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PRELIMINARY GEOTECHNICAL ENGINEERING REPORT
UNDEVELOPED TRACT
EAST 36TH STREET NORTH AND NORTH LEWIS AVENUE
TULSA, OKLAHOMA
GFAC ENGINEERING INC. PROJECT NO. G2017079
EXECUTIVE SUMMARY
Site:


The project site is located southeast of the intersection of East 36th Street North and
North Lewis Avenue in Tulsa, Oklahoma. The ground surface at the location of the
proposed development is generally grass or tree covered. All fill to be utilized within the
building pads should consist of “non-expansive” structural fill.



Proofrolling of the exposed subgrade and proper compaction of fill is required to detect
and correct unstable or undesirable material and create support for structural elements.



Based on limited testing performed on the samples obtained at the site, the onsite soils,
minus any debris, organics, or other deleterious materials, appear to be suitable for use
as “non-expansive” structural fill within the building pads. Additional testing through
additional borings and at the time of construction will be required to further evaluate the
use of these soils as “non-expansive” structural fill.



Broken sandstone and broken shale appears to be suitable for use as “non-expansive”
structural fill within the building pads.



A portion of the soils encountered at the site were classified as sandy silt. These types
of soils are highly moisture sensitive and may become unstable with minor variations in
moisture content or when subjected to repeated construction traffic. Undercutting and
replacement or stabilization of these soils will be required if they are unstable at
the time of construction. It should be noted that these soils will sometimes
become unstable after being properly placed as structural fill.



The subsurface conditions encountered across portions of the site are favorable for the
development of perched groundwater conditions. In a “perched’ groundwater condition,
precipitation will infiltrate the upper lower plasticity more permeable soils and sit (perch)
on the underlying less permeable higher plasticity clay soils.

Buildings:


Depending upon the magnitude of the structural loads of the buildings, the site appears
to be suitable for support of the proposed buildings on a shallow foundation system
bearing in non-expansive “select” fill, suitable native soils, or the underlying sandstone
and shale bedrock.



Based on the conditions encountered in the borings, a minimum of 12 to 18 inches to of
“non-expansive” select fill material is anticipated to be required below the finish floor
subgrade level.



Undercutting should extend a minimum of 5 feet beyond the perimeter of the building.
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Pavements:



New pavements will consist of drive and parking areas surrounding the new buildings.
The pavements will be subjected to vehicular traffic, delivery trucks, trash trucks, and the
occasional tractor trailer. For planning purposes, typical pavement sections are included
in Section 3:10.



Any roadways within the development that will be designated as city streets will need to
be constructed in accordance with the City of Tulsa design standards.



The pavement subgrade will consist of structural fill, native soils, and/or sandstone and
shale bedrock.

The information stated above is a brief summary of the recommendations presented within this
report. The report should be reviewed in its entirety for proper implementation of the
recommendations.
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PRELIMINARY GEOTECHNICAL ENGINEERING REPORT
UNDEVELOPED TRACT
EAST 36TH STREET NORTH AND NORTH LEWIS AVENUE
TULSA, OKLAHOMA
1. INTRODUCTION

1.1

GENERAL

GFAC Engineering Inc. has completed the authorized preliminary geotechnical
engineering evaluation for an unknown manufacturing facility on an undeveloped tract of
land located southwest of the intersection of East 36th Street North and North Lewis
Avenue in Tulsa, Oklahoma. This report includes our preliminary recommendations
related to the geotechnical aspects of the project design and construction. Conclusions
and preliminary recommendations presented in the report are based on the subsurface
information encountered at the location of our exploration and the provisions and
requirements outlined in the ADDITIONAL SERVICES and LIMITATIONS sections of
this report.
1.2

PROPOSED CONSTRUCTION

We understand the Undeveloped Tract Development will be located southwest of the
intersection of East 36th Street North and North Lewis Avenue in Tulsa, Oklahoma. It is
our understanding that consideration is being given to developing the tract of land for a
large industrial warehouse and/or manufacturing facility. It is our understanding that the
proposed facility could likely build and potentially store heavy industrial equipment. We
anticipate that new buildings, roadways, parking lots, and detention ponds will be
constructed as part of the development.
It is our understanding that the project site was previously utilized as a pasture. In
addition, oil wells and oil field related storage tanks were previously located at the site.
Other development/equipment associated with the oil field may have been located at
the project site. A portion of the site was utilized as a landfill by a demolition company.
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Based on conditions encountered in the borings, the types of materials placed within the
landfill include bricks, broken concrete, sand, pvc pipe, clay soils, wire, and broken
asphalt. Other types of materials may be present within the landfill.
As part of the development, pavements (parking and drives) will be constructed.
Typical pavement thicknesses for light duty parking areas and heavy duty drive lanes
have been provided.

Rigid and flexible alternatives are included.

Any roadways

within the development that will be designated as city streets will need to be
constructed in accordance with the City of Tulsa design standards.
No information pertaining to the proposed building types, building loads, traffic type and
counts, or proposed grades has been provided. This information will be required to
provide final design recommendations.
The scope of the engineering evaluation for this study, as well as the conclusions and
preliminary recommendations in this report, were based on our understanding of the
project as described above.

If pertinent details of the project have changed or

otherwise differ from our descriptions, we must be notified and engaged to review the
changes and modify our recommendations, if needed.
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2. SITE CONDITIONS

2.1

SITE DESCRIPTION

The project site is an irregular shaped tract of land located southwest of the intersection
of East 36th Street North and North Lewis Avenue in Tulsa, Oklahoma. The proposed
project location is indicated on Plate 1 included in APPENDIX A. The site is generally
bordered by Mohawk Boulevard on the south, North Lewis Avenue on the East, Dirty
Butter Creek and undeveloped land on the west, and East 36th Street North and Dirty
Butter Creek on the north.
The ground surface at the project site is covered with a combination of grass, exposed
soils, and trees. It is our understanding that within the last year, a significant amount of
trees, as well as old oil field equipment and metal pipes, have been removed from the
project site. Several drainage ditches/waterways were noted at the site. Based on
review of aerial images of the site it is our understanding that several residential
structures were previously located at the project site. It appears that the majority of
these structures were located on the north side of Mohawk Boulevard which extends
along the south boundary of the site. The aerial images of the site also indicate that at
least two ponds were previously located at the project site. These ponds appear to
have been filled sometime between March of 2015 and September of 2016.
It is our understanding that the project site was previously utilized as a pasture. In
addition, oil wells and oil field related storage tanks were previously located at the site.
Other development/equipment associated with the oil field may have been located at
the project site. A portion of the site was utilized as a landfill by a demolition company.
Based on conditions encountered in the borings, the types of materials placed within the
landfill include bricks, broken concrete, sand, pvc pipe, clay soils, wire, and broken
asphalt. Other types of materials may be present within the landfill. These fill materials
were exposed at the ground surface in some areas of the site that had been utilized as
the landfill.
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Existing utilities in the vicinity of the site include, but most likely not are limited to, gas
lines, electric lines, sewer lines, water lines, and overhead electric lines.
2.2

SUBSURFACE CONDITIONS

The following presents a general summary of the major strata encountered at the
project site during our subsurface exploration.

