A

GEOTECHNICAL EXPLORATION

on

FIREWHEEL SWIM AND RECREATION
ASSOCIATION DAM (EXISTING)
Near 7110 Dutch Elm Court
Garland, Texas
ALPHA Report No. G080698

Prepared for:

FIREWHEEL SWIM AND RECREATION ASSOCIATION
5435 North Garland Avenue
Garland, Texas 75044
Attention: Mr. Larry Wortham
August 22, 2008

Prepared By:

ALPHA TESTING, INC,
2209 Wisconsin Street, Suite 100
Dallas, Texas 75229




Geotechnical 2209 Wisconsin Street Tel: 972.620.8911
Construction Materials Suite 100 Fax: 972.620.1302
n l P “ n //’ T E s T I N G Environmental Dallas, Texas 75229 www. alphatesting. com

WHERE IT ALL BEGINS

August 22, 2008

Firewheel Swim and Recreation Association
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Attention: Mr, Larry Wortham

Re: Geotechnical Exploration
Firewheel Swim and Recreation
Association Dam (Existing)
Near 7110 Dutch Elm Court
Garland, Texas
ALPHA Report No. G080698

Attached is the report of the geotechnical exploration performed for the project referenced
above. This study was authorized by Mr. Larry Wortham on July 7, 2008 and performed in
accordance with ALPHA Proposal No. 22626 dated June 18, 2008,

This report contains results of field explorations and laboratory testing and an engineering
interpretation of these with respect to available project characteristics. The results and analyses
were used to develop recommendations to control the water seepage through the existing dam.

ALPHA TESTING, INC. appreciates the opportunity to be of service on this project. If we can
be of further assistance, please contact our office.
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1.0 PURPOSE AND SCOPE

The purpose and scope of the geotechnical study include the following tasks:

0 Perform soil borings and laboratory testing to evaluate subsurface conditions;

0 Review available information on site geology, project history, construction of existing
facilities and site grading information in the vicinity of the dam;

o Recommend appropriate remedial measures to control the seepage problems.

The field exploration was accomplished by securing subsurface samples from widely spaced test
borings performed in the vicinity of the existing dam. Engineering analyses were performed
from results of the field exploration and results of laboratory tests performed on representative
samples.

Recommendations provided in this report were developed from information obtained in test
borings depicting subsurface conditions only at the specific boring locations and at the particular
time designated on the logs. Subsurface conditions at other locations may differ from those
observed at the boring locations. The scope of work may not fully define the variability of
subsurface materials that is present on the site. The nature and extent of variations between
borings may not become evident until construction. If significant variations then appear
evident, our office should be contacted to re-evaluate our recommendations after performing on-
site observations and possibly other tests.

2.0 PROJECT CHARACTERISTICS

2.1 Description of Project Site

The project is an existing pond and associated earthen dam, located in the southwest
portion of The Retreat at Firewheel subdivision located in Garland Texas. The project site
is located northeast of the intersection of Water Oak Drive and Dutch Elm Court. We
understand the pond was constructed in 1999, and that the pond has been experiencing
seepage problems since construction was complete. The general location plan of the
pond and the earthen dam is presented in Figure 1 in the Appendix of this report.

A decorative waterfall feature drains into a small pool that is located on the central
portion of the down-stream face (along southern boundary of the pond) of the earthen
dam. Based on our conversation with the Client and our observations during an on-site
visit the water surface elevation in the pond and the decorative waterfall is maintained by
pumping water via mechanical pumps from the lower pool. Based on our conversation
with the Client we understand the water surface elevations in the pond and waterfall are
designed to be independent of each other.




