/ft
Velocity 15.35 fi/s
Velocity Head 3.66 ft
Specific Energy 9.01 ft
Froude Number 117
Flow Type Supercritical
Roughness Segments
Start End Mannings
Station Station Coefficient
0+00 0+12 0.015
Natural Channel Points
Station Elevation
(ft) (ft)

0+00 8.00

0+00 0.00

0+12 0.00

0+12 8.00

f:\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace Inc

04/16/04 10:38:11 AM  © Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

FlowMaster v7.0 [7.0005]
Page 1 of 1



STA 788+50 (12" wide, Q = 986 cfs) - min radius = 3146.50 ft
Cross Section for Irregular Channel

Project Description

Worksheet STA 788+50 (12' wide, Q = 986 cfs) - min radius = 3146.50 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.006000 f/ft
Water Surface Elevation 535 ft
Elevation Range 0.00 to 8.00
Discharge 986.00 cfs
8.00% P
7.00
6.00
5.00 | ’
4.00
3.00
2.00
1.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12
V:1i______
H:1
NTS

) Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Walface Inc FlowMaster v7.0 [7.0005]
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STA 809+50 (10" wide, Q = 729 cfs) - min radius = 0 ft

Worksheet for Irregular Channel

Project Description

Worksheet STA 809+50 (10" wide, Q = 729 cfs) - min radius = 0 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.006000 ft/ft

Discharge 729.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method

Improved Lotter's Method
Improved Lotter's Method

Closed Channel Weighting Method Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 512 ft
Elevation Range 0.00 to 8.00
Flow Area 51.2 ft*
Wetted Perimeter 20.24 ft
Top Width 10.00 ft
Actual Depth 512 ft
Critical Elevation 5.49 ft
Critical Slope 0.004991 ft/ft
Velocity 14.24 fis
Velocity Head 3.15 ft
Specific Energy 8.27 ft
Froude Number 1.1
Flow Type Supercritical
Roughness Segments
Start End Mannings
Station Station Coefficlent
0+00 0+10 0.015

Natural Channel Points

Station Elevation
(ft) (ft)
0+00 8.00
0+00 0.00
0+10 0.00
0+10 8.00

Project Engineer: GCW User

f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G, C. Wallace Inc FlowMaster v7.0 [7.0005]
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STA 809+50 (10" wide, Q = 729 cfs) - min radius =0 ft
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 809+50 (10' wide, Q = 729 cfs) - min radius = 0 ft
Irregular Channel

Manning's Formuia

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.006000 ft/ft
Water Surface Elevation 512 ft
Elevation Range 0.00 to 8.00
Discharge 729.00 cfs

8.00 ¢ o

7.00

6.00

5.00 E

4.00

3.00

2.00

1.00

0.00 '

0+00 0+02 0+04 0+06 0+08 0+10
V:1 L_
H:1
NTS
Project Engineer: GCW User
f\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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STA 812+00 (10' wide, Q = 729 cfs) - min radius = 0 ft
Worksheet for Irregular Channel

Project Description

Worksheet STA 812+00 (10' wide, Q = 729 cfs) - min radius = 0 ft
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.007500 ft/ft

Discharge 729.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Method

improved Lotter's Method
Improved Lotter's Method
Horton's Method

Results
Mannings Coefficient 0.015
Water Surface Elevation 4.71 ft
Elevation Range 0.00 to 6.00
Flow Area 47.1 ft?
Wetted Perimeter 19.42 ft
Top Width 10.00 ft
Actual Depth 4.71 ft
Critical Elevation 549 ft
Critical Slope 0.004991 ft/ft
Velocity 15.48 ft/s
Velocity Head 3.73 ft
Specific Energy 8.43 ft
Froude Number 1.26
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+10 0.015

Natural Channe! Points

Station Elevation
(ft) (ft)
0+00 6.00
0+00 0.00
0+10 0.00
0+10 6.00

f\451-002\drainage\calcs\flowmaster\zZbwmaster.fm2
04/16/04 10:38:33 AM  © Haestad Methods, Inc.

G. C. Wallace inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]

+1-203-755-1666 Page 1 of 1




STA 812+00 (10' wide, Q = 729 cfs) - min radius = 0 ft

Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

STA 812+00 (10" wide, Q = 729 cfs) - min radius = 0 ft

Irregular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.007500 ft/ft
Water Surface Elevation 4,71 ft
Elevation Range 0.00 to 6.00
Discharge 728.00 cfs
6.00 p— D
5.00
4.00
3.00
2.00
1.00
0.00 |
0+00 0+02 0+04 0+06 0+08 0+10
Vi 1! _____
H:1
NTS

f:\451-002\drainage\calcs\flowmaster\2bwmaster.fm2

04/16/04 10:38:30 AM  © Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]
Page 1 of 1
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STA 826+00 (8' wide, Q = 518 cfs) - min radius = 3166 ft

Cross Section for Irregular Channel

Project Description

Worksheet
Fiow Element
Method

Solve For

STA 826-+00 (8' wide, Q = 518 cfs) - min radius = 3166 ft
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.007500 ft/ft
Water Surface Elevation 4.56 ft
Elevation Range 0.00 to 6.00
Discharge 518.00 ofs
6.00f T
5.00
4.00
3.00
2.00
1.00
0.00 '
0+00 0+01 0+02 0+03 0+04 0+05 0+086 0+07 0+08
!
\"
H:1
NTS
Project Engineer: GCW User
f:\451-002\drainage\calcs\flowmaster\2bwmaster.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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APPENDIX B

Beltway Channel Storm Drain Lateral Hydraulics

B-1 Storm Drain Lateral Option A
B-2 Storm Drain Lateral Option B
B-3 Storm Drain Lateral Option C



APPENDIX B-1

Storm Drain Lateral Option A

Storm Drain Lateral Locations Figure
Flowmaster Calculations
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OP_A Centennial (Q= 340 cfs)
Worksheet for Rectangular Channel

Project Description

Worksheet OP_A Centennial (Q= 340 cfs)
Flow Element Rectangular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.015

Channel Slope 0.020000 ft/ft

Bottom Width 15.00 ft

Discharge 340.00 cfs

Resuits

Depth 1.43 ft

Flow Area 21.5 ft*

Wetted Perimeter 17.86 ft

Top Width 16.00 ft

Critical Depth 2.52 ft

Critical Slope 0.003545 ft/it

Velocity 15.84 ft/s

Velocity Head 3.90 ft

Specific Energy 5.33 ft

Froude Number 2.33

Flow Type Supercritical

Project Engineer: GCW User
f\...\flowmaster\closed channel option\2op_a.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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OP_A Centennial (Q= 340 cfs)

Cross Section for Rectangular Channel

Project Description

Worksheet OP_A Centennial (Q= 340 cfs)
Flow Element Rectangular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.020000 ft/ft
Depth 1.43 ft
Bottom Width 15.00 ft
Discharge 340.00 cfs

1.43 ft

f:\.. \flowmaster\closed channel option\2op_a.fm2
04/19/04 07:49:48 PM © Haestad Methods, Inc.

