
NOTICE OF MEETING 

HILLSIDE REVIEW BOARD 

CITY OF ST. GEORGE 

WASHINGTON COUNTY, UTAH 
 

Public Notice 
 

Notice is hereby given that the Hillside Review Board of the City of St. George, Washington 

County, Utah, will hold meetings at the referenced site on Wednesday, September 23, 2020 

commencing on-site at 8:30 a.m.  
 

The estimated site times are in bold.   

The agenda for the meetings are as follows: 

 

1. Consider a request for a Hillside Development Permit to allow development of a 

residential subdivision to be called “Summit Estates.” The property is generally located 

at the intersection of Hillrise Drive and Ft. Pierce Drive. The property is currently zoned 

PD-R (Planned Development – Residential). The owner is V.E. MGMT & Investment 

Company LC, the representative is Ben Willits, Horrocks Engineers. Case No. 2020-HS-

008. (See ‘Meeting Place’ exhibit below). Meeting time 8:30 am 

2. Consider a request for a Hillside Development Permit to allow development of a 

restaurant/multi-tenant commercial building to be called “Commerce Point North.” 

The property is generally located at 1276 S Black Ridge Drive and 1190 S Bluff. The 

property is currently zoned C-2 (Highway Commercial). The owner is Commerce Point, 

LLC, the representative is Austin Atkin. Case No. 2020-HS-012. (See ‘Meeting Place’ 

exhibit below).  Meeting time approx. 9:30 am 

3. Consider approval of the meeting minutes from August 26, 2020 

 

 

Dan Boles, AICP 

Senior Planner 

Development Services 

 

Reasonable Accommodation: The City of St. George will make efforts to provide reasonable 

accommodations to disabled members of the public in accessing City programs.  Please contact 

the City Human Resources Office at (435) 627-4674 at least 24 hours in advance if you have 

special needs. 

 

 

 

 

 

 



 

 

 

Meeting Place Summit Estates 

 

 
 

 

 

 

 

 

 

MEETING PLACE 



Meeting Place Commerce Point North 

 

 

MEETING PLACE 



Community Development

     ITEM 1
      Hillside Permit

HILLSIDE REVIEW BOARD AGENDA REPORT:  09/23/2020

HILLSIDE DEVELOPMENT PERMIT 
Commerce Point North
Case No. 2020-HS-012

Request: This is a request for a Hillside Development Permit to allow development 
a Restaurant/Multi-Tenant Commercial Building

Stability Report: Project No. 18535

Owner: Commerce Point, LLC

Applicant: Austin Atkin

APN: SG-COMP-1-1, SG-COMP-1-3

Location: Approx. 1276 S Black Ridge Drive/1190 S Bluff Street

Acreage: Approx. 2.13 acres (Lot 1 = 0.54 acres) (Lot 2 = 1.59 acres)

Zoning: C-2

Adjacent zones: C-2 & PD-C

Powers & Duties: Section 10-13A(9) of the St. George City Code, “Hillside Review Board 
Powers and Duties” states that the Hillside Board can make 
recommendations for approval, conditional approval, and denial to the 
Planning Commission (PC) and City Council (CC).

Permit required: Section 10-13A(7) requires that all major development (i.e., cut greater 
than 4’, etc.) on slopes above 20%  requires a ‘hillside development 
permit’ granted by the City Council upon recommendation from the 
Hillside Review Board and the Planning Commission. 

COMMENTS

Hazards: The item of concern for the proposed site is potential for landslide 
movement. Soils will be reviewed with at the time building permit 
is reviewed. 
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Site: The site sits at the bottom of the hillside and, if approved, is 
proposed to have two buildings, one close to Black Ridge Drive 
and one adjacent to Bluff Street.  The key question is how the 
applicant plans to deal with the tow of the slope being in the 
landslide area. For the boards consideration is attached a slope 
stability analysis and a grading plan. 

Landslide: The ancient landslide is reported to not be moving currently, but 
factors of safety against future movement have to meet industry 
standards. If the site is to be developed, the developer should be 
aware of this condition and accept risk of future movement if the 
landslide reactivates. 

MOTION (HSRB)

HSRB Motion Options: The hillside board can recommend several different options to the 
Planning Commission and the City Council:
1. Denial 
2. Approval as presented
3. Approval with specific conditions and comments added as 

required.

Example Motion: The hillside board recommends ________________________ of the 
request for a Hillside Development Permit to allow development of 
restaurant and retail building with comments and conditions.

1. Drainage  ________________________________________ 

2. Landslide __________________________________________ 

3. __________________________________________________ 

4. _________________________________________________
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Hillside Overlay Map
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Vicinity Map
 

APN: SG-COMP-1-1
(Lot 1)

APN: SG-COMP-1-3
(Lot 2)
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Site – Aerial

Maverik
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General Plan = COM (Commercial)
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Zoning = PD-C
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Concept Site Plan
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Grading Plan
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Slope Stability Analysis















































Community Development

ITEM 1
     

      Hillside Permit
HILLSIDE REVIEW BOARD AGENDA REPORT:  11/20/2019 (Tabled)
HILLSIDE REVIEW BOARD AGENDA REPORT:  09/16/2020

HILLSIDE DEVELOPMENT PERMIT 
Summit Estates
Case No. 2019-HS-008

Background: On November 20, 2019, the Hillside Review Board met on the site to discuss 
the project and the request of the applicant. At the meeting, the board 
discussed several items that they would like to see. The applicant has revised 
their drawings and those revised drawings are attached to this staff report. 
Additionally, for your reference, we have attached the minutes from the 
previous meeting.

Request: This is a request for a Hillside Development Permit allowing development 
of ‘Summit Estates’ a residential subdivision.

References: Sienna Canyon Master Plan and the Webb Hill land exchange development 
agreement (1998)

Project: Summit Estates would be a residential subdivision with parcels ranging in 
size from 0.41 acres up to 6.2 acres in size. The lots would each have the 
homes placed to minimize cuts and fills. 

Owner: V.E. MGMT & Investment Company, LC

Engineer: Horrocks 

Representative: Ben Willits, Project Manager 

APN: SG-5-3-5-32001

Location: Intersection of Hillrise Drive & Ft Pierce Drive

Acreage: Parcel size = 70.83 acres 
Developable area = 41.88 acres
Private open space = 28.95 acres

Current Use: This area is currently undeveloped with a City R.O.W. used for an access 
road up to the Webb Hill communication towers and also to the ‘Kentucky 
Lucky Chicken Trail’ (a city trail).
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General Plan: OS (Open Space) & VLDR (Very Low Density Residential)

Zone: Currently PD-R (Part of the original Sienna Canyon Master Plan & per the 
Webb Hill land exchange development agreement, July 1998).

Open Space: Over 45% of the project site would be left in open space (due to terrain, 
hillsides, etc.). 

Density: 0.6 du / ac

Note: This parcel is entitled to 54 lots per the Webb Hill land exchange 
development agreement, July 1998. However, no variances to this are 
being requested or anticipated at this time.

Units: A total of 43 units (0.5 – 6.3 acres) is anticipated to be submitted for with 
the platting process portion of this projects development.

HSRB 
(Hillside Review Board)

Powers & Duties: Section 10-13A-12.B.1 of the “Hillside Review Board Powers and Duties” 
states that the Hillside Review Board can make recommendations for 
approval, conditional approval, and denial to the Planning Commission 
(PC) and City Council (CC).

Permit required: Section 10-13A-6:A requires that all major development (i.e., cut greater 
than 4’, etc.) on slopes above 20%  requires a ‘hillside development 
permit’ granted by the City Council upon recommendation from the 
Hillside Review Board and the Planning Commission. 

Applicable Ordinance(s):

10-13A-1: Purpose
The city finds that the health, safety and the general public welfare of the 
residents of the city will be promoted by establishing standards for the 
development and excavation of hillside and slope areas located in the city so as to 
minimize soil and slope instability and erosion, to minimize the adverse effects 
of grading, cut and fill operations, to preserve the character of the city's hillsides, 
and to otherwise supplement and amplify the city subdivision and zoning 
ordinances. The provisions herein are designated to accomplish the following:

A. Prohibit development of uses which would likely result in a hazardous 
situation due to slope instability, rock falls or excessive soil erosion.

B. Provide for safe vehicular circulation and access.
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C. Encourage the location, design and development of building sites in a 
manner that will minimize the scarring and erosion effects of cutting, filling 
and grading of hillsides.

D. Encourage preservation of open space by encouraging clusters or other 
design techniques to preserve the natural terrain.

E. Where hillside excavation does occur, require that buildings be located in the 
cut area to minimize the visual effects of scarring. (1998 Document § 10A-1)

Section 10-13A-4: Density and Disturbance Standards

A.  Schedule: In furtherance of the purposes set forth above, density and site 
disturbance within the hillside development overlay zone shall comply with 
the following schedule. Any portion of a development parcel having a slope 
greater than forty percent (40%) shall not be included in the calculation of 
the area of such parcel for the purposes of determining conformity with the 
density requirements below:

A.4. The city council, after considering the recommendation from the hillside 
review board, and from the planning commission may approve the 
removal of small hills which contain slopes forty percent (40%) or 
greater subject to determining the application conforms to all of the 
following requirements:

a. The hill is not contiguous to nor part of a major hillside formation, and
b. The removal of such landform will not create a negative aesthetic 
impact in the opinion of the city council, and
c. The land area is zoned for residential, commercial, or industrial 
development. (Ord. 2013-01-001, 1-3-2013)

Section 10-13A-5: Slope and Slope Areas Determined

% Natural 
Slope

Dwelling Units (DU) / Acre

0-19 See underlying zone
20-29 2 DU/acre, provided the units are clustered on 30 percent (30%) or less of the land 

area within this slope category. 70 percent of this slope category shall remain 
undisturbed. The 70 percent area is based upon the overall area/development rather 
than per lot. Also see subsections A1, A2, and A3 of this section.  

30-39 1 DU/10 acres, provided no more than 5 percent (5%) of the site is disturbed, and 95 
percent of the site remains undisturbed. If the cumulative area is at least 1 acre but 
less than 10 acres, the cumulative area shall be allowed 1 DU.  

40 Development is not permitted (0%), except as provided for in subsection A4 of this 
section.  
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B. Procedure: The location of the natural twenty percent (20%), thirty percent 
(30%) and forty percent (40%) slopes for the purposes of this article shall be 
determined using the following procedure: (Ord. 2005-07-007, 7-21-2005)

3. Determination of Slope Areas for Density Calculations: Using the 
contour maps, slopes shall be calculated in intervals no greater than forty 
feet (40') along profile lines. Points identified as slopes of twenty percent 
(20%), thirty percent (30%), and forty percent (40%) shall be located on 
the contour map and connected by a continuous line. That area bounded 
by said lines and intersecting property lines shall be used for determining 
dwelling unit density. Small washes or rock outcrops which have slopes 
distinctly different from surrounding property and not part of the 
contiguous topography may be excluded from slope determination if, in 
the opinion of the hillside review board, the exclusion of such small 
areas from slope determination will not be contrary to the overall 
purpose of this article. For the purpose of determining developable areas 
and allowable densities, previously disturbed hillside areas shall be 
considered on a pre-disturbance natural slope basis, where feasible, as 
proposed by the applicant's engineer and approved by the hillside review 
board. Where a property owner restores a previously disturbed area to a 
natural or near natural condition, the area may be included within a 
required no disturbance area. (Ord. 2005-07-007, 7-21-2005)

HSRB Motion Options: The Hillside Board can recommend several options to the Planning 
Commission & City Council:

1. Denial 
2. Approval as presented
3. Approval with specific conditions and comments

Example Motion: The Hillside Review Board recommends approval of a Hillside 
Development Permit for Case No. 2019-HS-008; allowing future 
development of ‘Summit Estates’ a proposed residential 
subdivision

 The applicant shall adhere to the recommendations and conditions 
recommended in the:

A.  Rock Fall Report (Note: There is not a rock fall report, but 
rockfall is mentioned several times in the geotech report – 
particularly Figure 3B “Rock Fall Hazard Map).

