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This office has conducted a geotechnical investigation for sixteen lots in Filing 3 of
The Legends Subdivision upon the request of Abell Partners, LLC. Six boreholes
were drilled to approximately 20 feet below grade and an additionai 13 geotrenches
were excavated to approximately 10 feet below ground level and in general the
following soil profile was encountered:

- 0'-% fopsoil and Fill - Silty Clay and Clayey Silt With Shale Fragmenis
5-15" Small grading to Large Shale Fragments in Silty Clay and Clayey Siit
15' - 20' Bedrock Mancos Shale Formation -~ Claystone and Siltstone

The surface soils on this site are generally classified as ASTM “CL" type. These
soils are moderately expansive when wet, The bedrock Mancos Shale Formation
under these surface soils also shows to be both expansive and collapsible under
load when wetted. This and other studies' did not discern a pattern that would
predict soil propertles in a general area. The deeper soils’ static swell pressures
typically reach a maximum of approximately 1600 psf under a 500 psf dead load.

The percentage of volume change under this swell pressure measured
approximately 1%. The deeper soil samples that collapsed when wetted usually
experienced a very small volume change under the noted dead load. The shallower
samples experienced more movement when wetted under the 500 psf deadload.

ltis recommended that proposed single family homes utilize drilled pier foundations
due to upilift forces that may be found in the underlying expansive soils. This type
of foundation is further recommended due to the low bearing capacity of the
surface soils when wetted. Although the surface soil has the capacity to swell when
wetted, it is most likely this wetted soil will settle under loaded conditions. Data
showing this behavior is noted herein. The drilled pier foundation should bear onto
the shale bedrock. This formation has shown to be relatively unaffected by
weathering mechanisms and can provide a solid bearing surface.

' See GEG Report 502 Filing 1, 8/1/2000, AIC Report Filing 2, 2/08/02
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it must be noted that conventional design in the Grand Valley does not generally
consider extreme soil conditions. Under these conditions the foundation may move
and cause damage to the structure. Therefore it is a primary consideration of the
owner to assure that the subsurface conditions around the structure are kept stable
and are not excessively moist. Guidelines for maintaining stable conditions are
found in A Guide to Swelling Soils for Colorado Home buyers and Homeowners,
Special Publication 43, Colorado Geological Society, The Day the House Fell:
Homeowner Soil Problems from Landslides fto Expansive Clays and Wet
Basements, Richard L. Handy, ASCE Stock # 40104, and this report. Upon first
evidence of cracks in drywall, concrete, or other like items, the owner should seek
a professional engineer to evaluate the problem and prescribe mitigative efforts. It
is our experience that most problems may be mitigated with a small effort when
they are found in the inifial stages.

Itis also strongly recommended that builders be familiar with building in expansive
soils.. There are many simple considerations that can provide longevity to both the
structure and the concrete flatwork surrounding the structure. A copy of Special
Publication 43 A Guide fo Swelling Soils for Colorado Home buyers and
Homeowners, Colorado Geological Society, is included with this report. The builder
should understand this publication and implement the recommendations therein as
are economically feasible.

Purpose

The purpose of this report is to inform the owner, builder, and engineer of potential
geotechnical hazards and typical soil design properties at the referenced site.
This report is submitted solely for this purpose. '

Geology, Topography, and Drainage

This site is located on Quaternary alluvium eroded from the Bookcliffs Monocline.
The alluvium is principally composed of sediment from the Mesa Verde Formation
and Mancos Shale Formation. The underlying bedrock is the Cretaceous Mancos
Shale Formation. The local topography has rolling hills intermixed with relatively
flat fand. All area drainage runs to the south, towards the Colorado River.

Discussion of Soil Properties

A. General Site Characteristics

1. Soil Classifications: The surface design type soil is classified as an ASTM
"CL". The properties for this soil* are as follows:

1L.=30-40
PL=10-20
=10-20

Passing 200 sieve: greater than 90% excluding shale fragments

* See Appendix for test results.
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9.