15.00 ft

G. C. Wallace Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer; GCW User
FlowMaster v7.0 [7.0005]

+1-203-755-1666 Page 1 of 1




OP_A Tropical (Q = 320 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_A Tropical (Q = 320 cfs)
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data
Mannings Coefficient 0.013
Channel Slope 0.008000 it/ft
Diameter 66 in
Discharge 320.00 cfs
Results
Depth 4.95 ft
Flow Area 22,5 ft?
Wetted Perimeter 13.73 ft
Top Width 0.00 ft
" Critical Depth 4.88 ft
Percent Full 89.9 %
Critical Slope 0.008099 ft/ft
Velocity 14.22 ft/s
Velocity Head 3.14 ft
Specific Energy 8.09 ft
Froude Number 0.96
Maximum Discharg 323.08 cfs
Discharge Full 300.34 cfs
Slope Full 0.009082 ft/ft
Flow Type Subcritical

Project Engineer: GCW User
f\...\flowmaster\closed channel optiom\2op_a.fm2 G. C, Wallace inc ' FlowMaster v7.0 [7.0005]
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OP_A Tropical (Q =320 cfs)
Cross Section for Circular Channel

Project Description

Worksheet OP_A Tropical (Q =320 cfs)
Flow Element Circular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.013

Channe! Slope 0.008000 ft/ft
Depth 495 ft
Diameter 66 in
Discharge 320.00 cfs

4.9

5 ft

66 in

f:\...\flowmaster\closed channel option\2op_a.fm2 G, C. Wallace Inc

04/19/04 07:38:13 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 08708 USA  +1-203-755-1666
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Project Engineer; GCW User
FlowMaster v7.0 [7.0005]
Page 1 of 1




OP_A UPSTREAM OF ANN CONFLUENCE (Q=1266 CFS)

Worksheet for Irregular Channel

Project Description

Worksheet OP_A UPSTREAM OF ANN CONFLUENCE (Q
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.006000 ft/ft

Discharge 1,266.00 cfs

Options

Current Roughness Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Metho

Horton's Method

Results
Mannings Coefficient 0.015
Water Surface Elevation 6.45 ft
Elevation Range 0.00 to 8.00
Flow Area 77.4 ft?
Wetted Perimeter 24,91 ft
Top Width 12.00 ft
Actual Depth 6.45 ft
Critical Elevation 7.02 ft
Critical Slope 0.004811 fi/ft
Velocity 16.35 ft/s
Velocity Head 4,15 ft
Speclfic Energy 10.61 ft
Froude Number 1.13
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+12 0.015

Natural Channel Points

Station Elevation
{ft) (f
0+00 8.00
0+00 0.00
0+12 0.00
0+12 8.00

f:\...\flowmaster\closed channel option\2op_a.fm2
04/19/04 07:46:23 PM © Haestad Methods, Inc.

G. C. Wallace Inc

37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]
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OP_A UPSTREAM OF ANN CONFLUENCE (Q=1266 CFS)
Cross Section for Irregular Channel

Project Description

Worksheet OP_A UPSTREAM OF ANN CONFLUENCE (Q
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.006000 fi/ft
Water Surface Elevation 6.45 ft
Elevation Range 0.00 to 8.00
Discharge 1,266.00 cfs
8.00 T
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00
0+00 0+02 0+04 0+08 0+08 0+10 0+12
vi|
H:1
NTS

Project Engineer; GCW User
f:\.. \flowmaster\closed channel option\2op_a.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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OP_A ANN INFLOW (Q=670 CFS)
Worksheet for Rectangular Channel

Project Description

Worksheet OP_A ANN INFLOW (Q=670
Flow Element Rectangular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.015

Channel Slope 0.009000 ft/ft

Bottom Width 8.00 ft

Discharge 670.00 cfs

Results

Depth 5.18 ft

Flow Area 41.4 ft*

Wetted Perimeter 18.36 ft

Top Width 8.00 ft

Critical Depth 6.02 ft

Critical Slope 0.006131 fi/ft
Velocity 16.17 ft/s

Velocity Head 4.06 ft

Specific Energy 9.24 ft

Froude Number 1.25

Flow Type Supercritical

Project Engineer. GCW User
fA...\flowmaster\closed channei option\2op_a.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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OP_A ANN INFLOW (Q=670 CFS)
Cross Section for Rectangular Channel

Project Description

Worksheet OP_A ANN INFLOW (Q=670
Flow Element Rectangular Channel
Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015

Channel Slope 0.009000 ft/ft
Depth 5.18 it
Bottom Width 8.00 ft
Discharge 670.00 cfs

5.18 ft

—~ 8.00 ft- =

vl
H: 1

NTS

Project Engineer: GCW User
F\.. \flowmaster\closed channel option\2op_a.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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OP_A Washburn (Q =620 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_A Washburn (Q =620 cfs
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Channel Slope 0.060000 f/ft
Diameter 60 in
Discharge 620.00 cfs
Results

Depth 3.98 ft

Flow Area 16.7 ft?
Wetted Perimeter 11.01 ft

Top Width 0.00 ft
Critical Depth 4,98 ft
Percent Full 79.5 %
Critical Slope 0.053720 ft/ft
Velocity 37.02 ft/s
Velocity Head 21.30 ft
Specific Energy 25.28 ft
Froude Number 3.20
Maximum Discharg 686.21 cfs
Discharge Full 637.92 cfs
Siope Full 0.056677 ft/ft
Flow Type Supercritical

Project Engineer: GCW User
f\...\flowmaster\closed channel optiom\2op_a.fm2 G. C. Wallace Inc FlowMaster v7.0 {7.0005]
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OP_A Washburn (Q =620 cfs)
Cross Section for Circular Channel

Project Description

Worksheet
Flow Element
Method
Solve For

OP_A Washburn (Q =620 cfs
Circular Channel

Manning's Formula

Channel Depth

Section Data

60in

Mannings Coefficient 0.013
Channe! Slope 0.060000 ft/ft
Depth 3.98 ft
Diameter 60 in
Discharge 620.00 cfs
3.98 ft
f:\.. Mflowmaster\closed channel option\2op_a.fm2 G. C. Wallace Inc

04/19/04 07:44:59 PM © Haestad Methods, Inc.

vl
H:1
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Project Engineer: GCW User
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IX B-2

Storm Drain Lateral Option B

Storm Drain Lateral Locations Figure
Flowmaster Calculations
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OP_B Centennial (Q = 280 cfs) -
Worksheet for Rectangular Channel

Project Description

Project Engineer: GCW User

Worksheet OP_B Centennial (Q = 280 cfs)

Flow Element Rectangular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient 0.015

Channel Slope 0.020000 fu/ft

Bottom Width 156.00 ft

Discharge 280.00 cfs

Results

Depth 1.26 ft

Flow Area 19.0 ft?

Wetted Perimeter 17.53 ft

Top Width 15.00 ft

Critical Depth 221 ft

Critical Slope 0.003552 ft/ft

Velocity 14.76 ft/s

Velocity Head 3.39 ft

Specific Energy 4.65 ft

Froude Number 2.31

Flow Type Supercritical
f:\...\flowmaster\closed channel option\2op_b.fm2 G. C. Wallace Inc

04/19/04 07.563:47 PM © Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

FlowMaster v7.0 [7.0005]
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OP_B Centennial (Q = 280 cfs)
Cross Section for Rectangular Channel

Project Description

Worksheet OP_B Centennial (Q = 280 cfs)
Flow Element Rectangular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015

Channel Slope 0.020000 ft/ft
Depth 1.26 ft
Bottom Width 15.00 ft
Discharge 280.00 cfs
1.26 ft
—~ 15.00 ft
vl
H:1
NTS
Project Engineer: GCW User
f:\...\flowmaster\closed channel option\2op_b.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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OP_B Azure (Q =240 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_B Azure (Q =240 cfs)
Flow Element Circular Channel
Method Manning's Formuia
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Channe! Slope 0.009000 ft/ft
Diameter 60 in
Discharge 240.00 cfs
Results

Depth 3.97 ft

Flow Area 16.7 ft?
Wetted Perimeter 11.01 ft

Top Width 0.00 ft
Critical Depth 4.36 ft
Percent Full 7.5 %
Critical Slope 0.007729 ft/ft
Velocity 14.34 fi/s
Velocity Head 3.19 ft
Specific Energy 717 it
Froude Number 1.24
Maximum Discharg 265.77 cfs
Discharge Fult 247.06 cfs
Slope Full 0.008493 ft/ft
Flow Type Supercritical

Project Engineer: GCW User
f\.. Mflowmaster\closed channel option\2op_b.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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Project Description

Worksheet OP_B Azure (Q =240 cfs)
Flow Element

Method Manning's Formula

Solve For Channel Depth

Circular Channel

Section Data

Mannings Coefficient 0.013

Channel Slope 0.009000 ft/ft
Depth 397 ft
Diameter 60 in
Discharge 240.00 cfs

OP_B Azure (Q =240 cfs)
Cross Section for Circular Channel

f\..\flowmaster\closed channel option\2op_b.fm2
04/19/04 07:55:44 PM © Haestad Methods, Inc.

