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Dear Mr. Howey:

Re: Supplemental Investigation of Embankment Cracking
and Interim Dam Safety Measures
Buckeye Flood Retarding Structure No. 1
Flood Control District of Maricopa County
Contract FCD 2003C014
Work Assignment No. 5

Transmitted herewith are three copies of the final geotechnical investigation report for the
referenced project. This report contains the findings of a supplemental investigation regarding
the character of embankment cracking in the vicinity of three areas located at Stations 624+35,
673+50, and 710+47 of the Buckeye Flood Retarding Structure (FRS) No. 1. This document
also summarizes the test trenching and backfill operations for the excavated upstream slope
that were required to investigate embankment cracking, with these actions being interim dam
safety measures for the three subject locations.

Should there be any questions concerning the content of this report, please do not hesitate in
contacting the undersigned.

Respectfully submitted,

AMEC Earth & Environmental, |nc: Reviewed by:

Ralph E. Weeks, P.G.
Senior Geologist

Lawrence A. Hansen, Ph.D.,
Senior Vice President
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1.0 INTRODUCTION

This report presents the findings of a supplemental geotechnical investigation performed to
characterize embankment cracking at three locations along the Buckeye FRS No. 1
embankment. These subject areas are approximately located at Stations 624+35, 673+50, and
710+47 (Figure 1). Descriptions of the interim dam safety measures that were implemented
following the geotechnical field program, and a recommended monitoring plan, are also
presented herein.

The investigation described herein was authorized by the Flood Control District of Maricopa
County (District) during January of 2005 as Work Assignment No. 5 of Contract FCD 2003C014.
The investigation involved both field and laboratory test data collection. The goals of the work
assignment included the local characterization of the geometry, extent, width and spacing of
embankment cracks in the vicinity of the three subject areas, the geotechnical attributes of the
underlying foundation soils, and the physical properties of the embankment soils. Field
activities included geological mapping, geophysical surveys, drilling, partial excavation of the
upstream slope, completion of test pits, surficial cleaning and crack inspection. The laboratory
tests included a suite of physical characterization tests of foundation material, embankment
material and filter material used on the upstream slope.

The investigation was designed to support the development of recommended interim dam
safety measures for Stations 624+35, 673+50 and 710+47. These areas of concern were
originally identified during a previous study completed by AMEC Earth & Environmental, Inc.
(AMEC, 2001)".

2.0 OVERVIEW OF BUCKEYE FRS

In 1999, the District documented transverse and longitudinal cracks on the crest and slopes of
Buckeye FRS No. 1. AMEC investigated the cracks at selected locations and prepared two
reports on their findings. The reports on the investigations submitted by AMEC to the District
are dated March 14, 2001 and May 7, 2002, respectively, titted Geotechnical Investigation
Report Buckeye FRS No. 1 and Buckeye FRS No. 1 Investigation of Cracking (AMEC, 2001;
AMEC, 2002). Both the 2001 and the 2002 AMEC reports documented seepage emanating
from near the upstream toe during the flooding of test pits in the vicinity of Stations 624+35,
673+50 and 721+00, and very high seepage into a crack near Station 710+47. The 2001
AMEC report also recommended a remediation procedure, which was employed at two
locations (710+47 and 673+50), to fill any open cracks encountered with ASTM C-33 sand. The
2001 report recommended further investigations of these four locations because of the possible
continuity of the cracks, and a potential for seepage erosion through the structure.

' References are listed at the end of this report.

Page 1




armec

Flood Control District of Maricopa County

Supplemental Investigation of Embankment Cracking
and Interim Dam Safety Measures

Buckeye Flood Retarding Structure No. 1

Flood Control District of Maricopa County

Contract FCD 2003C014

Work Assignment No. 5

AMEC Job No. 4-117-001088

June 27, 2005

In March 2004, the District initiated the investigation of the potential causes of cracking and
utilization of interim dam safety measures to backfill the investigation areas in the vicinity of
Station 721+00. This effort was completed on June 30, 2004, at which time AMEC delivered a
preliminary draft report for District review and comment. District comments were subsequently
incorporated into a final draft report that was transmitted to the Natural Resources Conservation
Service (NRCS) and the Arizona Department of Water Resources (ADWR) for their review and
comment. Review comments provided by NRCS and ADWR where incorporated and the report
was finalized in January 2005 (AMEC, 2005b).

The planning of the investigation summarized herein, and the features of the proposed interim
dam safety measures for Stations 624+35, 673+50 and 710+47, were developed in
consideration of the findings of the previous investigations in the vicinity of Station 721+00, and
the successful reconstruction of the dam embankment following those investigations. This
information is presented in detail in a final AMEC report submitted to the District on January 7,
2005 titled Supplemental Investigation of Transverse Cracks — Buckeye FRS No. 1 (AMEC,
2005a).

3.0 INVESTIGATIVE APPROACH

The following discussion summarizes the investigative methods and data sets compiled for this
evaluation. The approach included several components: 1) initial site inspection and geologic
reconnaissance; 2) development of work and backfill plans; 3) a geophysical program of seismic
refraction and shear wave profiling; 4) exploratory drilling; 5) upstream embankment cleaning
and excavation; 6) backfill and repair of the embankment slope; and 7) laboratory testing of
representative samples.

3.1 Initial Site Inspections and Geological Reconnaissance

An initial site visit and geologic reconnaissance was performed by Ralph Weeks, P.G. and
Kenneth Fergason, P.G., both of AMEC, as part of the 2004 investigation. An additional
reconnaissance was performed by Mr. Fergason and Michael Rucker, P.E., also of AMEC, in
2005. The length of the dam was traversed by vehicle, and ground reconnaissance was
performed at and around Stations 624+35, 673+50 and 710+47. Surficial manifestations of
cracking were not evident in the vicinity of 673+50 or 710+47, with the lack of those indications
likely due to previous surficial treatment and crack repair efforts. In the vicinity of 624+35, some
cracking was evident at the dam crest at about Station 625+10. This consisted of two small
potholes on the upstream side of the central filter drain with no further surficial evidence. The
local geology was assessed in the field using the published mapping of Demsey (1989).
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3.2 Development of Work and Backfill Plans

On January 27, 2005, AMEC submitted an investigation plan for excavation needed for the
inspection of embankment cracking and the construction of interim dam safety measures, which
included reconstruction of the upstream slope intended to mitigate cracking. This submittal
included design plans, special provisions and a construction quality assurance plan for the
construction of interim dam safety measures. The investigative approach proposed a field
program, geophysical surveys, and embankment excavation to remove the surficial material to a
depth of approximately 5.5 feet from the upstream slope of the embankment in the vicinity of
Stations 624+35, 673+50 and 710+47 to expose transverse and longitudinal cracks within the
upstream shell of the dam. The primary goal of the embankment excavation was to
characterize the embankment cracking in the vicinity of the study areas.

The Construction Quality Assurance Plan (CQA Plan) provided for the project addressed the
quality control and quality assurance of the construction work. The CQA Plan outlined
procedures required to achieve conformance with approved plans and special provisions,
specifically field monitoring and documentation of activities. The CQA Plan procedures also
provided guidelines for required laboratory testing, field testing and detailed documentation of
field activities related to the construction work for this project. The design plans, special
provisions and CQA Plans were submitted to ADWR as an application package to perform
construction activity at Buckeye FRS No.1 near the vicinity of the study areas. ADWR
subsequently approved the plan.

The excavation of the upstream embankment was performed in conformance with the
stipulations of an application to alter Buckeye FRS No. 1 approved by the ADWR, dated March
11, 2005. The excavated area at each station varied in width from about 80 to 200 feet. A test
pit less than 4 feet in depth (+ 9.5 feet below original slope surface) and about 10 feet long also
was excavated at Station 673+50 within the excavated portion of the upstream slope.

The excavations revealed the presence of multiple discontinuities in the upstream shell, many of
which had measurable aperture within the excavated surface. Condition 3 of ADWR'’s Approval
of Application requires that “...the proposed 1-foot thick filter sand will be placed against closed
cracks with no open aperture...” To meet this condition, special treatment of the exposed
cracks with aperture was required. A technical memorandum was prepared by AMEC to
describe the details of a proposed treatment strategy to fill the aperture of open cracks prior to
placement of the filter blanket.

The findings of the ongoing crack investigation were discussed in a meeting held on March 24,
2005 at the site, following a visit of the excavated portion to the upstream shell of the dam at all
three locations by representatives of the District, ADWR and AMEC. The following personnel
were present during the meeting: Brett Howey, P.E. and Dan Lawrence, P.E. of the District;
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Ralph Weeks, P.G., Lawrence A. Hansen, P.E., Bibhuti Panda, P.E. and Ken Ferguson, P.G. of
AMEC; and Jon Benoist, P.E. Michael Johnson, P.E. and Chuck Merritt, P.E. of ADWR. The
backfill techniques adopted herein, as described in Section 4, were discussed at length during
the field meeting. In principle, the treatment strategy recommended was agreeable to all parties
present.

The original design of the interim dam safety measures was presented in the cross-section
presented on Sheet 2 of the January 27, 2005 report (AMEC, 2005b). The geometry at the
crest of the dam section called for the continuation of the filter blanket up and over the central
filter drain, with the subsequent placement of the compacted soil cap. Upon excavation of the
subject sites, it was observed that placement of the filter material and soil cap to the depths and
extent originally proposed was not possible without endangering the integrity of the top of the
central filter drain. As depicted in Figure E-1 and described in Section 4, this geometry was
modified, with the upstream filter blanket terminating near the upstream brow of the dam crest,
and a thinner section of the soil mantle being placed to raise the dam crest back to its original
height.

3.3 Geophysical Surveys

3.3.1 Seismic Refraction and Shear Wave Profiling

Twenty-four 120-foot long seismic refraction surveys (Lines 1 through 24) were completed by
Michael L. Rucker, P.E., Courtney Cowie, E.I.T. and Ken Fergason, P.G. all with AMEC.
Refraction microtremor (ReMi) shear wave (s-wave) surveys were completed at eighteen of
these lines along the embankment crest, upstream toe and downstream toe. The purpose of
these lines was to assist in characterizing the subsurface geotechnical profile, and to identify the
presence or absence of potential discontinuities or fissures in the near vicinity of the study
areas. A Geometrics S-12 Smartseis signal enhancement seismograph and geophone array were
used. Lines 1 through 4, 13, 14, 18 and 19 were located near FRS Station 624+35. Lines 5
through 8, 15, 16, 21 and 22 were located near FRS Station 673+50. Lines 9 through 12, 17, 18,
23 and 24 were located near FRS Station 710+47. Lines 1, 2, 5, 6, 9 and 10 were positioned along
the embankment crest. Lines 3, 4, 7, 8, 11 and 12 were positioned on the upstream slope of the
FRS. Lines 13 through 18 were positioned along the upstream toe of the FRS. Lines 19 through
24 were positioned along the downstream toe of the FRS.

A sledgehammer energy source was used to collect compression wave (p-wave) data for
seismic refraction analysis. Initially, jogging alongside the geophone array was performed to
generate energy for ReMi analysis for a one-dimensional vertical shear wave (s-wave) profile at
each seismic line on the embankment crest or toes. When it was determined that ambient noise
from the nearby Interstate I-10 interfered with the jogging signals, a field vehicle driven
alongside the geophone array was used as the ReMi energy source. The seismic refraction
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data and the ReMi data were fully interpreted to provide information regarding the underlying
geotechnical profile, including lateral variations in the subsurface materials and within the
embankment. The results of the refraction seismic surveys are presented in Appendix C, along
with brief descriptions of the seismic refraction equipment and procedures used. Seismic line
locations are shown on the site plan presented in Figure 2.

Seismic survey results were used to characterize geotechnical parameters of the embankment
and foundation, and to identify the presence or verify the absence of significant discontinuities in
the embankment or foundation at the embankment toes. A method of visually examining
seismic traces for a sudden decrease in signal amplitude (attenuation) and/or an anomalous
increase in arrival time (time offset) of the seismic signal between adjacent geophones was
employed for discontinuity detection. The presence of such anomalies in several data sets for
each line, such as in both foreshot and backshot trace sets, was considered an indicator of a
crack or similar embankment material or soil discontinuity. This method is detailed in Rucker
and Keaton (1998) and has been used to identify and trace earth fissures at other sites in
Arizona. Interpretation of the absence or presence of anomalies consistent with significant
embankment discontinuities or earth fissures was made in the field during the performance of
each seismic line. Location(s) of an anomaly interpretation(s) at a seismic line were staked in
the field while the seismic line cabling was still deployed on the ground. Anomaly interpretations
are included in the seismic interpretations presented in Appendix C.

