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CITY OF LAS VEGAS DATE: «i P
INTER-OFFICE MEMORANDUM OctoberéT, 2016

T FROM: ;

Land Development Services
Department of Building & Safety

Albert Sung, P. E\

Flood Control Project Engineer
Department of PUb|IC Works

SUBJECT:

| Drainage Study for:
Craig & Rancho Master Drainage Study

COPIES TO:

Lochsa Engineering

Cross Streets:

SEC of Craig Road & Rancho Drive

Pre Rancho Craig LLC

File Number:

F:\Depot\DSMemos\DS4824B.doc

Bart Anderson, P.E., DevCo

Parcel Number: | 138-02-713-002 CCRFCD
Zoning Action: | N/A NDOT
FEMA Flood Zone YES NO X
Proposed Storm Drain | YES NO X
HISTORY DATE DATE COMMENTS REVIEW FEES PAID
RECEIVED | REVIEWED FEES Payment Trn #
1°' Submittal 9/7/2016 9/27/2016 Not Approved $400.00 457513: $400
2™ Submittal | 10/17/2016 | 10/27/2016 See Comments Below $400.00 461974 $400
TOTAL FEES (LDDRS): | $800.00

REMARKS:

The Drainage Study for the subject project has been reviewed and:

is approved subject to conformance to all City standards and the following conditions:

must be resubmitted or supplemented including the following:

is conditionally approved subject to Clark County Regional Flood Control District
concurrence.

is conditionally approved subject to Clark County Public Works Department
concurrence.

. The final approval of this master study is for conceptual drainage pattern only. No onsite
improvements are being proposed with this master drainage study. No detail site plan had been
submitted for site specific drainage analysis. Technical drainage study/studies will be required upon
future site specific developments and when final site plans become available.

. This drainage study is acceptable in concept; however, City of Las Vegas will not formally accept
the study until the Clark County Regional Flood Control District (CCRFCD) has issued a letter of
concurrence. The engineer should contact the CCRFCD to confirm that they have begun their review.

. The project proposes to construct facilities and/or increase flows within Nevada Department of
Transportation (NDOT) right-of-way. The engineer must contact NDOT for encroachment permit for
the proposed project.

Sheet C3.01: Upsize the proposed 18"-lateral to 24”-diameter at the relocated drop inlet near Station
111+00 in Craig Road.



NOTE: Please be advised that all land surface area disturbances over 1 acre or any area adjacent to a
water way must submit to the Nevada Division of Environmental Protection a "Notice of Intent"
to discharge that certifies a stormwater pollution prevention plan has been developed and is
maintained on site; for inclusion in the Stormwater General Permit No. NVR100000. A phased
construction unit in a contiguous subdivision is considered under construction until all stripped
or disturbed surface areas have been covered by paving, building construction or planting. For
more information, including forms and applications see http://ndep.nv.gov/bwpc/storm01.htm or
call (775) 687-9429.

END OF REMARKS T/R/S:  T20S/R60E/02
ays AREA  L-02



Steven C. Parrish, P.E.
General Managar/Chief
Engineer

BOARD OF DIRECTORS

Lawrence L. Brown, Il
Chairman
Clark County

Debra March
Vica-Charman
City of Henderson

Chris Giunchiglianl
Clark Counly

Mayor Carolyn Goodman
City of Las Vagas

Mayor John J. Lee
City of North Las Vegas

Mayor Allan Litman
City of Mesquita

Dr. Lols Tarkanian
City of Las Vegas

Mayor Rodney Woodbury
City of Boulder City

REGIONAL FLOOD
CONTROL DISTRICT

s
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December 15, 2016

Mr. Oh Sang Kwon, P.E.

City of Las Vegas Department of Public Works
333 North Rancho Drive

Las Vegas, NV 89106
DISTRICT CONCURRENCE: CRAIG & RANCHO MASTER DRAINAGE STUDY
(DS4824B) (RFCD No. 16-9754)

Dear Mr. Kwon:

Clark County Regional Flood Control District (District) reviewed Technical Drainage Study
dated September 1, 2016, and Addendum No. | dated October 17, 2016 for above-mentioned
project as submitted by LOCHSA ENGINEERING. In addition, District is in receipt of the
Conditional Letter of Acceptance from City of Las Vegas Department of Public Works dated
October 27, 2016.

District concurs with acceptance of this Technical Drainage Study by City of Las Vegas
Department of Public Works.

District’s review of this project was limited to issues of Regional Flood Control Significance as
defined in Uniform Regulations for the Control of Drainage.

Please be aware that as additional information becomes available and/or restudies of Flood
Insurance Studies are performed, information submitted by LOCHSA ENGINEERING may be
superseded. Compliance with regulatory elements and design standards specified in Uniform
Regulations for the Control of Drainage does not imply a guarantee that properties will be free
from flooding or flood damage. The District, its officials, or employees assume no liability for
information, data, or conclusions presented by consulting engineers. We, therefore, make no
warranties, either expressed or implied, in conducting this review.

STEVEN C. PARRISH, P.E.
General Manager/Chief Engineer

BY: /% & %
Ching C-Wang, PE. =

Senior Civil Engineer

Abigail Mayrena, P'E., CFM
Principal Civil Engineer

AM:dd
c: Hani M. Nosi, PH.D, P.E., CFM, Lochsa Engineering

P \Letters and Memos'Local Drainage' Land Development & Drainage'2016\L-16-9734 doc

