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, May 19, 2021
commencing on-site at approximately 8:30 a.m.

The estimated site times are in bold.
The agenda for the meeting is as follows:

1. Consider a request for a Hillside Development Permit on Netta’s Knoll. The property
was originally considered for hillside approval in 2005 and again in 2018 but to this
point has not been developed. The property is generally located on the south-east
intersection of Riverside Drive and Foremaster Drive. The property is currently zoned R-2
(Residential multi-family). The owner is Sierra Health Services. Case No. 2021-HS-004.
(See ‘Meeting Place’ exhibit below). Meeting time approx. 8:30 am

2. Consider approval of the meeting minutes from April 21, 2021.

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
South-East of Riverside Drive & Foremaster Drive
Intersection

Meeting

Location
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W BOARD AGENDA REPORT: 05/19/2021

HILLSIDE DEVELOPMENT PERMIT

Netta’s Knoll
Case No. 2021-HS-004

Request:

Hillside History:

Exhibits Provided:

This is a request for a Hillside Development Permit to allow disturbance of
areas in the 20-30%, 30-40% and 40% and above slope areas. This
application is in anticipation of a single-family subdivision on the top of
Netta’s Knoll.

The subject property was approved in 2005 for a multi-family development
with 173 units (6.02 units/acre) but was never developed. Again, the Hillside
Review Board reviewed a request for a development permit in 2017/18. The
application went to Hillside but did not proceed any further. This is the third
attempt at development on Netta’s Knoll.

1) Exhibit A - Slope Analysis

“Exhibit A” in the packet shows the overall slope analysis for the Knoll. This
includes areas to be disturbed and areas proposed to be dedicated to the City
for open space.

2) Exhibit B — Cut and Fill Map

“Exhibit B” depicts the proposed cuts and fills for the site. This includes only
areas of development. Areas to be dedicated to the City will remain
undisturbed.

3) Exhibit C — Preliminary Grading Plan/Cross Sections/Plan& Profile
“Exhibit C” — These sheets depict preliminary grading plans as well as
associated plan & profiles and hillside cross-sections.

4) Exhibit D — Geologic Hazard Study & Preliminary Geotechnical
“Exhibit D was prepared in 2004 and contains the geologic hazards and
geotechnical recommendations for the site.

5) Exhibit E — Storm Water Analysis
“Exhibit E” is a new document that analyzes the storm water runoff.

6) Exhibit F — Geotechnical Report
“Exhibit F” addresses geotechnical issues and was prepared in 2007.

7) Exhibit G -
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Proposal:

Owner:
Applicant:
APN:
Location:
Acreage:

Zoning:

Open Space — Of the overall 32.84 acres, the applicant is proposing to dedicate
15.38 acres to the city to remain open space. That is approximately 46.7% of
the total property which leaves 17.46 acres to be developed.

The applicant has submitted an application for hillside review. The two items
before the Hillside Review Board are, 1) encroachment into sloped areas, and,
2) determination of the ridgeline. The following table has been submitted
regarding slope disturbance:

SURFACE SLOPE DATA

NUMBER | MINIMUM SLOPE | MAXIMUM SLOPE | COLOR | AREA | DIST. |% TOT.
1 0.00% 20.00% [] |13.15¢ [ 10.49: | 78.8%:

2 20.01% 30.00% O |7.34: |4.93: |67.2%:

3 30.01% 40.00% [] | 445 |151: |[33.9%:

4 40.01% 99999900.00% | [l |7.90¢ |053: |6.7%:
OVERALL TOTAL: 32.84 | 17.46 5A.2%+

The applicant is making the argument that the area on the top of the hill (upper
plateau) is relatively flat with small hilly areas that are not contiguous to the
rest of the property. The HSRB will have to determine whether or not that
argument is valid. This is the same argument that has been made and accepted
in previous applications.

As for the ridgeline, the north-west side of the property is a much gentler slope
to the property below while the rest of the property is a much more definable
ridgeline. The HSRB will need to decide if that ridgeline is defined in the
correct spot or if it need to be revised.

Sierra Health Services

Bright Ideas REI/Todd Smith

SG-5-2-28-23071

Riverside Drive and Foremaster Drive

32.84 Acres

R-2
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Adjacent zones: R-3 (Residential Multi-family), PD-R (Planned Development Residential),

C-3 (Commercial), PD-C (Planned Development Commercial), R-1-10
(Residential, single-family, 10,000 sq ft minimum lot size), A-1
(Agricultural).

Powers & Duties:  Section 10-13A-8(B)(1) of the “Hillside Review Board Powers and Duties”

states that the hillside board can make recommendations to “adopt, modify
or reject a proposal” to the Planning Commission (PC).

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.

Applicable Ordinance(s):
(Selected portions)

10-13A-1: Density and Disturbance Standards

A. The hillside development overlay zone (HDOZ) limits development
densities and provides specific development incentives to transfer
underlying zone densities from hillsides (sending areas), to less steep
slopes or more safe development areas (receiving areas), within a
development.

Percent Dwelling Units (DU) / Acre

Natural

Slope

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 A2 of this
section.

10-13A-2: Slope and Slope Areas Determined

A. Slope shall be determined for each significant portion of a
development parcel.

B. Procedure: The applicant shall map the location of the natural slope by
using the following procedure:
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1. Preparation of Contour Maps: The applicant shall submit an
accurate, current contour map, prepared and certified by a licensed
professional engineer or surveyor, which shows all land contours at
intervals no greater than five feet (5'), drawn at a one inch equals
one hundred feet (1" = 100") scale maximum.

2. Verification through Field Surveys: The city engineer or
designee may require the applicant to submit a field survey to
verify the accuracy of the contour map.

C. Determination of Slope Areas: Using the contour map, natural slopes
shall be calculated using points identified as natural slopes of twenty
percent (20%), thirty percent (30%), and forty percent (40%), and 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 project density. Small washes or outcrops, which have slopes
distinctly different from surrounding property, and are not part of the
contiguous topography, may be excluded from the slope determination.

HSRB Motion Options: The hillside board can recommend several different options to the

Example Motion:

Planning Commission and the City Council:

1. Denial

2. Approval as presented

3. Approval with specific conditions and comments added as
required.

The Hillside Review Board recommends of
the request for a Hillside Development Permit to allow development of
Netta’s Knoll as requested and outlined the staff report and has the
following comments:

1.

2.
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Zoning - R-2
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Exhibit A
Slope Analysis
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Exhibit B
Cut and Fill Map
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Exhibit C
Preliminary Grading Plan/Cross Sections/Plan& Profile
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SUMMARY

1. The site is suitable for the proposed development provided that grading and drainage
recommendations within this report are followed. A geotechnical investigation will be
required prior to design to provide a more detailed evaluation of the expansive mudstone
elevation as well as to provide appropriate foundation, grading and drainage
recommendations.

2. The subsurface soil profile observed across the site generally consists of alluvial soils
composed of silty sand and gravel with cobbles and boulders underlain by a layer of
conglomerate which is composed of highly cemented sand, gravel, and cobbles. The
conglomerate is underlain by shale of the Moenave Formation which is further underlain
by mudstone bedrock of the Chinle Formation. Both the shale and mudstone are
expansive when wetted.

3. There are no map faults or evidence of significant fault activity located within the project
area or in the proximity. The closest mapped fault is the St. George Fault located
approximately 1 mile to the west.

4. No evidence of recent landslide movement was observed in the project area. There has
been no historical movement in this area. Landsliding has occurred to the west of the
subject site along the western portion of Foremaster Ridge Drive and is believed to have
occurred in the Chinle Formation when the environment was significantly wetter. The
Chinle Formation was likely in a near saturated condition at the time of failure and the
topography was likely much steeper.

5. Based on field observation, rock fall hazard on the proposed site is very low. Some
conglomerate boulders were observed along the slope of the western and southern portion
of the site and are a result of the less resistant shale and mudstone weathering and the
conglomerate breaking off and rolling or sliding down the hill. No conglomerate boulders
were observed to have traveled to the base of the hill.

6. The existing slopes are currently stable in their existing geometry and moisture condition.
Analysis also indicates the slopes would remain stable is the soil and bedrock were to
become wetting following the proposed grading. Based on the proximity of the proposed
building pad grades to the expansive mudstone bedrock, we anticipate that the proposed
grading will change to allow for appropriate separation of foundations above expansive
materials. A slope stability study should be conducted to provide detailed
recommendations when final grading is known. To maintain stability of the slope following
grading, proper drainage should be provided to reduce infiltration of surface water into the
subsurface soil/mudstone. Drainage and grading recommendations within the
recommendations section of this report should be followed. Site grading plans should be
reviewed during the planning process by the geotechnical engineer. Guidance can be
provided during planning to maintain appropriate slope stability.

.|
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7. As indicated above, a detailed geotechnical investigation will be required to determine the
relative elevation of mudstone across the subject site and provide appropriate foundation
recommendations. A representative of AGEC should observe the grading operations
during construction to verify subsurface conditions are consistent with what was
observed during this study as well as subsurface conditions which will be observed during
the geotechnical investigation study.

O R S
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SCOPE OF WORK

This report presents the results of the geologic hazard assessment and long-term slope
stability evaluation for the area proposed for development of the Nettas Knoll Planned
Development property located in St. George, Utah, as shown on Figures 1 and 3. The study
consisted of a geologic site reconnaissance and review of gedlogic literature. The site
reconnaissance included a general inspection of the site and its surrounding conditions and

observation of geologic formations, bedrock, and potential hazards.

In addition to the site reconnaissance, a subsurface investigation was conducted Whiéh
consisted of the drilling of six borings to a maximum depth of 39 feet below existing grade.
In addition, three trenches were excavated at the approximate locations shown on the site
plan, Figure 2, to assist in determining subsurface soil profile and specifically to determine the
elevation of shale and mudstone bedrock on the western and eastern portion of the site.
Samples were obtained during the subsurface investigation and were tested in the laboratory
to determine the physical and engineering characteristics of the on-site soil and bedrock to

assist in engineering analysis and slope stability evaluation.

Our conclusions and recommendations are based on the geologic study, subsurface
information obtained and a detailed engineering analysis to determine the long term stability

of the slope utilizing the proposed grading for the site.

PROPOSED CONSTRUCTION

Based on preliminary site plans, we understand that it is proposed to develop the top of the
knoll into a planned development subdivision. The subdivision is currently planned to consist
of 198 units. The development will require cuts along the southwestern portion of the site
and fills along the north eastern portion of the site up to approximately 20 feet. We

anticipate interior roadways will be constructed as part of the development.

|
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We understand the building construction will generally consist of residential structures which

will be three stories high.

SITE CONDITIONS

The proposed site is currently undeveloped property located at the top of an existing knoll to
the east of Foremaster Ridge as shown on Figure 1. The site is covered with native
vegetation consisting of brush and weeds. The general topography of the site is shown on
the site plan, Figure 2. Generally, the site slopes down from the southwest to the northeast
with an elevation change of approximately 150 to 200 feet. The proposed site is capped
with alluvial material and conglomerate above the shale and mudstone bedrock which slopes

down from the southwest to the northeast {see Photo Exhibit 5).
The site is bordered on the north by undeveloped land and Riverside Drive, to the west by

undeveloped land and the proposed new construction of Riverside Drive with undeveloped

land and the Virgin River to the south and undeveloped land to the east.

GEOLOGY

The geologic conditions at the site were evaluated based on a review of the geologic literature

and a reconnaissance of the site.

|
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A. Geomorphology of the Study Area

The proposed site is located along the top of an existing knoll. The conglomerate cap of
the ridge is a retreating cliff face due to the undercutting of the underlying less competent
Moenave and Chinle Formations. When the less competent underlying layers are eroded,
tension cracks develop in the cliff-forming conglomerate and rock falls or slopes result

{see Photo Exhibits 1 and 2). This erosional process is very slow.

The topography of the study area is dominated by sloping topography from the southwest

to the northeast. The proposed hillside will be below the proposed development.

B. Stratigraphy of the Area

Geologic units exposed in the project area consist of Jurassic and Triassic bedrock and

Quaternary alluvial deposits. The geology of the study area is presented on Figure 3.

Stream Terraced Deposits. Alluvial deposits of gravel and cobble sized clasts in a muddy
to course sand matrix were observed along the majority of the top of the site. These
clasts form a poorly sorted indurated pedogenic carbonate - cemented conglomerate at

several levels above the present flood plain.

Dinosaur Canyon Nember of the Moenave Formation. Shale bedrock exposed in the
project area is the Jurassic-aged Dinosaur Canyon Member of the Moenave Formation.
This unit consists of interbedded moderate-red-brown siltstone and fine grained thin
bedded sandstone with laminated cross beds. This member is similar to the step-slope

appearance of the middle member of the Kayenta Formation.

Petrified Forest Member of the Chinle Formation. The mudstone bedrock exposed in the
project area is the Triassic-age Petrified Forest member of the Chinle Formation. The unit

consists of bentonitic shale and siltstone with several interbeds of pale yellowish-brown

|
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sandstone up to 15 feet thick (Higgins and Willis, 1995). It is primarily a lacustrine

deposit and exhibits a distinct variegated red-brown, purple and green color.

C. Structure of the Area

St. George is located between the Basin and Range province and the Colorado Plateau
province in the St. George Basin section of the Colorado Plateau (Stokes, 1977). The
rocks on the western edge of the Colorado Plateau are gently dipping and folded
(Christenson and Deen, 1983). The St. George Basin is bordered on the east by the
Hurricane Cliffs, on the west by the Beaver Dam Mountains, and on the north by the Pine
Valley Mountains. The southern edge of the St. George Basin extends into Arizona

(Christenson and Deen, 1983).

The St. George Basin is a downdropped fault block that has been displaced 6000-8000
feet along the Hurricane fault on the east (Hamblin, 1970). The area to the west has in
turn been downdropped along the Grand Wash fault, which is the eastern boundary of the

Basin and Range province in this area (Christenson and Deen, 1983).

The St. George Basin is characterized by basalt capped buttes and cuestas that were once
stream channels along which lava flowed. Erosion of the surrounding softer sedimentary
rocks over time has resulted in an inverted topography of old stream channels becoming
resistant basalt ridges such as the distinct Washington, Middleton and West Black Ridges
(Christenson and Deen, 1983). The site is located on the southeast flank of a basalt

capped ridge adjacent to the West Black Ridge to the southeast.

.|
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GEOLOGIC HAZARDS

A. Landslides

B.

C.

Based on previous mapping and the site reconnaissance, no evidence of recent landslide
movement was observed in the project area. Based on a landslide map of the St. George,
Utah 30' x 60" Quadrangle, there has been no historical movement in this area {(Harty,

1993).

No evidence of recent landslide movement was observed during our field reconnaissance.
Long term slope stability concerns are further discussed in the geotechnical section of this

report.

Rockfall

Based on field observation, rockfall onto the proposed building site is not a concern.
However, rockfall as a result of weathering of the less resistant shale and mudstone
bedrock below the conglomerate layer, has occurred along the western and southern
portions of the site. The conglomerate cobbles and boulders appear to slide rather than
roll and were not observed to have traveled to the base of the slope. Therefore, rockfall

hazard along the subject site is very low.

Faults

Based on previous work by Christenson and Deen, 1983, there are no active faults or
evidence of significant fault activity located within the project area or in the proximity.
Field observations support these previous conclusions. The closest mapped fault is the

St. George fault located approximately 1 mile to the west.

- |
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D. Flooding

The proposed site is not located in a flood plain, and no evidence of flood or debris flow

hazards was identified at the site.

SUBSURFACE CONDITIONS

An engineer from AGEC observed the drilling/coring of 6 borings and the excavation of three
trenches on the subject property on September 8, 12, 15, 24, and October 14, 30, and 31,
2003. The borings were drilled with a truck-mounted drill rig equipped with 7-inch diameter
hollow stem augers and 5-inch diameter solid flight augers to practical refusal. The borings
were advanced with a 2-inch NX diamond core barrel and tri-cone roller bit. The trenches
were excavated utilizing a trackhoe. The borings were drilled and the trenches excavated at

the approximate locations shown on Figure 2.

The subsurface soil profile observed in the borings drilled and in the trenches excavated
generally consists of alluvial soils composed of silty sand and gravel with cobbles and
boulders underlain by a layer of conglomerate which is composed of highly cemented sand,
gravel, and cobbles. The conglomerate is underlain by shale bedrock of the Moenave
Formation which is further underlain by mudstone bedrock of the Chinle Formation. A

detailed description of each soil type encountered follows:

Silty sand with gravel - The silty sand with gravel contains occasional cobbles and

boulders. It is medium dense to very dense, dry, and brown in color. The sand is fine
to medium grained and calcareous. The cobbles and boulders are sub-rounded to sub-

angular.

|
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Silty gravel with sand - The silty gravel with sand contains occasional cobbles and

boulders. It is very dense, slightly cemented, dry, and red to brown in color. The

sand is fine to course grained. The cobbles and boulders are sub-angular to angular.

Conglomerate - The conglomerate is composed of highly cemented sands, gravel,

cobbles and boulders. The conglomerate is very hard, dry, and gray to brown in color.

Shale bedrock - The shale bedrock is composed of lean to fat clay with varied amounts
of sand. The shale is weathered to moderately hard, slightly moist, and red to brown

in color.

Laboratory tests conducted on a sample of the shale indicates a natural moisture
content of 19 percent, and in-place dry density of 107 pcf, and a fines content
{percent passing the No. 200 sieve) of 93 percent. An Atterberg limit test conducted
on a sample of the shale bedrock indicates a liquid limit of 67 percent and a plasticity
index of 38 percent. A direct shear test conducted on a sample of the shale bedrock

indicates a cohesion value of 360 psf and a friction angle of 26 degrees.

Mudstone bedrock - The mudstone bedrock is commonly known in the area as “blue

clay” and is weathered to moderately hard, slightly moist, and purple to gray in color.

Laboratory tests conducted on samples of the mudstone bedrock indicate moisture
contents ranging from 17 to 22 percent, natural dry densities ranging from 96 to 116
pcf, and fines contents (percent passing the No. 200 sieve) ranging from 91 to 99
percent. Atterberg limit tests conducted on samples of the mudstone bedrock indicate
liquid limits ranging from 51 to 59 percent and plasticity indexes ranging from 27 to

38 percent.

A direct shear test conducted on a sample of the mudstone bedrock indicates a

cohesion value of 190 psf and a friction angle of 37 degrees. A triaxial shear test

.|
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conducted on a sample of the material indicates a cohesion value of 2,460 psf and a

friction angle of 10 degrees.

The Boring Logs are shown on Figure 4 with the Legend and Notes of Exploratory Borings
shown on Figure 5. Graphical logs of the excavated trenches are shown on Figures 6-8. A
summary of laboratory test results are shown on the attached Table 1. Results of the direct
and triaxial shear tests are shown graphically on Figures 13-15. The Core Logs are included

in the Appendix of the report.

SUBSURFACE WATER

No groundwater was encountered during our subsurface investigation to the maximum depth
investigated, approximately 39 feet. Further, no springs or seepages were observed on the
site. Fluctuations of groundwater depth may occur over time. An evaluation of such

fluctuations is beyond the scope of this report.

SLOPE ANALYSIS

The stability of the slope was evaluated by selecting representative cross sections across the
property at the approximate locations shown on Figure 1. Soil and bedrock strengths were

determined in a wet condition by laboratory testing.

The selected cross-sections of the slope were then evaluated both before and following
proposed grading to determine factors of safety in a wet condition utilizing soil/bedrock
strengths found in the laboratory by AGEC. Generally accepted factors of safety for static

in seismic conditions are 1.5 and 1.1, respectively.