3.3.2 Resistivity

Surface resistivity soundings were completed at six locations, one location each at the upstream
and downstream embankment toe at each station, during the seismic survey. The four-point
Wenner array method was used with array spacings of 2.5, 5, 10, 20 and 30 feet.
Interpretations were based on a two layer model, where the upper layer was typically in the
range of 6,000 to 20,000 ohm-cm, the depth to the second layer was typically 2 to 10 feet, and
the lower layer was typically in the range of 3,000 to 8,000 ohm-cm. Resistivity sounding R-1 at
Boring B-1 was an exception, where the lower layer was interpreted to have an anomalously
high resistivity. A description of the field and interpretation procedures used and the results of
the readings and interpretations are included in Appendix C.

3.4 Exploratory Drilling

Six borings (Borings B-1 through B-6, inclusive) were completed at locations adjacent to the
upstream toe of the dam to depths of 40 feet below ground surface. Borings B-1 and B-2 were
located in the vicinity of Station 624+50, Borings B-3 and B-4 in the vicinity of Station 673+50,
and Borings B-5 and B-6 in the vicinity of Station 710+47. The borings were advanced using a
CME-75 drill rig utilizing 6-5/8-inch O.D. hollow stem auger, owned and operated by
Geomechanics Southwest, Inc. Standard penetration testing and sampling were performed at
selected intervals in the borings. The soils encountered during the investigation were
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continuously examined, visually classified and logged. Upon completion, the borings were
backfilled by the drilling subcontractor with the previously excavated drill cuttings mixed with
bentonite chips.

Logs of the test borings are presented in Appendix A, including a brief description of drilling and
sampling equipment and procedures. The boring locations are shown in Figure 2. The field
investigation was supervised by Mr. Fergason.

3.5 Excavations in the Embankment Slope

Excavation and investigation of the transverse cracking in the upstream embankment
proceeded in three stages: 1) excavation of the upstream slope of the dam; 2) cleaning of
exposed surfaces; and 3) over-excavation of one crack at Station 673+50.

3.5.1 Upstream Embankment Excavation and Cleaning

At each of the three locations, a section of the embankment was excavated to a depth of
approximately 5.5 feet in an area from near the crest to the toe. The edges of the excavations
were sloped, and excavation of the crest was limited to about 6 inches. In the vicinity of Station
624+50 the limits of the excavation extended from about Station 623+60 to 625+40, with the
area excavated to a depth of 5.5 feet extending from about Station 623+90 to 625+20. In the
vicinity of Station 673+50 the limits of the excavation extended from about Station 673+00 to
673+80, with the area excavated to a depth of 5.5 feet extending from about Station 673+20 to
673+70. In the vicinity of Station 710+47 the excavation extended from about Station 710+20 to
711410, with the area excavated to a depth of 5.5 feet extending from about Station 710+40 to
710+90.

Excavations were performed by District personnel utilizing equipment obtained by the District.
The slopes were excavated with a CAT D8N dozer to a depth of about 4 feet, and then
excavated to a depth of about 5.5 feet using John Deere 710D and John Deere 710G backhoes.
Spoils materials were moved using a CAT 623F scraper, a CAT 140G grader, and a CAT 950G
loader. The CAT 623F was used to remove the material at the crest.

Following the excavation of the embankment, the surface was cleaned by District personnel
utilizing compressed air from a Sullair 125 cfm compressor. A grid was staked and the cracks
were mapped in detail at each of the three locations. Logs showing the location of the
discontinuities, the field notes, and a CD with photographs of these locations are presented in
Appendix B. The embankment excavation and cleaning was supervised, and crack mapping
was completed by Mr. Fergason.

One crack was over excavated to a depth of about 4 feet below the cleaned surface (about 9
feet below the original surface) at about Station 673+35. This trench was 2 to 4 feet wide and
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about 20 feet long. The test pit was located on the excavated slope at depth of 10 feet from the
crest at approximate elevation 1080 feet. It was excavated by District personnel using a John
Deere 710G backhoe. The excavation was supervised by Mr. Fergason and photos can be
found on the CD in Appendix B.

3.5.2 Embankment Test Trenches

One test trench was excavated at the downstream toe of the embankment at about Station
672+90. This test trench was excavated at the location of a seismic anomaly identified during
the geophysical surveys. The excavation was 15 feet long, 28-inches wide and 4 feet deep. |t
was excavated by District personnel using a John Deere 710G backhoe. The excavation was
supervised by Mr. Fergason and photos can be found on the CD in Appendix B.

3.6 Laboratory Testing Program

The moisture content and dry density of selected soil samples were determined. Results of
these tests are shown on the boring logs. Sieve analysis, plasticity index, standard Proctor and
consolidation tests were performed on selected samples. The moisture content and dry density
of selected samples also were determined. The results of these tests are presented in
Appendix B, along with a brief description of laboratory testing procedures. The following table
summarizes the number of each laboratory test performed for the current study:

Test Type Test Designation No. of Tests
Consolidation ASTM D2435 13
Density of Ring Sample with Porosity ASTM D2937 7
Sieve Analysis ASTM D2487 19
Liquid Limit and Plasticity Index ASTM D2487 19
Moisture Content ASTM D2216 11
Standard Procter ASTM D698A 4

4.0 INTERIM DAM SAFETY MEASURES

41 Selection of Filter Materials

A filter analysis was previously performed by AMEC to select a suitable backfill material that
would function as a filter for the embankment soil in accordance with NRCS (1994) criteria
(AMEC, 2001). NRCS (1994) presents criteria for determining the grain-size distribution
(gradation) of sand and gravel filters needed to prevent internal erosion or piping of soil in
embankments or foundations of hydraulic structures. These criteria are based on results of an
extensive laboratory filter study carried out by NRCS. The laboratory filter study clearly
demonstrated that properly graded filters designed in accordance with these criteria are capable
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of sealing a crack. The sealing begins when water flows through a crack or opening and carries
soil particles eroded from the sides of the opening. The eroded soil particles collect at the face
of the filter and seal the crack at the interface. In order to design the filter as a filtering media
and drain, both filtration (maximum allowable D15 size of the filter) and permeability
requirements (minimum allowable D15 of filter) have been defined by the NRCS criteria. The
NRCS criteria define the width of the filter band and maximum (D100) and minimum (D5)
particle size criteria to prevent gap-graded filters. The relationship between the maximum D90
and the minimum D10 is also defined by the NRCS criteria to minimize segregation during
construction.

The filter analysis performed earlier (AMEC, 2001) was reviewed and a suitable coarse
aggregate (Filter Material A) was selected to satisfy the NRCS filter criteria for a base
embankment soil representative of the compacted dam fill within the Station 721+00 study area.
Filter Material A is a product combining 80 percent %-inch minus and 20 percent %-inch washed
rock. The grain-size distributions of the embankment soils within the three present study areas
for which interim dam safety measures were performed were determined. The grain-size
distribution of the sample of Filter Material A collected from stockpiles close to the respective
study area was also determined. These grain-size analyses were performed to assure they are
similar to embankment soil in the previous study area and that the Filter Material A placed on
the upstream slope would perform its intended function (Figure E-2).

4.2 Crack Treatment and Backfill Procedure

4.2.1 Backfill of Upstream Embankment Excavation

The principal intent was to backfill the upstream transverse crack investigation locations utilizing
methods that would restore the original as-built geometry to a “better” condition than existed
prior to the investigation. The following steps were undertaken to treat those cracks with
measurable aperture and subsequently backfill the excavated portions of the upstream slope at
Stations 624+35, 673+50 and 710+47:

e The entire excavated surface was cleaned of all loose material and the crack openings
were exposed.

e All exposed crack openings on the excavated slope surface were filled with Filter
Material A. Filter Material A was placed into the openings of the cracks manually, and
the crack was then subjected to the action of a vibratory plate. The vibratory plate was
passed three times over the crack opening filled with filter material.
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4.2.2

The shallow test pit located at the upstream slope of the embankment at Station 673+50
was backfilled to the elevation of the surrounding excavated upstream ground surface
with moist Filter Material A. The material was densified to a firm and relatively
unyielding condition using a vibratory plate compacter.

A one foot thickness of Filter Material A was carefully placed over the base of the entire
excavated area. Filter Material A was placed in a moist uncompacted condition. The
area near the crest was filled with filter material thicker than one foot in order to
transition to the top of the crest as shown in Figure E-1 and described below.

The original embankment soils or approved borrow was then placed on the filter material
and compacted in 6-inch lifts to backfill the slope up to the original crest of the dam to re-
establish the previous grades of the embankment. The soils were free of vegetation and
any other deleterious material. The embankment soils were compacted with repeated
passes of a rubber-tired front-end loader. The soils were compacted to a minimum of 95
percent of the ASTM D698 maximum dry density, with the moisture content as close as
possible to optimum moisture content, but within the range of 1 percent above to 3
percent below optimum moisture content.

Filter blanket material thicker than one foot was placed on the area close to the crest to
transition it to the top of the crest. A one-foot thickness of embankment material was
placed on top of the filter blanket to raise the dam crest back to its original height. The
embankment material was compacted in the same manner as described above.

Backfill of Embankment Test Trenches

The test pit excavated on the downstream slope of the embankment near station 672+90 was
backfilled as follows:

The test pit was backfilled with moist Filter Material A in 12-inch thick lifts. The test pit
was backfilled to within 18 inches of original embankment surface, as measured on the
downslope side of the test pit. The material was densified to a firm and relatively
unyielding condition using a hand-powered tamper.

Original embankment soil was then placed on the filter material and compacted in 6-inch
lifts to backfill the test pit to re-establish the previous grade of the embankment. The soil
was free of vegetation and any other deleterious material. The embankment soils were
compacted with repeated passes of a rubber-tired front-end loader and a hand-powered
tamper. The soils were compacted to a minimum of 95 percent of the ASTM D698
maximum dry density, with the moisture content as close as possible to optimum
moisture content, but within the range of 1 percent above to 3 percent below optimum
moisture content.
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4.3 Field Documentation of Backfill Procedure

The components of the backfill operation, as described above, were monitored by AMEC
representatives. The field activities were recorded and the progress of key activities at the
various steps or phases of implementation were observed and documented by photographs.
Soil compaction activities were regularly monitored by AMEC field technicians. The thickness of
filter blanket and compacted embankment layers were regularly measured. The quantities of
the filter material required for infilling the exposed crack openings on the excavated surface
were recorded. The field density was measured utilizing a nuclear gauge, and compaction
specifications were met. The insitu moisture content also was measured and the specification
was met. The daily field observation reports and results of field density and moisture tests are

presented in Appendix E, with selected photos of the backfill operation depicted in Figures E-3
to E-6.

5.0 GEOTECHNICAL AND EMBANKMENT CHARACTERIZATION

The following discussions present the findings of this appraisal, beginning with a summary of
the relevant efforts of previous investigators. This discussion focuses on the three primary
geotechnical features of the facility: the properties of the local alluvial soil profile under the dam,
the characteristics of the embankment materials, and the distribution and nature of the
discontinuities within the structure.

5.1 Local Dam Foundation Soil Profile

5.1.1 Station 624+50

Holocene alluvial deposits (map unit Qy) are the only unit found exposed in the immediate
vicinity of Station 624+50. These deposits are predominantly granular and range from silty to
clayey sand. The depths of these deposits are typically 4 feet or less. Deposits are
uncemented at the surface but may develop weak cementation (Stage | to 1+) below one foot.
These deposits are generally soft to firm with N values that are typically less than 30, and often
less than 15, and are low to medium in plasticity. These deposits have moisture contents of 5 to
12 percent. The dry density of one sample in this unit was 107 pounds per cubic foot (pcf), at a
depth of 2.5 feet. A consolidation/collapse test was performed on a sample from Boring B-2 at
2.5 to 3.5 feet. This test determined consolidation upon inundation of 3 percent with a
corresponding dry density of 103.2 pcf.
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soils typically are very firm to hard with N values greater than 30 and often over 50. One dry
density test was performed within this unit at a depth of 7.5 to 8.5 feet in Boring B-4,
determining a value of 105 pcf. Four consolidation tests were performed on samples from this
unit at depths of 14.5 to 15.5 feet in Boring B-3 and at 2.5 to 3.5, 7.5 to 8.5, and 12.5 to 13.5
feet in Boring B-4. The resulting volume changes on inundation were 1, 0, 0, and 6 percent,
respectively, with corresponding dry densities of 106.3, 92.7, 104.6, and 104.9 pcf, respectively.

Compression wave velocities of the Pleistocene deposits range from about 1,200 to 2,700 f/s to
depths of about 10 to 20 feet, and increase to about 2,200 to 3,100 f/s below depths of about 10
to 20 feet. Shear wave velocities of the Pleistocene deposits at depths less than 10 to 20 feet
generally range from about 800 to 1,000 f/s, and at depths greater than 10 to 20 feet increase to
about 1,300 to 1,600 f/s. Typical resistivities in the upper portion range from about 3,600 to
5,700 ohm-cm.

