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HYDROLOGIC CRITERIA AND DRAINAGE MANUAL 

DRAINAGE STUDY INFORMATION FORM 
Name of Development: Technical Drainage Study for Elkhorn 40 Date: August 2016 

Location of Development: a) Descriptive (Cross Streets) North/South: Tenaya 

East/West: Elkhorn 

b) Section : 22 Township: 19S Range: 60E 
c) APN : 125-22-501-001 

Name of Owner: Greengale Properties, LLC, Owners, - DR Horton, Developers 

Telephone No.: (702)672-1939 Fax No.: (702) 538-0735 E-Mail Address: MEJones3@DRHorton.com 

Address: 1081 Whitney Ranch Drive #141, Henderson, NV 89014 

Contact Person-Name: Kelly J. Wittwer, P.E. Telephone No.: (702) 254-1480 

* E-Mail Address: KWittwer@tritoneng.com Fax No.: (702) 254-3062 
Firm: Triton En!:lineering, LLC 

Address: 6757 West Charleston Boulevard, Suite B, Las Vegas, NV 89146 


Type of Land Development/Land Disturbance Process: 


D Rezoning ~ Subdivision Map D I Clearing and Grading Only 


D Parcel Map D Planned Unit Development 0 J Other (Please specify below) 


D Large Parcel Map D Building Permit 


l. Tota l Owned Land Area: At Site: 37.35 ac Being Developed/Disturbed: 37.35 ac. 

2. ls a portion or all of the subject property located in a designated FEMA Flood Hazard Area? D Yes·· NorEJ 
3.ls the property bordered or crossed by an existing or proposed Clark County Regional Flood 

Control District Master Planned Facility? DYes" IB] No 

4. Proposed type of development (Residential, Commercial, Etc.): Residential 

5. Approximate upstream land area which drains to the subject site: 160 acres + / ­

6. Has the site drainage been evaluated in the past? 0 YES rEJ NO If yes, please identify documentation : 

7. If known, please briefly identify the proposed discharge point(s) of runoff from the site: 
Discharge to the east to Rio Vista Street 

8. Briefly describe your proposed schedule for the subject project: ASAP 

Submit this form as part of the required drainage study to the local entity which has jurisdiction over 
the subject property. This form may provide sufficient information to serve as the Conceptual Drainagei3,,~\"~~ 

V- Study.'~7iARBARAM.~ 
o BROWN 0 "'New Required Field 
~ I . E~p: IZ;3I-1~ ~; "Review and concurrence of the Clark County Regional Flood Control District is required. 
u) Itr Revision Date"0 CIVIL 4~ 


C$f0' 04(:>' 

No.990~ 

8 ,,29-1 h 
Engineer's Seal Local Entity File No. 

REFERENCE: STANDARD FORM 1 

Updated 05/01/ 2008 
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INTRODUCTION 

 
This Technical Drainage Study was prepared to address drainage and grading design of a project, 
consisting of 95 single-family residential units planned for development on a 40-acre parcel.  The subject 
study will apply to the offsite development of the site, with onsite areas being rough graded, and 
considered a single lot.  Subsequently, an Update study will be submitted as the onsite area is planned 
for improvement of the individual residential lots.  The site is in the northwest portion of the Las Vegas 
Valley, in the City of Las Vegas, Nevada. 
 
This Technical Drainage study was prepared in accordance with criteria specified in the Clark County 
Regional Flood Control District (CCRFCD) Hydrologic Criteria and Drainage Design Manual (updated 
2000), which is herein referred to as the “Drainage Manual”.  All pertinent reference information and 
calculations is presented in the Appendix of this report. 
 
LOCATION 
 
The site of the proposed development is located in the North Half (N1/2) of the Northeast Quarter (NE1/4) 
of Section 22, Township 19 South (T19S), Range 60 East (R60E), M.D.M. in the City of Las Vegas, Nevada.  
The site is located on the southeast corner of Tenaya Way and Elkhorn Road.  See Figure 1, Vicinity Map, 
and Figure 2, Location Map.   
 
 
SITE DESCRIPTION 
 
The subject site is currently undeveloped and has minimal vegetal covering.  About one third of the area 
of the site appears to have been graded and used for agricultural use in the past, and approximately two 
thirds of the area, that being mostly the northern areas, remain as natural desert terrain.   The site is 
relatively flat, sloping gradually to drain to the east to the at a slope of approximately1%.   The site is 
impacted by storm water runoff from offsite only on the bordering streets of Elkhorn Road on the north, 
and Tenaya Way on the west.  
 
The site is bound by Elkhorn Road (100-foot right-of-way) on the north, which is currently fully improved 
on the north half of the street with full street standard improvements.  The south half (site side) is 
currently partially improved with rural standards.  There is an existing rockery wall along the right-of-
way line, along the entire northern boundary of the subject site.  A 6-foot CMU screen wall exists at the 
top of the rockery wall.  Overhead power lines also exist along this alignment.  Full street improvements 
are planned to Elkhorn Road with the current project on the south half of the street.   
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The site is bound by Tenaya Way (80-foot right-of-way) on the west, which is currently fully improved 
with street improvements on the west half of the street.  The east half (site side) of the street is currently 
also fully improved with standard street improvements, lacking sidewalk and streetlights only.  There is 
an existing rockery wall along the right-of-way line all along Tenaya Way at the western boundary of the 
property.  There is a landscaping strip between the front of the rockery wall and an existing 6-foot CMU 
screen wall along this boundary.  Completion of the sidewalk and landscaping improvements are 
planned for the Tenaya Way alignment at this time. 
 
The site is bound by the Wittig Avenue alignment on the south, which is a private street, not located on 
the subject parcel, which is currently minimally improved. No civil improvements are planned to the 
private street on the Wittig Avenue alignment with the current project. 
 
The site is bound by the Rio Vista Street alignment on the east, which is a private pathway, and not 
located on the subject parcel, which is very minimally improved.  No civil improvements are planned to 
the private street on the Rio Vista Street alignment with the current project. 
 
The site is bound by existing large agricultural areas on the east and south.  The site is bound by existing 
medium-lot subdivisions on the west and north. 
 
 
MASTER PLANNING INFORMATION 
 
The subject site is not located adjacent to, nor crossed by any existing or planned CCRFCD Regional 
Drainage Facilities, as shown on Figure F-13 of the CCRFCD MPU updated 2013.  Figures F13 and H13 of 
the MPU have been copied, annotated and included in the appendix of this report. 
 
 
FLOODPLAIN INFORMATION 
 
The subject site is not located within a Federal Emergency Management Agency (FEMA) Special Flood 
Hazard Zone.  According to the Flood Insurance Rate Maps (FIRM) Map 32003C1765F, dated November 
16, 2011, and Map 32003C 1745E, dated September 27, 2002, the subject site is located within "Zone X”, 
which is described as “Areas determined to be outside the 0.2% annual chance floodplain".   The FIRM 
panels have been annotated and included in the appendix of this report. 
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PREVIOUS STUDIES 
 

There were several studies on record for the vicinity of the subject site.  All of the studies below were 
reviewed, but only some were referenced for specific information, as follows: 
 
 
Technical Drainage Study for Shenandoah,  
 

(by Vpoint Engineering, April 2000)  DS 2222   

The Shenandoah site is located on the west side of Tenaya Way, between Chinn Ridge Avenue and Haley 
Avenue.  The subject site is located adjacent to parts of the site on the east side of Tenaya Way.  The site 
has since been constructed, consisting of 72 lots on 40 acres.  The site discharges runoff flow to Tenaya 
Way, but only downstream of (south of) the subject site.  A storm drain system was constructed in Tenaya 
Way with the project, also downstream of the subject site.  The study was reviewed for informational 
purposes but nothing specific was referenced from it. 
 