- .|
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The cross-sections were analyzed using a circular type failure which assumes the mudstone
bedrock is wet through the entire profile depth. This is highly unlikely to occur with current
precipitation conditions. The cross-sections were also analyzed using a sliding block type
failure. This method assumes the slope becomes wetted to 20 to 40 feet below the existing
grade creating a weak interface through the weathered zone of the shale and mudstone
bedrock. This creates a more realistic failure, but wetting the mudstone bedrock to depths
of 20 to 40 feet for the entire profile is also highly unlikely to occur since no springs or
seepages are present on the hillside. Factors of safety obtained in a wet condition during
the analysis both before and after grading under static and seismic conditions are listed
below:

Circular Failure

Factors of Safety
Cross {0.1g) Before After
Section Earthquake Grading Grading
A-A No 3.2 2.9
A-A Yes 1.9 1.9
B-B No 2.1 1.5
B-B Yes 1.3 1.2
Block Failure
Factors of Safety
Cross {0.1g) Before After
Section Earthquake Grading Grading
A-A No 6.5 5.4
A-A Yes 1.9 3.3
B-B No 4.0 1.8
B-B Yes 2.6 1.4

Acceptable factors of safety were generated during the analysis in the saturated condition

indicating a relatively safe slope for cross-sections A-A and B-B before and after grading for

both failure modes.
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It should be noted that the soil profiles were analyzed in a wet condition which significantly
reduces the strength of the soils. It is highly unlikely that the existing mudstone would be

wetted to significant depths which would affect the global stability of the slope.

It is our opinion that the slope will remain stable following the currently proposed grading in
the existing moisture condition. We anticipate that the grading will most likely change due
to the close proximity of the proposed pad grades to expansive mudstone bedrock elevation
which will require special foundation considerations. A more detailed geotechnical analysis
should be conducted to further evaluate the depth to expansive mudstone below proposed
pads as well as to provide foundation, grading, and drainage recommendations. An additional
slope stability analysis should also be conducted following determination of proposed final

grading if it changes significantly from the current proposed grading.

RECOMMENDATIONS

Based on subsurface soil conditions, laboratory test results, engineering analysis, and the

proposed construction, the following recommendations are provided.

A. Site Grading

1. Subgrade Preparation

Prior to placing fill, the exposed subgrade should be scarified to a depth of 8 inches
and recompacted to at least 95 percent of the maximum dry density as determined by
ASTM D-1557. Scarification will not be required in areas where the exposed subgrade
consists of conglomerate. Fill should be moisture conditioned and placed in lift
thicknesses suitable for the compaction equipment used. The density of the fill should

be tested frequently to verify compaction.
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2. Slope Stability

To maintain suitable factors of safety against landslide movements, the grading plans
should be reviewed by the geotechnical engineer. To maintain the long term stability
of the slope, drainage recommendations provided within the report should followed

to reduce the infiltration of surface water into the subsurface soil or bedrock.

3. Excavation/Earthwork

Based on our site investigation and experience with similar material, very difficult
conditions will exist when excavating through the conglomerate. Blasting will most
likely be required for excavations which extend into the conglomerate. Excavations
into the alluvial material as well as shale and mudstone bedrock can be accomplished

with typical excavation equipment.

4. Grading Slopes

Based on the proposed grading plans cut slopes on the order of 10 to 20 feet in height
may be constructed between lots. Cut slopes into the non-cemented alluvial materials
may be cut as steep as 2 to 1 (horizontal to vertical). Cut slopes into the
conglomerate, and competent shale and mudstone bedrock may be cut as steep as

%2:1 (horizontal to vertical) provided adequate site drainage is provided.

We also understand fill slopes up to approximately 20 feet in height will be placed
along the northeastern portion of the site. Fill slopes should be placed at a maximum
slope of 2:1 (horizontal to vertical) provided the fill is properly moisture conditioned
and compacted. Fill placed on existing natural slopes steeper than 3:1 should be
benched into the natural slope. Horizontal benches should be cut into natural slopes
to provide an adequate_ surface for compaction and to assure proper stability of the
slope. We further recommend over-filling slopes and cutting them to design grades

to assure appropriate compaction at the edge of the slopes and to reduce erosion.
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Horizontal benches should be constructed in fill and cut slopes at not more than 30
foot intervals to control drainage, erosion and debris. The benches should be at least
6 feet in width. If only one bench is required, it should be constructed at the

midheight of the slope.

5. Compaction

Compaction of fill materials placed at the site should equal or exceed the following

percentages:

Percent

Area Compaction
Subgrade 90
Footings/foundations 95
Building pad/Mass grading 95
Roadways/parking grading fill 95
Utility trench backfill 95

Granular fill tested should be compared to the maximum dry density as determined by
ASTM D-1557. Fill should be compacted with a moisture content + of 2 percent
optimum. Fill placed at the site should be tested to verify proper compaction and

moisture.

Base course in roadway areas should be compacted to at least 95 percent of the

maximum dry density as determined to ASTM D-1557.

6. Materials
The on-site sand, gravel, and conglomerate free of organics and debris, may be used
as site grading fill, structural fill, and utility trench backfill (above the pipe zone)
provided the material is processed such that the maximum size particle is 8 inches and
at least 50 percent of the material passes the No. 4 sieve. The on-site expansive
shale and mudstone bedrock are not suitable for use as site grading or structural fill,

but may be used in non-structural areas.
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The soil at the site is generally below optimum moisture content and will require
wetting prior to placement. Fill should be placed in the appropriate lift thicknesses
which do not exceed the capability of the equipment used. Generally 8 to 10 inch lift

thicknesses are adequate.
Preliminary grading recommendations have been provided for the current pad
construction. Additional recommendations will be provided in a detailed geotechnical

investigation when final proposed pad grading is known.

B. Rock Fall Recommendations

Rockfall protection is not necessary due to the very low likelihood of rockfall on the

subject site.
C. Foundations

The site is suitable for the proposed construction provided that grading recommendations
and appropriate foundation recommendations are followed. We anticipate deep
foundations will be required to support the structures due to the expansive characteristics
of the mudstone bedrock if the building pads are constructed such that less than 15 feet
of non expansive soil is provided between the foundation and the expansive mudstone
bedrock. Deep foundations consist of drilled concrete piers in conjunction with grade
beams and a structural wood floor. We understand that the owners wish to construct
building pads such that deep foundations are not required. Therefore, it will be necessary
to drill additional borings on the subject site to provide appropriate pad grading

recommendations and appropriate foundation recommendations.
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D. Drainage Recommendations

Positive site drainage should be maintained through the course of construction. After
construction has been completed, positive drainage of the surface water away from each
building and off of the project must be maintained. In no case should water be allowed
to pond adjacent the existing buildings. Additionally, infiltration beds are not an option
for control of on-site surface water. We further recommend that landscaping be kept to

a minimum to reduce the amount of moisture infiltration into the underlying soils.

Roof drains should be utilized on buildings and roof downspouts should discharge out
away from foundations to collection gutters which discharge water off site or to closed

storm sewers.

LIMITATIONS

Findings presented in this report represent conditions encountered on the subject parcel at
the time of the investigation. Findings presented herein may be rendered invalid by changes
which may occur as a result of natural processes or the influence and activities of man, over
which Applied Geotechnical Engineering Consultants, Inc., has no control. Variations in the
subsurface conditions may not become evident until additional exploration or excavation is
conducted. If the subsurface soil, bedrock, or groundwater conditions are found to be
different than what is described in this report, we should be notified to reevaluate the

recommendations given.

AVAVD Applied Geotechnical Engineering Consultants, Inc. 2030907



Page 17

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

Jared Hanks, P.E.

Reviewed by: Arnold DeCastro, P.E.

AD/sd paGeotechnical\2030900\2030907rep.wpd

enclosures

AVAV Applied Geotechnical Engineering Consultants, Inc. 2030907



Page 18

REFERENCES CITED

Christenson, G. E., and Deen, R. D., 1983, Engineering Geology of the St. George Area,
Washington County, Utah; Utah Geological Survey, Special Studies 58.

Harty, K. M., 1993, Landslide Map of the St. George 30' x 60' Quadrangle, Utah; Utah
Geological Survey, Open-File Report 292.

Higgins, J. M. and Willis, G. C., 1995, Interim Geologic Map of the St. George Quadrangle,
Washington County, Utah; Utah Geological Survey, Open-File Report 323.

N&V’ Applied Geotechnical Engineering Consultants, Inc. 2030907



w

T ) YD « S NAVYY 1
# v A e | Ao
' i \\ A7
ot 2

N

Scale 1:24,000

NETTAS KNOLL TOWNHOMES
ST. GEORGE, UTAH

-I k’ I' l-
7.5 Minute USGS Map
St. George Quadrangle

2030907

AVEN

Topography/Vicinity Map of Study Area

Figure 1




Z ainbi4

ue|d a1

STAV

LO60€E0C

9|eog ajewixoiddy

198} 00€

0

E————————

HVL1N ‘394039 “1S

ININJOT13AIA AINNVId TTONM SYI1LLIN




A

g o= ';?;
Dixfe e -
J;‘dﬁg&{;rgc ;“

TR

B
~
~,
¢

~
.t

X e

esere”
et

Quaternary Alluvial Deposits

N

Scale 1:24,000

2030007 | OGEN

s

Qatg - Stream-terrace deposits - Gravel to cobble size clasts in a muddy to course sand matrix; form a poorly sorted,

indurated pedogenic carbonate-cemented conglomerate at several levels above the present floodplain; clasts are well-rounded
and may are exotic to the quadrangle, indicating a source several miles upstream; pedogenic carbonate {caliche) thicker in
older deposits! subscripts denote relative heights above the current drainage (and approximate ages); level 3 deposits are

440-90 feet (12-27 m); level 4 are 90-140 feet (27-42 m); and level 5 are 140-190 feet (42-57 m) above present channels;
typically 0-40 feet (12m) thick; near Fort Pearce Wash may exceed 100 feet (30 m) thick.
Jurrasic

Jmd - Dinosaur Canyon Member of the Moenave Formation - Interbedded moderate-red-brown siltstone and fine-grained,
thin-bedded, pale-reddish-brown to grayish-red sandstone with laminated crossbeds; very similar to the step-slope
appearance of the middle member of the Kayenta Formation; 250 feet {76 m) thick.
Triassic

TRep - Petrified Forest Member of the Chinle Formation - Light-brownish-gray to grayish-purple bentonitic shale and siltstone
with several interbeds of pale-yellowish-brown, crosshedded sandstone up to 10 feet (10 m) thick; petrified wood is

common; shales weather to a "popcorn” surface with abundant mudcracks due to bentonitic clay swelling and shrinking
with moisture; forms well-developed strike valleys adjacent to the more resistant cliffs of the Shinarump Conglomerate
Member, 700 feet (215 m) thick.

NETTAS KNOLL TOWNHOMES
ST. GEORGE, UTAH

7.5 Minute USGS Map
St. George Quadrangle
Source: Higgins and Willis {1995)

Topography/Vicinity Map of Study Area

Figure 3




4 aunBig

sBuuog Asojesodx3 jo sboq

SV

L060€0T

seloN pue pusba 1oy  ainbiy sag

[~ §€

- 0¢

[~ G2

- 0T

1984jdeg

r— Gl

— OL

W89¢ ‘As[3
9-g

LZLE helg
G-g

R4 ZK4
*l

‘A8|3
g

LL/g8

ZL/vs
ZL/oe

Ww99¢ “Aslg
e-d

$0OLZ "A8]
g

8 = .1 8[e0g (OIS A Blewixosddy

8042 “A8[3
L-g

§€

0g —

G —

g -~

gL —

Ol —

1884/3deg




§ @nBiy sBuyiog Asoieso|dx3 Jo saioN pue puaba u§< LOBOEOZ
"8letowo[Buod uo [esnyed [suieq 2109 U0 JeBne [eonoeld sajeolpu|
1
‘uael s(dwes pagimisip salealpuj !
‘uayey a(dwes 2109 sa1LoIpU| _M
‘sayoul z | Jerdwes
38Ul 8ALP 0} pauinbal srem sayoul OE Bulfjey Jewiwiey onEWOINE punod o) &
Wwioly smo[q Q| JeL Sa1eolpul ZL/0L [0quiAs ay)  “uayel sjduies aal( eluIoye)  zL/ol
‘Buijiup 3o swiy syl 18 SBULIOG BUL Ul PaJSILNOOUS SEM JB1EM 8841 ON ‘9 *10[02 ul AesB 03 aidind pue ‘1siow Apybis ‘piey Ajeielapowt
O3 pataieam syl Al 8njq, SB UMOUY AJUOWWOD §1 pue Ae[o 1B} 10 pasodwoo !y004paq auoisphiy
‘[enpelB aq Aeli suonisuely ayy pue sadAy jeusiew usaMlaq seLepunog
ajewixoidde sy yuasssdal sBo| Buiog ayi uo umoys sjelsew eyl Usamiaq sauil ayj e —
‘pasn poulaw auy Aq pandul "40[09 Ul uMmolIqg o} pal pue “‘1stow ApyBirs ‘piey Ajaielapow =
U 0] palayieem s| a[eYS & ‘PuUes JO spunowie paueA yum Ae[o 184 01 uga[ 10 pesodwon ¥ooipaqg (e =
981Bap sy} 031 AjUO 81BINDOR PaJAPISLOD 8q PINOYS SUOHEAS[S pUE suoieoo| Buloq sy % + paleLy teleuS eyl p 30 5 paue (o384 0 130 P e0ipag efeys 2=
(5dD) weisAg Bujuonisod "10[00 Ul Umoiq 01 ARJB pue ‘AJp ‘piey Asan
[eqolp e Buisn sieauibug adog ‘Y™ Aq paulusialep aem sButiog sy Jo suoleAa[a sy} ‘e

(SdD) waisAg Buiuonisod [BqoD & Buisn
sieauibug adog "y AQ paulwIslap alam SaLDUaI] pue sBuilog ay1 Jo SUOREOO| By 4
"OLDIORIL B YLM PAIBABOXS BJaM SBLOUSLL
ayy aie Buisn 1q Jejjo) sUoo-ly & pue sie Buisn [aueq 9100 XN you-z ‘siabne B[y
PIOS Youl-g “siaBne wals-mo[[oy Jelawelp Youl-, Yum g00Z ‘LE PUE ‘O ‘| 18qo100
‘¥Z Pue ‘gl ‘Z) ‘g Jequisrdeg UO PaIBABOXS/PB[[LP SJOM SBLOUSLL pue sBuyog eyj L

‘S210N

Sl e1eJoWOlBU0D By} SIepPINOY pue SBQqOd ‘S[aAeIB ‘Spues pejuslled Ayby o pasodwoo ‘eredswolBuon

“Je|nBug o1 JenBueqgns ale
SI8pIN0q pue $3(qqoo 8y "pauleJB 8s1N0D 01 BUYY S| PUBS BY] "JO[OO Ui UMOIG O3 Pal pue ‘AIp ‘paiusiues
Anybys ‘esusp Alan s1 1| ‘SIepnog pue $8[Gqo9 [BUOISEID0 SUIBIU0D ((ND) pues Yum [eABIB AYlg

. “fe[nBueqns 01 papunoigns a1am siap[nog
PUE $8[qG00 8] "SnOsJEd[Ed PUE paufelf Wnipalil 0} auy S| PUES BY]  ‘UMOIQ PUB AIp ‘asuap
Alan 01 9SUBP WINIPBW ST 3 "SIGPINOG PUE SBIGOQ [BUOISEO00 SLIEILOD {(INS) [oABIB yum pues Ayjig

‘aN3DIT




g ainBig alo1d | "ON YouaiL D§< LOBOE0T
‘(1884) L# youal] jo puz 1se3] wiodj sduelsig
0gl orl 0tEl oclL oLl 001l 06 08 0L 09 09 oy 0€ 0¢ Ol 0 692
_gﬁmwwwmﬂmmu__mmm”mﬂmmwmmmmmwmmmmﬁmwMWWmmﬁ_m“_m__m__m_-mmmo
yousi] jo pug -
| ~—— 00LZ
2MOAS VO W -
Tk Xk T m
- 4]
5
WWPI 1 30 Wal ogy T 0leg
o 1dwug _
2
— 0242
2rvying puaosy .Nnc:..fw..xm 2VMS
Pesonmo\Guoy

0L = .1 9[e9S [EIUOZIIOH pue [ed1lIBA dlewixosddy

—= Q€LC




/ 21nBiy al1J0id Z 'ON youai] D$< /060807
“(1994) Z# YoUal] JO puj }seJ Wol) ssuelsiq
0461 ol ogl 0cl oLl 001 06 08 0L 09 0§ oV (014 014 0ol OOONN
(/N T A R A A A T A U R O O U T N T L R B N I e R A I
yousi] Jo pu -
- 0QLL2
1 °N d.n—.i.«ﬁﬂ B
n.U(—Q*W 1%5 . Mﬂ!
sV: <
R 3
33 — 0zt
*s..w - M,..,
WM ) 50 wop o] =
2§ wmo\buos - 0ELT
“.JVL ,,,,,
2 tsg
D2IP3ICG PUNOIY ﬁsm*ﬂ..xm —
= Qb LT

0l = .| 2[0S [B1U0ZLIOH pue |BOILIBA 8lewixolddy




g aInbiy 8llyoid € "ON youaiL D§< LOBOEOT
(1884) £# Youail JO Pug 1S8A WOl 80URISI(
051 orl 0EL 0zl oLl 00l 06 08 oL 09 0 o o€ 0T oL 000z
m_m~mMmMmﬁmmF“_,mm__m_Hmm_m__mmmmm_m_mm___mm__WWW”___wmmmﬂ__n__ _O©
( \/ .
youai[ jo pug Vo taoy :
— —1 0997
AR B
2
2
0L92 &
3
0897
27w 3I0g ‘YSDQL(V @{ HSx3
U O@@N

,0L = .l 9|eog [e1UOZIIOH pue |2oIlIaA 9lewixoiddy




0§L¢ —

6 ainbi4 SINOU0Y) BUNSIXT Y-y UOI108G SS04) rﬁ% L0B0E0Z
0§ = .l 9Ieds
‘auolspnul
palsyieamun ayl pUe SUOISPNW PUB B|BYS palayleam ayl usamlaq 90B4INS aiN|Nej Yeom B ul
Bunnsal (309} Ot 01 O Ajerewixoidde) yidap 1om 1omo||BYS B SBWUNSSE a9BLING ain|ied 320|g Jlwstes '] = S4
onBels ¢'g = Sd
‘adojs oyl Jo yidep ||n} 8y} IO} UOIHPUOD PBIBINIES B SBWUNSSE 80BLING ain|ied Ie|noll) 810N 90BJING aInjle] Je|notI) palosfold — —
olwsies 'L = S
onels G'9 = G4
2oBJING aInjie4 yoo0|g peidsfold
Ay
1984 ‘@oueisiq
00L 059 009 0SS 00§ oSt 00v 0s€ oo¢g 0g¢ 00¢ 0§l 00l 0S 0
0S¥z l | l l I l | I l l | l l
00G¢ —
el —_— T - —
— T—
\ /
\ /
\ /
~ ~
085¢ ~ ~
- .
e N
m -~ N
[¢)
< \
3 N
5 009z s N
o /
: /
\ auoispnpl
069¢ — \
0042 —
aoeJins punoib Hunsixy




Ol 2inbi4 Buipein) 181je 8oeLING punoin pasodold Y-y UOI108G SS01) %% LOB0OE0T
0§ = .1 °BdS -au01SpNW
paiayljeamun 8yl pue au0ISpPNW pue ajeys paisyieam oyl Usamlag 90BLINS aIN|Ne Yeam e ul
Bunnsai (1994 O 01 OZ Alerewixolidde) yidep 19m Jomo|eysS B SBWNSSE 92BJING alNnjie4 320|g olusiss 'L = S4
onels g°¢ = S4d
-ado|s ay3 Jo yidsp ||n} 8y} 1o} UOILPUOD PAIRINIES B SSWNSSE 93B4ING ainjied IB[NJID) 910N 90BLING aIn|le4 JenoJ) pejosfold — —
olusIes g€ = S
onels 'G = S4
2oe4INg ainjie4 yo0ig palosfoid
:Aa)
1994 ‘@ouelsi(q
0oL 049 009 0§§ 00§ 0S¥ 0]0)7 0S¢ 00¢€ 0S¢ 00¢ 0§l 00l 0§ 0
05tz _ I _ _ _ I T S T l _ I Y S S O l
0052
mO0§SCH
)
<
=
=
2
g e
~ 0092 /
\mcoﬁn:E
auo01ISpNN AN
0§92 / 9eys
oleys e e
\Q\E\E:%qqo\\\h\\\ﬂﬁ
aletawo|buon _ |
Ny |
00L2-