B. Drainage Report (Horrocks Project No. UT-1507-1901 dated 
November 13, 2019), 

C. Geotechnical Report (AGEC Project No. 2182014 dated 
October 23, 2019).
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Narrative / Summary
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Vicinity Map

Webb Hill 
Communication 

Towers
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Original Site Plan
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Revised Site Plan
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Original Utilities Drawings

Revised Utilities Drawings
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Original Grading Drawings

Revised Grading
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Updated Digital Terrain
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Updated Drainage Control Plan

Pre-Developed Conditions



HSRB- 2019-HS-008
Summit Estates
Page 15

Updated Drainage Control Plan

Post-Developed Conditions
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Street Profiles & Roadway Section



HSRB- 2019-HS-008
Summit Estates
Page 17

Earthwork Analysis
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Lot Grading Plan Exhibit
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Updated Conceptual Landscape Areas
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General Plan
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Zoning Map



Drainage Study



 

Drainage Report  

 
 

 

Summit Estates at Webb Hill 
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SECTION 1: DESCRIPTION OF PROPERTY 

1.1 Location & Existing Conditions:  

The proposed Sienna Canyon at Webb Hill subdivision is located south of Hillrise Avenue, southwest 
of the Hillrise Avenue and Summit Ridge intersection. The developed site will include parcel SG‐5‐3‐5‐
32001, which is located in Sections 5 and 8, Township 43 South, and Range 15 West SLBM.   
 
The existing site is currently undeveloped consisting of primarily natural desert landscape with 
boulders.  There is an existing dirt road that extends from the end of Hillside Avenue to the west side 
of the project site and continues west.  

Figure 1: Project Vicinity Map 

SECTION 2: OFF‐SITE DRAINAGE 

2.1 Off‐Site Drainage 

The upstream offsite basins generally drain from the southwest to the northeast.  The offsite drainage 
basins remain in the existing condition in the pre and post development conditions.  There are two off‐
site drainage basins identified as OFF‐1 and OFF‐2 located on the western boundary of the project site.  
See Figure C.3.5, Post Development Drainage Control Plan in Appendix A for basin boundaries, areas 
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and  flow patterns.    The  two basins are both undeveloped areas and are also comprised of existing 
natural desert landscape and boulders. Runoff from Basin OFF‐1 drains from the southwest of the basin 
to the northwest where it impacts the project site.  Runoff from Basin OFF‐2 drains from the southwest 
of the basin to the northwest where it impacts the project site.  
 
All runoff generated by these off‐site drainage areas is included in the Siena Canyon site’s hydrologic 
and hydraulic analysis provided in this report. 

SECTION 3: ON‐SITE DRAINAGE 

On‐site drainage is separated into two categories, existing (pre‐development conditions) and proposed 
(Post development conditions). See Figures C.3.4 and C.3.5 in Appendix A for basin delineations, flow 
patterns, and basin areas.  Each category is described as follows: 
 

 Existing  on‐site  drainage  generally  originates  from  southwest  and  flows  towards  northeast. 
Runoff  from  existing  on‐site  drainage  Basin  PRE‐1  generally  drains  from  the  west  and  is 
conveyed to the east where it discharges from the project site near the southwest end of the 
Sienna Canyon at Webb Hill existing development.  The runoff from basin PRE‐2 drains from 
the southwest to the north where it discharges from the project site at a drainage easement 
that connects to Apparation Court and at the drainage easement that connects to Summit Ridge 
Drive.  Runoff generated from existing on‐site drainage Basin PRE‐3 drainage from the south to 
the  north where  it  discharges  through  a  drainage  easement  the  connects  to  Summit  Ridge 
Drive.  The project site includes natural washes created from natural storm events.  
 

 This  study  proposes  to  improve  existing  earthen  Hillrise  Avenue  into  (XXX)  pavement.  The 
avenue exists  from the northeast corner of  the project site and extends  towards southwest 
direction.  Additionally,  two  roadways  are  proposed;  Road  A  and  Road  B.  Road  A  extends 
towards northwest and southwest directions from centerline of Hillrise Avenue. Road B extends 
only towards northwest direction from the centerline of Hillrise Avenue. 
 
The  proposed  flow  patterns  generally  match  the  existing  flow  patterns.    Proposed  on‐site 
drainage Basin POST‐1 drains to the low point in Road A south of Hillrise Avenue.  There is a 
proposed detention basin, DB1, which reduces flows to pre‐developed conditions.  The runoff 
from onsite Basin POST‐2A drains north to the onsite, local Detention Basin DB‐2A discharges 
through the drainage easement and into Apparation Court.  Runoff from onsite basin POST‐2B 
is conveyed north through the developed site to the onsite, local Detention Basin DB‐2B and 
reduces the developed peak runoff to below the pre‐development peak runoff.  Runoff from 
onsite basin POST‐3 is conveyed north through the developed site to the onsite, local Detention 
Basin DB‐3 and reduces the developed peak runoff to below the pre‐development peak runoff.  
The  runoff  from DB‐3  discharges  through  the  existing  drainage  easement  and  into  Summit 
Ridge Drive.  See Section 10 of this report for details of the proposed drainage improvements     

SECTION 4: MASTER PLANNED DRAINAGE 

A  review  of  the  City  of  St.  George  Storm Drain Maser  Plan  indicates  the  engineer  is  not  aware  of 
proposed drainage improvements within the project area. 



Summit Estates at Webb Hill Drainage Report 

 

SECTION 5: FEMA FLOODPLAIN 

Sienna Canyon is located within Area of Minimum Flood Hazard as indicated by the FEMA flood map 
included in Appendix D of this report. 

SECTION 6: OTHER DRAINAGE STUDIES 

Other than the City of St. George Storm Drain Master Plan, the engineer is not aware of other drainage 
studies applicable to this site. 

SECTION 7: PROPOSED DRAINAGE FACILITIES  
7.1 Grading: 

The overall grading plan consists of typical residential grading; draining lot runoff into adjacent streets 
or  drainage  easements  until  it  is  intercepted  by  curb  and  gutter  or  catch  basins.  The  project  site 
generally drains to four (4) discharge locations.  The first is at the southeast area near the low‐point in 
the proposed Road B.  Runoff is discharged from detention basin DB‐1 and into the existing wash to 
match existing condition flow patterns.  The second is at the northwest corner of the site, just south of 
Apparation Court and discharges runoff from DB‐2A into Apparation Court.  The third discharge location 
is located at the norther of the site, just south of the drainage easement that drains into DB‐2B and 
then through the drainage easement to Summit Ridge Drive.  The fourth discharge location is located 
at the norther of the site, just south of the drainage easement that drains into DB‐3 and then through 
the drainage easement to Summit Ridge Drive.  

 
7.2 Roadway Improvements: 

Roadway improvements will include asphalt residential driveways, Hillrise Avenue, Road A and Road B.  
Hillrise Avenue will be a 30’ wide street with normal crown, curb and gutter and sidewalks on either 
side of the street.  Road A and Road B will also be 30’ wide roadways with curb and gutter and sidewalks 
on either side of the street.  Road A and Road B include cul‐de‐sac where they terminate.  

 
7.3 Conveyance Improvements: 

The overall storm water management approach for this project is based on conveying the 10‐year storm 
through  inlets  and  pipes  and  the  100‐year  storm  flows  in  streets.  Inlets will  be  placed  at  strategic 
locations as shown in the Drainage Control Plans and pipes will be used to convey both on‐site and off‐
site storm drain runoff.  

 

7.4 Detention Facilities: 

It is proposed that onsite, local detention basin facilities will be required to reduce the post‐developed 
discharge rate to less than or equal to the pre‐developed discharge or 0.20 cfs per acre, whichever is 
greater. This report includes a hydrologic analysis, which is used to compare the pre and post developed 
peak runoff.  The post‐development HEC‐1 models include the minimum detention basin volumes and 
discharge pipe sizes  that meet  the criteria per  the City of St. George Drainage Manual  (Hereinafter 
referred to as “The Manual”). However, the final grading of the proposed detention basins may vary 
while providing the minimum capacity and volumes as shown in the report.  The locations as shown on 
Figure C.3.5 and as described in the report above. 

SECTION 8: COMPLIANCE WITH FEMA REQUIREMENTS 

Not applicable, there are no FEMA mapped floodplains within the project boundary. 
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SECTION 9: DESIGN RUNOFF COMPUTATIONS 

9.1 Selection of Hydrological Model: 

The hydrological analysis completed for this project is based on the SCS curve number method and is 
modeled using HEC‐1. Similar to HEC‐HMS, HEC‐1 is commonly used for hydrologic analysis of both 
simple and complex drainage basins and can be used to model runoff from various design storm 
events including detention basin routing. The design storm frequency and distribution used in this 
analysis is based on the City of St. George Drainage Manual and summarized below 
 

 10‐year, 24‐hour (Type II) 

 100‐year, 24‐hour (Type II) 

 100‐year, 3‐hour (Farmer Fletcher) 
 
Both pre and post developed site conditions were modeled using the design storm noted.  See Figures 
C.3.4 and C.3.5 in Appendix A and Appendix C for HEC‐1 Summary Tables. Complete HEC‐1 reports for 
each site condition and design storm are provided in Appendix C. 

9.2 Hydrological Model Input Parameters: 

HEC‐1 requires the following inputs and parameters to model and compute peak flows for each 
drainage basin/sub‐area. 
 

 Drainage Area (acre) 

 SCS Curve Number (weighted) 

 Time of Concentration (min) 

 Rainfall Depth (inches) 

 Storm Distribution 
 

Hydrological model inputs noted above are described in more detail under Sections 9.3 to 9.7 below. 

9.3 Watershed Area: 

Watershed areas for both pre and post‐developed conditions are shown in Appendix A and 
summarized in Tables 9.4.1 and 9.4.2 below. 

9.4 Curve Number: 

Soil data obtained from USDA Web Soil Survey shows the site consists of primarily Hobog‐Rock Land 
Association (HG) soils with Hydrologic Soil Group (HSG) “D”. Refer to Appendix D for additional Web 
Soil Survey figures and data. 
 
SCS runoff curve numbers obtained from TR‐55 Table 2‐2a and 2‐2d based on soil type, hydrologic soil 
group and land cover. The resulting curve numbers for both pre and post developed site conditions are 
provide in Tables 9.4.1 and 9.4.2 respectively.    
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Table 9.4.1: Pre-Developed Runoff Curve Number 

Basin Soil Type HSG Cover Description CN Area (acre) 

PRE-1 HG (Hobog-Rock) D Desert shrub-Fair 86 42.38 

PRE-2 HG (Hobog-Rock) D Desert shrub-Fair 86 41.40 

PRE-3 HG (Hobog-Rock) D Desert shrub-Fair 86 7.77 

 

Table 9.4.2: Post-Developed Runoff Curve Number 

Basin Soil Type HSG Cover Description CN Area (acre) 

OFF-1 HG (Hobog-Rock) D Desert shrub-Fair 86 11.59 

OFF-2 HG (Hobog-Rock) D Desert shrub-Fair 86 10.74 

POST-1 HG (Hobog-Rock) D Western desert urban area 88 43.46 

POST-2A HG (Hobog-Rock) D Western desert urban area 88 8.50 

POST-2B HG (Hobog-Rock) D Western desert urban area 88 9.70 

Post-3 HG (Hobog-Rock) D Western desert urban area 88 7.77 
 

9.5 Lag Time: 

For drainage areas less than 2,000 acres, the lag time can be calculated using the following equation: 
 

𝐿 ൌ  
𝑙଴.଼ ቀ1000

𝐶𝑁 െ 9ቁ
଴.଻

1900ሺ𝑆ሻ଴.ହ  

 
Where: 
L     ൌ Lag Time ሺhourሻ 
l      ൌ longest length of subarea ሺft.ሻ 
CN  ൌ SCS Curve Number 
S     ൌ average slope along longest length ሺ%ሻ 
 
Resulting lag times for both pre and post‐developed site conditions are summarized in Table 9.5.1 and 
9.5.2 respectively. 
 