600 S. Grand Central Parkway, Suite 300 + Las Vegas, Nevada 89106-4511
(702) 685-0000 * FAX: (702) 685-0001
Website: http.//www.regionalflood.org
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JOB NO. 1980
DESTINATION ADDRESS 7023659317
PSWD/SUBADDRESS
DESTINATION ID
ST. TIME 10/27 14:33
USAGE T 00' 36
pGs. 2
RESULT OK
A’ Y L?
CITY OF LAS VEGAS DATE: -
INTER-OFFICE MEMORANDUM October 27,2016
TO: FROM: )
Land Development Services Albert Sung, P.E.\
Department of Building & Safety Flood Control Project Engineer
Department of Public Works
SUBJECT: | Drainage Study for: COPIES TO:
Craig & Rancho Master Drainage Study Lochsa Engineering
Cross Streets: SEC of Craig Road & Rancho Drive Pre Rancho Craig LLC
File Number: F:ADepot\DSMemos\DS4824B.doc Bart Anderson, P.E., DevCo
Parcel Number: | 138-02-713-002 CCRFCD
Zoning Action: | N/A NDOT
FEMA Flood Zone YES NO X
Proposed Storm Drain | YES NO X
HISTORY DATE DATE COMMENTS REVIEW FEES PAID
RECEIVED | REVIEWED FEES Payment Trn #
1% Submittal 9/7/2016 9/27/2016 Not Approved $400.00 | 457513: $400
2" Submittal | 10/17/2016 | 10/27/2016 See Comments Below $400.00 | 461974: $400
TOTAL FEES (LDDRS): | $800.00

REMARKS:

The Drainage Study for the subject project has been reviewed and:

is approved subject to conformance to all City standards and the following conditions:

must be resubmitted or supplemented including the following:

X is conditionally approved subject to Clark County Regional Flood Control District
concurrence.

is conditionally approved subject to Clark County Public Works Department

concurrence.

1. The final approval of this master study is for conceptual drainage pattern only. No onsite
improvements are being proposed with this master drainage study. No detail site plan had been
submitted for site specific drainage analysis. Technical drainage study/studies will be required upon
future site specific developments and when final site plans become available.

2. This drainage study is acceptable in concept; however, City of Las Vegas will not formally accept
the study until the Clark County Regional Flood Control District (CCRFCD) has issued a letter of
concurrence. The engineer should contact the CCRFCD to confirm that they have begun their review,




Craig & Rancho Master Drainage
Study

(Addendum #1)

October 2016

Prepared for:

Pre Rancho Craig, LLC
120 Presidential Way
Woburn, MA 01801

Prepared by:

LOCHSA ENGINEERING
6345 South Jones Boulevard, Suite 100
Las Vegas, Nevada 89118
(702) 365-9312

Lochsa Job # 161051




HYDROLOGIC CRITERIA AND DRAINAGE MANUAL
DRAINAGE STUDY INFORMATION FORM

Name of Development:_Craig & Rancho Master Drainage Study Date: October 14, 2016

Location of Development:  a) Descriptive (Cross Streets) North/South: Jones Boulevard
East/West: Craig Road
b) Section:_2 Township:_20 South Range: 60 East
c) APN :_138-02-713-002

Name of Owner: Pre Rancho Craig LLC (C/O William S. Parris)

Telephone No.: (805) 898 - 2023 Fax No.: (805) 898 - 9913 E-Mail Address:
Address: 120 Presidential Way, Woburn, MA 01801

Contact Person-Name: Hani M. Noshi, Ph.D., P.E.. CFM Telephone No.: (702) 365-9312
* E-Mail Address: hani@lochsa.com Fax No.: (702) 365-9317

Firm: Lochsa Engineering

Address: 6345 South Jones Boulevard, Suite 100, Las Vegas, Nevada 89118

Type of Land Development/Land Disturbance Process:

[ Rezoning ] Subdivision Map [0 | Clearing and Grading Only
[1 | Parcel Map [ | planned Unit Development [X] | Other (Please specify below)
O | Large Parcel Map 1 | Building Permit
1.Total Owned Land Area: At Site: 50.14 +/- Acres Being Developed/Disturbed:_0.0 +/- Acres
2.1s a portion or all of the subject property located in a designated FEMA Flood Hazard Area?  [] Yes** [x] No
3.1s the property bordered or crossed by an existing or proposed Clark County Regional Flood
Control District Master Planned Facility? Yes** (] No

4. Proposed type of development (Residential, Commercial, Etc.): Future Commercial Development
5. Approximate upstream land area which drains to the subject site: 5.0 +/- square miles (mainly conveyed through perimeter streets)

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

7.1f known, please briefly identify the proposed discharge point(s) of runoff from the site:
Northeasterly towards Craig Road and easterly towards Jones Boulevard, following existing pattern:

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 Drainage
Study. :

*New Required Field
**Review and concurrence of the Clark County Regional Flood Control District is required.

i ‘L/J’//? : 3 Revision Date
Engineer’s Seal Local Entity File No.
REFERENCE: STANDARD FORM 1
Updated 05/01/2008




T 702-365-8312 | F 702-365-9317 I ' OC h Sa
6345 S Jones Blvd, Suite 100

Las Vegas, NV 89118

engineerinag

October 13, 2016

Albert Sung, P.E.

Public Works — Development and Flood Control
333 North Rancho Drive

Las Vegas, Nevada 89106

Subject: Addendum to Craig & Rancho Master Drainage Study
City of Las Vegas DS4824
Lochsa Engineering Project Number: 161051

Dear Mr. Sung,

Lochsa Engineering is in receipt of your comment letter dated September 27, 2016 for the above
referenced project. In response to your comments, the following responses are being offered:

1. The final approval of this master study is for conceptual drainage pattern only. No onsite
improvements are being proposed with this master drainage study. No detail site plan had been
submitted for site speclfic drainage analysis. Technical drainage study/studies will be required upon
future site specific developments and when final site plans become available.

Response 1: Acknowledged.

2. The master study and improvement plans provided in the last submittal, however, proposed mass
grading for the overall site. Consult with City of Las Vegas Land Development Section and obtain
approval prior to the final acceptance of the subject master study and plans.

Response 2: As discussed in a phone conversation with Mr. Albert Sung, PE, no mass grading
is being proposed for the site. The previously submitted overall conceptual grading was
provided only to demonstrate the anticipated ultimate drainage pattern. Mr. Sung clarified his
concern that approval of this subject Master study would be wrongly interpreted as a permission
to rough-grade the entire site, without the proper permitting. Thus, it was agreed to eliminate the
conceptual overall grading and not include it with any further submittals. The conceptual
grading will only be utilized in the drainage exhibit DR2.