G. C. Wallace Inc

37 Brookside Road Waterbury, CT 06708 USA

3.9

7 ft

60 in

vl
H:1

NTS

Project Engineer. GCW User
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OP_B Tropical (Q =370 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_B Tropical (Q = 370 cfs)
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
input Data

Mannings Coefficient 0.013

Channel Slope 0.007000 ft/ft
Diameter 72 in
Discharge 370.00 cfs

Results

Depth 5,20 ft

Flow Area 26.0 ft?

Wetted Perimeter 14.36 ft

Top Width 0.00 ft

Critical Depth 5.18 ft

Percent Full 86.6 %

Critical Slope 0.007026 ft/ft
Velocity 14.22 fi/s
Velocity Head 3.14 it

Specific Energy 8.34 ft

Froude Number 0.99

Maximum Discharg 381.14 cfs
Discharge Full 354.31 cfs

Slope Full 0.007634 ft/ft

Flow Type Subcritical

Project Engineer: GCW User
f:\...\flowmaster\closed channel option\2op_b.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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OP_B El Campo (Q =280 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_B El Campo (Q =280 cfs)
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficlent 0.013

Channel Slope 0.010000 ft/ft
Diameter 60 in
Discharge 280.00 cfs
Results

Depth 4.65 ft

Flow Area 19.0 ft?

Wetted Perimeter 13.02 ft

Top Width 0.00 ft

Critical Depth 4,59 ft

Percent Full 93.0 %

Critical Slope 0.010048 /it
Velocity 14.72 ft/s
Velocity Head 3.37 ft

Specific Energy 8.01 ft

Froude Number 0.95

Maximum Discharg 280.14 cfs
Discharge Full 260.43 cfs

Slope Full 0.011560 ft/ft

Flow Type Subcritical

f:\.. \flowmaster\closed channel option\2op_b.fm2
04/19/04 08:13:.01 PM © Haestad Methods, Inc.

G. C. Wallace Inc
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OP_B UPSTREAM OF ANN CONFLUENCE (Q = 1266 cfs)

Worksheet for Irregular Channel

Project Description

Worksheet OP_B UPSTREAM OF ANN CONFLUENCE (Q =
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.006000 ft/ft

Discharge 1,266.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Metho: Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 6.45 ft
Elevation Range 0.00 to 8.00
Flow Area 77.4 ft?
Wetted Perimeter 24.91 ft
Top Width 12.00 ft
Actua! Depth 6.45 ft
Critical Elevation 7.02 ft
Critical Slope 0.004811 ft/it
Velocity 16.35 fi/s
Velocity Head 4,15 ft
Specific Energy 10.61 ft
Froude Number 1.13
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+12 0.015

Natural Channel Points

Station Elevation
(ft) (t)
0+00 8.00
0+00 0.00
0+12 0.00
0+12 8.00

f\.. \flowmaster\closed channel option\2op_b.fm2 G. C. Wallace Inc

04/20/04 12:06:13 PM  © Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]

+1-203-755-1666 Page 1 of 1




OP_B UPSTREAM OF ANN CONFLUENCE (Q = 1266 cfs)
Cross Section for Irregular Channel

Project Description

Worksheet OP_B UPSTREAM OF ANN CONFLUENCE (Q =
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.006000 ft/ft
Water Surface Elevation 6.45 ft
Elevation Range 0.00 to 8.00
Discharge 1,266.00 cfs
8.00y i
7.00
6.00
5.00
4,00
3.00
2.00
1.00
0.00
0+00 0+02 0+04 0+06 0+08 0+10 0+12
V:ﬂ _
H:1
NTS

Project Engineer: GCW User
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Project Description

Worksheet OP_B ANN INFLOW (Q = 670 ¢
Flow Element Rectangular Channel
Method Manning's Formula
Solve For Channel Depth

Input Data

Mannings Coefficient 0.015

Channel Slope 0.009000 ft/ft

Bottom Width 8.00 ft

Discharge 670.00 cfs

Results

Depth 518 ft

Flow Area 41.4 ft?

Wetted Perimeter 18.36 ft

Top Width 8.00 ft

Critical Depth 6.02 ft

Critical Slope 0.006131 ft/ft

Velocity 16.17 ft/s

Velocity Head 4.06 ft

Specific Energy 9.24 ft

Froude Number 1.25

Flow Type

Supercritical

f:\.. \flowmaster\closed channe! option\2op_b.fm2
04/20/04 12:06:02 PM © Haestad Methods, Inc.

OP_B ANN INFLOW (Q =670 cfs)
Worksheet for Rectangular Channel

G. C. Wallace Inc

Project Engineer: GCW User ‘
FlowMaster v7.0 [7.0005]

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



OP_B Washburn (Q = 570 cfs)
Cross Section for Circular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

OP_B Washburn (Q = 570 cfs
Circular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.013
Channel Slope 0.050000 ft/it
Depth 3.36 ft
Diameter 72 in
Discharge 570.00 cfs
72 in
3.36 ft
Vi1
H:1
NTS
Project Engineer: GCW User
f\...\flowmaster\closed channe! option\2op_b.fm2 G. C, Wallace Inc FlowMaster v7.0 [7.0005]
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APPENDIX B-3

Storm Drain Lateral Option C

Storm Drain Lateral Locations Figure
Flowmaster Calculations
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OP_C Centennial (Q = 200 cfs)
Worksheet for Rectangular Channel

Project Description

Project Engineer: GCW User

Worksheet OP_C Centennial (Q = 200 cfs)

Flow Element Rectangular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient 0.015

Channel Slope 0.020000 ft/ft

Bottom Width 15.00 ft

Discharge 200.00 cfs

Results

Depth 1.02 ft

Flow Area 156.3 ft*

Wetted Perimeter 17.04 ft

Top Width 16.00 ft

Critical Depth 1.77 ft

Critical Slope 0.003596 ft/ft

Velocity 13.05 ft/s

Velocity Head 2.65 ft

Specific Energy 3.67 ft

Froude Number 2.28

Flow Type Superecritical
f:\...\flowmaster\closed channel option\2op_c.fm2 G. C. Wallace Inc

04/20/04 12:33:04 PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

FlowMaster v7.0 [7.0005]
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OP_C Centennial (Q = 200 cfs)
Cross Section for Rectangular Channel

Project Description

Worksheet OP_C Centennial (Q = 200 cfs)
Flow Element Rectangular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015

Channel Slope 0.020000 ft/ft
Depth 1.02 ft
Bottom Width 15.00 ft
Discharge 200.00 cfs
|
1.02 ft
!
15.00 ft -
V:1L__
H:1
NTS
Project Engineer: GCW User
f:\...\Mflowmaster\closed channel option\2op_c.fm2 G. C. Wallace Inc

FlowMaster v7.0 [7.0005]

04/20/04 12:33:11 PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 1




OP_C Regina (Q =100 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_C Regina (Q =100 cfs)
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficlent 0.013

Channel Slope 0.015000 ft/ft
Diameter 48 in
Discharge 100.00 cfs
Results

Depth 2,16 ft

Flow Area 6.9 f*
Wetted Perimeter 6.60 ft

Top Width 0.00 ft
Critical Depth 3.03
Percent Full 54.0 %
Critical Slope 0.005695 ft/ft
Velocity 14.45 ft/s
Velocity Head 3.24 ft
Specific Energy 5.40 ft
Froude Number 1.93
Maximum Discharg 189.23 cfs
Discharge Full 175.92 cfs
Slope Full 0.004847 ft/ft
Flow Type Supercritical

Project Engineer: GCW User
f:\...\flowmaster\closed channel optiom\2op_c.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
04/20/04 12:42:44 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 1




OP_C Regina (Q =100 cfs)
Cross Section for Circular Channel

Project Description

Worksheet OP_C Regina (Q =100 cfs)
Flow Element Circular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.013