ALPHA Report No. G080698 ///\

2.2 Pond and Dam Construction

Based on a grading plan provided to us (prepared by Winkelmann & Associates, Inc.,
Project No. 14646.01 dated 07/01/1999 Sheet 14A) the crest of the earthen dam
surrounding the pond is at about Elev. 526 ft and the crest of the dam is up to about 16 ft
wide. The upstream side of the dam slopes down at 4H to 1V from the crest of the dam
to the bottom of the pond. Based on the grading plan the normal water surface elevation
in the pond is 524.0. An emergency spillway is constructed at an Elev. 524.50. The
bottom of the pond is at an Elev. 514.0.

No information was available regarding the construction of existing earthen dam.
Based on our on-site observations and from the borings, it appears the existing earthen
dam was constructed with on-site soils. It is not apparent if a clay liner was provided
during the construction of the pond. For the purpose of this study we have assumed no
clay liner was provided for the pond.

Based on our review of aerial photographs published by various entities (dated back
to 1942), it appears the existing pond was developed by widening and improving a
pre-existing pond in the year 1999. Based on the information provided by the Client and
an aerial photograph for the year 1999 published by NCTCOG, it appears the pre-existing
pond was drained completely prior to development of the existing pond. The aerial
photographs reviewed during the current study are presented in the Appendix of this
report,

Aerial Photo Sources for the Current Study:

USDA (United States Department of Agriculture)

TxDOT (Texas Department of Transportation)

NCTCOG (North Central Texas Council of Governments)
ASCS (The Agricultural Stabilization and Conservation Service)

UL 0D DO

2.3 Seepage History

Based on the information provided by the Client, the pond was developed and the
decorative waterfall was constructed in 1999 at the time of developing the subdivision.
It was reported to us that the pond and the waterfall have been experiencing seepage
problems since construction was complete. We understand the seepage problems
worsened with time. In August 2005, in an attempt to fix the seepage problems, a large
quantity of bentonite slurry was reportedly added to the affected area. The addition of
bentonite slurry helped initially but eventually dissipated into the downstream pool and
the leak worsened again.

Based on our conversation with the Client we understand several studies were conducted
to locate the leaks within the dam. As the leaks worsened, it was observed the water
seeping through the earthen dam entered the downstream pool, resulting in overflow of
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the down steam pool. To stop the overflow from the downstream pool and to maintain
the water level in the upstream pond, a return pump was installed in the downstream pool
to pump the water back to the pond. This technique apparently worked to keep the pond
level for about 2 years. But with the continued growth of the leak, the return pump was
not adequate to maintain the water levels in both the pond and the pool. Eventually the
water level in the pond was maintained by refilling with water from the City of Garland.
During the event of heavy seepage, when the return pump could no longer keep up the
water levels, the overflow was going down the storm drain and eventually into the
Firewheel Golf Course located in the vicinity of the dam.

It was reported to us that in early 2008 numerous dye tests and other tests were conducted
in an attempt to locate the leaks. After all these tests and observations it was concluded
the seepage problem is due to several small voids at the base of the retaining wall along
the dam at the waterline, and that these numerous small voids contributed to the
substantial loss of water from the pond. In April, 2008 in an attempt to locate the leaks
and minimize the seepage losses the water level in the pond was allowed to drop by
turning off the City water refill valve. We understand the seepage losses diminished
substantially when the water level in the pond dropped to about 16 inches below the
normal water surface elevation (Elev. 524.00). Photographs 1, 2 and 3 (provided by the
client) in the Appendix of this report, show the general nature of the seepage problem.

3.0 FIELD EXPLORATION

Subsurface conditions on the site were explored by drilling six (6) test borings in general
accordance with ASTM D 420 to a depth of 20 ft each using standard rotary drilling equipment.
Borings 2, 3, 4 and 5 were drilled on the top of the existing dam to evaluate the existing fill
placed during the construction of the dam. Borings 1 and 6 were drilled downstream side of the
dam, adjacent to the waterfall and pool. The approximate location of each test boring is shown on
the Boring Location Plan, Figure 1, enclosed in the Appendix of this report. Details of drilling
and sampling operations are briefly summarized in Methods of Field Exploration, Section A-1 of
the Appendix.