 

Table 9.5.1: Pre-Developed Watershed Inputs 

Basin ID CN Length (ft) Slope (%) Lag Time (hrs) 

PRE-1 86 1931 11.19% 0.132 

PRE-2 86 2538 16.00% 0.137 

PRE-3 86 705 13.88% 0.053 

 
 
 
 



Summit Estates at Webb Hill Drainage Report 

 

 

Table 9.5.2: Post-Developed Watershed Inputs 

Basin ID CN Length (ft) Slope (%) Lag Time (hrs) 

OFF-1 86 870 19.43% 0.053 

OFF-2 86 1855 16.2% 0.106 

POST-1 88 1785 10.03% 0.121 

POST-2A 88 1250 14.4% 0.076 

POST-2B 88 1184 15.71% 0.07 

POST-3 88 1083 8.86% 0.086 
 

9.6 Rainfall Depth: 

Rainfall depths used in the hydrological model were obtained from the NOAA Atlas 14 and are 
summarized in Table 9.6.1. 
 

Table 9.6.1: NOAA Rainfall Data 

Storm Event 
3-Hour 24-Hour 

(in) (in) 

10-Year 0.99 1.57 

100-Year 1.64 2.31 
 

9.7 Hydrological Model Output 

The  worst‐case  results  of  the  HEC‐1  are  summarized  in  Table  9.7.1.  Complete  hydrograph  output 
reports can be reviewed in Appendix C. 
 

Table 9.7.1: Hydrograph Results - Worse Case 

Design Storm 
Storm 

Distribution 
Pre-

Developed 
Post-

Developed 
Peak 

Discharge 
Discharge 
Location 

  
Peak Flow 

(cfs) 
Peak Flow (cfs) Increase (cfs) 

 

100-Year, 3-Hour Farmer-Fletcher 42 69 27 DB-1 or CD2 

10-Year, 24-Hour Type II 7.8 6 -1.8 DB-2A 

100-Year, 3-Hour Farmer-Fletcher 25P 26 1 DB-2B or CD1 

100-Year, 3-Hour Farmer-Fletcher 9 10 1 DB-3 

 
As previously discussed under Section 7.4, the project will need to include a detention facility capable 
of reducing the post‐developed peak discharge by at least amounts shown in table 9.7.1 in order to be 
less than or equal to the pre‐developed peak discharge. 
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SECTION 10: DRAINAGE FACILITY DESIGN 

In accordance with the City of St. George Drainage Manual, the HEC‐1 peak flows are prorated and used 
to design drainage collection facilities for the 10‐year flood. The methodology for the HEC‐1 models is 
described  above.    The  prorate  calculations  are  performed  by  calculating  the  cfs/acre  for  the  basin 
calculated using the HEC‐1 models, then using the prorate areas of the basins to determine the peak 
flows  at  points  of  interest.  The  prorated  subbasins  are  delineated  and  the  resulting  peak  flows 
calculations are summarized on Figure C.3.5 in Appendix A.   

10.1 Summary Tables 

Basin Peak Flowrates Summary 

PRE-DEVELOPED CONDITION 24 HOUR EVENT 

Basin Area (acres) Q10 (cfs) Q100 (cfs) Discharge location 

PRE-1 42.38 21 43 DB-1 

PRE-2 41.40 
12.2 25 DB-2B 

7.8 16 DB-2A 

PRE-3 7.77 4 9 DB-3 

  

PRE-DEVELOPED CONDITION 3 HOUR EVENT 

PRE-1 42.38 13 42 DB-1 

PRE-2 41.40 
7.3 25 DB-2B 

4.7 16 DB-2A 

PRE-3 7.77 3 9 DB-3 

 

Basin Peak Flowrates Summary 

POST-DEVELOPED CONDITION 24 HOUR EVENT 

Basin Area (acres) Q10 (cfs) Q100 (cfs) 

CD11 - 12 23 

CD22 - 32 62 

OFF-1 11.59 7 13 

OFF-2 10.74 6 12 

POST-1 43.45 26 50 

POST-2A 8.48 6 12 

POST-2B 9.70 6 10 

POST-3 7.77 5 9 

1CD1 = POST-2B + OFF-2 

2CD2 = POST-1 + OFF-1 
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POST-DEVELOPED CONDITION 3 HOUR EVENT 

CD1 - 8 26 

CD2 - 22 69 

OFF-1 11.59 4 14 

OFF-2 10.74 4 14 

POST-1 43.45 18 55 

POST-2A 8.48 5 13 

POST-2B 9.70 4 12 

POST-3 7.77 4 10 

1CD1 = POST-2B + OFF-2 

2CD2 = POST-1 + OFF-1 

10.2 Prorate Summary Tables 

PRORATE FLOW SUMMARY FOR POST DEVELOPED CONDITION FARMER-FLETCHER-100YR 

Basin Area (acres) Q100 (cfs) CFS/AC 

OFF-1 11.6 14 1.21 

POST-1 43.4 55 1.27 

POST2A-(a) 8.5 13 1.53 

POST-3 7.8 10 1.28 

  

Sub-basin ID Area (Acres) Q100 (cfs) 100-yr unit flow (cfs/acre) 

OFF-1(a) 7.3 8.8 1.21 

OFF-1(b) 3.2 3.9 1.21 

OFF-1(c) 1.1 1.3 1.21 

Total 11.6 14   

Sub-basin ID Area (Acres) Q100 (cfs) 100-yr unit flow (cfs/acre) 

POST-1(a) 5.2 6.6 1.27 

POST-1(b) 2.7 3.4 1.27 

POST-1(c) 3.4 4.3 1.27 

POST-1(d) 20.4 25.9 1.27 

POST-1(e) 5.5 7.0 1.27 

POST-1(f) 0.6 0.8 1.27 

Other 5.6 7.1 1.27 

Total 43.5 55   

Sub-basin ID Area (Acres) Q100 (cfs) 100-yr unit flow (cfs/acre) 

POST-2A(a) 3.3 5 1.53 

Other 5.2 8 1.53 
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Total  8.5 13   

Sub-basin ID Area (Acres) Q100 (cfs) 100-yr unit flow (cfs/acre) 

POST-3(a) 2.4 3 1.28 

POST-3(b) 0.8 1 1.28 

POST-3(b) 0.2 0.3 1.28 

Other 4.4 5.7 1.28 

Total 7.8 10   

SECTION 11: DRAINAGE EASEMENTS  

All proposed storm drain improvements are contained within the individual lots and drain to 
proposed roadways or to proposed and/or existing easements.  See the proposed drainage easements 
on Figure C.3.5 in Appendix A.  

SECTION 12: FEMA FLOODPLAIN CALCULCATIONS 

Not applicable, there are no FEMA mapped floodplains within the project boundary. 

SECTION 13: CONCLUSIONS 

13.1 Concluding Statement: 

The proposed storm drain improvements presented herein, and on the accompanying Drainage 
Control Plans, are designed to comply with all City of St. George drainage requirements. It is 
determined by Horrocks Engineers that the proposed drainage infrastructure proposed for the 
Summit Estates at Webb Hill will effectively convey storm water runoff through the site, and reduce 
developed flows to or below peak flows in the pre‐developed condition. All hydraulic and hydrologic 
computations used to develop this drainage study were performed using the current standard of care 
and engineering best management practices. 
 
Upon approval of the hillside, and other necessary entitlements/permits, detailed construction plans 
will be completed and supplemental revisions to this original report, if any, will be submitted to the 
City for final review. 
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APPENDICES 

A. FIGURES AND DRAWINGS 

A.1 Figure C.3.4 ‐ Pre‐Developed Drainage Basins 
A.2 Figure C.3.5 ‐ Post‐Developed Drainage Basins 

B. HYDRAULIC COMPUTATIONS 

B.1 Street Normal Depth Calculations 
B.2 Drop Inlet Calculations 
B.3 Storm Drain Normal Depth Calculations 

C. HYDROLOGIC COMPUTATIONS 

C.1 HEC‐1 Parameters Summary 
C.2 HEC‐1 ‐ Pre‐Developed Farmer‐Fletcher 
C.3 HEC‐1 ‐ Pre‐Developed Type II  
C.4 HEC‐1 ‐ Post‐Developed Farmer‐Fletcher  
C.5 HEC‐1 ‐ Post‐Developed Type II  

D. REFERENCES/RESOURCES 

D.1 NOAA Atlas 14 Rainfall Data 
D.2 USDA Web Soil Map 
D.3 USDA Hydrologic Soil Group 
D.4 FEMA Floodplain Boundary Map 
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GENERAL NOTES:

1. SEE SHEET C.2.1 FOR PROPOSED UTILITIES INCLUDING STORM DRAIN FACILITIES

AND EASEMENTS.

2. SEE "SUMMIT ESTATES DRAINAGE CONTROL REPORT" FOR ADDITIONAL DRAINAGE

INFORMATION.
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APPENDIX B: HYDRAULIC COMPUTATIONS 

  



Section-1 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%12.000Channel Slope
cfs15.40Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

0.500+00
0.410+04
0.410+05
0.000+06
0.120+07
0.370+20
0.120+33
0.000+34
0.410+35
0.410+36
0.500+40

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station
0.013(0+07, 0.12)(0+00, 0.50)
0.016(0+33, 0.12)(0+07, 0.12)
0.013(0+40, 0.50)(0+33, 0.12)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

ft0.28Normal Depth
0.0 to 0.5 ftElevation Range

ft²2.1Flow Area
ft20.14Wetted Perimeter
ft0.10Hydraulic Radius
ft19.92Top Width
ft0.28Normal Depth
ft0.43Critical Depth
%0.610Critical Slope

Page 1 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Results

ft/s7.37Velocity
ft0.84Velocity Head
ft1.12Specific Energy

4.013Froude Number
SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth
ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth
Profile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
ft0.28Normal Depth
ft0.43Critical Depth
%12.000Channel Slope
%0.610Critical Slope

Page 2 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Cross Section for Section-1 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%12.000Channel Slope
ft0.28Normal Depth
cfs15.40Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Section-3 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%6.250Channel Slope
cfs14.10Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

0.500+00
0.410+04
0.410+05
0.000+06
0.120+07
0.370+20
0.120+33
0.000+34
0.410+35
0.410+36
0.500+40

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station
0.013(0+07, 0.12)(0+00, 0.50)
0.016(0+33, 0.12)(0+07, 0.12)
0.013(0+40, 0.50)(0+33, 0.12)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

ft0.30Normal Depth
0.0 to 0.5 ftElevation Range

ft²2.5Flow Area
ft22.22Wetted Perimeter
ft0.11Hydraulic Radius
ft21.99Top Width
ft0.30Normal Depth
ft0.42Critical Depth
%0.621Critical Slope

Page 3 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Results

ft/s5.61Velocity
ft0.49Velocity Head
ft0.79Specific Energy

2.929Froude Number
SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth
ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth
Profile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
ft0.30Normal Depth
ft0.42Critical Depth
%6.250Channel Slope
%0.621Critical Slope

Page 4 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Cross Section for Section-3 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%6.250Channel Slope
ft0.30Normal Depth
cfs14.10Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Section-5 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%4.000Channel Slope
cfs29.70Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

0.500+00
0.410+04
0.410+05
0.000+06
0.120+07
0.370+20
0.120+33
0.000+34
0.410+35
0.410+36
0.500+40

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station
0.013(0+07, 0.12)(0+00, 0.50)
0.016(0+33, 0.12)(0+07, 0.12)
0.013(0+40, 0.50)(0+33, 0.12)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

ft0.39Normal Depth
0.0 to 0.5 ftElevation Range

ft²5.1Flow Area
ft29.86Wetted Perimeter
ft0.17Hydraulic Radius
ft29.55Top Width
ft0.39Normal Depth
ft0.54Critical Depth
%0.561Critical Slope