Channel Slope 0.015000 ft/ft
Depth 2.16 ft
Diameter 48 in
Discharge 100.00 cfs
48 in
2.16 ft
V:1L_
H:1
NTS
Project Engineer: GCW User
f:\...\flowmaster\closed channel option\2op_c.fm2 G. C. Wallace Inc

FlowMaster v7.0 [7.0005]

04/20/04 12:42:48 PM © Haestad Methods, Iinc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1




OP_C Azure (Q = 100 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_C Azure (Q = 100 cfs)
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficlent 0.013

Channel Slope 0.015000 fu/ft
Diameter 48 in
Discharge 100.00 cfs
Results

Depth 2.16 ft

Flow Area - 6.9 ft?
Wetted Perimeter 6.60 ft

Top Width 0.00 ft
Critical Depth 3.03 ft
Percent Full 54.0 %
Critical Slope 0.005695 ft/ft
Velocity 14.45 ft/s
Velocity Head 3.24 1t
Specific Energy 5.40 ft
Froude Number 1.93
Maximum Discharg 189.23 cfs
Discharge Full 175.92 cfs
Slope Full 0.004847 ft/it

Flow Type Supercritical

Project Engineer: GCW User
f:\.. \flowmaster\closed channel option\2op_c.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
04/20/04 12:43:46 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1




OP_C Azure (Q =100 cfs)
Cross Section for Circular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

OP_C Azure (Q = 100 cfs)
Circular Channel
Manning's Formula

Channel Depth

Section Data

Mannings Coefficient
Channel Slope
Depth

Diameter

Discharge

0.013
0.015000 ft/ft
2.16 ft
48 in
100.00 cfs

f:\...\flowmaster\closed channel option\2op_c.fm2
04/20/04 12:43:51 PM ® Haestad Methods, Inc.

2.16 ft

48 in

G. C. Wallace Inc
37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

V1 L_
H:1
NTS

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]
Page 1 of 1




OP_C Tropical (Q =250 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_C Tropical (Q = 250 cfs)
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Channel Slope 0.008000 ft/ft
Diameter 66 in
Discharge 250.00 cfs
Results

Depth 3.83 ft

Flow Area 17.7 #t?
Wetted Perimeter 10.87 ft

Top Width 0.00 ft
Critical Depth 4.41 ft
Percent Full 69.7 %
Critical Slope 0.005774 fUft
Velocity 14.14 ft/s
Velocity Head 3.11 ft
Specific Energy 6.94 ft
Froude Number 1.33
Maximum Discharg 323.08 cfs
Discharge Full 300.34 cfs
Slope Full 0.005543 ft/ft
Flow Type Supercritical

Project Engineer; GCW User
f:\.. \flowmaster\closed channel option\2op_c.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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OP_C Tropical (Q =250 cfs)
Cross Section for Circular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

OP_C Tropical (Q = 250 cfs)
Circutar Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficlent
Channel Slope
Depth

Diameter

Discharge

0.013
0.008000 ft/ft
3.83 ft
66 in
250.00 cfs ~

f\...\flowmaster\closed channel optiom\2op_c.fm2

04/20/04 12:46:12 PM

G. C. Wallace Inc
© Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA

66 in

3.83 ft

V:1L_
H:1

NTS

Project Engineer; GCW User
FlowMaster v7.0 [7.0005}

+1-203-755-1666 Page 1 of 1




OP_C El Campo (Q =100 cfs)
Worksheet for Circular Channel

Project Dascription

Worksheet OP_C E!l Campo (Q =100 cfs,
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Channel Slope 0.014000 fuft
Diameter 48 in
Discharge 100.00 cfs
Results

Depth 2.21 ft

Flow Area 71 ft2
Wetted Perimeter 6.70 ft

Top Width 0.00 ft
Critical Depth 3.03 ft
Percent Full 552 %
Critical Slope 0.005695 ft/ft
Velocity 14.07 ft/s
Velocity Head 3.08 ft
Specific Energy 528 ft
Froude Number 1.86
Maximum Discharg 182.82 cfs
Discharge Fuli 169.95 cfs
Slope Full 0.004847 ft/ft
Flow Type Supercritical

Project Engineer: GCW User
f:\...\flowmaster\closed channel option\2op_c.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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OP_C El Campo (Q = 100 cfs)
Cross Section for Circular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

OP_C El Campo (Q =100 cfs,
Circular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficlent 0.013
Channel Slope 0.014000 ft/ft
Depth 221 ft
Diameter 48 in
Discharge 100.00 cfs
e
48 in
2.21 ft
1
vl
H:1
NTS
Project Engineer: GCW User
.. \lowmaster\closed channel option\2op_c.fm2 G, C. Watllace Inc FlowMaster v7.0 [7.0005]

04/20/04 01:21:38 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1




OP_C La Mancha (Q =100 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_C La Mancha (Q = 100 cfs

Flow Element Circular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient 0.013

Channel Slope 0.018000 fu/ft

Diameter 48 in

Discharge 100.00 cfs

Results

Depth 2.04 it

Flow Area 6.5 fi*

Wetted Perimeter 6.37 ft

Top Width 0.00 ft

Critical Depth 3.03 ft

Percent Full 511 %

Critical Slope 0.005695 ft/it

Velocity 15.48 ft/s

Velocity Head 3.72 ft

Specific Energy 5.77 ft

Froude Number 215

Maximum Discharg 207.30 cfs

Discharge Full 192.71 cfs

Slope Full 0.004847 ft/ft

Flow Type Supercritical

Project Engineer: GCW User

f:\...\flowmaster\closed channe! option\2op_c.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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OP_C La Mancha (Q = 100 cfs)
Cross Section for Circular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

OP_C La Mancha (Q =100 cfs
Circular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient
Channel Slope
Depth

Diameter

Discharge

0.013
0.018000 ft/ft
2.04 ft
48 in
100.00 cfs

f:\...\flowmaster\closed channel option\2op_c.fm2

04/20/04 12:49:26 PM © Haestad Methods, Inc.

G. C. Wallace inc

37 Brookside Road Waterbury, CT 06708 USA
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4 ft

48 in

+1-203-755-1666

V:1l_
H:1

NTS

Project Engineer; GCW User
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OP_C UPSTREAM OF ANN CONFLUENCE (Q = 1266 cfs)

Worksheet for Irregular Channel

Project Description

Worksheet OP_C UPSTREAM OF ANN CONFLUENCE (Q =
Flow Element Irregular Channel
Method Manning's Formula

Solve For Channel Depth
Input Data

Channel Slope 0.006000 ft/ft

Discharge 1,266.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Metho! Horton's Method

Results

Mannings Coefficient 0.015
Water Surface Elevation 555 ft
Elevation Range 0.00 to 8.00
Flow Area 77.7 ft?
Wefted Perimeter 25.10 ft
Top Width 14.00 ft
Actual Depth 5.55 ft
Critical Elevation 6.33 ft
Critical Slope 0.004184 ft/ft
Velocity 16.30 ft/s
Velocity Head 413 ft
Specific Energy 9.68 ft
Froude Number 1.22
Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 0+14 0.015

Natural Channel Points

Station Elevation
(ft) ()
0+00 8.00
0+00 0.00
0+14 0.00
0+14 8.00

f:\...\flowmaster\closed channel option\2op_c.fm2 G. C, Wallace Inc

04/20/04 12:47:52 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]
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OP_C ANN INFLOW (Q = 350 cfs)
Worksheet for Rectangular Channel

Project Description

Worksheet OP_C ANN INFLOW (Q = 350 ¢
Flow Element Rectangular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.015

Channel Slope 0.015000 ft/ft

Bottom Width 8.00 ft

Discharge 350.00 cfs

Results

Depth 2.64 ft

Flow Area 21.2 ft?

