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EXECUTIVE SUMMARY
Datum Engineers, Inc. conducted a structural condition assessment of the upstream and
downstream dams that contain the Barton Springs Pool of Zilker Park, Austin, Texas. The
assessment includes a review of existing documentation and drawings; coordination with
governmental agencies, visual field observation, material testing of the existing concrete
and rock subgrade; and both hydraulic and structural analyses of the existing structures.
Based on the findings of this study, repair and modification concepts are developed. An
estimation of the probable construction cost and service life accompanies each concept in
order to provide guidance for future funding decisions.
Both the upstream and downstream dams are unreinforced concrete gravity structures and
are keyed into the limestone subgrade. The structures were built between 1929 and 1930 as
a means of containing the water flowing out of the Main Spring and for the purpose of
creating a recreational spring-fed swimming pool.
The existing concrete gravity dams that contain the Barton Springs pool are, generally, in
satisfactory condition and do not require repair with the following exception: the north side
of the downstream dam is in unsatisfactory condition because it contains very large
horizontal cracks that completely transmit through the structure. Failure to remediate these
large cracks may result in the detachment of the upper portion of dam. Such a failure
would be an isolated event and would not affect the structural integrity of the remainder of
the dam; however, the ability of the dam to maintain normal pool levels would be
compromised. It is recommended that these cracks be repaired as soon as possible.
In addition, the walkway slab that spans over the concrete weirs at the north and south ends
of the downstream dam contains very large cracks; as well as exposed and actively
corroding reinforcement. Accelerated deterioration of the walkway at these locations can
be expected. Although this deterioration has no affect on the structural integrity of the
dam; it could eventually affect the ability of the dam to serve as a functional means for
crossing the pool. Therefore, it is also recommended that these cracks be repaired.
The global stability of both dams was evaluated at four critical cross-sections under the
hydraulic loading conditions required by the United States Army Corps of Engineers
(USACE). In addition to a stability analysis, the bearing pressure at the toe of each dam
and face of each key was evaluated. Furthermore, the magnitude and distribution of
internal stresses were evaluated. Detail of the analysis is presented in Section 0.
The results of these analyses indicate that both the upstream and downstream dam are
stable; however, the probability of a destabilizing event is higher than that which is
typically required for the design of new structures. In lieu of the fact that the structures are
over 90-years old and have been subjected to numerous flood events of varying degrees
without showing any significant signs of stability failure or displacement; it is appropriate
to evaluate the stability of the dams against a lower factor of safety than that which is
typically required for a new structure. Consequently, the stability of the upstream and
downstream dams was found to be satisfactory. With that said, if the existing configuration
of either structure is modified, then the new configuration will not benefit from a record of
past performance. In other words, if gates are added or the walkway widened, then
v
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additional measures must be taken to protect the existing structures against global
instability.
The probable construction cost for repair of the lower dam is estimated to be
approximately $130,000. The probable construction cost to modify both structures,
including the addition of outlets, widening of the upstream walkway, and miscellaneous
repairs is estimated to be in the range between $890,000 and $1,100,000. Construction
concepts for repairing and/or modifying the existing structures are presented in Section 0.
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1.1

INTRODUCTION
OBJECTIVE
The objective of this assessment is to evaluate the structural condition of the upstream and
downstream dams that enclose the Barton Springs Pool and to report on the structural
feasibility of the following modifications.
•
•
•

1.2

Widen the pedestrian path and raise the concrete curb on the pool side of the upper
dam in order to provide safe access for a 5500 lb skid steer loader.
Addition of hydraulic discharge structures at the upstream and downstream dams
in order to provide greater flexibility and control of the flow regime.
Improve current swimmer safety system at spring side of the downstream dam
without blocking water flow.

SCOPE OF INVESTIGATION
This report documents the structural condition of the Barton Springs upstream and
downstream dam including the following.
•
•
•
•
•
•
•

Review of existing construction documents and engineering reports.
Visual observation of the concrete dam structures and documentation with
photographs and crack mapping diagrams.
Properties of the existing concrete. Cores were extracted from both dams and
tested in accordance with the American Society for Testing and Materials (ASTM).
Properties of the soil/bedrock substrate. A soil and rock boring was extracted from
a location northwest of the upstream dam and tested in accordance with ASTM.
Overview of environmental statutes including coordination with governmental
agencies and preparation of a water quality mitigation plan.
A hydraulic analysis of the upstream and downstream dams. This information is
used to compile the external loadings that the existing structures must resist.
A structural analysis of the upstream and downstream dams, including an
assessment of each of the proposed modifications to the structures.

Based on the findings of this study, repair and modification concepts are developed. An
estimate of the construction cost and probable service life accompanies all repair and
modification concepts in order to facilitate future funding decisions.
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1.2.1

Existing Documentation

The City of Austin made available the following engineering reports for the purpose of the
structural assessment of the Barton Springs Dams.
•
•
•
•

“Visual Inspection of Barton Springs Pool Upper and Lower Dams and Bypass
Tunnel Inlet”; prepared by John King, P.E.; Freese and Nichols, Inc.; November
17, 2006.
“Geotechnical Investigation, Barton Springs Pool Bypass Tunnel”; prepared by
Yanfeng Li, Ph.D., P.E. and Johnny Flores, P.E.; Fugro Consultants, Inc.; June 29,
2009.
“Structural Assessment of the Bypass Culvert at the City of Austin Barton Springs
Pool”; prepared by Larry Wu, P.E. and D. Gary Pickett, P.E.; Pickett, Kelm, and
Associates, Inc.; August, 2009.
“Structural Evaluation of the Distressed Condition of the Barton Springs Pool
Bypass Tunnel”; prepared by Terry Refai, S.E., P.E. (IL, IN, KY, MI), Ph.D. and
Chris Chen, P.E.; AECOM; September 17, 2010.