5.1.3 Station 710+47

Holocene alluvial deposits (map unit Qy) are the only unit found exposed in the immediate
vicinity of Station 710+47. These deposits are predominantly granular and consist of silty to
clayey sand. The depths of these deposits are typically 2 feet or less. Deposits are
uncemented at the surface but may develop weak cementation (Stage | to I+) below one foot.
These deposits are generally soft to firm with N values that are typically less than 30, and often
less than 15, and are low to medium in plasticity. Compression wave velocities in the surficial
Holocene deposits range from about 700 to 1,300 feet per second (f/s). Shear wave velocities
in the Holocene deposits are generally less than about 700 f/s. Typical resistivities are in the
range of 10,000 to 15,000 ohm-cm.

Pleistocene deposits underlie the Holocene sediments throughout the study area. Generally,
Pleistocene deposits begin at about 2 feet below ground surface at Station 710+47. These
deposits generally consist of silty or clayey sand inter-bedded with sandy silt and clay, with
occasional zones of sand with silt. These deposits are generally weakly to moderately
cemented (Stage | to ll+). These soils typically are very firm to hard with N values greater than
30 and typically over 50. One dry density test was performed within this unit at a depth of 9.5 to
10.5 feet in Boring B-6, determining a value of 110 pcf. Four consolidation tests were
performed on samples from this unit at depths of 7.5 to 8.5 and 24.5 to 25.5 feet in Boring B-5,
and at 2.5 to 3.5 and 9.5 to 10.5 feet in Boring B-6. The resulting volume change on inundation
was 7, 0, 1, and O percent, respectively, with corresponding dry densities of 106.5, 103.5, 96.1,
and 102.6 pcf, respectively.
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Compression wave velocities of the Pleistocene deposits range from about 1,100 to 2,100 f/s to
depths of about 10 to 20 feet, and increase to about 2,500 to 3,300 f/s below depths of about 10
to 20 feet. Shear wave velocities of the Pleistocene deposits at depths less than 10 to 20 feet
generally range from about 800 to 1,200 f/s, and at depths greater than 10 to 20 feet increase to
about 1,200 to 1,600 f/s. Typical resistivities are in the range of 4,900 to 5,300 ohm-cm.

5.2 Embankment Discontinuities

In general, the discontinuities identified in this investigation resemble the discontinuities
observed at Station 721+50, described by AMEC (2005b). The near-surface expression of the
cracks observed in all three zones in the excavations of the upstream slope of the embankment
is typified by a relatively prominent, dominant discontinuity, flanked by subordinate, smaller
fractures. In several cases, the principal feature is segmented, consisting of an en echelon

array of cracks. The three areas targeted in this investigation are summarized individually
below.

None of the transverse cracks observed in this investigation penetrated into the dam foundation
material at the upstream toe of the embankment. Additionally, no seismic anomalies were
detected at upstream toe, supporting the above observation, with the exception of the one
discussed below at about Station 672+90.

5.2.1 Station 624+50

A detailed map of cracks in the vicinity of Station 624+50 (Figure B-1) is included in Appendix B
along with photographs and descriptive notes. The cracking in this area is dominated by a
series of cracks located from about Station 624+10 to 624+50 that are arcuate in shape. These
cracks are interconnected and have a maximum aperture of 0.5 inches. The aperture ranges
from open to filled. A test pit from a previous investigation (AMEC, 2001) was encountered at
about Station 624+50. The cracking below the test pit did not appear to be filled with test pit
backfill material, and cracking or deflation was not found in the test pit.

Other transverse and longitudinal cracking was present in the vicinity of Station 624+50 (see
Figure B-1). Transverse cracks with aperture up to 0.2 inches occur at about Stations 624+80,
625+10, and 625+20. The transverse crack at Station 625+10 is associated with a seismic
anomaly on the upstream slope and some surficial evidence was present at the crest of the
embankment. The surficial evidence consisted of two small potholes with a diameter of about 2
inches and a depth of several inches located between the central filter drain and the upstream
slope on the crest of the embankment.
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5.2.2 Station 673+50

A detailed map of cracks in the vicinity of Station 674+50 (Figure B-2) is included in Appendix B,
along with photographs and descriptive notes. The most significant observations at Station
674+50 involve the interaction of transverse cracks with test pits from a previous AMEC (2001)
investigation. Two test pits from that investigation were encountered, with the larger of the two
located near the crest. The transverse crack at this test pit was filled with backfill material to a
location several feet below the test pit. Several hairline cracks and deflation features were
present in the test pit backfill projecting upwards from the transverse crack. Detailed
photographs and descriptions of this can be found in Appendix B. This transverse crack is
generally filled and reaches a maximum aperture of 1.5 inches, likely as a result of erosion
during flood testing performed as part of the AMEC (2001) investigation and/or from the
compressed air cleaning process.

The smaller previous test pit encountered is located at about mid-slope on the upstream
embankment. No cracking or deflation was found in the backfill material. The transverse crack
associated with this test pit was filled with backfill material to several feet below the test pit
location. The maximum aperture of this crack is about 1.8 inches and appears to have been
eroded by either previous flood testing and/or from the compressed air cleaning process. The
crack is generally filled. It was decided to over excavate this crack to a depth of 4 feet below
the cleaned surface, or about 9 feet below the embankment grade. The crack was observed
and photographed (CD in Appendix B) periodically during this process. The crack was present
to the full depth of the excavation, though the aperture generally decreased with depth and
towards the toe of the embankment.

Three other transverse cracks are present and typically have a maximum aperture of about 0.3
inches, with the exception of one location near the crest at about Station 673+30 where an
aperture of 1.2 inches was recorded. This aperture appeared to be enhanced by the
compressed air cleaning process.

One seismic anomaly was detected at the downstream toe at about station 672+90. A small
trench, Test Pit TP-1 (see log in Appendix A), was excavated adjacent to the anomaly.
Examination of the trench on several occasions by Mr. Weeks and Mr. Fergason within the first
week of excavation did not reveal any discontinuities. Approximately 2 months after the initial
excavation the trench was examined again and a discontinuity was found. The discontinuity has
a hairline aperture and contains several rootlets. It is present to a depth of about 3 feet below
ground surface where it terminates at a gravelly layer. Its orientation is oblique to the dam and
trends SE-NW at approximately 345°. The discontinuity does not appear to be an earth fissure,
and seems to be primarily related to desiccation. Photos of the trench and discontinuity are on
the CD in Appendix B.
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5.2.3 Station 710+47

A detailed map of cracks in the vicinity of Station 710+47 (Figure B-3) is included in Appendix B
along with photographs and descriptive notes. The most significant observation at Station
710+47 is the number and connectivity of the cracks present. The crack spacing in this area is
5 to 10 feet for cracks with open aperture of 0.2 inches or more, and these cracks range from
transverse to oblique to longitudinal in orientation. The spacing for cracking with aperture less

than 0.2 inches varies from less than one foot to about 8 feet, with an average in range of 4 to 5
feet.

The transverse crack associated with the AMEC 2001 investigation is located at about Station
710+47. This crack has a maximum eroded aperture of about 5 inches and is filled with backfill
material from the test pit. This eroded aperture rapidly decreases to about 0.7 inches away
from the test pit. The crack remains filled, but no longer with backfill material from the test pit.
No cracking or deflation was found in the test pit backfill material.

Other cracking in the vicinity of Station 710+47 generally has maximum aperture of 0.2 to 0.7
inches, and the cracks are partially filled to open.

6.0 DISCUSSION AND RECOMMENDATIONS

6.1 Crack Treatment and Interim Dam Safety Measures

The principal goal of the interim dam safety measures is to restore the original as-built geometry
of Buckeye FRS No.1 at the vicinity of study areas (Stations 624+35, 673+50 and 710+47) to a
“better” condition than existed prior to the investigation. The previous investigation (AMEC,
2001) reported major embankment cracking in the vicinity of the above stations, and toe
seepage was reported at those study areas during the flood tests. The current field
investigation revealed the presence of multiple cracks, both transverse and longitudinal, in the
upstream shell, many of which have measurable aperture within the excavated surface. Hence,
the aim of the reconstruction of upstream slope at the vicinities of the subject study areas was to
improve the condition of upstream embankment slope on an interim basis. The interim dam

safety measures adopted in this investigation work were only applicable to the vicinities of the
study areas of Buckeye FRS No.1.

The upper part of the upstream slope to a depth of approximately 5.5 feet was removed from
the Buckeye FRS No. 1 embankment in the vicinity of Stations 624+35, 673+50 and 710+47 to
expose transverse and longitudinal cracks within the upstream shell of the dam. The slope was
reconstructed with a one foot thick filter blanket at the base of the excavated area and
approximately 4.5 feet thick of compacted embankment material on top of the filter material.
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The crack openings exposed on the excavated area were filled by filter material with the help of
a vibratory plate before covering the base with a one-foot thick filter blanket. The infilling of the
openings of major cracks with filter material will prevent migration of filter material from the filter
blanket to the crack. Thus, the filter blanket layer will not be subjected to any loss of material.
Also, the infilling within the crack will prevent the flow of water directly into the crack. A previous

test (AMEC, 2001) showed that the seepage was greatly reduced by filling the crack with ASTM
C33 sand.

Seepage modeling previously conducted indicates that a wetting front will not reach the base of
the 4.5 foot thick soil cap during an extreme flood event (AMEC, 2004). However, if seepage
were to occur through future cracks in the overlying upstream shell, the one foot thick filter
blanket likely will seal the crack and thus reduce or stop the flow into the cracks located at the
base of the filter. The connectivity of remaining transverse cracks below 5.5 feet with the
surface of the upstream slope has been lost due to the removal of the upper 5.5 feet segment of
all transverse cracks at the upstream slope within the study areas. The upper part of the
reconstructed upstream shell has been newly compacted and is devoid of any cracks at
present. On an interim basis, the upstream shell above the filter material is now better than the
condition of the upstream shell before the investigation. As an interim strategy, the safety
measures described above are deemed adequate, in that it is reasonable to assume that new
crack formation or any appreciable widening of the covered discontinuities will be minimal over
the term of the interim measure, with the treated upstream embankment slope restored to a
condition improved over that present prior to the investigation activities.

6.2 Monitoring Plan for Current Study Areas

To augment the construction of the interim dam safety measures (IDSMs), it is understood that
the District will establish a plan to periodically monitor the condition of the dam embankment at
and in the near vicinities of Stations 624+36, 673+50, 710+47 and 721+00. These four
locations have been subjected to IDSMs over the past year. The following outlines the details of
a recommended monitoring program.

The four embankment segments of Buckeye FRS No. 1 should receive an elevated level of dam
safety monitoring compared to the remainder of the structure. The District should first stake the
four subject areas along the embankment crest, using unique signs that identify each as a
special monitoring site. The following monitoring and inspection plan should be followed for
those four stations:

Quarterly Inspection. A visual walking inspection and ground reconnaissance of the four
segments should be made quarterly by qualified District O&M field personnel. Any surface

indications of cracking should be reported to a District dam safety engineer for further
evaluation.
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Annual Inspection. A visual walking inspection and ground reconnaissance of all four ISDM
locations should be made annually by a District dam safety engineer.

Event Inspection. After any event that has exceeded 10 percent of the full-pool elevation (6-
foot pool stage), a visual walking inspection of all four ISDM locations should be made by
qualified District O&M field personnel within one month of the flood event. Any surface
indications of cracking should be reported to a District dam safety engineer for further
evaluation. An alert level equivalent to 25 percent of the full-pool elevation (9-foot pool stage)
should trigger a specific inspection of all four areas by a District dam safety engineer.

During the course of all embankment inspections, mapping and field notes should be developed
that locate and describe the characteristics of any potholes or other features indicative of buried
embankment discontinuities. This record should be augmented by photographs of each
suspected feature.

Page 17




amec

Flood Control District of Maricopa County

Supplemental Investigation of Embankment Cracking
and Interim Dam Safety Measures

Buckeye Flood Retarding Structure No. 1

Flood Control District of Maricopa County

Contract FCD 2003C014

Work Assignment No. 5

AMEC Job No. 4-117-001088

June 27, 2005

7.0 REFERENCES

AMEC Earth & Environmental, Inc., 2005b, Supplemental Investigation of Embankment

Cracking and Interim Dam Safety Measures Buckeye FRS No.1, AMEC Job No. 4-117-001088,
January 27, 2005.

AMEC Earth & Environmental, Inc., 2005a, Supplemental Investigation of Transverse Cracks-
Buckeye FRS No.1, AMEC Job No. 4-117-001021, January 7, 2005.