Specific subsurface conditions

encountered at the boring locations are presented on the respective logs in APPENDIX
A. The stratification lines shown on the logs represent the approximate boundaries
between material types; in situ, the transitions may vary or be gradual.
Surficial Materials: Grass, topsoil, or exposed soil was encountered at the ground
surface at the boring locations.
Existing/Possible Fill Materials:

Existing/Possible Fill Materials consisting of

combinations of lean clay, sandy silt, gravel, broken concrete, brocks, sand, pvc pipe,
wire, broken asphalt, and limestone screenings were encountered in Borings B-1, B-2,
B-3, B-7, B-8 and B-9. The fill materials were either encountered at the ground surface
or below any topsoil that was present at the ground surface and continued to the
approximate depths indicated in Table 2.2.1.
Table 2.2.2 – Fill/Possible Fill Depths

Boring No.

Fill/Possible Fill
Depth (feet)

B-1

1.7

B-2

12.7

B-3

In excess of 7.2

B-4

Not Encountered

B-5

Not Encountered

B-6

Not Encountered

B-7

11.0

B-8

0.6

B-9

0.2
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Based on the conditions encountered in the borings, it appears that Borings B-2 and B-3
were drilled within the demolition debris landfill. The material classified as possible fill
materials encountered in Boring B-7 had an odor.
Native Soils: Native soils consisting of lean clay, sandy lean clay, and clayey sand
were encountered at the ground surface in Boring B-4, below the topsoil in Borings B-5
and B-6, and below the fill/possible fill in Borings B-8 and B-9.

The native soils

extended below the existing ground surface levels to the depths indicated as the top of
bedrock in Table 2.2.2 in these previously indicated borings.
Bedrock: Table 2.2.2 indicates the bedrock type and approximate depth of the bedrock
at the boring locations. Auger refusal occurred in/on rubble fill in Boring B-3 at an
approximate depth of 7.2 feet.
Table 2.2.2 – Bedrock Depth
Bedrock Type
Boring No.

Bedrock Depth (feet)

Auger Refusal Depth
(feet)

B-1

Weathered Sandstone

1.7

N/A

B-2

Weathered Shale

12.7

N/A

B-3

N/A

N/A

7.2 on Rubble Fill

B-4

Highly Weathered
Shale

1.3

N/A

B-5

Weathered Sandstone

0.6

N/A

B-6

Weathered Shale

1.3

N/A

B-7

Sandstone

11.0

N/A

B-8

Weathered Sandstone

4.4

N/A

B-9

Highly Weathered
Shale

1.5

N/A
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The bedrock depths indicated in the table are the depths at which weathered bedrock
was first encountered. It should be noted that a mass excavation may be required to
adequately differentiate between cobbles and boulders and the top of weathered
bedrock.
2.3

GENERAL SITE GEOLOGY

According to the "Engineering Classification of Geologic Materials – Division Eight" from
the Oklahoma Highway Department, 1970, the project site appears to be located within
an area designated as the Seminole Unit (Psl).
Seminole Unit (IPsl): This unit consists predominantly of shale and sandy shale and
contains zones of sandstone. The sandstones are moderately hard to soft, mostly thin
bedded and commonly brown in color. The shale in the middle 40-100 feet is mostly
clayey. The shale in the upper and lower portions is silty to sandy.
The Seminole unit is irregular in thickness. The total thickness in Nowata County is
approximately 10 feet to 20 feet. It thickens southward to about 240 feet in the vicinity
of Collinsville. . It continues to thicken southward to as much as 320 feet in Tulsa
County and then thins to about 200 feet at the Okmulgee County line.
It outcrops in Creek, Nowata, Rogers, Tulsa, and Washington Counties of Division 8.
The topography is flat to slightly rolling with some scarps formed by resistant
sandstones.
2.4

NRCS SOIL SERIES

The soil series identified on a survey map are defined by characteristics of the surficial
soils. The specific soil type within a given area is dependent upon a number of factors
including parent material, topography, groundwater conditions, and other factors that
influence the profile of the surficial soils. These characteristics provide insight as to
subsurface conditions within a given area.

The Natural Resources Conservation

Service web site was utilized to determine the soil types present at the project site. The

Copyright 2017 GFAC ENGINEERING INC.

Page 6 of 23

November 17, 2017

online soil survey indicated that the soils in the vicinity of the subject site are primarily
comprised of the following:








10 – Coweta-Bates complex, 3 to 5 percent slopes
14 - Dennis silt loam, 3 to 5 percent slopes, eroded
16 – Dennis Radley complex, 0 to 12 percent slopes
17 – Urban Land-Dennis complex, 0 to 5 percent slopes
46 - Pits
47 - Radley silt loam, 0 to 1 percent slopes, occasionally flooded
48 - Radley silt loam, 0 to 1 percent slopes, frequently flooded



17 – Wynona - Urban Land complex, 0 to 1 percent slopes, occasionally flooded

The Bates series consists of moderately deep, well drained soils formed on interfluves
and hillslopes.

These soils formed in residuum weathered from sandstone of

Pennsylvanian Age which commonly contained thin beds of silty or sandy shale. Slopes
range from 1 to 8 percent.
The Coweta series consists of shallow, well drained to somewhat excessively drained
soils that formed in material weathered from residuum from sandstone inter-bedded with
shale of Pennsylvanian age. Coweta soils are on uplands in the Cherokee Prairies.
Slopes range from 1 to 30 percent.
The Dennis series consists of very deep, somewhat poorly drained soils that formed in
residuum weathered from shale of Pennsylvanian age. These soils are on interfluves
and hillslopes. Slope ranges from 0 to 8 percent.
The Radley series consists of very deep, moderately well drained soils that formed in
stratified silty alluvium. These soils are on flood plains. Slope ranges from 0 to 3
percent.
The Wynona series consists of very deep, somewhat poorly drained soils that formed in
silty alluvium of Pleistocene age. These soils are on nearly level to slightly concave
flood plains which drain the Cherokee Prairies. Slope ranges from 0 to 3 percent.

Copyright 2017 GFAC ENGINEERING INC.

Page 7 of 23

November 17, 2017

Areas designated as Pits were typically utilized as borrow pits or quarries in the past.
Urban Land areas consist of soils that have been covered with buildings or other urban
structures. Typical structures are residential dwellings, churches, commercial buildings,
parking lots of less than 2 acres, streets, and highways.
Table 2.4 provides a summary of the typical classification test results on the soils series
present at the site based on the NRCS soil survey.
Table 2.4 - NRCS Published Laboratory Test Data
Soil Series
Coweta-Bates
complex, 3 to 5
percent slopes
(Coweta Series)
Coweta-Bates
complex, 3 to 5
percent slopes
(Bates Series)

Dennis silt loam, 3
to 5 percent slopes,
eroded

Depth Range
(inches)

Liquid Limit
Range

Plasticity Index
Range

Percent Passing
No. 200 Sieve

0–9

23 – 38

6 – 13

44 – 67

9 – 17

21 – 43

6 – 21

38 – 69

17 – 27

Bedrock

0 – 11

27 – 45

9 – 18

59 – 71

11 – 15

26 – 39

9 – 19

59 – 71

15 – 28

31 – 46

13 – 25

59 – 74

28 – 37

Bedrock

0 – 10

23 – 43

6 – 18

72 – 92

10 – 16

22 – 48

6 – 25

64 – 91

16 – 22

38 – 66

19 – 40

70 – 100

22 – 68

38 – 66

19 – 40

70 – 100

68 – 79

38 – 66

19 – 40

70 – 100

0 – 10

23 – 45

6 – 18

73 – 93

Dennis Radley
complex, 0 to 12
percent slopes

10 – 20

22 – 48

6 – 25

66 – 99

20 – 25

38 – 65

19 – 40

77 – 100

(Dennis Series)

