TECHNICAL MEMORANDUM CH2MHILL

Arkansas River Corridor Projects
Existing Geotechnical Resource Review

TO: Tulsa County
COPIES: File

FROM CH2M HILL

DATE: November 19, 2009
PROJECT NUMBER: 386594

Tulsa County, as part of the Arkansas River Corridor Master Plan (Carter & Burgess, 2004;
C. H. Guernsey and Company et al., 2005), is undertaking an improvement project on the
Arkansas River. The primary goals of the overall project are to improve least tern habitat,
improve fish habitat and fish passage, improve the function of the river system itself,
enhance economic development, increase recreational opportunities, and increase
connectivity between the river and surrounding communities. The conceptual project
components are described in detail in the Technical Memorandum (TM) entitled Baseline
Project Summary for the Arkansas River Corridor Project (CH2M HILL, 2009). Key
components include:

e Design of habitat improvements along the corridor

e Design of bank stabilization in select areas

e Design of a new Sand Springs low-head dam, pedestrian bridge, and amenities

e Design of modifications to Zink Dam and lake with whitewater features

e Design of a new South Tulsa/Jenks low-head dam, pedestrian bridge, and amenities

This TM provides a summary of the existing geotechnical and geological resources for the
Arkansas River Corridor Project, specifically near the three low-water dam sites (Sand
Springs, Zink Lake, and South Tulsa/Jenks). The purpose is to develop an understanding of
the general subsurface conditions in the vicinity of the project, and to identify gaps and data
needs for future geotechnical efforts. The information sources reviewed, and a brief
summary of the observations, are provided herein.

Background and Site Location

As part of a master plan for the Arkansas River corridor, Tulsa County is considering a
series of improvement projects on the Arkansas River, along a corridor stretching nearly

42 miles from Keystone Dam to the Tulsa County/Wagoner County border. Included in this
corridor are three dam sites:

1. Sand Springs (proposed)
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2. Zink Lake (upgraded)
3. South Tulsa/Jenks Dam (proposed)

Existing geologic literature and engineering reports were reviewed in order to summarize
existing geotechnical subsurface information at these sites.

Literature Review

Existing geologic mapping has been reviewed and summarized in the figures in
Attachment A (Surficial Geology, Maps A through O). The data for these maps were taken
from available literature and mapping archived with the U.S. Geological Survey for the
Enid, Tulsa, Oklahoma City, and Fort Smith Quadrangles (USGS, 2009).

In addition, existing geotechnical information from five available sources in the project
vicinity was reviewed. These five information sources are synopsized below.

Reference 1—Stantec, Near Sand Springs and South Tulsa/Jenks

Stantec Consulting Services. Geotechnical Investigation and Testing; Arkansas River
Corridor Project, Arkansas River. Prepared for the USACE Tulsa District, Tulsa, Oklahoma.
Contract No. DACW912BV-07-D-1000. Sand Springs/Jenks, Oklahoma. May 2008.

Exploration Program

Eight borings were drilled by Stantec Consulting Services, under contract to the U.S. Army
Corps of Engineers (USACE), in March 2008. Five of these borings (J1-J5) were advanced at
the proposed South Tulsa/Jenks dam location; the other three borings (S1, S2, and S4) were
advanced at the proposed Sand Springs dam location. The approximate locations of the
borings advanced by Stantec are shown on the figures in Attachment B. The borings were
advanced to depths ranging from 10.5 to 75 feet (ft) below ground surface (bgs). Subsurface
conditions at both locations generally consisted of sandy overburden (recent alluvium)
overlying shale bedrock. At one location (S2), a thin layer (< 2 ft) of sandstone was
encountered overlying the shale.

Overburden

The thickness of the overburden ranged from approximately 4 to 10 ft within the river
channel, and from 18 to 35 ft in the river banks. This material consisted of poorly graded
sand to silty sand, with infrequent clay seams and low gravel content. The consistency of the
overburden was typically very loose to loose, and medium dense at a few locations.

Laboratory tests performed on overburden samples included Atterberg limits tests and
gradation tests.

Bedrock

Each boring was terminated in shale bedrock. This material is gray to dark gray, thinly
bedded, and moderately weathered and fractured in zones. The rock quality designation
(RQD) was determined for the rock. In the South Tulsa/Jenks borings, the average RQD
ranged from 46 to 86 percent, which corresponds to a poor to good rock mass (Deere and
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Deere, 1989). In the three Sand Springs borings, the RQD ranged from 42 to 57 percent,
which corresponds to a poor to fair rock mass.