AMEC Earth & Environmental, Inc., 2002, Buckeye FRS No. 1 Investigation of Cracking - Work

Assignment No.3, report submitted to the Flood Control District of Maricopa County, AMEC Job
No. 0-117-001122, May 7.

AMEC Earth & Environmental, Inc., 2001, Geotechnical Investigation Report, Buckeye FRS No.

1, report submitted to the Flood Control District of Maricopa County, AMEC Job No. 0-117-
001044, March 14.

Demsey, K.A., 1989, Geologic Map of Quaternary and Upper Tertiary Alluvium in the Phoenix
South 30" X 60’ Quadrangle, Arizona. Arizona Geological Survey Open-file Report OFR-89-7.

Natural Resources Conservation Service, 1994, Chapter 26, Gradation Design of Sand and
Gravel Filters, Part 633, National Engineering Handbook.

Rucker, M.L. and Keaton, J.R., 1998, Tracing an Earth Fissure Using Seismic-Refraction
Methods with Physical Verification, in Land Subsidence Case Studies and Current Research:
Proceedings of the Dr. Joseph F. Poland Symposium on Land Subsidence, Edited by Borchers,
J.W., Special Publication No. 8, Association of Engineering Geologists, Star Publishing
Company, Belmont, California, p. 207-216.

Page 18




lllllllllllllllll-l
L T




amec

FIGURES



Map Document: (G:\Engineering Department\2004 Projects\4-117-001088 Buckeye Supplemental\GIS\MXD\Buckeye_geology.mxd)

05/16/2005 -- 2:19:50 PM

> o Yavapai Co.

Prascott =

£ \ E
N

= s
Casaaﬂanderal Co.
B ilg

Gil&'Bend

L3

N 339TH AVE

ﬁ;;g'!',‘f
|
sk
e
I =
"I I|| s
|I J l-.
| e
l’.l \"k .|"' IIl|
\ N\ || /
|
‘ ..\'5 f"f .
s BT
! A
2 e |: fQm2 /s
mi W || |f|l~ i
| b
{ § ~ .-"‘
| ) )
‘I I| l‘l
Qm1 | .,"
|
S | Qm2 "III
4(/'\ || 'Il
Legend

Local Geology
Symbol

N Qyc - Holocene active and recently active channel deposits of major axial drainages

L___| Qy - Holocene recent alluvial deposits
: Qm?2 - Middle to Late Pleistocene alluvial deposits
) Qm1 - Early Middle to Middle Pleistocene alluvial deposits
Qm1o - Early to Early Middle Pleistocene alluvial deposits
___ Qmu - Undifferentiated Qm1 and Qm2 deposits
L | QTrg - Late Tertiary to Early Quatemary alluvial deposits
[j Xg - Precambrian granitoid rocks
: Xm - Precambrian metamorphic rocks

Note: Geologic contacts from Demsey (1989)

Qm1

Qy

N PALO VERDE-RD

MILLER RD

| |
_—-‘__"-.,I o _.| ".,I Qy
1 ! i,
|
lI lI y
'|| |I h
i) | i (@)
‘u,' "r “ 145 o
/ L b
R e P - ui
£ i 2| o
| & 3 =
| %)
, (i) )
SOUTHERN-AVE 5 I'l ey
o) A
w )
Qmu /
! o
i @
o
{ w
! =]
( =
=
=

:

Qmu

E BASELINE RD

SUPPLEMENTAL INVESTIGATION OF TRANSVERSE CRACKS

EJJ%E;%%:: g—;;mmogg BUCKEYE FRS NO. 1

DRAWN. — EMP CONTRACT FCD2003C014 - WORK ASSIGNMENT NO. 5
DATE: 05/09/05 __
SCALE: 1" = 1 mile VICINITY MAP

& LOCAL GEOLOGY

1

amec”




— Tozg
B —

| RESTELEWOQO pa—

PLAN VIEW - STATION 624+35 AREA T
SCALE: 1" = 50'

PLAN VIEW - STATION 710+47 AREA

SCALE: 1" = 50'

|
| COMPACTED

| EMBANKMENT TOP OF DAM
\ MATERIAL
| 14
SIS oy o
AV L0PF //
o , 16' (VARIES)
oy O
3 .
. FILTER MATERIAL - A
= TEST AIT FITER DRAN _
COMPACTED F,LTER‘J UPSTREAM 35 A DOWNSTREAM
MATERIAL A IN TEST |
(TEST PIT ONLY FOR &
STATION 673+50)
INTERIM DAM SAFETY MEASURES TYPICAL CROSS-SECTION
NOT TO SCALE
LEGEND
PLAN VIEW - STATION 673450 AREA < HOLLOW STEM AUGER BORING
SLALE: 17 =50 e SEISMIC REFRACTION/REMI PROFILES ,

"/ /] APPROXIMATE AREA OF SURFICIAL EXCAVATION

REVISION [ By I DATE

Ia_sl\)(ﬂ

é N
FLOOD CONTROL DISTRICT
XK APPROXIMATE AREA OF TEST PIT EXCAVATION 00D CONTROL DISTRI
p----mmme-- RESISTIVITY LINE SUPPLEMENTAL INVESTIGATION OF TRANSVERSE CRACKS

AND INTERIM DAM SAFETY MEASURES - BUCKEYE FRS NO.1
CONTRACT FCD 2003C014, WORK ASSIGNMENT NO. 5

BY DATE
DESIGNED 5/2005 |
Scale in Feet [ & W\l [DRAWN GWH 5/2005
| ‘ LAWRENCEA. b i - P
\\@ HANS / g CHECKED : 5/2005 |
1 AS BUILT OF ~ | FIGURE
EMBANKMENT REPAIR 2







armec

APPENDIX A

HOLLOW - STEM AUGER DRILLING




A

amec”

TEST DRILLING EQUIPMENT & PROCEDURES

Description of Subsurface Exploration Methods

Auger Boring Drilling through overburden soils is performed with 6 5/8-inch O.D., 3 1/4-inch |.D. hollow stem auger
or 4 1/2-inch solid stem continuous flight auger. Carbide insert teeth are normally used on bits so they can
penetrate soft rock or very strongly cemented soils. A CME-75 truck-mounted drill rig is used to advance the auger.
The drill rigs are powered with six-cylinder Cummins diesel engines capable of delivering about 11.4 kN-m torque
to the drill spindle. The spindle is advanced with twin hydraulic rams capable of exerting 90 kN (20,000 pounds)

downward force.

Generally, refusal to penetration of the auger is adopted as top of the SGC or “river-run” material or harder bedrock,
which require other techniques for penetration. Grab samples or auger cuttings may be taken as necessary.
Standard penetration tests or 2.42-inch diameter ring samples are taken in conjunction with the auger borings as
needed, with the sampling interval and type being indicated on the boring logs.

Hammer Drill Drilling with the Hammer drill is accomplished with a Drill Systems AP-1000 drill rig advancing a
double-walled drive casing with a link-belt 180 diesel pile driving hammer, having a rated energy of 8,100 foot-
pounds per blow. Where noted on the boring log, the hammer is equipped with a supercharger which can boost
the energy to approximately 12,000 foot-pounds per blow. The supercharger is used only in portions of the boring
where blow counts are relatively high. Cuttings are removed with compressed air by a reverse circulation process,
and are collected in a cyclone from which grab samples are obtained. The drive casing is either 9-inch O.D. by 6-
inch 1.D. or 6 5/8-inch O.D. by 4-inch |.D. and employs an expendable bit of slightly larger diameter than the O.D. of
the casing. Hammer blows required to advance the drive casing are recorded in 1-foot increments, as noted on the
boring logs. Standard penetration tests or 2.42-inch diameter ring samples taken are noted on the boring logs.

Core Boring Rock core samples are retrieved using a CME-75 drill rig, SAITECH GH 3 rig or Burley 2500, 4500 or
4000. The GH 3 is a portable hydraulic core drill. The GH 3 is powered by a Kohler two-cylinder 25-horsepower
engine. The hydraulics motor which feeds a two-speed transmission and powers the BW spindle. This unit has a
3-foot stroke and is hand-fed with a 2,000 pound push-pull capability. The GH 3 has the capability of drilling with
either B- or N-size core steel using standard or wireline systems. N-size core is the preferred size and it has a
nominal O.D. of about 2 inches. The Burley 2500 and 4500 series are portable hydraulic core drills. The 4500
series is capable of a track-mounted or skid-type chassis. The Burley 2500 and 4500 series are powered by 44
and 75 HP power units, respectively, provide up to 2,000 foot-pounds (ft.-Ibs.) of torque and in excess of 1,000
revolutions per minute (RPM) of spindle speed. Both rigs are capable of retrieving either N- or H-sized core using
wireline systems. The N-size core has a nominal O.D. of about 2 inches and the H-size of about 2.4 inches. The
Burley 4000 is a track-mounted core drill.

The CME-75 utilizes a wireline core drilling system that takes N-size cores. Using the NQ wireline system, core is
recovered quickly by retrieving the core-laden inner tube through the drill string.
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TEST DRILLING EQUIPMENT & PROCEDURES (Cont.)

Sampling Procedures Dynamically driven tube samples are usually obtained at selected intervals in the borings by
the ASTM D1586 test procedure. In many cases, 2-inch O.D., 1 3/8-inch |.D. samples are used to obtain the
standard penetration resistance. “"Undisturbed” samples of firmer soils are often obtained with 3-inch O.D. samples
lined with 2.42-inch |.D. brass rings. The driving energy is generally recorded as the number of blows of a 140-
pound, 30-inch free fall drop hammer required to advance the samples in 6-inch increments. However, in stratified
soils, driving resistance is sometimes recorded in 2- or 3-inch increments so that soil changes and the presence of
scattered gravel or cemented layers can be readily detected and the realistic penetration values obtained for
consideration in design. These values are expressed in blows per 6 inches on the boring logs. "Undisturbed"
sampling of softer soils is sometimes performed with thin walled Shelby tubes (ASTM D1587), pitcher samplers,
Denison samplers or continuous CME samplers. Where samples of rock are required, they are obtained by NQ
diamond core drilling (ASTM D2113). Tube samples are labeled and placed in watertight containers to maintain
field moisture contents for testing. When necessary for testing, larger bulk samples are taken from auger cuttings.
Also, representative samples are obtained from the cuttings from the hammer and Schramm drill rig.

Boring Records Drilling operations are directed by our field engineer or geologist who examines soil recovery and
prepares the boring logs. Soils are visually classified in accordance with the Unified Soil Classification System
(ASTM D2487), with appropriate group symbols being shown on the boring logs.




UNIFIED CLASSIFICATION SYSTEM FOR SOILS

Soils are visually classified by the United Soil Classification System on the boring logs merC‘l

Grain-size analysis and Atterberg Limits Tests are often performed on selected samples to aid in classification.
The classification system is briefly outlined on this chart. For a more detailed description of the system, see
" The Unified Soil Classification System " ASTM Designation: D2487

l i
MAJOR DIVISION Blicadin] ol TYPICAL DESCRIPTION
|
Well graded gravels, gravel-sized mixtures
TS CLEAN GRAVELS or sand-gravel-cobble mixture.
2 @ (Less than 5% passes No. 200 sieve)
- n
§ b Poorly graded gravels, gravel-sized mixtures
P or sand-gravel-cobble mixture.
w w un
. R ] I
0 R | Limits plot below | o
2 o °a GRAVELS WITH "A" line & hatched zone Silty gravels, gravel-sand-silt mixture.
a3 =5 FINES on plasticity chart
O« 3G 0
2 :_S as(gezriléhazggzsiﬁve) Limits plot below
g = B ) "A" line & hatched zone Clayey gravels, gravel-sand-clay mixture.
= @ on plasticity chart
!
é § feslmlel
G lowzeze
) | o™ &= &= 5
% § | _ Siiniil SW Well graded sands, gravelly sands.
EC g CLEAN SANDS = e Tl
o g < -% (Less than 5% passes No. 200 sieve)
L& 2 <
2 ISP SP Poorly graded sands, gravelly sands.
— Nez
e % S i
o ° § | Limits plot below | [ ] f i
2 § p—— "A" line & hatched zone ; i ’ ' | SM f Silty sands, sand-silt mixtures.
g S FINES on plasticity chart | ] ' J
Ss | (More than 12% Limits plot below ;// \
| Ppasses No. 200 sieve) | “A" jine & hatched zone | / SC | Clayey sands, sand-clay mixtures.
on plasticity chart // ;

B W O N S N R O - .-

= 2k SILTS OF LOW PLASTICITY Inorganic silts, clayey silts with slight
g s ?, (Liquid limit less than 50) plasticity.
7] 0, wZ »
- 8 : o= S, e}
52 10|
2% | wxb:l SILTS OF HIGH PLASTICITY Inorganic silts of high plasticity. silty soils,
Qo L g 23 ‘ (Liquid limit more than 50) elastic silts.
g8 —
g 6; : g z § ‘ CLAYS OF LOW PLASTICITY Inorganic clays of low to medium plasticity,
%-J Rz pew | (Liquid limit less than 50) gravelly clays, sandy clays, silty clays, lean clays.
< %8I8k,
= o
4 2 2 = § = | CLAYS OF HIGH PLASTICITY Inorganic clays of high plasticity, fat clays,
! s % 3| (Liquid limit more than 50) silty and sandy clays of high plasticity.
l -

NOTE: Coarse-grained soils with between 5 % to 12% passing the No. 200 sieve and fine-grained soils with limits plotting in the hatched zone
on the plasticity chart to have dual symbol.

PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS

SOIL COMPONENT ! PARTICLE SIZE RANGE

r T T T T T ] [
{ i { I
‘ / ! \
‘ [
_ = _ = Boulders Above 300mm (12in)
! b g ! Cobbles 300mm to 75mm (12in to 3in ) ;
! 3 ! ! ‘ ! | Gravel 75mm (3in ) to No 4 sieve ‘
Coarse gravel 75mm to 19mm (3into 3/4in ) |
| i | ! Fine gravel 19mm (3/4in ) to No 4 sieve
| i i | Sand No 4toNo 200
| | | Coarse No 4toNo 10
i Medium No 10to No 40
|
O L 1
0 10 20 30 40 50 60 70 80 90 100

o
o

PLASTICITY INDEX
nN w
[S) S

Fine No 40to No 200
Fines (silt or clay) Below No 200 sieve

—_
o
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TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY,

CONSISTENCY OR FIRMNESS OF SOILS

The terminology used on the boring logs to describe the relative density, consistency or firmness of soils
relative to the standard penetration resistance is presented below. The standard penetration resistance (N)
in blows per foot is obtained by the ASTM D1586 procedure using 2" 0.D., 1 3/8"1.D. samplers.

1. Relative Density. Terms for description of relative density of cohesionless, uncemented sands and

sand-gravel mixtures.

.,
0-4
5-10

11-30

31-50

50+

Relative Density

Very loose
Loose
Medium dense
Dense

Very dense

2 Relative Consistency. Terms for description of clays which are saturated or near saturation.

N Relative Consistency
0-2 Very soft

3-4 Soft

5-8 Medium stiff

9-15 Stiff

16-30 Very stiff

30+ Hard

Remarks

Easily penetrated several inches with fist.

Easily penetrated several inches with thumb.

Can be penetrated several inches with thumb with
moderate effort.

Readily indented with thumb, but penetrated only with
great effort.

Readily indented with thumbnail.

Indented only with difficulty by thumbnail.

3 Relative Firmness. Terms for description of partially saturated and/or cemented soils which commonly
occur in the Southwest including clays, cemented granular materials, silts and silty and clayey granular

soils.

Relative Firmness

Very soft

Soft
Moderately firm
Firm

Very firm

Hard




PROJECT Buckeye FRS No. 1
Supplemental Investigation of Embankment
Cracking & Interim Dam Safety Measures

amec?

Sta. 623+60, 70' R of Crest

L
JOBNO. 4-117-001088 DATE  1/24/05 S
R RIG TYPE CME-75
g2 BORING TYPE 6 5/8" Hollow Stem Auger
- - _.| z& | SURFACEELEV.
S | ol 39T | 2,=|2z2g 28 | DATUM
=l= 7] =
£ 5| $.5| 8o | |8 228|208 2883 £3
Sc2l 282 | 65 |88l 2383 | 583 (2885 5o REMARKS VISUAL CLASSIFICATION
0 S| 3-8-6 SM/SC moist SILTY TO CLAYEY SAND, trace of fine grained
| A gravel, predominantly medium to fine grained
' moderately firm sand, subangular to subrounded, trace of calcium
to firm carbonate, medium plasticity, light brown
| U 36
| note: weakly lime cemented below 4' (Stage Il - |I+)
ul 37 106 12
5
note: moisture content decrease below 7'
S| 7-15-
14
Ul 34 98 11 SC CLAYEY SAND, some fine grained gravel, well
10 f moist graded, subangular to angular, weakly lime
cemented (Stage I+), medium to high plasticity,
firm light brown
ML/CL SANDY SILT TO SANDY CLAY, trace of fine
grained gravel, weakly lime cemented (Stage 1),
S| 9-12- slightly moist low plasticity, light brown
15 to moist
note: occasional lense of SM (<6" thick)
firm to hard
ul 76
15
SM SILTY SAND, trace of clay, trace of fine grained
slightly moist gravel, predominantly medium to fine grained
S[16-20- sand, subangular to subrounded, weakly lime
~ very firm cemented (Stage Il - 11+), low plasticity, light brown
Wi note  occasional zone SP-SM (<6" thick)
20 S |23-38- note: occasional zone ML
5075 SANDY SILT, trace of clay, predominantly
L medium to fine grained sand, weakly to moderately
slightly moist lime cemented (Stage |l - [I+), low plasticity, light
brown
hard "o
note occasional lense of SM/SP-SM (<6" thick)
24-40-
; - |s] 50/4"
25 " GROUNDWATER
SAMPLE TYPE
DEPTH(ft) | HOUR DATE

none

A - Drill cuttings

S-2"0.D.1.38"1.D. tube sample
U-3"0D.242"1.D. tube sample

C-3"0.D CME tube sample

NR - No Recovery

LOG OF TEST BORING NO.

B-1

of 2

Page 1




l PROJECT Buckeye FRS No. 1 m @
Supplemental Investigation of Embankment
l Cracking & Interim Dam Safety Measures
LO Sta. 623+60, 70' R of Crest
JOBNO. 4-117-001088  DATE 1/24/05 HE
" RIG TYPE CME-75
¢ 2 BORING TYPE 6 5/8" Hollow Stem Auger
A - W _.| z& | SURFACEELEV.
g ool 3¢S |2 _|o_%8 @8 | DATUM
= = = |38l © S [T Sccy po =
T ‘g - a zaa |©0Aag ;Eg; 2®
$ .3/ 558| 22 | 5|5 855|225 (2557 =8 REMARKS VISUAL CLASSIFICATION
ocl|adl | 08 |v|w| @22 620 |s5&48] S0
25 T ML slightly moist | SANDY SILT, continued
—_—
l hard
l CcL SANDY CLAY, trace of silt, predominantly fine
slightly moist to medium grained sand, moderately lime
.~ [T gr100/9" cemented (Stage Ill), medium plasticity, light brown
' 20 L TRR hard
-S| 40-
l 35 G N 10
SM/ML SILTY SAND TO SANDY SILT, predominantly
slightly moist medium to fine grained sand, subangular to
to moist subrounded, weakly lime cemented (Stage I+ - 11),
low plasticity, light brown
l hard
S| 38-48-
l Stopped Auger at 39'6"
Stopped Sampler at 41'
l 45
20 GROUNDWATER
e SAMPLE TYPE
DEPTH(ft) | HOUR DATE A B B-1
- Dnill cuttings e
- e S-2"0.D 1.38"1D. tube sample LOG OF TEST BORING NO.
U-3"0D.242"1D. tube sample
l 14 C - 3"0O D. CME tube sample
Y NR - No Recovery Page 2 of 2
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PROJECT _Buckeye FRS No. 1
Supplemental Investigation of Embankment
Cracking & Interim Dam Safety Measures

amec®

Sta. 625+10, 70' R of Crest

LOCATION
JOB NO. 4-117-001088 DATE 1/24/05
= RIG TYPE CME-75
0o BORING TYPE 6 5/8" Hollow Stem Auger
8l Bl . o =8 SURFACE ELEV.
e ,,_>_“ ST = — C ow
8 0| 8‘2: g»—c 8—~38’ 2 o DATUM
s _|g £ |eolg 88|88 (2883 B3
a B o |lece =9
g2 883 | 58 |8|a| 83| 883 |28383 58 REMARKS VISUAL CLASSIFICATION
0 S| 6-7-7 SM moist SILTY SAND, trace fine grained gravel,
A predominantly medium to fine grained sand,
moderately firm subangular to subrounded, trace of calcium
carbonate, low plasticity to nonplastic, light brown
CL/SC CLAYEY SAND TO SANDY CLAY, some silt,
Tu 57 107 5 predominantly medium to fine grained sand,
slightly moist subangular to subrounded, weakly lime cemented
: (Stage lI+), low to medium plasticity, light brown
7 very firm to hard
S|17-28-
5 32
Ul 56
! note: occasional lense (~6" thick) of SP-SM/SM
at8' & 9'6"
S| 24-28-
flu100/10" SC CLAYEY SAND, trace of silt, predominantly fine
(| slightly moist to medium grained sand, subangular to
to moist subrounded, weakly lime cemented (Stage I+ - II),
medium plasticity, reddish-brown
S [20-25- hard
SM/ML SILTY SAND TO SANDY SILT, trace of
slightly moist predominantly fine grained gravel, predominantly
U100/11" to moist medium to fine grained sand, subangular to
subrounded, weakly lime cemented (Stage I1+),
1 — low plasticity, light brown
SM SANDY SILT, trace of clay. predominantly
S| 24-40- medium to fine grained sand, weakly to moderately
20 48 lime cemented (Stage Il - [I+), low plasticity. light
| slightly moist | Prown
note: occasional zone of well graded sand
hard
25 | 1y j(100/10"
GROUNDWATER SAMPLE TYPE
DEPTH(ft) | HOUR| DATE il 5.2
g - Dnill cuttings -
v e S-2"0.D. 1.38"1.D. tube sample LOG OF TEST BORING NO.
U-3"0.D 242" |D. tube sample
y C - 3"0.D. CME tube sample
| NR - No Recovery Page 1 of 2
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PROJECT Buckeye FRS No 1

Supplemental Investigation of Embankment

Cracking & Interim Dam Safety Measures

ame

Sta. 625+10, 70' R of Crest

JOB NO. 4-117-001088 DATE 1/24/05 AL ToN
" RIG TYPE CME-75
g2 BORING TYPE 6 5/8" Hollow Stem Auger
£ 9
gl g | 5 _| =& | SURFACEELEV.
= M x| = - o
g ool 397 |2 L1029 ©F | DATUM
s e | &_|le 988 |88 2855 2%
g2 838 | 58 |a|s| 833 | 583 (28838 58 REMARKS VISUAL CLASSIFICATION
25 | SM slightly moist | SANDY SILT, continued
hard
8 S| 24-43-
40 note: increase in silt content at 30'
ML SANDY SILT, predominantly medium to fine
slightly moist grained sand, weakly to moderately lime cemented
(Stage Il - li+), low plasticity, light brown
hard
S| 32-
35 | [s0ET
S| 50/4"
40 Stopped Auger at 396"
Sampler refused at 39'10"
45
50 |
GROUNDWATER SAMIBLE TYPE
DEPTH(ft) | HOUR| DATE
A - Drill cuttings B-2
- — S-2"0D. 138" ID. tube sample LOG OF TEST BORING NO.
U-3"OD 242"1.D tube sample
|4 C - 3"0O.D. CME tube sample

| NR - No Recovery

Page 2 of 2




PROJECT Buckeye FRS No 1
Supplemental Investigation of Embankment

Cracking & Interim Dam Safety Measures

Sta. 672+75, 90' R of Crest

JOB NO. 4-117-001088 DATE 1/24/05 LOcATION
R RIG TYPE CME-75
n o BORING TYPE 6 5/8" Hollow Stem Auger
1S
8 .55 5 .| =8 SURFACE ELEV.
T |olal 39T |2, |eccl 25 | DATUM
£ £ o|a o b 8 = @
£ wl %.5| 8, | B[] 3o Qg 5233 22
gl 282 | 58 |a8|8| Ba3 | 8383|8323 538 REMARKS VISUAL CLASSIFICATION
B T S| 7-97 SM/ML moist SILTY SAND TO SANDY SILT, trace of fine
L JA grained gravel, predominantly medium to fine
I moderately firm grained, subangular to subrounded, trace of
‘ calcium carbonate, low plasticity, ight brown
| : SM/ML SILTY SAND TO SANDY SILT, trace of fine
gl “‘, “Tul100/10" grained gravel, predominantly medium to fine
L]l slightly moist grained sand, subangular to subrounded, weakly
REESS to moderately lime cemented (Stage I+ - IIl), low
i hard plasticity, light brown to light grayish-brown
| o 1003
2
| SM SILTY SAND, trace to some fine grained
b slightly moist gravel, well graded, subangular to subrounded,
i weakly lime cemented, (Stage I+ - Il), low plasticity
; 512925- hard to nonplastic, light brown
I 25
16 Ul 86
ML SANDY SILT, predominantly medium to fine
slightly moist grained sand, weakly lime cemented (Stage Il -
to moist I1+) low plasticity, light grayish-brown
very firm
S |27-24-
18
15 jUl 33 SM SILTY SAND, trace of predominantly fine
! slightly moist grained gravel, predominantly medium to fine
to moist grained sand, weakly lime cemented (Stage Il),
nonplastic, light grayish-brown
dense
ML SANDY SILT, predominantly fine to medium
s| 23- slightly moist grained sand, weakly lime cemented (Stage 1), low
50/5™ plasticity, light grayish-brown
] hard
SP-SM SAND WITH SILT TO SILTY SAND, trace of
S| 24-23- /SM fine grained gravel, predominantly medium to fine
20 34 slightly moist grained sand, subangular to subrounded. weakly
to moist lime cemented (Stage I+), nonplastic to low
plasticity, light brown
hard note: occasional zone with well graded sand
40-50/
. RREAA
GROUNDWATER SAMPLE TYPE
DEPTH(ft) | HOUR DATE S - B-3
- Drill cuttings .
ki diclils S-2"0.D. 1.38"1.D. tube sample LOG OF TEST BORING NO.
U-3"0.D.242"1.D. tube sample
y C -3"0.D. CME tube sample
Y NR - No Recovery Page 1 of 2