Wetted Perimeter 13.29 ft

Top Width 8.00 ft

Critical Depth 3.90 ft

Critical Slope 0.005163 fu/ft
Velocity 16.54 ft/s

Velocity Head 4.25 ft

Specific Energy 6.90 ft

Froude Number 1.79

Flow Type Supercritical

Project Engineer: GCW User

f\.. \flowmaster\closed channel option\2op_c.fm2 G. C. Wallace inc FlowMaster v7.0 [7.0005]
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OP_C ANN INFLOW (Q = 350 cfs)
Cross Section for Rectangular Channel

Project Description

Worksheet OP_C ANN INFLOW (Q = 350 ¢

Flow Element Rectangular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.015

Channel Slope 0.015000 ft/ft
Depth 2.64 ft
Bottom Width 8.00 ft
Discharge 350.00 cfs

2.64 ft

- 8.00 ft

Project Engineer: GCW User
f\.. Mlowmaster\closed channel option\2op_c.fm2 G. C. Walilace Inc FlowMaster v7.0 [7.0005]
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OP_C Stephen (Q =200 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_C Stephen (Q =200 cfs)
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Channel Slope 0.020000 ft/ft
Diameter 48 in
Discharge 200.00 cfs
Results

Depth 3.22 ft

Flow Area 10.9 ft*
Wetted Perimeter 8.92 ft

Top Width 0.00 ft
Critical Depth 3.85 ft
Percent Full 80.6 %
Critical Slope 0.016914 fu/ft
Velocity 18.43 ft/s
Velocity Head 5.28 ft
Specific Energy 8.50 ft
Froude Number 1.75
Maximum Discharg 218.51 cfs
Discharge Full 203.13 cfs
Slope Full 0.019388 ft/ft
Flow Type Supercritical

Project Engineer: GCW User

f\.. \flowmaster\closed channel option\2op_c.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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OP_C Stephen (Q =200 cfs)
Cross Section for Circular Channel

Project Description

Worksheet
Flow Element
Method
Solve For

OP_C Stephen (Q = 200 cfs)
Circular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient
Channel Slope
Depth

Diameter

Discharge

0.013
0.020000 ft/ft
3.22 ft
48 in
200.00 cfs

f\...\Mlowmastenriclosed channel optiom\2op_c.fm2
04/20/04 12:50:53 PM © Haestad Methods, Inc.

G. C. Wallace Inc

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

48 in

3.22 1t

V:1[_
H:1

NTS

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]
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OP_C Hammer (Q =400 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_C Hammer (Q =400 cfs
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Channe! Slope 0.040000 fi/ft
Diameter 66 in
Discharge 400.00 cfs
Results

Depth 3.06 ft

Flow Area 13.6 ft*
Wetted Perimeter 9.25 ft

Top Width 0.00 ft
Critical Depth 519 ft
Percent Full 556 %
Critical Slope 0.012270 ft/ft
Velocity 29.49 ft/s
Velocity Head 13.52 ft
Specific Energy 16.58 ft
Froude Number 3.30
Maximum Discharg 722.42 cfs
Discharge Full 671.58 cfs
Slope Full 0.014190 ft/ft
Flow Type Supercritical

f\...\flowmaster\closed channel option\2op_c.fm2

04/20/04 12:53:48 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

G. C. Waliace Inc

Project Engineer: GCW User

+1-203-755-1666

FlowMaster v7.0 [7.0005]
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Cross Section for Circular Channel

OP_C Hammer (Q =400 cfs)

Project Description

Worksheet OP_C Hammer (Q
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth

= 400 cfs

Section Data

Mannings Coefficient 0.013
Channel Slope 0.040000 ft/it
Depth 3.06 ft
Diameter 66 in
Discharge 400.00 cfs

f:\...\flowmaster\closed channel option\2op_c.fm2

04/20/04 12:63:53 PM © Haestad Methods, Inc.

G. C, Wallace Inc

37 Brookside Road Waterbury, CT 06708 USA
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66 in
3.06 ft
)
Vil
H:1
NTS

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]

+1-203-755-1666 Page 1 of 1




OP_C Washburn (Q = 570 cfs)
Worksheet for Circular Channel

Project Description

Worksheet OP_C Washburn (Q = 570 cfs
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Channel Slope 0.050000 ft/it
Diameter 72 in
Discharge 570.00 cfs
Resuits

Depth 3.36 it

Flow Area 16.3 ft?
Wetted Perimeter 10.14 ft

Top Width 0.00 ft
Critical Depth 5.80 ft
Percent Full 55.9 %
Critical Slope 0.015876 ft/ft
Velocity 35.03 ft/s
Velocity Head 19.07 ft
Specific Energy 22.43 it
Froude Number 3.74
Maximum Discharg 1,018.63 cfs
Discharge Full 946.94 cfs
Slope Full 0.018116 ft/it
Flow Type Supercritical

f\...\flowmaster\closed channel option\2op_c.fm2

G. C. Wallace Inc

Project Engineer. GCW User
FlowMaster v7.0 [7.0005]
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OP_C Washburn (Q = 570 cfs)
Cross Section for Circular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

OP_C Washburn (Q =570 cfs
Circutar Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient
Channel Slope
Depth

Diameter

Discharge

0.013
0.050000 ft/ft
3.36 ft
72 in
570.00 cfs

f\...\flowmastenclosed channel option\2op_c.fm2

04/20/04 12:55:27 PM © Haestad Methods, Inc.

G. C, Wallace Inc

37 Brookside Road Waterbury, CT 06708 USA

3.36 ft

72 in

+1-203-755-1666

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]
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Detention Basin Facilities

Flowmaster Calculations
Erosion Protection Calculations
Outfall Calculation

Cost Analysis



North Detention Basin Flume (Q = 98 cfs)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

North Detention Basin Flume (Q = 98 cfs)
Irregular Channel

Manning's Formuta

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.500000 ft/ft
Water Surface Elevation 0.20 ft
Elevation Range 0.00 to 3.00
Discharge 98.00 cfs
3.00 P
2.50
2.00
1.50
1.00
0.50
0.00
0+00.0 0+04.0 0+08.0 0+12.0 0+16.0 0+20.0
Vi100|
H:1
NTS
Project Engineer: GCW User
f:\451-002\drainage\calcs\flowmasterdbn.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005)
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North Detention Basin Flume (Q = 98 cfs)
Worksheet for Irregular Channel

Project Description

Worksheet North Detention Basin Flume (Q = 98 cfs)
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data
Channel Slope 0.500000 ft/ft
Discharge 98.00 cfs
Options
Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method
Results
Mannings Coefficient 0.015
Water Surface Elevation 0.20 ft
Elevation Range 0.00to 3.00
Flow Area 4.1 ft?
Wetted Perimeter 20.41 ft
Top Width 20.00 ft
Actual Depth 0.20 ft
Critical Elevation 0.91 ft
Critical Slope 0.003804 ft/ft
Velocity 23.98 ft/s
Velocity Head 8.93 ft
Specific Energy 9.14 ft
Froude Number 9.35
Flow Type Supercritical
Roughness Segments
Start End Mannings
Station Station Coefficient
0+00.0 0+20.0 0.015
Natural Channel Points
Station Elevation
(ft) (ft)

0+00.0 3.00

0+00.0 0.00

0+20.0 0.00

0+20.0 3.00

A : Project Engineer. GCW User
f\451-002\drainage\calcs\flowmaster\dbn.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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North Detention Basin - Lone Mountain Road Flume
Worksheet for Rectangular Channel

Project Description

Worksheet North Detention Basin - Lone Mountain Road Flume
Flow Element Rectangular Channel
Method Manning's Formula
Solve For Channel Depth
input Data

Mannings Coefficient 0.015

Channel Slope 0.250000 ft/ft

Bottom Width 20.00 it

Discharge 207.00 cfs

Results

Depth 0.40 ft

Flow Area 7.9 ft*

Wetted Perimeter 20.79 ft

Top Width 20.00 ft

Critical Depth 1.49 ft

Critical Slope 0.003453 fi/ft

Velocity 26.07 ft/s

Velocity Head 10.56 ft

Specific Energy 10.96 ft

Froude Number 7.29

Flow Type Superecritical

Project Engineer: GCW User
f:\4561-002\drainage\calcs\flowmaster\dbn.fm2 G. C. Wallace Inc FlowMaster v7.,0 [7.0005]
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North Detention Basin - L.one Mountain Road Flume
Cross Section for Rectangular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

North Detention Basin - Lone Mountain Road Flume
Rectangular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient
Channel Slope
Depth

Bottom Width
Discharge

0.015
0.250000 ft/it
0.40 ft
20.00 ft
207.00 cfs

0,40 ft

f:\451-002\drainage\calcs\flowmaster\dbn.fm?2
04/20/04 02:34:04 PM  © Haestad Methods, Inc.