Subsurface types encountered during the field exploration are presented on Record of Subsurface
Exploration sheets included in the Appendix of this report. These boring logs contain our Field
Technician's and Engineer's interpretation of conditions believed to exist between actual samples
retrieved. Therefore, these boring logs contain both factual and interpretive information. Lines
delineating subsurface strata on the boring logs are approximate and the actual transition between
strata may be gradual.
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4.0 LABORATORY TESTS

Selected samples of the subsurface materials were tested in the laboratory to evaluate their
engineering properties. The test results were used to evaluate subsurface conditions. Individual
test results are presented either on Record of Subsurface Exploration sheets. Details of
laboratory testing procedures are briefly described in Methods of Laboratory Testing, Section B-1
in the Appendix.

5.0 GENERAL SUBSURFACE CONDITIONS

5.1 Site Geology

Based on available surface geology maps and our experience, this site is located in the
Austin Chalk (limestone) formation. The Austin Chalk consists of massive blue-gray
un-weathered limestone, overlain by tan weathered limestone. Near surface residuals
soils associated with the Austin Chalk generally consist of high plasticity clays and/or
moderate plasticity calcareous clays.

5.2 Soil and Groundwater Conditions

With in 20 ft maximum depth explored on the site, subsurface materials consist generally
of high plasticity clay fill and high plasticity clay (CH), underlain by shaly limestone.
Clay fill was encountered at the surface of each of the borings and extended to depths
ranging from about 5 to 12 ft below the existing grade. High plasticity native clay was
encountered below the fill in Boring 4 at a depth of about 12 ft below the existing grade.
Tan shaly limestone was encountered in Borings 4 and 5 at depths of about 18 and 11 ft
respectively, and Boring 4 terminated in the tan shaly limestone. Tan shaly limestone
was not encountered in the other borings. Gray shaly limestone was encountered in
Borings 1, 2, 3, 5 and 6 at depths ranging from about 5 to 13 ft below the existing
grade. The letters in parenthesis represent the soils' classification according to the
Unified Soil Classification System (ASTM D 2488). TABLE A below provides the
boring elevations, shaly limestone elevations and groundwater details at each of the
boring locations, More detailed stratigraphic information is presented on the Record of
Subsurface Exploration Sheets attached to this report.

Groundwater was encountered in Borings 2, 3, 4 and 6 on drilling tools at depths ranging
from about 2 to 18 ft below the existing grade. Groundwater was encountered
immediately upon completion of Borings 3 and 6 at depths of about 17 ft and 2 fi
respectively. Groundwater was not encountered in Borings 1 and 5 during drilling, and
the boreholes at Borings 1, 2, 4, and 5 were dry immediately after completion of drilling
operations.
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TABLE A: SUMMARY OF SOIL AND GROUNDWATER CONDITIONS

Boring Boring Elev. Elev. of Shaly Groundwater Elev.
No. Limestone During At Completion
Drilling
1 517+ 511+ N/E N/E
2 526+ 521+ 521+ N/E
3 526+ 513+ 518+ 509+
4 526+ 508+ 508+ N/E
5 526+ 515+ N/E N/E
6 S17+ 508+ 515+ 515«

(N/E: Not Encountered)

The high plasticity clays encountered at this site are relatively impermeable and are
anticipated to have a slow response to water movement. Therefore, several days of
observation will be required to evaluate actual groundwater levels within the depths
explored. In addition, it is common to detect groundwater from fill materials, natural
fractures within the clay matrix, near the soil/rock (clay/shaly limestone) interface, or
from fractures in the rock (shaly limestone), particularly during or after periods of
precipitation. The groundwater level at the site is anticipated to fluctuate seasonally
depending on the amount of rainfall, prevailing weather conditions, subsurface drainage
characteristics, and the water level in the pond, pool, and other nearby surface water
features.

If more detailed groundwater information is required, monitoring wells or piezometers
can be installed particularly after a wet season.