PROJECT Buckeye FRS No 1

Supplemental Investi

gation of Embankment

Cracking & Interim D

am Safety Measures

amec®

Sta. 672+75, 90' R of Crest

JOBNO. 4-117-001088 DATE  1/24/05 MISERIE
o RIG TYPE CME-75
0o BORING TYPE 6 5/8" Hollow Stem Auger
o
8l L85! _.| =& | SURFACEELEV.
T ol 39T 2.2 |e-23 28 | DATUM
£ 5|8 5| B, |E|E 382 |S8g (3253 I
830|288 | 58 |8l|a| 8335|583 |28388] 58 REMARKS VISUAL CLASSIFICATION
25 ’ BN SP-SM|  slightly moist SAND WITH SILT TO SILTY SAND, continued
/SM to moist
hard
" lful100/8"
30 I
S| 35-
35 | [TTsor
! 1
‘ |
ML SANDY SILT, moderately lime cemented
slightly moist (Stage Il), low plasticity, light brown
hard
40 =S| &0/
S 1727 Stopped Auger at 36'6"
Sampler refused at 40'
45
23 GROUNDWATER
SAMPLE TYPE
DEPTH(ft) | HOUR DATE
A - Drill cuttings B-3
N = S-2"0D. 138"1.D tube sample LOG OF TEST BORING NO.
U-3"0.D 242"|D. tube sample
y C -3"0.D. CME tube sample
NR - No Recovery Page 2 of 2




i
PROJECT Buckeye FRS No 1 N\
Supplemental Investigation of Embankment
Cracking & Interim Dam Safety Measures
LOCATION Sta. 674+25, 90' R of Crest
JOB NO. 4-117-001088 DATE 1/25/05 ,
B ” RIG TYPE CME-75
l 2 BORING TYPE 6 5/8" Hollow Stem Auger
g .8E| _| =& | SURFACEELEV.
g ol 36T |2 __le.%5 ©8 | DATUM
= o £ a|la| 988 |88 (2552 B%
& 5253 22 | 5|5 255|285 (8552 E8 CLASSIFICATI
Sl 28| 58 | 8|8 263 | 543 |28858 55 REMARKS VISUAL CL ICATION
0 S| 7-6-5 sC moist CLAYEY SAND, trace of silt, trace of fine
<A grained gravel, predominantly medium to fine
: moderately firm grained sand, subangular to subrounded, trace of
calcium carbonate, medium plasticity, brown
rjuj 38
P gl ML SANDY SILT, weakly lime cemented (Stage Il),
[ moist low plasticity, light grayish-brown
RS
' . ] 5] 555 SM firm
j 8 SILTY SAND, predominantly medium to fine
L] _ grained sand, subangular to subrounded, trace of
| moist calcium carbonate (Stage 1), low plasticity.
l SC/CL grayish-brown
\ moderately firm
Hul 32 105 8
i CLAYEY SAND TO SANDY CLAY, trace of silt,
predominantly medium to fine grained sand,
weakly lime cemented (Stage I+ - II), medium
moist plasticity, light brown
10 g S| 8-13-
l i 12 firm
i o
SM SILTY SAND, trace of fine grained gravel, well
moist graded, subangular to subrounded, trace of
I calcium carbonate (Stage | - I+), nonplastic. light
15 | S| 9-15- firm brown
g = note: occasional thin lense of ML
SP-SM SAND WITH SILT TO SILTY SAND, trace to
(Ul 40 /SM moist some fine grained gravel, well graded to
predominantly medium to fine grained sand,
very firm subangular to subrounded, trace of calcium
carbonate (Stage | - I+), nonplastic to low plasticity,
light brown
S [ 14-15-
20 T7
SP-SM SAND WITH SILT, trace to some fine grained
moist gravel, predominantly medium to fine grained
I medium dense sand. subangular to subrounded, noncemented,
fo dense nonplastic, brown
Ul 35
25 | SROUNDWATER —
I SAMPLE TYPE
DEPTH(ft) | HOUR DATE
| A - Drill cuttings B-4
= L S-2"0D 138"ID tube sample LOG OF TEST BORING NO.
U-3"0.D. 242"|.D. tube sample
| 4 C-3"0.D. CME tube sample
v NR - No Recovery Page 1 of 2




PROJECT Buckeye FRS No 1

Supplemental Investigation of Embankment

Cracking & Interim Dam Safety Measures

armec

Sta. 674+25, 90' R of Crest

LO
JOBNO. 4-117-001088 DATE  1/25/05 CATIOH
5 RIG TYPE CME-75
g2 BORING TYPE 6 5/8" Hollow Stem Auger
- . | -5 | SURFACEELEV.
= C TN = — o T
8 olol 3o | 2 o |oe.29 @8 DATUM
c Z ala| 9895|885 |26553 B&
2 5l 2.3 5, | B8] 3da [Cog (3283 22
3c2| 888 | 59 |&|&| 285|583 |28288] 55 REMARKS VISUAL CLASSIFICATION
% SP-SM moist SAND WITH SILT, continued
medium dense
to dense
SM SILTY SAND, trace of fine grained gravel,
| predominantly medium to fine grained sand,
moist subangular to subrounded, weakly lime cemented
i j (Stage I+), nonplastic to low plasticity, light brown
L ! very firm to hard
5 S| 14-16-
30 =0
35 i S| 23-50/
[ 572" note thin (~8" thick) lense of GP-GM at 35'
SP-SM SAND WITH SILT TO SILTY SAND, rare fine
/SM moist grained gravel, predominantly fine grained sand,
subangular to subrounded, noncemented,
very dense nonplastic, brown
S -27-
0 =
Stopped Auger at 39'6"
Stopped Sampler at 41'
45
50 .
GROUNDWATER SAMPLE TYPE
DEPTH(ft) | HOUR DATE B« Bl ) B
- Drill cuttings -4
v i S-2"0D 1.38"ID.tube sample LOG OF TEST BORING NO
U-3"0D 2.42"1.D. tube sample
4 C-3"0 D CME tube sample
| NR - No Recovery Page 2 of 2




l PROJECT Buckeye FRS No 1
Supplemental Investigation of Embankment ame‘
l Cracking & Interim Dam Safety Measures
Sta 709+72, 90' R of Crest
JOBNO. 4-117-001088  DATE 1/25/05 MO
B . RIG TYPE CME-75
g2 BORING TYPE 6 5/8" Hollow Stem Auger
gl JE2 | . | =6 SURFACE ELEV.
w el S8 | B 55 &%
g olal 897 8. o w20 @5 DATUM
< 0 £ ala| 9931880 (|2882 B85
5 3| 2.3 8o |E|5|32%| 2.8 |BE5Y 24
l 82| 888 | 68 |8|8| 823|583 (2888 55 REMARKS VISUAL CLASSIFICATION
0 S| 3-12- SM/SC moist SILTY TO CLAYEY SAND, predominantly fine
Al 30 to medium grained sand, subangular to
SP-SM} moderately firm subrounded, trace of calcium carbonate, low
ISM \ plasticity, brown
: = SAND WITH SILT TO SILTY SAND, trace to
| {10010 ML slightly moist some fine grained gravel, predominantly medium
- to fine grained sand, subangular to subrounded,
hard weakly lime cemented, (Stage Il - lI+), low plasticity
to nonplastic, light brown
: S117-30- SANDY SILT, trace of clay, predominantly fine
I . ] 49 slightly moist to medium grained sand, weakly to moderately
lime cemented (Stage I+ - Ill), low plasticity, light
grayish-brown
hard
. SC/CL CLAYEY SAND TO SANDY CLAY, trace of silt,
uU| 48 predominantly fine grained sand, weakly lime
slightly moist cemented ( Il - Il+), low to medium plasticity, light
I grayish-brown
very firm
S$|21-19-
l 10 2 1% 15
SM SILTY SAND, trace of fine grained gravel,
slightly moist predominantly medium to fine grained sand,
l Ul 58 weakly lime cemented (Stage Il - I1+), low plasticity,
hard light grayish-brown
SP-SM SAND WITH SILT, some fine grained gravel,
S| 10-25- slightly moist well graded, subangular to subrounded, weakly
15 ’ 40 lime cemented (Stage 1), nonplastic, light brown
dense
l ML/SM SANDY SILT TO SILTY SAND, trace of fine
grained gravel, trace of clay, predominantly fine to
medium grained sand, moderately ime cemented
' U100/11" slightly moist (Stage II+), low plasticity to nonplastic, light brown
] hard
S [ 25-50/
l 20 5
|
| |
| note: weakly lime cemented, Stage Il at 25'
25 Ul 89 98 8 | ]
l GROUNDWATER SAMPLE TYPE
DEPTH(ft) | HOUR DATE
A - Drill cuttings B-5
i e S-2"0D 1.38"1.D tube sample LOG OF TEST BORING NO.
U-3"0.D. 242"1.D. tube sample
14 C - 3" O D. CME tube sample
Y NR - No Recovery Page 1 of 2




I
PROJECT Buckeye FRS No 1
Supplemental Investigation of Embankment ame
l Cracking & Interim Dam Safety Measures
LOCA Sta. 709+72, 90' R of Crest
JOBNO. 4-117-001088  DATE 1/25/05 s
R RIG TYPE CME-75
E%’ BORING TYPE 6 5/8" Hollow Stem Auger
8l 85| » | =8 SURFACE ELEV.
T Sl S2e | B 55 3T
8 olol 8T | e “_’~~% w,‘_—’ DATUM
< ® £ alal 939 | 880 |2862| ©a
B B 2o.% ga | E[E] 22X | s 0 |gEe =5
. 8c2| 88| 69 |&|8| 223|583 (2385 53 REMARKS VISUAL CLASSIFICATION
23 ‘ ML/SM|  slightly moist | SANDY SILT TO SILTY SAND, continued
l hard
|
l In
LT olrooo”
I 30 Lo
|
[ |
“ CL/SC SANDY CLAY TO CLAYEY SAND, trace of silt,
slightly moist predominantly fine to medium grained sand,
subangular to subrounded, weakly to moderately
hard lime cemented (Stage I+ - Il), low plasticity, brown
e S| 24-40-
l 35 s 50/a"
l SP-SM SAND WITH SILT, trace of fine grained gravel,
moist predominantly medium to fine grained sand,
subangular to subrounded, noncemented_to
S| 27-00- very dense weakly ime cemented (Stage 1), nonplastic, light
40 brown
32
I Stopped Auger at 39'6"
Stopped Sampler at 41
l 45
20 GROUNDWATER i }
l SAMPLE TYPE
DEPTH(ft) | HOUR DATE
A - Drill cuttings B-5
: fone S-2"0.D. 1.38"1.D. tube sample LOG OF TEST BORING NO.
v U-3"0D. 242"ID tube sample
y C -3"0O D CME tube sample
Y NR - No Recovery Page 2 of 2




l PROJECT Buckeye FRS No 1
Supplemental Investigation of Embankment ame
l Cracking & Interim Dam Safety Measures .
Sta. 711+22, 90' R of Crest
JOBNO. 4-117-001088 DATE 1/25/05 A
B RIG TYPE CME-75
i BORING TYPE 6 5/8" Hollow Stem Auger
8l 5s<¢| . _| _§& | SURFACEELEV.
. iy ETo o S < 2%
3 olol 22T | 2 29 Do DATUM
= » £ a|lal Qoo 8 Qo |2 ] qc)g 2%
2 3358 So |[E|E| B2 | 2,5 |B5g3 =8
I Bcll 2288 58 |al&l 383|583 |28858] So REMARKS VISUAL CLASSIFICATION
2 S| 3-3-3 SC/ISM slightly moist SILTY TO CLAYEY SAND, trace of fine grained
A to moist gravel, predominantly medium to fine grained
sand, subangular to subrounded, trace of calcium
NVL/SM soft carbonate, low plasticity, light brown
SANDY SILT TO SILTY SAND, predominantly
(Y| 50 fine to medium grained sand, weakly lime
slightly moist cemented (Stage Il - I1+), low plasticity to
nonplastic, light grayish-brown
very firm to hard
U 65
l 5
S| 24-30-
35 SM SILTY SAND, trace to some fine grained
slightly moist gravel, predominantly medium to fine grained
sand, subangular to subrounded, weakly lime
& Ul 70 110 3 hard cemented (Stage I+ - |I+), low plasticity, light brown
ML/SM SANDY SILT TO SILTY SAND, trace of fine
slightly moist grained gravel, predominantly medium to fine
Ul 35- grained sand, weakly to moderately lime cemented
50/6" hard (Stage Il - ll+), low plasticity, light grayish-brown
l note. occasional zone (<6" thick) of SM
S| 100/7"
16 o
S | 35-40-
l 44
U | 100/5"
l 20 e
i
S| 5074"
25 GROUNDWATER
l SAMPLE TYPE
DEPTH(ft) | HOUR DATE
A - Drill cuttings %
HEE S-2"0D. 138"ID. tube sample LOG OF TEST BORING NO B-6
v U-3"0D 242" D tube sample
l 4 C-3"0O D CME tube sample
A\ NR - No Recovery Page 1 of 2