CIVERI d,.v(Lﬂ.Jv«n_ o522 r510143 ¥




L1 @inBiyg

sinojuo) Bunisixy ,g-g uo110ag SSoi)

Dﬂ»< L060EODC

:00L = .1 9edS

1994 ‘Uollens|3

0001

‘auolspnuwl

paiayieamun 8yl pue suolISpNW pue 8|eYs paiayleam a8yl Usamla(g adeLINS ainjney jeam e ul
Bunnsal (188} Ot 03 07 Alelewixoidde) yidap 1em Jamojjeys B SawNsse 90eLNG alnjied 3o0|g

*ado|s ay3 Jo yidap |In} 8Y1 10} UOINPUOD PBILINIES B SBWNSSE 80BJING aln|ied Je|Noil) 910N

aoeJINg ainjie4 yoo|g paloafold

1994 ‘@ouerlsIq

006 008 00, 009 004 0]0) % 0oo¢g 00¢ ool

ojwsies €'l = S
oneis 'z = sS4

80eLING ainjied Jenoil) paloslold — —

olwsies 9°7 = S
oneis 0’y = S

A9

0

0Gtv¢

06G2C

069C

2|eysy

0GLZ—

068¢—

\ auolspnp

lelawo|buo)

mwmhmEo_m&oo

(wnianjje) [aAeID ® pueg AlS

9-4

[eARID B pues AljiS




Zl einbiy

Bulpeln us1je soeling punoig) pasodold ,g-g UOID9S SS0.I) Dﬂ% L0B60£0T

00l = .l °E3S

‘auolspnuwi
paJisyieamun ayl pue auolspnw pue 8leys paiayleam syl UBSMISJ 90BLINS aiN|Ney YRaM B Ul
Buninsal (3883 O 01 07 Ajelewixoidde) yidsp 19m Jomo|eYS B SBUINSSE 80RLING Binjie 320]9

olWsIesS Z°L = S4
onels g’ = s4

80eLING Bin|ie4 Je|noul) pelosfold — —
"adojs ay1 JO Y1dap |[n4 Y} 104 UONIPUOD PaleINIES B SBWNSSE 80BLING BIN|IR4 IB|NOIID) (810N owsIes 4| = S

onels 8| = G4
8oeLINg ain|ieq yo0|g palosloiy

I

Aoy

1994 '80ue1sI(]

000l 006 008 004 009 006G 010} % 00¢ 00¢ 00l 0

I . l l | I [ l [ I

065¢

0G9¢
m  0G/L¢]
[¢2]
<
=
.
2
-
€]
2
0G8¢ ]
0G6¢

060€—

a1elawo|buo)

2UO1SPNIA

gieJiawo|Buo) %y\
DuiRpay Py P 73 Ve




Applied Geotechnical Engineering Consultants, Inc.

3
| |
¢ = 360 psf ¢ = 26 deg
/)
2
3
;
] ]
»
§
@
L
w
1
n]
0
0 1 2 3 4 5 6
Normal Stress, ksf
3.0
Test No. (Symbol) 1) | 2m | 30
Sample Type Undisturbed
Length, in, 1.00 1.00 | 1.00
25 iDiameter, in. 1.93 1.93 1.93
(iDry Denslty, pef N/A N/A NIA
[[Moisture Content, % N/A N/A N/A
20 - lIConsolidation Load, ksf 1.0 2.0 4.0
o T9%000,, [Normal Load, kst 10 2.0 4.0
2 llshear Stress, ksf 067 | 188 | 222
[
] Remarks Straln Rate 0.05 In/min.
B 1.5 -
8
@
[ =g
(7]

"Sample Index Properties

(IDry Density, pef 107
"Molsture Content, % 19
{lLiquid Limit, % 67
[IPlasticity Index, % 38
"Percent Gravel [
0.0 & "Percent Sand 7
“0.00 0.10 0.20 0.30 0.40 0.50 [Percent Passing No. 200 Sieve 9
Horizontal Displacement, in.
Type of Test Consolidated, Wetted
Sample Description Red Shale (Fat Clay) From Trench 1 @ Sample 1

Project No. 2030907 Direct Shear Test Results Figure 13
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' | |
¢ =190 psf ¢ =37 deg
o)
3
B
g
52
&
[0}
%
| |
1 1
0
0 1 2 3 4 5 6 7
Nomnal Stress, ksf
35
Test No. (Symbol) CHESEES)
Sample Type Undisturbed
30 | Length, In. 1.00 1.00 1.00
HDiameter, in. 1.93 1.93 1.93
{lory Density, pef N/A N/A N/A
25 [Moisture Content, % N/A N/A N/A
"Consolldation Load, ksf 1.0 2.0 4.0
- [Normal Load, ksf 1.0 2.0 4.0
2 [shear Stress, ksf 109 | 145 | 3.26
g ' Remarks Strain Rate 0.05 in/min.
7]
&
2
515
10 "Sample Index Properties
' ([ory Density, pef 96
||Mo|sture Content, % 22
05 | [iLiquid Limit, % 59
“F’Iastlcity Index, % 38
"Percent Gravel 0
||Percent Sand 9
0.0
0.00 010 0.20 0.30 0.40 0.50 (Percent Passing No. 200 Sieve 91
Horizontal Displacement, in.
Type of Test Consolidated, Wetted
Sample Description Purple Mudstone (Fat Clay) From Trench 1 @ Sample No. 2

Project No. 2030907 Direct Shear Test Results Figure 14
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50 T I
[ = P, . = 1
40
Y
$
&
._II
o
1]
o
0 10 20 30 40 50 60 70 80 90 100
p' = {oy'+03)/2, or p, psi
Test No. (Symbol) ol o a
Sample Type undisturbed
I3 Length, in. 4.00] 3.88] 3.80
) Diameter, in. 1.93] 1.93] 1.93
§ Dry Density, pcf 116] N/A | N/A
o} Moisture Content, % 171 N/A | N/A
%, Consolidation Pressure, psi 6.9] 13.9] 27.8
E "B" Parameter 0.98] 0.98] 0.98
Total Confining Stress (o3), psi 6.9] 13.9] 27.8
Total Axial Stress (o), psi 63.5] 57.9] 76.0
Deviator Stress (o;-03;), psi 56.6] 44.0] 48.2
20 Effective Lateral Stress (s;'), psi 8.1] 9.1] 19.5
Axial Strain, % Effective Axial Stress (o), psi 64.8] 53.1} 67.7
Pore Pressure (u), psi -1.24] 4.8 8.3
80 Strain, % 2.5] 251 2.5
Remarks l

Sample Index Properties

Deviator Stress (64-o3), psi

Natural Dry Density, pcf 116
Natural Moisture Content, % 17
Liquid Limit, % 51
Plasticity Index, % 27
Percent Gravel 0
0 5 10 15 20 Percent Sand' . 1
Axial Strain, % Percent Passing No. 200 Sieve 99
Sample Description  Purple Mudstone (Fat Clay) Sample Location Trench 2 @ Sample 1

Project No. 2030907 Figure 15
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Photo Exhibit 2 - View of conglomerate rockfall on western hillside looking
east.

Photo Exhibit 3 - View of southern portion of the site looking northeast. Some
conglomerate boulders have broken off and rolled or slid down the slope (see

arrows).

AVAV’ Applied Geotechnical Engineering Consultants, Inc. 2030907



Photo Exhibit 4 - View of northern portion of the site looking south.

Photo Exhibit 5 - View of the eastern portion of the site looking southwest
from the old 3H Turf Farm area. Arrows indicate location of conglomerate
outcroppings.

NAV’ Applied Geotechnical Engineering Consultants, Inc. 2030907
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PROJECT NO.

2030907

PROJECT Nettas Knoli

AGEC FIELD CORE LOG

CORE SIZE 2" NX

LOCATION _Surveyed by L. R. Pope Eng.

ELEVATION __2704

DATE Sept. 8, 12 & 15, 2003

PAGE

1 of 2

FIELD ENG. ST DRILLER _Mountain States BORING NO. B-2
DISCONTINUITY LOG =\~
= 5 a Gol o ElE[-]. o
clE|E Bl BE Ee | & ||z z|z| 2|k f
£ |3 CORE AR R 2li|g|g 5 DRILLING
|52 DESCRIPTION 2 s z |F|la|z|3 wigle|g 2 COMMENTS
o | |T o i i oi@ w o
O
0 0 < 0
| Silty Sand {SM); some ] | . ] B.oring cased with 7"
gravel, occasional cobbles, diameter hollow-stem
1 - medium dense to dense, 1 — - - 1 - 1 -] augers to 19'.
dry, slightly calcareous,
] fine to medium grained, ] - [~ T — ]
2 granular, light brown. 2 — - L. 2 ] -
3 — 3 - L — 3 — — 3 —
4 — 4 — -~ 4 — — 4 —
5 — 5 — — — 5 — — 5 —
6 — 6 — — — 6 — — 6 —
7 — 7 L L 7 ] — 7
8 — 8 — — — 8 — — 8 —
9 9 - — 9 - 9 —
Silty Gravel with Sand (GM);
] occasional cobbles, very — — = =
10 dense, dry., fine to 10 | 10 10
coarse-grained,
— sub-rounded, light brown to — — - ] | —
11 red. 11 - - L 11 L 11
12— 12— — — 12— — 12—
13— 13— — — 13~ [— 13—
14— 14 — — — 14— — 14 —
15— 15 — — — 15— — 15 —
16 16 — — — 16— — 16—
S | H | Conglomerate, hard to very
. hard, dry, fine to T — ] — 7
17— coarse-grained clasts, gray. 17 — | - 17 17—
18— 18 — — — 18— - 18—
19 19 — = L 19 19 Boring advanced with
ulv 2" NX core barrel and
! ] - R NR—- 3

diamond impregnated
bit using air.




PROJECT NO. 2030907

AGEC FIELD CORE LOG

PROJECT Nettas Knoll CORE SIZE 27 NX

LOCATION __Surveyed by L. R. Pope Eng. ELEVATION _ 2704

FIELD ENG. ST DRILLER _Mountain States

DATE Sept. 8, 12 & 15, 2003

PAGE

20f2

BORING NO. __B-2

= DISCONTINUITY LOG cle
€ g g EJ gg %‘9 b= Z|l;lo g g g E é
E g DESCRIPTION s SH £3 | g g HE HEELE 3 oL
W 2, I (G] g 8 T E % § Clx £ OMMENTS
20 202" 20
n = — - NR- 36
21 21 = L 21— 21
— | | - | s
22— 22 — — |95 1513]|0 22
_ —] L — I —29
23— 23— — — 23— 23
] 1 — — ! —160
24— 24— — — 24 24
— - — — 0 —20
25— 25 — — L. 95— 2| 2 |10Q 25
- — - EE—— 0 —|65
26— ' 26— — — 26 26
— —] = T 0 —l44
27 27 = — 27 27
— — . L. 1 3]3[104¢ —30
28— 28— — — 28— 28
] ] — — 0 —38
29— 29 — — 29 29
1 - — [~ 0 —174
30 30— — — 30— 30
= — — NR —16
31 Y| % | ot msotic, retbromn. | |31 - 31 31— Drling pressuro
’ 5] 4]80 reduced to prevent
1 = — — 0 —19} plugging of bit.
32— 32 — — — 32 — 32
] — - S ol -9
33— 33— — — 33— 33
- — - - — 0 — 8
34— 34 — = — 34 34
| — - — 0 —{10
35— 35 — — — 35 — 35
- 7 — — NR) —{10
36— 36 — - — 36 — 36
511]20
~ =] — - — NR| —16
374 37 — - — 37 — 37
- — — — NR —15
38— 38 — — — 38— 38
— — - I— NR -19
39 39 39 39 End of Boring at 39'.




PROJECT NO.

2030807

AGEC FIELD CORE LOG

DATE Oct. 14, 2003

LOCATION _20' N. 20' W. of Survey Line ELEVATION 27283 PAGE 1 of 2
FIELD ENG. . BS DRILLER _Mountain States BORING NO. B-5
DISCONTINUITY LOG ~
= g 8 ol o E E P [}
£ Elg Gl Mo Lo o - z |~k @
£ iE|a CORE AR HEIHE 2l&g|d 5 DRILLING
e DESCRIPTION z z E [clald|2 w228 e COMMENTS
o |g|T o o [ o9 w o
O
0 0 - 0
| Silty Sand with gravel and | | ] ] Boring cased with 7"
boulders, medium dense to diameter holiow-stem
1 — very dense, dry, 1 — — l— 1 — 1 augers.
subrounded gravels,
] fine-grained, brown. | — — ] —
2 — 2 — — - 2 L o ]
3 — 3 — — L~ 3 - -
4 — 4 — — — 4 — — 4 —
b — 5 — — L 5 —] — 5 —]
6 — 6 — — — 6 — — 6 —
7 — 7 — - |— 7 — . 7 —
8 — 8 — — — 8 — - 8 —
9 9 — — — 9 —] |— 9 —|
10 10 — - f— 10 — |- 10 - -
Siity Gravel with Sand; Boring advanced using
| occasional cobbles and ] — ] — T tricone with air to .
11 boulders, very dense, 11 L 11 | 119 ] pilot, followed by 7
slightly cemented, HSA.
] subangular, brown to red. — — — —
12— 12 — - — 121 — 12—
13— 13 — — — 13— — 13—
14— 14 — — — 14— — 14—
15— 15 — — — 15— — 15—
16— 16 — — — 16— — 16—
17 17 — — — 17— — 17 —
Conglomerate, very hard,
. dry, brown. . [~ — —
18— S | H 18 — — — 18— — 18—
19 19 B — 197 — 19 Boring advanced using
- — — — - — Tricone with air.




PROJECT NO. 2030907 AGEC FIELD CORE LOG

DATE Oct. 14, 2003

LOCATION _20' W. 20' N. of Survey Line ELEVATION 2723

PAGE

FIELD ENG. BS DRILLER _Mountain States

20f2

BORING NO. _ B5

= DISCONTINUITY LOG E oy

= 1818 Tl 0 N T 0

£ 5 g (i gg zy E I o] z |z |1k a

Elz|a CORE 1 1Y 9 z |&|o|Z|z2 ZlE|lals G DRILLING

BE|E DESCRIPTION | Pk £ 12131313 wlZ|E|2 Q COMMENTS

o |2z o - e 5o o &

O
20 20 r 20
U Boring advanced
- v — - — = using tricon bit with
21 21— = — 21— - 21 — air.
%2| O | NAINA| 30 |Boring advanced using
22 22— — — 22 22 2" NX core barrel with
| ] | ] | ] diamond bit and air,
end @ 22', bit worn.

23] 23— - L 23] 23 ]
24— 24— — — 24— — 24—
25— 25— — — 25— — 25 —
26— 26 — - — 26— — 26 —
27 27 — - - 27 |- 27 ]
28— 28 — — — 28— — 28 —
29— 29 — — 29— — 29
30 30— — — 30— — 30—
31 31 — — — 31 — - 31 —
32— 32 — -~ 32 — — 32 —
337 33 — — 33— — 33—
34— 34 | - L 34 ] 34
35— 35 — - L 35 ] L 35 |
36 36 - L 36 ] 36 —
37 37 - - L 37 ] 37
38— 38 — — — 38— — 38 —
39— 39 — — - 39 — — 39 —




LEGEND AND NOTES TO CORE LOGS

Alteration
Log Symbol Description Field Identification
E Extremely altered The material is discolored and the original minerals of the rock have been almost
entirely altered to secondary minerals, even though the original fabric may be intact.
H Highly altered The rock is weakened to such an extent that a 2-inch diameter core can be broken
readily by hand across the rock fabric.
M Moderately altered Rock is discolored and noticeably weakened, but a 2-inch diameter core cannot
usually be broken by hand across the rock fabric.
S Slightly altered Rock is slightly discolored but not noticeably lower in strength than fresh rock.
U Unaltered Rock shows no discoloration, loss of strength, or any other effect of weathering or
alteration.
Hardness
Log Symbol Description Field Identification
S Soft Fingernail: Can be scratched with a fingernail.
M Moderately hard Knife: Can be readily scratched with a pocket knife blade. The scratch leaves a
trace of dust and is readily visible after the dust is blown away.
Pick: Shallow indentation under a firm blow from the point of a geology pick.
H Hard Knife: Can be scratched with difficulty with a pocket knife blade. The scratch
leaves little dust and is often only faintly visible.
Pick: A hand-held sample breaks with one firm blow with the hammer end of a
geology pick.
Vv Very hard Knife: Cannot be scratched with a pocket knife blade.
Pick: Requires many blows from the hammer end of a geology pick.
Joint Type
Log Symbol Description Field ldentification
B Bedding Joint associated with bedding plane.
H Healed Joint is healed closed.
0 Open Joint is open and sides do not fit together.
S Shear Joint is due to shear.

Joint Surface Roughness

Log Symbol Description Field ldentification
VR Very rough Near vertical steps and ridges occur on the discontinuity surface.
R Rough Some ridges and side-angle steps are evident. Asperities are clearly visible, and
discontinuity surface feels very abrasive.
SR Slightly rough Asperities on the discontinuity surface are distinguishable and can be felt.
S Smooth Surface appears smooth and feels smooth to the touch.
SLK Slickensided Visual evidence of polishing exists.




Joint Surface Planarity

LEGEND AND NOTES TO CORE LOGS

Log Symbol Description Field Identification
\%Y Wavy A moderately undulating surface.
PL Planar A flat surface.
ST Stepped A surface with asperities or steps.
Joint Filling Material
Log Symbol Description Field Identification
CL Clay Joint filled with clay-sized particles.
Sd Sand Joint filled with sand-sized particles.
G Gypsum Joint filled with gypsum.
Ca Calcite Joint filled with calcite.
Fe Iron oxide Joint surfaces coated with iron oxide stains.
C Clean No surface coating or joint filling.
Q Quartz Joint filled with quartz
Other
Log Symbol Description

RQD (Rock Quality Designation)

Fractures Per Foot

Progress

Percent of intact core which is 4 inches or greater in length.

Number of fractures per foot of core. "I" indicates intensely fractured.

Time to advance boring (minutes per foot).
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Preface

This report is a preliminary analysis of the pre and post development storm water runoff flow rates and
guantities. Without design grades and final detail, many parameters of the post-development scenarios
had to be estimated or assumed. Curve numbers and lag times could change as the design is finalized.
This will result in flow rates and detention volumes varying slightly from the results presented herein.
Furthermore, no hydraulic analysis of gutters, inlets, pipes, or outlets can be performed without final
design grades.

Description of Development

Knetta’s Knoll is a proposed single family residential development located just southeast of the
intersection of Riverside Drive and Foremaster Ridge Road. It is bordered by Riverside Drive on the north
and west, Middleton Wash on the north and east, and the Virgin River on the east and south.

Existing Drainage Facilities

There are no existing drainage improvements on site. There appears to be a storm drain system in
Riverside Drive that presumably discharges to Middleton Wash. Middleton Wash flows into the Virgin
River.

General Description of Property

The development encompasses 18.5 acres, but only 12.4 acres will see new impervious area and
contribute to the storm drain system. The developable area is the northeast face of a knoll covered with
desert shrub and crisscrossed with off-road vehicle trails. There are no irrigation facilities or any
structures on the site. There are only small local channels in a few areas along the east where the site
drains to Middleton Wash.

Off-site Drainage

Upstream
Because it is an elevated knoll, the site is largely unaffected by upstream runoff. Middleton Wash drains
the largest upstream area and passes along the north and east boundaries of the property.