Soil Classifications: The deep design type soil is the Mancos Shai'e Fm.

Geologic Hazards: Expansive Soils

~ Potential Unstable Slopes: None were noted.

Swell Potential: The site’s design soil types have a moderate swell
characteristic. A swell-consolidation test for the deep type soil shows that

“the clay has a swell potential of 1600 psf at a confining dead load of 500

psf when wetted.

Consolidation Potential: The site’s soil type has a moderate consolidation
characteristic. Less than 1 % consolidation at a 500 psf load is typically
experienced on the swell-consolidation test for the deep type soil when
saturated.

Water Table: Free water was encountered in the southwest portion of the
development (Geotrench #3, in Filing #1) at 12 feet below ground level or
at nearly 4676' SL. A report by Geotechnical Engineering Consultants, Inc.
shows free water at 4660' SL. at a location south of Geotrench #3 of Filing
2. Therefore, a hydraulic gradient likely exists whereby water flows from
north to south in this area. Our studies have found that the existence of free
water is sporadic. This fact is likely attributed to the extensive vertical and

. horizontal fracture system found in the areal Mancos Shale.

Corrosivity : All concrete and buried material should be designed to resist
corrosion due to local alkaline soil. Extra precautions, such as asphaltlc

.painting of concrete, may be necessary to resist corrosion.

Rock Outcrops: None weré noted.

Gamma Radiation: Gamma radiation was not measured..

Grading and Excavation Considerations

1.

Potential Construction Difficulties: The geotrenches were excavated without
problem to a depth of 10 -12 feet, therefore wall stability and excavation do
not appear problematic. Our experience with pier construction indicates that
drilling should alsc progress without incident within the first 10" of driliing into
Mancos Shate Formation bedrock.

Suitability of Native Material for Trench Backﬁll and Structural Fill: The

- native material is not suitable for bedding but may be used for backfill given

approval from the utility provider. The native material is not suitable for
structural fill. All disturbed native earth is considered fill material and shall
be treated as such. This type fill shall not contain shale pieces iarger than

-3" to prevent unusual settlement due to weathering processes.
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Compaction of Subgrades and Fills: All native soil and fill material is to be
compacted to 95% of ASTM D 698 maximum dry density. All compaction
shall be tested. A record of the compaction densities shall be retained by the
builder.

C. Retained Earth Information

1.

Lateral Earth Pressures: Lateral earth pressures are dependent on the type
of soil, moisture content of soil, the surcharge applied to the soil, and the
design.- A safety factor of 2.5 is usually recommended in structural des;gn
of retaining features.

" The native design soil has poor drainage characteristics. A minimum design

active pressure of 70 psf may be used in retaining wall design. This
pressure considers free draining conditions with no swell pressure. This

“active pressure should be increased by 33% for relatively rigid walls. A

design passive pressure of 140 psf may be used in retaining wall design.
The passive pressure should be disregarded if the front fill is less than 1/3
the height of the wall. -

Coefficient of Fricfien to Lateral Movement: The coefficient of friction for the
type solil is typically in the range of 0.2 - 0.6 depending on moisture content.

Backfill Compaction: Backfill compaction should be a minimum of 90% of
ASTM D 698.

D. Foundations

.

Allowable Bearing Pressures: We recommend that structures be founded by

. means of concrete piers onto the Mancos Shale Formation. Standard

penetration tests support using an end bearing pressure of 20 ksf at a
depth of 5 feet into the bedrock formation for concrete piers. A frictional
pressure of 1.5 ksf may be used for the concrete piers in the downward and

-upward direction. A maximum length of 5' may be utilized for frictional

pressure. Each pier should be deadloaded at 5000 psf to resist swell. If
required by design, the friction pressure may be used to provide a portion
of the deadload resistance to swell. A design allowable surface bearing
pressure of 1000 psf may be used in the decomposed shale ("CL" type soil)
under moist conditions and should be reduced to 500 psf under wet
conditions. The minimum design surface deadload is 1000 psf.