Page 5 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Results

ft/s5.86Velocity
ft0.53Velocity Head
ft0.93Specific Energy

2.495Froude Number
SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth
ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth
Profile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
ft0.39Normal Depth
ft0.54Critical Depth
%4.000Channel Slope
%0.561Critical Slope

Page 6 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Cross Section for Section-4 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%11.400Channel Slope
ft0.27Normal Depth
cfs13.50Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Section-6 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%11.200Channel Slope
cfs31.00Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

0.500+00
0.410+04
0.410+05
0.000+06
0.120+07
0.370+20
0.120+33
0.000+34
0.410+35
0.410+36
0.500+40

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station
0.013(0+07, 0.12)(0+00, 0.50)
0.016(0+33, 0.12)(0+07, 0.12)
0.013(0+40, 0.50)(0+33, 0.12)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

ft0.34Normal Depth
0.0 to 0.5 ftElevation Range

ft²3.7Flow Area
ft27.17Wetted Perimeter
ft0.14Hydraulic Radius
ft26.89Top Width
ft0.34Normal Depth
ft0.55Critical Depth
%0.554Critical Slope

Page 7 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Results

ft/s8.43Velocity
ft1.10Velocity Head
ft1.45Specific Energy

4.017Froude Number
SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth
ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth
Profile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
ft0.34Normal Depth
ft0.55Critical Depth
%11.200Channel Slope
%0.554Critical Slope

Page 8 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Cross Section for Section-5 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%4.000Channel Slope
ft0.39Normal Depth
cfs29.70Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Section-7 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%11.200Channel Slope
cfs26.30Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

0.500+00
0.410+04
0.410+05
0.000+06
0.120+07
0.370+20
0.120+33
0.000+34
0.410+35
0.410+36
0.500+40

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station
0.013(0+07, 0.12)(0+00, 0.50)
0.016(0+33, 0.12)(0+07, 0.12)
0.013(0+40, 0.50)(0+33, 0.12)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

ft0.33Normal Depth
0.0 to 0.5 ftElevation Range

ft²3.2Flow Area
ft25.40Wetted Perimeter
ft0.13Hydraulic Radius
ft25.14Top Width
ft0.33Normal Depth
ft0.52Critical Depth
%0.572Critical Slope

Page 9 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Results

ft/s8.13Velocity
ft1.03Velocity Head
ft1.36Specific Energy

3.998Froude Number
SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth
ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth
Profile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
ft0.33Normal Depth
ft0.52Critical Depth
%11.200Channel Slope
%0.572Critical Slope

Page 10 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Cross Section for Section-6 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%11.200Channel Slope
ft0.34Normal Depth
cfs31.00Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Section-8 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%2.800Channel Slope
cfs5.00Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

0.500+00
0.410+04
0.410+05
0.000+06
0.120+07
0.370+20
0.120+33
0.000+34
0.410+35
0.410+36
0.500+40

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station
0.013(0+07, 0.12)(0+00, 0.50)
0.016(0+33, 0.12)(0+07, 0.12)
0.013(0+40, 0.50)(0+33, 0.12)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

ft0.25Normal Depth
0.0 to 0.5 ftElevation Range

ft²1.5Flow Area
ft16.97Wetted Perimeter
ft0.09Hydraulic Radius
ft16.77Top Width
ft0.25Normal Depth
ft0.30Critical Depth
%0.708Critical Slope

Page 11 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Results

ft/s3.27Velocity
ft0.17Velocity Head
ft0.41Specific Energy

1.913Froude Number
SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth
ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth
Profile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
ft0.25Normal Depth
ft0.30Critical Depth
%2.800Channel Slope
%0.708Critical Slope

Page 12 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Cross Section for Section-7 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%11.200Channel Slope
ft0.33Normal Depth
cfs26.30Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Section-9 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%5.600Channel Slope
cfs3.00Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

0.500+00
0.410+04
0.410+05
0.000+06
0.120+07
0.370+20
0.120+33
0.000+34
0.410+35
0.410+36
0.500+40

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station
0.013(0+07, 0.12)(0+00, 0.50)
0.016(0+33, 0.12)(0+07, 0.12)
0.013(0+40, 0.50)(0+33, 0.12)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

ft0.19Normal Depth
0.0 to 0.5 ftElevation Range

ft²0.8Flow Area
ft11.33Wetted Perimeter
ft0.07Hydraulic Radius
ft11.18Top Width
ft0.19Normal Depth
ft0.26Critical Depth
%0.725Critical Slope

Page 13 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Results

ft/s3.92Velocity
ft0.24Velocity Head
ft0.43Specific Energy

2.637Froude Number
SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth
ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth
Profile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
ft0.19Normal Depth
ft0.26Critical Depth
%5.600Channel Slope
%0.725Critical Slope

Page 14 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666
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FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Cross Section for Section-8 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%2.800Channel Slope
ft0.25Normal Depth
cfs5.00Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Section-10 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%7.300Channel Slope
cfs1.00Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

0.500+00
0.410+04
0.410+05
0.000+06
0.120+07
0.370+20
0.120+33
0.000+34
0.410+35
0.410+36
0.500+40

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station
0.013(0+07, 0.12)(0+00, 0.50)
0.016(0+33, 0.12)(0+07, 0.12)
0.013(0+40, 0.50)(0+33, 0.12)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

ft0.12Normal Depth
0.0 to 0.5 ftElevation Range

ft²0.2Flow Area
ft3.82Wetted Perimeter
ft0.06Hydraulic Radius
ft3.72Top Width
ft0.12Normal Depth
ft0.18Critical Depth
%0.621Critical Slope
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Results

ft/s4.58Velocity
ft0.33Velocity Head
ft0.44Specific Energy

3.337Froude Number
SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth
ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth
Profile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
ft0.12Normal Depth
ft0.18Critical Depth
%7.300Channel Slope
%0.621Critical Slope
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Cross Section for Section-9 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%5.600Channel Slope
ft0.19Normal Depth
cfs3.00Discharge
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Section-11 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%12.000Channel Slope
cfs0.30Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

0.500+00
0.410+04
0.410+05
0.000+06
0.120+07
0.370+20
0.120+33
0.000+34
0.410+35
0.410+36
0.500+40

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station
0.013(0+07, 0.12)(0+00, 0.50)
0.016(0+33, 0.12)(0+07, 0.12)
0.013(0+40, 0.50)(0+33, 0.12)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

ft0.07Normal Depth
0.0 to 0.5 ftElevation Range

ft²0.1Flow Area
ft2.22Wetted Perimeter
ft0.03Hydraulic Radius
ft2.16Top Width
ft0.07Normal Depth
ft0.12Critical Depth
%0.656Critical Slope
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Results

ft/s4.08Velocity
ft0.26Velocity Head
ft0.33Specific Energy

3.901Froude Number
SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth
ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth
Profile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
ft0.07Normal Depth
ft0.12Critical Depth
%12.000Channel Slope
%0.656Critical Slope
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Cross Section for Section-10 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%7.300Channel Slope
ft0.12Normal Depth
cfs1.00Discharge
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Section-4 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%11.400Channel Slope
cfs13.50Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

0.500+00
0.410+04
0.410+05
0.000+06
0.120+07
0.370+20
0.120+33
0.000+34
0.410+35
0.410+36
0.500+40

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station
0.013(0+07, 0.12)(0+00, 0.50)
0.016(0+33, 0.12)(0+07, 0.12)
0.013(0+40, 0.50)(0+33, 0.12)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

ft0.27Normal Depth
0.0 to 0.5 ftElevation Range

ft²1.9Flow Area
ft19.23Wetted Perimeter
ft0.10Hydraulic Radius
ft19.02Top Width
ft0.27Normal Depth
ft0.41Critical Depth
%0.611Critical Slope
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Results

ft/s7.04Velocity
ft0.77Velocity Head
ft1.04Specific Energy

3.907Froude Number
SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth
ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth
Profile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
ft0.27Normal Depth
ft0.41Critical Depth
%11.400Channel Slope
%0.611Critical Slope
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Cross Section for Section-11 3-Hour 100-YR
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

%12.000Channel Slope
ft0.07Normal Depth
cfs0.30Discharge
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DI#1_5'_3-Hour 100-YR
Project Description

EfficiencySolve For

Input Data

cfs15.40Discharge
%12.000Slope
ft1.50Gutter Width
%8.330Gutter Cross Slope
%2.000Road Cross Slope

0.016Roughness Coefficient
in2.0Local Depression
in18.0Local Depression Width
ft1.50Grate Width
ft1.25Grate Length

P-50 mm (P-1
-7/8")Grate Type

%0.0Clogging
ft2.50Curb Opening Length

Options

Use BothCalculation Option
Exclude NoneGrate Flow Option

Results

%28.94Efficiency
cfs4.46Intercepted Flow
cfs10.94Bypass Flow
ft12.13Spread
ft0.34Depth
ft²1.5Flow Area
in1.1Gutter Depression
in3.1Total Depression
ft/s9.98Velocity
ft/s6.35Splash Over Velocity

0.674Frontal Flow Factor
0.004Side Flow Factor
0.368Grate Flow Ratio

%8.426Equivalent Cross Slope
ft1.25Active Grate Length

0.024Length Factor
ft52.82Total Interception Length

Messages
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Messages

Grate Length 
should be 
within the 

defined range 
of HEC-22's 

Chart 5 
(approx. 0.5-
4.5 ft / 0.15-

1.35 m).

Messages
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DI#3_5'_3-Hour 100-YR
Project Description

EfficiencySolve For

Input Data

cfs14.10Discharge
%6.250Slope
ft1.50Gutter Width
%8.330Gutter Cross Slope
%2.000Road Cross Slope

0.016Roughness Coefficient
in2.0Local Depression
in18.0Local Depression Width
ft1.50Grate Width
ft1.25Grate Length

P-50 mm (P-1
-7/8")Grate Type

%0.0Clogging
ft2.50Curb Opening Length

Options

Use BothCalculation Option
Exclude NoneGrate Flow Option

Results

%34.49Efficiency
cfs4.86Intercepted Flow
cfs9.24Bypass Flow
ft13.36Spread
ft0.36Depth
ft²1.9Flow Area
in1.1Gutter Depression
in3.1Total Depression
ft/s7.60Velocity
ft/s6.35Splash Over Velocity

0.888Frontal Flow Factor
0.006Side Flow Factor
0.334Grate Flow Ratio

%7.831Equivalent Cross Slope
ft1.25Active Grate Length

0.029Length Factor
ft43.74Total Interception Length

Messages
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Messages

Grate Length 
should be 
within the 

defined range 
of HEC-22's 

Chart 5 
(approx. 0.5-
4.5 ft / 0.15-

1.35 m).

Messages
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DI#5_5'_3-Hour 100-YR
Project Description

EfficiencySolve For

Input Data

cfs29.70Discharge
%4.000Slope
ft1.50Gutter Width
%8.330Gutter Cross Slope
%2.000Road Cross Slope

0.016Roughness Coefficient
in2.0Local Depression
in18.0Local Depression Width
ft1.50Grate Width
ft1.25Grate Length

P-50 mm (P-1
-7/8")Grate Type

%0.0Clogging
ft2.50Curb Opening Length

Options

Use BothCalculation Option
Exclude NoneGrate Flow Option

Results

%23.65Efficiency
cfs7.02Intercepted Flow
cfs22.68Bypass Flow
ft19.54Spread
ft0.49Depth
ft²3.9Flow Area
in1.1Gutter Depression
in3.1Total Depression
ft/s7.64Velocity
ft/s6.35Splash Over Velocity

0.884Frontal Flow Factor
0.006Side Flow Factor
0.225Grate Flow Ratio

%5.927Equivalent Cross Slope
ft1.25Active Grate Length

0.020Length Factor
ft61.82Total Interception Length

Messages
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Messages

Grate Length 
should be 
within the 

defined range 
of HEC-22's 

Chart 5 
(approx. 0.5-
4.5 ft / 0.15-

1.35 m).