The access road will be affected by runoff from riverside drive and the west, undeveloped side of the
knoll. This can be channeled into the storm drain in Riverside Drive or let under the access road in a
culvert to stay in the natural drainage ditch leading to Middleton Wash.

Downstream
The site drains directly to Middleton Wash just north of the confluence with the Virgin River. The only
improvement between the site and these large natural drainages is a pedestrian and bike path on the
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west side of Middleton Wash near the northeast corner of the property. The path then crosses over to
the east side of the wash.

Along Riverside Drive, there is a parcel between the Knetta’s Knoll access road and Middleton Wash.
Knetta’s Knoll and the two Parcels flanking the access road would do well to coordinate drainage
improvements.

Known Drainage Problems
There are no known drainage problems affecting the site.

FEMA Floodplains

The site is within the limits of FEMA floodplain map number 49053C1031G. The map shows floodplains
in Middleton Wash and the Virgin River, but the site itself is in Zone X. A portion of the map is shown in
the appendix.

On -Site Drainage

Once developed, the runoff from the area will increase compared to undeveloped conditions but will be
relatively small due to the small size of the site with no upstream areas to consider. The calculations
show that predeveloped runoff from the site is almost non-existent. This is because the soil is Type A
and the curve number is very low. This is corroborated by the fact that there is little erosion and very
insignificant washes on the property despite it being crisscrossed with off road vehicle trails.

Potential Drainage Problems

Development will bring impervious areas and will cut off historical drainage paths. Impervious areas will
increase and concentrate runoff which will have to be conveyed to Middleton Wash. The access road
will be relatively steep and capturing the runoff in low points is easier than on steep grades. The path to
Middleton Wash could be straight down between lot lines, but that will cause maintenance and possible
erosion problems. Based on the small runoff numbers, and the steeper grades, it is likely that storm
drain inlets in the access road near the intersection with Riverside Drive will be sufficient to collect
runoff before gutter capacity is exceeded. It will then need to be conveyed to Middleton wash in either
a pipe or ditch or combination thereof. The flow rates in this report can be used in evaluating the best
path.

Another potential problem is the issue of detention. Typically, developments are required to provide
storm water detention to reduce developed flow rated to pre-development levels. This is required to
prevent flooding downstream. For this property, however, Middleton Wash and the Virgin River have
more than sufficient capacity for the increased flows from a tiny development and the peak runoff will
happen hours or days after the site has stopped contributing. Therefore, it is proposed that detention is
not required for this site.
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Master Planned Drainage Facilities

There are no master planned drainage facilities affecting the site. There could be something planned on
Riverside Drive in the vicinity of Middleton Wash and any plans should be considered while evaluating
the best path for conveying storm water from the site to Middleton Wash.

Preliminary Hydrology Calculations
HEC-HMS was used to model site hydrology. Runoff from the site was evaluated for both pre- and post-
developed conditions.

Design Precipitation

Both the SCS type 2 and the Farmer-Fletcher distributions were modeled for both the 10-year and 100-
year events. The following rainfall totals were used in the appropriate models and come from Table 2-1
in the St. George Drainage Manual:

10 Year 3 Hour: 1 Inch (FF10)

10 Year 24 Hour: 1.68 Inches (SCS10)
100 Year 3 Hour: 1.64 Inches (FF100)
100 Year 24 Hour: 2.51 Inches (SCS100)

Interception and Infiltration

The SCS Curve Number method was used to model interception and infiltration. Post Development
conditions were evaluated using both the pervious curve number and composite curve number
methods. The composite curve number method yielded extremely low flow rates, so result for it are not
included and any references to it in the calculations are there only to compare SCS lag time to the
primary routing method.

Impervious area in the developed condition was estimated at 30%. This could be a little lower according
to Table 2-3 in the St. George Hydrology Manual, but many back yards will not make it to the streets and
will drain down the sides of the Knoll.

Sub-basin Lag Time
The Kinematic Wave Flow Path Components Method was used to calculate the basin lag time.

Routing
No routing between sub basins or through any detention ponds was evaluated at this time. As a
hydraulically isolated site near the Virgin River, no sub-basin routing should be required.

Drainage Facility Hydraulic Calculations
No gutters, inlets, pipes, channels, culverts, detention outlets, or energy dissipation facilities were
evaluated at this time. Runoff will be directed to the gutters, intercepted by inlets, fed into storm drain
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pipes and conveyed to Middleton wash where rip rap or other energy dissipation methods will prevent
erosion.

Results Summary

Flow Rates from the modeled watersheds for the various precipitation events are summarized in Table
1.

Table 1. Watershed Flow Rate Summary

Peak Flow Rate (cfs)
Watershed 10 Year FF | 10 Year SCS | 100 Year FF | 100 Year SCS
Pre-Developed Site 0 0.06 0.42 1.53
Developed Site 0.63 3.41 5.21 9.91
Upstream 1.09 2.62 3.8 5.19
Downstream 0.57 1.41 2 2.77

Required Easements
If the drainage system is kept within the public right of way, no easements will be required. If the best
route is more directly to Middleton Wash, of course easements will be required.
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Soil Map
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Knetta’s Knoll

Hydrologic Soil Group and Surface Runoff-Washington County Area, Utah
Map symbol and 2oil name Pct. of map unit | Surface Runoff Hydrologic Soil Group

FA—Fluvaguents and torrifluvents, sandy

Fluvaguents 55 Negligible | A/D

Torrifluvents 35 Very low | A
IAF—=som cobbly sandy loam, 3 to 30 percent slopes

Isom a0 Low | A
Sd—5t. George silty clay loam, moderately saline

St george, moderately saline &0 Low [C
Se—5t. George =ilty clay loam, shallow water fable

5t george, shallow water fable &5 Very high | C/D
SY—Stony colluvial land

Stony colluvial land 100 Y
Tc—Tobler fine sandy loam

Tobler &5 ery low | A
Td—Tobler silty clay loam

Tobler a0 Low |C
W—\Water

Water 100 —|—
WED—Winkel gravelly fine sandy loam, 1 to & percent

slopes
Winkel &5 Medium | D
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FEMA Map
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Model Schematic
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FF10 Results

Project Description

File Name ..... .. Knetta's Knoll Preliminary Drainage. SPF

Project Options

Flow Units ... CFs
Elevation Type Elevation
Hydrology Method SCS TR-55

SCS TR-55
Kinematic Wave

Time of Concentration (
Link Routing Method ......
Enable Overflow Ponding at Nodes
Skip Steady State Analysis Time Periods ... NO

Analysis Options

Start Analysis On Apr 24, 2021 00:00:00

End Analysis On .... ... Apr 25, 2021 00:00:00

Start Reporting On Apr24,2021  00:00:00

Antecedent Dry Days 0 days

Runoff (Dry Weather) Time Step ... .. 001:00:00 days hh:mm:ss

Runoff (Wet Weather) Time Step .. 000:05:00 days hh:mm:ss
porting Time Step 000:05:00 days hh:mm:ss

Routing Time Step ... .. 30 seconds

Number of Elements

Rain Gages

4

4

Node: 2
Juncti 0
Outfalls .... 2
Flow Diversions .. 0
Infets ... 0
Storage Nodes 0

Link: 0
0

0

0

0

0

0

0

0

Channels .

Pollutants .
Land Uses

Rainfall Details

SN Rain Gage Data Data Source Rainfall Rain  State County Return Rainfall Rainfall

D Source D Type Units

Period Depth  Distribution

1 Time Series FF10 Cumulative inches

Knetta’s Knoll

(ears) (inches)
0.00
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Subbasin Summary

SN Subbasin Area Peak Rate Weighted Total Total Total Peak Time of
ID Factor Curve Rainfall Runoff Runoff Runoff Concentration
Number Volume

(acy (in) (in) (ac-in) (cfs) (dayshh:mm:ss)
1 DevelopedSite 12.86 484.00 78.45 100 0.06 081 063 0 00:24:12
2 Downstream 1.89 484.00 88.00 1.00 0.25 048 057 0 00:21:54
3 PreDevelopedSite 12.86 484.00 63.00 1.00 0.00 0.00 0.00 0 00:25:55
4 Upstream 4.16 484.00 88.00 1.00 0.25 1.05 1.09 0 00:29:13
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Node Summary

SN Element Element Invert Ground/Rim Initial Surcharge Ponded Peak Max HGL Max Min Time of Total Total Time
D Type Elevation (Max) Water Elevation Area Inflow Elevation Surcharge Freeboard Peak Flooded  Flooded
Elevation Elevation Attained Depth  Attained Flooding Volume
Aftained Occurrence
() (f) (f) (i) @) (cfs) (f) (i) () (days hh:mm (ac-in ‘min;
1 Out-01  Ouitfall 0.00 0.00 0.00
2 Out-02  Outfall 0.00 0.00 0.00

Knetta’s Knoll
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Subbasin Hydrology

Subbasin : DevelopedSite

Input Data
Area (ac) 12.86
Peak Rate Factor 484.00
Weighted Curve Number ...... .. 7845
Rain Gage ID

Composite Curve Number

Area Soil  Curve

Soil/Surface Description (acres)  Group Number
1/2 acre lots, 25% impervious 546 A 54.00
Paved roads with curbs & sewers 1.93 A 98.00
Artificial desert landscape 546 A 96.00
Composite Area & Weighted CN 12.85 78.45

Time of Concentration

TOC Method : SCS TR-55

Sheet Flow Equation :

Tc = (0.007 * ((n " LNA0.8)) 7 (PA0.5) *

Where :

Te = Time of Concentration (hry
n = Manning's roughness

Lf = FlowLength (ft)

P =2 yr, 24 hr Rainfall (inches)
Sf = Slope ()

Shallow Concentrated Flow Equation :

(50.4))

V =16.1345 " (Sf*0.5) (unpaved surface)

V =20.3282 " (5f*0.5) (paved surface)
\ 5.0 " (8f*0.5) (grassed waterway
0.0 " (5f*0.5) (nearly bare & untill

.07 (8f*0.5) (short grass pasture
.07 (8f*0.5) (woodland surface)

2.5 7 (S0.5) (forest wiheavy litter
(LF/V) 7 (3600 sec/hr)

Vv
\
vV
\
vV
Tc

Where:

Tc = Time of Concentration (hry
Lf = Flow Length (ft)

V =Velocity (ft/sec)

Sf = Slope (fUf)

Channel Flow Equation :

V =(1.49 " (RA(2/3)) " (SF0.5)) Fn
R =Aq/Wp
Tc = (LF/V) / (3600 sec/r)

Where :

Knetta’s Knoll

Tc = Time of Concentration (hry
Lf = Flow Length (ft)

R = Hydraulic Radius (ft)

Aq =Flow Area (fi?)

Wp =Wetted Perimeter (ff)

V =Velocity (ft/sec)

SF = Slope (/)

n = Manning's roughness

surface)
led surface)

.0 7 (8f*0.5) (cultivated straight rows surface)

surface)y

surface)
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Sheet Flow Computations
Manning's Roughness :
Flow Length (fi) :

Slope (%) :

2 yr, 24 hr Rainfall (in) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Channel Flow Computations
Manning's Roughness :
Flow Length () :

Channel Slope (%) :

Cross Section Area (ft?) :
Wetted Perimeter (ft) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Total TOC (min)

Subbasin Runoff Results

Total Rainfall (in)

242

1

Total Runoff (in)

Peak Runoff (cfs)
Weighted Gurve Number ......

Time of Concentration (days hh:mm:ss)

Knetta’s Knoll

Subarea
A
3
50
2
1.05
0.05
17.10

Subarea
A
015
1942.86
6

A5
1.85
4.56
7.10

1.00
0.06
063
78.45

. 000:24:13

Subarea Subarea

B
0.00
0.00
0.00
0.00
0.00
0.00

Subarea Subarea

0.00
0.00
0.00
0.00
0.00
0.00
0.00

o]
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
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Subbasin : DevelopedSite

Rainfall intensity Graph

Rainfall {infhr)
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Subbasin : Downstream
Input Data

Area (ac)
Peak Rate Factor
Weighted Curve Number
Rain Gage ID

Composite Curve Number

Area
Soil/Surface Description acres’
Natural western desert 1.89
Composite Area & Weighted CN 1.89
Time of Concentration
Subarea
Sheet Flow Computations A
Manning's Roughness : 3
Flow Length (ft) : 172.66
Slope (%) : 18
2 yr, 24 hr Rainfall (i) : 1.08
Velocity (fi/sec) : 0.15
Computed Flow Time (min) : 19.14
Subarea
Shallow Concentrated Flow Com putations A
Flow Length (ft) : 306.09
Slope (%) : 8
Surface Type : Unpaved
Velocity (ft/sec) : 4.56
Computed Flow Time (min) : 1.12
Subarea
Channel Flow Computations A
Manning's Roughness : 015
Flow Length (ft) : 259.02
Channel Slope (%) : 2
Cross Section Area (fi2) : A5
Wetted Perimeter (ft) : 1.85
Velocity (ft/sec) : 263
Computed Flow Time (min) : 1.64

Total TOC (min) ... .....21.90

Subbasin Runoff Results

Total Rainfall (in)
Total Runoff (iny
Peak Runoff (cfs)y
Weighted Curve Number
Time of Concentration (days hh:mm

Knetta’s Knoll

Soil  Curve
Group Number
D 88.00
88.00

Subarea Subarea

B
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Subarea Subarea
B
0.00 0.00
0.00 0.00
Unpaved Unpaved
0.00 0.00
0.00 0.00

Subarea Subarea

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
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Subbasin : Downstream

Fainfail intenshy Graph
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Subbasin : PreDevelopedSite
Input Data

Area (ac) 12.86
Peak Rate Factor .....

Weighted Curve Number 63.00
Rain Gage ID
Composite Curve Number
Area Soil  Curve
Soil/Surface Description acres; Group Number
Natural western desert 12.86 A 63.00
Composite Area & Weighted CN 12.86 63.00

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B
Manning's Roughness : 3 0.00 0.00
Flow Length (fi) : 185.22 0.00 0.00
Slope (%) : 12 000 0.0
2 yr, 24 hr Rainfall (in) : 1.0 0.00 0.00
Velocity (ft/sec) : 0.13 0.00 0.00
Computed Flow Time (min) : 23.81 0.00 0.00
Subarea Subarea Subarea
Shallow Concentrated Flow Com putations A B C
Flow Length (fi) : 298.26 0.00 0.00
Slope (%) : 12 000 0.0
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 5.59 0.00 0.00
Computed Flow Time (min) : 0.89 0.00 0.00
Subarea Subarea Subarea
Channel Flow Computations A
Manning's Roughness : .023 0.00 0.00
Flow Length (fi) : 654.28 0.00 0.00
Channel Slope (%) : 12 0.00 0.00
Cross Section Area (ft?) : 5 0.00 0.00
Wetted Perimeter (ft) : 2 0.00 0.00
Velocity (ft/sec) : 8.91 0.00 0.00
Computed Flow Time (min) : 1.22 0.00 0.00
Total TOC (min) ... .....25.93

Subbasin Runoff Results

Total Rainfall (in) 1.00
Total Runoff (in) 0.00
Peak Runoff (cfs) 0.00

63.00

Weighted Curve Number ... .
0 00:25:56

Time of Concentration (days hh:mm:ss)

Knetta’s Knoll 19 Preliminary Storm water Analysis



Subbasin : PreDevelopedSite

Fainfail intenshy Graph
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Subbasin : Upstream
Input Data
Area (ac)

Peak Rate Factor .....
Weighted Curve Number ..

Rain Gage ID
Composite Curve Number
Area Soil  Curve
Soil/Surface Description (acres) Group Number
Natural western desert 4.16 D 88.00
Composite Area & Weighted CN 4.16 88.00

Time of Concentration

Subarea Subarea Subarea
Sheet Flow Computations A B C

Manning's Roughness : 3 0.00 0.00
Flow Length (ft) : 24127 0.00 0.00
Slope (%) : 20 0.00  0.00
2 yr, 24 hr Rainfall (in) : 1.05 0.00 0.00
Velocity (ft/sec) : 0.17 0.00 0.00
Computed Flow Time (min) : 23.99 0.00 0.00
Subarea Subarea Subarea
Shallow Concentrated Flow Com putations A B C
Flow Length (f) : 151.97 0.00 0.00
Slope (%) : 10 000  0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) © 5.10 0.00 0.00
Computed Flow Time (min) : 0.50 0.00 0.00
Subarea Subarea Subarea
Channel Flow Computations A B C
Manning's Roughness : .015 0.00 0.00
Flow Length (ft) : 747.90 0.00 0.00
Channel Slope (%) : 2 0.00 0.00
Cross Section Area (ft?) : A5 0.00 0.00
Wetted Perimeter (ft) : 1.85 0.00 0.00
Velocity (ft/sec) : 263 0.00 0.00
Computed Flow Time (min) : 4.74 0.00 0.00
Total TOC (min) ......ce0e.00029.22

Subbasin Runoff Results

Total Rainfall (in)
Total Runoff (iny
Peak Runoff (cfs)
Weighted Curve Number ...
Time of Concentration (days hhim
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Subbasin : Upstream

Fainfall intensity Grapih

3

29
28
27
26
248
24
23
22
21

19
18
17
16
15
14
13
12
11

Rainfall {infhr)

09
Ui
07
06
05
04
03
02
01 fomd

o 1 2 3 4 5 [ 7 ) 8 9 o " 12 13 14 s 16 17 B 19 20 21 2 3
Time (hrs)

Bunoff Hydrograph

095

085

065
06
0 .55
o0&
0.45
04
035
03
02
02
05
01
0.05

Runoff {cfs)

0 1 2 3 4 g 6 7 g 9 10 " 12 13 14 18 1B 17 1B 19 20 2 22 23
Tirne (hrs)

Knetta’s Knoll 22 Preliminary Storm water Analysis



SCS10 Results

Project Description

File Name

Project Options
Flow Units . CFs
Elevation Type {
Hydrology Method ... 8CS TR-55

Time of Concentration (TOC) Method SCS TR-55
Link Routing Method ...
Enable Overflow Ponding at Nodes ... .. YES

Skip Steady State Analysis Time Periods ... NO

Analysis Options

Start Analysis On ..
End Analysis On Apr 25, 2021
Start Reporting On ..... ... Apr 24,2021
Antecedent Dry Days 0
Runoff (Dry Weather) Time Step ... .. 001:00:00
Runoff (Wet Weather) Time Step 000:05:00
Reporting Time Step 0 00:05:00
Routing Time Step ... 30

Apr 24, 2021

Number of Elements

ty
Rain Gages
Subbasins
Nodes.
Juncti
Outfalls ..
Flow Diversions

Storage Nodes ...
Links

Pollutants ...
Land Uses

Rainfall Details

coocooococococoocoNMONEREQD

Kinematic Wave

.. Knetta's Knoll Preliminary Drainage . SPF

00:00:00
00:00:00
00:00:00

days

days hh:mm:ss
days hh:mm:ss
days hh:mm:ss
seconds

SN Rain Gage Data Data Source Rainfall Rain  State County Return Rainfall Rainfall
ID Source D Type Units Period Depth  Distribution
(years) (inches)
1 Time Series SCS10 Cumulative inches 0.00

Knetta’s Knoll
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Subbasin Summary

SN Subbasin Area Peak Rate Weighted Total Total Total Peak Time of
ID Factor Curve Rainfall Runoff Runoff Runoff Concentration
Number Volume

(acy (in) in) (ac-in) (cfs) (days hh:mm:ss
1 DevelopedSite 12.86 484.00 7845 168 0.33 424 341 0 00:24:12

2 Downstream 1.89 484.00 88.00 1.68 072 135 141

3 PreDevelopedSite 12.86 484.00 63.00 168 0.04 0.51 0.06
4 Upstream 4.16 484.00 88.00 168 0.72 298 262 0 00:29:13

Knetta’s Knoll 24
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Node Summary