 
Technical Drainage Study for Stampede Estates,  
 

(by ?)  DS 2326   

The Stampede Estates project is a residential site on 20 acres, which constructed adjacent to the subject 
site on the southwest corner of Tenaya Way and Elkhorn Road.  The drainage study was not available for 
review.   
 
 
Offsite Master Stormwater Hydraulics Study for Bella Vista

 

, by Lochsa Engineering, October 2001, DS 
2954  

This was the original study for the Wyeth Ranch site, providing conceptual hydrology and hydraulics for 
that site and pertinent storm water conveyance facilities.  With the Bella Vista study was also an 
amendment to the CCRFCD MPU that removed the regional facility planned in the Elkhorn Road 
alignment adjacent to the subject site.  The facility which was removed is still shown on the City of Las 
Vegas' North Neighborhood Study maps as a proposed facility, but has been removed as shown on the 
CCRFCD MPU 2008 and 2013 maps.   The study gives peak flow rates in Elkhorn Road of 183 cfs and 490 
cfs in the 10- and 100-year storm events, respectively at the subject site.  These peak flow rates were 
taken from the original City of Las Vegas' Northwest Neighborhood Study (which was later updated in 
1999).   Although the study was reviewed for general information, nothing specific was referenced from 
the Bella Vista study. 
 
Technical Drainage Study for Wyeth Ranch,  
 

(by Stantec Consulting, August 2002)  DS 3046   

The Wyeth Ranch project is a 161-lot subdivision on 75 acres, located on the north side of Elkhorn Road 
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at the subject site, extending from Tenaya Way to Rainbow Boulevard.  The study gives peak flow rates in 
Elkhorn Road adjacent to the subject site of 183 cfs and 490 cfs in the 10- and 100-year storm events, 
respectively.  These peak flow rates were referenced from the Bella Vista study (above) which utilized the 
outdated Northwest Neighborhood Study.  The study states that the slope of Elkhorn Road (east of the 
subject site) is extremely flat at about 0.25%.  The study proposes the 18" storm drain in Elkhorn Road 
adjacent to the site.  The 18" storm drain currently exists as well as a stub to the south from an existing 
manhole.  The improvements to the subject site will include the construction of a drop inlet in Elkhorn 
Road at the end of the drop inlet, as intended by the Wyeth Ranch Study.  Other than the storm drain 
plans, there was nothing specific referenced from the study. 
 
Technical Drainage Study for Parcel Map at Tenaya Way and Haley Avenue, and Updates 

 

(by Orion 
Engineering and Surveying, Inc., June 2004)  DS 2729   

The Parcel Map study was prepared for the subject site and the 20 acres on the south side of Haley 
Avenue between Tenaya Way and Rio Vista Street.  The study includes updates which apply to the 
existing rockery walls existing in the area, which include the rockery walls constructed along Tenaya Way 
and Elkhorn Road at the subject site.  
 
The study gives peak flow rates in Elkhorn Road of 107 cfs and 233 cfs in the 10- and 100-year storm 
events, respectively.  These peak flow rates are published in the City of Las Vegas' Northwest 
Neighborhood Study, for Existing Conditions (which are also cited for use in the subject study).  The study 
states that the private road Rio Vista Avenue, was constructed with a hump near Elkhorn Road, so that no 
flow is expected to convey south from the Elkhorn Road alignment onto the private property.   
 
 
Technical Drainage Study for LeMaster Residence

 

, by RedRock Engineering & Surveying, Inc., October 
2004, DS 3652  

This is the study for the residence which exists on the 5 acres of land at the southwest corner of Wittig 
and Rio Vista.  The study relies on the findings of the study for the Parcel Map at Tenaya Way and Haley 
Avenue (above).  The study was reviewed for general information, but nothing specific was referenced 
from it. 
 
 
City of Las Vegas Northwest Neighborhood Study (Phase I),  
 

(by PBS & J, Inc., September 1999)  

The City of Las Vegas' Northwest Neighborhood Study (referred to as CLVNWNS in this report) was 
prepared for drainage planning in the northwest areas of the City of Las Vegas.  The study gives existing 
conditions hydrology as well as future conditions hydrology along with planned drainage facilities.  In 
the study, the existing conditions hydrology was created using developed conditions curve numbers, with 
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only existing drainage facilities present.  The developed conditions hydrology incorporates all upstream 
drainage facilities along with the developed conditions land usage.  The existing conditions hydrology 
was found to be the most accurate for reference in the subject study.  Figure E-2 of that study gives peak 
flow rates of 107 cfs and 233 cfs in the 10- and 100-year storm events, respectively at the intersection of 
Elkhorn Road and Tenaya Way.  These data are cited directly for use in the subject study. 
 
Figure E-2 also gives peak flow rates at the intersection of Tenaya Way and Wittig Avenue.  However, a 
public road project on Tenaya Way has established a drainage study which made those values obsolete, 
and peak flow rates for Tenaya Way are cited from the study from the road project, discussed below. 
 
The Neighborhood Study gives recommendations for future conditions, as well, on Figure F-2.  That figure 
shows zero surface flow at the subject site along Elkhorn Road, due to a planned CCRFCD Regional 
Facility.  That facility has since been removed from the CCRFCD Master Plan, making the Neighborhood 
Study's Future Conditions analysis obsolete. 
 
 Pre-Design Report for Tenaya Way Improvements, Northern Beltway to Elkhorn Road,  

 

(by Washington 
Infrastructure Services, April 2003)  

This report was prepared for roadway improvements, including storm drain and conveyance channel 
improvements, along Tenaya Way, including the reach adjacent to the subject site, south of Elkhorn 
Road.  The basin, CEN2C1a, which discharges 18 cfs to Tenaya Way at the subject site in the 100-year 
storm event, was referenced directly from the study and inserted into the HEC1 hydrologic analysis for 
the subject site.  There is an existing storm drain located in Tenaya Way at this location.  The pipe is 18-
inches in diameter and conveys 3 cfs.  This information is also cited directly for use in the subject study.  
No changes are planned to the storm drain system in Tenaya Way at the subject site. 
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EXISTING DRAINAGE DESCRIPTION 

EXISTING ONSITE DRAINAGE DESCRIPTION 
 
Referring to Figure 3, Existing Conditions Drainage Map, under existing conditions, the Basin XN1 drains 
to the east to its boundary with an existing residential area.  There is an existing private pathway along 
the eastern boundary at the Rio Vista alignment. 
 
 
EXISTING OFFSITE DRAINAGE DESCRIPTION 
 
Under existing conditions, the subject site is impacted by runoff flow in the bordering street sections of  
Tenaya Way on the east, and Elkhorn Road on the north, as shown on Figure 3, Existing Conditions 
Drainage Map.  It is noted that the subject site is protected by existing rockery walls along both the 
Tenaya Way and the Elkhorn Road street sections.   
 