20.00 ft

G. C. Wallace Inc
37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

Vi1

NTS

Project Engineer: GCW User
FlowMaster v7.0 [7.00085]
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Balancing Conduit Outfall
Worksheet for Rectangular Channel

Project Description

Worksheet Balancing Conduit Outfall

Flow Element Rectangular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient 0.015

Channel Slope 0.015000 ft/ft

Bottom Width 8.00 ft

Discharge 800.00 ofs

Results

Depth 4.88 ft

Flow Area 39.0 ft?

Wetted Perimeter 17.75 ft

Top Width 8.00 ft

Critical Depth 6.77 ft

Critical Slope 0.006494 ft/ft

Velocity 20.51 ft/s

Velocity Head 6.54 ft

Specific Energy 11.41 ft

Froude Number 1.64

Flow Type Supercritical
f:\451-002\drainage\calcs\flowmastendbs.fm2 G. C. Wallace Inc
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Balancing Conduit Outfall
Cross Section for Rectangular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

Balancing Conduit Outfall
Rectangular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.015000 ft/ft
Depth 4.88 it
Bottom Width 8.00 ft
Discharge 800.00 cfs
4.88 ft
- 8.00 ft -
Vil
H:1
NTS
Project Engineer: GCW User
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Earthen Channel - South Detention Basin (LOW FLOW)
Worksheet for Circular Channel

Project Description

Worksheet Earthen Channel - South Detention Basin (LOW FLO\
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.020

Channel Siope 0.010000 ft/ft
Diameter 24 in
Discharge 15.00 cfs
Results

Depth 1.68 it

Flow Area 2.8 ft*

Wetted Perimeter 463 ft

Top Width 0.00 it

Critical Depth 1.40 ft

Percent Full 83.9 %

Critical Slope 0.014955 ft/ft
Velocity 5.33 ft/s
Velocity Head 0.44 ft

Specific Energy 212 ft

Froude Number 0.68

Maximum Discharg 15.82 cfs
Discharge Full 14.70 cfs

Slope Full 0.010407 ft/it

Flow Type Subcritical

f\451-002\drainage\calcs\flowmastendbs.fm2
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Earthen Channel - South Detention Basin (LOW FLOW)
Cross Section for Circular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

Earthen Channel - South Detention Basin (LOW FLO\
Circular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient
Channel Slope
Depth

Diameter

Discharge

0.020
0.010000 ft/ft
1.68 ft
24 in
156.00 cfs

f:\451-002\drainage\calcs\flowmaster\dbs.fm2
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Earthen Channel - South Detention Basin
Worksheet for Irregular Channel

Project Description

Worksheet Earthen Channel - South Detention Basin
Flow Element Irregutar Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Channel Slope 0.010000 ft/ft

Discharge 475.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Metho: Horton's Method

Results
Mannings Coefficient 0.030
Water Surface Elevation 1.73 #t
Elevation Range 0.00 to 3.00
Flow Area 74.0 ft?
Wetted Perimeter 50.23 ft
Top Width 49.81 ft
Actual Depth 1.73 ft
Critical Elevation 1.65 ft
Critical Slope 0.011785 ft/ft
Velocity 6.42 fi/s
Velocity Head 0.64 ft
Specific Energy 237 ft
Froude Number 0.93
Flow Type Subcritical
Roughness Segments
Start End Mannings

Station Station Coefficient

0+00 0+60 0.030

Natural Channel Points

Station Elevation
{ft) {ft)
0+00 3.00
0+12 0.00
0+48 0.00
0+60 3.00

f:\451-002\drainage\calcs\flowmaster\dbs.fm?2 G. C. Wallace Inc

Project Engineer: GCW User
FlowMaster v7.0 [7.0005]
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Earthen Channel - South Detention Basin
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method
Solve For

Earthen Channel - South Detention Basin
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.030
Channel Slope 0.010000 f/ft
Water Surface Elevation 1.73 ft
Elevation Range 0.00 to 3.00
Discharge 475.00 cfs
588 == L '
0.00 — A

0+00 0+05 0+10 O+15 0+20 0+25 0+30 O0+35 0+40 O0+45
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Peaceful Dawn Flume - South Detention Basin
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

Peaceful Dawn Flume - South Detention Basin
Irregular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.250000 ft/ft
Water Surface Elevation 0.51 ft
Elevation Range 0.00 to 3.00
Discharge 475.00 cfs
3.00p 1
2.00
1.00 =
0.00 -
0+00 0+05 0+10 0+15 0+20 0+25 0+30
Vi1 l_
H:1
NTS
) Project Engineer: GCW User
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Peaceful Dawn Flume - South Detention Basin

Worksheet for Irregular Channel

Project Description

Worksheet Peaceful Dawn Flume - South Detention Basin
Flow Element irregular Channel

Method Manning's Formuia

Solve For Channel Depth

Input Data

Channel Slope 0.250000 ft/ft

Discharge 475.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method
Results

Mannings Coefficient 0.015

Water Surface Eilevation 0.51 ft

Elevation Range 0.00t0 3.00

Flow Area 16.3 ft*

Wetted Perimeter 31.02 ft

Top Width 30.00 ft

Actual Depth 0.51 ft

Critical Elevation 1.98 ft

Critical Slope 0.003080 fi/ft

Velocity 30.97 fi/s

Velocity Head 14.90 ft

Specific Energy 15.42 ft

Froude Number 7.64

Flow Type Superecritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 0+30 0.015

Natural Channel Points

Station Elevation
(ft) ()
0+00 3.00
0+00 0.00
0+30 0.00
0+30 3.00
f:\451-002\drainage\calcs\flowmaster\dbs.fm?2 G. C. Wallace Inc
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South Channel Flume
Cross Section for Circular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

South Channel Flume
Circular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.013
Channel Slope 0.180000 f/ft
Depth 212 ft
Diameter 54 in
Discharge 377.00 cfs
_ .
— 54 in
2.12 ft
Vi1 L___
H:1
NTS
Project Engineer: GCW User
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South Channel Flume
Worksheet for Circular Channel

Project Description

Worksheet South Channel Flume
Flow Element Circular Channel
Method Manning's Formuia
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Channel Siope 0.180000 ft/ft
Diameter 54 in
Discharge 377.00 cfs
Results

Depth 212 ft

Flow Area 7.4 ft?
Wetted Perimeter 6.81 ft

Top Width 0.00 ft
Critical Depth 4.45 ft
Percent Full 4714 %
Critical Slope 0.033820 ft/ft
Velocity 51.13 ft/s
Velocity Head 40.62 ft
Specific Energy 42.75 ft
Froude Number 7.04
Maximum Discharge 897.43 cfs
Discharge Full 834.27 cfs
Slope Full 0.036757 ft/ft
Flow Type Supercritical

Project Engineer: GCW User
f:\451-002\drainage\calcs\flowmastendbs.fm2 G. C. Wallace Inc FlowMaster v7.0 [7.0005]
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South Detention Basin - Lone Mountain Road Flume

Worksheet for Rectangular Channel

Project Description

Worksheet South Detention Basin - Lone Mountain Road Flumi

Flow Element Rectangular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient 0.015

Channel Slope 0.250000 fi/ft

Bottom Width 20.00 ft

Discharge 207.00 cfs

Results

Depth 0.40 ft

Flow Area 7.9 it?