Messages
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DI#6_5'_3-Hour 100-YR
Project Description

EfficiencySolve For

Input Data

cfs31.00Discharge
%11.200Slope
ft1.50Gutter Width
%8.330Gutter Cross Slope
%2.000Road Cross Slope

0.016Roughness Coefficient
in2.0Local Depression
in18.0Local Depression Width
ft1.50Grate Width
ft1.25Grate Length

P-50 mm (P-1
-7/8")Grate Type

%0.0Clogging
ft2.50Curb Opening Length

Options

Use BothCalculation Option
Exclude NoneGrate Flow Option

Results

%17.80Efficiency
cfs5.52Intercepted Flow
cfs25.48Bypass Flow
ft16.26Spread
ft0.42Depth
ft²2.7Flow Area
in1.1Gutter Depression
in3.1Total Depression
ft/s11.42Velocity
ft/s6.35Splash Over Velocity

0.544Frontal Flow Factor
0.003Side Flow Factor
0.273Grate Flow Ratio

%6.760Equivalent Cross Slope
ft1.25Active Grate Length

0.016Length Factor
ft79.22Total Interception Length

Messages

Page 7 of 1627 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



Messages

Grate Length 
should be 
within the 

defined range 
of HEC-22's 

Chart 5 
(approx. 0.5-
4.5 ft / 0.15-

1.35 m).

Messages
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DI#8_5'_3-Hour 100-YR
Project Description

EfficiencySolve For

Input Data

cfs5.00Discharge
%2.800Slope
ft1.50Gutter Width
%8.330Gutter Cross Slope
%2.000Road Cross Slope

0.016Roughness Coefficient
in2.0Local Depression
in18.0Local Depression Width
ft1.50Grate Width
ft1.25Grate Length

P-50 mm (P-1
-7/8")Grate Type

%0.0Clogging
ft2.50Curb Opening Length

Options

Use BothCalculation Option
Exclude NoneGrate Flow Option

Results

%52.25Efficiency
cfs2.61Intercepted Flow
cfs2.39Bypass Flow
ft10.30Spread
ft0.30Depth
ft²1.1Flow Area
in1.1Gutter Depression
in3.1Total Depression
ft/s4.42Velocity
ft/s6.35Splash Over Velocity

1.000Frontal Flow Factor
0.015Side Flow Factor
0.433Grate Flow Ratio

%9.553Equivalent Cross Slope
ft1.25Active Grate Length

0.063Length Factor
ft19.74Total Interception Length

Messages
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Messages

Grate Length 
should be 
within the 

defined range 
of HEC-22's 

Chart 5 
(approx. 0.5-
4.5 ft / 0.15-

1.35 m).

Messages
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DI#9_5'_3-Hour 100-YR
Project Description

EfficiencySolve For

Input Data

cfs3.00Discharge
%5.600Slope
ft1.50Gutter Width
%8.330Gutter Cross Slope
%2.000Road Cross Slope

0.016Roughness Coefficient
in2.0Local Depression
in18.0Local Depression Width
ft1.50Grate Width
ft1.25Grate Length

P-50 mm (P-1
-7/8")Grate Type

%0.0Clogging
ft2.50Curb Opening Length

Options

Use BothCalculation Option
Exclude NoneGrate Flow Option

Results

%69.18Efficiency
cfs2.08Intercepted Flow
cfs0.92Bypass Flow
ft7.06Spread
ft0.24Depth
ft²0.6Flow Area
in1.1Gutter Depression
in3.1Total Depression
ft/s5.27Velocity
ft/s6.35Splash Over Velocity

1.000Frontal Flow Factor
0.011Side Flow Factor
0.608Grate Flow Ratio

%12.601Equivalent Cross Slope
ft1.25Active Grate Length

0.075Length Factor
ft16.61Total Interception Length

Messages
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Messages

Grate Length 
should be 
within the 

defined range 
of HEC-22's 

Chart 5 
(approx. 0.5-
4.5 ft / 0.15-

1.35 m).

Messages
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DI#10_5'_3-Hour 100-YR
Project Description

EfficiencySolve For

Input Data

cfs1.00Discharge
%7.300Slope
ft1.50Gutter Width
%8.330Gutter Cross Slope
%2.000Road Cross Slope

0.016Roughness Coefficient
in2.0Local Depression
in18.0Local Depression Width
ft1.50Grate Width
ft1.25Grate Length

P-50 mm (P-1
-7/8")Grate Type

%0.0Clogging
ft2.50Curb Opening Length

Options

Use BothCalculation Option
Exclude NoneGrate Flow Option

Results

%96.88Efficiency
cfs0.97Intercepted Flow
cfs0.03Bypass Flow
ft3.53Spread
ft0.17Depth
ft²0.2Flow Area
in1.1Gutter Depression
in3.1Total Depression
ft/s5.11Velocity
ft/s6.35Splash Over Velocity

1.000Frontal Flow Factor
0.012Side Flow Factor
0.909Grate Flow Ratio

%17.854Equivalent Cross Slope
ft1.25Active Grate Length

0.136Length Factor
ft9.20Total Interception Length

Messages
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Messages

Grate Length 
should be 
within the 

defined range 
of HEC-22's 

Chart 5 
(approx. 0.5-
4.5 ft / 0.15-

1.35 m).

Messages

Page 14 of 1627 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

11/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center######_Typical Street Sections_FlowMaster.fm8



DI#11_5'_3-Hour 100-YR
Project Description

EfficiencySolve For

Input Data

cfs0.30Discharge
%12.000Slope
ft1.50Gutter Width
%8.330Gutter Cross Slope
%2.000Road Cross Slope

0.016Roughness Coefficient
in2.0Local Depression
in18.0Local Depression Width
ft1.50Grate Width
ft1.25Grate Length

P-50 mm (P-1
-7/8")Grate Type

%0.0Clogging
ft2.50Curb Opening Length

Options

Use BothCalculation Option
Exclude NoneGrate Flow Option

Results

%100.00Efficiency
cfs0.30Intercepted Flow
cfs0.00Bypass Flow
ft1.18Spread
ft0.10Depth
ft²0.1Flow Area
in1.1Gutter Depression
in3.1Total Depression
ft/s5.14Velocity
ft/s6.35Splash Over Velocity

1.000Frontal Flow Factor
0.012Side Flow Factor
1.000Grate Flow Ratio

%19.441Equivalent Cross Slope
ft1.25Active Grate Length

0.204Length Factor
ft6.12Total Interception Length

Messages
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Messages

Grate Length 
should be 
within the 

defined range 
of HEC-22's 

Chart 5 
(approx. 0.5-
4.5 ft / 0.15-

1.35 m).

Messages
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SD1 Section1

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%6.900Channel Slope

in18.0Diameter

cfs4.50Discharge

Results

ft0.46Normal Depth

ft²0.5Flow Area

ft1.75Wetted Perimeter

ft0.26Hydraulic Radius

ft1.38Top Width

ft0.81Critical Depth

%30.4Percent Full

%0.846Critical Slope

ft/s9.92Velocity

ft1.53Velocity Head

ft1.98Specific Energy

3.048Froude Number

cfs24.11Maximum Discharge

cfs22.42Discharge Full

%0.278Slope Full

SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%30.4Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft0.46Normal Depth

ft0.81Critical Depth

%6.900Channel Slope

%0.846Critical Slope
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Cross Section for SD1 Section1

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%6.900Channel Slope

ft0.46Normal Depth

in18.0Diameter

cfs4.50Discharge
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SD2 Section2

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%6.100Channel Slope

in18.0Diameter

cfs4.50Discharge

Results

ft0.47Normal Depth

ft²0.5Flow Area

ft1.78Wetted Perimeter

ft0.27Hydraulic Radius

ft1.39Top Width

ft0.81Critical Depth

%31.4Percent Full

%0.845Critical Slope

ft/s9.49Velocity

ft1.40Velocity Head

ft1.87Specific Energy

2.865Froude Number

cfs22.67Maximum Discharge

cfs21.08Discharge Full

%0.278Slope Full

SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%31.4Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft0.47Normal Depth

ft0.81Critical Depth

%6.100Channel Slope

%0.845Critical Slope
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Cross Section for SD2 Section2

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%6.100Channel Slope

ft0.47Normal Depth

in18.0Diameter

cfs4.50Discharge
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SD3 Section3

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%12.100Channel Slope

in18.0Diameter

cfs9.40Discharge

Results

ft0.58Normal Depth

ft²0.6Flow Area

ft2.01Wetted Perimeter

ft0.31Hydraulic Radius

ft1.46Top Width

ft1.18Critical Depth

%38.7Percent Full

%1.303Critical Slope

ft/s14.90Velocity

ft3.45Velocity Head

ft4.03Specific Energy

3.998Froude Number

cfs31.93Maximum Discharge

cfs29.69Discharge Full

%1.213Slope Full

SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%38.7Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft0.58Normal Depth

ft1.18Critical Depth

%12.100Channel Slope

%1.303Critical Slope
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Cross Section for SD3 Section3

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%12.100Channel Slope

ft0.58Normal Depth

in18.0Diameter

cfs9.40Discharge
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Worksheet for SD4 Section4

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%2.000Channel Slope

in24.0Diameter

cfs22.90Discharge

Results

ft1.46Normal Depth

ft²2.5Flow Area

ft4.09Wetted Perimeter

ft0.60Hydraulic Radius

ft1.78Top Width

ft1.70Critical Depth

%72.9Percent Full

%1.458Critical Slope

ft/s9.34Velocity

ft1.35Velocity Head

ft2.81Specific Energy

1.402Froude Number

cfs27.96Maximum Discharge

cfs25.99Discharge Full

%1.552Slope Full

SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%72.9Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft1.46Normal Depth

ft1.70Critical Depth

%2.000Channel Slope

%1.458Critical Slope
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Cross Section for SD4 Section4

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%2.000Channel Slope

ft1.46Normal Depth

in24.0Diameter

cfs22.90Discharge
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SD5 Section5

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%10.700Channel Slope

in18.0Diameter

cfs7.00Discharge

Results

ft0.51Normal Depth

ft²0.5Flow Area

ft1.87Wetted Perimeter

ft0.28Hydraulic Radius

ft1.42Top Width

ft1.02Critical Depth

%34.1Percent Full

%1.024Critical Slope

ft/s13.14Velocity

ft2.68Velocity Head

ft3.20Specific Energy

3.786Froude Number

cfs30.03Maximum Discharge

cfs27.92Discharge Full

%0.673Slope Full

SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%34.1Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft0.51Normal Depth

ft1.02Critical Depth

%10.700Channel Slope

%1.024Critical Slope
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Cross Section for SD5 Section5

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%10.700Channel Slope

ft0.51Normal Depth

in18.0Diameter

cfs7.00Discharge
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SD6 Section6

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%10.500Channel Slope

in18.0Diameter

cfs12.50Discharge

Results

ft0.71Normal Depth

ft²0.8Flow Area

ft2.27Wetted Perimeter

ft0.36Hydraulic Radius

ft1.50Top Width

ft1.33Critical Depth

%47.1Percent Full

%1.909Critical Slope

ft/s15.26Velocity

ft3.62Velocity Head

ft4.32Specific Energy

3.636Froude Number

cfs29.75Maximum Discharge

cfs27.65Discharge Full

%2.145Slope Full

SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%47.1Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft0.71Normal Depth

ft1.33Critical Depth

%10.500Channel Slope

%1.909Critical Slope
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Cross Section for SD6 Section6

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%10.500Channel Slope

ft0.71Normal Depth

in18.0Diameter

cfs12.50Discharge
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Worksheet for SD7 Section7

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%2.000Channel Slope

in30.0Diameter

cfs38.80Discharge

Results

ft1.73Normal Depth

ft²3.6Flow Area

ft4.91Wetted Perimeter

ft0.74Hydraulic Radius

ft2.31Top Width

ft2.10Critical Depth

%69.1Percent Full

%1.298Critical Slope

ft/s10.72Velocity

ft1.79Velocity Head

ft3.51Specific Energy

1.510Froude Number

cfs50.70Maximum Discharge

cfs47.13Discharge Full

%1.356Slope Full

SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%69.1Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft1.73Normal Depth

ft2.10Critical Depth

%2.000Channel Slope

%1.298Critical Slope
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Cross Section for SD7 Section7