25 – 62

37 – 65

19 – 40

77 – 100

62 – 79

37 – 65

19 – 40

72 – 100

0 – 16

27 – 39

8 – 16

83 – 100

16 – 41

30 – 43

11 – 22

85 – 100

(Radley Series)

41 – 79

27 – 43

9 – 22

84 – 100

Urban Land-Dennis
complex, 0 to 5
percent slopes

0 – 79

Variable

Variable

Variable

Dennis Radley
complex, 0 to 12
percent slopes
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(Urban Land)
0 – 11

23 – 45

6 – 18

72 – 92

Urban Land-Dennis
complex, 0 to 5
percent slopes

11 – 17

22 – 48

6 – 25

64 – 91

17 – 22

38 – 66

19 – 40

70 – 100

(Dennis Series)

22 – 68

38 – 66

19 – 40

70 – 100

68 – 79

38 – 66

19 – 40

77 – 100

Pits

0 -– 80

Variable

Variable

Variable

Radley silt loam, 0
to 1 percent slopes,
occasionally
flooded

0 – 16

30 – 39

10 – 16

84 – 100

16 – 41

28 – 43

9 – 22

85 – 100

41 – 79

27 – 43

9 – 22

84 – 100

0 – 16

27 – 39

8 – 16

83 – 100

16 – 41

30 – 43

11 – 22

85 – 100

41 – 79

27 – 43

9 – 22

84 – 100

0 – 10

33 – 43

12 – 20

80 – 98

10 -– 23

33 – 42

12 – 19

90 – 98

23 – 33

33 – 60

12 – 34

90 – 99

33 – 80

33 – 60

12 – 34

90 – 99

0 – 60

Variable

Variable

Variable

Radley silt loam, 0
to 1 percent slopes,
frequently flooded
Wynona - Urban
Land complex, 0 to
1 percent slopes,
occasionally
flooded
(Wynona Series)
Wynona - Urban
Land complex, 0 to
1 percent slopes,
occasionally
flooded
(Urban Land
Series)

2.5

GROUNDWATER OBSERVATIONS

Groundwater observations were made both during and after completion of drilling
operations. Table 2.5 presents the observed groundwater levels within the borings at
the time of the field exploration.
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Table 2.5 – Ground Water Observations
Water Depth During Drilling

Water Depth At Completion of Drilling

Boring No.

(feet)

(feet)

B-1

Dry

Dry

B-2

12.5

12.0

B-3

Dry

Dry

B-4

Dry

Dry

B-5

Dry

Dry

B-6

Dry

Dry

B-7

2.5

12.6

B-8

Dry

Dry

B-9

Dry

Dry

The materials encountered in the borings have a wide range of hydraulic conductivity
and observations over an extended period of time may show the presence of
groundwater.

Use of piezometers would be required to better define current

groundwater conditions and groundwater level fluctuations with time. Fluctuations of
groundwater levels can occur due to seasonal variations in the amount of rainfall, runoff,
and other factors not evident at the time the borings were performed. The possibility of
groundwater level fluctuations should be considered when developing the design and
construction plans for the project.
The subsurface conditions encountered across portions of the site are favorable for the
development of perched groundwater conditions. In a “perched’ groundwater condition,
precipitation will infiltrate the upper lower plasticity/non plastic more permeable soils and
sit (perch) on the underlying higher plasticity clay soils or bedrock. Generally, perched
water is of limited volume and can be controlled with typical dewatering methods.
However, it should be noted, that depending upon site grades, the subsurface
stratigraphy, and the volume of water, more sophisticated dewatering methods/equipment
may be required if a perched ground water condition is encountered at the time of
construction. Perched groundwater can cause the upper layers of soils to become soft
and unstable.
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3. ANALYSIS AND DISCUSSION

3.1

GENERAL

Based on the results of our preliminary evaluation, it is our professional opinion that the
proposed project site could be developed for the proposed buildings using conventional
grading and foundation construction techniques.

The information presented in this

report is preliminary in nature and should be utilized for planning purposes only. A
geotechnical scope of work should be developed and implemented for each building
that is to be constructed based upon the type of development that is to occur.
3.2

SITE DEVELOPMENT

3.2.1 Stripping and Grubbing
Site development should include the stripping of any vegetation, organic soils, and
associated root systems from planned construction areas. Any required tree removal
should also be performed. Care shall be taken to thoroughly remove all root systems
from the construction areas. Materials disturbed during stripping operations should be
stabilized in place or undercut and replaced with structural fill.
3.2.2 Mucking
Ponds and several drainage ditches/water ways are located at the project site.
Soft/unstable soils should be anticipated in these areas. Prior to placement of fill in
these areas, the pond should be drained and any standing water present in the
drainage ditches/water ways should be removed.

A measurement of the muck

depth/thickness within the pond was not obtained.
Soft/unstable materials should also be anticipated within the ditches/drainage ways.
For planning purposes, mucking depths within the ditches/drainage ways could be
estimated to be 18 to 24 inches.
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3.2.3 Oil Field Catchment Basins/Lagoons
What appeared to be an oil field catchment basin/lagoon was encountered in Boring
B-7. These materials, based on visual observation of the samples and the odor of the
samples, appeared to be contaminated. In addition to the apparent contamination, the
soils encountered in this boring were soft. The materials encountered within this boring
are not suitable to support a building. If a building is planned in this area, removal and
replacement of these materials with controlled structural fill or the use of a deep
foundation system that extends through these materials may be required. Settlements
of fill, pavements, or buildings placed on the lower consistency soils would be expected.
Handling and/or disposal of any contaminated soils encountered at the project
site should be coordinated with the Environmental Manager for the project.
With the exception of the oil field catchment basin/lagoon that was encountered at the
location of Boring B-7, we are not aware of the presence or the absence of any
additional oil field catchment basin/lagoon at the project site.
3.2.4 Existing/Possible Fill
Existing/Possible Fill Materials consisting of combinations of Lean Clay, Gravel, Broken
Concrete, Brocks, Sand PVC Pipe, Wire, Broken Asphalt, and Limestone Screenings
were encountered in Borings B-1, B-2, B-3, B-7, B-8 and B-9. The fill materials were
either encountered at the ground surface or below any topsoil that was present at the
ground surface and continued to the approximate depths ranging from 0.2 to 12.7 feet.
Auger refusal occurred in Boring B-3 at an approximate depth of 7.2 feet on what
appeared to be broken concrete.
Based on the conditions encountered in the borings, it appears that Borings B-2 and B-3
were drilled within the demolition debris landfill. The possible fill materials encountered
in Boring B-7 had an odor.
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The Existing/Possible Fill Materials are not suitable to support buildings. If buildings are
to be constructed in the areas where existing fill is present, it is recommended that the
existing fill materials be undercut full depth and be replaced with controlled structural fill.
Consideration could be given to leaving the fill materials in place in pavement areas or
green areas, however it should be noted that settlements of unknown magnitudes may
occur within the areas where the Existing/Possible Fill Materials are located.
The presence of voids in rubble fill such as that encountered in Borings B-2 and B-3 is
likely. Sometimes rubble fill will “nest” when it is placed, i.e. pieces of the rubble debris
will lay against one another in a manner that will leave a void. Over time, these voids
are sometimes filled with soils that are transported downward through the rubble fill by
water, which can result in the appearance of a void or sinkhole at the ground surface. If
these voids occur beneath a foundation or pavements, movement or collapse of the
pavements and other structures constructed on top of the rubble fill could occur.
Based on the conditions encountered at the site, the owner may choose to consider
alternative methods to construct the building on top of the existing fill materials. One
method which may help prepare the site for the project is dynamic compaction.
Dynamic compaction is a ground improvement method which utilizes large weights that
are repeatedly dropped by a crane on a job site. Additional information concerning the
feasibility of dynamic compaction for this project can be obtained from the Hayward
Baker Company. Additional sources of information concerning dynamic compaction are
likely available. It should be noted that this option is being provided strictly as a
possible alternative to complete removal of the existing rubble fill. Additional
information from those experienced in this method of construction is required to
determine if this option is feasible.
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3.2.5 Existing Utility Trenches and Proposed Utilities
Existing utilities encountered during construction within the zone of influence of
proposed construction areas should be relocated/abandoned as part of the site
development.
All underground utility lines for the proposed project shall be located outside the zone of
influence of proposed foundations; that is a zone extending from the bottom edge of the
footing at a slope of 1 Horizontal to 1 Vertical, 1(H):1(V). If utility lines are within the
zone of influence of the foundations, settlements in excess of those presented in this
report may occur.
Final grades for proposed utilities were not known at the time this report was prepared.
Depending upon the depths of the proposed utility lines, bedrock and/or groundwater
may be encountered in the utility line excavations.
3.2.6 Construction Considerations
A portion of the soils encountered in the borings had a high sand and/or silt content.
These soils are highly moisture sensitive and may become unstable with minor
variations in moisture content or when subjected to repeated construction traffic. If
these soils are unstable at the time of construction, they will need to be undercut and
replaced with structural fill, or be stabilized in place. Close moisture control during
compaction operations will be required to reduce the potential for pumping of these
soils.
3.3