6.0 ANALYSIS AND RECOMMENDATIONS

The following opinions and comments regarding the existing seepage and remedial
recommendations to reduce the future seepage problems were developed on the basis of the
previously described Project Characteristics (Section 2.0) and General Site Conditions
(Section 5.0). If project criteria should change or are different from those described herein, our
office should conduct a review to determine if modifications to the opinions and
recommendations contained in this report are required. Further, it is recommended our office be
provided with a copy of the final plans and specifications for review prior to construction.

6.1 Probable Cause for the Existing Seepage Problem

Based on the available information on the project and our experience with the Austin
Chalk Formation, likely causes for the existing seepage problem are summarized below:

a Based on the information provided by the Client it appears the existing seepage
problem is primarily within the upper 2 ft below the normal pool level, below the
hard edge retaining wall along the edge of the pond at the earthen dam. This may
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be due to the seeping of water though the fill material placed during the
construction of the earthen dam.

0 A secondary source of pond leakage could be a seepage through the natural cracks
and fractures in the underlying shaly limestone rock, and/or seepage on top of the
shaly limestone rock and below the fill for the dam. This mechanism of pond
leakage would account for the areas of wet ground at the downstream end of the
dam, adjacent to the waterfall collection pool. As described previously the bottom
of the pond consists predominantly of shaly limestone. It is not apparent if a clay
liner was provided during the development of the pond. For the purpose of this
study we have assumed no clay liner was provided for the pond. The shaly
limestone, especially the upper tan shaly limestone and the upper portion of gray
shaly limestone associated with the Austin Chalk Formation can contain
numerous cracks and fractures. These cracks and fractures can be moderate to
highly permeable and can create significant seepage.

The following recommendations for remedial measures were developed considering the
above described potential causes for the existing seepage problems.

6.2 Remedial Measures to Control Seepage Losses

Based on the results of this investigation and discussion above, several methods
are available for mechanical control of seepage losses through the dam, including
(but not limited to) liners, cut-off barriers, and/or reconstruction of the dam embankment.
Each of these methods is not necessarily appropriate for both of the seepage loss
conditions described in Section 6.1 above.

The methods listed above are presented for purposes of feasibility only, and are generally
discussed below. Specific design parameters are beyond the scope of this study. Seepage
control systems are frequently designed by specialty geotechnical contractors or specialty
consultants. As such, it has been our experience that these entities frequently submit
concepts and designs that can be different or more economical than those presented in
this report. ALPHA TESTING would be pleased to meet with the client and other
members of the design team to assess alternative concepts and proposals for remedial
work.

6.2.1 Liners

Liners for the pond could consist of a natural clay line or a manufactured liner
(such as a geomembrane or geosynthetic clay liner). A full liner over the entire
bottom and sides of the pond should be effective in controlling both mechanisms
of pond seepage described above, and would be the most positive method of
seepage control. A partial liner that covers only the face of the embankment may
be effective in controlling seepage losses through the embankment within the
upper 2 ft below the normal pool level, but would not have an impact on seepage

6
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losses through the base of the dam or through the rock. Likewise, a liner located
only on the bottom of the pond will not prevent the existing seepage through the
core of the earthen dam.

A natural clay liner consists of moderate to high plasticity on-site clay soils or
similar imported clay. It is recommended the pond should be drained and a clay
liner composed of soil with a plasticity index of 30 or greater be placed over all
exposed shaly limestone and calcareous clay to reduce seepage losses. The clay
liner should be at least 2 ft thick.

Additional seepage could be expected through desiccation cracks and other
natural fractures within the exposed clays of the embankment above the shaly
limestone. It is recommended the exposed clay material in the pond sides
(including the dam) be scarified to a depth of at least 12 inches and re-compacted
(re-processed). The re-processed clay soil and liner materials should be
compacted to at least 95 percent of standard Proctor maximum dry density
(ASTM D 698). The compacted motisture content of the clay and liner materials
during placement should be within the range of 0 to 4 percentage points above
optimum. Liner materials should be processed such that the largest particle or
clod is less than 3 inches prior to compaction. This method should help in
reducing the seepage losses through the shaly limestone as well from the bottom
of earthen dam. Clay liners are frequently installed by specialty contractors.