In addition to the engineering reports summarized above, the City of Austin also provided
the following documents.
•
•
•
•
1.2.2

“Barton Springs Pool Master Plan, Concepts for Preservation and Improvement”;
Limbacher and Godfrey Architects; December, 2008.
Digital copies of the original 1928 and 1929 construction drawings for the lower
and upper dams, respectively.
Digital copies of the original 1974 construction drawings for the Barton Springs
bypass culvert.
Digital CAD survey files of the Barton springs pool and surrounding area prepared
by SAM, Inc. and dated April, 2009.
Regulatory Agency Coordination

Because the Barton Springs pool is a water source, cultural icon, and habitat for a
federally-listed endangered species, there are multiple regulatory agencies that oversee the
protection of the pool and structures. Work in this area is subject to the requirements of the
following state and federal regulations.
•
•
•
•

Texas Antiquities Code
National Historic Preservation Act (NHPA), Section 106
Endangered Species Act (ESA)
Clean Water Act (CWA), Section 401 and 404
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As a result of the statutes listed above, extraction of concrete cores and soil borings
requires coordination with the Texas Historical Commission, City of Austin Historic
Preservation Office, Texas Parks and Wildlife Department, Fish and Wildlife Service,
Texas Commission on Environmental Quality, and the United States Corps of Engineers.
Baer Engineering and Environmental Consulting, Inc. (Baer) reviewed the coring
procedures, prepared the water quality mitigation plan, and coordinated the permitting
requirements. Section 5.1 contains additional information with regard to the environmental
services provided by Baer.
1.2.3

Testing

In order to assess the material strength of the existing concrete dams and immediate
limestone subgrade, three cores were extracted vertically through each dam to a depth of
approximately 1-ft below the base of each dam. Additionally, a geotechnical boring was
extracted from a location near the upstream dam to a depth of approximately 18-ft below
existing grade.
Unconfined compression tests of the concrete and bedrock cores were conducted per
ASTM C42 and D7012, respectively. A summary of the resulting material data is
presented in Section 2.3.3.
Holt Engineering, Inc. (Holt) conducted the material testing of the concrete cores and soil
boring. AusTex Drilling and Sawing, Inc. extracted the concrete cores under the direction
of Holt. Section 5.2 provides additional information with regard to the subsurface material
and geotechnical investigation provided by Holt.
1.3

MEETINGS
In order to refine the scope of the current investigation and meet the expectations of all
parties involved, the following meetings were conducted.
•
•
•

September 2, 2010. Team kick-off meeting at the site with representatives from the
Parks and Recreation Department, Texas Historic Commission, and Watershed
Protection Department.
September 14, 2010. Meeting at the site with representatives from the Parks and
Recreation Department and Watershed Protection Department to discuss the goals
of the City of Austin.
October 1, 2010. Meeting at the Parks and Recreation Department Annex with
Professor Ben Hodges (University of Texas at Austin), Parks and Recreation
Department, and Watershed Protection Department to discuss the goals of the City
of Austin.
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•

January 20, 2011. Meeting at the Parks and Recreation Department Annex with
representatives from the Parks and Recreation Department and Watershed
Protection Department to present preliminary findings and discuss the expectations
of the City of Austin.
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GENERAL
The Barton Springs pool is a popular spring-fed swimming pool, approximately two acres
in area, and located in Zilker Park, Austin, Texas. The source of water for the Barton
Springs swimming pool is a natural underground spring (Main Spring) that discharges an
average of 34 million gallons of water a day. In 1929 and 1930, the City of Austin
constructed a “lower” (downstream) and “upper” (upstream) dam, respectively, in order to
contain the spring water and increase the size of the pool. The Barton Creek is located
upstream and downstream from the Barton Springs pool. Water flow from the Barton
Creek is diverted upstream of Barton Springs pool through a bypass culvert and discharged
downstream of the pool. An aerial view of the Barton Springs pool is presented in Figure
2-1.
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DESCRIPTION OF STRUCTURE
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Figure 2-1 Aerial view of Barton Springs Pool.
The lower dam is an unreinforced concrete gravity dam approximately 150-ft long, 15-ft
high, 3-ft wide at the top, and 8-ft wide at the base. The top of the dam contains a 5-foot
wide by 6-inch thick reinforced concrete walkway. The base of the dam is keyed 1-ft deep
into the limestone bedrock with a 2-ft wide unreinforced concrete keyway. Water from the
springs can be discharged through four low gated release outlets and three overflow weirs
located approximately at the center of the dam; as well as two additional overflow weirs
located near the north and south ends. The release outlets are 2-ft high by 2-ft wide. The
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overflow weirs are 5-ft wide with a crest located 2.5 ft below the top of the dam. The rate
of water released through the four low outlets is controlled by hand-operated vertically
sliding steel sluice gates. A concrete scour apron is provided at the downstream toe of the
dam and extends 60-ft downstream of the overflow weirs. A cross-sectional elevation of
the lower dam is presented in Figure 2-2 and Figure 2-3 (information based on original
construction drawings, field measurements, and test data).

Figure 2-2 Typical Cross-section of Lower Dam.
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Figure 2-3 Cross-section of Lower Dam at Main Overflow Weir.
The upper dam is also an unreinforced concrete gravity dam. The dam is approximately
120-ft long orientated along an arc with a 340-ft long radius. The dam is 3-ft wide at the
top and 6.6-ft wide at the base. The top of the dam contains a 6.3-foot wide by 6-inch thick
reinforced concrete walkway. The entire base of the dam is keyed 1-ft deep into the
limestone bedrock. The upper dam does not contain any spillway or outlets. A bypass
culvert diverts normal Barton Creek water flow around the pool and its dams. The culvert
deposits the diverted water back into Barton Creek at the north end of the lower dam. A
cross-sectional elevation of the upper dam is presented in Figure 2-4.
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Figure 2-4 Cross-section of Upper Dam.
2.2

DATES OF CONSTRUCTION, ALTERATION, AND REPAIR
The original construction drawings for the lower and upper dams are dated 1928 and 1929,
respectively. The lower dam was constructed in 1929 and the upper dam was constructed
in 1930. The original construction drawings of the upper dam specified an 8-inch thick
limestone masonry veneer on the downstream face. However, the veneer was not installed.
Also, the original construction of the upper dam contained four 1.5-ft wide by 2-ft high
openings at the base of the dam. Water from the Barton Creek flowed through these low
openings and into the Barton Springs pool. A steel screen was installed across the openings
at the upstream face of the dam to catch debris from the creek. Shortly after construction of
the dams, a reinforced concrete pipe was installed along the north side of the pool, below
the streambed. The purpose of the pipe was to divert water from Barton Creek and
discharge it downstream of the pool. The date of construction of this bypass pipe is
unknown; based on discussions with the City of Austin and photographic evidence, it is
estimated that the pipe was installed in the 1940s.
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Figure 2-5. Installation of Reinforced Concrete Bypass Pipe
The openings in the upstream dam were subsequently filled with concrete and the bypass
pipe was abandoned during the construction of a reinforced concrete box culvert; the
“bypass culvert”. The original construction drawings for the bypass culvert are dated 1974.
The culvert was constructed in 1975. The opening of the bypass culvert is approximately
10-ft wide by 6-ft high. The culvert contains a 6-inch thick floor, 6-inch thick wall
retaining the springs, and an 8-inch thick wall retaining the north embankment. The
purpose of the culvert is to divert the water flow from Barton Creek around the pool and
discharge it at the north end and downstream of the lower dam. The culvert is located
along the northern bank of the Barton Springs Pool. As such, portions of the north ends of
the dams were removed in order to facilitate installation of the culvert.
Two additional overflow weirs and one additional outlet were added to the lower dam after
it had been constructed. The dates of these modifications are unknown. A 2-ft wide by 2-ft
high outlet was added above the concrete apron at midheight of the lower dam,
approximately 8 ft to the north of the three existing outlets. Two 5-ft wide overflow weirs
were added to the lower dam located 2.5 and 4.5 ft from the north and south ends,
respectively.
2.3