STRUCTURAL FILL

Based on limited testing performed on the samples obtained at the site, the onsite soils,
minus any debris, organics, or other deleterious materials, appear to be suitable for use
as “non-expansive” structural fill within the building pads. Additional testing through
additional borings and at the time of construction will be required to further evaluate the
use of these soils as “non-expansive” structural fill.
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expansive” structural fill include, but are not limited to, lower plasticity clayey sands,
lean clays, sandy lean clays, gravelly clays, and clayey gravels with a Plasticity Index
(PI) of 22 or less. Soils with a PI higher than previously indicated can typically be
utilized outside of building pad areas.
We anticipate that the softer, more highly weathered sandstone and shale bedrock
encountered within the upper portion of the bedrock profile, could be moisture
conditioned and placed in a manner similar to soil. Harder, less weathered bedrock
could also be considered for use as fill. The use of the unweathered bedrock would
require substantial effort to prepare the material for placement as structural fill. The less
weathered bedrock would require moisture conditioning and higher compactive effort to
process into suitable fill material. The bedrock should be broken down to a material
with a maximum 3-inch size and to develop sufficient fines to completely fill void spaces
between the larger particles.

Mixing of the broken bedrock with onsite soils may

facilitate moisture conditioning and compaction.
Typical compaction requirements for structural fill materials state that the fill should be
compacted to a minimum of 95 percent of the material's maximum dry density as
determined by ASTM D 698, standard Proctor compaction.

Typically, the moisture

content of fill at time of compaction is within a range of 2 percent below to 4 percent
above the optimum moisture content as defined by the standard Proctor compaction
procedure. These compaction and moisture content requirements will vary depending
upon material type and location within the proposed development, i.e. building pad,
green areas, utility line backfill, etc. Depending upon the amount of cuts and fills that
will be required at the site, it may be more applicable to compact the structural fill
materials to a minimum of 95 percent of the material's maximum dry density as
determined by ASTM D 1557, modified Proctor compaction.
3.4

EXPANSIVE SOILS AND BUILDING PAD PREPARATION

The active zone at the project site is on the order of 8 feet or to the top of bedrock,
whichever is shallower. The subsurface profile generally consists of lean clay soils with
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low swell potential. Based on the conditions encountered in the borings, the calculated
Potential Vertical Rise (PVR) of a floor slab constructed at existing grades is less than 1
inch. A grade supported floor slab may be considered at this site provided the building
pads are prepared to limit the potential for expansive soil movement.
Based on the conditions encountered at the site, the building pads should be undercut
to the level required to place a minimum of 12 to 18 inches of non-expansive “select” fill
material below the building floor slabs. The thickness of the non-expansive “select” fill
should be measured from the finish floor subgrade level. The undercut should extend a
minimum of 5 feet beyond the building footprint.

Following the recommended

undercutting, the exposed grade should be scarified, moisture conditioned, and
recompacted to the requirements of structural fill.

It is recommended that all fill

placed within the building pad consist of “non-expansive” material.
3.5

SANDY AND/OR SILTY SOILS

A portion of the soils encountered in the borings had a high sand and/or silt content.
These types of soils are highly moisture sensitive and may become unstable with minor
variations in moisture content or when subjected to repeated construction traffic.

If

these soils are unstable at the time of construction, they will need to be undercut
and replaced with structural fill, or be stabilized in place.

Undercutting and

replacement or stabilization of these soils at the time of construction should be
anticipated. Close moisture control during compaction operations will be required to
reduce the potential for pumping of these soils.
It should be noted that these types of soils will sometimes become unstable after
being properly placed as structural fill. If these soils will be considered for use as
structural fill at the project site within the pavement and building pad areas,
chemical stabilization with Class “C” fly ash, cement kiln dust, or Portland
cement will likely be required.
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3.6

PRELIMINARY BUILDING FOUNDATION CONSIDERATIONS

3.6.1 General
We understand that the preferred foundation system for the buildings is a shallow
foundation system. Depending upon the actual design loads, final grades, and final
location of the structures, a drilled shaft foundation system may be required.
Generalized recommendations for both foundation types are included in this report.
3.6.2 Shallow Foundations
For planning purposes, lightly loaded structures can be supported on shallow footing
foundations can be founded in “non-expansive” select fill or suitable native soils. A
maximum allowable bearing pressure on the order of 2,000 to 2,500 pounds per square
foot (psf) will likely be suitable for proposed buildings founded in “non-expansive” select
fill or suitable native soils. A higher bearing capacity may be feasible for shallow footing
foundations bearing in bedrock materials.