Manufactured liners could consist of geosynthetic clay liners (GCL) or a
conventional geomembrane liner. These materials could be used as an upstream
barrier to cut-off the seepage through core of the earthen dam. These materials
could also be used as a liner material for the pond sides and bottom.
Manufactured geomembrane liners are synthetic materials and are flexible in
nature. A geosynthetic clay liner is an artificial material made of a thin layer of
bentonite clay between geotextile material layers, A geosynthetic clay liner works
due to the expansive properties of the bentonite. When placed in water the
bentonite present in the geosynthetic clay liner swells and forms an impermeable
paste. Synthetic material could be manufactured for the required permeability
characteristics. Manufactured liners are designed and installed by specialty
contractors.
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6.2.2 Reconstruction of the Existing Dam Embankment

The seepage problem through the dam core could be controlled by reconstructing
the dam. If it is desired to demolish the existing embankment and construct a
new embankment, it is recommended the existing clay fill be totally removed
from the area of the new earthen dam, to expose firm native clay and/or shaly
limestone. It is recommended the lateral extent of the previous dam be confirmed
by a Professional Engineer, or his representative. Where shaly limestone is
encountered at or above the elevation of the bottom of the pond, we recommend a
cut-off trench extend into the shaly limestone. The cut-off trench should be at
least 3 ft deep and at least 3 ft wide.

All areas supporting the new earthen dam should be properly prepared. After
completion of the necessary stripping, clearing and excavating and prior to placing
any fill, the exposed subgrade should be carefully inspected by probing and testing
as needed. Any undesirable material (i.e. organic material, wet, soft or loose soils)
still in-place should be removed. The exposed subgrade should be further
inspected by proof-rolling with pneumatic tired equipment to check for pockets of
soft or loose material hidden beneath a thin crust of possibly better soil. Any
unsuitable material thus exposed should be removed and replaced with well
compacted material as discussed below.,

It is recommended the embankment material for the reconstructed earthen dam
(and the cut-off trench in the shaly limestone) consist of on-site clay soils or
similar imported clays. This material should have a plasticity index of at least
30 and should be placed in 6 to 8 inch loose lifts and should be compacted to at
least 95 percent of standard Proctor maximum dry density (ASTM D 698).
The compacted moisture content of materials during placement should be within
the range of 0 to 4 percentage points above the optimum moisture content. Fill
and backfill material should be processed such that the largest particle or clod is
less than 3 inches prior to compaction. Field density tests should be performed on
each lift as necessary to assure that adequate compaction is achieved.

All new embankment fill placed against the existing abutments should be placed
in horizontal lifts. The existing abutment should be benched or stair-stepped to
allow fill placement in horizontal lifts. This method of reconstructing the dam
embankment should reduce the seepage through the dam itself, but will not be
effective in controlling any seepage that may be occurring out the sides of the
pond or through the bottom of the pond.
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6.2.3 Seepage Cut Off (Slurry Trench)

Seepage through the core of the existing earthen dam and through the base of the
dam (at the clay shaly limestone interface) could be reduced by constructing a
slurry trench. However, this method will not prevent seepage through the shaly
limestone at the bottom of the pond. A liner method as described in Section 6.2.1
would be required to control seepage through the bottom of the pond, if desired.

It is recommended to construct the slurry wall trench along the center line of the
existing embankment. The trench wall should extend throughout the full length of
the embankment in affected areas. The slurry trench wall should be at least
30 inches wide and consist of a bentonite/fly ash mixture with a permeability less
than 107 ¢m/sec. The depth of the trench wall should extend at least 2 ft into the
shaly limestone.