Wetted Perimeter 20.79 ft

Top Width 20.00 ft

Critical Depth 1.49 ft

Critical Slope 0.003453 ft/ft

Velocity ' 26.07 ft/s

Velocity Head 10.56 ft

Specific Energy 10.96 ft

Froude Number 7.29

Flow Type Supercritical
f:\451-002\drainage\calcs\flowmasteridbs.fm?2 G. C. Wallace Inc
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South Detention Basin - L.one Mountain Road Flume

Cross Section for Rectangular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

South Detention Basin - Lone Mountain Road Flurm
Rectangular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient
Channel Slope
Depth

Bottom Width
Discharge

0.015
0.250000 ft/ft
0.40 ft
20.00 ft
207.00 cfs

0.40 ft

f:\451-002\drainage\calcs\flowmaster\dbs.fm2
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Outfall Analysis

H=\V%2g + H,

He = Hg + Hp + Hexe

He = 0.2 (V2/29)

He = 29.1 (n?) (LIr*3) (V?/2g)

Hexe = Ko (V22729) (AJAL) - 12 - K.=0.8, A;=2375FT?
V = QuudA; = 180/7.07 = 25.46 fps - FOR 36" RCP

r= AP = D/4 = 3/4

n=0.010 - 0.013 (SMOOTH/NEW RCP TO ROUGH/OLD RCP)
H~37FT

V229 = 10.06

He = 2.0 FT

Hego = 3.97

He =37 - (10.06 + 2.0 + 3.97) = 20.97 FT

L=434FT - FOR n~0.0105




WESTERN SEGMENT OF THE LAS VEGAS BELTWAY

CRAIG ROAD TO HUALAPAI WAY - ALIGNMENT 1

FACILITIES COST ESTIMATE

FACILITY #| SHEET # FACILITY DESCRIPTION QUANTITY| UNIT| COST TOTAL
1A SD-1  |TRANSITION 40' WIDE TO 20' WIDE RCC FLUME 119{cy $70.00 $8,330.00)
1B SD-1__|20' WIDE RCC FLUME 222|cY $70.00 $15,540,00]
1C SD-1  [(3)-6'X3' RCB 210|LF $300.00 $63,000.00]|
1D sD-1__|30' WIDE RCC FLUME 178|CY $70.00 $12,460.00]
1E SD-1__|GROUTED RIPRAP TRANSITION g6|cy $75.00 $7,200.00][
1F SD-1  [36" HDPE LOW FLOW CHANNEL 430|LF $90.00 $38,700.00}]
1G SD-1 |30 WIDE RCC CHANNEL 385|CY $70.00 $26,950.00]
1H SD-1  [RIPRAP D50=12" e7|cy $52.00 $3,484.00)
2A SD-1,20 |42" RCP STORM DRAIN 860|LF $105.00 $69,300.00
2B SD-1  [6'X3' RCB 50|LF $300.00 $15,000.00
3A SD-2__|(2) - 54" RCP STORM DRAIN 620|LF $145.00 $89,900.00
3B SD-2  |ENERGY DISSIPATOR 1|Ls $48,000.00 $48,000,00]
4A SD-2, 20 |54" RCP STORM DRAIN 1500[LF |  $145.00]  $217,500.00
5A SD-2,3 |8'x8' RCB BALANCING CONDUIT 680|LF $533.00 $362,440.00)
5B SD-3  [NORTH DB RIPRAP - RIP RAP D50=12" 47lcy $52.00 $2,444.00)|
5C SD-2 |SOUTH DB RIPRAP - RIP RAP D50=12" 47|cY $52.00 $2,444.00|
6A SD-3  |20' WIDE CHANNEL - RIP RAP D50=6" 59|CY $40.00 $2,360.00
6B SD-3  [20' WIDE FLUME - CONCRETE 4600|SF $11.00 $50,600.00])
6C SD3  |RIP RAP - D50=12" 44]cy $52.00 $2,288.00)
7A sp-11 |15 WIDE MAINTENANCE ACCESS RAMP 2lLs $31,875.00 $63,750.00
78 SD-10, 11 |MAIN CHANNEL 12'x6' CHAN (STA 824+00 TO 833+50) 950[LF $336.00 $319,200.00]|
7C SD-9, 10 |MAIN CHANNEL 12'x7' CHAN (STA 810+00 TO 824+00) 1400ILF $370.00 $518,000.00)|
7D $D-10 _[AZURE INFLOW 66" RCP 50|LF $160.00 $8,000.00
7E SD-8,9 |MAIN CHANNEL 14'x8' CHAN (STA 790+00 TO 810+00) 2000|LF $426.00 $852,000.00“
7F SD-9  [TROPICAL INFLOW 66" RCP 50[LF $160.00 $8,000.00]|
MAIN CHANNEL14'x10' CHANNEL (STA 781+50 TO 790+00) "
7G SD-7,8 850|LF $494.00 $419,900.00
7H SD-8  |EL CAMPO 48" RCP LATERAL 50|LF $125.00 $6,250.00)|
MAIN CHANNEL 14'x10' CHANNEL (STA 779+50 TO 781+50) "
7l SD-7 200|LF $494.00 $98,800.00
7. SD-7  |ANN - 8X8'RCB 100|LF $533.00 $53,300.00]|
7K SD-6,7 |MAIN CH 14'x10' CHANNEL(STA 763+00 TO 779+50) 1650|LF $494.00 $815,100.00]]
7L SD-6  |HAMMER (2) - 72" RCP LATERAL 200|LF $165.00 $33,000,00]
7™ SD-5,6 |MAIN CH 14'x10' CHANNEL (STA 743+00 TO 763+00) 2000|LF $494.00 $988,000.00]]
7N SD-5 |WASHBURN - 72" RCP LATERAL 100|LF $165.00 $16,500.00)]
70 SD-4,5 |MAIN CHANNEL 10'x10' RCB (STA 728+50 TO 743+00) 1450|LF $667.00 $967,150.00]|
7P SD-4  |ENERGY DISSIPATOR 1|LS $67,000.00 $67,000.00
8A S§D-2  [30' WIDE RCC FLUME 600|CY $70.00 $42,000.00
8B SD-2  |RIPRAP - D50=12" 44|cy $52.00 $2,288.00}|
8C SD-2 |2 CURB OPENING SECTIONS 30{EA $1,150.00 $34,500.00]|




oA SD-3  |30' WIDE RCC FLUME 511|CY $70.00 $356,770.00
9B SD-3  |RIPRAP - D50=12" 44lcy $52.00 $2,288.00]|
9C SD-3 12 CURB OPENING SECTIONS 30|EA $1,150.00 $34,500.00]
SD-1 TO 3 [EXCAVATION 1204000|CY $2.00]  $2,408,000.00