Unconfined compression tests were conducted on rock core samples (15 tests performed).
The average unconfined compressive strength in the South Tulsa/Jenks borings (9 tests) was
737 pounds per square inch (psi). In the Sand Springs borings (6 tests), the average
unconfined compressive strength was 565 psi. This range in unconfined compressive
strength indicates very weak rock with an average hardness of R1 (Deere and Miller [1966],
Piteau [1971], and Robertson [1971]).

Reference 2—Kleinfelder, Near Jenks
Kleinfelder. Geotechnical Exploration--Confidential. Jenks, Oklahoma. August 2008.

Exploration Program

Eight borings were drilled and logged by Kleinfelder, Inc. in August 2008 (B1-B8), near
Jenks. The borings were advanced to depths ranging from 19 to 29 ft bgs, all along the right
river bank of the Arkansas River. Subsurface conditions generally consisted of sandy
overburden (recent alluvium) overlying shale bedrock.

Overburden

The thickness of the overburden ranged from approximately 5.5 to 19 ft. This material
consisted of very loose to medium dense poorly graded sand, with low gravel content. In a
few locations, a thin (1- to 2.4-ft thick) layer of stiff lean clay was encountered interbedded
within the sandy overburden material. No laboratory test results from samples of the
overburden material were reported.

Bedrock

Each boring was terminated in shale bedrock. This material is characterized as light gray to
dark gray, soft to moderately hard, and moderately weathered in thin zones in some
borings. No rock quality evaluation or laboratory testing was performed on the rock.

Reference 3—State of Oklahoma Department of Transportation (ODOT), Near
Bixby

State of Oklahoma, Department of Transportation. U.S. Highway No. 64, Memorial Drive.
Design Plans for a bridge replacement (Bridge A) and subsurface information, near Bixby,
OK. September 2002.

Exploration Program

Borings were advanced in 2002 (B-1, -2, -4, and -5) at each corner of the proposed bridge,
near Bixby (see Attachment C). All four of these borings were located away from the
Arkansas River channel, just over a mile west of the river bank. The four borings were
advanced to depths ranging from 50 to 54 ft bgs. Subsurface conditions generally consisted
of interbedded clay and sand (recent alluvium) overlying highly weathered gray shale.
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Overburden

The thickness of the overburden ranged from approximately 20 to 23.3 ft. This material
consisted of approximately 8 to 23 ft of very soft to soft lean to fat clay, overlying sand. No
laboratory test results were reported in the overburden material.

Bedrock

Each boring was terminated in shale bedrock. This material is characterized as gray, dry to
wet, and unweathered to highly weathered. Texas Cone Penetrometer (TCP) testing was
performed at regular intervals within the rock. These test values ranged from %2 inch to over
2 inches per 100 blows. No rock quality evaluation or laboratory testing was reported.

Reference 4—0DOT, Near Jenks

State of Oklahoma, Department of Transportation. Arkansas River Bridge and West
Approach: City of Jenks. East Approach: City of Tulsa. Design Plans, near Tulsa, OK. July
1994.

Exploration Program

Twenty-two borings were advanced in 1994 adjacent to the existing bridge piers across the
Arkansas River near Jenks (see Attachment D). The borings were advanced to depths
ranging from 24.1 to 55 ft bgs. Subsurface conditions generally consisted of sand within the
river bottom (recent alluvium) overlying weathered shale.

Overburden

The thickness of the overburden ranged from approximately 6 to 9.5 ft within the Arkansas
River bottom, and increased to between 20 and 31 ft on the river banks. The predominant
overburden material within the river bottom is sand. In the borings along the river banks,
the sand overburden is interbedded with silt and clay layers of varying thickness. No
laboratory test results were reported in the overburden material.

Bedrock

Each boring was terminated in unweathered to weathered shale bedrock. TCP testing was
performed periodically in some borings within the rock. These test values ranged from V4
inch to 1.5 inches per 100 blows. No rock quality evaluation or laboratory testing was
reported.

Reference 5—W.R. Holway & Associates. Tulsa River Parks Authority, at Zink
Lake Dam

W.R. Holway & Associates. Tulsa River Parks Authority, Low Water Dam Project: A Project
of the Tulsa Urban Renewal Authority. Record Drawing for Zink Lake Low Water Dam,
near Tulsa, OK. June 1983.

Exploration Program

Ten borings were advanced in 1980 (Core Holes A through H, and Core Holes #2 and #8),
along the alignment of the Zink Lake Dam (see Attachment E). Two borings were advanced
near each abutment, and six borings were advanced within the Arkansas River channel. The
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borings were advanced to depths ranging from 55.1 to 84.6 ft bgs. Subsurface conditions
generally consisted of sand, silt, and clay (recent alluvium) overlying sandstone, overlying
shale. The foundation drawing indicates boring logs are available, though they were not
obtained as part of this review.