Soil Weights: The “CL" type soil density varies from 95 pcf - 120 pcf at 24%
- 12% moisture contents. The native bulk densities typically measure 115
pcf at 1" below ground level.
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Types of Foundations: We recommend that homes be founded on grade
beam over piers. The grade beam should be designed as a simply
supported beam spanning adjacent piers given the appropriate factored
. loads. The same top and bottom reinforcement is recommended. The grade
beam should rest directly over the pier and be attached to same by means
of a corrosion resistant steel rod that spans both the grade beam and the
pier. This rod will allow the grade beam to move upward (or the pier
_downward). With this system the home may be easily leveled and repaired
in the case of extreme movement. Void material should also be placed
under the grade beams to mitigate any movement in the surface soil.

Each pier hole should be drilled to at least 15' below ground level with at
least 5' of penetration into the Mancos Shale. AlC shali set the depth of the
holes in the field. Each pier should be drilled with a 10" O.D. or larger
bit/auger. Pier holes should not be drilled closer than 7' O.C. unless the
design necessitates. If the spacing is less than 7' o.c., the pier carrying
capacity should be reduced in half. At the completion of each hole, the
bottom should be cleaned clear of all cavings and cuttings. The holes should
then be covered to prevent debris from falling into the hole.

Itis recommended that the holes are cemented via a grout pump. The grout
should be placed at the bottom of the hole with sufficient velocity to create
- wall scour and remove all cavings and cuttings from the hole. A boom truck
is probably most suitable for this operation. This method lessens the amount -
of cavings in the concrete and tends to fill the voided areas more effectively.
In addition to filling from the bottom - the concrete may be worked/vibrated
-to further eliminate voided areas. A low shrink corrosion resistant concrete
is recommended to prevent gaps between the pier and the hole. This allows
for maximum attainable pier friction. The tops of piers shall not be
mushroomed. Mushrooming may be eliminated by installation of short Sana
tubes set to grade. Our office shall be contacted to monitor cementing and
give clearance for this operation.

To date, the drilled pier foundations in this subdivision have proven to'be
effective. Other foundations, that consider expansive shale, may also be
psed. These types of foundations include: stem wall and spread footing over
structural fili, post tension slab on grade, and structurally reinforced slab on
grade over structural fill. This office can make recommendations for these
other types of foundations:

Perimeter Drains and Groundwater: All runoff water should be diverted from
" the building site. Gutters shouid be used around the perimeter of the roof.
The use of v-pans and/or french drains is strongly recommended at each
gutter termination. V-pans and like items should transport water away from
the building for a minimum of 10" prior to release into soil. The best practice
“is to drop roof runoff directly to the concrete sidewalk, which in turn drops
water to the street gutter or like conveyance. Follow Colorado Geological
Survey Special Publication 43 for recommendations concerning drains and



groundwater.

E.  Retaining and Basement Walls

1.

Retaining and basement walis should be designed utilizing the lateral earth
pressures noted above. These features should be designed to provide free
drainage. No or minimal accumutation of water should be allowed behind
these walls. Drain pipes should be placed behind the bottom of the footings
and daylighted. A minimum of 2' of free draining material such as clean sand
or gravel shall be placed behind each wall and over the drain pipe. No rock
larger than 6" should be used in backfilling against retaining structures. Any
previously designed walls in this subdivision should be modified to be free

* draining. Accumulation of water behind these walls could cause nearby

piers to fail should water migrate to the vicinity of such piers. All excavation

" and backfilling for retaining and basement walls shall be monitored by a

representative of AIC.

F. Drainage and irrigation

1.

Permeability: The surface-soil permeability is nearly 5 x 10® cm/sec. The
fractured shale has shown to freely conduct water. All effort should be made
to keep surface water from entering the Mancos Shale Formation.

Hydrologic Soil Group: The site soil is a "C" type soil, which has poor
infiltration rates when thoroughly wet.