Runoff flow approaching from the west in the Elkhorn alignment is referenced from the CLVNWNS 
(Existing Conditions analysis) at the Tenaya Way intersection as point CPERW as 107 cfs and 233 cfs in 
the 10- and 100-year storm events, respectively.  A small street area, shown as area TW, flows northerly 
on Tenaya Way, entering Elkhorn Road and continuing to the east, combining with street area ER and 
offsite flows from CPERW at point CPERE, where it continues to the east.   
 
Runoff flow approaching from the west from the existing residential development enters Tenaya Way at 
point CEN2C1a.  This flow was quantified in the preliminary design report for Tenaya Way as 7 cfs and 24 
cfs in the 10- and 100-year storm events, respectively.  The flow enters Tenaya Way and continues to the 
south, combining with flow from street area TWS at point CPTW, where it continues southerly.  There is an 
existing storm drain system in Tenaya Way which works to collect nuisance flow at the subject site, and 
convey it southerly within Tenaya Way. 
 
Runoff flow from the private street area of Wittig Avenue shown as WA on Figure 3, flows past the site on 
it's southern boundary and continues to the east at the Wittig/Rio Vista intersection into private 
residential areas. 
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INTERIM DRAINAGE DESCRIPTION 

 
Since the vast majority of the surrounding area is currently fully developed, the existing conditions peak 
flow rates, which were referenced from the CLVNWNS, represent the worst case conditions and there is no 
necessity for an interim conditions hydrologic analysis. 
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DEVELOPED DRAINAGE DESCRIPTION 

 
 
DEVELOPED ONSITE DRAINAGE DESCRIPTION 
 
Referring to Figure 4, Developed Conditions Drainage Map, the subject site becomes developed as 
proposed with 95 single-family residential lots.  Runoff from onsite area DN1 flows easterly, discharging 
through a drainage easement into historical flow paths to the east. 
 
Runoff from onsite area DN2 also flows easterly, discharging through a drainage easement, into historical 
flow paths to the east. 
 
Runoff from onsite area DN3 flows northerly and is discharged through a drainage easement, into the 
Elkhorn Road fully-improved street section.   
 
 
DEVELOPED OFFSITE DRAINAGE DESCRIPTION 
 
Under developed conditions, the subject site is impacted by runoff flow in the bordering street sections of 
 Tenaya Way on the east, and Elkhorn Road on the north, as shown on Figure 3, Existing Conditions 
Drainage Map.  It is noted that the subject site is protected by existing rockery walls along both the 
Tenaya Way and the Elkhorn Road street sections.   
 
Runoff flow approaching from the west in the Elkhorn alignment is referenced from the CLVNWNS 
(Existing Conditions analysis) at the Tenaya Way intersection as point CPERW as 107 cfs and 233 cfs in 
the 10- and 100-year storm events, respectively.  A small street area, shown as area TW, flows northerly 
on Tenaya Way, entering Elkhorn Road and continuing to the east, combining with street area ER at point 
CPERE, where it continues to the east.   
 
A drop inlet will be constructed at the existing pipe stub to the south in Elkhorn Road near the western 
boundary of the site.  The inlet was designed with the road improvements planned for Elkhorn Road with 
the Wyeth Ranch project, which exists to the north of the subject site. 
 
Runoff flow approaching from the west from the existing residential development enters Tenaya Way at 
point CEN2C1a.  This flow was quantified in the preliminary design report for Tenaya Way as 7 cfs and 24 
cfs in the 10- and 100-year storm events, respectively.  The flow enters Tenaya Way and continues to the 
south, combining with flow from street area TWS at point CPTW, where it continues southerly.  There is an 
existing storm drain system in Tenaya Way which works to collect nuisance flow at the subject site, and 
convey it southerly within Tenaya Way. 
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Runoff flow from the private street area of Wittig Avenue shown as WA on Figure 3, flows past the site on 
it's southern boundary and continues to the east at the Wittig/Rio Vista intersection into private 
residential areas. 
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HYDROLOGIC ANALYSIS 
 
COMPUTER MODELING  
 
The HEC-1 Flood Hydrograph Package was used to compute the storm water runoff peak flow rates for the 
hydrologic analysis.  Standard Form 4 from the Drainage Manual was implemented as a spreadsheet 
used for tabulation of the variables for input to the HEC-1 modeling program.  See appendix for 
hydrology calculations. 
 
Results of the computer modeling are summarized on Figures 3 and 4 of this report. 
 
 
 
RAINFALL 
 
Rainfall depths were calculated based on the CCRFCD Drainage Manual Criteria, which allows application 
of McCarran Airport rainfall depths of 1.58" and 2.77" in the 10- and 100-year, 6-hour storm events, 
respectively.  In the hydrologic HEC-1 model there were no losses allowed for Depth Area and no losses 
for hydrograph routing. 
 
 
RUNOFF  
 
The Soil Conservation Services (SCS) Curve Number methodology was used in this computation within the 
HEC-1 computer model.  The Hydrologic Soils Group for the watershed studied was determined from the 
USDA Soils Conservation Service to be entirely within Hydrologic Soils Group D, which has the highest 
potential for precipitation runoff.  Mapping of the watershed's Hydrologic Soils Group was not necessary 
since the entire area is within the same Group.  Curve numbers were selected from the Drainage Manual 
for the land usage and hydrologic condition of each drainage basin.   
 
Times of concentration were calculated on the Drainage Manual Form 4, and were input to the HEC-1 
computer model as lag time. 
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HYDRAULIC ANALYSIS 
 
 

NORMAL DEPTH STREET CALCULATIONS 
 
Normal street flow depths were calculated using the FlowMaster computer program.  All streets were 
found to meet Drainage Manual criteria.  Development of the subject site does not significantly worsen 
the drainage situation in the streets either upstream or downstream of the subject site.  Calculations are 
included in the appendix and summarized on Figure 4, Developed Conditions Drainage Map.  
 
 
 
STORM DRAIN COLLECTION 
 
The CLVNWNS (Revised September 1999) shows a future regional facility in Elkhorn Road at the subject 
site.  However, this facility was removed from the CCCRFCD Master Plan, after being replaced by drainage 
facilities in the Wyeth Ranch development to the north.   
 
The CLVNWNS also shows a future storm drain in Tenaya Way at the subject site.  This planned storm 
drain has been replaced with the facilities which currently exist along Tenaya Way, which have been 
constructed with the prior public roads project. 
 
There is an existing nuisance storm drain in Elkhorn Road, for which a stub has been constructed to the 
south side of the street, toward the subject site.  That inlet will be constructed with the improvements to 
the subject site. 
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SUMMARY/CONCLUSION 

 
 
This study and improvement drawings complies with the drainage laws and regulations set forth by the 
City of Las Vegas and the Clark County Regional Flood Control District.     
 
Development of this site is not expected to have a negative drainage impact on any upstream or 
downstream properties.   
 
The site is adequately protected from flood damage caused by a 100-year flood or less, as specified by 
the CCRFCD Hydrologic Criteria and Drainage Design Manual. 
 
This site is not within a Special Flood Hazard Zone as designated by FEMA. 
 