COLLECTED DATA
The design team reviewed previous reports of the structures in the Barton Springs pool. A
summary of these reports is presented in Section 2.3.1. Also, interviews were conducted
with City of Austin employees in order to better understand the expectations of this study.
A summary of these interviews is presented in Section 2.3.2. Three concrete cores were
extracted from each dam structure and a soil boring was extracted from a location near the
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pool. Material data collected from tests of these samples is summarized in Section 2.3.3.
Finally, the structural condition of the upstream and downstream dams was visually
assessed using a digital camera, tape measure, sounding hammer, and crack width
comparator. Observed deficiencies were documented and are presented in Section 0.
2.3.1

Review of Available Documents

Freese and Nichols, Inc. conducted a visual observation of the above-water portions of the
upstream and downstream dams on November 17, 2006. A draft of the report, dated
November 30, 2006, summarizes the findings of the author as follows.
Both dams appeared to be stable with no signs of movement, exhibited cracking patterns
typical of lightly reinforced concrete structures, exhibited no differential elevations across
the cracks, had minimal spalling and no popouts, had exposed honeycombed areas but
showed no exposed reinforcing steel or stains from corroded steel, had slight leakage
(lower dam) through openings and cracks, and had no scouring along the downstream toe
of the lower dam or the [upstream toe] of the upper dam.
Based on their observations, Freese and Nichols recommended an assessment of the
structural integrity of the dams and remediation of noted deficiencies. The purpose of the
current study is to address Freese and Nichols’ recommendations, assess the progression of
deterioration that has occurred since their inspection, and visually inspect the below-water
portions of the dams.
Fugro Consultants, Inc. conducted a geotechnical investigation of the subsurface soil
conditions along the north embankment of the Barton Springs pool on March, 2009. The
purpose of their investigation was to provide material data to be used for an analysis of the
bypass culvert. A total of six borings were extracted. Two of the borings were drilled using
a truck-mounted drilling rig. At these locations, Fugro Consultants were able to verify the
elevation (425 feet) and properties of the limestone. The other four borings were extracted
using a light weight cart-mounted and hand operated drilling rig. This drilling rig did not
have the capacity to penetrate into the limestone bedrock. Thus, at these locations, the
properties of the limestone were not determined. The auger for these four borings was
refused at elevations ranging between 423 and 433 feet.
Pickett, Kelm, and Associates (PKA) conducted a structural assessment of the bypass
culvert along the north side of the Barton springs pool on August, 2009. PKA found that
the bypass culvert was not keyed into the limestone bedrock as originally specified on the
construction documents. The authors determined that the structure’s resistance to sliding
and buoyant uplift was significantly less than the current standard of practice.
AECOM conducted an additional independent structural review of the bypass culvert.
AECOM submitted a draft report summarizing their findings on September, 2010. The
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purpose of their investigation was to verify PKA’s findings and to propose additional
options for stabilizing the culvert. Of interest to the current project is the repair option
recommended by AECOM. They proposed installing high strength mechanical rock
anchors into the limestone bedrock in order to increase the structures resistance against
sliding and uplift. AECOM conducted two in-situ load tests of their proposed rock
anchoring system on August 12, 2010. For the first load test, limestone was encountered at
elevation of 419.2 feet and the one-inch diameter anchor was locked at an elevation of
416.5 feet. For the second test, limestone was encountered at an elevation of 423.5 feet and
the one-inch diameter anchor was locked at an elevation of 421.5 feet. AECOM was able
to apply the manufacturer-recommended torque of 500 ft-lbs to the two field-installed
anchors. The anchors were not tested in direct tension and load testing was not taken to
failure.
2.3.2

Interviews with the City of Austin

The design team conducted meetings with the City of Austin in order to fully understand
the goals and refine the scope of the current investigation. The following key points of
information were obtained from these meetings.
•
•
•
•

•

•
•

The walkway over the downstream dam is to be designed for pedestrian traffic
only. The walkway over the upstream dam is to be designed for pedestrian traffic
and the occasional maintenance vehicle (Bobcat 763 skid steer loader).
Currently, the walkway over the upper dam is too narrow for the skid steer loader.
The City of Austin would prefer if the walkway were 12-inches wider (i.e. 6-feet
wide) with a slightly higher curb along the downstream face.
A contingency plan for puncturing a flowing void in the limestone subgrade had to
be in place before the commencement of coring or boring activities. The
contingency plan prepared for the bypass culvert was used as an example.
The City of Austin wanted to add gated structures to the upstream and downstream
dams in order to improve the flow regime in the pool. Currently, they would prefer
that the recommendations of this study allow for maximum flexibility in gate size,
location, and type. UT will be studying the effect that different gates and/or
opening sizes have on the flow regime.
The gravel bed will be removed from the southeast side of the pool in March of
2011. One foot of gravel will remain on the streambed after the removal project.
After the gravel bed is removed, the Parks and Recreation Department intends to
perform periodic maintenance so that the future gravel level remains low.
If necessary, to provide adequate stability to the downstream dam, the thickness of
the dam may be increased on the poolside.
For the purpose of providing a cost estimate and assessing the structural effects of
adding gates to the existing dams, the number and size of gates preferred by the
City of Austin was determined. The City would prefer as many gates, as large as
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•

2.3.3

possible, in the downstream dam; and as many, relatively small gates as possible in
the upstream dam.
The cost to replace the current swimmer guard system with a buoy rope system
(similar to what is typically used in a swimming pool) is to be included in this
report.
Material Properties