3, The site is adjacent to or crosses an existing or proposed Clark County Regional Flood Control
District (CCRFCD) master planned facility. Therefore, CCRFCD concurrence is required prior to final
approval of the drainage study.

Response 3: Noted. Copies of the entire study and addendum will be submitted to CCRFCD for
concurrence, upon obtaining the conditional approval from the City of Las Vegas.

www.lochsa.com | Las Vegas | Boise | Denver



Lochsa Engineering Page 2 of 3
Addendum #1 to Craig & Rancho Master Drainage Study October 13, 2016

4. The project proposes to construct facilities and/or increase flows within Nevada Department of
Transportation (NDOT) right-of-way. The engineer must contact NDOT for encroachment permit for
the proposed project.

Response 4: Noted. The project does not introduce increase to flows within Craig Road or
Rancho Drive. However, the project proposes to reconstruct medians within Craig Road
and construct curb and gutters along portion of Rancho Drive. Thus, we will contact
NDOT for encroachment permit.

5. Sheet DR2: The 10-yr/25-yr/100-yr flows labeled for Subbasin “ND2" was incorrect. Revise to show
26/34/46 cfs in the next submittal,

Response 5: Drainage exhibit DR2 has been revised to reflect the correct runoff flows for basin
ND2(26/34/46c¢fs, Q10/Q25/Q100).

6. Sheet C2.01: It appears that the curb return at the intersection of Craig Road and Rancho Drive is to
be re-constructed. However, this was not addressed in the master drainage study. Review and
address in the next submittal.

Response 6: The grading plans for the proposed improvements within Craig Road and Rancho
Drive are being submitted with this Addendum. As shown in Sheet C3.01, the
improvements to Craig Road are limited to reconfiguration to portion of the existing
median and the intersection, additional left-turn through the existing median, and
additional turn-right lane. Normal depth calculations were previously provided for the
south half of Craig Road at Sections CC and DD. Since the proposed median
reconfiguration remain within the existing median, and due to the limited flows conveyed
at Sections CC and DD, the previously submitted normal depth calculations represent the
existing and proposed conditions.

To accommodate the proposed right-turn lane, the existing 4ft Type C drop inlet near
Station 111+00 is relocated to the proposed curb. The existing 18” RCP lateral is
extended to the proposed drop inlet location. The previously submitted referenced
information for Craig Road storm drain is being resubmitted with this Addendum. As
shown in the attached referenced information, the drop inlet was labeled as Drop Inlet
(D.I.) #11A in the as-built plans for Craig Road. Due to the minor flows intercepted
through D.I. #11A, the referenced Craig Road design information did not include
hydraulic capacity calculation for the drop inlet. However, utilizing the same referenced
design approach and referenced hydraulic parameters (i.e. street flow depth and slope)
from D.I. #13 (approximately 400ft downstream D.I. #11A), illustrates approximately
5.50cfs may be intercepted through D.I. #11A. An inlet-control nomograph is provided
with this Addendum to illustrate the sufficient capacity of the existing and extended
18”RCP lateral.

7. Sheet C2.02: It also appears that a driveway cut and curb & gutter and sidewalk are proposed in
Rancho Drive. Review and address In the next submittal.

Response 7: Curb and gutter is being proposed for approximately 500ft of Rancho Drive, up to
the proposed driveway entrance. The grading plans for the proposed improvements
within Rancho is provided with this Addendum.

www. lochsa.com | Las Vegas | Boise | Denver



Lochsa Engineering Page 3 of 3
Addendum #1 to Craig & Rancho Master Drainage Study October 13, 2016

Since Rancho Drive is an NDOT right-of-way, it is acknowledged that the proposed curb
and gutter represent an obstruction to the flows (from existing condition). Normal depth
calculations were previously provided for the east half of Rancho Drive at Sections AA,
well downstream of the proposed driveway entrance. The calculations are also being
included with this Addendum. The flows near the proposed driveway entrance (i.e. the
downstream end of the proposed curb and gutter) are approximately half of the flows at
Section AA. Thus, the analysis at Section AA represents a conservative presentation of
the flows along the proposed curb and gutter. The 25-year allowable discharge
(satisfying the maximum allowable spread) within Rancho Drive near the proposed
improvements was determined to be approximately 10cfs. The analysis at Section AA
illustrates that the flows are well below the maximum allowable 10-year, 25-year and
100-year flow values. Thus, the flows along the proposed curb and gutter satisfies the
NDOT and CLV requirement, and no additional mitigation is required.

8. Sheet C2.04 and Sheet C2.06: Provide erosion control measures downstream of each of the
Rancho culverts. Provide hydraulic and sizing of riprap calculations in the next submittal.

Response 8: As confirmed in response to Comments No. 1 and 2, no onsite improvements are
being proposed and Sheets C2.01 through C.06 have been eliminated. In addition, the
proposed curb and gutter along Rancho Drive ends approximately 850ft to the north of
the northern Rancho Drive culverts. Thus, no improvements are being proposed near the
existing culverts. Riprap sizing is being provided for the future erosion protection at the
outlet of the existing culverts. However, the riprap protection will be proposed with later
phases of development of the project site.

As discussed in the previous submittal, 100-year flows for the northern and southern
6’x3’ RCB culverts across Rancho Drive are determined to be 78cfs and 35cfs,
respectively. Excerpts from the previously submitted information for the existing RCBs
are being provided with this Addendum. As shown in the attached erosion protection
calculations, minimum riprap protection is required at the outlet of the RCBCs.
Minimum riprap sizes of D50=6" may be utilized in the future at the outlet of the existing
RCBs.

If you have any questions or further comments, please contact our office at your convenience.

Sincerely,
LOCHSA ENGINEERING

Hani M. Noshi, Ph.D., P.E., CFM
Principal

www. lochsa.com | Las Vegas | Boise | Denver
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.and Development Services
.| Department of Building & Safety

CITY OF LAS VEGAS . ‘ DATE: .- {
INTER-OFFICE MEMORANDUM Septembdr 2
TO: FROM: l§

Albert Sung, P.E.