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%2.000Channel Slope

ft1.73Normal Depth

in30.0Diameter

cfs38.80Discharge
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SD8 Section 8

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%17.500Channel Slope

in18.0Diameter

cfs2.60Discharge

Results

ft0.27Normal Depth

ft²0.2Flow Area

ft1.32Wetted Perimeter

ft0.17Hydraulic Radius

ft1.16Top Width

ft0.61Critical Depth

%18.3Percent Full

%0.763Critical Slope

ft/s11.77Velocity

ft2.15Velocity Head

ft2.43Specific Energy

4.754Froude Number

cfs38.40Maximum Discharge

cfs35.70Discharge Full

%0.093Slope Full

SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%18.3Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft0.27Normal Depth

ft0.61Critical Depth

%17.500Channel Slope

%0.763Critical Slope
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Cross Section for SD8 Section 8

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%17.500Channel Slope

ft0.27Normal Depth

in18.0Diameter

cfs2.60Discharge
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SD9 Section 9

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%12.300Channel Slope

in18.0Diameter

cfs2.10Discharge

Results

ft0.27Normal Depth

ft²0.2Flow Area

ft1.31Wetted Perimeter

ft0.16Hydraulic Radius

ft1.15Top Width

ft0.55Critical Depth

%17.9Percent Full

%0.750Critical Slope

ft/s9.76Velocity

ft1.48Velocity Head

ft1.75Specific Energy

3.980Froude Number

cfs32.20Maximum Discharge

cfs29.93Discharge Full

%0.061Slope Full

SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%17.9Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft0.27Normal Depth

ft0.55Critical Depth

%12.300Channel Slope

%0.750Critical Slope
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Cross Section for SD9 Section 9

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%12.300Channel Slope

ft0.27Normal Depth

in18.0Diameter

cfs2.10Discharge
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SD10 Section 10

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%13.200Channel Slope

in18.0Diameter

cfs1.00Discharge

Results

ft0.18Normal Depth

ft²0.1Flow Area

ft1.07Wetted Perimeter

ft0.12Hydraulic Radius

ft0.99Top Width

ft0.37Critical Depth

%12.3Percent Full

%0.746Critical Slope

ft/s8.04Velocity

ft1.00Velocity Head

ft1.19Specific Energy

3.987Froude Number

cfs33.35Maximum Discharge

cfs31.01Discharge Full

%0.014Slope Full

SupercriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%12.3Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft0.18Normal Depth

ft0.37Critical Depth

%13.200Channel Slope

%0.746Critical Slope
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Cross Section for SD10 Section 10

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%13.200Channel Slope

ft0.18Normal Depth

in18.0Diameter

cfs1.00Discharge
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SD11 Section 11

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%0.640Channel Slope

in18.0Diameter

cfs1.30Discharge

Results

ft0.44Normal Depth

ft²0.4Flow Area

ft1.72Wetted Perimeter

ft0.25Hydraulic Radius

ft1.37Top Width

ft0.43Critical Depth

%29.6Percent Full

%0.742Critical Slope

ft/s2.97Velocity

ft0.14Velocity Head

ft0.58Specific Energy

0.928Froude Number

cfs7.34Maximum Discharge

cfs6.83Discharge Full

%0.023Slope Full

SubcriticalFlow Type

GVF Input Data

ft0.00Downstream Depth

ft0.00Length

0Number Of Steps

GVF Output Data

ft0.00Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%14.0Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

ft0.44Normal Depth

ft0.43Critical Depth

%0.640Channel Slope

%0.742Critical Slope
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Cross Section for SD11 Section 11

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient

%0.640Channel Slope

ft0.44Normal Depth

in18.0Diameter

cfs1.30Discharge
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APPENDIX C: HYDROLOGIC COMPUTATIONS 
  



































Basin
Area 

(acres)

Q10 

(cfs)
Q100 (cfs) Discharge location Basin

Area 

(acres)
Q10 (cfs) Q100 (cfs)

PRE‐1 42.38 21 43 DB‐1 CD11 ‐ 12 23

12.2 25 DB‐2B CD2
2

‐ 32 62

7.8 16 DB‐2A OFF‐1 11.59 7 13

PRE‐3 7.77 4 9 DB‐3 OFF‐2 10.74 6 12

POST‐1 43.45 26 50

POST‐2A 8.48 6 12

PRE‐1 42.38 13 42 DB‐1 POST‐2B 9.70 6 10

7.3 25 DB‐2B POST‐3 7.77 5 9

4.7 16 DB‐2A

PRE‐3 7.77 3 9 DB‐3

CD1 ‐ 8 26

CD2 ‐ 22 69

OFF‐1 11.59 4 14

OFF‐2 10.74 4 14

POST‐1 43.45 18 55

POST‐2A 8.48 5 13

POST‐2B 9.70 4 12

POST‐3 7.77 4 10
1CD1 = POST‐2B + OFF‐2
2CD2 = POST‐1 + OFF‐1

POST‐DEVELOPED CONDITION 24 HOUR EVENT

Basin Peak Flowrates Summary

PRE‐2 41.40

POST‐DEVELOPED CONDITION 3 HOUR EVENT

1CD1 = POST‐2B + OFF‐2
2CD2 = POST‐1 + OFF‐1

PRE‐2 41.40

PRE‐DEVELOPED CONDITION 3 HOUR EVENT

Basin Peak Flowrates Summary
PRE‐DEVELOPED CONDITION 24 HOUR EVENT
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Soil Map—Washington County Area, Utah

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/29/2019
Page 1 of 3
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Washington County Area, Utah
Survey Area Data: Version 13, Sep 16, 2019

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 1, 2018—Aug 1, 
2018

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Soil Map—Washington County Area, Utah

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/29/2019
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

BA Badland 8.8 3.0%

BB Badland, very steep 108.7 36.7%

FA Fluvaquents and torrifluvents, 
sandy

2.1 0.7%

HG Hobog-Rock land association 146.4 49.5%

IAF Isom cobbly sandy loam, 3 to 
30 percent slopes

2.4 0.8%

LeB Leeds silty clay loam, 1 to 2 
percent slopes

3.0 1.0%

NkC Nikey sandy loam, 1 to 3 
percent slopes

3.8 1.3%

Tc Tobler fine sandy loam 17.3 5.9%

VFD Vekol sandy loam, 2 to 10 
percent slopes

2.8 0.9%

W Water 0.6 0.2%

Totals for Area of Interest 295.9 100.0%

Soil Map—Washington County Area, Utah

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/29/2019
Page 3 of 3



USGS The National Map: Orthoimagery. Data refreshed April, 2019.

National Flood Hazard Layer FIRMette
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SEE FIS REPORT FOR DETAILED LEGEND AND INDEX MAP FOR FIRM PANEL LAYOUT

SPECIAL FLOOD
HAZARD AREAS

Without Base Flood Elevation (BFE)
Zone A, V, A99

With BFE or Depth Zone AE, AO, AH, VE, AR
Regulatory Floodway

0.2% Annual Chance Flood Hazard, Areas
of 1% annual chance flood with average
depth less than one foot or with drainage
areas of less than one square mile  Zone X
Future Conditions 1% Annual
Chance Flood Hazard Zone X
Area with Reduced Flood Risk due to
Levee. See Notes. Zone X
Area with Flood Risk due to Levee Zone D

NO SCREEN Area of Minimal Flood Hazard Zone X

Area of Undetermined Flood Hazard Zone D

Channel, Culvert, or Storm Sewer
Levee, Dike, or Floodwall

Cross Sections with 1% Annual Chance
17.5 Water Surface Elevation
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• We recommend that these distances be verified once the actual equipment has
been identified by on-site evaluation at the time of construction. 

• We recommend that the vibrations generated during construction, that is
performed close to the slope, be monitored.

LITERATURE STUDY  

A review of available literature was conducted in order to determine the findings from earlier
studies on the potential adverse impact of vibration.  From our research we were able to find
levels of ground shaking that could be considered to reduce potential damage.  We were also
able to find typical distances and their associated ground vibration that could be induced by
various types of construction equipment.  

Based on the information obtained, we suggest that a peak particle velocity be limited to a
maximum value of less than 0.08 inches per second.  This is the criteria used for “ruins and
ancient monuments” as presented in “A Survey of Traffic-induced Vibrations“ by Whiffin and
Leonard, Transport and Research Laboratory, RRL Report LR418, Crowthorne, Berkshire,
England, 1971.

ON-SITE INVESTIGATION 

Our field investigation included three steps.  The first step was to visit the rock slope and
assess the potential for rock to move and/or become dislodged from the slope, which could
then roll down and adversely impact the improvements below.  

The second step of the field investigation included measuring actual ground motions resulting
from impact at various distances away from a vibration measuring device.  

The third step of the field investigation included measuring actual ground motions resulting
from vibration generated in the ground from two potential pieces of construction equipment,
a CAT H140E hydraulic breaker, and a Vermeer T855 trencher.  

A. Rock Slope Evaluation

Based on our observations, the following rockfall related conditions were observed:

1. Ground slopes were measured to range from 26 to 40 degrees. 

2. Specific rock surfaces that were sloping downslope were found to be as steep
as 65 degrees to near vertical.  

3. Rocks were observed to be in a condition that could result in future movement
by: 
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a. sliding down slope
b. becoming dislodged from an overhang
c. dislodge from a wedge
d. fall from a precarious stack

4. It appears that many rocks could be loosened and/or freed from their current
position by very small efforts of ground shaking, erosion or impact.  

5. The rocks were found to be predominantly sandstone and could be considered
a weak rock.

B. Vibration

We were able to measure the velocity and acceleration at distances varying from 2 to
160 feet using a falling weight that imposed an energy of approximately 100-foot
pounds to the rock.  From this information we were able to plot the measured
vibration versus distance.  

Based on the energy imposed and the response, it appears that the on-site ground
motions were larger than what the literature would indicate.  

With this condition, we conducted on-site testing to further define the site response
of the energy imposed by potential construction equipment to excavate the rock.

On April 28, 2020 a hydraulic breaker (CAT H140E) and a trencher (Vemeer T855)
were operated on site to measure the induced vibration on the ground surface at a
number of distances away from the equipment.  The measurements obtained are
presented on Figure 2.  

LABORATORY TESTING

Samples of the rock were taken to the laboratory to determine the approximate strength and
sliding resistance that the rock may have.  Based on our testing, the friction angle between
rocks was measured to vary from 30 degrees to 61 degrees.  Similar results were obtained
when the rock was wet.

From this study we anticipate that the larger friction values are a result of the asperities of
the rock and therefore have not been incorporated in our analysis.  The average value of the
interface friction angle is 39 degrees.
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ANALYSIS AND FINDINGS 

Based on the existing condition of the hillside along with the relatively weak strength of the
rock, it is our professional opinion that the rockfall hazard for the improvements at the bottom
of the slope should be considered significant even without construction on the neighboring
site.  From our evaluation, it is apparent that a number of rocks are in a position that could
dislodge with very small amounts of ground motion, erosion of supporting materials and/or
wetting.  

Ideally, the development should have followed the recommendations presented in the original
geotechnical report for the proposed Webb Canyon Development (currently known as the
Sienna Canyon Subdivision) provided by Black, Miller & Associates, Inc.  dated May 8, 1996
under Project No. 96-1191-01. 

Using the information obtained from our on-site measurements, a plot of ground vibration
resulting from use of the equipment at various distances has been plotted.  These
measurements are presented on Figure 2.  

The literature indicates that vibration inducted by equipment typically follows a linear
relationship in a log-log scale.  This linear approximation has been applied to the vibrations
measured by the T855 trencher and the H140E hydraulic hammer.  These results are
presented on Figure 2.  

Also presented on Figure 2 is what historically been measured as vibration from truck traffic.

Assuming that trucks have traveled on the existing road, that closely parallels the steep slope,
some of the rockfall hazard areas may have experienced ground shaking higher than we are
recommending to be considered as the threshold for future activities.  