\




PROJECT Buckeye FRS No. 1
Supplemental Investigation of Embankment
Cracking & Interim Dam Safety Measures

amec®

Sta. 711+22, 90' R of Crest

LoC
JOB NO. 4-117-001088 DATE 1/25/05 ATION
. RIG TYPE CME-75
g2 BORING TYPE 6 5/8" Hollow Stem Auger
£ O
8l _8E | . | =8 SURFACE ELEV.
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2 ollal 3= |2 L lu.S9 @8 DATUM
= =|l&l O @ ) 5cc@ Ve
£ gl ¢ 5| 8, |E|E] 22|08 8283 23
32 88s| 55 |8|8) 285 | 5§83 |88838] 53 REMARKS VISUAL CLASSIFICATION
£ ; ML/SM|  slightly moist | SANDY SILT TO SILTY SAND, continued
hard
- S| 35-
L[ | 50/5" note: some clay at 30'
|
J’
|
|
1
s| 50/
35 572"
note: increase in sand content at 40'
L= i Lid
40 —= Stopped Auger at 396"
Sampler refused at 39'9"
45
50
GROUNDWATER SAMPLE TYPE
DEPTH(ft) | HOUR| DATE
A - Drill cuttings B-6
- 2l S-2"0.D 1.38"1.D. tube sample LOG OF TEST BORING NO.
U-3"0.D. 242"1D tube sample
y C -3"0.D. CME tube sample
1 NR - No Recovery Page 2 of 2
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LABORATORY TESTING PROCEDURES

Consolidation Tests Soiltest or Clockhouse apparatus of the “floating-ring" type are employed for the one-
dimensional consolidation tests. They are designed to receive 1-inch high 2.5-inch O.D. brass liner rings
with soil specimens as secured in the field. Procedures for the tests generally are those outlined in ASTM
D2435. Loads are applied in several increments to the upper surface of the test specimen and the
resulting deformations are recorded at selected time intervals for each increment. For soils which are
essentially saturated, each increment of load is maintained until the deformation versus log of time curve
indicates completion of primary consolidation. For partially saturated soils, each increment of load is
maintained until the rate of deformation is equal or less than 1/10,000 inch per hour. Applied loads are
such that each new increment is equal to the total previously applied loading. Porous stones are placed in
contact with the top and bottom of the specimens to permit free addition or expulsion of water. For
partially saturated soils, the tests are normally performed at in situ moisture conditions until consolidation
is complete under stresses approximately equal to those which will be imposed by the combined
overburden and foundation loads. The samples are then submerged to show the effect of moisture
increase and the tests continued under higher loadings. Generally, the tests are continued to about twice
the anticipated curve due to overburden and structural loads with a rebound curve then being established
by releasing loads.

Expansion Tests The same type of consolidometer apparatus described above is used in expansion
testing. Undisturbed samples contained in brass liner rings are placed in the consolidometers, subjected
to appropriate surcharge loads and submerged. The loads are maintained until the expansion versus log
of time curve indicates the completion of "primary swell".

Direct Shear Tests Direct shear tests are run using a Clockhouse or Soiltest apparatus of the strain-
control of approximately 0.05 inch per minute. The machine is designed to receive one of the 1-inch high
2.42-inch diameter specimens obtained by tube sampling. Generally, each sample is sheared under a
normal load equivalent to the effective overburden pressure at the point of sampling. In some instances,
samples are sheared at several normal loads to obtain the cohesion and angle of internal friction. When
necessary, samples are saturated and/or consolidated before shearing in order to approximate the
anticipated controlling field loading conditions.
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10.

15"

12.

13,

14.

15.

Field Notes for Station 624+50

Aperture is 0.1 inches or less, open to partially filled, stepped to wavy with
common rootlets. Photo 624 1a.

Aperture is 0.1 inches or less, open to partially filled, stepped to wavy with
common rootlets. Photo 624 2a.

Aperture is 0.1 inches or less, open, and stepped to wavy. Photos 624 3a
and 624 3b.

Aperture is 0.05 inches or less, open to partially filled, stepped to wavy with
common rootlets. Photo 624 4a.

Aperture is 0.15 inches or less, partially open to partially filled, stepped.
Photo 624 5a.

Aperture is 0.1 inches or less, open to partially filled, stepped with occasional
rootlets. Photo 624 _6a.

Aperture is 0.05 inches or less, partially open to filled, stepped to wavy with
occasional rootlets. Photo 624 _7a.

Aperture is 0.2 inches or less, open to partially filled, stepped to wavy with
common rootlets. Photo 624 8a.

Aperture is 0.15 inches or less, open to partially filled, stepped with
occasional rootlets. Photo 624 9a.

Aperture is 0.2 inches or less, open to partially filled, stepped. Photos
624 _10a and 624 _10b.

Aperture is approximately 0.4 inches, open to partially filled, stepped with
occasional rootlets. Photos 624 11a, 624 11b, 624 _11c, and 624_11d.

Aperture is 0.2 inches or less, open to partially filled, stepped. Photos
624 12a and 624 12b.

Aperture is 0.3 to 0.4 inches, open, stepped. Photos 624 13a and 624 _13b.

Aperture is 0.15 inches or less, open to partially filled, stepped to wavy with
common rootlets. Photo 624 _14a.

Longitudinal crack has an aperture of 0.2 inches or less, open to partially
filled, stepped to wavy with common rootlets. Transverse crack has an
aperture of 0.1 inches or less, partially filled, and wavy. Photo 624_15a.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27,

28.

29,

30.

Aperture is 0.2 to 0.5 inches, open to partially open, stepped with occasional
rootlets. Photos 624 16a and 624 _16b.

Aperture is approximately 0.2 inches, filled, stepped. Photos 624_17a and
624 _17b.

Transverse crack has an aperture of 0.3 inches or less, filled to partially open.
Longitudinal crack has an aperture of approximately 0.2 inches, partially filled
to partially open, stepped to wavy. Photos 624_18a, 624_18b, 624_18c, and
624 18d.

Aperture is 0.2 inches or less and decreases downslope, filled to partially
open, stepped to wavy. Photos 624 _19a and 624_19b.

Transverse crack has an aperture of hairline to 0.05 inches, typically hairline,
filled to tight, stepped. Longitudinal crack has an aperture of 0.1 to 0.2 inches,

open to partially open, stepped to wavy with common rootlets. Photos
624 20a and 624_20b.

Crack apertures are 0.05 inches or less, typically hairline, tight to partially
open, stepped to wavy with occasional to common rootlets. No photo.

Aperture s 0.05 inches or less, filled to partially open, stepped to wavy with
common rootlets. Photo 624 _22a.

Aperture is approximately 0.2 inches, open to partially filled, stepped with
occasional rootlets. Photo 624_23a.

Aperture is 0.1 inches or less and decreases downslope, open to partially
filled, stepped to wavy with occasional rootlets. Photo 624_24a.

Crack apertures are 0.1 inches or less, open to partially filled, stepped to
wavy with common rootlets. Photos 624_25a and 624_25b.

Aperture is 0.2 inches or less, open to partially filled, stepped to wavy with
occasional rootlets. Photos 624_26a and 624_26b.

Aperture is approximately 0.3 inches, open, stepped. Photo 624_27a.

Aperture is 0.15 inches or less and decreases downslope, open to partially
filled, stepped. Photo 624_28a.

Aperture is 0.05 to 0.1 inches, open, stepped to wavy. Photo 624_29a.

Aperture is 0.1 to 0.2 inches, open to occasionally partially filled, stepped with
common rootlets. Photo 624_30a.
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10.

1.

Field Notes for Station 673+50

Crack has up to 0.4 inches aperture for a length of less than 1 foot. Typical
aperture is 0.1 inches or less. Crack is open to partially filled and stepped.
Photo 673 1a.

Crack is ~0.1 inches to hairline open. Crack is open to partially filled and
stepped. Photo 673 _2a.

Crack has a maximum eroded aperture of 1.2 inches, which is possibly
enhanced by the compressed air cleaning activities. Typical aperture is 0.2 to
0.4 inches. Crack is open with rare partial filling and occasional rootlets are
present. The crack is stepped and forms wedges that are up to 4 inches wide.
Photo 673 3a.

Crack has 0.1 to 0.3 inches aperture. It is open to partially filled and stepped.
The crack becomes tight to filled with a maximum aperture of 0.1 inches and
is typically less than 0.02 inches down slope from this location. Photo
673 4a.

Crack has 0.02 to 0.04 inches aperture. It is open to partially filled and has
several rootlets. Photo 673 5a.

Crack has an eroded aperture up to 1.5 inches, and typical aperture of ~0.75
inches. It is partially open to filled with sand from test pit backfill. Several
roots up to 0.4 inches diameter and rootlets are present. Photos 673 _6a and
673_6b.

Crack has an eroded aperture of 0.7 to 1.8 inches and is typically less than 1
inch. It is partially open to filled with sand from test pit backfill. Test pit backfill
filling is not present down slope from this location and aperture decreases to
0.02 inches or less. Photo 673 _7a.

Air eroded aperture of up to 0.6 inches, typically aperture is less than 0.5
inches. Zone of aperture greater than 0.02 inches is approximately 2 feet in
length, with aperture upslope and down slope of 0.02 inches or less. Crack is
filled with debris and from test pit backfill sand. Photo 673_8a.

Healed crack. No aperture, ~1 foot long. Other crack is hairline with no
aperture. Photo 673 9a.

Crack propagates through test pit backfill. No aperture. Photos 673_10a and
673_10b.

Eroded aperture of up to 1.5 inches. Filled with sand backfill from test pit.
Crack is stepped. Sand test pit backfill does not extend down slope from this
location. Photos 673_11a, 673_11b, and 673_11c.
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13.

14.

18.

16.
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18.

19.

20.
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Eroded aperture is up to 1 inch, with uneroded aperture typically less than 0.1
inches. Crack is stepped and typically filled and occasionally partially open
with occasional rootlets. The shorter longitudinal cracks are partially filled with
and aperture of 0.1 inches or less. Photo 673_12a.

Partially filled cracks with aperture of 0.1 inches or less. Photo 673 _13a.

Partially filled to filled crack with aperture up to 0.3 inches and typical
aperture of 0.1 to 0.2 inches. The crack is stepped. Photo 673 _14a.

Partially open to filled crack with maximum eroded aperture of 0.5 inches,
and a typical aperture that is ~0.1 inches. The crack is stepped with common
rootlets. Photo 673_15a.

Generally open to partially filled crack with a maximum aperture of 0.5 inches
and a typical aperture of ~0.2 inches. The crack is stepped with many splays
and common rootlets. Aperture decreases down slope from this location.
Photo 673_16a.

Open to partially filled crack with an aperture of ~0.1 inches. The crack has
common rootlets and aperture decreases to hairline down slope. Photo
673 _17a.

Longitudinal crack with 0.2 to 0.3 inches diameter. Partially filled to filled.
Photo 673_18a.