SN Element Element Invert Ground/Rim Initial Surcharge Ponded Peak Max HGL Max Min Time of Total Total Time
D Type Elevation (Max) Water Elevation Area Inflow Elevation Surcharge Freeboard Peak Flooded  Flooded
Elevation Elevation Attained Depth  Attained Flooding Volume
Attained Occurrence
(ft) (ft) (ft) () fi2 cfs) (ft) (ft) () (days hh:mm (ac-in min’
1 0ut-01  Outfall 0.00 0.00 0.00
2 Out-02  Quitfall 0.00 0.00 0.00

Knetta’s Knoll
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Subbasin Hydrology

Subbasin : DevelopedSite

Input Data
Area (ac) 12.86
Peak Rate Factor 484.00
Weighted Curve Number ... .. 7845
Rain Gage ID

Composite Curve Number

Area Soil  Curve

Soil/Surface Description (acres) Group Number
1/2 acre lots, 25% impervious 546 A 54.00
Paved roads with curbs & sewers 1.93 A 98.00
Artificial desert landscape 5.46 A 96.00
Composite Area & Weighted CN 12.85 7845

Time of Concentration

TOC Method : SCS TR-55

Sheet Flow Equation :

Tc = (0.007 " ((n " LA"0.8)) / (PA0.5) * (S"0.4))

Where :

Tc = Time of Concentration (hr)

n
Lf
P
sf

= Manning's roughness

Flow Length (ft)

2 yr, 24 hr Rainfall (inches)
= Slope (fift)

Shallow Concentrated Flow Equation :

v
v
s
¥
v
Vv
v
v
Te

Tc
Lf
s

sf

.0 " (8f*0.5) (woodland surface)

16.1345 " (Sf*0.5) (unpaved surface)

0.3282 " (Sf*0.5) (paved surface)

5.0 " (Sf0.5) (grassed waterway surface)
0.0 7 (Sf*0.5) (nearly bare & untilled surface)
.0 * (5f*0.5) (cultivated straight rows surface)
.07 (Sf*0.5) (short grass pasture surface)

=2.5" (Sf0.5) (forest wheavy litter surface)

(LF/V) / (3600 sec/r)
Where:

= Time of Concentration (hr)
= Flow Length (ft)

=Velocity (ft/sec)

= Slope (fiff)

Channel Flow Equation :

v
R
Te

=(1.49 7 (RM(2/3)) " (SF0.5)) /n
=Aq /Wp
= (LF/V) / (3600 sec/hr)

Where :

Knetta’s Knoll

Te
L
R

= Time of Concentration (hr)
low Length (ft)
= Hydraulic Radius (ft)

Aq = Flow Area (ft2)
Wp =Wetted Perimeter (ft)
V =Velocity (ft/sec)

= Manning's roughness
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Sheet Flow Computations
Manning's Roughness :
Flow Length (f) :

Slope (%) :

2 yr, 24 hr Rainfall (in) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Channel Flow Computations
Manning's Roughness :
Flow Length (ft) :
Channel Slope (%) :
Cross Section Area (fi?) :
Wetted Perimeter (ft) :
Velocity (ft/sec) :
Computed Flow Time (min) :
Total TOC (min) .................24 21

Subbasin Runoff Results

Total Rainfall (in)

Total Runoff (in)

Peak Runoff (cfs)

Weighted Curve Number ......

Time of Concentration (days hh:mm

Knetta’s Knoll

Subarea
A
3
50
2
1.05
0.05
17.10

Subarea
A
015
194286
[

15
1.85
4.56
7.10

1.68
033
KX

. 7845
. 000:24:13

Subarea Subarea

B [}
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

Subarea Subarea

B [o]
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
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Subbasin : DevelopedSite

Rainfail imensity Sraph
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Subbasin : Downstream

Input Data
Area (ac) 1.89
Peak Rate Factor 484.00
Weighted Curve Number 88.00
Rain Gage ID FF10
Composite Curve Number
Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Natural western desert 1.89 D 88.00
Composite Area & Weighted CN 1.89 88.00
Time of Concentration
Subarea Subarea Subarea
Sheet Flow Computations A B C
Manning's Roughness : 3 0.00 0.00
Flow Length (ft) : 172.66 0.00 0.00
Slope (%) : 18 000 000
2 yr, 24 hr Rainfall (in) : 1.05 0.00 0.00
Velocity (ft/sec) : 0.15 0.00 0.00
Computed Flow Time (min) : 19.14 0.00 0.00
Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B
Flow Length (ft) : 306.09 0.00 0.00
Slope (%) 8 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 4.56 0.00 0.00
Computed Flow Time (min) : 1.12 0.00 0.00
Subarea Subarea Subarea
Channel Flow Computations A B C
Manning's Roughness : .015 0.00 0.00
Flow Length (ft) : 259.02 0.00 0.00
Channel Slope (%) : 2 0.00 0.00
Cross Section Area (ft?) : 15 0.00 0.00
Wetted Perimeter (ft) : 1.85 0.00 0.00
Velocity (ft/sec) : 2.63 0.00 0.00
Computed Flow Time (min) : 1.64 0.00 0.00
Total TOC (miny ... .....21.90
Subbasin Runoff Results
Total Rainfall (in) 1.68
Total Runoff (iny 0.72
Peak Runoff (cfs) 141
Weighted Curve Number 88.00

Time of Concentration (days hh:mm:ss)

Knetta’s Knoll

000:21:54
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Subbasin : Downstream

Fainfali intensity Sraph
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Subbasin : PreDevelopedSite

Input Data
Area (ac) 12.86
Peak Rate Factor 484.00
Weighted Curve Number 63.00
Rain Gage ID
Composite Curve Number
Area Soil  Curve
Soil/Surface Description (acres) Group Number
Natural western desert 12.86 A 63.00
Composite Area & Weighted CN 12.86 63.00
Time of Concentration
Subarea Subarea Subarea
Sheet Flow Computations A B
Manning's Roughness : 3 0.00 0.00
Flow Length (ft) : 185.22 0.00 0.00
Slope (%) : 12 0.00 0.00
2 yr, 24 hr Rairfall (i) : 1.0 0.00 0.00
Velocity (ftfsec) : 0.13 0.00 0.00
Computed Flow Time (min) : 23.81 0.00 0.00
Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B
Flow Length (ff) : 298.26 0.00 0.00
Slope (%) : 12 000 000
Sutface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 5.59 0.00 0.00
Computed Flow Time (min) : 0.89 0.00 0.00
Subarea Subarea Subarea
Channel Flow Computations A B
Manning's Roughness : 023 0.00 0.00
Flow Length (ff) : 654.28 0.00 0.00
Channel Slope (%) : 12 0.00 0.00
Cross Section Area (ft?) : 5 0.00 0.00
Wetted Perimeter (ft) : 2 0.00 0.00
Velocity (ft/sec) : 8.91 0.00 0.00
Computed Flow Time (min) : 1.22 0.00 0.00
Total TOC (min) ....... 20,93
Subbasin Runoff Results
Total Rainfall (in) 1.68
Total Runoff (in) 0.04
Peak Runoff (cfs) 0.06
Weighted Curve Number 63.00
Time of Concentration (days hh:mm:ss) 0 00:25:56

Knetta’s Knoll
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Subbasin : PreDevelopedSite

Fairfail irtansity Graph
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Subbasin : Upstream

Input Data
Area (ac) 416
Peak Rate Factor 484.00
Weighted Curve Number ..... .. 88.00
Rain Gage ID
Composite Curve Number
Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Natural western desert 4.16 D 88.00
Composite Area & Weighted CN 4.16 88.00
Time of Concentration
Subarea Subarea Subarea
Sheet Flow Computations A B C
Manning's Roughness : 3 0.00 0.00
Flow Length (i) : 241.27 0.00 0.00
Slope (%) © 20 000  0.00
2 yr, 24 hr Rainfall (in) : 1.08 0.00 0.00
Velocity (ft/sec) : 017 0.00 0.00
Computed Flow Time (min) : 23.99 0.00 0.00
Subarea Subarea Subarea
Shallow Concentrated Flow Com putations A B C
Flow Length () : 151.97 0.00 0.00
Slope (%) : 10 000 000
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 5.10 0.00 0.00
Computed Flow Time (min) : 0.50 0.00 0.00
Subarea Subarea Subarea
Channel Flow Computations A B c
Manning's Roughness : 015 0.00 0.00
Flow Length (i) : 747.90 0.00 0.00
Channel Slope (%) : 2 000  0.00
Cross Section Area (fi?) : 15 0.00 0.00
Wetted Perimeter (ft) : 1.85 0.00 0.00
Velocity (ft/sec) : 2.63 0.00 0.00
4.74 0.00 0.00

Computed Flow Time (min) :
Total TOC (miny 29.2

Subbasin Runoff Results

Total Rainfall (in)

Total Runoff (in)

Peak Runoff (cfs)

Weighted Curve Number .....
Time of Concentration (days hh:mm

Knetta’s Knoll
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Subbasin : Upstream

Fainfall inensity Sraph
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FF100 Results

Project Description

File Name Knetta's Knoll Preliminary Drainage. SPF

Project Options

Flow Units
ion Type
Hydrology Method ...
Time of Concentration (TOC) Method
Link Routing Method .. Kinematic Wave
Enable Overflow Ponding at Nodes ... YES
Skip Steady State Analysis Time Periods ... NO

Analysis Options

Start Analysis On .. Apr 24, 2021

End Analysis On .. Apr 25, 2021

Start Reporting On Apr 24, 2021
1t Dry Days 0

.. 001:00:00 days hh:mm:ss
000:05:00 days hhxmm:ss
000:05:00 days hh:mm:ss
30 seconds

Runoff (Dry Weather) Time Step ....
Runoff (Wet Weather) Time Step
Reporting Time Step
Routing Time Step ...

Number of Elements

Rain Gages ...

Node:
Junctions

Channels
Fipe.
Pumps
Orffices
Weirs .
Qutlets
Pollutants
Land Uses .

Rainfall Details

SN Raih Gage Data Data Source Rainfall Rain  State County Return Rainfall

ID Source ID Type Units

Period Depth
(years) (inches)

Rainfall
Distribution

1 Time Series FF100 Cumulative inches

Knetta’s Knoll
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Subbasin Summary

Peak

5.21
2.00
042

SN Subbasin Area Peak Rate Weighted Total Total Total
1D Factor Curve Rainfall Runoff Runoff Runoff
Number Volume
(ac) (in)

1 DevelopedSite 12.86 484.00 7845 164 031 3.99
2 Downstream 1.89 484.00 88.00 164 068 1.29
3 PreDevelopedSite 12.86 484.00 63.00 164 003 0.44
4 Upstream 4.16 484.00 88.00 164 069 2.85

Knetta’s Knoll

3.80

Tim e of
Concentration

in ac-in! cfs days hh:mm:ss

0 00:24:12
0 00:21:54
0 00:25:55
0 00:29:13
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Node Summary

8N Element Element Invert Ground/Rim Initial Surcharge Ponded Peak Max HGL Max Min Time of Total Total Time
Type Elevation (Max) Water Elevation Area Inflow Elevation Surcharge Freeboard Peak Flooded  Flooded
Elevation Elevation Attained Depth  Attained Flooding Volume
Attained Occurrence
(m () () () ) (cfs) (m (m (M) (days hhimm) _ (ac-in) (min)
1 Out-01  Outfall 0.00 0.00 0.00
2 Out-02  Outfall 0.00 0.00 0.00

Knetta’s Knoll
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Subbasin Hydrology

Subbasin : DevelopedSite

Input Data
Area (ac) 12.86
Peak Rate Factor 484.00
Weighted Curve Number ...... .. 7845
Rain Gage ID

Composite Curve Number

Area Soil  Curve

Soil/Surface Description (acres)  Group Number
1/2 acre lots, 25% impervious 546 A 54.00
Paved roads with curbs & sewers 1.93 A 98.00
Artificial desert landscape 546 A 96.00
Composite Area & Weighted CN 12.85 78.45

Time of Concentration

TOC Method : SCS TR-55

Sheet Flow Equation :

Tc = (0.007 * ((n " LNA0.8)) 7 (PA0.5) *

Where :

Te = Time of Concentration (hry
n = Manning's roughness

Lf = FlowLength (ft)

P =2 yr, 24 hr Rainfall (inches)
Sf = Slope ()

Shallow Concentrated Flow Equation :

(50.4))

V =16.1345 " (Sf*0.5) (unpaved surface)

V =20.3282 " (5f*0.5) (paved surface)
\ 5.0 " (8f*0.5) (grassed waterway
0.0 " (5f*0.5) (nearly bare & untill

.07 (8f*0.5) (short grass pasture
.07 (8f*0.5) (woodland surface)

2.5 7 (S0.5) (forest wiheavy litter
(LF/V) 7 (3600 sec/hr)

Vv
\
vV
\
vV
Tc

Where:

Tc = Time of Concentration (hry
Lf = Flow Length (ft)

V =Velocity (ft/sec)

Sf = Slope (fUf)

Channel Flow Equation :

V =(1.49 " (RA(2/3)) " (SF0.5)) Fn
R =Aq/Wp
Tc = (LF/V) / (3600 sec/r)

Where :

Knetta’s Knoll

Tc = Time of Concentration (hry
Lf = Flow Length (ft)

R = Hydraulic Radius (ft)

Aq =Flow Area (fi?)

Wp =Wetted Perimeter (ff)

V =Velocity (ft/sec)

SF = Slope (/)

n = Manning's roughness

surface)
led surface)

.0 7 (8f*0.5) (cultivated straight rows surface)

surface)y

surface)
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Sheet Flow Computations
Manning's Roughness :
Flow Length (ft) -

Slope (%) :
2 yr, 24 hr Rainfall (i) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Channel Flow Computations
Manning's Roughness :
Flow Length (ft)
Channel Slope (%) :
Cross Section Area (ft”
Wetted Perimeter (ft) :
Velocity (ft/sec) :

Computed Flow Time (min) :
..24.21

Total TOC (min) ...

Subbasin Runoff Results

Total Rainfall (in)

Total Runoff (in)

Peak Runoff (cfs)

Weighted Curve Number ......

Time of Concentration (days hh:

Knetta’s Knoll

Subarea
A
3
50
2
1.05
0.05
17.10

Subarea
A
015
1942.86
[

15
1.85
4.56
7.10

Subarea Subarea

B <
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

Subarea Subarea

B C
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
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Subbasin : DevelopedSite

Rainfall intensity Graph
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Subbasin : Downstream
Input Data

Area (ac)

Peak Rate Factor ........
Weighted Curve Number
Rain Gage 1D

Composite Curve Number

Soil/Surface Description

Natural western desert
Composite Area & Weighted CN

Time of Concentration

Sheet Flow Computations
Manning's Roughness :
Flow Length (ff) :

Slope (%) :

2 yr, 24 hr Rainfall (in) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Shallow Concentrated Flow Com putations
Flow Length (ff) :
Slope (%) :
Surface Type :
Velocity (ft/sec) :
Computed Flow Time (min) :

Channel Flow Computations
Manning's Roughness :
Flow Length (fi) :
Channel Slope (%) :
Cross Section Area (fi2) :
Wetted Perimeter (ft) :
Velocity (ft/sec) :
Computed Flow Time (min) :

Total TOC (min) .................21.9

Subbasin Runoff Results

Total Rainfall (in)

Total Runoff (in)
Peak Runoff (cfs)

Weighted Curve Number ......
Time of Concentration (days hh:mm

Knetta’s Knoll

189
484.00
88.00
FF10
Area Soil  Curve
(acres’ Group Number
1.89 D 88.00
1.89 88.00
Subarea Subarea Subarea
A B
3 0.00 0.00
172.66 0.00 0.00
18 0.00 0.00
1.05 0.00 0.00
0.15 0.00 0.00
19.14 0.00 0.00
Subarea Subarea Subarea
A B C
306.09 0.00 0.00
8 0.00 0.00
Unpaved Unpaved Unpaved
4.56 0.00 0.00
1.12 0.00 0.00
Subarea Subarea Subarea
A B [o]
015 0.00 0.00
259.02 0.00 0.00
2 0.00 0.00
15 0.00 0.00
1.85 0.00 0.00
2.63 0.00 0.00
1.64 0.00 0.00
1.64
088
2.00
88.00

000:21:54
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Subbasin : Downstream

Fairfall intensiy Graph

Rainfall (infhr}
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Rurnoff Mydragraph
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Subbasin : PreDevelopedSite
Input Data

Area (ac)

Peak Rate Factor
Weighted Curve Number

Rain Gage ID
Composite Curve Number
Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Natural western desert 12.86 A 63.00
Composite Area & Weighted CN 12.86 63.00
Time of Concentration
Subarea Subarea Subarea
Sheet Flow Computations A B C
Manning's Roughness : 3 0.00 0.00
Flow Length (fi) : 185.22 0.00 0.00
Slope (%) : 12 000 000
2 yr, 24 hr Rainfall (in) : 1.05 0.00 0.00
Velocity (ft/sec) : 0.13 0.00 0.00
Computed Flow Time (min) - 2381 0.00 0.00
Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
Flow Length (ff) : 298.26 0.00 0.00
Slope (%) : 12 000  0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 5.59 0.00 0.00
Computed Flow Time (min) : 0.89 0.00 0.00
Subarea Subarea Subarea
Channel Flow Computations A B <
Manning's Roughness : 023 0.00 0.00
Flow Length (fi) 654.28 0.00 0.00
Channel Slope (%) : 12 0.00 0.00
Cross Section Area (fi?) : 5 0.00 0.00
Wetted Perimeter (ft) : 2 0.00 0.00
Velocity (ft/sec) : 8.91 0.00 0.00
1.22 0.00 0.00

Computed Flow Time (min) :
Total TOC (min) .... ..25.93

Subbasin Runoff Results

Total Rainfall (in)

Total Runoff (in)
Peak Runoff (cfs)

Weighted Curve Number ....
Time of Concentration (days hh:m

Knetta’s Knoll
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Subbasin : PreDevelopedSite

Fainfall inensity Sraph
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Subbasin : Upstream
Input Data

Area (ac)
Peak Rate Factor
Weighted Curve Number
Rain Gage ID

Composite Curve Number

Area Soil  Curve
Soil/Surface Description (acres) Group Number
Natural western desert 4.16 D 88.00
Composite Area & Weighted CN 4.16 88.00

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B C
Manning's Roughness : 3 0.00 0.00
Flow Length (ff) : 241.27 0.00 0.00
Slope (%) : 20 000  0.00
2 yr, 24 hr Rairfall (in) : 1.05 0.00 0.00
Velocity (ft/sec) : 017 0.00 0.00
Computed Flow Time (min) : 2399 0.00 0.00

Subarea Subarea Subarea

Shallow Concentrated Flow Computations A B
Flow Length (ff) : 151.97 0.00 0.00
Slope (%) : 10 000 0.0
Surface Type Unpaved Unpaved Unpaved
Velocity (ft/sec) : 5.10 0.00 0.00
Computed Flow Time (min) : 0.50 0.00 0.00

Subarea Subarea Subarea

Channel Flow Computations A B C
Manning's Roughness : .015 0.00 0.00
Flow Length (ft) : 747.90 0.00 0.00
Channel Slope (%) : 2 0.00 0.00
Cross Section Area (ft?) : A5 0.00 0.00
Wetted Perimeter (ft) : 1.85 0.00 0.00
Velocity (ft/sec) : 263 0.00 0.00
Computed Flow Time (min) : 4.74 0.00 0.00

Total TOC (min) .... ...29.22

Subbasin Runoff Results

Total Rainfall (in) 1.64

Total Runoff (in) 0.69
Peak Runoff (cfs) 3.80
Weighted Curve Number ..... 88.00
Time of Concentration (days hh:mm:ss) .. 000:29:13
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Subbasin : Upstream

Rainfail intsnsity Graph
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SCS100 Results

Project Description

File Name ...