Overburden

The thickness of the overburden ranged from approximately 2 to 10 ft within the Arkansas
River bottom, and increased to between 23 and 28 ft on the river banks. This material was
described as sand, silt, and clay. No description of bedding sequence or interbed layer
thickness was available. No laboratory test results from samples of the overburden material
were reported.

Sandstone

The thickness of the sandstone was observed to be relatively consistent in the 10 borings,
ranging from 31 to 39 ft over the length of the Zink Lake Dam. The elevation of the
sandstone surface was also relatively consistent, and was encountered between El. 603 and
610. The surface of the sandstone was actually encountered higher in elevation beneath the
river channel than beneath the abutments on the river bank. No information on rock quality,
degree of weathering, jointing or fracture patterns, or hardness was available.

Bedrock (Shale)

Each boring was terminated in shale bedrock. The elevation of the shale surface ranged from
El 564 to 579, and the borings indicate the surface of the shale gradually dips from east to
west. No information on rock quality, degree of weathering, jointing or fracture patterns, or
hardness was reported.

General Subsurface Conditions

Based on conditions reviewed and summarized above, the subsurface conditions are
anticipated to be relatively consistent near the Arkansas River in the project vicinity. The
typical subsurface conditions documented in existing reports and bridge investigations
include interbedded silt, clay, and sand overburden overlying predominantly shale bedrock.
The stick logs from borings advanced at the Zink Lake Dam indicate a layer of sandstone
overlying the shale bedrock at this location. The sand-dominated overburden was observed
to have a consistency of very loose to medium dense. Layers of clay were observed to range
from lean clay to fat clay, with a consistency of very soft to soft. Groundwater elevations
along the river banks are presumably similar to the adjacent river level.

The shale bedrock in the project vicinity is massive and was encountered in every boring
location reviewed for this TM. Typically, it is encountered at depths ranging from 5 to 10 ft
bgs within the river bottom, to between 20 and 30 ft along the river banks. The shale is
identified as part of several geologic formations, including the Nellie Bly formation, the
Wewoka formation, and the Senora formation. The shale is described as gray, thinly
bedded, and highly weathered in zones (independent from depth below surface). Based on
limited TCP testing within the shale, it is estimated to have a typical allowable point bearing
greater than 30 tons/square foot (~420 psi).

EXISTING GEOTECHNICAL REVIEW_TM.DOC 5



ARKANSAS RIVER CORRIDOR PROJECTS
EXISTING GEOTECHNICAL RESOURCE REVIEW

In recent borings advanced at the Sand Springs and South Tulsa/Jenks areas (Stantec, 2008),
RQD and unconfined compressive strength were evaluated at each location. Near the Sand
Springs location, the average RQD of the shale was observed to be 48 percent, based on
findings from 3 borings. The average unconfined compressive strength of tested specimens
was 565 psi. At the South Tulsa/Jenks location, the average RQD of the shale was observed
to be 72 percent. The average tested unconfined compressive strength of shale was 737 psi.

Key Concerns and Data Gaps

The depth and properties of the bedrock, based on the limited information reviewed,
indicate that the material would provide a suitable foundation for the proposed dams and
improvements. However, there is still key information that needs to be obtained in order to
minimize the potential geotechnical risk at each of the sites. The primary concerns at the
three dam sites include identifying the erosion and seepage potential of the shale rock upon
which the dams will be constructed, determining the depth of weathering, and identifying
the locations of possible ancient river channels in the bedrock surface.

Additional geotechnical information on consistency, strength, and grain size should be
collected within the overburden at both proposed dam sites (Sand Springs and South
Tulsa/Jenks), and at the existing Zink Lake Dam site. Standard Penetration Tests (SPTs)
should be conducted at regular intervals in boreholes advanced within the overburden. The
thickness of the overburden and depth to rock should also be more closely examined along
specific alignments of the proposed dams.

At the Sand Springs, South Tulsa/Jenks, and Zink Lake dam sites, additional strength data
and characterization of the bedrock are necessary both in the river channel and along the
banks in order to determine specific rock mass properties and guide final selection of dam
locations. Borings should be advanced into rock using rock coring methods, in order to
determine rock quality, degree of weathering, durability, and strength as a function of
depth. The general type and extent of recommended geotechnical exploration will be
outlined in a separate TM by CH2M HILL (Arkansas River Corridor Projects: Preliminary
Geotechnical Exploration).
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Attachment B
Approximate Locations of Borings Advanced by Stantec
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Attachment C
Locations of 2002 Borings Advanced by Oklahoma Department
of Transportation near Bixby
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Attachment D
Locations of 1994 Borings Advanced by Oklahoma Department
of Transportation at Bridge Piers near Jenks
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Attachment E
Locations of 1980 Borings Advanced by W.R. Holway &
Associates, Tulsa River Parks Authority at Zink Lake Dam
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