Irrigation Practices: Do not plant closer than 5' from the edge of the
foundation unless the plants have very low water requirements. lrrigation
should be limited to the amount necessary to keep plants healthy. Follow
Colorado Geological Survey Special Publication 43 for recommendations
concerning planting and irrigation. :

. Grades Around Buildings: It is recommended that the grades around

buildings are 10%.for 10" extending from the perimeter of the building. At
a bare minimum there should be 10% for 5' extending from the perimeter of
the buiiding. All drainage should be let to the street gutter in the quickest
means possible. Drainage shall not be allowed to pond. All ponding-shall
be eliminated. All water should be allowed to flow freely away from the
building without impediment. Foliow Colorado Geological Survey Special
Publication 43 for other recommendations concerning grades.

G. Concrete.

1.

Concrete: All concrete shall be sulfate resistant. The mixing, transport and
placement shall be consistent with current ACl recommended procedures.
The structural engineer shall call out all required concrete yield strengths
and associated reinforcing.
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2. . Concrete Flatwork: Concrete flatwork such as porch, driveway, and garage
slabs are not considered structural items. They should be constructed in a
manner. that meets all recommended building codes while providing
economical reliable performance for the homeowner. The use of compacted
structural fill under slabs to prevent settliement and heaving is strongly
recommended. The liberal use of rebar to prevent horizontal and vertical
separation is also recommended. It is recommended that interior garage
slabs lay over at least two feet of compacted structural fill.

H. Borings .

1. Six boreholes and thirteen geotechnical test trenches were excavated on
Filing #3.

Limitations

The content of this report is based on subsurface and surface observations made at
the time of the site investigation. The content of this report is also based on laboratory
testing and professional literature. Subsurface observations and lab test results are
point-site specific. Subsurface conditions often change in a site both horizontally and
vertically. Therefore, depending on the amount of testing and boring performed, the
resulting data and interpretation thereof miay or may not represent the overall site
conditions. No warranty or representatlon either expressed or implied is mcluded or
intended in this report.

Due to changes in local practices and other occurrences, this report is valid for 2 years
from the date of the report.

This site has expansive soils. The owner of properties showing expansive soils should
read Special Publication 43, " A Guide to Swelling Soils for Colorado Home buyers and
‘Homeowners. You may order this publication by calling the Colorado Geological

Survey at 303 - 866 -2611.

Report p_repared by,
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TYPICAL SOIL. LOG — FILING 3
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Legends Bore Hole # 2
Filing # 3 Block 3 Lots 3 —4

Ol
31’
7I
10
15
207

0

5
g’
12/
15’
207

Of
6
10
18
20

o’

8’
10’
15
20’

2853 — 2853 /2 Presley Avenue

Fill — light, dry, soft

Native decomposed shale, darker moist, gray brown
Harder native shale, dry brown, chucky moist

Hard shale, gray moist

SPT 8/16/ 28

SPT 23 / 50%/

Bore Hole # 1
Block 3 Lots 1 -2
2851 — 2851 /> Presley Avenue

Filt, shaley tan, light
Native decomposed shale
Harder shale, fractured
Hard shale — moist

SPT 28 / RY'/

Dark shale SPT R*/-/-

Bore Hole # 3
Block 1 Lots 2 -3
577 - 579 Gable Court

Decomposed reworked shale

Darker unworked decomposed shale
Dark, moister hard shale

Flakier hard shale

SPT 28 /R%/ -

Bore Hole # 4
Block 2 Lots 1 -2
578 — 576 Gable Court

Fill, shaley dirt, gray — tan
Native decomposed shale
Hard, dark shaie

SPT 48 /R* /-

SPT RY/-/-

Soil Logs
The Legends Subdivision - Filing 3



Legends

Filing # 3
Bore Hole # 5
Block 1 Lots4 -5
583 — 581 Gable Court
0’  Dark brown, decompose
10’ - Darker flakier native decomposed shale
13"  Hard shale brown — flaky
15" SPT H3/21/33
20" SPT R'/-/-
Bore Hole # 6
Block 1 Lots 7 -8
587 — 586 Gable Court
0’ Moist clayey fill light brown decomposed shale / fill
8  Yellowish / Dark shale
12’  Hard shale, dark brown
15" SPT Spoon refusal