SD-1 TO 3 |[EMBANKMENT 880000|CY $4.00]  $3,520,000.00

TOTAL $12,351,236.00




WESTERN SEGMENT OF THE LAS VEGAS BELTWAY
CRAIG ROAD TO HUALAPAI WAY - ALIGNMENT 2

FACILITIES COST ESTIMATE
FACILITY #| SHEET # FACILITY DESCRIPTION QUANTITY| UNIT | COST TOTAL
1A SD-1 TRANSITION 40' WIDE TO 20' WIDE RCC FLUME 119{CY $70.00 $8,330.00
1B sb-1 |20’ wiDE RGC FLUME 222|CY $70.00 $15,540.00]1
1c sb-1 |(3)-6'X3'RCB 210|LF $300.00 $63,000.00]}
1D SD-1 |30’ WIDE RCC FLUME 178lcY $70.00 $12,460.00]
1E SD-1  |GROUTED RIPRAP TRANSITION 96/cY $75.00 $7,200.00}|
1F SD-1 36" HDPE LOW FLOW CHANNEL 430|LF $90.00 $38,700.00)|
1G SD-1 30' WIDE RCC CHANNEL 385|CY $70.00 $26,950.00)|
1H SD-1 RIPRAP D50=12" 67|cy $52.00 $3,484.00
2A SD-1,20 42" RCP STORM DRAIN 660|LF $105.00 $69,300.00)
2B SD-1 6'X3' RCB 50|LF $300.00 $15,000.00)
3A SD-2  |(2) - 54" RCP STORM DRAIN 620]LF $145.00 $89,900.00
3B SD-2  |[ENERGY DISSIPATOR 1]Ls $48,000.00 $48,000.00
4A SD-2,20 [54" RCP STORM DRAIN 1500|LF | $145.00]  $217,500.00
5A SD-2,3  |8'x8' RCB BALANCING CONDUIT 680[LF $533.00f  $362,440.00,
58 SD-3 _ |NORTH DB RIPRAP - RIP RAP D50=12" 47lcy $52.00 $2,444.00]]
5C SD-2  |SOUTH DB RIPRAP - RIP RAP D50=12" 47|cy $52.00 $2,444.00
BA SD-3  |20' WIDE CHANNEL - RIP RAP D50=6" 59|cy $40.00 $2,360.00]|
68 SD-3 |20’ WIDE FLUME - CONCRETE 4600|SF $11.00 $50,600.00]
6C SD-3  |RIP RAP - D50=12" a4|cy $52.00 $2,288.00
7A SD-11 15" WIDE MAINTENANCE ACCESS RAMP 2|LS $31,875.00 $63,750.00
7B SD-10, 11 |MAIN CHANNEL 8'x6' RCB (STA 824+00 TO 833+50) 950|LF $466.00 $442,700.00]
7C SD-9, 10  |MAIN CHANNEL 10'x6' RCB (STA 810+00 TO 824+00) 1400(LF $533.00 $746,200.00||
7D SD-10  |AZURE INFLOW 66" RCP 50|LF $160.00 $8,000.00]]
7E SD-8,9 |MAIN CHANNEL 10'x8' RCB (STA 790+00 TO 810+00) 2000|LF $600.00]  $1,200,000.00]|
7F Sb-9 TROPICAL INFLOW 66" RCP 50|LF $160.00 $8,000.00
7G SD-7, 8 MAIN CHANNEL 12'x8' RCB (STA 781+50 TO 790+00) 850|LF $667.00 $566,950.00)
7H SD-8 EL CAMPO 48" RCP LATERAL 50JLF $125.00 $6,250.00
71 SD-7 MAIN CHANNEL 14'x8' RCB (STA 779+50 TO 781+50) 200|LF $733.00 $146,600.00]}
7 SD-7  |ANN-8X8 RCB 100|LF $533.00 $53,300.00
7K SD-6,7 |MAIN CH 14'x10' CHANNEL(STA 763+00 TO 779+50) 1650|LF $494.00 $815,100.00]}
7L SD-6  |HAMMER (2) - 72" RCP LATERAL 200{LF $165.00 $33,000.00]|
™ SD-5, 6 MAIN CH 14'x10' CHANNEL (STA 743+00 TO 763+00) 2000|LF $494.00 $988,000.00
7N SD-5 WASHBURN - 72" RCP LATERAL 100|LF $165.00 $16,500.00
70 sD-4,5 |MAIN CHANNEL 10'x10' RCB (STA 728+50 TO 743+00) 1450|LF $667.00 $967,150.00,
7P Sb-4 ENERGY DISSIPATOR 1]LS $67,000.00 $67,000.00
8A SD-2 30" WIDE RCC FLUME 600{CY $70.00 $42,000.00
8B SD-2  |RIPRAP - D50=12" 44|cy $52.00 $2,288.00}
8C SD-2 |2 CURB OPENING SECTIONS 30[EA $1,150.00 $34,500.00




oA SD3 |30 WIDE RCC FLUME 511]cY $70.00 $35,770,00]|
9B SD-3_ |RIPRAP - D50=12" 44/cy $52.00 $2,288.00)|
9C SD-3 |2 CURB OPENING SECTIONS 30|EA $1,150.00 $34,500.00|
SD-1 T03 |EXCAVATION 1204000{CY $2.00|  $2,408,000.00

SD1TO3 |EMBANKMENT 880000|CY $4.00]  $3,520,000.00

TOTAL | $13,245,786.00




APPENDIX D

Spillway Facilities

FLO-2D Figures
Flowmaster Calculations
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APPENDIX E

Reference Materials




ADDENDUM #1 TO THE
TECHNICAL DRAINAGE
STUDY

for -
CLIFF SHADOWS FOUR-PLEX

CITY OF LAS VEGAS, NEVADA
Project Number: 1281-001-032 .
December 2003

Prepared For: Cliff Shadows Properties, LLC
- 2775 South Jones Boulevard, Suite 101
Las Vegas, NV 89146
(702) 873-7834

Prepared By: David W. Trushaw, P.E.
L.R. Nelson Consulting Engineers
3035 E. Patrick Lane, Suite 9
Las Vegas, Nevada 89120
(702) 798-7978
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ADDENDUM #5 TO THE
TECHNICAL HYDROLOGY STUDY

FOR

MONUMENT @ LONE MOUNTAIN WEST
UNITS 1 AND S

CITY OF LAS VEGAS, NEVADA

W.0. #5630

Prepared for: Submitted to:

STANPARK HOMES, INC. ’ PUBLIC WORKS DEPT.
' CITY OF LAS VEGAS, NV..
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MASTER DRAINAGE STUDY
FOR
LONE MOUNTAIN WEST
CITY OF LAS VEGAS, NEVADA
Ww.0. #5545-,

Submitted to:

Prepared for:
PUBLIC WORKS DEPT.

FOCUS GROUP g |
_ | CITY OF LAS VEGAS, NV.
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LONE MOUNTAIN RD: 100 YR FLOW
Worksheet for Irregular Channel

~Project Description

Project File j:\haestad\fmw\5545.fm2
Worksheet  100' R/\W STREET- NORMAL CROWN
Flow Element Irregular Channel
Method ) Manning's Formula
Solve For. Water Elevation
Input Data
0.057000 ft/it

Channel Slope

Elevation range: 0.00 ft to 2.50 ft.

Station (ft) Elevation (ft) Start Station End Station Roughness
0.00 2.50 0.00 7.02 ‘ 0.013
0.01 0.60 7.02 92.99 0.016
5.01 0.50 92.99 100.00 0.013
5.51 0.50
5.52 0.00
7.02 013 : B
7.02 0.17 '
50.00 1.03
92.99 0.17
93.00 0.13
94.49 0.00
94.50 0.50
95.00 0.50
99.99 0.60
100.00 2.50 -
Discharge 414.00 cfs
Results
Wid. Mannings Coefficient 0.015
Water Surface Elevation 0.91 ft
Flow Area 34.00 ft?
Wetted Perimeter 89.77 ft.
Top Width 88.07 ft -
Height 0.91 ft
Critical Depth 1.39 ft
Critical Slope 0.003845 ft/ft
Velocity 12.18 fi/s
Velocity Head 2.30 ft
Specific Energy 3.21 ft
Froude Number 345

Flow is supercritical.
Flow is divided.

03/18/99
10:38:49 AM Haestad

Methods, Inc. 37 Brookside Road Waterbury, CT 06708  (203) 755-1666

FlowMaster v5.07
Page 1 of 1




LONE MOUNTAIN RD: 10YR FLOW
Cross Section for lrregular Channel

~Project Description
Project File j:\haestad\fmw\5545.fm2
Worksheet . 100’ R/W STREET- NORMAL CROWN
Flow Element Irregular Channel
Method Manning's Formula

Solve For Water Elevation

Sectioh Data _

Wid. Mannings Coefficient 0.015
Channel Slope 0.057000 ft/ft
Water Surface Elevation 0.70 ft
Discharge 162.00 cfs

T o I T ol

- - = ]

20} mm e ISR SRR PEPEEE

e

Elevation (ft)

/|
----------------------------------- R |
] t 1
i |
1 L} 1
1 ] [}
) ] 1
1 ] ]
] ] ]
] 1 1
] ] ]
t [} [}
] { ]
. 0.0 ] 1 J— |
- 0.0 20.0 40.0 100.0
Station (ft)
03/18/99 ElowMaster vt

11:09:59 AM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT DB708 (203) 755-1668 Page 1¢




APPENDIX F

Plan and Profile Sheets