Shallow foundations bearing in bedrock

materials could likely be designed based on a maximum allowable bearing pressure on
the order of 5,000 to 7,500 pounds per square foot (psf). Continuous wall footings
typically have a minimum width of 16 inches and isolated spread footings typically have
a minimum width of 24 inches. Exterior footings and footings founded in unheated
portions of the buildings are typically supported a minimum of 24 inches below final
exterior grade to provide protection against frost penetration.
The footing excavations should be free of water and soft materials prior to placing
concrete. Concrete should be placed as soon as feasible after excavating to limit drying
or disturbance of the bearing materials. If the bearing materials become excessively
dry, saturated or disturbed; the effected materials should be removed prior to placing
concrete.
The footing excavations should be evaluated and tested by geotechnical engineering
personnel immediately prior to placement of foundation concrete. Unsuitable areas
identified at this time should be corrected. Corrective procedures would be dependent
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upon conditions encountered and may include deepening of foundation elements, or
undercutting of unsuitable materials and replacement with controlled structural fill.
3.6.2.1 Drilled Shaft Foundations
For planning purposes, drilled shafts can be utilized to support more heavily loaded
structures in the underlying shale or sandstone bedrock. A maximum allowable bearing
pressure for drilled shafts is anticipated to be on the order of 15,000 to 40,000 pounds
per square foot (psf) for drilled shafts founded in the underlying shale and sandstone
bedrock. Additional borings to greater depths into the bedrock materials will be required
to further evaluate an allowable bearing pressure for drilled shafts.
Drilled shafts for this project should have a minimum shaft diameter of 24 inches to
facilitate cleaning and observation of the bearing materials. Direct observation of the
bearing materials at the bottom of the smaller drilled shafts is not possible and pier
excavations must be based on auger cuttings and drilling characteristics.
Excavations of drilled shafts will encounter newly placed “non-expansive” select fill,
existing fill, native soils, shale bedrock, and sandstone bedrock material. Conventional
drilling equipment should be able to penetrate the soil materials.

A core barrel

attachment or other rock excavation equipment will be required to penetrate the
limestone and sandstone bedrock material encountered at the project site.

Drilled

shaft installation into the bedrock is anticipated to be difficult.
Water seepage may be encountered during the installation of drilled shafts. Temporary
casing may be required to advance the drilled shaft excavations.

To minimize

disturbance to the bearing surfaces caused by ponding of water, it is recommended that
concrete be placed the same day that the drilled shafts are completed. Drilled shaft
excavations should be observed by an experienced geotechnical engineer or
experienced engineering technician directly supervised by a geotechnical engineer to
evaluate the suitability of the bearing material. Should isolated areas of unsuitable
material be encountered at planned bearing depths, it will be necessary to deepen the
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drilled shafts to suitable bearing material. The base of the drilled shaft excavations
should be free of water and loose material prior to placement of concrete.
3.7

CONCRETE SLABS SUPPORTED ON-GRADE

Following undercutting of any soft unstable soils and proper placement of structural fill
materials, the site would be suitable for support of the building floor slabs. For planning
purposes, all fill placed within the building footprints should consist of “non-expansive”
select fill. The building pads should be constructed to limit potential vertical movement
of the slab on grade to less than 1 inch. Based on the conditions encountered within
the borings, a minimum “non-expansive” select fill thickness on the order of 12 to 18
inches is anticipated to be required below the building floor slabs.
3.8

CLIMATIC CONDITIONS AND CONSTRUCTION CONSIDERATION

Weather conditions can influence the site preparation procedures. In spring and late
fall, following periods of rainfall, the moisture content of the near-surface soils may be
significantly above the optimum moisture content. Excessive moisture can seriously
impede grading by causing an unstable subgrade condition. Typical remedial measures
include aerating the wet subgrade, removal of the wet materials and replacing them with
dry materials, reinforcing the subgrade with geotextiles/geogrid or applying lime, cement
kiln dust (CKD), or Class “C” fly ash as a drying agent.
If construction of the project is to be performed during winter months, appropriate steps
may need to be taken to prevent the soils from freezing. Structural fill, foundations, or
other exterior flat work should not be placed on or against frozen or partially frozen
materials.
3.9

LANDSCAPING AND SITE GRADING CONSIDERATIONS

Provisions should be made to reduce the potential for large moisture changes within
building and pavement subgrade soils located adjacent to landscape areas, to reduce
the potential for subgrade movement. Positive drainage away from the buildings and
pavements should be incorporated into the design plans. Ponding of water adjacent to
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the buildings and pavements can contribute to significant moisture increases in the
subgrade soils and subsequent heaving.
Consideration should also be given to limiting landscaping and irrigation adjacent to the
buildings and pavements. Trees and large bushes can develop intricate root systems
that can draw moisture from the subgrade soils, causing them to shrink during dry
periods of the year. Desiccation of soils below foundations can result in settlement of
shallow foundations.
3.10 PAVEMENTS
New pavements will consist of drive and parking areas surrounding the new buildings.
The pavements will be subjected to vehicular traffic and occasional delivery trucks. For
planning purposes, the pavement sections indicated in the following table could be
considered. The typical pavement sections are not suitable for construction traffic. Any
roadways within the development that will be designated as city streets will need to be
constructed in accordance with the City of Tulsa design standards.
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Pavement Area

Minimum Asphaltic Concrete
(AC) Design Thickness, inches

Minimum Portland Cement Concrete
(PCC) Design Thickness, Inches

Standard Duty
(Parking Areas
Passenger Vehicles
Only)

AC with Granular Base
2.0 AC Surface Course1
2.5 AC Base Course2
6.0 Aggregate Base3
Geotextile Separator Fabric4
9.0 Recompacted Subgrade

Portland Cement Concrete
5.0 PCC
6.0 Aggregate Base3
Geotextile Separator Fabric4
9.0 Recompacted Subgrade

Heavy Duty
(Access Lanes
Passenger Vehicles
Only)

AC with Granular Base
2.0 AC Surface Course1
3.5 AC Base Course2
6.0 Aggregate Base3
Geotextile Separator Fabric4
9.0 Recompacted Subgrade

Portland Cement Concrete
6.0 PCC
6.0 Aggregate Base3
Geotextile Separator Fabric4
9.0 Recompacted Subgrade

Portland Cement Concrete
8.0 PCC
6.0 Aggregate Base3
Geotextile Separator Fabric4
9.0 Recompacted Subgrade

Truck Traffic

1
2
3
4

ODOT “Standard Specifications for Highway Construction” Section 708, Type S4 or S5, PG-64-22.
ODOT “Standard Specifications for Highway Construction” Section 708, Type S3, PG-64-22.
ODOT “Standard Specifications for Highway Construction” Section 703.01, Type A
AASHTO M288 Class 2 and Appendices A1 and A3
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4. ADDITIONAL SERVICES

4.1

SUBSURFACE

EXPLORATION

AND

GEOTECHNICAL

ENGINEERING

SERVICES
The information presented in this report is preliminary in nature and for planning
purposes only. A detailed subsurface exploration and geotechnical engineering report
should be performed for each building that is to be constructed within the proposed
development.

The scope of services should be tailored for the specific site

development. GFAC Engineering Inc. should be contacted to develop the scope of
work and perform the subsurface exploration and preparation of the geotechnical
engineering report. In the event GFAC Engineering Inc. is not retained to perform the
subsurface exploration and geotechnical engineering services, we will assume no
responsibility for misinterpretation of the generalized data contained in this preliminary
report.
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5. LIMITATIONS

This report is preliminary in nature and does not contain final engineering
recommendations. The report is for planning purposes only. This report is based upon
readily available published data, a very limited subsurface exploration, and laboratory
testing program. It is possible that subsurface conditions could vary between or beyond
the points explored and the readily available published data. A subsurface exploration
and geotechnical engineering evaluation of each building footprint and outlot to be
developed is required.
We have prepared this report in substantial accordance with the generally accepted
geotechnical engineering practice as it exists in the site area at the time of our study.
No warranty is expressed or implied.