The proposed road alignment and grading plan prepared by Horrocks Engineers, dated June
12, 2020, incorporates many of the recommendations that were previously provided to the
developer for consideration and development of the area.

The following conditions pertaining to the vibration hazard have been incorporated in the
design.

a. The entrance roadway has been located west of and farther away from the
area of rockfall hazard.

b. The proposed alignment of the entry roadway results in cuts of 3 feet or less
in the first 200 feet of the roadway.  We understand that deeper cuts would
have been considered if the existing road alignment was used to access the
development.
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c. It appears that the buildable areas have been restricted to be west of the entry
road until after the intersection of Hillside Drive and “Road A.”   Lots 25 and
26 are the only two buildable areas that are on the east side of the road.  We
understand that the grading plan (prepared by Horrocks Engineers) indicates
that fill will be placed on Lots 25 and 26 to achieve the desired grade.  This
effort would result in less vibration than if the final grade required cuts.

d. The grading plan indicates that water that is collected west of the roadway will
drain towards the north away from the slope of concern.  This is also an
improvement compared to the existing drainage condition.

RECOMMENDATIONS 

1. With these conditions, we recommend that positive measures be taken in order to
reduce the potential of unacceptable performance of the rocks during construction on
Webb Hill. This can be accomplished by:

   
a. using equipment that would minimize vibration in the ground.

b. maintaining sufficient distances away from the slope of concern with vibration
inducing equipment.

2. The minimum distance away from the slope for equipment should be considered based
on a criteria that is included in the literature to prevent damage to “ruins and ancient
monuments”.  This criteria (maximum particle velocity of 0.08 inches per second) was
obtained from, “A Survey of Traffic-Induced Vibrations” by Whiffin and Leonard,
Transport and Research Laboratory, RRL Report LR418 Crow thorn Berkshire, England,
1971. 

3. Human beings have the capability of becoming aware of vibration well below the level
when damage may occur.  In fact, there will likely be concern long before there is a
potential for vibration induced hazard.  With this condition, we recommend that
contractors consider using equipment that induces vibration in the ground use as little
vibration that will still accomplish the task at hand.  Vibrations on the order of 0.006
to 0.019 inches/second within the literature can be perceived.  Keeping the energy of
the equipment and/or operating farther away from the slope will help to limit the
perception by others.  

4. Based on the field measurements of the hydraulic hammer and trencher, and using the
criteria of 0.08 inches per second peak particle velocity, the hydraulic hammer should
be operated no closer than 160 feet and the trencher no closer than 75 feet of the
area of concern.  These setbacks are presented on Figure 1.
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5. The induced vibration of the equipment proposed for excavation into rock should be
measured before proceeding.  Any modification to the criteria developed by this study
could then be made if needed.  These evaluations would help reduce the potential for
rockfall to occur.

6. Ground motions should be measured during construction to verify that the threshold
selected is not being exceeded.

7. The criteria presented in this letter should be followed by contractors working on site.

8. Blasting should not be allowed on site.

9. The improvements on the building lots within the 160-foot setback should follow the
same criteria indicated within this letter.  If vibrations, larger than the ones generated
for this study, are contemplated, beyond the 160 feet setback, we should be
consulted in order to establish energy limits and/or the appropriate set back to reduce
the potential for potentially damaging vibration.

LIMITATIONS

This letter has been prepared in accordance with generally accepted geotechnical engineering
practices in the area for the use of the client.  The conclusions and recommendations included
in the letter are based on conditions observed during our field study.  If conditions are
significantly different from those described in this letter, we should be notified to reevaluate
our conclusions and recommendations.

If you have questions or if we can be of further service, please call.

Sincerely,

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

James E. Nordquist, P.E., D.G.E. 
JEN/rs

7/14/2020
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Minutes from November 20, 2019



MINUTES OF THE 
HILLSIDE REVIEW BOARD (HSRB) MEETING 

CITY OF ST GEORGE, UTAH 
WEDNESDAY, November 20, 2019 

 
Note:  These minutes are not verbatim (Note: an audio recording was taken and is on file) 
 
ATTENDANCE: 

HSRB Committee Council Staff Representative(s) 
Present 

1. (DB) Dave Black   
(Chairman)  

2. (TE) Todd Edwards 
3. (TH) Tyler Hoskins 
4. (SP) Shawn Patten 
5. (JS) James Sullivan 
Absent 
1. (JD) James Dotson 

 (Note: a minimum quorum of 
4 is required) 

Present 
1. (EB) Ed Baca 

Present 
1. (WJ) Wes Jenkins,  
2. (JW) John Willis 
3. (DB) Dan Boles 
4. (RS) Ray Snyder 
5. (MG) Mark Goble 
6. (JP) Jeff Peay 

 
Absent 

1. -0- 

Item # 1 
1.  (BW) Ben Willits 
2. (AC) Austin Chappell 
3. (WR) Wayne Rogers – 

AGEC 
4.  (JV) Joby Venuti – owner 

representative 

 
ITEM #1:  Consider a request to develop “Summit Estates” a proposed residential subdivision. 

Case No. 2019-HS-008. 
 
1.  -0- Note: It was raining this day and a pop up canopy was set up and used to 

cover a table to layout the plans on. 
2.  BW  Introduced the “Summit Estates” project. 

 This is a remnant of the Sienna Canyon development. On approx. 70 acres. 
 Ben explained the history; ‘Webb Hill’ land was traded for property by the 

replacement airport, but this portion was approved to be developed for 
residential. 

 This will not be a part of the Sienna Canyon HOA; it will be a stand alone 
development. 

 The roadway up to the ‘towers’ (Webb Hill) is an easement that divides the 
project in half. 

 Originally this site was envisioned for 54 lots, but will now be less. 
 It will be a ‘best fit’ high end development. 
 Lots will vary in size from ½ acre up to 6 acres. 
 The hillside analysis has been done with a drone. 
 Pointed out the ‘isolated and non-significant’ areas over 40% that are 

requested to be removed – explained most are rocks that show up on aerial 
analysis. 

 Pointed out “No Build areas” 
 Explained that a new water tank is required. 
 New water tank once constructed will be deeded to the City. 
 There will be a pump station at the base of the development (pumps water up 

to tank and then gravity pressure to feed homes). 
 The existing ‘irrigation water tank’ (for golf course) will be removed as a part 
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of this project. A new tank is to be in a relocated location and will be 
underground. We are working with the Water Department on this. 

 Developer will pay for the water tank. It is a million gallon tank. 
 Only about 4 ft. of the tank will be visible above the ground. 
 Discussed existing trail (Kentucky Lucky). 
 The trail head will be relocated further up the road and a new parking area 

will be provided. 
 Ben pointed out the small cyan dots on the plan which represent the 

developable pad areas. 
 During the platting process will show the no disturb areas. 
 Will minimize the disturbance area. 
 These will not be typical graded lot pads, they will each be customized. 
 The CC&R’s will contain strict design guidelines. 

 
3.  EB Will there be one or two HOA’s? 
4.  BW There will be just one. 
5.  EB Will you show the largest lot proposed? 
6.  BW Pointed out the 6 acre lot. 
7.  JW Are the no disturb areas in the lots? 
8.  BW Yes 
9.  TE Why is the no disturb areas a part of the lots? 
10.  BW The buyers like it more, they feel they have a bigger lot. 
11.  DB What about fencing? 
12.  BW We were at PSR (Planning Staff Review) meeting yesterday with staff and we 

discussed fencing. We will propose something like a 42 inch high fence – possibly 
wrought iron or split rail. 

13.  JW How can this be enforced? 
14.  BW Ben showed examples of lots in Entrada and how they have added fence for no 

disturb areas. They will have to be surveyed in. We see this as a step after hillside. A 
survey will set the buildable area. 

15.  JW May have to do similar 
16.  JV Will establish footprint of house, can’t grade a flat lot, C&R’s will be very restrictive. 

Custom lots. Harder for contractor to develop. The boulders and rocks are a selling 
point. Preserve as many as is possible. 

17.  JP Designate the wash out areas 
18.  (HSRB) Discussion of roadway and R.O.W. 
19.  BW  A 50 ft. R.O.W. with a 30 ft. asphalt roadway. 

 Discussed the round-a-bout 
 Use for ‘traffic calming.’ 
 It is a point where the slopes ‘come together.’ 
 There will be a trail along the edge. 

20.  JW Discussed percent of grades 
21.  BW Showed the ‘cuts & fills’ map. Will not be above 15%, The red = cuts & green = fills.
22.  JW What about the lot ‘staffs’? 
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23.  JV They are very ‘flat’ 
24.  TH Discussed sight distances on road at roun-a-bout 
25.  JW The City has to agree with the development of a round-a-bout (discussed other 

possible options). 
26.  BW The owners like the look and feel of a round-a-bout 
27.  TE Can mountable curves be used? 
28.  BW Yes they will be used. 

We want to have the round-a-bout as a ‘traffic calming.’ 
29.  JP Discussed the idea of the City installing a future ‘Viewing Area.” 
30.  JW The open space with the original plan. Discussed the rock outcroppings. 
31.  BW  Pointed out on the plan the isolated areas 

 Lot 33 & 26 discussed 
 Dual driveway for Lot 32 & 33 

32.  TE Discussed technology (used to create contour map) Discussed how every little dtail is 
picked up (referring to the non-contiguous and insignificant areas) 

33.  EB Will there be sidewalks? Will there be street lights? 
34.  BW On one side sidewalks are proposed. Low level lighting will be proposed. 
35.  JW The public roads, note that the HOA cannot regulate parking on a public road. 
36.  BW Discussed treatments; there will be no exposed hillside cuts. 
37.  JW The HSRB can specify the type of rocks and colors used to mitigate. 
38.  DB  It will need to blend in naturally 

 A discussion of how to ensure mitigations occur (in the event if another 
owner occurs) 

39.  JW The HSRB can recommend conditions that will control that. 
40.  DB I have some concerns; there is no rock fall hazard within this project, but yet adjacent 

to it, the hillside above Sienna Canyons does have the threat of rock fall. I have safety 
concerns. How is it mitigated that development will not trigger a rock fall in the 
adjacent development? 

41.  JV I have to agree 100% This is a concern that needs to be mitigated. 
42.  WR  There is a high hazard of rock fall (into Sienna Canyons) 

 We’ve met with a potential excavator 
 Looking at options (eg. Low impact blast, trench, etc.) 
 Researching seismology  

43.  JW Staff and HSRB will want to see that mitigation plan. 
44.  WR  May have to crane and pick-up boulders to mitigate 

 We did not do a ‘rock fall study’ (nothing on the project side) 
45.  DB Have you considered other locations to bring up the utilities? 
46.  BW We are looking at all options 
47.  TH Pointed out areas on map that can be considered 
48.  DB Note: Dave Had to leave the meeting (prior commitments) 
49.  WJ Discussed a 30 ft. ridgeline setback. 
50.  BW Yes, understood 
51.  JW Staff will want to walk and look at the ridgeline setback and verify it. 
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52.  TE Have you considered ‘swing the road’ more and losing a lot to move further away 
from the rock fall area? 

53.  EB Note: Ed Baca left 
54.  SP Asked several questions about the proposed wall heights. 
55.  BW It will be seen during final approval (platting); civil plans. A maximum tier is 8 ft. 

Have to follow City code. 
56.  JW The city ordinance does dictate what can be done. 
57.  JV The owners do not want the stacked rock look. (pointed out in distance other homes 

and there stacked walls). 
58.  JW The developer needs to accommodate for drainage in the pad. Do not put it into the 

no-disturb zone. 
59.  WJ Provide a setback area for a  drainage area to control 
60.  BW Disturbed area, but reserve for drainage 
61.  TH Discussed the issues that have occurred in ‘Paradise Canyon.’ 
62.  BW Each lot will have a drainage plan 
63.  HSRB Several discussions about drainage. A rough sketch was drawn of concept. 
64.  MG Discussed the trail 
65.  BW Explained the concept for a trail. It will be 10 ft. wide. It will be meandering and 

some areas will go out of R.O.W., but will work with the City to formalize how it 
will work. 