Up to 0.2 inches aperture, with a typical aperture of 0.1 inches or less.
Partially filled to open, stepped, and common rootlets. Photo 673 _19a.

Longitudinal cracks with aperture 0.05 inches or less. Open to filled with
occasional rootlet. Photo 673 20a.

Hairline to 0.02 inches aperture and filled to open. Photo 673 _21a.
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10.

11.

12.

13.

14.

Field Notes for Station 710+48

Transverse crack has a maximum aperture of 0.14 inches, and is typically 0.1
inches or less. Open to partially filled with occasional rootlets. Longitudinal
crack has an aperture of 0.02 inches or less, typically hairline, occasional
open zones, generally tight, stepped. Photos 710_1a and 710_1b.

Eroded aperture up to 5 inches just below test pit from previous investigation,
typically eroded aperture is approximately 1.5 inches. Filled with sand from
test pit backfill. Photos 710_2a and 710_2b.

Maximum eroded aperture of approximately 0.7 inches. Filled with sand from
test pit backfill, downslope from this point the crack is no longer filled with
sand from test pit backfill, but is filled with other filling. Photos 710_3a,

710 _3b, and 710_3c.

Transverse crack has an eroded aperture of approximately 0.7 inches, filled,
parallel cracks often from wedges up to several inches wide. Longitudinal
crack has an aperture up to 0.7 inches, filled. Photo 710_4a.

Aperture of approximately 1 inch, filled, and oblique in orientation.
Longitudinal cracks are hairline to 0.02 inches in aperture. Photo 710_5a.

Up to 1 inch aperture with some zones with no aperture, filled, stepped.
Photo 710_6a.

Aperture of approximately 1 inch, filled, stepped, oblique in orientation. Photo
710 _7a.

Longitudinal crack with approximately 1 inch aperture, filled. Photo 710_8a.
Obligque crack with 0.1 to hairline aperture, filled, stepped. Photo 710_9a.

Aperture of approximately 0.2 inches that decreases to hairline upslope and
downslope, partially filled to filled, stepped. 710_10a.

Transverse crack with aperture of 0.1 inches or less, partially filled to open,
stepped. Longitudinal crack has aperture of 0.2 inches or less, filled. Photo
710_11a.

Longitudinal crack with approximately 0.7 inches aperture, filled to partially
open. Photo 710_12a.

Aperture of hairline to 0.2 inches, filled, stepped. Photo 710_13a.

Aperture of 0.2 to 0.4 inches, open to partially filled, stepped. Photo 710_14a.
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16.
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18.

19,

20.

21

22,

23,

24.

25

26.

27,

28.

29.

30.

31.

Aperture of 0.1 to 0.5 inches, typically approximately 0.2 inches, partially
filled, stepped. Photo 710_15a.

Longitudinal cracks with aperture of 0.1 to 0.3 inches, filled to partially open,
stepped. 710_16a.

Aperture is 0.1 inches or less, filled, stepped. Photo 710_17a.

Aperture is 0.1 to 0.2 inches, open, stepped. Photo 710_18a.

Transverse crack has an aperture up to 0.7 inches, typically approximately
0.5 inches, typically open, occasionally partially filled, stepped. Longitudinal
crack has an aperture of 0.02 to 0.1 inches, open to partially filled, stepped.
Photo 710_19a.

Transverse crack has an aperture of 0.2 to 0.7 inches, typically open,
occasionally partially filled, stepped. Longitudinal crack has an aperture of 0.2
to 0.4 inches, typically open, occasionally partially filled, stepped to wavy.
Photo 710_20a.

Aperture is approximately 0.4 inches, open to partially filled, stepped. Photo
710_21a.

En echelon cracks with 0.2 to 0.4 inches aperture, open to partially filled,
stepped. Photo 710_22a.

Up to 0.2 inches aperture, open to partially filled, stepped. Photo 710_23a.
Aperture of 0.1 to 0.2 inches, open to partially filled, stepped. Photo 710_24a.

Oblique crack with aperture of approximately 0.1 inches, open, stepped.
Photos 710_25a and 710_25b.

Aperture is approximately 0.2 inches, open, stepped. Photo 710_26a.

Longitudinal crack with 0.2 to 0.5 inches aperture, open to partially filled,
stepped to wavy. Photos 710_27a and 710_27b.

Aperture of 0.2 to 0.5 inches, open to partially filled, stepped. Photo 710_28a.
Aperture of 0.2 to 0.3 inches, open to partially filled, stepped. Photo 710_29a.
Aperture of 0.2 to 0.4 inches, filled to partially open, stepped. Photo 710_30a.
Aperture of approximately 0.3 inches which decreases to 0.01 inches or less

downslope, open with occasional partially filled zones, stepped. Photo
710 _31a.
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32. Aperture of approximately 0.5 inches, open, stepped, forms wedges up to
several inches across. Photos 710_32a and 710_32b.

33. Aperture of 0.5 to 0.7 inches, open, stepped. Photos 710_33a and 710_33b.

34. Aperture of 0.2 to 0.5 inches, open to partially filled, stepped. Downslope
crack is filled to partially open. Photo 710_34a.

35. En echelon cracks with a maximum aperture of 0.1 inches, typically
approximately 0.05 inches, stepped to wavy. Photo 710_35a.
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REFRACTION SEISMIC EQUIPMENT & PROCEDURES

Refraction seismic surveys are performed in general conformance with the guidelines presented in ASTM
D5777-95 Standard Guide for Using the Seismic Refraction Method for Subsurface Investigation for refraction
surveys using compression waves (p-waves). ASTM D5777 does not address shear wave (s-wave) surveys;
standard practice is followed for refraction surveys using s-waves. In some investigations, such as seeking
and tracing earth fissures or other significant discontinuities (Rucker and Keaton, 1998), non-standard
procedures and analyses, such as signal amplitude analysis, are used as part of the investigation process.

Seismic Equipment - Refraction seismic surveys are performed using a Geometrics ES-1225 or Smartseis
S-12 signal enhancement seismograph. These instruments have the capability to simultaneously record 12
channels of geophone data and produce hard copies of that data. The Smartseis also has the capability of
digitally storing geophone data. Signal enhancement capability permits the use of a sledgehammer as the
seismic energy source. A timing sensor is attached to the hammer, and for p-waves, a metal plate is set
securely on the ground surface and struck. Generating horizontally polarized s-waves typically involves
setting the plate against the end of a wooden plank or railroad tie oriented perpendicular to the axis of the
geophone array and striking with a horizontal motion of the sledgehammer. A truck is usually driven onto the
plank or tie to effectively couple the plank or tie to the ground.

Because of the signal enhancement capability, signals from several or many strikes can be added together to
increase the total signal available relative to noise to obtain the seismic record. Although explosives can also
be used as a p-wave seismic energy source, a sledgehammer does not require licenses or permits, or involve
special limitations, regulations and liabilities. Explosive energy sources may be needed for long geophone
arrays. Geophone cables with 12 geophone takeouts at 10-foot, 20-foot or 20-meter spacings are presently
used. Vertical geophones are used to obtain p-wave data and horizontal geophones are used to obtain s-
wave data. The seismograph system is extremely portable. In areas where vehicular access is not possible,
the equipment can be mobilized by various means, including backpacking, packhorse, helicopter and canoe.

Field Procedures - The field operations are directed by our experienced engineer or geologist, who operates
the equipment, prepares the records and examines the data in the field. Refraction seismic lines are generally
laid out using the standard spacings on the geophone cables. A maximum depth of investigation of about 75
to 100 feet may be possible using a 300-foot array. For shorter lines with improved near-surface resolution,
10-foot spacings between geophones with a 120-foot array have a maximum depth of investigation of about
30 to 40 feet. Other geophone spacings can also be used. To improve the resolution of near-surface
interfaces, energy source positions generally are set at 12.5 feet from the ends of a 25-foot spacing geophone
array or at 5 feet from the ends of a 10-foot geophone spacing array. Several shots locations are utilized
along the length of an array. When three shots are obtained, there is a foreshot and a backshot at the array
ends and a midshot at the array center. The midshot is usually placed midway between the two centermost
geophones. When five shots are obtained, the additional shotpoints are located midway between the
foreshot-midshot and the midshot-backshot. These multiple shot points permit interpretation of near-surface
interfaces at various locations along the array as well as near the endpoints for variable subsurface profiles,
and permits more refined overall interpretations of shallow and mid-depth subsurface velocities and interfaces.
In cases when both enhanced depth of investigation and improved shallow resolution are needed, multiple 12-
geophone arrays are completed end to end and combined into longer composite 24- or more geophone arrays
with greater depths of investigation. Additional energy shotpoints are then, at a minimum, performed at the
midpoint and far endpoint of each adjacent 12-geophone array to provide seismic energy travel path coverage
over the extended array.
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P-wave data are recorded for general exploration work. S-wave data are also recorded when dynamic
subsurface material properties are desired. An s-wave arrival is verified by obtained two sets of horizontal
data that are 180 degrees out of phase. The phase reversal is obtained by either reversing the horizontal
geophone orientation or reversing the hammer impact direction. Hard copy printouts of all field data are made
and inspected as the information is collected. Field notes, including line number and orientation, topographic
variations and other notes as appropriate are made on the hard copy printout. Locations and other notes are
made on site maps and in notebooks as appropriate. Initial first arrival picks are made in the field and array
endpoint arrival times are checked for immediate data adequacy verification as part of the quality control
process.

Interpretation - Although preliminary or quality control initial refraction seismic data interpretations may
sometimes be performed in the field, full interpretations are completed in the office. Atthe present time, two
interpretation methods are being used; the intercept time method (ITM) and an optimization software routine
based on finite difference optimization software. ITM breaks an interpretation into several distinct layers. Itis
simple, can be performed with a calculator, and can provide excellent interpretations of near surface layer
depths and velocities. Optimization provides a continuously variable velocity interpretation through a discrete
grid. Interpretations using optimization also indicate zones where interpretation has occurred, thus providing
quality control on the depths to which the interpretation can be relied upon. However, the discrete grid used by
optimization results in a low resolution near surface interpretation. The combination of both ITM and, when
appropriate, optimization methods provides two separate interpretations with complimentary strengths and
cross-checking capability. These interpretation methods are applied as appropriate to a particular project.

Refraction seismic data interpretation using the intercept time method is detailed by Mooney (1973). A
personal computer spreadsheet is used to perform the necessary calculations to obtain depths and layer
velocities, and print out time-distance plots and depth interpretations. This method is used for interpretations
of up to three layers. Itis considered that more than three layers cannot be effectively interpreted using twelve
geophone data points. Interpretations are then completed manually to produce a final interpreted geologic
profile and layer depths.

Refraction seismic data interpretation using optimization is performed using the SeisOpt2D software package
by Optim, L.L.C., 1999, of Reno, Nevada. Energy source and geophone receiver locations and elevations,
and first arrival times are entered into the software package, and first arrival travel times are optimized through
a process of repeated (typically 10,000 to 100,000) iterations. Multiple seismic lines combined end to end into
a longer composite line can be effectively interpreted using this software. Model grid dimensions and element
sizes are selected, with larger grids containing smaller elements providing greater potential resolution.
However, very large grids containing small elements may become unstable, and several runs may need to be
made to obtain stable, robust interpretations. Once a robust interpretation has been obtained, the resulting
seismic velocity profile is printed out with varying colors indicating the interpreted velocities.

References:

Mooney, H.M., 1973, Engineering Seismology Using Refraction Methods, Bison Instruments, Inc.,
Minneapolis, Minnesota.

Rucker, M.L. and Keaton, J.R., 1998, Tracing an Earth Fissure Using Seismic-Refraction Methods with
Physical Verification, in Land Subsidence Case Studies and Current Research: Proceedings of the Dr. Joseph
F. Poland Symposium on Land Subsidence, Edited by Borchers, J.W., Special Publication No. 8, Association
of Engineering Geologists, Star Publishing Company, Belmont, California, p. 207-216.
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Interpretation
West Interpretation of Refraction Seismic Data East
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Interpretation
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l Refraction Seismic Line 22 AMEC Job No. 4-117-001088
Interpretation
l West Interpretation of Refraction Seismic Data East
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Interpretation
West Interpretation of Refraction Seismic Data East
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Interpretation
West Interpretation of Refraction Seismic Data By
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Refraction Microtremor S-wave Interpretation Line 1 AMEC Job No. 4-117-001088
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Refraction Microtremor S-wave Interpretation Line 2 AMEC Job No. 4-117-001088
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Refraction Microtremor S-wave Interpretation Line 5 AMEC Job No. 4-117-001088
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Refraction Microtremor S-wave Interpretation Line 6 AMEC Job No. 4-117-001088
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