The concrete encountered in the cores contained varying sizes of aggregates. The majority
of the aggregate appeared to be rounded and one to two inches in diameter; however,
aggregate with a size that exceeded the diameter of the cores was also encountered. It is
likely that large limestone boulders were excavated from the site and then added to the
concrete mixture during the construction of the dams. The unconfined compressive
strength of the concrete in the dams was tested at multiple locations in accordance with
ASTM C42. A summary of these strengths is presented in Table 2.1.
Table 2.1. Compressive Strength of Concrete Cores Extracted from Dams†
Boring
No.
B-1
B-1
B-1
B-2
B-2
B-2
B-3
B-4
B-4
B-5
B-6
B-6
†

Depth Below Top
Surface of Dam
2.5 to 3.5 ft
7.0 to 8.0 ft
13.0 to 13.7 ft
2.0 to 3.0 ft
7.0 to 8.0 ft
9.5 to 10.5 ft
1.8 to 2.5 ft
1.3 to 2.1 ft
4.5 to 5.3 ft
1.4 to 2.0 ft
2.7 to 3.4 ft
8.3 to 8.9 ft

Compressive
Strength
5120 psi
5080 psi
4110 psi
5280 psi
5410 psi
4670 psi
3410 psi
6790 psi
7050 psi
7590 psi
4550 psi
4090 psi

Concrete specimens prepared and tested by Holt Engineering, Inc. (Appendix E)

According to the American Concrete Institute’s (ACI’s), “Guide for Obtaining Cores and
Interpreting Compressive Strength Results (ACI 214.4R-03)”:
[The] equivalent design strength is the lower tenth percentile of the in-place strength and
is consistent with the statistical description of the specified strength, fc´.
The lower tenth percentile of the compressive strength values presented in Table 2.1 was
converted from core to equivalent in-place strength in accordance with ACI 214.4R-03,
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Table 8.1, and was found to be equivalent to 3600 psi. Thus, based on the
recommendations of ACI 214.4R-03, the equivalent specified design compressive strength
of the concrete contained is the dams is taken to be at least 3600 psi.
The limestone rock encountered from the soil boring was highly weathered with
interbedded layers of tan silt. The limestone rock encountered immediately below the base
of the dams was medium hard to hard and slightly porous. The unconfined compressive
strength of the limestone rock was tested in accordance with ASTM D7012. A summary of
these strengths is presented in Table 2.2.
Table 2.2. Compressive Strength of Limestone Rock†
Boring
No.
B-2
B-4
B-5
B-6
B-6
B-7
B-7
B-7
†

Depth Below Top
Surface of Dam
14.5 to 15.2 ft
6.0 to 7.0 ft
6.0 to 6.7 ft
10.0 to 10.6 ft
11.0 to 11.7 ft
9.7 to 10.2 ft
11.8 to 12.3 ft
17.0 to 17.3 ft

Compressive
Strength
532.8 tsf
287.8 tsf
142.1 tsf
294.1 tsf
168.1 tsf
482.8 tsf
150.7 tsf
96.9 tsf

Moisture
Content
12.8 %
3.9 %
7.6 %
8.8 %
13.4 %
11.3 %
18.8 %
23.1 %

Unit
Weight
122.6 psf
140.1 psf
136.3 psf
133.0 psf
124.5 psf
131.1 psf
113.1 psf
104.2 psf

Limestone rock specimens prepared and tested by Holt Engineering, Inc. (Appendix E)

Due to the highly variable compression values and limited number of tests obtained for the
limestone, an allowable bearing capacity of 3,500 psf is recommended at the face of the
concrete key; and 6,000 psf is recommended below both dams for the purpose of
evaluating existing conditions. According to Holt, higher bearing capacity values may be
considered; however, additional geotechnical testing would be warranted.
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3
3.1

DISCUSSION OF SITE VISIT
OVERVIEW
Robin Tuchscherer, P.E. and Ryan Johnson of Datum Engineers, Inc. (Datum) visited the
site on September 2, 2010 to conduct a condition survey of the exposed surfaces of the
upstream and downstream dam. Robin Tuchscherer, P.E. of Datum and John King, P.E. of
Chan and Partners Engineering (formerly Raymond Chan and Associates, Inc.) visited the
site on September 14, 2010 to conduct a visual condition assessment of the upstream and
downstream dam following a large flooding event. Robin Tuchscherer, P.E.; Kelly
Thibodeaux; and Emily Nilsson of Datum visited the site on September 23, 2010 to
conduct an underwater condition survey of the upstream face of the downstream dam.
Robin Tuchscherer, P.E. of Datum visited the site on January 29, 2011 to conduct a visual
condition assessment of the downstream dam following the report that pool personnel had
observed signs of a previously undiscovered leak. A summary of the observations is
presented in the following section.

3.2

SURVEY
The existing concrete gravity dams that contain the Barton Springs pool are, generally, in
satisfactory condition and do not require repair with the following exception: the north side
of the downstream dam is in unsatisfactory condition because it contains very large
horizontal cracks that completely transmit through the structure. Overall, both the upper
and lower dams exhibit a minimal amount of cracking due to shrinkage of the concrete,
spalling, scaling, and scour at the creek bed. The Barton Springs dams have been in service
for over 90 years and the deterioration that they exhibit is expected. Observations of the
lower and upper dams are presented in Sections 3.2.1 and 3.2.2, respectively.
3.2.1