Flood Control Prolect Engineer
Department of Public Works

SUBJECT:

| Drainage Study for:
Craig & Rancho Master Drainage Study

COPIES TO:

Lochsa Engineering

Cross Streets:

SEC of Craig Road & Rancho Drive

Pre Rancho Craig LLC

File Number:

FADepofADSMemos\DS4824A . doc

Bart Anderson, P.E., DevCo

Parcel Number: | 138-02-713-002 CCRFCD
Zoning Action: | N/A ‘ NDOT
FEMA Flood Zone YES NO X
Proposed Storm Drain | YES NO X
HISTORY DATE DATE COMMENTS REVIEW FEES PAID
RECEIVED | REVIEWED FEES Paymerlt Trn #
1% Submittal 9f7/2018 9/27/2016 See Comments Below $400.60 457513: $400
TOTAL FEES (LDDRS): $400.00
REMARKS:

The Draihage Study for the subject project has been reviewed and:

is approved subject to conformance to all City standards and the following conditions:

X

must be resubmitted or supplemented including the following:

is conditionally approved subject to Clark County Regional Flood Control DEstrict
concurrence.

is conditionally approved subject to Clark County Public Works Department
concurrence.

1. The final approval of this master study is for conceptual drainage paitern only. No onsite
improvements are being proposed with this master drainage study. No detail site plan had been
submitted for site specific drainage analysis. Technical drainage study/studies will be required upon
future site specific developments and when final site plans become available.

2. The master study and improvement plans provided in the last submittal, however, proposed mass
grading for the overall site. Consult with Cify of Las Vegas Land Development Section and obtain
approval prior to the final acceptance of the subject master study and plans.

3. The site is adjacent to or crosses an existing or proposed Clark County Regional Flood Confrol
District (CCRFCD) master planned facility. Therefore, CCRFCD concurrence is required prior to final
approval of the drainage study.

4. The project proposes to construct facilities and/or increase flows within Nevada Department of
Transportation (NDOT) right-of-way. The engineer must contact NDOT for encroachment permit for
the proposed project.

5. Sheet DR2: The 10-yr/25-yr/100-yr flows labeled for Subbasin “ND2” was incorrect. Revise to show
26/34/46 cfs in the next submittal.




09/28/2016 WED 7:04 FAX PW 7th Floor looz/o00z

6. Sheet C2.01: It appears that the curb return at the intersection of Craig Road and Rancho Drive is to
be re-construcled, However, this was not addressed in the master drainage study. Review and
address in the next submittal,

7. Sheet C2.02: It also appears that a driveway cut and curb & gutter and sldewalk are proposed in
Rancho Drive. Review and address in the next submittal,

8. SBheet C2.04 and Sheet C2.06: Provide eroslon control measures downstream of each of the
Rancho culverts. Provide hydraulic and sizing of riprap calcufations in the next submittal.

NOTE: Please be advised that all land surface area disturbances over 1 acre or any area adjacent to a
water way must submit to the Nevada Division of Environmental Protection a "Notice of intent”
to discharge that certifies a stormwater pollution prevention plan has been developed and is
maintained on site; for inclusion in the Stormwater General Permit No. NVR100000. A phased
construction unit in a contiguous subdivision is considered under construction until all stripped
or disturbed surface areas have been covered by paving, building construction or planting. For
more information, including forms and applications see hitp:/ndep.nv.govibwpe/storm01.him or
call (775) 687-9429.

END OF REMARKS 7 T/IR/S:  T20S/R80E/02
ays AREA  L-02




Response to Comment No. 6

Intet Control Nomograph for the Existing/Proposed 18” RCP lateral
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Response to Comment No. 6

Relevant Excerpts from Craig Road Hydraulic Calculations and As-built
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4441 SOUTH POLARIS AVENUE, LAS VEGAS, NEVADA 89103 + PHONE: (702) 798-1900




CITY OF LAS VEGAS

CRAIG ROAD

BETWEEN .
DECATUR AND U.S. 95

HYDRAULIC CALCULATIONS

Prepared for:

City of Las Vegas
400 East Stewart Avenue
Las Vegas, Nevada 89101

Prepared By:

Hefner Engineering

4495 South Polaris Avenue
‘Las Vegas, Nevada 89103
Telephone: 702-798-1900




SECTION B

DROP INLET SIZING
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CRAIG ROAD DRAINAGE STUDY

PURPOSE

The purpose of this study is to present hydrolo and design
assumptions for the Craig Road Street Improvement Project. The
design adequacy will be evaluated based on (1) the Regional
Transportation Commission (RTC) design criteria to collect and
convey the 10-year stormwater flow as outlined in the Clark County
Regional Flood Control District (CCRFCD) Hydrologic Criteria and
Drainage Design Manual (2) its ability to reduce flooding along
Rancho Drive and (3) does it perpetuate the historical flow thereby
not adversely impacting other areas.

BACKGROUND

The RTC Craig Road Project extends from U.S. 95 to Decatur
Boulevard. The design was started and largely finished by Hefner
Engineering. However, it became necessary for the City of Las
Vegds (CLV) to finish the design and bid €he project. Final CLV
review resulted in concerns regarding drainage design and are

. listed below:

o Diverting the majorlty of the stormwater flows south
along _Rancho Drive at Craig Road would perpetuate
existing flooding problems along Rancho Drive at the two
intersections south orf Cralg Road at Alexander Road and
Jones Boulevard.

o) Is the most direct or efficient route to the Gowan
Outfall being implemented?

o Why collect the Q10 flow and discharge the majority of it
south along Rancho Boulevard when the original
undeveloped contours conveyed runoff in a predominately
west to east direction?

o} Why was the 50-year frequency flow being intercepted at
U.S.95 instead of the 10-year frequency and why was the
Gowan North Channel assumed to be in-place?

6 A Q10 stormwater diversion at Lone Mountain Road and
Jones Boulevard of 120 cfs (Q100 = 240 cfs) was not
included in the stormwater design.



) ;

o} The culvert diversions along Rancho Drive did not allow
for a lower backwater elevation for the 10-year flows.
Therefore, significantly less stormwater runoff would be
reaching the Rancho/Craig intersection.