66.  HSRB Discussion of trail L/O 
67.  BW Discussed common areas 
68.  AC Discussed drainage L/O’s 
69.  JW Discussed how this site was a 3-way trade and as a result the City allowed a longer 

staff distance on the subdivision. 
70.  TE I would like to see the “Design Guidelines”; to see the walls, heights, colors, etc. 

Seeing this will make it easier to determine what approval can be recommended. This 
proposal should come back again. Especially with the final proposal of how to handle 
rock fall. 

71.  TE MOTION: I make a motion that we ‘table’ this hillside permit request at this time 
and await submission of the items we have talked about.  

72.  JW Show the pad areas. 
73.  WJ Remember, we will want to run together at the PC (Planning Commission) meeting 

and CC (City Council) meeting the hillside permit, preliminary plat, and ZCA (zone 
change amendment). So, we will have to address al of these issues. 

74.  JW The hillside board has the purvey to review drainage. 
75.  HSRB Brief discussion again about pedestrian safe crossing and how that needs to be 

mitigated and presented. 
76.  JS I SECOND the MOTON 
77.  TE We don’t have to meet on site again, we can meet at the City. 
78.  JW The HSRB will need to meet again, but after staff again meets with the reprsentatives 

and is comfortable with what will be presented. 
79.  HSRB VOTE – 4:0 (to table item) 

 



November 20, 2019  
HSRB meeting 

 

 5

 
HSRB Motion: 

  
The Hillside Review Board voted to “Table” this request (4:0).  
 

END OF MEETING 
(Approx. 10 am) 



HILLSIDE REVIEW BOARD 

CITY OF ST GEORGE 

WASHIHNGTON COUNTY, UTAH 

AUGUST 26, 2020 

PRESENT: Chairman Dave Black 

  James Dotson 

  James Sullivan 

   

 

CITY STAFF: 

  Assistant Public Works Director Wes Jenkins 

  Senior Planner Dan Boles 

  Development Office Supervisor Brenda Hatch 

 

EXCUSED: Shawn Patten  

 

 

 

 

 

 

1. Consider a request for a Hillside Development Permit to allow development of a multi-

family housing subdivision to be called “The Cove.” The property is generally located 

west of Bluff Street at approximately 300 West and 900 South. The property is currently 

zoned C-2 (Highway Commercial). The owner is Cove Towers LLC, the applicant is 

Brent Holdaway, and the representative is Bush & Gudgell, Inc. Case No. 2020-HS-007. 

(See ‘Meeting Place’ exhibit below). 

 

Item Representatives Present:  Wayne Rogers, Rick Myer, Reed Scow and Brent 

Holdaway. 

 

Dan Boles presented the following: 

 

Dan Boles – We were here last month, can someone from the developer’s side explain 

where we are at? 

 

Rick Myer – The big thing that changed was the cut of the hill.  Instead of doing those 

crazy walls, we came up with a cross section with Wayne Rogers for how to catch that 

slope up the hillside quicker.  We came out and staked along up the hillside where that 

daylight line would be.   

 

Wayne Rogers – Basically the cuts will be 15 to 30 feet max at the toe of that, then we 

will put an 8-foot rock wall at the bottom.  It will have an exposed bedrock face for a 

short 10- or 15-foot max distance with a short wall at the top with a catch behind it for 

drainage.  The only place drainage really gets heavy is just right here where you can see, 

we will have a catch up there to get it down into the parking and drain system.  The way 

the buildings are designed through there most of the cuts behind the building, the 

exposed bedrock will be hidden behind the building.   
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Wes Jenkins – So you’ll have an 8-foot rock wall and then a bedrock slope? 

 

Wayne Rogers – Yes. That’s stable its rock, it’s not superficial stuff or blue clay.  Our 

landslide deposit right there was superficial, more of a surface material came off and 

we’ve already addressed that.     

 

Wes Jenkins – Remind me how you addressed that? 

 

Wayne Rogers – Just that it wasn’t a concern.  That was the conclusion.  You can see 

where the stakes start and go up, they don’t even exceed the disturbed zone.  Basically, 

catch the disturb zone all the way through and then just a little above the disturb zone on 

the left.  Matching where are test pits are, it’s bedrock everywhere but right in the 

drainage which is the flatter zone right there.  That’s where we will catch, our upper wall 

right through there may end up being about an 8-foot wall to just to make that stable.  

We will just have to follow that bedrock surface as we come around.   

 

Dave Black – I think when we met last time, we had given them the direction that we 

hoped they could limit their cuts to the disturbed area and I think they have done that. 

 

Wayne Rogers – The way we did it before I would estimate we were going about 30 feet 

up the slope last time.  This time it is a lot less.  That was the direction we got last time.  

 

James Sullivan – From the tests you’ve done then you’ll be in bedrock most of the time?   

 

Wayne Rogers – Yes, we did 4 along that face up there and we hit bedrock at 3 feet, 1 

foot, 7 feet and 3 feet.  The 7 feet is right back in there where the drainage is.  As you 

can see the cuts are anticipated, there shouldn’t be a whole lot of surprises with that.  

Stability wise it should be good because it is bedrock.   

 

Dave Black – On your wall detail, you show some gunite on the upper wall.  But I 

wonder if you want to incorporate something like that on the lower one.  It’s facing on 

rock. 

 

Wayne Rogers – The reason we didn’t, and I don’t disagree with you on that, is because 

the area of the influence of water from that is just right here.  There is not a lot of water 

that’s going to get through that one, where this one here has the whole slope coming 

down to it.   

 

Dave Black – I wonder if we have a 30-foot wall if we need some type of a safety fence 

or something behind it?   I don’t know if you envision anyone getting behind it.  Maybe 

T posts with wire stretched through, see through not visible like in Horseman Park. 

 

Wayne Rogers – If there was a trail behind it, I think it would be a must. 

 



HILLSIDE REVIEW BOARD 

CITY OF ST GEORGE 

WASHIHNGTON COUNTY, UTAH 

AUGUST 26, 2020 

Rick Meyer – One of the big differences between this one and the one at Horseman’s 

Park is that it’s kind of flattish up on top, right, so if you have someone riding a 4-

wheeler, then you might not see it until they are right on it.   

 

James Dotson - It would take some effort to get down to this one. 

 

Rick Meyer – I think when we get it constructed up there and it looks like there is a 

hazard, we will try to be safe.  I would just put that as a note, something to look at 

during construction.  If we get up there and it looks like there is a place for people to 

walk or hike behind it then let’s address it.   

 

Dave Black – Maybe something along the power pole area where the stakes are.  

 

Wes Jenkins – So that’s not even part of your project? 

 

Wayne Rogers – No I don’t think so, maybe where that road comes across, we could put 

a little fence right there.    

 

James Dotson – Do you anticipate that cut slope in that section, in the best-case 

scenario, what happens when you get to these changes in grade across there?  That 

bedrock is going to change the depth.  What if you get there and there is not bedrock?  

But now we’ve got a big cut.  How are you going to deal with that?  Does the top wall 

just get taller? 

 

Wayne Rogers – Yes, that is why this says varies on top.  I don’t see us having to do a 

two tier at the bottom because we will be down into the cut so far that we know we will 

be at bedrock down at the bottom.  The top is why it says varies.  And again, we had the 

one test that said 7 feet.  So it may go up to 7 feet, the others were all 1 to 3 feet so we 

will pick them up really shallow.  We would just modify the height of the wall if needed.   

 

James Dotson – And fill behind it? 

 

Wayne Rogers – Yes.   

 

Wes Jenkins – So you don’t see yourself ever needing to go above the non-disturb line? 

 

Wayne Rogers – That’s the goal.  If the wall changes it’s going to go lower, the zone in 

the middle is going to get less.  The top is set, the slope of that is such that we are 

probably a little bit flatter than a wall, so it won’t go up in slope anymore. 

 

James Dotson – So you won’t see a clean-cut line, that wall is going to get shorter and 

then it may come across there? 
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Wayne Rogers – Yes you will have the bottom one that comes around the base of it and 

it’s going to change as the slope changes.  It’s not the straight square thing that I always 

like. 

 

Dave Black – Are you using boulders or stacked block? 

 

Wayne Rogers – Rock.   

 

James Dotson - And you can go 8 feet with those? 

 

Wayne Rogers – Yes. 

 

Wes Jenkins – So you don’t have any geo grid behind that. 

 

Wayne Rogers – On the bottom piece?   Because it will be facing bedrock.   

 

Wes Jenkins – So you are saying it’s really more of a facing of the bedrock? 

 

Wayne Rogers – Yes it keeps the stability higher than if we stepped that out and put a 

wall in there.  We are trying to keep that slope stable with the natural strength.   

 

Dave Black – I think that since it’s limited to the disturbed area it makes a justification 

for approval.  I think you’ve done a good job. 

 

Wes Jenkins – We do this with all projects, with that exposed face we will require a 

letter from Wayne at the end indicating that it is a stable slope.  We’re going steeper 

than the 2:1, so a letter is required. 

 

Dave Black – The other thing we talked about is some type of statement that the rock 

fall hazard mitigation is dealt with in the parking area and the set back of the building 

because it was in the rock fall hazard area. 

 

Wayne Rogers – It runs into the parking lot barely.  By the time it comes over that edge 

and hits. 

 

 

MOTION:  James Sullivan made a motion to recommend approval to Planning 

Commission and City Council of a Hillside Development Permit for The Cove with the 

understanding that there will be a letter from AGEC that the slope has been stabilized 

and mitigated and that the rock fall hazards have been mitigated and taken care of. 

SECOND: James Dotson 

VOTE: 

AYES (3) 

Dave Black 

James Dotson 
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James Sullivan 

NAYS (0) 

Motion Carries unanimous recommend approval 

 

 

2. Consider a request to amend a Hillside Development Permit for Hillside Professional. 

Case No. 2020-HS-010.  

 

Item Representatives Present:  Wayne Rodgers and Brandee Walker  

 

Brandee Walker – Wes asked us to redefine the 30-39% 

 

Wes Jenkins – Indicated on the map where the areas were that they are considering man 

made cuts.   

 

Brandee Walker – Between the two of them if you take off the part that is the natural 

slope, we are only disturbing 2% that is not the man-made portion. 

 

Dave Black – So in order to get your site distance what will you need to do? 

 

Brandee Walker – We curved the parking lot out and pushed the parking back in.  It will 

be nice and flat then we will have the rock wall at the edge of the parking there.   

 

Wes Jenkins – Her request is that this part of the slope man made and should be counted 

towards the 30-39%.   

 

 

MOTION:  James Dotson made a motion to recommend approval to Planning 

Commission and City Council for a Hillside Development Permit for Hillside 

Professional recognizing that the man made slope should not be counted in the 30-39% 

and are not part of the continuous topography out there, to allow an increasing in 

disturbing a little more than the 40%. 

SECOND: James Sullivan 

VOTE: 

AYES (3) 

Dave Black 

James Dotson 

James Sullivan 

NAYS (0) 

Motion Carries unanimous recommend approval 

 

3. Consider approval of the meeting minutes from July 15, 2020. 

 

 

MOTION:  James Sullivan made a motion to approve the meeting minutes from July 15, 
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2020.   

SECOND:  James Dotson 

VOTE: 

AYES (3) 

Dave Black 

James Dotson 

James Sullivan 

NAYS (0) 

Motion Carries unanimous recommend 

 


	HSA 09232020
	HS  2020-HS-012 Commerce Point North
	Hillside Permit
	HILLSIDE REVIEW BOARD AGENDA REPORT:   09/23/2020
	Adjacent zones: C-2 & PD-C


	HSRB Staff Report - Summit Estates - 2019-HS-008 Second Meeting with exhibits
	Hillside Permit
	HILLSIDE REVIEW BOARD AGENDA REPORT:   11/20/2019 (Tabled)
	HILLSIDE REVIEW BOARD AGENDA REPORT:   09/16/2020

	HS Minutes 08-26-2020