Observations and their Significance: Lower Dam

Figure 3-1 through Figure 3-3 document the deterioration of the downstream dam. For
reference, Appendix A contains additional photos of the downstream dam.
The top surface of the downstream dam mostly contains small to medium width cracks,
transverse to the structure, with an average spacing of approximately 3 feet. Concrete
shrinkage, caused by temperature variations and curing, is likely responsible for the
majority of the cracking. Expansion joints, spaced at 50 to 80 feet, divide the dam into five
segments along its length.
In addition to the shrinkage cracks, fairly large cracks are present over the two overflow
weirs at the north and south ends of the dam (Figures A-5, A-22, and A-23). These two
weirs were added to the dam after its original construction; and, as a result, the structural
configuration of the walkway changed from resting on top of the dam to spanning over the
new openings. The reinforcement at these locations is not proportioned to resist this new
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configuration and, as a result, the large cracks developed. Alternatively, the portion of the
walkway that spans over the three weirs at the spillway is properly reinforced; hence the
crack widths at this location are relatively small. The walkway is currently still spanning
over the north and south weirs in its cracked condition; and is not in immediate risk of
failure. However, the reinforcement is exposed, unprotected, and highly susceptible to
corrosion. It can be expected that degradation of the walkway over the two weirs will
continue to accelerate. While deterioration of the walkway does not negatively impact the
structural integrity of the dam; it could eventually affect the ability of the walkway to serve
as a means of crossing the pool. Repair of the large cracks over the north and south
overflow weirs is recommended.
In addition to the cracking discussed above, the top surface of the lower dam is generally
showing minor signs of deterioration in the form of abrasion and delamination of the
concrete curb and walkway.
Almost the entire west (poolside) face of the downstream dam exhibits a minor to
moderate amount of scaling and pitting caused by prolonged exposure to the pool (Figure
A-30). The west face of the dam also exhibits other forms of deterioration including a
small amount of spalled and delaminated concrete. The face of the dam is slightly scoured
at the interface with the streambed. Also, there is a minor amount of scour near the
interface of the dam and the bedrock, near the top of the keyway (Figure 3-3). Scour at this
location can be troublesome because it reduces the area of the concrete keyway that
effectively resists shear. At this time, the scour is not a concern because the concrete
keyway has more than twice the capacity to resist the shear forces induced by sliding.
Nonetheless, it is recommended that the degree of scouring at this location be periodically
monitored for any significant changes.
The metal outlet gates exhibit a minor amount of corrosion and are considered to be in
satisfactory condition.
The east (creek side) face of the downstream dam exhibits similar forms of deterioration
including a minor amount of spalled concrete and shrinkage cracking. In addition, there are
five holes, approximately 2 inches in diameter, which penetrate through the downstream
dam (Figures A-11, A-14, and A29). Some of the holes are actively leaking water and
others appear to have been clogged with sediment and debris. The cause of the holes is not
apparent; they do not appear to be the result of natural deterioration. One possible
explanation is that they developed due to the improper repair of form tie holes. Form ties
are used to fasten concrete formwork together at a fixed distance and resist the hydraulic
pressure that results during placement of fresh concrete. After the formwork has been
removed, the holes that result from form ties are typically patched with a mortar or grout.
If form ties were used during the construction of the downstream dam, it is possible that
some of the holes were improperly repaired and, over time, deteriorated and developed into
the 2-inch holes that are currently present. From a structural standpoint, the presence of the
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holes is negligible and does not negatively affect the structurally integrity of the dam.
However, because some of the holes transmit actively moving water, there is an increased
chance that they will continually erode and increase in size. It is recommended that the size
and condition of the holes be periodically monitored for any significant changes.
Very large horizontal cracking (wider than 0.06 inches) can be observed at the north end of
the lower dam (Figures A-6, A-7, A-10, A-11, A-21, A-22, and A-30). It is evident that
these cracks transmit completely through the structure because water is actively leaking at
the downstream side. In general, crack widths of this magnitude and orientation are a cause
of concern and considered a significant source of deficiency relative to the service life of
the structure. Because the cracks pass completely through the structure, the portion of the
dam above the horizontal cracks must resist lateral hydraulic forces without the
counterbalancing benefit provided by the weight of the dam below the cracks. As a result,
failure to remediate these large cracks may result in detachment of the upper portion of the
north end of the lower dam. Detachment of this upper portion of the dam would not affect
the integrity of the remaining structure; however, this type of failure would affect the
ability of the lower dam to maintain the normal pool elevation at current levels.
The cause of these large horizontal cracks is unclear. Based on their patterning, it is
unlikely that the cracks are the result of internal stresses caused by hydraulic loads. A twodimensional finite element model was created and analyzed to confirm this observation. It
is possible that the cracks were caused by the expansion and contraction resulting from
seasonal temperature variations; however, based on a simplified analysis, these stresses
were found to be relatively small. It is unlikely that seasonal temperature variations are the
sole cause. The more likely cause of the cracks is improper construction and/or
temperature and shrinkage stresses that occurred when the fresh concrete initially cured. A
4-inch thick slab of limestone aggregate was intercepted in core B-3 (Appendix E) at a
location immediately above one of the large horizontal cracks. The addition of siteexcavated limestone boulders to the fresh concrete mix may have resulted in small
shrinkage cracks at the interface between the paste and boulders. It is also possible that
improper curing of the dam concrete resulted in the horizontal cracks. Massive concrete
structures radiate a large amount of heat as the cement in the concrete mixture hydrates.
During curing, this heat of hydration can results in large temperature differentials between
the internal and surface concrete. In addition, as the concrete cures, it loses surface
moisture quickly and internal moisture slowly. These temperature and moisture
differentials cause the internal concrete to restrain the surface from shrinking, thereby
inducing tensile stresses large enough to cause the concrete to crack. Current practice for
the construction of concrete gravity dams is primarily focused on coping with the large
amount of heat that is generated as the concrete cures.
It is likely that the horizontal cracks were initially much smaller (i.e. did not leak) and
occurred shortly after construction. Over time, seasonal temperature variations would have
caused the cracks to open and close as the concrete expanded and contracted. This
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movement taken in combination with prolonged exposure to moving water eventually
widened and degraded the cracks into their present condition – a process that likely
transpired over the course of the lifetime of the dam. As such, it can be said that analysis
and observation of the cracking indicates that they are primarily passive in nature – a “onetime” occurrence. The repair of cracking of this nature can easily be accomplished by
injecting the crack with an epoxy or cementitious grout; effectively bonding the two halves
of the crack together and arresting further degradation. Repair of these large horizontal
cracks is recommended to effectively prolong the service life of the lower dam.
3.2.2

Observations and their Significance: Upper Dam

In general, the upstream dam is in satisfactory condition. The minor amount of
deterioration that was observed does not warrant immediate repair. Figure 3-4 through
Figure 3-6 document the deterioration of the upstream dam. For reference, Appendix B
contains additional photos of the upstream dam.
The top surface (i.e. walkway) of the upstream dam contains small to medium width
cracks, transverse to the structure, with an average spacing of approximately 5 feet.
Expansion joints, spaced at approximately 20 feet, divide the walkway into four segments.
The expansion joints in the walkway do not continue through the body of the dam. In fact,
the main body of the upper dam does not contain any expansion joints. As a result, vertical
shrinkage cracks have transmitted through the body of the dam at the same location as each
walkway expansion (Figure B-20). The presence of these vertical shrinkage cracks is not
detrimental to the structural integrity of the dam. In fact, this cracking essentially acts as an
expansion joint; thereby providing a means for the structure to expand and contract and
relieve the stresses that would otherwise result from variations in atmospheric temperature.
If these cracks were to be repaired, new cracks would likely form adjacent to the repaired
cracks. Therefore, repair of the vertical cracks through the body of the lower dam is not
recommended.
In addition to the shrinkage cracking, the top surface of the upstream dam is also showing
minor signs of deterioration in the form of abrasion and delamination of the concrete curb
and walkway.
The poolside surface of the upper dam was formed and textured to give the appearance that
it is constructed of limestone (Figure B-15). A consequence of the texture is that minor
scours have formed on the face of the dam; likely the result of water channeling across the
uneven surface (Figures B-17 through B-19). The east face of the dam also exhibits other
forms of deterioration including a minor amount of spalling and delaminated concrete.
The east and west elevation of the dam contain a 12- and 4-inch deep scour, respectively,
at the interface between the structure and the streambed (Figures B-11 and B-23,
respectively). Both the concrete and limestone are scoured at the interface. There is not a
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structural concern with regard to the scour observed at the base of the lower dam; it has
adequate capacity to resist the shear forces induced by sliding. In addition, the east body of
the dam contains multiple layers of 4- to 8-inch deep scour lines located approximately one
to two feet above the streambed (Figures B-6 through B-11). The presence of the scours
located at or above the streambed do not have a significant effect on the global stability or
internal stress distribution of the dam.
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Figure 3-1 Plan View of Lower Dam