The information provided in this report is

preliminary in nature and is based on the assumption that an adequate program of
exploratory borings, laboratory testing, and geotechnical engineering evaluation will be
conducted by GFAC Engineering Inc. prior to final design and construction. The scope
of our services did not include any environmental assessment or exploration for the
presence of hazardous or toxic materials in the soil, surface water, groundwater or air,
on, below or around this site.
This report may be used only by owner and only for the purposes stated, within a
reasonable time from its issuance, but in no event later than three years from the date
of report. Land use, site conditions (both on-site and off-site), regulations, or other
factors may change over time, and additional work may be required with the passage of
time. Any party other than the client who wishes to use this report shall notify GFAC
Engineering Inc. of such intended use. Based on the intended use of the report, GFAC
Engineering Inc. may require that additional work be performed and that an updated
report be issued.

Non-compliance with any of these requirements by the client or

anyone else will release GFAC Engineering Inc. from any liability resulting from the use
of this report by any unauthorized party and client agrees to defend, indemnify and hold
harmless GFAC Engineering Inc. from any claim or liability associated with such
unauthorized or non-compliance.
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APPENDIX A
PLATE 1 – SITE VICINITY MAP
PLATE 2 – BORING LOCATION PLAN
BORING LOGS
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FIELD EXPLORATION PROGRAM

The fieldwork for this study was performed on October 30, 2017.

The exploration

consisted of a total of nine (9) borings that were extended to approximate depths
ranging from 7.2 to 14.3 feet below the existing ground surface levels. Representatives
of KLH – Environmental and Geological Consulting, LLC established the boring
locations in the field.

Elevations at the boring locations were not determined.

Locations of the borings should be considered accurate only to the degree implied by
the methods used to obtain them.
The borings were drilled by GFAC Engineering Inc. with a truck-mounted (CME 55),
rotary drill using solid stem augers to advance the borings. Representative samples
were obtained by split-barrel sampling procedures in general accordance with ASTM D
1586. The split-barrel sampling procedure utilizes a standard 2-inch O.D. split-barrel
sampler that is driven into the bottom of the boring with a 140-pound auto-hammer
falling a distance of 30 inches. The number of blows required to advance the sampler
the last 12 inches of a normal 18 inch penetration is recorded as the Standard
Penetration Resistance Value (N). These "N" values are indicated on the boring logs at
their depth of occurrence and provide an indication of the relative density, consistency,
and hardness of the material.
Boring logs included in this appendix, present such data as soil and bedrock
descriptions, depths, sampling intervals and observed groundwater conditions.
Conditions encountered in each of the borings were monitored and recorded by the field
engineer. Field logs included visual classification of the materials encountered during
drilling, as well as drilling characteristics. Our final boring logs represent the engineer’s
interpretation of the field logs combined with laboratory observation and testing of the
samples.

Stratification boundaries indicated on the boring logs were based on

observations during our fieldwork, an extrapolation of information obtained by examining
samples from the borings and comparisons of materials with similar engineering
characteristics. Locations of these boundaries are approximate, and the transitions
between soil types may be gradual rather than clearly defined.
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BORING NUMBER B-1

GFAC Engineering Inc
PO Box 472201
Tulsa OK 74147
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CLIENT KLH Environmental & Geo Consulting LLC

PROJECT NAME Undeveloped Tract

PROJECT NUMBER G2017079

PROJECT LOCATION E. 36th Street N. & N. Lewis Avenue, Tulsa, OK

4-4-8
(12)

18

SS
2

100

12-50/
4"

15

PLASTICITY
INDEX

100

PLASTIC
LIMIT

SS
1

ATTERBERG
LIMITS

NP

NP

NP
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TOPSOIL
POSSIBLE FILL - Sandy Silt, moist, loose, dark brown

2.5

WEATHERED SANDSTONE, poorly cemented, orange,
brown

SANDSTONE, poorly cemented to cemented, tan, brown,
orange

5.0
- tan and brown below 5 feet

SS
3

100

50/
0.5"

9

SS
4

67

50/
0.75"

9

SS
5

29

50/
1.75"

11

7.5

10.0

12.5

- tan with trace shale below 12 feet

Bottom of borehole at 13.7 feet.

FINES CONTENT
(%)

AFTER DRILLING ---

LIQUID
LIMIT

0.0

AT END OF DRILLING --- Dry

MOISTURE
CONTENT (%)

MATERIAL DESCRIPTION

AT TIME OF DRILLING --- Dry

DRY UNIT WT.
(pcf)

GRAPHIC
LOG

DEPTH
(ft)

NOTES 36.205188, -95.959719

GROUND WATER LEVELS:

Uncon. Strength
(psf)

CHECKED BY DLK

LOGGED BY PWV

HOLE SIZE 6 inches

BLOW
COUNTS
(N VALUE)

DRILLING METHOD Continuous Flight Auger 6"

Texas Cone
Penetrometer

DRILLING CONTRACTOR GFAC Engineering

GROUND ELEVATION

RECOVERY %
(RQD)

COMPLETED 10/30/17

SAMPLE TYPE
NUMBER

DATE STARTED 10/30/17

BORING NUMBER B-2

GFAC Engineering Inc
PO Box 472201
Tulsa OK 74147
Telephone: 918-622-7021
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FILL - Gravel and Lean Clay
FILL - Broken Concrete, Bricks, Sand, PVC Pipe, Clay
Soils, Wire
SS
1

33

17-26-14
(40)

SS
2

44

4-7-3
(10)

SS
3

17

1-7-14
(21)

SS
4

56

3-11-5
(16)

SS
5

100

16-50/
3"

2.5

5.0

7.5

10.0

12.5
WEATHERED SHALE, very soft, gray

SHALE, moderately hard, gray
Bottom of borehole at 14.3 feet.

PLASTIC
LIMIT

LIQUID
LIMIT

ATTERBERG
LIMITS

FINES CONTENT
(%)

AFTER DRILLING ---

PLASTICITY
INDEX

0.0

AT END OF DRILLING 12.00 ft

MOISTURE
CONTENT (%)

MATERIAL DESCRIPTION

AT TIME OF DRILLING 12.50 ft

DRY UNIT WT.
(pcf)

GRAPHIC
LOG

DEPTH
(ft)

NOTES 36.204934, -95.961503

GROUND WATER LEVELS:

Uncon. Strength
(psf)

CHECKED BY DLK

LOGGED BY PWV

HOLE SIZE 6 inches

BLOW
COUNTS
(N VALUE)

DRILLING METHOD Continuous Flight Auger 6"

Texas Cone
Penetrometer

DRILLING CONTRACTOR GFAC Engineering

GROUND ELEVATION

RECOVERY %
(RQD)

COMPLETED 10/30/17

SAMPLE TYPE
NUMBER

DATE STARTED 10/30/17

BORING NUMBER B-3

GFAC Engineering Inc
PO Box 472201
Tulsa OK 74147
Telephone: 918-622-7021
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TOPSOIL
FILL - Lean Clay with Bricks, Broken Asphalt, and Broken
Concrete, brown, red, gray
SS
1

89

7-7-6
(13)

SS
2

22

5-3-9
(12)

SS
3

33

5-1-24
(25)

2.5

5.0

FILL - Broken Concrete and Clay

Refusal at 7.2 feet.
Bottom of borehole at 7.2 feet.