COMPACTION TEST
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Location Depth Plastic Limit Liquid Limit Plastic Index

Lot 1 Blk 1
Lot 2 Blk 1
Lot 3 Blk 1

Lot 4 Blk 1

Lot 5 Blk 1
Lot 6 Blk 1
Lot 7 Blk 1
Lot 9 Blk 1
lot1Blk?2
Lot 1 Blk 3
Lot2Blk 3
Lot 4 Blk 3
l.ot 5 BIk 3

3!
31
31
8I
31
8!

-3

3I
3!
3l
3I
3I
3!

22.35
23.62
24.78
26.15
28.07
19.88
18.99
36.05
20.62
23.23
23.36
22.98
21.29

34.22

- 3348

32.03

‘48.54

46.49
36.06
27.2

50.23

30.74
32.65
32.17
34.36

3067 °

11.87
9.86
7.25

22.39

18.42

16.18
8.21

14.18

10.12
9.42
8.81

11.38
9.38



The Legends
Geotechnical Study

In a records search at the City of Grand Junction it was found that the adjoining subdivision
did not have a Geotechnical Study on file. Only the following letter from the Colorado
Geological Survey was found in regards to “The Falls” subdivision. No definitive data was
noted.
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RICHARD D. LAMM

GOVERNOR JOHN W. ROLD

Director

COLORADO GEOLOGICAL SURVEY
DEPARTMENT OF NATURAL RESQURCES
715 STATE CENTENMIAL BUILDING — 1313 SHERMAN STREET
DENVER. COLORADO 80203 PHONE (303} sezxaatix 839-2611
November 22, 1977

Ms. Conni McDonough

Mesa County Planning Department
P,0. Box 897

Grand Junction, Colorado 81501

Dear Ms. McDonough: RE: C182-77, THE FALLS,
REZONE R-Z TO PD-8,
MESA COUNTY
.

“We have reviewed the rezoning request and outline development plan on the
above referenced subdivision. Geologic factors which should be carefully
considered are compaction of fill materials, swelling solls, and soil
erosion.

The primary geologic aspect which must be carefully controlled during
construction is the placement and compaction of fill material. Although

the fill areas genmerally are proposed as open space, some of the proposed
structures may be located upon fill material, This fill should be properly
compacted to insure the stability of the structures as well as open space
areas. Additionally, structures may be subject to damage from expansive
clay minerals in either the Mancos Shale bedrock or in the compacted fill.
Both the expansive clays and fill compaction are foundation related problems.-
We strongly recommend a soils foundation investigation be conducted and that
all cut and fill operations be supervised by a quallfied soils engineer or
engineering geologist.

- Another factor which should be evaluated and mitigation measures developed

-is soil erosion. FErosion rates in semi-arid climates are high, particularly
for sparsely vegetated slopes in the Mancos Shale. Revegetation of drainage
ways and shale slopes will be difficult after the proposed cut and fill oper-
ations. We recommend that erosion control and revegetation measures be
adopted for the easily erodable Mancos Shale and Fill derived from the Mancos
Shale,

In summary, we suggest that the above factors be fully evaluated and included
as a portion of the development plan., If we can be of further assistance in
\\Fhis review of the plan. please let us Know.

Y

Sincerely,

Walter B{ Junge
Engineering Geologist

WRJ/vt
cc: Land Use Commission

GEOLOGY



The Legends

- Soils Noted in AOI

RP - Rough Broken Land
Cc - Chipeta-Persayo Silty Clay Loams, 5% - 10% slopes
Ce - Chipeta Silty Clay Loams, 2% - 5% slopes
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