Project Options

Flow Units ....
Elevation Type .
Hydrology Method
Time of Concentration (
Link Routing Method .....
Enable Overflow Ponding at Nodes
Skip Steady State Analysis Time Periods

Analysis Options

Start Analysis On
End Analysis On .
Start Reporting On ...
A 1t Dry Days

Runoff (Dry Weather) Time Step .......
Runoff (Wet Weather) Time Step .
Reporting Time Step .
Routing Time Step .

Number of Elements

Rain Gages ..

Nodes

Junctons .
Outfalfs .
Flow Diversions .

Land Uses ...

Rainfall Details

OCOOOO0DOOOOCOONON &

Knetta's Knoll Preliminary Drainage. SPF

CFS
Elevation

. SCS TR-55

SCS TR-55

. Kinematic Wave
. YES
. NO

Apr 24, 2021 00:00:00

. Apr 25,2021 00:00:00
.. Apr 24,2021 00:00:00

0 days
... 001:00:00 days hhmm:ss
. 000:05:00 days hh:mm:ss
. 000:05:00 days hh:mm:ss
. 30 seconds
ty

SN Rain Gage Data Data Source Rainfall Rain  State County Return Rainfall Rainfall
ID Source ID Type Units Period Depth  Distribution
(years) (inches)
1 Time Series SCS100 Cumulative inches User Defined

Knetta’s Knoll
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Subbasin Summary

SN Subbasin Area Peak Rate Weighted Total Total Total Peak Time of
ID Factor Curve Rainfall Runoff Runoff Runoff Concentration
Number Volume

(ac) (in) (in) (ac-in)  (cfs) (days hh:mm:ss)
1 DevelopedSite 12.86 484.00 78.45 251 082 1050 991 0 00:24:12
2 Downstream 1.89 484.00 88.00 251 139 263 277 0 00:21:54
3 PreDevelopedSite 12.86 484.00 63.00 251 0.25 318 153 0 00:25:55
4 Upstream 4.16 484.00 88.00 251 139 578 519 0 00:29:13
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Node Summary

SN Element Element Invert Ground/Rim Initial Surcharge Ponded Peak Max HGL Max Min Time of Total Total Time
Type Elevation (Max) Water Elevation Area Inflow Elevation Surcharge Freeboard Peak Flooded  Flooded
Elevation Elevation Attained Depth  Attained Flooding Volume
Attained Occurrence
@ () (f) () @ (cfs) @® () () (days hhimm) __(ac-iny min
1 Out-01  Outfall 0.00 0.00 0.00
2 Out-02  OQuifall 0.00 0.00 0.00

Knetta’s Knoll
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Subbasin Hydrology

Subbasin : DevelopedSite

Input Data

12.86

Area (ac)
Peak Rate Factor
Weighted Curve Number
Rain Gage ID

484.00
78.45

Composite Curve Number

Area Soil  Curve
Soil/Surface Description (acres)  Group Number
142 acre lots, 25% impervious 5.46 A 54.00
Paved roads with curbs & sewers 1.93 A 98.00
Attificial deser landscape 5.46 A 96.00
Composite Area & Weighted CN 12.85 7845

Time of Concentration

TOC Method : SCS TR-55

Sheet Flow Equation :

Te = (0.007 * ((n* LA0.8) / (P*0.5) "

Where :

Tc = Time of Concentration (hr)
n = Manning's roughness

Lf = Flow Length (ft)

P =2yr, 24 hr Rainfall (inches)
Sf = Slope (M)

Shallow Concentrated Flow Equation :

.07 (Sf*0.5) (woodland surface)

v
v
v
v
v
v
v
v
T

¢ = (LF/V) / (3600 secthr)
Where:

Tc = Time of Concentration (hr)
Li low Length (ft)

A elocity (ft/sec)

Sf = Slope (/)

Channel Flow Equation :

V =(1.49 " (RAN2/3)) " (SFO.5)) /n
R =Aq/Wp
Te = (LF/V) / (3600 secthry

Where :

Knetta’s Knoll

Tc = Time of Concentration (hr)
Lf = Flow Length (ft)

R = Hydraulic Radius (ft)

Aq = Flow Area (ft?)

Wp =Wetted Perim eter (ft)

¥V =Velocity (ft/sec)

= Manning's roughness

(5r0.4)

=16.1345 7 (Sf*0.5) (unpaved surface)

0.3282 * ($f*0.5) (paved surface)

5.0 * (Sf*0.5) (grassed waterway surface)
0.0 7 (Sf*0.5) (hearly bare & untilled surface)
.0 7 (5f*0.5) (cultivated straight rows surface)
.0 " (Sf0.5) (short grass pasture surface)

.5 7 (5f*0.5) (forest wheavy litter surface)
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Sheet Flow Computations
Manning's Roughness :
Flow Length (f) :

Slope (%) :

2 yr, 24 hr Rainfall (in) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Channel Flow Computations
Manning's Roughness :
Flow Length (ft) :

Channel Slope (%) :

Cross Section Area (fi?) :
Wetted Perimeter (ft) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Total TOC (min) ... w2421

Subbasin Runoff Results

Total Rainfall (in)

Total Runoff (in)

Peak Runoff (cfs)

Weighted Curve Number ...
Time of Concentration (days hh:mm:ss) ...

Knetta’s Knoll

Subarea

3
50
2
1.05
0.05
17.10

Subarea
A
015
194286
[

15
1.85
4.56
7.10

2.51
0.82
9.91

.. 7845
.. 000:24:13

Subarea Subarea

B
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

Subarea Subarea

B [of
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
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Subbasin : DevelopedSite

Fainfali intensity Sraph
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Subbasin : Downstream
Input Data

Area (ac) 1.89
Peak Rate Factor 484.00
Weighted Curve Number 88.00
Rain Gage ID FF10

Composite Curve Number
Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Natural western desert 1.89 D 88.00
Composte Area & Weighted CN 1.89 88.00

Time of Concentration

Subarea Subarea Subarea
Sheet Flow Computations C

Manning's Roughness : 3 0.00 0.00
Flow Length (f) 172.66 0.00 0.00
Slope (%) : 18 000  0.00
2 yr, 24 hr Rainfall (in) : 1.05 0.00 0.00
Velocity (fi/sec) : 0.15 0.00 0.00
Computed Flow Time (min) : 19.14 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations

Flow Length (f) - 306.09 0.00 0.00
Slope (%) : 8 000  0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 4.56 0.00 0.00
Computed Flow Time (min) : 1.12 0.00 0.00
Subarea Subarea Subarea
Channel Flow Computations A B C
Manning's Roughness : 015 0.00 0.00
Flow Length (f) : 259.02 0.00 0.00
Channel Slope (%) : 2 0.00 0.00
Cross Section Area (ft?) : 15 0.00 0.00
Wetted Perimeter (ft) : 1.85 0.00 0.00
Velocity (ft/sec) : 2.63 0.00 0.00
Computed Flow Time (min) : 1.64 0.00 0.00
Total TOC (min) ... ...21.90

Subbasin Runoff Results

Total Rainfall (in)
Total Runoff (in)
Peak Runoff (cfs)
Weighted Curve Number .....
Time of Concentration (days hh:m
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Subbasin : Downstream

Fainfali intensity Sraph
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Subbasin : PreDevelopedSite
Input Data

Area (ac)

Peak Rate Factor

Weighted Curve Number
Rain Gage ID

Composite Curve Number

12.86
484.00
63.00

Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Natural western desert 12.86 A 63.00
Composite Area & Weighted CN 12.86 63.00
Time of Concentration
Subarea Subarea Subarea
Sheet Flow Computations A B C
Manning's Roughness : 3 0.00 0.00
Flow Length (ft) : 185.22 0.00 0.00
Slope (%) : 12 000 000
2 yr, 24 hr Rainfall (in) : 1.05 0.00 0.00
Velocity (ft/sec) : 0.13 0.00 0.00
Computed Flow Time (min) : 2381 0.00 0.00
Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B
Flow Length (ft) : 298.26 0.00 0.00
Slope (%) 12 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 5.59 0.00 0.00
Computed Flow Time (min) : 0.89 0.00 0.00
Subarea Subarea Subarea
Channel Flow Computations A B C
Manning's Roughness : 023 0.00 0.00
Flow Length (ft) : 654.28 0.00 0.00
Channel Slope (%) : 12 0.00 0.00
Cross Section Area (ft?) : 5 0.00 0.00
Wetted Perimeter (ft) : 2 0.00 0.00
Velocity (ft/sec) : 8.91 0.00 0.00
Computed Flow Time (min) : 1.22 0.00 0.00
Total TOC (miny ... ....25.
Subbasin Runoff Results
Total Rainfall (in) 251
Total Runoff (iny 025
Peak Runoff (cfs) 1.63
Weighted Curve Number 63.00
Time of Concentration (days hh:mm:ss) 000:25:56

Knetta’s Knoll
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Subbasin : PreDevelopedSite

Fainfall intensity Graph
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Subbasin : Upstream
Input Data

Area (ac)

Peak Rate Factor ........
Weighted Curve Number
Rain Gage 1D

Composite Curve Number

4.18
484.00
88.00

Area Soil  Curve
Soil/Surface Description (acres) Group Number
Natural western desent 4.16 D 88.00
4.16 88.00

Composite Area & Weighted CN

Time of Concentration

Sheet Flow Computations
Manning's Roughness :
Flow Length (ff) :

Slope (%) :

2 yr, 24 hr Rainfall (in) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Shallow Concentrated Flow Com putations
Flow Length (ff) :
Slope (%) :
Surface Type :
Velocity (ft/sec) :
Computed Flow Time (min) :

Channel Flow Computations
Manning's Roughness :
Flow Length (fi) :
Channel Slope (%) :
Cross Section Area (fi2) :
Wetted Perimeter (ft) :
Velocity (ft/sec) :
Computed Flow Time (min) :

Total TOC (min) .................29.2

Subbasin Runoff Results

Total Rainfall (in)

Total Runoff (in)
Peak Runoff (cfs)

Weighted Curve Number ......
Time of Concentration (days hh:mm

Knetta’s Knoll

Subarea
A

3
241.27
20
1.05
0.17
23.99

Subarea
A
151.97
10
Unpaved
5.10
0.50

Subarea
A
015
747.90
2
15
1.85
2.63
4.74

251

1.39

5.19
88.00
000:29:13

Subarea Subarea
B

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Subarea Subarea
B C
0.00 0.00
0.00 0.00
Unpaved Unpaved
0.00 0.00
0.00 0.00
Subarea Subarea
B [o]
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
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Subbasin : Upstream

Rainfail intensity Graph
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Geotechnical Services Are Performed for
Specific Purposes, Persons, and Projects
Geotechnical enginears struciure their services to meet the spacific needs of
their clients. A geolechnical engineering study conducted for a civil engi-
neer may not futfill the needs of a construction conlractor or even another
civil engineer. Because each geotechnical engineering study is uniqua, each
geotechnical engineering report is unique, preparad sofelyfor the client. No
one except you should rely on your geotechnicat engineering report without
first conferring with the geotechnical engineer who prepared it. And no ong
— 1iof even you — should apply the report for any purpose or project
excapt the ong ariginally contermplated.

Read the Full Report

Serious probiems have ocetirred because those relying on a geotechnical
engineering report did not read it all. Do nof refy on an executive summary.
Do not read selected elements only.

i Geotechnical Engineering Report Is Based on

A Unigue Set of Project-Specific Faciors
Geotechnical engineers consider a number of unique, project-specific fac-
tors when estabfishing the scope of a study. Typical factors include: the
client's goals, objectives, and risk management preferences; the general
nature of the structure invoived, its size, and configuration; the location of
the structure on the site; and other planned or existing sit improvements,
such as access roads, parking lots, and undergreund utilities. Unless the
gestechinical engineer who conducted the study specifically indicates oth-
erwise, do not rely on a geotechnical engineering report that was:

not prapared for you,

not praparad for your project,

not preparad for the specific sile explored, or

completed before important project changes were mads.

@ e @

Typical changes that can erode the relfability of an existing geotechnical

engineering report include those that affect:

o the function of the proposed structure, as when it's changed from &
parking garage to an office building, or from a light industrial plant
to a refrigerated warehouse,

o

e glavation, configuration, location, orientation, or weight of the
proposed structure,

e gomposition of the design feam, or

e project ownership.

As a general rule, always inform your geotechnical engineer of project
changes—even minor ones—and reguest an assessment of their impact.
Geolechnical engineers cannot accept responsibility or liability for problems
that vecur because their reports do not consider developments of which
they were not informed,

Subsurface Gonditions Can Change

A geotechnical engincering report is based on conditions that existed at
the time the study was performed. Do not rely on a geotechnical engineer-
ing report whose adequacy may have been affected hy: the passage of
time; by man-made events, such as constuction on or adjacent fo the site;
or by natural events, such as floods, earthquales, or groundwater fluctua-
tions. Afways contact the geotechnical engineer before applying the report
to determine if it is still reliable, A minor amount of additional testing or
analysis could prevent major problems. :

Mest Geotechnical Findings Are Professional
Oninions

Site exploration identifies subsurface conditions only at those points where
subsurface tests are conducted or samples are taken. Geotechnical engi-
nsers review field and {aboratory data and then apply their professional
judgment to render an opinion about subsurface conditions throughout the
site. Actual subsurface conditions may differ—sometimes significantly—
from those indicated in your report. Retaining the geotechnical engineer
who developed your report to provide construction abservation is the
most effective method of managing the risks associated with unanticipated
conditions.

A Report's Reconumendations fre Aol Final

Do ot overrely on the construction recommendations included in your
report. Those recommendations are not final, because geotechnical engi-
neers develap them principally from judgment and opinion. Geotechnical
engineers can finalize their recommendations only by observing actual

/




/

subsurface conditions revealed during construction, The geofechnical
engineer who developed your repoit cannot assume responsibility or
liabiiity for the report's recommendations if that engineer doss not perform
conslrugtion observalion.

A Geotechnical Engineering Repert Is Subject to
Misinterpreiation

(Other design team members' misinterpretaiion of geotechnical engineering
reports has resulted in costly problems. Lower that risk by having your geo-
tachnical engineer confer with appropriate members of the design team after
submitting the report. Also refain your geolechnical engineer to review perti-
nent elements of the design team’s plans and spacifications. Coniractors can
also misinterpret a geotechnical engineering report. Raduce that risk by
having your geotechnical enginesr participate in prebid and preconstruction
conferences, and by providing construction observation.

Do Net Redraw the Engiiteer's Logs

Geotechnical engineers prapare final boring and iesting 1ogs based upon
thair interpretation of field logs and laboratory data. To prevent errors or
omissions, the logs includad in a gaotechnical enginesring report should
never be redrawn for incfusien in architectural or other design drawings.
Only photographic or electronic reproduction is acceptable, but recognize
that separating fogs front the report can efevaig risk.

Give Gonlraciors a Complete Repert and
Guidance _

Some owners and design professionals mistakenly belicve they can male
contractors liable for unanticipated subsurface conditions by limiting what
they provide for bid preparation. To help prevent costly problems, give con-
tractors the complete geotachinical engineering sepert, but preface it with a
clearly written letler of transmittal. In that letier, advise contracters that the
report was not prepared for purposes of bid development and that the
report's accuracy is limited; encourage them to confer with the geotechnical
engineer who prepared the report (a modest fee may be required) and/or to
conduct addifionat study fo obtain the specific types of information they
need or prefer. A prebid conference can also be valuable. Be sure confrac-
tors have sufficient fime to parform additional study. Gnly then might you
be in a position to give contractors the best information available fo you,
while requiring them to at least share some of the financial responsibilities
stemming from unanticipated conditions.

Read Responsihility Provisions Glosely

Soms clients, design professionals, and contractors do not recognize that
geotechnical enginesring is far less exact than other engineering disci-
plines. This lack of understanding has created unrealistic expectations that

o

- - prehensive plan, and executad with diligent oversight by a professional

have led to disappointments, claims, and disputes. To help reduce the risk
of such culcomas, gectechnical engineers commonly include & variety of
explanatory provisions in their reports. Sometimes fabeled "limitations”
many of these provisions indicale where geolechnical engineers’ responsi-
hilities begin and end, to help others recognize their own responsibilities
and risks. Read these provisions closely. Ask questions. Your geotechnical
engineer shotld respond fully and frankly.

Geoenvironmental Concerns fre Not Covered

The equipment, technigues, and personngl used to perform a geosnviron-
mental study differ significantly from those used to perform a geotechnical
study. For that reason, a geotechnical engineering report does not usuaily
relate any geosnvironmental findings, conclusions, or recommendations;
a.0., about the likelihood of encountering underground storage tanks or
regulated contaminants. Unaniicipaied environmental problems have led
to numerous project faffures. It you have not yet obtained your own geoen-
vironmental information, ask your geotechnical consultant for risk man-
agement guidance. Do not rely on an environmenial report prepared for
someone else.

Bhiain Professional Assistance To Beal with Mold
Diverse strategies can be applied during building design, construction,
operation, and maintenance to prevent significant amounts of mold from
growing on indoor surfaces. To be effective, all such strategies should be
devised for the express purpose of mold prevention, integrated into a com-

mold prevention consultant. Because just a small amount of water or
moisture can lead to the devalopment of severe meld infestations, a num-
ber of mold prevention siralegies focus on keeping building surfaces dry.
While groundwater, water infiltration, and similar issues may have been
addrassed as part of the geotechnicai engineering study whose findings
are conveyed in-this report, the geotechnical enginesr in charge of this
project is not a mold prevention consultant; none of the services per-
formed in connection with the geofechnical engineer’s study
were designed or conducied for the purpose of mold preven-
tion. Proper implemeniation of the recommendations conveyed
in this report will not of itself be suificient to prevent mold from
growing in or on the siructure involved.

Rely, on Your ASFE-Member Geotechneial
Engineer for Additional Assistance ‘
Membership in ASFE/The Best People on Earth exposes geotechnical
anginesrs to a wide array of risk management technigues that can be of
genuine benefit for everyone involved with & construction project. Gonfer
with you ASFE-mamber geotechnical engineer for more irformation.

/
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Page 1

SUMMARY

1. The subsurface profile observed in the borings drilled and test pits excavated at the
site generally consists of silty to clayey sand underlain by silty gravel with sand.
The gravel is underlain by mudstone bedrock to the maximum depth investigated,
approximately 39 feet. The mudstone bedrock is commonly known as “blue clay”
and is expansive when wetted. Conglomerate (well cemented gravel) was also
encountered in the majority of the borings and test pits. The depth to mudstone
bedrock varies from the surface to greater than 30 feet below the existing grade.

2. Groundwater was not encountered to the maximum depth investigated,
approximately 39 feet. Our experience has shown that surface water may infiltrate
and perch on the underlying mudstone as development occurs in the area.

3. The existing slopes are currently stable in their existing geometry and moisture
condition. Analysis also indicates the proposed slopes would remain stable
following grading and development. To maintain stability of the slopes, the
proposed grading plan should be strictly followed and proper drainage should be
provided to reduce infiltration of surface water into the subsurface soil/mudstone
in the slopes. Drainage and grading recommendations within the recommendations
section of this report should be followed.

4, Due to the expansive characteristics of the underlying mudstone, AGEC evaluated
the heave potential to determine foundation recommendations for the proposed
condominiums. We estimate approximately % to % of an inch of potential
foundation/slab heave may occur for residences constructed where the expansive
clay or mudstone is present within 15 feet of the finished pad grade.

5. Buildings located in areas where the expansive clay/mudstone bedrock is at depths
of 15 feet or greater, below the finished pad grade, may be supported on
conventional spread footings with slab-on-grade floors.

6. We recommend the proposed residences/structures constructed in areas where
mudstone bedrock is at a depth less than 15 feet below the finished pad grade be
supported on deep (pier) foundation systems due to the presence of expansive
mudstone. The deep foundation systems should be designed by a structural
engineer according to the parameters provided in this report. The drilling of piers
will likely be very difficult in areas where cemented gravel/conglomerate is present.