(o} How will the 78 cfs that is conveyed across Rancho Drive
draining along Craig Road be handled in the future?

The Hefner design required about 400 LF of 3-3'x7' box culverts at
the Rancho/Craig intersection to discharge 468 cfs south into
Rancho Drive (See Figure 1). The majority of the stormwater flows
at the intersection of Rancho Drive and Craig Road are presently

diverted south along Rancho Drive. Howver, about 78 cfs was
conveyed across Rancho Drive in a existing 2’x6’ RCB and discharged
along the south side of Craig Road in a ditch. As the area

develops this flow will remain in the street. As a minimum, this

_ . -flow should have been piped east in Craig Road to Decatur Boulevard

into the Gowan Outfall system.

Prior to construction of Rancho Drive, the flow direction along

e ——— N
Cralg Road was west to east across Rancho Drive. However, when
Rancho Drive was constructed a low poInt or sump area was created

forcing stormwater flows south along Rancho Drive.

e,

Near the time the 7-11 Store was constructed, on the northwest
corner of the Craig/Rancho intersection, the sump area in Craig
Road created by Rancho Drive was moved to the west about 150 feet
from Rancho Drive. This sump area was required in Craig Road
because the 7-11 site was filled to a level that cut off the
historical flow path on the west side of Rancho Drive across the 7-
11 Store property. It was understood that Hefner Engineering
approached NDOT with the proposal to extend the Craig Road drainage .
system north along the west side of Rancho Drive to intercept the
flows that were conveyed along Rancho Drive prior to construction
of the 7-11 Store. We understan at NDOT would not allow a storm

sewer in Rancho Drive.




Since the contours in the undeveloped area were ériginally west to

east, it is believed most of the flow would have been conveyed

across Rancho Drive prior to construction. It 1is believed a
similar portion of the 100-year flow (Q100) should be conveyed
across Rancho Drive with a underground piping system into the G¢ the Gowan
Outfall at Decatur Boulevard. The proposed design will convey convey the
10-year flow (Q10) across Rancho Drive.

This would relieve the flooding problems south of Craig Road at the
two intersections of (1) Rancho Drive and Alexander Road and (2)

Jones Boulevard and Rancho Drive. Both of these intersections will

need significant future RTC funds for flood control improvements to
alleviate flooding if the Craig Road Project does not convey a
portion of the flow east.

Previous studies in the prbject area include the following:

o) August 1988 G.C. Wallace Inc., Gowan Detention Basin
Predesign Report. :

o December 1988 G.C. Wallace Inc., Decatur Boulevard Street

Improvement Project Design Report. s o

o 1989 G.C. Wallace 1Inc., Drainage Study for U.S.95
Interchanges Between Smoke Ranch and Lone Mountain.

o May 1990 VIN-Nevada, Design Report for Gowan Detention
Basin Outfall Structure.

o} November 1950 Hefner Engineering, Design Report for Craig
Road Between Decatur and U.S. 95.

The November 1990 Hefner Engineering Report used information
presented in the above studies to design the storm sewer system for
Craig Road from U.S.95 to Decatur Boulevard. The RTC criteria
allows for funding drainage improvements for the 10-year flow with
a 12-foot d Tane in each direction and é-inch deptﬁ (curb height)
atﬁgajor intersections. —_Z

e

OBJECTIVES jate

This study will prepare hydrology and hydraulic calculations for
ear flow im

design whcih convey the 10- Craig easterly across
. Rancho Drive. A %yaroioglc analysis for the 10 and &60 -year

frequency events for existing and future conditions Wlll. be

prepared. The hydraulic characteristics through culverts along.

U.S.95 and Rancho Drive were modified to reflect lower backwater
elevations for a 1U0-year frequency. The results of this analysis
will be compared to the Hefner Engineering Design Report. -

I




APPENDIX E

BEYDRAULIC GRADE LINE ANMALYSIS

A.
B.
C.

Allowable Street Capacity Calculation
Gowan Cutfall 10-Year Depth of Flow
Hydraulic Grade Line Calculations
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Response to Comment No. 7

Previously Submitted Normal Flow Depth Calculations for Rancho Drive

(Proposed Condition)




Section AA - Rancho - Q25 Allowable Flow Spread
Woarksheet for Irregular Channel

Project Description

Worksheet Section AA - Rancho - Q26 Allowable |
Flow Element lrregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Dala

Slope 010000 fYft

Dischargr  10.00 cfs é—'—_

Opflions

Current Roughness Meth(ived Lotter's Method
Open Channel Weighting »ved Lotter's Method
Closed Channel Weighting Horlon's Method

Resulis

Mannings Coefficiel 0.015
Water Surface Elev 81.47 ft
Elevation Range .00 to 82.53
Flow Area 34 i
Wetted Perimeter 20.45 it
Top Width 19.93 ft
Actual Depth 0.47 ft
Critical Elevation 81.51 ft
Critical Slope 0.005990 fuit
Velocity 2.97 fis
Velocity Head 0.14 ft
Specliic Energy B81.81 ft
Froude Number 1.28
Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station  Coefficient
0+00.00 0+60.00 0015

Natural Channel Points

Station Elevation

(f6) (ft)
0+00.00 81.60
0+05.00 81.50
0+05.50 81.50
0+05.50 81.00
0+07.00 81.13
0+07.00 81.17
0+60.00 82.03
0+60.00 82.53

Notes: * Maximum allowed 25-year flow spread is determined as gutter width (1.5") + Buss Lane (12.5ft from gutter) + 1/2 travel lane (6.0') = a total
top width of 20.0ft.
e e

* Allowable 26-year surface discharge is determinad as the flows resulting in the maximum aliowed flow spread

* Mannings n=0.015 as referenced from NDOT Drainage Manual Section 3.3.2.2, Page 3-8.