PLASTIC
LIMIT

LIQUID
LIMIT

ATTERBERG
LIMITS

FINES CONTENT
(%)

AFTER DRILLING ---

PLASTICITY
INDEX

0.0

AT END OF DRILLING --- Dry

MOISTURE
CONTENT (%)

MATERIAL DESCRIPTION

AT TIME OF DRILLING --- Dry

DRY UNIT WT.
(pcf)

GRAPHIC
LOG

DEPTH
(ft)

NOTES 36.204541, -95.963304

GROUND WATER LEVELS:

Uncon. Strength
(psf)

CHECKED BY DLK

LOGGED BY PWV

HOLE SIZE 6 inches

BLOW
COUNTS
(N VALUE)

DRILLING METHOD Continuous Flight Auger 6"

Texas Cone
Penetrometer

DRILLING CONTRACTOR GFAC Engineering

GROUND ELEVATION

RECOVERY %
(RQD)

COMPLETED 10/30/17

SAMPLE TYPE
NUMBER

DATE STARTED 10/30/17

BORING NUMBER B-4

GFAC Engineering Inc
PO Box 472201
Tulsa OK 74147
Telephone: 918-622-7021
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PLASTIC
LIMIT

PLASTICITY
INDEX

ATTERBERG
LIMITS

32

20

12
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LEAN CLAY, dry, stiff, tan, amber

WEATHERED SHALE, very soft, tan

SS
1

89

3-8-21
(29)

12

SS
2

100

50/
5"

8

SS
3

100

24-42-50/
2"

1

WEATHERED SHALE, very soft, tan with gray
2.5

5.0

7.5
SHALE, moderately hard, tan
SS
4

40

50/
2.5"

7

SS
5

100

50/
4"

7

SANDSTONE, poorly cemented to cemented, gray
10.0

SHALE, soft, tan
12.5
SANDSTONE with shale seams, poorly cemented, gray,
tan

Bottom of borehole at 13.8 feet.

FINES CONTENT
(%)

AFTER DRILLING ---

LIQUID
LIMIT

0.0

AT END OF DRILLING --- Dry

MOISTURE
CONTENT (%)

MATERIAL DESCRIPTION

AT TIME OF DRILLING --- Dry

DRY UNIT WT.
(pcf)

GRAPHIC
LOG

DEPTH
(ft)

NOTES 36.203850, -95.965092

GROUND WATER LEVELS:

Uncon. Strength
(psf)

CHECKED BY DLK

LOGGED BY PWV

HOLE SIZE 6 inches

BLOW
COUNTS
(N VALUE)

DRILLING METHOD Continuous Flight Auger 6"

Texas Cone
Penetrometer

DRILLING CONTRACTOR GFAC Engineering

GROUND ELEVATION

RECOVERY %
(RQD)

COMPLETED 10/30/17

SAMPLE TYPE
NUMBER

DATE STARTED 10/30/17

BORING NUMBER B-5

GFAC Engineering Inc
PO Box 472201
Tulsa OK 74147
Telephone: 918-622-7021
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75

19-28-50/
4"

9

SANDSTONE, cemented to well cemented, tan
2.5

5.0

LIMESTONE, hard, gray, brown

SS
2

100

50/
0.5"

4

SS
3

0

50/
0.5"

1

SS
4

100

50/
4"

8

SS
5

100

50/
3.75"

8

- with shale seams below 4.7 feet

SANDY SHALE, moderately hard, tan

7.5

10.0

12.5

Bottom of borehole at 13.8 feet.

NP

NP

NP

FINES CONTENT
(%)

PLASTICITY
INDEX

SS
1

ATTERBERG
LIMITS
PLASTIC
LIMIT

TOPSOIL
SANDY LEAN CLAY with sandstone gravel, dry, tan
WEATHERED SANDSTONE, poorly cemented, tan

AFTER DRILLING ---

LIQUID
LIMIT
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0.0

AT END OF DRILLING --- Dry

MOISTURE
CONTENT (%)

MATERIAL DESCRIPTION

AT TIME OF DRILLING --- Dry

DRY UNIT WT.
(pcf)

GRAPHIC
LOG

DEPTH
(ft)

NOTES 36.202884, -95.965881

GROUND WATER LEVELS:

Uncon. Strength
(psf)

CHECKED BY DLK

LOGGED BY PWV

HOLE SIZE 6 inches

BLOW
COUNTS
(N VALUE)

DRILLING METHOD Continuous Flight Auger 6"

Texas Cone
Penetrometer

DRILLING CONTRACTOR GFAC Engineering

GROUND ELEVATION

RECOVERY %
(RQD)

COMPLETED 10/30/17

SAMPLE TYPE
NUMBER

DATE STARTED 10/30/17

BORING NUMBER B-6

GFAC Engineering Inc
PO Box 472201
Tulsa OK 74147
Telephone: 918-622-7021
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SS
2
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50/
1.5"

7

PLASTICITY
INDEX

100

PLASTIC
LIMIT

SS
1

ATTERBERG
LIMITS

34

21

13
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TOPSOIL
LEAN CLAY with sandstone gravel, dry, tan, brown

WEATHERED SHALE, very soft, tan, gray, orange

2.5
SANDY SHALE with sandstone seams, soft to moderately
hard, tan

5.0

7.5

10.0

SHALEY SANDSTONE, poorly cemented to cemented,
gray

12.5

Bottom of borehole at 13.6 feet.

FINES CONTENT
(%)

AFTER DRILLING ---

LIQUID
LIMIT

0.0

AT END OF DRILLING --- Dry

MOISTURE
CONTENT (%)

MATERIAL DESCRIPTION

AT TIME OF DRILLING --- Dry

DRY UNIT WT.
(pcf)

GRAPHIC
LOG

DEPTH
(ft)

NOTES 36.203114, -95.968470

GROUND WATER LEVELS:

Uncon. Strength
(psf)

CHECKED BY DLK

LOGGED BY PWV

HOLE SIZE 6 inches

BLOW
COUNTS
(N VALUE)

DRILLING METHOD Continuous Flight Auger 6"

Texas Cone
Penetrometer

DRILLING CONTRACTOR GFAC Engineering

GROUND ELEVATION

RECOVERY %
(RQD)

COMPLETED 10/30/17

SAMPLE TYPE
NUMBER

DATE STARTED 10/30/17

BORING NUMBER B-7

GFAC Engineering Inc
PO Box 472201
Tulsa OK 74147
Telephone: 918-622-7021

PAGE 1 OF 1

CLIENT KLH Environmental & Geo Consulting LLC

PROJECT NAME Undeveloped Tract

PROJECT NUMBER G2017079

PROJECT LOCATION E. 36th Street N. & N. Lewis Avenue, Tulsa, OK

DATE STARTED 10/30/17

COMPLETED 10/30/17

DRILLING CONTRACTOR GFAC Engineering
DRILLING METHOD Continuous Flight Auger 6"
CHECKED BY DLK

LOGGED BY PWV

HOLE SIZE 6 inches

GROUND WATER LEVELS:
AT TIME OF DRILLING 2.50 ft
AT END OF DRILLING 12.60 ft
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SS
1

78

2-2-4
(6)

SS
2

100

2-2-1
(3)

SS
3

100

1-2-2
(4)

SS
4

100

0-1-2
(3)

- brown and orange below 1.8 feet
2.5

POSSIBLE FILL - Lean Clay with an odor,
moist, soft to medium stiff, gray, brown

5.0

7.5

10.0

SHALEY SANDSTONE, poorly cemented to cemented,
gray

12.5
SANDSTONE, cemented, gray

Bottom of borehole at 13.6 feet.