Avev A pp//e’ Eeotec!n/ca’ !ngineering Eonsu’tants, ’nc. 2062743



Page 2

SUMMARY

7. As an alternative to the use of deep foundations, the expansive mudstone bedrock
may be overexcavated and replaced with non-expansive, low permeable fill to a
depth of at least 17 feet below the finished pad grade. The pads may also be
raised to provide this separation. Owners and builders should be aware that the
use of this alternative entails the risk of approximately % to % of an inch of
differential foundation/slab movement if expansive mudstone is present below the
overexcavation zone. This amount of differential foundation slab movement may
result in cosmetic damage to buildings.

8. The depth to expansive bedrock and the recommended foundation systems for
each lot are shown on the Site Plan, Figure 2. Areas where additional investigation
are recommended are also shown on Figure 2.

9. The use of positive drainage is critical to reduce the potential for the underlying
expansive mudstone being wetted which could result in foundation/slab movement
and reduced stability of slopes. The drainage recommendations in this report
should be referenced and followed throughout the life of the residences.

10.  Detailed recommendations for subgrade preparation, pavements, materials,
foundations, and drainage are included in the report.

11.  The information provided in this summary should not be used independent of that
provided within the body of this report.
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SCOPE OF WORK

This report presents the results of a geotechnical investigation for the proposed Nettas
Knoll residential {condominium) development to be located south of th intersection of
Riverside Drive and Foremaster Drive in St. George, Utah, as shown on Figure 1. This
report presents the subsurface conditions encountered and recommendations for the

geotechnical aspects of the project.

Field exploration was conducted to obtain information on the subsurface conditions.
Results of the field exploration, laboratory testing, engineering analysis, and our
experience were used to develop recommendations for the proposed residential
development. We have also reviewed a geologic hazard assessment and preliminary
geotechnical recommendations prepared for the site by AGEC under project number
2030907, dated July 7, 2004. Information from this report was utilized to assist in

developing geotechnical recommendations.

This report has been prepared to summarize the data obtained during the study and to
present our conclusions and recommendations based on the proposed construction and
the subsurface conditions encountered. Design parameters and a discussion of

geotechnical engineering considerations related to construction are included in the report.

SITE CONDITIONS

The site consists of vacant, undeveloped hillside property located south of the intersection
of Riverside Drive and Foremaster Drive. The site generally slopes down moderately to
steeply to the north and east. The south and west edges of the site slope down steeply
to the south and west, respectively. Vegetation at the site generally consists of native

desert brush. Vacant properties are located to the south, east, and west. The vacant
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property to the west is currently in the development process for the proposed Villa de

Colina townhome project. The Virgin River is located further to the south and southeast.

FIELD STUDY

Engineers from AGEC visited the site on December 20 and 21, 2006 and January 15, 2007
to observe the drilling of 16 borings excavation of five test pits. The approximate
locations of the borings and test pits are shown on Figure 2. The borings were drilled
utilizing a track mounted blasting rig and a truck mounted rill rig equipped with 7-inch

hollow-stem augers and a 3-inch tri-cone bit using air to remove cuttings.

SUBSURFACE CONDITIONS

The subsurface profile observed in the borings drilled and test pits excavated at the site
generally consists of silty to clayey sand underlain by silty gravel with sand. The gravel
is underlain by mudstone bedrock to the maximum depth investigated, approximately 39
feet. The mudstone bedrock is commonly known as “blue clay” and is expansive when
wetted. Conglomerate (well cemented gravel) was also encountered in the majority of the
borings and test pits. The depth to mudstone bedrock varies from the surface to greater

than 30 feet below the existing grade.

Descriptions of each soil and bedrock type encountered follow.

Clayey sand with gravel - The clayey sand with gravel contains cobbles. It is
medium dense to dense, dry to slightly moist, fine-grained, low plastic, and light

brown in color.
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Silty sand - The silty sand contains varied amounts of gravel and occasional
cobbles and boulders. It is loose to dense, dry, fine to medium-grained, and brown

in color.

Laboratory tests conducted on samples of the silty sand indicate an in-place
moisture content of 5 percent, an in-place dry density of 110 pcf, and a fines
content (percent passing the No. 200 sieve) of 47 percent. A water soluble

sulfates test indicates a sulfate concentration of 100 ppm.

Silty gravel with sand - The silty gravel with sand contains occasional cobbles and

boulders. It is medium dense to very dense, dry, fine to coarse-grained, sub-angular

to angular, and brown in color.

Conglomerate - The conglomerate is very hard, dry, and gray to brown in color.

Mudstone bedrock - The mudstone bedrock is weathered to moderately hard,

slightly moist, high plastic, and purple to gray to red in color.

Laboratory tests conducted on samples of the mudstone indicate in-place moisture
contents ranging from 14 to 15 percent, in-place dry densities ranging from 103
to 107 pcf, and fines contents (percent passing the No. 200 sieve) ranging from
63 to 89 percent. A triaxial shear test conducted on a sample of the mudstone
indicates a cohesion of 290 psf and a friction angle of 23 degrees. Atterberg
Limits tests indicate liquid limits ranging from 44 to 56 percent and plasticity
indexes ranging from 23 to 35 percent. A water soluble sulfates test indicates a

sulfate concentration of 4,960 ppm.
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One-dimensional consolidation/swell tests conducted on samples of the mudstone
indicate it is slightly expansive when wetted under a constant pressure of 1,000
and 2,000 psf. Swell pressures ranging from approximately 1,700 to 3,500 psf

were measured.

The Logs, Legend and Notes of Exploratory Borings and Test Pits are shown on Figures
3-8. The laboratory test results are shown on the logs and are summarized in the
Summary of Laboratory Test Results, Table 1. The consolidation/swell test results are

shown graphically on Figure 9. The triaxial shear test results are shown on Figure 10.

SUBSURFACE WATER

Groundwater was not encountered within the borings or test pits to the maximum depth
investigated, approximately 39 feet. Fluctuations and the existence of groundwater may
occur over time. An evaluation of such fluctuations over time is beyond the scope of this
report. We anticipate groundwater may exist in a perched condition over the mudstone

in the future resulting from infiltration of surface water.

PROPOSED CONSTRUCTION

We understand it is proposed to develop site for construction of a residential subdivision
which will include 13 multi-family condominium buildings. We understand the 13
buildings will include approximately 174 residential units. Based on the grading plan
provided, we understand cut and fill of up to approximately 23 feet will be required to

grade the site.
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We understand the condominiums will be three to four story, wood-framed structures with
tile roofs and stucco veneer. For the purpose of this report, we have assumed wall loads

up to 6 kips per lineal foot and column loads up to 150 kips.

We also understand that private roadways and underground utilities will be constructed
as part of the development. Pavement section design is based on a traffic index of 5 for
the private roads, a traffic index of 6 for the 66-foot right-of-way access road, and a

traffic index of 7 for widening of Riverside Drive {80-foot right-of-way).

If the proposed construction, loading conditions, or grading are significantly different from
what is described above, we should be notified so we may reevaluate our

recommendations.

SLOPE STABILITY ANALYSIS

The stability of the slopes was evaluated by selecting representative cross sections across
the property at the approximate locations shown on Figure 2. The cross sections are
based on the proposed grading plan provided by L.R. Pope Engineers & Surveyors, dated
January, 2007.

The selected cross-sections of the slope were evaluated with the proposed grading to
determine factors of safety in a wet condition utilizing bedrock strengths found in the
laboratory by AGEC. Generally accepted factors of safety for static and seismic conditions

are 1.5 and 1.0, respectively.

The cross-sections were analyzed using a circular type failure assuming the mudstone
bedrock is wetted for a depth of 20 feet. The cross-sections were also analyzed using a

sliding block type failure assuming the bedrock is wetted for a depth of 20 feet creating
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a weak interface through the weathered zone of the mudstone bedrock. Factors of safety
obtained in a wet condition during the analysis after grading under static and seismic

conditions are listed below:

Circular Failure

Cross Earthquake Factor of Safety
Section {0.10g)* After Grading
A-A No 1.7
A-A Yes 1.3

B-B No 1.9

B-B Yes 1.2
c-c No 1.6
c-¢ Yes 1.3

Block Failure

Cross Earthquake Factors of Safety
Section {0.10g)* After Grading
A-A No 1.7

A-A Yes 1.3

B-B No 1.7

B-B Yes 1.3

c-C No 2.9

c-C Yes 2.0

* A maximum horizontal acceleration having a10% probability

of being exceeded in 50 year period.

Acceptable factors of safety were generated during the analysis in the wet condition
indicating a relatively safe slope for the selected cross-sections after grading for both
failure modes. It is our professional opinion that the slopes will remain stable following

the currently proposed grading.
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RECOMMENDATIONS

Based on our experience in the area, subsurface conditions encountered, laboratory test

results, and proposed construction, the following recommendations are provided:

A. Site Grading
Based on the subsurface conditions observed and the proposed grading, the

following recommendations are provided.

1. Subgrade Preparation

1. General Subgrade Preparation
Prior to placing fill in roadway, building pad, or slab areas, the existing
vegetation and soil containing roots and organics should be removed.
We anticipate this will require the removal of approximately 2 to 4 inches
of soil. Undiscovered fill and loose soils should also be removed their
entire depth. Loose soils generally extend approximately 1 to 2 feet
below the existing ground surface. Subsequent to grubbing and removal
of unsuitable soils, the exposed subgrade should be scarified to a depth
of at least 8 inches, properly moisture conditioned, and compacted to

meet the requirements in the compaction section of this report.

2. Building Pads (expansive mudstone removal and replacement)
As an alternative to use of deep (pier) foundation systems, the expansive
mudstone/clay may be removed and replaced with non-expansive soil to
provide a minimum of 17 feet of separation between the finished pad
grade and the mudstone bedrock. The building pads may also be raised
to provide adequate separation. |If the pad is raised, the exposed

subgrade should be prepared as previously stated prior to placing fill.
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Although our experience has shown residences constructed with the 17
feet of separation have performed as desired, there is a risk of differential
foundation/slab heave on the order of %2 to % of an inch if the
expansive mudstone is significantly wetted below the overexcavated or
overburden zone. This also assumes slab-on-grade construction without
the use of basements, partial basements or other below-grade structures.
This differential movement will likely result in cosmetic distress to the
buildings. This distress may include doors/windows becoming out of

square, cracks in drywall, tile distress, etc.

The owners/builders should be aware of anticipated floor slab/foundation
movement should the expansive mudstone become wetted. Therefore,
the drainage recommendations within this report should be strictly
followed. The following recommendations are provided for the

mudstone removal alternative.

e The over excavation/removal of the expansive mudstone should
extend laterally at least 5 feet beyond the perimeters of the proposed
buildings.  The area of removal should include porches and
overhangs. Consideration should be given to extending the over

excavation to include flatwork areas.

* The over excavation zone should extend at least 17 feet below the

proposed finished pad grade.
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* The base of the excavation (17 foot depth) should be moisture
conditioned to at least 4 percent over the optimum moisture content
and compacted to 100 percent of the maximum dry density as

determined by ASTM D-698.

* The backfill placed in the excavation should consist of pre-approved
low permeable soil that meets the requirements provided in the
materials section of this report. The material should be non-
expansive with a maximum particle size of 2 inches. The upper 3 feet
of pads should consist of granular structural fill to provide suitable
bearing material for footings and to protect the low permeable fill

from drying.

® The placement and compaction of materials should follow the

recommendations provided in the compaction section of this report.

e AGEC should observe and document the limits of the mudstone
removal. The extent of the mudstone removal should be verified by

survey.

* AGEC should frequently test the backfill materials to verify
compaction. As a minimum, we recommend a minimum testing

frequency of every 2 vertical feet of fill .placed.

* Provided the recommendations listed above are followed, AGEC can
provide a report which summarizes the recommendations listed above
were followed and indicating a conventional foundation system may

be used.
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c¢. Roadways
If expansive mudstone bedrock is present within 3 feet of the finished
subgrade elevation, it should be removed and replaced with properly
compacted low permeable fill to a depth of at least 3 feet below the
finished subgrade elevation. We estimate approximately 2 to 3 inches
of heave may occur in pavement areas where expansive mudstone is near
the near the surface. Additional overexcavation and replacement can be

conducted to reduce the potential for heave of pavement areas.

2. Excavation/Earthwork

Excavation of the upper loose soils and weathered bedrock at the site may
be accomplished with typical excavation equipment. We anticipate heavy
duty excavation equipment and blasting, may be required for excavations

which extend into the cemented gravel/conglomerate.

3. Slopes
To maintain slope stability, large cut and fill slopes shown on the grading
plan should be graded as designed. Smaller, unretained cut an fill slopes
should be graded no steeper than 2 to 1 (horizontal to vertical). Fill slopes
should be graded by overbuilding and then cutting back to the desired grade
to provide a compacted slope face. Fill placed on existing natural slopes
steeper than 3:1 should be benched into the natural slope. Horizontal
benches should be cut into natural slopes to provide an adequate surface for
compaction and to assure proper stability of the slope. We further
recommend over-filling slopes and cutting them to design grades to assure

appropriate compaction of the slope faces and to reduce erosion potential.
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Horizontal benches should be constructed in fill and cut slopes at not more
than 30 foot vertical intervals to control drainage and erosion. The benches
should be at least 6 feet in width. If only one bench is required, it should

be constructed at the midheight of the slope.

Foundations should be setback from the crests of slopes a horizontal
distance equal to or greater than one-third the height of the slopes.
Footings may also be embedded to provide the minimum setback as per the

2006 International Building Code {IBC) section 1805.3.2.

The mudstone at the site is very susceptible to erosion. Erosion protection,
such as riprap, vegetation mats, or waffle mats filled with aggregate, should

be provided.

4, Compaction

Compaction of fill materials placed at the site should equal or exceed the

following percentages when compared to the maximum dry density as

determined by ASTM D-698 or ASTM D-1557:

Percent Percent
Compaction Compaction
Area ASTM D-698* ASTM D-1557**
Subgrade (building pads) 100 90
Subgrade (city Improvements) 100 95
Footings/foundations NA 95
Pads (over excavation) 100 95
Slabs NA 95
Roadway base course NA 95
Utility trench backfill 100 95

* Fine-grained low permeable fill/processed mudstone.
** Granular site grading fill/granular low permeable fill/structural fill.
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Fill should be placed in lifts which do not exceed the capability of the
equipment used. Generally 6 to 8 inch lifts are adequate. Lift thicknesses
should be reduced to 4 inches for hand compaction equipment. Fill placed
at the site should be properly moisture conditioned prior to placement and

should be tested to verify proper compaction.

Fill materials should be properly moisture conditioned prior to placement.
Fine-grained/low permeable fill and processed mudstone/sand mixture should
be moisture conditioned to 2 to 4 percentage points over the optimum
moisture content as determined by ASTM D-698 or D-1557 {(whichever is
appropriate). Granular fill and coarse-grained, low permeable fill should be
moisture conditioned to within 2 percentage points of the optimum

moisture content as determined by ASTM D-1557.

5. Materials
The on-site sand and gravel, free of organics, debris, and material larger than
6 inches may be used as structural fill, site grading fill, and utility trench
backfill. The on-site conglomerate may be used as structural fill, site
grading fill, and utility trench backfill provided it is processed such that a
minimum of 50 percent of the material passes the No. 4 sieve and the
maximum particle size is 6 inches. Processing of the conglomerate will
require the use of a crusher. The on-site expansive mudstone is not suitable
for use as site grading fill in structural areas. Processed mudstone is
suitable for use as site grading fill and utility trench backfill in non-structural

areas and as site grading fill on pier lots.
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Recommendations for imported fill types follow. If a structural floor is used,
the type of fill placed under the building is not critical. If slab-on-grade is
used, we recommend that imported fill be non-expansive and relatively
impervious below building pads. Imported fill should be non-expansive and

meet the following recommendations.

Area Fill Type Recommendations
Footings/pads Structural -200 <35%, LL <30%
fill Maximum size: 4 inches

Solubility < 1%

Under slab Base course -200 <12%

Maximum size: 1 inch

-200 = Percent Passing the No. 200 Sieve
LL = Liquid Limit

The potential impact of the expansive characteristics of the underlying
mudstone bedrock can be reduced by protecting the bedrock from becoming
wet. Placement of relatively low permeable fill above the bedrock can help

reduce the possibility of water coming in contact with the bedrock.

Low permeable fill used to replace removed mudstone should meet one of

the following set of criteria.

Liquid Limit Percent Passing

(%) the No. 200 Sieve
50+ 15-20
30-50 20-40

0-30 30-100
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Our experience has shown that a blend of the native or imported granular
soil and mudstone will likely meet the low permeable fill requirements at a
ratio of two parts granular soil to one part processed mudstone. AGEC

should conduct additional laboratory testing to verify this process.

6. Drainage
Positive site drainage should be maintained through the course of
construction and during the life of the residences and slopes. Positive
drainage of the surface water away from each residence ands slopes in all
directions should be maintained. In no case should water be allowed to
pond adjacent to foundations. We recommend a minimum slope of 6 inches
in the first 10 feet from the perimeters of the structures. A 3 to 4 foot
concrete skirt (sidewalk) or pavement should be placed around the perimeter
of each building. Due to the presence of expansive mudstone, desert-type
~landscaping or landscaping which requires little to no water is
recommended. This is extremely critical to reduce the potential for

foundation/slab movement and to maintain slope stability.

Roof drains should be utilized and roof downspouts should discharge out
away from foundations to eliminate the potential for infiltration of water
into the underlying supporting soils. We recommend roof drains outlet into

the storm drain system.
On-site retention of surface water should not be used in the vicinity of

slopes. We understand that surface runoff retention is proposed for the

generally level area on the northeast corner of the site.
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B. Foundations

Buildings to be constructed in areas where the expansive mudstone is at depths of
15 feet or greater, below the finished pad grade, may be supported on

conventional spread footings with slab-on-grade floors.

We recommend the proposed residences/structures constructed in areas where
mudstone bedrock is at a depth less than 15 feet below the finished pad grade be
supported on deep (pier) foundation systems due to the presence of expansive
mudstone. The deep foundation systems should be designed by a structural
engineer according to the parameters provided in this report. The foundation
system for proposed swimming pool should be evaluated when the location is

determined.

Recommended foundation systems for each lot are shown on Figure 2. Areas

where additional investigation is required are also shown on Figure 2.

The design parameters and construction details for various foundation types follow:

1. Conventional Spread Footings/Slab-on-Grade System

Conventional spread footings with a slab-on-grade floors may be utilized
where the expansive mudstone bedrock is present at a depth of 15 feet or
greater below the existing grade or is removed to a depth of at least 17 feet
below the finished pad elevation. The building pads may also be raised to

provide adequate separation.

a. Spread footings bearing on a minimum of 1 foot of properly compacted
structural fill or dense, undisturbed natural gravel may be designed for

the following net allowable bearing pressures.
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Footing Width “B” Allowable Bearing Pressure
(feet) {psf)
B < 25 2,000
25<B<«3 2,500
3<B<4 3,000
B>4 3,500

b. The bearing pressures indicated above may be increased by one-half for

temporary loading conditions such as wind and seismic loads.

c. Spread footings should have a minimum width of 18 inches and should

be placed at least 12 inches below the lowest adjacent grade.

d. Based on the subsoil conditions encountered and the assumed building
loads, we estimate total settlement for the foundations designed as
indicated above to be approximately 1 inch. Differential settlement is
estimated to be on the order 2 inch. Differential heave of approximately
%2 to % of an inch may occur if the mudstone bedrock is wetted below
the 15 foot overexcavation zone or overburden soil zone. This may

result in cosmetic distress to the residences.

e. The footing bearing level should be cleared of loose or deleterious

material and properly compacted prior to placing concrete.
f. Lateral resistance for footings is controlled by the sliding resistance

between the footings and subgrade soil. A friction value of 0.45 may be

used in the design for lateral resistance.
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g. A representative of AGEC should observe footing excavations prior to

placing structural fill or concrete.