S —— Project Engineer: Fachsa Engineering
g \drainage\161051\streets.fm2 ) Lochsa Engineering FlowMaster v6.1 [614k]
08/29/16 03:17:08 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1




Section AA - Rancho - Q25 Allowable Flow Spread
= Cross Section for Irregular Channel

Project Description

Worksheet Section AA - Rancho - Q25 Allowable |
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficiel 0.015
Slope 0.010000 f/it
Water Surface Elev 81.47 ft
Elevation Range .00 to 82.53
Discharge 10.00 cfs
| I
| 4
2 /
~~ o
260 —3 — \ =
82.40
82.20
82.00
81.80
81603
8140
81.20
81.00

0+00.00 0+10.00 0+20.00 0+30.00 0+40.00 0+50.00 0+60.00

V0.0
HA

NTS

Project Engineer: Lochsa Engineering
g:\drainage\161051\streets.fm2 Lochsa Engineering FlowMaster v6.1 [614k]
08/29/16 03:17:15 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



Section AA - Rancho (10-Year, Existing and Future)

Worksheet for Irregular Channel

e

Project Description

Worksheet Section AA - Rancho (10-Year, Existing
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Slope 010000 ft/ft

Dischargr  4.00 cfs & =

Options

Current Roughness Methcived Lotter's Method
Open Channel Weighting jved Lotter's Method

Closed Channel Weightint

Horton's Method

Results

Mannings Coefficier 0.015
Water Surface Elev 81.37 ft
Elevation Range .00 to 82.53

Flow Area
Wetted Perimeter

—d Top Width

1.0
14.18 ft
13.76 ft -

Actual Depth —Bar i = LD
Critical Elevation 81.39 ft

Critical Slope 0.006715 ft/ft

Velocity 239 fils e&——— L~
Velocity Head 0.09 ft

Specific Energy 81.46 ft

Froude Number 1.21

Flow Type Supercritical

Roughness Segments

End
Station

Start
Station

Mannings

Coefficient

0+00.00 0+60.00

0.015

Natural Channel Points

Station Elevation
() (ft)

0+00.00 81.60
0+05.00 81.50
0+05.50 81.50
0+05.50 81.00
0+07.00 81.13
0+07.00 81.17
0+60.00 82.03
0+60.00 82.53

Notes: * Q10/Q25/Q100 = 4/5/7cfs = runoff generated through offsite basin RNCH1(4/5/7cfs).

* Mannings n=0.015 as referenced from NDOT Drainage Manual Section 3.3.2.2, Page 3-6.

g:\drainage\161051\streets.fm2

08/29/16 03:24:03 PM

© Haestad Methods, Inc.

Project Engineer: Lochsa Engineering

Lochsa Engineering
37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666

FlowMaster v6.1 [614k]
Page 1 of 1



Section AA - Rancho (10-Year, Existing and Future)
Cross Section for Irregular Channel

Project Description

Worksheet ‘ Section AA - Rancho (10-Year, Existing &
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficiel 0.015
Slope 0.010000 ft/ft
Water Surface Elev 81.37 ft
Elevation Range .00 to 82.563
Discharge 4.00 cfs
[ M ‘L
S L lat
/ ) _—
e \ P o /
W____J DA Lane ~ i ‘ }-:—
[ "

8260 @

8240

82.20

82.00

81.80

81,603
81 .40\|
81.00

0+00.00 0+10.00 0+20.00 0+30.00 0+40.00 0+50.00 0+60.00

vi10.0N\
A

NTS

Project Engineer: Lochsa Engineering
g:\drainage\161051\streets.fm2 Lochsa Engineering FlowMaster v6.1 [614k]
08/29/16 03:24:10 PM ®© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



Section AA - Rancho (25-Year, Existing and Future)

=" Worksheet for Irregular Channel

Project Description

Worksheet Section AA - Rancho (25-Year, Existing 8
Flow Element Irregular Channel

Method Manning's Formuia

Solve For Channei Depth

Input Data

Slope 010000 f/ft
Dischargt 500 cfs

Options

Current Roughness Methoved Lotter's Method
Open Channel Weighting sved Lotter's Method
Closed Channel Weightiry Horton's Method

Results
Mannings Coefficiel 0.015
Water Surface Elev 81.39 ft
Elevation Range .00 to 82.53
Flow Area 20 fi2
Wetted Perimeter 15.53 ft
Top Width - 1500 It r— Z‘ €53
~ Actual Depth 0.39 ft
Critical Elevation 81.41 ft
Critical Sfope 0.006519 fi/ft
Velocity 2.52 fis
Velocity Head 0.10 ft
Specific Energy 81.49 ft
Froude Number 1,22
Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station  Coefficient
0+00.00 0+60.00 0.015

Natural Channel Points

Station Elevation

() (ft)
0+00.00 81.60
0+05.00 81.50
0+05.50 81.50
0+05.50 81.00
0+07.00 81.13
0+07.00 81.17
0+60.00 82.03
0+60.00 82.53

Noies: * Q10/Q25/Q100 = 4/5/7cfs = runoff generated through offsite basin RNCH1(415{TCfS).

* Mannings n=0.015 as referenced from NDOT Drainage Manuat Section 3.3.2.2, Page 3-6.

Project Engineer: Lochsa Engineering !

g:\drainage\161051\streets.fm2 Lochsa Engineering

08/29/16 03:24:31 PM © Haestad Methods, Inc. 37 Brookside Road Woaterbury, CT 06708 USA

(203) 755-1666 Page 1 of 1

FlowMaster v6.1 [614k]



Section AA - Rancho (25-Year, Existing and Future)
Cross Section for Irregular Channel

Project Description

Worksheet Section AA - Rancho (25-Year, Existing 8
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficiel 0.015
Slope 0.010000 futt
Water Surface Elev 81.39 ft
Elevation Range .00 to 82.53
Discharge 5.00 cfs

/
1316 =

8260
8240
82.20
82.00
81.80
81.60=
8140
81.20

81.00
0+00.00 0+10.00 0+20.00 0+30.00 0+40.00 0+50.00 0+60.00

vi10.0N\
H1

NTS

Project Engineer: Lochsa Engineering
g:\drainage\161051\streets.fm?2 Lochsa Engineering FlowMaster v6.1 [614k]
08/29/16 03:24:37 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