Nuisance flow is released from the site into the lined curb and gutter adjacent street section of Elkhorn 
Road.  Other nuisance flow will be discharged into concrete easements, which will have a permeable 
rock-lined swale toward the end of each, before being discharged into historical flow paths to the east.  
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL - STANDARD FORM 4 

Momentum Engineers, Ltd. 
6101 Kings Brook Ct. 

Las Vegas NV 89149 

Sub-Basin Data Initial/Overland Time 

(Tj ) 

Travel Time 

(Tt) 

To To Check 

(Urbanized Basins) 

Final To Tlag Remarks 

DESIG 

(1) 

CN 

(2) 

K 

(3) 

AREA 

(acres) 

(4) 

AREA 

(mi"2) 

(5) 

LENGTH 

(tt) 

(6) 

SLOPE 

(%) 

(7) 

Ti 

(min) 

(8) 

LENGTH 

(tt) 

(9) 

SLOPE 

(%) 

(10) 

V1 

(fps) 

(11) 

V2 

(fps) 

(12) 

Tt 

(min) 

(13) 

T.=T,+Tt 

(min) 

(14) 

TOTAL 

(tt) 

(15) 

T. 

(min) 

(16) 

To 

(min) 

(17) 

Tiog 

(hrs) 

(18) 

Remarks 

(19) 

DEVELOPED CONDITION 
DN1 87 0.758 8.97 0.0140 120 1.0 6.7 750 0.5 1.0 2.2 10.3 17.0 870 14.8 14.8 0.148 
DN2 87 0.758 17.59 0.0275 120 1.0 6.7 1550 0.5 1.0 2.2 16.4 23.2 1670 19.3 19.3 0.193 
DN3 87 0.758 7.40 0.0116 120 1.0 6.7 1000 0.5 1.0 2.2 12.2 18.9 1120 16.2 16.2 0.162 
ER 98 0.904 3.54 0.0055 42 2.0 1.8 1270 0.7 1.0 2.6 13.3 15.2 1312 17.3 15.2 0.152 

TWS 98 0.904 1.88 0.0029 35 2.0 1.7 780 0.4 1.0 1.9 10.7 12.4 815 14.5 12.4 0.124 
WA 98 0.904 1.63 0.0025 20 2.0 1.3 1250 0.8 1.0 2.7 12.9 14.2 1270 17.1 14.2 0.142 
TW 98 0.904 1.24 0.0019 35 2.0 1.7 480 0.5 1.0 N/A 8.0 9.7 515 12.9 9.7 0.097 

UNDEVELOPED CONDITION 

XN1 88 0.77 35.07 0.0548 200 0.9 8.7 1250 0.8 1.3 2.6 11.0 19.7 N/A N/A 19.7 0.197 

Ti=(1.8(1.1-K)L""(1 12»/(S""1/3) 

Tc=T,+Tt 

K=0.0132(CN)-.39 

T Iag_= 0.6Te 

For the travel time (T J calculations. 

V1 applies to the first 500 feet of travel distance; 

V2 applies to the remaining travel distance. 

Travel Time Velocity Formulas All basins over one square mile 

are calculated by the equation 

T1og=20Kn(L*LJS"0.5)"O.33 

(SEE SEPARATE SPREADSHEED 

Existing Developed 

V, = 14.8*(S/100)"1/2 V, '" 20.2*(S/100)"1I2 

V2 '" 29.4*(SI100)"1/2 V2 '" 3O.6*(S/100)"1/2 

REFERENCE: ICCRFCD HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL 
STANDARD FORM 4 



• • • • • •••••••••••••••••••••••••••••••••••••• 

*••***••••••••••••••••*.*•••••••••••••• 

• * * • 
1····················*···*·**·······*·**·* 

• FLOOD HYD~H PACKAGB (HEC-l) * • U. S. ARMY CORPS OF ENGXHB.B:R.S * 
• JON 1998 • • HYDROLOGIC ENGINBERING ClilN'l'J:R * 
* VERSXON 4.1 • • 609 SECOND STREBT • 
• • • DAVIS, CALlFO~ 95616 • 
• RUN DATE 25At1G16 TIME 14:33:44 • • (916) 756-1104 • 
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X X X X X 
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X X X X X X 
X X XXXXXXX XXXXX XXX 

THIS PROGRAM RJ:PLACES ALL PRJ:VJ:OOS VERSIONS OF HEC-l !CNOWH AS DCl (.mN 73), HEC1GS, DC1DS, AND DC1KW. 

~ DBFINITIONS OF VAlUABLES -RTlMP- AND -RTIOR- HAVE CHANGED J'R.ON THOSE USBD WITH 'l'BE 1973-STYLE INPtJ'l' S'l'R.UC'l'URE. 
'l'BB D.8FIMITION OF -AMSKK- ON RM-CARD WAS CHANGED WI'l'B lUWISIONS DA'J.'BD 28 SEP 81. THIS IS 'I'D FOR.'1'RAN'77 VERSION 
NEW OPTIONS: DAMBRBAK OU"l'l'LOW SUBNlllRGBN'CIl , SINGLB E'YEM'l' D.AMAGm CALCULATION, DSS : 1i'IU'l'E STAGE FR.EQUENCY, 
DSS : RJ:AD TIME SBRIES AT DESIRED CALCULATION IN'l'ERVAL LOSS RATE: GR.'IBK AND AMPT INFILTRATION 
KDUi:MATIC WAVE: MEW FINX'l'E DIFl'BREMCil ALGORI'l'BM 