Figure 3-2 East Elevation of Lower Dam

Legend
“B-4” – Test Boring (e.g.)
“0.013” - Crack width in inches (e.g.)

Abbreviations
E.J. - Expansion Joint
C.J. - Control Joint
SP. – Spall
SC. – Scour

EL./ELEV. - Elevation
T.O. - Top of …
B.O. - Bottom of …
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Figure 3-3 West Elevation of Lower Dam

Figure 3-4 Plan View of Upper Dam
Legend
“B-4” – Test Boring (e.g.)
“0.013” - Crack width in inches (e.g.)

Abbreviations
E.J. - Expansion Joint
C.J. - Control Joint
SP. – Spall
SC. – Scour

EL./ELEV. - Elevation
T.O. - Top of …
B.O. - Bottom of …
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Figure 3-5 East Elevation of Upper Dam

Figure 3-6 West Elevation of Upper Dam
Legend
“B-4” – Test Boring (e.g.)
“0.013” - Crack width in inches (e.g.)

Abbreviations
E.J. - Expansion Joint
C.J. - Control Joint
SP. – Spall
SC. – Scour

EL./ELEV. - Elevation
T.O. - Top of …
B.O. - Bottom of …
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3.2.3

Observations of Dams during Flood of September 8th to September 11th, 2010

Barton Springs Pool underwent significant flooding from runoff within the Barton Creek
Watershed between September 8th and September 11th, 2010. Gage heights measured
from a United States Geological Survey (USGS) gaging station immediately upstream of
the upper dam indicate that the stream level was over 14 feet above the Barton Creek
streambed, or approximately 3 feet above the top of the upstream dam (Figure 3-1).

Figure 3-1 Upstream Dam during September 8, 2010 flooding event.
Observations at the pool, during the flood event, confirmed that the water levels within
Barton Creek, immediately downstream of the lower dam, rapidly approached the water
levels within the pool immediately upstream of the lower dam as flood flows increased.
Post flood observations by the project team did not discover any significant flood-related
structural damage to the upstream or downstream dams.
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4
4.1

ANALYSIS
ANALYTICAL METHODS
The dams that enclose the Barton Springs pool are unreinforced concrete gravity dams.
When proportioning this type of structure, the primary variable that affects its geometry is
the ability to remain statically stable under the application of external loads. Generally,
internal tensile stresses caused by external loads are considerably lower than the cracking
capacity of the concrete; hence, there is not the need for steel reinforcement. The concrete
gravity dams that enclose the Barton Springs pool resist hydraulic and soil pressures by the
virtue of their mass and interlock with the limestone bedrock. Stability failure modes for
concrete structures typically include overturning about the toe, sliding along the base,
bearing capacity failure of substrate, and uplift due to the buoyant force of the ground
water.
The stability of the dams is assessed based on the criteria required in the U. S. Army Corps
of Engineers (USACE), Engineering Manual No. 1110-2-2100, Stability Analysis of
Concrete Structures; and Engineering Manual No. 1110-2-2200, Gravity Dam Design.
According to the USACE, the stability of a concrete structure should be evaluated under
the application of the following hydraulic loadings.
•
•

•

Normal Operating. Headwater at normal pool elevation.
Infrequent Flood. USACE recommends infrequent flood loadings to be estimated
from a flood with a return period of 100 to 300 years. Based on a review of the
hydraulic data (Section 5.3), it was determined that a more frequent flood with a
return of 10 years would represent a worse-case scenario.
Probable Maximum Flood (PMF). Flood at PMF elevation.

In addition to the USACE load cases presented above, the upstream dam was also analyzed
under the loading condition of an additional scenario. This “Special Load Case” is the
worst-case condition that could potentially exist if the pool levels were down for
maintenance and, at the same time, the Barton Creek water levels were overtopping the
upstream dam due to a heavy rainfall or blockage in the bypass culvert.
The stability of the upstream and downstream dam is evaluated for each of the
aforementioned load-cases at the cross-section that has the least resistance to the
destabilizing effects of sliding, overturning, and uplift. One existing cross-section of the
upstream dam and three existing cross-sections of the downstream dam were evaluated
(Figure 4-1 though Figure 4-4). At the downstream dam, the streambed elevation that was
assumed in the cross-sections is conservatively taken slightly higher than what is shown in
Figure 3-2 and Figure 3-3. In addition, a proposed cross-section of the upstream dam
containing a widened pathway and raised curb was evaluated (Figure 4-5).
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Figure 4-1 Cross-Section I: Existing Section through Upstream Dam.

Figure 4-2 Cross-Section II: Existing Section through Downstream Dam near Gated
Opening
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Figure 4-3 Cross-Section III: Existing Section through Downstream Dam near Bypass
Culvert.