Section AA - Rancho (100-Year, Existing and Future)
Worksheet for Irregular Channel

Project Description

Waorksheet Section AA - Rancho (100-Year, Existing
Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Slope 010000 fuit

Discharg:  7.00 cfs ==

Options

Current Roughness Methcved Lotter's Method
Open Channel Weighting yved Lotter's Method

Closed Channel Weighting

Horton's Method

Results

Mannings Coefficie 0.015

Water Surface Elev 81.43 ft
Elevation Range .00 to 82.53

Flow Area 26 ft2
Wetted Perimeter 17.77 ft
Top Width 17.30 ft
Actual Depth 043 ft <2
Critical Elevation 81.45 ft
Critical Slope 0.006233 fi/ft
Velocity 2.73 fifs =
Velocity Head 0.12 ft
Specific Energy 81.54 ft
Froude Number 1.25

Flow Type

Supercrilical

Roughness Segments

Start
Station

End
Station

Mannings
Coefficient

0+00.00 0+60.00

0.015

Natural Channel Points

Station Elevation
(ft) (ft)

0+00.00 81.60
0+05.00 81.50
0+05.50 81.50
0+05.50 81.00
0+07.00 81.13
0+07.00 81.17
0+60.00 82.03
0+60.00 82.53

Notes: * Q10/Q25/Q100 = 4/5/7cfs = runoff generated through offsite basin RNCH1(4/5/7cfs).

*Mannings n=0.015 as referenced from NDOT Drainage Manual Section 3.3.2.2, Page 3-6.

g:\drainage\161051\streets.fm2

08/29/16 03:24:18 PM

© Haestad Methods, Inc.

Lochsa Engineering
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Project Engineer: Lochsa Engineering
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Section AA - Rancho (100-Year, Existing and Future)

Project Description

Worksheet
Flow Element
Method
Solve For

Section AA - Rancho (100-Year, Existing ¢

Irregular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficiel 0.015
Slope 0.010000 f/ft
Water Surface Elev 81.43 ft
Elevation Range .00 to 82.53
Discharge 7.00 cfs

8260

82.40

82.20

82.00

81.80

81.605

s140 ]

81.20

81.00

0+00.00 0+10.00

g:\drainage\161051\streeis.im2

08/29/16 03:24:23 PM

© Haestad Methods, Inc.

0+20.00

0+30.00

Lochsa Engineering

Cross Section for Irregular Channel

0+40.00

37 Brookside Road Waterbury, CT 06708 USA

0+50.00

0+60.00

V100N,
H:1

NTS

Project Engineer: Lochsa Engineering
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Response to Comment No. 8

Riprap Sizing for the Future Erosion Protection for the 6ft x 3ft RCBCs across
Rancho Drive

(100-year, Existing and Future)




JOUTLET PROTECTION FOR BOX CULVERT

Northern 6ft x 3ft RCB across Rancho Drive

Date:
Project:  Craig and Rancho Master Drainage Study
Job No: 161051
Calculated by: HMN

Section 707.4 of Hydrologic Criteria and Drainage Design Manual (HCDDM)
Equation 761a:

(d50/MH) (YHH) / (QIWH1.5) = 0.014 For QAWH".5 <4

(d50/H) (Y/H)*2 / (Q/WH1.5)2.5 = 0.0019 For Q/WH"1.5 >4

d50 = Rock size in feet for which 50 percent of the riprap by weight is smaller

H = Height of a rectangular culvert in feet

Ha = Average height used for computation if culvert is not flowing full {Da=1/2(H+Yn)}
¥n = Normal depth of supercritical flow in culvert

Yt = Tailwater depth in feet

Q = Design discharge in cubic feet per second (cfs)

Solving equation 733 for d50:

ds0 = [0.014 (Q/WH1.5)] H
(YUH)

Check Figure 713 for Riprap Type: QW Ha*0.5) = 860 <

October, 2016

Computed results
Entered values

Yt/Ha = 040 < Conservatively assuming tailwater only up to top of pipe

From the Graph, Minimum Riprap Protection is Required

W= 6 ft.
Yn= 1.57 ft. < - ———— from attached FlowMaster
H = 3
Ha=' 2285

Known Yt = - ft. <———————— Enter-if Ytis unknown
Yt= 0914

Q= 78 CfS <--Q100

Q/MH1.5= 3.76

d50 = 0.30 ft.
3.61 in.

Provide d50= 6.00}inch <---- B-inch is conservatively utilized
Thickness = 12.00flinch

Extent of Protection:

Per Section 707.4.4 of HCDDM

Froude Parameter Q/(W Ha"1.5) = 3.76.

Q/(WH*1.5) <8 Therefore, Length of Protection shall be between 3H and 10H
From Equation 764: Length of Protection L = (1/(2tan0))(At/Yt-W}

W = Width of the Conduit, in ft

0 = The Expansion Angle of Culvert Flow

At = Required Area of Flow at Allowable Velocity in sq. ft. (At = Q/V)

V = Allowable Non-Eroding Velocity in the Downstream Channel in fps

1/(2tan0) = 23 < (From Figure 715)
W= 6 ft.
At= 15,6 sq. fl.
V= 5 ips
Yt= 0914 it
Q= 78 cfs

L= .2546 <o However, per Figure 713 {Note 2),
L =4 x H = 12ft is sufficient for Minimum Riprap

|Provide Protection Downstream fo a Maximum Length= 12-feet {i.e. 4 x H) |




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

RIPRAP EROSION PROTECTION AT
RECTANGULAR CONDUIT OUTLET

57x3 Repl ( porthern)
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Yt/H MINIMUM RIPRAP PROTECTION
Notes:

1. Use Ha‘instead of H whenever culvert has supercritical flow in the barrel.

—®2. Minimum Riprap Protection: Use Riprap for a distance of 3H downstream for
18" tg 36" equivalent round pipe size and 4D downstream for 42" and larger

equivalent round pipe size. —_———

/A
2" =g =t vy

Revision . Date

WRC REFERENCE:
1 USDCM, DRCOG, March 1969 (with modifications) FIGURE 713
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