1 OC-l XMPUT PAGE 1 

LIMB ID ••••••• 1 ••••••• 2 ••••••• 3 ••••••• 4 ••••••• 5 ••••••• 6 ••••.•• 7 ••••••. 8 .•••••• 9 ..•••• 10 

·DIAGRAM 
1 m 

2 ID EXISTING AND DBVELOPED CONDITIONS MODEL 

3 ID BLKBOlU( 40 RBSIDEM'l'IAL DBVELOJiIMBN"l' 

4 m MOMI:N'l'UM ENGINBBRS FOR 'l'RI'l'ON ENGINEERING - S BBOWN 

5 m 

6 m 

7 ID 6-HOOR STaRN DIS'l'RIBU'l'ION '3 

8 ID 10- AND 100-YEAR S'l'ORM EVENTS 

9 ID NO REDUCTION FOR DEPTH AR&A 


10 ID NO BYDROGRAPH ROU'l'ING LOSSES 

11 ID 

12 IT 5 o o 300 

13 IO 5 o o 

14 IN 5 o o 

15 JR PRBC 0.57 1 


16 KK XNl 

17 KM ««<BEGIN EXISTING CONDITIONS»»»»» 

19 SA .0548 

19 PS 2.77 

20 !CM SON '3 




21 
22 
23 
24 
25 
26 
21 
28 
29 
30 

PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
LS 
tJD 

* 

0.000 
0.130 
0.190 
0.251 
0.499 
0.860 
0.982 
0.998 

0 
0.191 

0.020 
0.130 
0.191 
0.256 
0.590 
0.868 
0.985 
0.999 

88 

0.051 
0.130 
0.199 
0.210 
0.110 
0.816 
0.981 
1.000 

0.010 
0.133 
0.200 
0.218 
0.144 
0.888 
0.989 

0.081 
0.140 
0.201 
0.281 
0.181 
0.910 
0.990 

0.108 
0.142 
0.204 
0.283 
0.812 
0.926 
0.993 

0.124 
0.148 
0.214 
0.295 
0.819 
0.931 
0.993 

0.130 
0.158 
0.229 
0.322 
0.835 
0.950 
0.994 

0.130 
0.112 
0.241 
0.352 
0.851 
0.910 
0.995 

0.130 
0.181 
0.249 
0.409 
0.856 
0.916 
0.998 

31 
32 
33 
34 

KIt 
SA 
LS 
tJD 

* 

WA 
.0025 

0 
0.142 

98 

35 
36 
31 
38 

taC 
SA 
LS 
tJD 

* 

fJ.'W 
.0019 

0 
0.091 

98 

1 

39 
40 
41 
42 

taC 
SA 
LS 
tJD 

* 

Bll 
.0055 

0 
0.152 

98 

BBC-1 :tNPUT PAGB 2 

LID m ....... 1 ....... 2 ....••• 3 ...•••• 4 ....... 5 ....... 6 ....•.. 1 •.•.... 8 •...... 9 .. '" .10 

43 
44 

taC 
HC 

* 

CPBU 
2 

45 
46 
41 
48 

Klt 
SA 
LS 
tJD 

* 

TWS 
.0029 

0 
0.124 

98 

49 
50 
51 
52 
53 
54 

taC 
1Q( 

1Q( 

SA 
LS 
tJD 

* 

BN2ClA 

.0280 
0 

0.186 

TB:IS BASDt :IS CD2C1a REI'ERENCED I'RCM 
'!'ENAYA WAY ROAD llfROVlIlMBNTS PREDES:IGN S'l'UDY 

80 

55 
56 

taC 
BC 

* 

CPTW 
2 

51 
58 

KK 
BC 

* 

DUMMY 
4 



59 
60 
61 
62 
63 

lOt 
KN 
BA 
LS 
tJD 

* 

TW 

.0019 
0 

0.097 
98 

««<BEGIN DEVELOPED CONDITIONS»»»»» 

64 
65 
66 
67 

lOt 
BA 
LS 
UD 

* 

ER. 
.0055 

0 
0.152 

98 

68 
69 
70 
71 

lOt 
BA 
LS 
tJD 

* 

DN3 
.0116 

0 
0.162 

87 

1 

72 
73 

lOt 
BC 

* 

CPBlU 
3 

BEC-l INPUT PAGE 3 

LINE ID ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ......• 7 ....... 8 •...... 9 ...... 10 

74 
75 
76 
77 

lOt 
SA 
LS 
tJD 

* 

TWS 
.0029 

0 
0.124 

98 

78 
79 
80 
81 
82 
83 

lOt 
KN 
KN 
SA 
LS 
UD 

* 

EN2ClA 

.0280 
0 

0.186 

THIS BASIN IS CEN2Cla U:&".EUNCED I'RDN 
TENAYA WAY ROAD :IMBDVEMENTS PREDESIGN STUDY 

80 

84 
85 

laC 
BC 

* 

CPTW 
2 

86 
87 
88 
89 

lOt 
SA 
LS 
UD 

* 

DN! 
.0140 

0 
0.148 

87 

90 
91 
92 
93 

lOt 
BA 
LS 
UD 

* 

ON2 
.0275 

0 
0.193 

87 

94 
95 
96 

lOt 
BA 
LS 

WA 
.0025 

0 98 



1 

INPUT 
LINE 

NO. 

16 

97 UD 0.142 

* 
98 zz 

SCHBMA'r:IC DJ:AGRAM OF S'l.'REAM NE'l'WORK 

(V) ROU'l''ING (---» DIVERSION OR PUMP FLOW 

( .) CON'NBC'rOR «---) RB'l'tJRN OF D:IVBR'rBD OR PUMPED FLOW 

lOll 

31 WA 

35 'l'W 

39 JtR 

43 CPERE •••••••••••• 

45 TWS 

49 JtN2ClA 

55 CP'l'W•••••••••••• 

57 D't.JIieI!' • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

59 'l'W 

64 JtR 

68 DN3 

72 CPERE •••••••••••••••••••••••• 

74 TWS 

78 JtN2ClA 

84 CP'l'W•••••••••••• 

86 DNl 



90 DN2 

94 WA 

(***) RUNOFF ~SO CC»!IPUTED AT THIS LOCATION 
1***************************************** *************************************** 

* * * * 
* FLOOD HYDROGRAPH PACKAGE (HEC-l) * * U. S. ARMY CORPS OF ENGINEERS * 
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER * 
* VERSION 4.1 * * 609 SECOND STREET * 
* * * DAVIS, CALIFORNIA 95616 * 
* RUN DATE 25AUG16 TIME 14:33:44 * * (916) 756-1104 * 
* * * * 
***************************************** *************************************** 

EXISTING AND DEVELOPED CONDITIONS MODEL 
ELKHORN 40 RESIDENTIAL DEVELOPMENT 
~ ENGINEERS FOR 'l'RI'l'ON ENGINEERING - B BROWN 

6-HOUR STORM DISTRIBUTION .3 
10- AND 100-YEAR STORM EVENTS 
NO REDUCTION FOR DEPTH AREA 
NO BYDROGRAPH ROUTING LOSSES 

13 IO OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL O. BYDROGRAPR PLOT SCALE 

IT BYDROGRAPH TIME DATA 
NMIN 5 MINUTES IN COMPUTATJ:ON INTERVAL 

lDATE 1 0 STARTING DATE 
ITIMB 0000 STARTING TIME 

NQ 300 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 2 0 ENDING DATE 
NDTIME 0055 ENDING TIME 
ICBNT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIMIil BASE 24.92 BOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRBCJ:PJ:TATION DEPTH INCRES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

JP MULTI-PLAN OPTION 



NPLAN 1 NUMBBR. OJ!' PLANS 

JR MULT~-RAT~O OP~ON 


RAT~OS OF PRBC~P~~T~ON 


.57 1.00 

1 


PEAK FLOW AND STAGE (:a:ND-OI"-PERJ:OD) SUMMARY FOR MULT~PLE PLAN-RAT~O ECONOMI:C c:atPU'l'AT~ONS 


FLOWS rN CUB~C i"ZET PER SECOND, AREA rN SQUARE MnoES 

TIMI TO PEAK IN HOURS 


RAT~OS APPL~ED TO PRBC~P~TAT~ON 


OPERAT~ON STAT~ON .AREA PLAN RAT~O 1 RAT~O 2 

.57 1.00 


HYDROGRAPH AT 
+ 	 XNl .05 1 FLOW 27. 66. 


TIME 3.67 3.58 


HYDROGRAPR AT 
+ 	 WA .00 1 FLOW 3. 5. 


TIME 3.58 3.58 


HYDROGRAPR AT 
+ 	 TW .00 1 FLOW 2. 4. 

TIME 3.50 3.50 

HYDROGRAPR AT 
+ 	 ER .01 1 FLOW 6. 10. 

TIME 3.58 3.58 

2 CC2oIBna:o AT 
+ 	 CPERB .01 1 FLOW 7. 13. 

TIME 3.58 3.58 

HYDROGRAPH AT 
+ 	 TWS .00 1 FLOW 3. 5. 