Figure 4-4 Cross-Section IV: Existing Section through Downstream Dam at Overflow Weir
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Figure 4-5 Cross-Section V: Proposed Section through Upstream Dam with Widened
Walkway and Raised Curb.
The hydraulic loads for each USACE loading scenario were determined by MWM Design
Group for each of the cross-sections presented above. This information is contained in
Appendix C.
The ability of the cross-section to resist the hydraulic loads is measured in terms of a factor
of safety. A safety factor is the ratio of the resistance of a structure divided by the
destabilizing forces that it resists. In other words, a safety factor greater than 1.0 would
suggest that a structure is stable. The minimum safety factors required by the USACE are
presented in Table 4.1.
Table 4.1 USACE Criteria for Concrete Gravity Dams
Design Load Cases
Normal Operating
Infrequent Flood
PMF

Sliding
1.4
1.2
1.1

USACE Factors of Safety
Uplift
Overturning
1.3
100% Base in Compression
1.2
75% Base in Compression
1.1
> 0% Base in Compression

Under normal operating conditions, the USACE requires a minimum safety factor 30 to 40
percent greater than 1.0 in order to account for the probability that unforeseen
circumstances may result in loads that are higher or a resistance that is lower than what is
assumed. Subsequently, the USACE requires a lower safety factor for the Infrequent
Flood and PMF load cases because the probability of such a loading scenario is
diminished. As such, it should be noted that a safety factor greater than 1.0 but less than
that required by the USACE does not indicate that a structure is unstable; rather, it
indicates that the probability of failure is greater than that which is required by the
USACE.
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The USACE does not stipulate a safety factor for an overturning failure mode. Rather, for
this type of behavior, the USACE prescribes the percentage of the base that must remain in
compression. During the process of overturning, a structure will rotate about its
downstream toe and lift off its base. As a consequence, as a structure overturns, the portion
of the base that is in compression reduces. At the instance of overturning, zero percent of
the base of a structure is in compression. In other words, if analysis shows that more than
zero percent of the base is in compression, the implication is that the structure will not
overturn under the assumed loading.
The upstream and downstream dams are evaluated at a two-dimensional cross section or
“plane”, as is the standard of practice for structures of this type. However, it is important to
note that these structures may also have the ability to span out-of-plane between
embankments. Ignoring the out-of-plane stabilization of the dams is a conservative
assumption because the analysis of a “slice” ignores the resistance provided by adjacent
portions of the dam, as well as the interlock between the dam and the embankment. The
out-of-plane stability of the dams is unreliable because it is dependent on the ability of the
structure to transfer shear across vertical cracks and expansion joists. As such, the dams are
conservatively analyzed in a single plane.
In addition to a stability analysis, the bearing pressure applied at the toe of the dam and
face of the key must also be evaluated. The nominal bearing capacity of the concrete is in
excess of 3600 psi (518,400 psf), so the bearing capacity of the limestone foundation will
inevitably control the overall capacity. If the bearing pressure applied to the subgrade were
to exceed its allowable value, the structure would likely settle or displace. Based on the
limited amount of rock data collected from the site, it is conservatively assumed that the
allowable bearing pressure of the rock below the dam is 6000 psf.
Each cross-section presented above was evaluated under the three USACE load cases. The
upstream dam was also evaluated with a fourth load case as previously discussed. Loading
diagrams for each of these load cases are presented in Appendix C. The results of the
analyses are presented in Table 4.2.
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Table 4.2. Analytical Results
CrossSection
I.

II.
III.
IV.
V.

Design
Load Case
Normal
“Special”
10-yr Flood
PMF
Normal
10-yr Flood
Normal
10-yr Flood
Normal
10-yr Flood
PMF
10-yr Flood

Required F.S.

Calculated F.S.

Slide

Overturn

Slide

Overturn

1.4
1.2
1.2
1.1
1.4
1.2
1.4
1.2
1.4
1.2
1.1
1.2

100%
75%
75%
> 0%
100%
75%
100%
75%
100%
75%
> 0%
75%

2.9
2.3
2.8
10.5
2.3
12.8
1.9
4.3
2.4
5.9
6.0
2.5

100%
87%
18%
100%
94%
100%
69%
100%
86%
100%
100%
< 0%

Allow.
Bearing
Pressure

6.0 ksf

Calc.
Bearing
Pressure
1.3 ksf
1.7 ksf
7.8 ksf
0.8 ksf
2.1 ksf
1.5 ksf
2.9 ksf
1.9 ksf
1.8 ksf
0.8 ksf
1.5 ksf
-

1. By inspection, buoyant uplift is not a critical failure mode for these structures; the
dams have sufficient mass to resist buoyancy and do not contain enclosed voids.
Subsequent safety factors are not reported.
2. By inspection, the PMF loading does not control stability for these structures. Safety
factors are only reported for cross-sections I and IV.
3. “Special” loading condition is the scenario that could exist if the pool were drawn
down for maintenance and the Barton Creek headwater was at the crest of the
upstream dam.
4. “Normal Pool” for cross-section I assumes that the Barton Creek is overtopping the
upstream dam. This is a conservative assumption as, the majority of the time; the level
of Barton Creek is only a few feet above the streambed.
5. Stability calculations for cross-section V indicate that the structure, as modified in
Figure 4-5, would overturn under 10-year flood conditions.
Based on the results of the analysis presented in Table 4.2, it is observed that the
overturning stability of the upstream dam is less than the USACE requirement under the
application of a 10-year (“infrequent”) flood and the overturning stability of the
downstream dam is less than the USACE requirement under the application of normal pool
conditions.
Based on the results of the overturning analysis, only 18-percent of the base of the
upstream dam is in compression under the application of the 10-year flood hydraulic loads.
The USACE stipulates that at least 75-percent of the base should remain in compression
under this load scenario. These results do not indicate that the structure is in danger of
failure. In fact, calculations and past performance of the dam under similar flood events
indicate that the structure is stable. Nonetheless, it can be stated that the results indicate
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that the probability of an overturning failure is less than that which is required by the
USACE. In light of this fact, it is important to note that the requirements listed in Table 4.1
are required for new structures; the evaluation of an existing structure is not subject to as
strict of requirements depending on its condition and track record. According to the
USACE, EM 1110-2-2200, Gravity Dam Design:
For evaluation of existing structures, a higher degree of confidence may be achieved…
[based on] past performance of the structure, including … a description of the structure
condition such as cracking, spalling, displacements, etc… anticipated remaining life of the
structure… and [consideration] of the consequences of failure.
In other words, considering that the upstream dam is over 90-years old, has been “tested”
by numerous floods of varying degrees, and does not exhibit any signs of stability failure
or displacement; it is appropriate to evaluate its stability against a lower factor of safety.
Consequently, the stability of the upstream dam is considered to be satisfactory.
Similarly, despite the fact that calculations show that the downstream dam has a higher
probability of overturning under normal conditions than required by the USACE and based
on the fact that the structure does not exhibit any signs of stability failure or displacement,
the external stability of the downstream dam is also considered to be satisfactory.
The bearing pressure applied to the toe of the upstream dam under the 10-year flood is
estimated to be 7.8 ksf. The minimum allowable bearing capacity recommended by Holt is
6.0 ksf. However, in their report, Holt states that the bearing capacity of the limestone rock
could conceivably be considered to be much higher than their minimum recommendation.
Again, given the fact that the dam is over 90-years old and does not show any signs of
foundation failure or displacement, it can be assumed that the actual bearing capacity at the
toe of the upstream dam is greater than 7.8 ksf or the actual pressure applied to the toe is
less than 6.0 ksf. The estimated performance of the existing structure is satisfactory.
In addition to a global stability analysis, the magnitude and distribution of internal stresses
were evaluated to determine whether or not they were within acceptable limits. Based on
simplified approximate methods and a preliminary two-dimensional finite element model
of the lower dam, under the application of normal pool and 10-year flood loading, internal
stresses in the concrete were found to be over ten times less than the probable cracking
strength of concrete.
An analysis of the existing upstream and downstream dams indicates that their structural
resistance is satisfactory. However, if the existing configuration of either structure is
modified, then they will no longer have the benefit of a record of past performance.
Therefore, it is necessary that the design of any dam modifications meet the current
USACE requirements presented in Table 4.1 and the minimum allowable bearing capacity
values recommended by Holt. Modifications to the structures were evaluated as part of this
study and are presented in Section 0.
35