EXPANSION FACTOR RECTANGULAR CONDUITS
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WRC REFERENCE:
ENGINEERING USDCM, DRCOG, March 1969 (with modifications)] FIGURE 715 I




JOUTLET PROTECTION FOR BOX CULVERT

Southern 6ft x 3ft RCB across Rancho Drive

Project:  Craig and Rancho Master Drainage Study
Job No: 161051

Calculated by: HMN

Section 707.4 of Hydrologic Criteria and Drainage Design Manual (HCDDM)
Equation 761a:

(d50/H) (YI/H) 7 (Q/WH1.5) = 0.014 For Q/WHM.5 <4
(d50/H) (YYH)2 [ (QAWH1.5)2.5 = 0.0019 For QAWHA 5 >4
d50 = Rock size in feet for which 50 percent of the riprap by weight is smaller

H = Height of a rectangular culvert in feet

Date: October, 2016

Ha = Average height used for computation if culvert is not flowing full {Da=1/2(H+Yn)}

Yn = Normal depth of supercritical flow In culvert
Yt = Tailwater depth in feet
Q = Design discharge in cubic feet per second (cfs)

Solving equation 733 for d50:

d50 = [0.014 (Q/WH1.5)] H
{Yt/H)
Check Figure 713 for Riprap Type: QAW Ha0.5) = 417 e
Yt/Ha = 040 <—

From the Graph, Minimum Riprap Protection is Required

Computed results
Entered values

Caonservatively assuming tailwater only up to top of pipe

from attached FlowMaster

Enter - if Ytis unknown

< Q100

<---- B-inch is conservatively utilized

W= 6 ft
Yn= 0.91 ft. e R
H = 3
Ha=: 1955
Known Yt = - ft. AR pe
Yt= 0782
= 35 cfs é—-
QMWH1.5= 2.18
ds0 = 015 ft.
175 0n.
Provide d50= 6.00finch
Thickness = 12.00finch —— —

Extent of Protection:
Per Section 707.4.4 of HCDDM

Froude Parameter Q/(W H*.5) = 213

Q/(WH*1.6) < 8 Therefore, Length of Protection shall be between 3H and 10H

From Equation 764: Length of Protection L = (1/{2tan0)}(At/Yt-W)
W = Width of the Conduit, in ft

0 = The Expansion Angle of Culvert Flow

At = Required Area of Flow at Allowable Velocity in sq. ft. (At = Q/V)

WV = Allowable Non-Eroding Velocity in the Downstream Channel in fps

1f(2tan0) = 6 < -—- (From Figure 7158)

W= 6 it
At= 7.sq, ft.

V= 5 fps

Yt= 0782 ft

Q= 35 cfs

L= Cemmnen However, per Figure 713 (Note 2),

L =4 x H = 12t is sufficient for Minimum Riprap
IProvide Protection Downstream to a Maximum Length= 12-feet {i.e. 4 x H) |

S pe——



HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

RIPRAP EROSION PROTECTION AT
RECTANGULAR CONDUIT OUTLET
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Yt/H MINIMUM RIPRAP PROTECTIEDD
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1. Use Ha'instead of H whenever culvert has supercritical flow in the barrel.

Notes:

2. Minimum Riprap Protection: Use Riprap for a distance of 3H downstream for
18" to 36" equivalent round pipe size and 4D downstream for 42" and larger
equivalent round pipe size. ——

2 = e H s vsed

—

Revision - Date

WRC REFERENCE:
ENGINEERING USDCM, DRCOG, March 1969 (with modifications) FIGURE 713




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

EXPANSION FACTOR RECTANGULAR CONDUITS

§%3° RCRC ( Southeen)

6 = Expansion Angle
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— REFERENCE:
ENGINEERING USDCM, DRCOG, March 1969 (with modifications)] FIGURE 715




Response to Comment No. 8

Previously Submitted Normal Flow Depth Calculations for Existing 6ft x 3ft RCBCs
across Rancho Drive

(100-year, Existing Condition)




Aocthern  BIR(

Existing 6’ x 3' RCB through UMC(100-Year)

\—Worksheet for Rectangular Channel

Project Description

Worksheet Existing 6' x 3' RCB through UMC(
Flow Element Reclangular Channel

Method Manning's Formula

Solve For Channel Deplh

Inpul Data

Mannings Coeffic 0.013

Slope 005000 fUft

Botlom Widlh 6.00 ft

Discharge 78.00 fs @l —

Resulls

Depth 1.57 it aifr———
Flow Area 9.4 I

Wetled Perirmi 9.15 fl )
Top Width 6.00 ft ¥ i
Critical Depth 174 1t £

Critical Slope  0.003767 fuft

Velocity 8.26 fus

Velocity Head 1.06 ft

Specific Ener¢ 263 ft

Froude Numb 1.16

Flow Type supercritical

Koo
L

Notes: * Q100 = approximately 78cfs = 100-year flows as determined from the altached inlel nomograph analysis, assuming 3ft of available
headwater at the entrance. as adopied from the Rancho/US95 LOMR (i.e. headwater = 2278.18ft (WSE at HEC-RAS S1a:53+82) - 2275.0ft RCBC

invert)

g:\drainage\151068\ndot comments\flow.fm2
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Existing 6' x 3' RCB through UMC(100-Year)
Cross Section for Rectangular Channel

Project Description

Worksheet Exisling 6' x 3' RCB through UMC(
Flow Elemenl Rectangular Channel
Method Manning's Formula
Solve For Channel Depth
Seclion Dala
Mannings Coeffic  0.013
Slope 005000 fur
Depth 1.57 f
Bollom Width 6.00 ft
Discharge 78.00 cfs
|
1.57 ft
= 6.00 ft e
v\
H:1
NTS
Project Engineer: Hani Noshi
g'\drainage\151068\ndot comments\flow.fm2 Lochsa Engineering FlowMaster v6.1 [614k]

03/23/16 05:13:08 PM

® Haestad Methods, Inc. 37 Br<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>