TIME 3.58 3.58 

HYDROGRAPH AT 
+ 	 EN2ClA .03 1 FLOW 7. 24. 

TIME 3.67 3.58 

2 COMBINED AT 
+ 	 CPTW .03 1 FLOW 9. 29. 

TIME 3.58 3.58 

4 CCtmINED AT 
+ 	 DUMM.Y .10 1 FLOW 46. 113. 

TIME 3.S8 3.58 

HYDROGRAPR AT 
+ 	 'l'W .00 1 FLOW' 2. 4. 

TIME 3.50 3.50 

HYDROGRAPB AT 
+ 	 ER .01 1 FLOW 6. 10. 

TIME 3.58 3.58 



••• 

BYDItOGl\APR AT 
+ DN3 

3 CetmlNED AT 
+ Cl'BRE 

BYDlWGRAPR AT 
+ TWS 

BYDROGRAPB AT 
+ EN'2ClA 

2 CetmINED AT 
+ CPTW 

BYDaoGRAPB AT 
+ DNl 

BmROGRAPB AT 
+ DN2 

8YDROGRAPB AT 
+ WA 

••• NORMAL BND OF HEC-l 

.01 

.02 

.00 

.03 

. 03 

. 01 

.03 

.00 

1 FLOW 
TIMB 

1 FLOW 
TIMB 

1 FLOW 
TIMB 

1 FLOW 
TIME 

1 FLOW 
TIMB 

1 FLOW 
TIMB 

1 FLOW 
TIMB 

1 FLOW 
TIMB 

6. 15. 
3.58 3.58 

13. 28. 
3.58 3.58 

3. 5. 
3.58 3.58 

1. 24. 
3.61 3.58 

9. 29 . 
3.58 3.58 

1 . 18. 
3.58 3.58 

12. 32. 
3.61 3.58 

3. 5. 
3.58 3.58 
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Discharge 18.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

-0+00.01 3.00

0+00.00 0.15

0+15.00 0.00

0+30.00 0.15

0+30.01 3.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(-0+00.01, 3.00) (0+30.01, 3.00) 0.014

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.30 ft

Elevation Range 0.00 to 3.00 ft

Flow Area 6.61 ft²

Wetted Perimeter 30.29 ft

Hydraulic Radius 0.22 ft

Top Width 30.00 ft

Normal Depth 0.30 ft

Critical Depth 0.30 ft

Worksheet for Sec R 30-ft easement

8/30/2016 10:39:53 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Critical Slope 0.00477 ft/ft

Velocity 2.72 ft/s

Velocity Head 0.12 ft

Specific Energy 0.41 ft

Froude Number 1.02

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.30 ft

Critical Depth 0.30 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00477 ft/ft

Worksheet for Sec R 30-ft easement

8/30/2016 10:39:53 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Normal Depth 0.30 ft

Discharge 18.00 ft³/s

Cross Section Image

Cross Section for Sec R 30-ft easement

8/30/2016 10:39:09 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Solve For Headwater Elevation

Input Data

Discharge 18.00 ft³/s

Crest Elevation 0.00 ft

Tailwater Elevation -0.10 ft

Crest Surface Type Paved

Crest Breadth 30.00 ft

Crest Length 30.00 ft

Results

Headwater Elevation 0.34 ft

Headwater Height Above Crest 0.34 ft

Tailwater Height Above Crest -0.10 ft

Weir Coefficient 2.99 US

Submergence Factor 1.00

Adjusted Weir Coefficient 2.99 US

Flow Area 10.29 ft²

Velocity 1.75 ft/s

Wetted Perimeter 30.69 ft

Top Width 30.00 ft

Worksheet for Sec R Zero velociy weir calc

8/30/2016 10:41:19 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Discharge 32.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

-0+00.01 3.00

0+00.00 0.05

0+05.00 0.00

0+10.00 0.05

0+10.01 3.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(-0+00.01, 3.00) (0+10.01, 3.00) 0.014

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.65 ft

Elevation Range 0.00 to 3.00 ft

Flow Area 6.28 ft²

Wetted Perimeter 11.21 ft

Hydraulic Radius 0.56 ft

Top Width 10.00 ft

Normal Depth 0.65 ft

Critical Depth 0.71 ft

Worksheet for Sec S 10-ft easement

8/30/2016 10:42:26 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Critical Slope 0.00382 ft/ft

Velocity 5.10 ft/s

Velocity Head 0.40 ft

Specific Energy 1.06 ft

Froude Number 1.14

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.65 ft

Critical Depth 0.71 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00382 ft/ft

Worksheet for Sec S 10-ft easement

8/30/2016 10:42:26 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Normal Depth 0.65 ft

Discharge 32.00 ft³/s

Cross Section Image

Cross Section for Sec S 10-ft easement

8/30/2016 10:42:52 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Solve For Headwater Elevation

Input Data

Discharge 32.00 ft³/s

Crest Elevation 0.00 ft

Tailwater Elevation -0.10 ft

Crest Surface Type Paved

Crest Breadth 10.00 ft

Crest Length 10.00 ft

Results

Headwater Elevation 1.04 ft

Headwater Height Above Crest 1.04 ft

Tailwater Height Above Crest -0.10 ft

Weir Coefficient 3.04 US

Submergence Factor 1.00

Adjusted Weir Coefficient 3.04 US

Flow Area 10.35 ft²

Velocity 3.09 ft/s

Wetted Perimeter 12.07 ft

Top Width 10.00 ft

Worksheet for Sec S Zero velociy weir calc

8/30/2016 10:44:27 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Discharge 15.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

-0+00.01 3.00

0+00.00 0.05

0+05.00 0.00

0+10.00 0.05

0+10.01 3.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(-0+00.01, 3.00) (0+10.01, 3.00) 0.014

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.42 ft

Elevation Range 0.00 to 3.00 ft

Flow Area 3.91 ft²

Wetted Perimeter 10.73 ft

Hydraulic Radius 0.36 ft

Top Width 10.00 ft

Normal Depth 0.42 ft

Critical Depth 0.44 ft

Worksheet for Sec T 10-ft easement

8/30/2016 10:45:20 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]
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Results

Critical Slope 0.00424 ft/ft

Velocity 3.83 ft/s

Velocity Head 0.23 ft

Specific Energy 0.64 ft

Froude Number 1.08

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.42 ft

Critical Depth 0.44 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00424 ft/ft

Worksheet for Sec T 10-ft easement

8/30/2016 10:45:20 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Normal Depth 0.42 ft

Discharge 15.00 ft³/s

Cross Section Image

Cross Section for Sec T 10-ft easement

8/30/2016 10:46:07 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]
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Project Description

Solve For Headwater Elevation

Input Data

Discharge 15.00 ft³/s

Crest Elevation 0.00 ft

Tailwater Elevation -0.10 ft

Crest Surface Type Paved

Crest Breadth 10.00 ft

Crest Length 10.00 ft

Results

Headwater Elevation 0.63 ft

Headwater Height Above Crest 0.63 ft

Tailwater Height Above Crest -0.10 ft

Weir Coefficient 3.02 US

Submergence Factor 1.00

Adjusted Weir Coefficient 3.02 US

Flow Area 6.27 ft²

Velocity 2.39 ft/s

Wetted Perimeter 11.25 ft

Top Width 10.00 ft

Worksheet for Sec T Zero velociy weir calc

8/30/2016 10:46:39 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00630 ft/ft