Page revised on May 23, 2018.

SS
5

0

50/
1"

FINES CONTENT
(%)

PLASTICITY
INDEX

PLASTIC
LIMIT

ATTERBERG
LIMITS
LIQUID
LIMIT

MOISTURE
CONTENT (%)

DRY UNIT WT.
(pcf)

BLOW
COUNTS
(N VALUE)

TOPSOIL
POSSIBLE FILL - Lean Clay, moist, medium stiff, brown

Uncon. Strength
(psf)

0.0

Texas Cone
Penetrometer

MATERIAL DESCRIPTION

RECOVERY %
(RQD)

AFTER DRILLING --SAMPLE TYPE
NUMBER

GRAPHIC
LOG

DEPTH
(ft)

NOTES

GROUND ELEVATION

BORING NUMBER B-8

GFAC Engineering Inc
PO Box 472201
Tulsa OK 74147
Telephone: 918-622-7021
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CLIENT KLH Environmental & Geo Consulting LLC

PROJECT NAME Undeveloped Tract

PROJECT NUMBER G2017079

PROJECT LOCATION E. 36th Street N. & N. Lewis Avenue, Tulsa, OK

AFTER DRILLING ---

PLASTIC
LIMIT

PLASTICITY
INDEX

FINES CONTENT
(%)

ATTERBERG
LIMITS
LIQUID
LIMIT
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0.0

AT END OF DRILLING --- Dry

MOISTURE
CONTENT (%)

MATERIAL DESCRIPTION

AT TIME OF DRILLING --- Dry

DRY UNIT WT.
(pcf)

GRAPHIC
LOG

DEPTH
(ft)

NOTES 36.202295, -95.971909

GROUND WATER LEVELS:

Uncon. Strength
(psf)

CHECKED BY DLK

LOGGED BY PWV

HOLE SIZE 6 inches

BLOW
COUNTS
(N VALUE)

DRILLING METHOD Continuous Flight Auger 6"

Texas Cone
Penetrometer

DRILLING CONTRACTOR GFAC Engineering

GROUND ELEVATION

RECOVERY %
(RQD)

COMPLETED 10/30/17

SAMPLE TYPE
NUMBER

DATE STARTED 10/30/17

35

19

16

26

TOPSOIL
FILL - Limestone Screenings, gray
LEAN CLAY, moist, medium stiff, brown, red

2.5

SS
1

56

3-2-3
(5)

23

SS
2

78

3-5-4
(9)

10

CLAYEY SAND, moist, fine to medium coarse grained,
loose, brown, orange, black, tan

WEATHERED SANDSTONE, poorly cemented, brown
5.0

SANDSTONE, well cemented, tan, gray
- with weathered brown and orange seam from 5.1 to 5.3
feet
SANDSTONE with shale seams, poorly cemented to
cemented, brown, orange

SS
3

100

50/
3"

5

WEATHERED SHALE, very soft, brown, olive, orange,
gray
7.5

SS
4

100

8-9-14
(23)

14

SS
5

89

50/
4.5"

8

10.0

SHALE, moderately hard, tan, brown, olive, gray
12.5

Bottom of borehole at 13.9 feet.

BORING NUMBER B-9

GFAC Engineering Inc
PO Box 472201
Tulsa OK 74147
Telephone: 918-622-7021
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CLIENT KLH Environmental & Geo Consulting LLC

PROJECT NAME Undeveloped Tract

PROJECT NUMBER G2017079

PROJECT LOCATION E. 36th Street N. & N. Lewis Avenue, Tulsa, OK

5-6-15
(21)

15

SS
2

95

38-50/
4.5"

10

PLASTICITY
INDEX

100

PLASTIC
LIMIT

SS
1

ATTERBERG
LIMITS

36

20

16
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FILL - Limestone Gravel, Lean Clay, and Organics
LEAN CLAY, moist, stiff, tan
- with shale fragments below 1 foot
HIGHLY WEATHERED SHALE, very soft, tan, orange
2.5
WEATHERED SHALE, very soft, tan
SHALE, moderately hard, tan, brown

5.0

SS
3

100

50/
3"

9

SS
4

100

50/
3"

8

SS
5

100

50/
1"

5

SANDSTONE, cemented, brown, orange

7.5

- well cemented below 7.3 feet
SHALE with sandstone seams, moderately hard, tan

- gray from 9 to 10 feet
10.0
- brown and tan below 10 feet

12.5
SANDSTONE, cemented, gray
Bottom of borehole at 13.6 feet.

FINES CONTENT
(%)

AFTER DRILLING ---

LIQUID
LIMIT

0.0

AT END OF DRILLING --- Dry

MOISTURE
CONTENT (%)

MATERIAL DESCRIPTION

AT TIME OF DRILLING --- Dry

DRY UNIT WT.
(pcf)

GRAPHIC
LOG

DEPTH
(ft)

NOTES 36.201261, -95.969664

GROUND WATER LEVELS:

Uncon. Strength
(psf)

CHECKED BY DLK

LOGGED BY PWV

HOLE SIZE 6 inches

BLOW
COUNTS
(N VALUE)

DRILLING METHOD Continuous Flight Auger 6"

Texas Cone
Penetrometer

DRILLING CONTRACTOR GFAC Engineering

GROUND ELEVATION

RECOVERY %
(RQD)

COMPLETED 10/30/17

SAMPLE TYPE
NUMBER

DATE STARTED 10/30/17

APPENDIX B
LABORATORY TESTING PROGRAM
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LABORATORY TESTING PROGRAM

GENERAL
Laboratory tests were performed on select, representative samples to evaluate pertinent
engineering properties of these materials. We directed our laboratory testing program
primarily toward classifying the subsurface materials, and measuring index values of the
on-site materials.

Laboratory tests were performed in general accordance with

applicable standards, and the results are presented on the respective boring logs. The
laboratory testing program consisted of the following:


Moisture content tests ASTM D 2216, Standard Test Method for
Laboratory Determination of Water (Moisture) Content of Soil and Rock
by Mass



No. 200 sieve, ASTM D 1140, Standard Test Methods for Amount of
Material in Soils Finer Than the No. 200 Sieve



Atterberg limits tests ASTM D 4318, Standard Test Methods for
Liquid Limit, Plastic Limit, and Plasticity Index of Soils



Visual classification ASTM D 2488, Standard Practice for Description
and Identification of Soils (Visual-Manual Procedure)

MOISTURE CONTENTS
Moisture content tests were performed on select samples obtained by the split-barrel
sampler procedure.
NO. 200 SIEVE
No. 200 sieve tests were conducted on samples representative of the soils encountered
in the borings. The test provides information on the amount of material finer than the
No. 200 sieve, which is a basis for soil classification.

Copyright 2017 GFAC ENGINEERING INC.

November 17, 2017

ATTERBERG LIMITS
Atterberg limits tests were conducted on representative samples of soils encountered
across the site. These tests provide information on the plasticity of the soil, which is a
basis for soil classification and for estimating the potential of subgrade soils to change
volume with variations in moisture content.
CLASSIFICATION
All samples were examined in field by a geotechnical engineer using visual and manual
procedures. The samples were classified in general accordance with the Unified Soil
Classification System, and are shown on the boring logs.
Bedrock units encountered in the borings were described based on visual classification
of disturbed auger cuttings and recovered samples, as well as drilling characteristics.
Core samples may reveal other rock types.
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