2. Deep (Drilled) Pier Foundation System

The pier foundation system utilizes straight-shaft drilled concrete piers
which are drilled at least 15 feet into the underlying expansive mudstone
bedrock with a minimum pier length of 20 feet. Due to the presence of
dense overburden soils and conglomerate, the use of steel helical piers may
not be practical. Grade beams are utilized to span the distance between
piers and support the structural floor system with a crawl space. The

following recommendations should be followed if a pier system is used:

a. The piers may be designed using a net allowable end bearing pressure of
30,000 pounds per square foot for piers bearing on the expansive
mudstone bedrock. A representative of AGEC should verify that
competent bearing material is encountered prior to completing the
drilling of concrete piers. Drilled piers should be at least 12 inches in

diameter to allow for placement of concrete around reinforcing steel.

b. Due to the presence of expansive mudstone bedrock, the piers should be
designed and spaced so that a minimum dead load pressure of 10,000
psf is sustained based on the pier bottom end area of each pier. If the
minimum dead load cannot be met and piers are spaced as far apart as
practical, the drilled pier length should extend beyond the minimum
penetration to make up the dead load deficit. If drilled piers are used,
this can be accomplished by assuming 1,200 pounds per square foot of
skin friction for the portion of the pier below the minimum penetration

depth.
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c. Piers should be placed as far apart as practical in order to achieve
minimum dead load recommendations and a minimum of three diameters

apart center to center.

d. The piers should be structurally reinforced to resist tensile forces on the
piers due to negative skin friction. The tensile force may be calculated

utilizing at least 6 feet of pier length with a skin friction of 1,200 psf.

e. Laterally loaded piers may be designed using a horizontal modulus of
subgrade reaction of 75 pci for the portions of the piers embedded in the
sand, a horizontal modulus of subgrade reaction of 90 pci for the
portions of the piers embedded in the gravel, and a horizontal modulus
of subgrade reaction of 1,500 pci for the portions of the piers embedded

in the mudstone and conglomerate.
f. Drilled pier holes should be properly cleaned prior to placing concrete.

g. Care should be taken to assure the drilled piers are not over-sized
{mushroomed) at the ground surface, which could reduce the end
bearing pressure and/or provide an area where swelling soil/rock could
exert uplift forces on the piers. If necessary, a sonotube should be used

at the surface.

h. Concrete used in drilled piers should be a fluid mix with sufficient slump
to fill in the voids between reinforcement steel and the pier hole. We

recommend a slump of approximately 4 inches.
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i. Concrete should be placed in the piers the same day they are drilled. If
caving occurs or water enters the pier holes, it may be necessary to place
concrete immediately after the pier hole is completed. Failure to place
concrete the day of drilling may require re-drilling for additional bedrock

penetration.

j. Concrete piers should be placed in one pour to the required elevations
{bottom of the grade beams) so no construction joints are present in the
pier, subsequently compromising the integrity of the pier. We
recommend placing a short piece of sonotube at the top of the pier to
allow the pier to be poured to the appropriate elevation above the

existing ground surface.

C. Floor Systems

1. Structural Floor

Raised structural floors, supported on the grade beams, should be used in
conjunction with deep foundation systems. The grade beams should be
designed and reinforced to span the distance between the piers. We
recommend that a minimum 24 inch crawl space be provided below
structural floors. A 6-inch void space should be provided below the grade
beams to allow the expansive mudstone to swell without exerting uplift
forces on the grade beams. Subsequent to removing concrete forms from
grade beams, the void should be inspected by AGEC to ensure the proper

void space is provided.
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2. Concrete Slab-on-grade

Concrete slabs may be utilized for the interior floor of the proposed
structures where the expansive mudstone is greater than 15 feet below the
existing grade. The concrete slabs should be supported on 1 foot of

properly compacted structural fill.
A 4 inch layer of properly compacted base course should be placed below
slabs to provide a firm and consistent subgrade and to promote even curing

of the concrete.

3. Plumbing and Utility Lines

Plumbing lines and utility lines should be hung from the floor when a pier
foundation system is utilized. Plumbing lines should have flexible joints
where connections are made. A 6 inch void space should also be provided

below plumbing where it crosses below grade beams.

4. Exterior and Garage Flatwork

The owners should be aware that exterior flatwork and garage slab will likely
move where expansive mudstone or clay is present. To avoid concerns for
the movement to cause distress to the residence, the flatwork should be
separated from the main structure to allow for unstrained vertical
movement. This generally is accomplished by providing a construction joint
between the concrete flatwork and the wall/slab with a heavy felt board.
This is extremely important during construction of the porch columns and

door entries.

A 4 inch layer of properly compacted base course should be placed below
slabs to provide a firm and consistent subgrade and to promote even curing

of the concrete.
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5. Exterior Porches/Garage Walls

Exterior porches, overhangs, and garage walls that are structurally tied to
the remainder of the residences should be supported by the same

foundation system as the remainder of the residences.

D. Subgrade Walls

The following equivalent fluid weights are given for design of possible subgrade
and earth retaining walls. The active condition is where the wall moves away from
the soil and the passive is where the wall moves into the soil. The at-rest condition

is where the wall does not move.

Equivalent Fluid Weight

Equivalent Fluid Weight On-site Fine-grained
Condition On-site Granular Soil Soil/Processed Mudstone
(pcf) (pcf)
Active 40 50
Passive 350 200
At Rest 60 70

The equivalent fluid weights given in the table above should be increased by 15 pcf
for the active and at-rest conditions and reduced by 15 pcf for the passive
condition for seismic design. The seismic increases and decrease are based on a
horizontal ground acceleration of 0.25g which represents a 2 percent probability

of exceedance in a 50 year period.
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It should be recognized that the above values account for the lateral earth
pressures due to the soil and level backfill conditions and do not account for
hydrostatic pressures. Lateral loading should be increased to account for surcharge
loading if structures are placed above the wall and are within a horizontal distance

equal to the height of the wall.

Care should be taken to prevent percolation of surface water into the backfill
material adjacent to the walls. The risk of hydrostatic buildup can be reduced by
placing subdrains behind the walls consisting of free-draining gravel wrapped in a
filter fabric. In addition, weep holes may be provided every 10 feet at the base of

the wall to assist in drainage of water.
E. Soil Corrosion

Based on laboratory test results and our experience in the area, there is a relatively
high concentration of water soluble sulfates in the native soil and bedrock which
present a “severe” sulfate attack potential for concrete exposed to these materials.
Therefore, we recommend that concrete that will be in contact with the on-site soil
and bedrock contain Type V sulphate-resistant cement and be designed in
accordance with the provisions provided in American Concrete Institute Manual of
Concrete Practice (ACl) 318 Section 4.3 and the 2006 International Building Code.
Table 4.3.1 of ACI 318 should be referenced utilizing a sulfate exposure category
of “severe”. Consideration should be given to cathodic protection of buried metal

pipes or the use of PVC pipe when permitted by local building codes.
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F. Seismicity and Liquefaction
Buildings should be designed and constructed in accordance with “Site Class C“
requirements according to the 2003 International Building Code. Liquefiable soils
were not observed in the borings or test pits.

G. Pavement

1. Subgrade Support

We anticipate that the subgrade materials at the site will consist of a
combination of silty sand to silty gravel with sand to mudstone bedrock.
Prior to placement of road base, the subgrade should be prepared as
recommended in the subgrade preparation section of this report. A
California Bearing ratio of 10 percent was assumed for a sand subgrade and
for a low permeable fill subgrade (in expansive mudstone areas) for purposes
of design. If expansive mudstone bedrock is encountered within 3 feet of
the finished subgrade elevation it should be removed to a depth of 3 feet
below the finished subgrade and replaced with low permeable fill as

recommended in the Subgrade Preparation of section of this report.

2. Pavement Thickness

Based on the assumed traffic loadings and St. George City traffic indexes,
a 20-year design life, and AASHTO design methods, the following pavement

sections are recommended.

Roadway Asphalt (in.) Base Course (in.)
Private Road 2% 6
Access Road 3 8
Riverside Drive 3% 12

AVAS. App’/eg Geatechn/'ca, !ng/neerlhg Consu’tants, Inc. 2062743
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Although the recommended pavement sections are based on a 20 year
design life, it is likely that the life span of the pavement will be shorter and
additional maintenance will be required due to the presence of relatively
shallow expansive mudstone bedrock. The relatively shallow mudstone is

generally located on the northern and eastern edges of the site.

3. Pavement Materials

The pavement materials should meet St. George City specifications for
gradation and quality. The pavement thicknesses indicated above assume
that the base course is a high quality material with a CBR of at least 50
percent and the asphaltic concrete has a minimum Marshal stability of 1,800
pounds. Other materials may be considered for use in the pavement section.
The use of other materials may result in other pavement material

thicknesses.

4, Drainage
The collection and diversion of drainage away from the pavement surface
is extremely impoftant to the satisfactory performance of the pavement

section. Proper drainage should be provided.

Due to the moisture sensitivity of the on-site mudstone, it is critical that
infiltration of water be minimized to reduce the potential for future
movement of pavement utilities. Maintaining natural soil moisture
conditions of the moisture sensitive bedrock reduces potential for expansion
of underlying bedrock and subsequent heave. To reduce infiltration, we

recommend the following:

a. Maintain positive site drainage during and following construction.

Ponding of water should be minimized.

AVAS. App’/ed Geotec!n/cal Engineering Consultants, Inc. 2062743
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b. Surface drainage of streets should be maintained by providing sufficient
crown/grade in the road and into the curb in gutter. Positive flow of the

gutters should be provided and maintained.

c. Seams and joints in the asphalt and concrete should be properly sealed

to reduce infiltration of water to the underlying expansive bedrock.

d. Maintenance should be provided to maintain asphalt cracks which may

occur over time.
H. Design Review/Construction Observation
Design review and construction observations are recommended to verify the
recommendations in this report are properly implemented and followed. We
recommend conducting construction materials testing on city improvements at a

frequency which meets or exceeds St. George City specifications.

In order to provide a foundation compliance reports as required by St. George City,

we recommend the following be done as a minimum:

1. Pier Foundation Option

a. Review the foundation plan along with calculated loads per pier by

the structural engineer.

b. Observe on a part time basis the drilling of the piers.
c. Observe the reinforcing steel in the grade beams and drilled piers.
d. Verify the proper void space is provided below the grade beams.

AVAV !pplied Geotechnica, !ng/neering Consultants, Inc. 2062743
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2. Building Pad Overexcavation/Conventional Spread Footings

a. Observe the removal of expansive mudstone from building pads

which are overexcavated.

b. Verify that the mudstone is removed to the proper depth. We

recommend that the extent and depth of the removal be surveyed.

c. Conduct compaction testing on fill placed within the building pads.
We recommend a minimum testing frequency of every two vertical

feet of fill placed.

d. Conduct compaction testing on the footing subgrade prior to

placement of concrete.

The above observations will be conducted by qualified individuals and according

to standard test methods (ASTM).

LIMITATIONS

This report has been prepared in accordance with generally accepted soil and foundation
engineering practices in the area for the use of the client for design purposes. The
conclusions and recommendations included within the report are based on the information
obtained from the borings/test pits drilled/excavated, laboratory test results, information
from the referenced geotechnical investigation, and our experience in the area. Variations
in the subsurface conditions may not become evident until additional exploration or
excavation is conducted. If the subsurface soil or groundwater conditions are found to
be different from what is described in this report, we should be notified to reevaluate the

recommendations given.
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If you have any questions or we can be of further service, please call.

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

Shawn Turpin, P.E. -

* NO. 301324 3}
¢ SHAWNL

ST P:\Geotechnical\206270012062743rep.wpd
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Compression/Expansion--%

Applied Geotechnical Engineering Consuitants, Inc.
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Project No. 2062743 CONSOLIDATION TEST RESULTS Figure 9
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50 T T T
c =335psf ¢=18deg
c'=290 psf ¢'=23deg
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Q
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o /
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0 T
0 10 20 30 40 50 60 70 80 90 100
p' = (o4'+03)/2, or p, psi
12
Test No. (Symbol) 0] | O | A
Sample Type undisturbed
3 Length, in. 3.39| 3.26] 3.13
o Diameter, in. 1.92{ 1.79] 1.66
z, Dry Density, pcf 107] N/A | N/A
g“_) Moisture Content, % 14] N/A | N/A
® Consolidation Pressure, psi 6.9] 13.9| 27.8
& "B" Parameter 0.95] 0.95| 0.95
Total Confining Stress (ca), psi 6.9] 13.9| 27.8
Total Axial Stress (o)), psi 18.6] 33.3| 57.9
o Deviator Stress (6,-03), psi 11.7] 19.4| 30.1
0 5 10 15 Effective Lateral Stress (3), psi 46| 9.3] 18.3
Axial Strain, % Effective Axial Stress (c,"), psi 16.3| 28.7| 484
Pore Pressure (1), psi 23] 46] 95
50 Strain, % 3.0] 3.0 3.0
Remarks IMuItiSLaQe Test (CU) Consolidated
B 40 Undrained with pore pressure measurements.
2 M Sample saturated with back pressure saturation.
t.? M
&
[}
o
& Sample Index Properties
<] Natural Dry Density, pcf 107
.g Natural Moisture Content, % 14
8 Liquid Limit, % 56
Plasticity Index, % 35
Percent Gravel 0
0 5 10 15 Percent Sand. : 11
Axial Strain, % Percent Passing No. 200 Sieve _ 89
Sample Description  Mudstone bedrock Sample Location B-9 @ 25'
Project No. 2062743 Triaxial Compresion Test Figure 10
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HILLSIDE REVIEW BOARD
CITY OF ST GEORGE
WASHINGTON COUNTY, UTAH
APRIL 21, 2021

PRESENT:
James Sullivan
James Dotson
Dave Black
Shawn Patten

CITY STAFF:

Assistant Public Works Director Wes Jenkins

Planner 111 Mike Hadley

Development Services Office Supervisor Brenda Hatch

APPLICANT:
Brandee Walker
Raine Christensen

The agenda for the meetings are as follows:

1. Consider a request for a Hillside Development Permit to allow development of the subject
property into townhomes. The applicant is asking for approval of a hillside permit in order
to cut into 20-40% slopes. The property is located on the east side of Valley View Drive and
just south of Sunset Dr. The property is currently zoned R-1-10 (Residential minimum lots
size 10,000 sq ft) & A-P (Administrative Professional). The owner is Raine Christensen.
Case No. 2021-HS-003. (See ‘Meeting Place’ exhibit below).

Brandee Walker — They will be coming in for a PD Zone change. We want to put a public
street with a cul-de-sac right up the center of it and then 10 townhomes around it. The
units he wants to build are 2 stories. We are trying to match ground as possible.

Raine Christensen — We would like to donate the undevelopable hillside to the City. For
now, we are just looking at using this piece and then there is a high chance we will donate
the rest.

Brandee Walker — We are not disturbing past the old road that led to the water tower. We
have a red line there. We have been talking with Landmark about mitigating the 2:1 to try
and steepen it up a little bit, I think that is doable.

Wes Jenkins — So is the red line your disturbance area right there?

Brandee Walker — Yes.
James Sullivan — It looks like you are disturbing some 40%.

Brandee Walker — It’s a little choppy, you can see in the slope map that we’ve got the little
speckles the deep dark green are the 40 or greater. The little speckles are actually in the
30-39 category.
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Wes Jenkins — So | noticed you exceeded the 30% and the 5%, can you explain that?
Brandee Walker — The 20%

Wes Jenkins — Yes, the 20 — 29 you are only allowed to disturb 30% of it and you guys are
above that.

Brandee Walker — Some of this stuff down in here are the benching areas for the grading.

Raine Christensen — We tried to do something other than a cul-de-sac to stay in it, but the
City did not want to see that.

Brandee Walker — We tried a hammer head and we tried doing private roads, but fire
wanted it to be a standard street with turn around. You can see we are not pushing any
units into the hillside; it’s really just getting that road in there to turn around.

Wes — The 30 — 39 is 5% and you show 9.9, the hillside would have to make a
recommendation that they were man made, or it’s not contiguous to the hillside.

Brandee Walker — I’m counting the garden in my numbers, does that count if it’s open
space/gardening?

Dave Black — If it is cut, then it is.
Brandee Walker — 1t’s really not cut, it’s the natural soil as it is today.
Raine Christensen — There is a road right there from a previous owner.

James Sullivan — Are these green spots caused by the old road? Is that included in the
numbers?

Brandee Walker — I’m not sure.

Dave Black — Brandee mentioned that they have been talking to Landmark and they want
to steepen up that 2:1 slope, which I would definitely support, I think it could go steeper.
That would reduce the extent of the cut up the hill dramatically. | wish they would have
done it before so we could see. My thought was as if their disturbance could come down
more like this (drew his own line on the paper) look at all the steeper stuff we could avoid
and by steepening up that back cut, if that was the limit of the disturbance then I think that
is a great improvement.

Brandee Walker — | agree with you, in fact | got looking at this and his contours are just a
smidge tighter than what is on the ground so if we could steepen up just a little bit we
would catch probably about where you have drawn it.
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James Dotson — Is that cut pretty much solid rock?
Brandee Walker — Yes
James Dotson — What do you finish that off with?
Raine Christensen — Seeding for this area.
Brandee Walker — That’s how we handled the one over there.
Dave Black — If it’s bedrock, and if you go steeper than 2:1, you won’t get anything back.
So, you basically will need rock faced slopes or big block faced slopes, something to help
minimize the back. | think on this site the amount of the disturbance is the issue for the
hillside board and I think it can be minimized and reduced by steepening up that. I think
that would be a lot easier for us to recommend approval if you went further down the hill.
And the other issue they addressed in the Landmark report was a moderate rock fall concern
here and they had some guidelines, I’m not sure if that is implemented in your design, but
Landmark’s recommendations for rock fall need to be implemented as well.
Brandee Walker — We can update the grading to show the steepen of the cut.
Dave Black — A 1:1 may bring right in where you need it. If you leave the 1:1 exposed
then you have the raveling issues and stuff like that. They have put up either rock or block
in the other areas along this street to help mitigate the cuts.
Discussion continued on unraveling and how to mitigate that.

Dave Black — So without seeing the final plans, can we recommend it for approval, or does
it need to come back? Do you review it? We don’t really know how it will end up.

Wes Jenkins — Would you like us to send it out to you once it comes in?

Dave Black — Yes, we would like to see what the extent of it is, | don’t think we need to
come out here again.

James Sullivan — If these lines are drawn at 2:1 and it decreases to 1:1 then it decreases that
distance by half, won’t it?

Brandee Walker — It will be better than that.
Shawn Patten — | think that we have talked about it but how will it be finished off?

Dave Black — Have you seen a drainage report?
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Brandee Walker — Yes, it’s in the packet.

Wes Jenkins — Are you comfortable with the rock facing? This is a prominent hillside; we
would want it to match.

Dave Black — It blends in better than red. The red comes up because we create the scar,
but the natural hillside itself is not red.

Brandee Walker — Raine is proposing 2-story buildings as well, because of the height, you
shouldn’t see much of that.

James Sullivan — If it’s reduced to a 1:1 | don’t see us putting a rock face on it, can you put
arock faceona1:1?

MOTION: Dave Black made a motion to recommend for approval a Hillside
Development Permit for Desert Garden Cove with the following conditions: 1. The
back-cut slope be steepened as much as feasible to minimize disturbance 2. The rockfall
guidelines issued in the Landmark Geotech report be implemented into the design
component 3. The City Council review the finished product as far as the facing of the
cut slope and the wall to their satisfaction.

SECOMD: Shawn Patten

AYES (4)

James Sullivan

James Dotson

David Black

Shawn Patten

NAYS (0)

Motion carries.

2. Consider approval of the meeting minutes from January 27, 2021 and February 17, 2021.

MOTION: James Dotson made a motion to approve the minutes from the January 27,
2021 and the February 17, 2021 meetings.

SECOND: Dave Black

AYES (4)

James Sullivan

James Dotson

David Black

Shawn Patten

NAYS (0)

Motion carries.

James Dotson made a motion to adjourn.
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