Discharge 107.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.60

0+05.00 0.50

0+05.50 0.50

0+05.50 0.00

0+07.00 0.13

0+07.00 0.17

0+60.00 1.23

1+13.00 0.17

1+13.00 0.13

1+14.50 0.00

1+14.50 0.50

1+15.00 0.50

1+20.00 0.60

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.60) (1+20.00, 0.60) 0.016

Options

Current Roughness Weighted 
Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Method Horton's Method

Worksheet for Sec A - Elkhorn Road 10yr

8/30/2016 10:49:05 PM
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Results

Normal Depth 0.86 ft

Elevation Range 0.00 to 1.23 ft

Flow Area 29.31 ft²

Wetted Perimeter 84.21 ft

Hydraulic Radius 0.35 ft

Top Width 82.59 ft

Normal Depth 0.86 ft

Critical Depth 0.88 ft

Critical Slope 0.00535 ft/ft

Velocity 3.65 ft/s

Velocity Head 0.21 ft

Specific Energy 1.06 ft

Froude Number 1.08

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.86 ft

Critical Depth 0.88 ft

Channel Slope 0.00630 ft/ft

Critical Slope 0.00535 ft/ft

Worksheet for Sec A - Elkhorn Road 10yr

8/30/2016 10:49:05 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00630 ft/ft

Normal Depth 0.86 ft

Discharge 107.00 ft³/s

Cross Section Image

Cross Section for Sec A - Elkhorn Road 10yr
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00630 ft/ft

Discharge 261.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.60

0+05.00 0.50

0+05.50 0.50

0+05.50 0.00

0+07.00 0.13

0+07.00 0.17

0+60.00 1.23

1+13.00 0.17

1+13.00 0.13

1+14.50 0.00

1+14.50 0.50

1+15.00 0.50

1+20.00 0.60

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.60) (1+20.00, 0.60) 0.016

Options

Current Roughness Weighted 
Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Method Horton's Method

Worksheet for Sec A - Elkhorn Road 100yr
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Results

Normal Depth 1.14 ft

Elevation Range 0.00 to 1.23 ft

Flow Area 56.26 ft²

Wetted Perimeter 112.69 ft

Hydraulic Radius 0.50 ft

Top Width 110.51 ft

Normal Depth 1.14 ft

Critical Depth 1.19 ft

Critical Slope 0.00470 ft/ft

Velocity 4.64 ft/s

Velocity Head 0.33 ft

Specific Energy 1.47 ft

Froude Number 1.15

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.14 ft

Critical Depth 1.19 ft

Channel Slope 0.00630 ft/ft

Critical Slope 0.00470 ft/ft

Worksheet for Sec A - Elkhorn Road 100yr
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00630 ft/ft

Normal Depth 1.14 ft

Discharge 261.00 ft³/s

Cross Section Image

Cross Section for Sec A - Elkhorn Road 100yr

8/30/2016 10:51:30 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00400 ft/ft

Discharge 2.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.60

0+05.00 0.50

0+05.50 0.50

0+05.50 0.00

0+07.00 0.13

0+07.00 0.17

0+40.00 0.83

0+73.00 0.17

0+73.00 0.13

0+74.50 0.00

0+74.50 0.50

0+75.00 0.50

0+80.00 0.60

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.60) (0+80.00, 0.60) 0.016

Options

Current Roughness Weighted 
Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Method Horton's Method

Worksheet for Sec B  Tenaya 10yr north
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Results

Normal Depth 0.31 ft

Elevation Range 0.00 to 0.83 ft

Flow Area 1.64 ft²

Wetted Perimeter 17.24 ft

Hydraulic Radius 0.09 ft

Top Width 16.54 ft

Normal Depth 0.31 ft

Critical Depth 0.28 ft

Critical Slope 0.00893 ft/ft

Velocity 1.22 ft/s

Velocity Head 0.02 ft

Specific Energy 0.33 ft

Froude Number 0.68

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.31 ft

Critical Depth 0.28 ft

Channel Slope 0.00400 ft/ft

Critical Slope 0.00893 ft/ft

Worksheet for Sec B  Tenaya 10yr north
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00400 ft/ft

Normal Depth 0.31 ft

Discharge 2.00 ft³/s

Cross Section Image

Cross Section for Sec B  Tenaya 10yr north
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00400 ft/ft

Discharge 4.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.60

0+05.00 0.50

0+05.50 0.50

0+05.50 0.00

0+07.00 0.13

0+07.00 0.17

0+40.00 0.83

0+73.00 0.17

0+73.00 0.13

0+74.50 0.00

0+74.50 0.50

0+75.00 0.50

0+80.00 0.60

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.60) (0+80.00, 0.60) 0.016

Options

Current Roughness Weighted 
Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Method Horton's Method

Worksheet for Sec B  Tenaya 100yr north
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Results

Normal Depth 0.37 ft

Elevation Range 0.00 to 0.83 ft

Flow Area 2.80 ft²

Wetted Perimeter 23.33 ft

Hydraulic Radius 0.12 ft

Top Width 22.50 ft

Normal Depth 0.37 ft

Critical Depth 0.33 ft

Critical Slope 0.00819 ft/ft

Velocity 1.43 ft/s

Velocity Head 0.03 ft

Specific Energy 0.40 ft

Froude Number 0.71

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.37 ft

Critical Depth 0.33 ft

Channel Slope 0.00400 ft/ft

Critical Slope 0.00819 ft/ft

Worksheet for Sec B  Tenaya 100yr north
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00400 ft/ft

Normal Depth 0.37 ft

Discharge 4.00 ft³/s

Cross Section Image

Cross Section for Sec B  Tenaya 100yr north
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00400 ft/ft

Discharge 9.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.60

0+05.00 0.50

0+05.50 0.50

0+05.50 0.00

0+07.00 0.13

0+07.00 0.17

0+40.00 0.83

0+73.00 0.17

0+73.00 0.13

0+74.50 0.00

0+74.50 0.50

0+75.00 0.50

0+80.00 0.60

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.60) (0+80.00, 0.60) 0.016

Options

Current Roughness Weighted 
Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Method Horton's Method

Worksheet for Sec C  Tenaya 10yr south
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Results

Normal Depth 0.45 ft

Elevation Range 0.00 to 0.83 ft

Flow Area 5.20 ft²

Wetted Perimeter 32.39 ft

Hydraulic Radius 0.16 ft

Top Width 31.39 ft

Normal Depth 0.45 ft

Critical Depth 0.42 ft

Critical Slope 0.00736 ft/ft

Velocity 1.73 ft/s

Velocity Head 0.05 ft

Specific Energy 0.50 ft

Froude Number 0.75

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.45 ft

Critical Depth 0.42 ft

Channel Slope 0.00400 ft/ft

Critical Slope 0.00736 ft/ft

Worksheet for Sec C  Tenaya 10yr south
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00400 ft/ft

Normal Depth 0.45 ft

Discharge 9.00 ft³/s

Cross Section Image

Cross Section for Sec C  Tenaya 10yr south

8/30/2016 10:56:55 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00400 ft/ft