7.0 LIMITATIONS

Professional services provided in this study were performed, findings obtained, and
recommendations prepared in accordance with generally accepted geotechnical engineering
principles and practices. The scope of services provided herein does not include an
environmental assessment of the site or investigation for the presence or absence of hazardous
materials in the soil, surface water or groundwater.

ALPHA TESTING, INC. is not responsible for conclusions, opinions or recommendations made
by others based on this data. Information contained in this report is intended for exclusive use of
the Client (and their design representatives} and design of specific structures outlined in
Section 2.0. Recommendations presented in this report should not be used for design of any
other structures except those specifically described in this report. Further, subsurface conditions
can change with passage of time. Recommendations contained herein are not considered
applicable for an extended period of time after the completion date of this report. It is
recommended our office be contacted for a review of the contents of this report for construction
commencing more than one (1) year after completion of this report.

Recommendations provided in this report are based on our understanding of information
provided by the Client about characteristics of the project. If the Client notes any deviation from
the facts about project characteristics, our office should be contacted immediately since this may
materially alter the recommendations. Further, ALPHA TESTING, INC. is not responsible for
damages resulting from workmanship of designers or contractors and it is recommended the
Owner retain qualified personnel, such as a Geotechnical Engineering firm, to verify construction
is performed in accordance with plans and specifications.
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A-1 METHODS OF FIELD EXPLORATION

Using standard rotary drilling equipment, a total of six (6) test borings were performed for this
current study at the approximate locations shown on the Boring Location Plan, Figure 1. The test
boring locations were staked by either pacing or taping and estimating right angles from
landmarks which could be identified in the field and as shown on the site plan provided during
this study. The location of test borings shown on the Boring Location Plan is considered
accurate only to the degree implied by the method used to locate the borings. Ground surface
elevations at the boring locations were determined from elevation contours shown on the
previously referenced grading plans; elevations shown on the boring logs should be considered
accurate only to the degree implied by the methods used to establish them.

Relatively undisturbed samples of the cohesive subsurface materials were obtained by
hydraulically pressing 3-inch O.D. thin-wall sampling tubes into the underlying soils at selected
depths (ASTM D 1587). These samples were removed from the sampling tubes in the field and
examined visually. One representative portion of each sample was sealed in a plastic bag for use
in future visual examinations and possible testing in the laboratory.

The shaly limestone encountered was evaluated using a modified version of the Texas Cone
Penetration (TCP) tests (Texas Department of Transportation Test Method Tex 135-E).
The Texas Cone Penetration test consists of a 3-inch diameter stee! cone driven by a 170-pound
hammer dropped 24 inches (340 ft-lb energy). ALPHA TESTING, INC. has modified the
procedure by using a 140-pound hammer dropping 30-inches (350 ft-lbs of energy) for
completion of the field test. Depending on the resistance (strength) of the materials, either the
number of blows of the hammer required to provide 12 inches of penetration, or the inches of
penetration of the cone due to 100 blows of the hammer are recorded on the field logs and are
shown on the Record of Subsurface Exploration sheets as TCP.

Logs of all borings are included in the Appendix of this report. The logs show visual
descriptions of soil strata encountered using the Unified Soil Classification System. Sampling
information, pertinent field data, and field observations are also included. Soil samples not
consumed by testing will be retained in our laboratory for at least 30 days and then discarded
unless the Client requests otherwise.
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B-1 METHODS OF LABORATORY TESTING

Representative samples were inspected and classified by a qualified member of the Geotechnical
Division and the boring logs were edited as necessary. To aid in classifying the subsurface
materials and to determine the general engineering characteristics, natural moisture content tests
(ASTM D 2216) and Atterberg-limit tests (ASTM D 4318) were performed on selected samples.
Pocket-penetrometer tests were conducted on selected soil samples to evaluate the soil strength
characteristics.

Results of all laboratory tests described above are provided on the accompanying Record of
Subsurface Exploration sheets.