Discharge 29.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.60

0+05.00 0.50

0+05.50 0.50

0+05.50 0.00

0+07.00 0.13

0+07.00 0.17

0+40.00 0.83

0+73.00 0.17

0+73.00 0.13

0+74.50 0.00

0+74.50 0.50

0+75.00 0.50

0+80.00 0.60

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.60) (0+80.00, 0.60) 0.016

Options

Current Roughness Weighted 
Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Method Horton's Method

Worksheet for Sec C  Tenaya 100yr south
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Results

Normal Depth 0.64 ft

Elevation Range 0.00 to 0.83 ft

Flow Area 13.57 ft²

Wetted Perimeter 61.78 ft

Hydraulic Radius 0.22 ft

Top Width 60.60 ft

Normal Depth 0.64 ft

Critical Depth 0.60 ft

Critical Slope 0.00654 ft/ft

Velocity 2.14 ft/s

Velocity Head 0.07 ft

Specific Energy 0.71 ft

Froude Number 0.80

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.64 ft

Critical Depth 0.60 ft

Channel Slope 0.00400 ft/ft

Critical Slope 0.00654 ft/ft

Worksheet for Sec C  Tenaya 100yr south
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00400 ft/ft

Normal Depth 0.64 ft

Discharge 29.00 ft³/s

Cross Section Image

Cross Section for Sec C  Tenaya 100yr south
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Discharge 12.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.60

0+05.00 0.50

0+05.50 0.50

0+05.50 0.00

0+07.00 0.13

0+07.00 0.17

0+23.50 0.50

0+39.50 0.17

0+39.50 0.13

0+41.50 0.00

0+41.50 0.50

0+42.00 0.50

0+47.00 0.60

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.60) (0+47.00, 0.60) 0.016

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Worksheet for Sec D Onsite 47-ft 10yr
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Results

Normal Depth 0.47 ft

Elevation Range 0.00 to 0.60 ft

Flow Area 5.89 ft²

Wetted Perimeter 34.22 ft

Hydraulic Radius 0.17 ft

Top Width 33.18 ft

Normal Depth 0.47 ft

Critical Depth 0.45 ft

Critical Slope 0.00706 ft/ft

Velocity 2.04 ft/s

Velocity Head 0.06 ft

Specific Energy 0.54 ft

Froude Number 0.85

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.47 ft

Critical Depth 0.45 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00706 ft/ft

Worksheet for Sec D Onsite 47-ft 10yr
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Normal Depth 0.47 ft

Discharge 12.00 ft³/s

Cross Section Image

Cross Section for Sec D Onsite 47-ft 10yr

8/30/2016 10:59:36 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Discharge 32.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.60

0+05.00 0.50

0+05.50 0.50

0+05.50 0.00

0+07.00 0.13

0+07.00 0.17

0+23.50 0.50

0+39.50 0.17

0+39.50 0.13

0+41.50 0.00

0+41.50 0.50

0+42.00 0.50

0+47.00 0.60

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.60) (0+47.00, 0.60) 0.016

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Worksheet for Sec D Onsite 47-ft 100yr
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Results

Normal Depth 0.62 ft

Elevation Range 0.00 to 0.60 ft

Flow Area 12.17 ft²

Wetted Perimeter 48.14 ft

Hydraulic Radius 0.25 ft

Top Width 47.00 ft

Normal Depth 0.62 ft

Critical Depth 0.61 ft

Critical Slope 0.00616 ft/ft

Velocity 2.63 ft/s

Velocity Head 0.11 ft

Specific Energy 0.73 ft

Froude Number 0.91

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.62 ft

Critical Depth 0.61 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00616 ft/ft

Worksheet for Sec D Onsite 47-ft 100yr
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Normal Depth 0.62 ft

Discharge 32.00 ft³/s

Cross Section Image

Cross Section for Sec D Onsite 47-ft 100yr

8/30/2016 11:01:06 PM
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This map is for assessment use only and does NOT represent a survey.  
No liability is assumed for the accuracy of the data deliniated herein.  
Information on roads and other non-assessed parcels may be obtained 
from the Road Document Listing in the Assessor's Office.  
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recorded documents for more detailed legal information.
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FLOOD CONTROL 

TECHNICAL DRAINAGE STUDY

FOR
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ADDENDUM NO. 2

January 25, 2002
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CITY OF LAS VEGAS
INTER-OFFICE MEMORANDUM

DATE:
Revised
June 25, 2003

TO:
Land Development Services
Department ofof Public Works

FROM:
Greg McDermott, P.E.
Flood Control Project f 	 ager
Department of Public 	 orks

SUBJECT:	 I Drainage Study for:
RANCHWYETH

COPIES TO:
Pulte Homes of Nevada

Cross Streets: I NEC Elkhorn Road & Tenaya Way Stantec
FILE NO.: I FADepot\DSMEMOS\0S3046D.doc Bart Anderson, P.E., DEVCO
Parcel Number: 125-15-801-001 Council Liaison Office - Ward 6

Attn: Leni Skaar
Zoning Action: CCRFCD
FEMA Flood Zone YES No X
Proposed Storm Drain YES	 X No

HISTORY DATE
RECEIVED

DATE
REVIEWED

COMMENTS REVIEW FEES

l s' Submittal 12/7/2001 12/21/2001 Not Accepted $250.00
2rld Submittal 1/9/2002 1/23/2002 Not Accepted $250.00
3rd Submittal 1128/2002 1/29/2002 Pending CCRFCD N/C

Revised Memo 4/11/2003 4111/2003 Acceptable N/C
Revised Memo 6/25/2003 6/25/2003 See Comments Below N/C

TOTAL FEES (LDDRS): $500.00
REMARKS:
The Drainage Study for the subject project has been reviewed and:

X
	

is acceptable in concept subject to conformance to all City standards and the following
conditions.
must be resubmitted or supplemented including the following:

Must have Clark County Regional Flood Control District concurrence

1. The Rainbow Channel is substantially complete. Hold released on building permits for Lots 47
through 57.

The following comments will be repeated from the previous submittal until they are resolved:
2. Provide removable bollards or wrought iron fence at the beginning and end of all drainage

easements. Provide construction notes and details for these improvements on the improvement
plans.

(Clarification: The removable bollards provided are located 20 feet from the back of curb at the entrance
to the drainage easements. Revise the improvement plans to show the removable bollards at 5 feet or
less from the back of curb to prevent vehicle parking or storage within the easement.)
3. The grass-fined channel in the Severance alignment must be constructed prior to the subject

development.
4. It is understood that a single Home Owners Association (HOA) will be formed between the subject

development and the north 80-acre development. A Joint Maintenance & Liability Agreement



between a single Association and the City of Las Vegas must be prepared and executed prior to the
recordation of the final map.

5. Per previous comment #7: The stem wall adjacent to the sidewalk must be shown to provide 8" CMU
solid grouted to 2 courses above the back of walk. Revise details 1/8 and 119 accordingly.

6. Sheet 6: Provide 18" lateral at the drop inlet in the intersection of Severance channel and Rainbow
Boulevard to pass centerline of Rainbow.

Sheet 7: Provide 18" lateral from the SDMH at Sta 10+65.43 (Elkhorn) to pass the centerline of street.

END OF REMARKS	 T/R/S: 1195/R60E/15
Gam/jwb/ays	 AREA G15

2
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