Structural Condition Assessment
Barton Springs Dam

36

Structural Condition Assessment
Barton Springs Dam

5
5.1

INPUT FROM OTHER DISCIPLINES
ENVIRONMENTAL ENGINEER
Baer Engineering and Environmental Consulting, Inc. (Baer) reviewed the coring
procedures, prepared the water quality mitigation plan, and coordinated the permitting
requirements. A summary of the scope of services provided by Baer is contained in an
Environmental Considerations Report, submitted on January 10, 2011, and located in
Appendix D.

5.2

GEOTECHNICAL ENGINEER
Holt Engineering, Inc. (Holt) oversaw the coring of six borings taken vertically through the
dams. Also, Holt was responsible for drilling, logging and sampling one geotechnical
boring taken from a location north of the upstream dam. Finally, Holt was responsible for
the testing and analysis of twelve concrete and eight limestone rock cores. A summary of
the scope of services provided by Holt and their findings is contained in a Subsurface and
Geotechnical Investigation Report, submitted on January 3, 2011, and located in Appendix
E.

5.3

HYDROLOGICAL ENGINEER
MWM Design Group (MWM) was responsible for calculating the hydraulic loadings for
each cross-section under the application of each of the three USACE critical load cases and
additional “Special” load condition. Hydraulic loading calculations and assumptions were
reviewed by John R. King, P.E. of Chan and Partners, Engineering (CPE).
According to MWM, their hydraulic analysis can be summarized as follows:
The normal operating conditions loading diagrams were derived, assuming a normal pool
elevation of 433.43 ft above MSL between upper and lower dams – this data was provided
by the City of Austin. The tailwater condition for the lower dam was set to the normal
elevation of Lake Ladybird Johnson at 428.00 ft above MSL – provided by LCRA. For the
headwater condition at the upper dam, a pre-overtopping elevation of 439.35 ft above MSL
was chosen in order to produce the maximum pressure differential between the upstream
and downstream faces of the dam at that cross-section. This elevation equals the top of
curb for the walkway over the dam. A total of four load diagrams for cross-sections I
through IV (existing conditions) were produced.
The low-frequency flood loading diagrams were generated from water surface elevations
taken from the FIS study and HEC-1 data for the 10-yr event (10% chance annual flood).
Examination of the FIS profiles for the 10, 50, 100 and 500-yr events indicated the
maximum headwater/tailwater differential occurred for the 10-yr event. This combination
produced the greatest pressure differentials between upstream and downstream faces of
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each dam cross-section. Five loading diagrams were produced: four for existing crosssections I through IV and one for proposed cross-section V.
Since no existing PMF information for this watershed was readily available, the Probable
Maximum Flood data was generated by averaging runoff from a 6-hour theoretical
Probable Maximum Precipitation (PMP) of 30.8 inches and PMF runoff estimated as
Q100 (from the FIS study) divided by 0.60 [Civil Engineering Reference Manual, p. 20-6,
Lindeburg, M. R., 11th Ed., 2008]. Depth data for the 500-yr and 100-yr events from the
FIS were used to develop a weir flow relationship between the head over the weir and weir
length according to the equation, Q=3.33LH3/2. From this relationship, an equivalent PMF
weir length and an equivalent PMF head (headwater) at the upper dam were extrapolated.
A headwater/tailwater differential at the upper dam of 2.5 ft was estimated from downward
trending observed in the FIS profiles for the 10, 50, 100 and 500-yr events respectively. A
level profile was assumed across the pool and the headwater at the lower dam was set
equal to the tailwater at the upper dam. A small drop in velocity head (0.09’) was
calculated to obtain the approximate tailwater at the lower dam. Loading diagrams were
generated for cross-sections I and IV for the PMF condition.
Finally, the special condition loading diagram was developed by setting the tailwater at
the upper dam to an elevation of 431.00 ft above MSL (this equals the elevation of the
bottom of the channel – hence a “zero-tailwater” condition) and computing flow through
the sluice gates at the lower dam at this elevation. The same flow was used to compute
headwater elevation, using the weir flow equation at the upper dam, assuming the bypass
culvert was closed for maintenance. This combination produced the maximum
headwater/tailwater differential and introduced the possibility of an additional vacuum
pressure on the downstream face of the upper dam. The critical depths at the brink of the
crest was computed and it was determined that the resulting jet would undulate sufficiently
enough that air would be drawn into the void and break the vacuum. One loading diagram
was produced for Cross-Section I.
[per memo from Brian Wells, P.E. of MWM Design Group, dated February 2, 2011]
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6

SUMMARY OF STUDY
Datum Engineers, Inc. conducted a structural condition assessment of the upstream and
downstream dams that contain the Barton Springs Pool of Zilker Park, Austin, Texas. The
assessment includes a review of existing documentation and drawings (Section 1.2.1);
coordination with governmental agencies (Section 1.2.2), visual field observation (Section
0), material testing of the existing concrete and rock subgrade (Section 2.3.3); hydraulic
analyses (Section 5.3); and structural analyses of the existing structures. Based on the
findings of this study, repair and modification concepts are developed (Section 0).
Both dams exhibit a minor amount of deterioration – significant signs of deterioration were
not observed with the exception of two large horizontal cracks along the north half of the
downstream dam. The condition of this portion of the lower dam is considered to be
unsatisfactory. The horizontal cracks are approximately 15-feet long and actively leaking
water. It is recommended that these horizontal cracks be repaired as soon as possible. The
repair of passive cracking of this nature can easily be accomplished by injecting the crack
with an epoxy or cementitious grout.
The walkway slab that spans over the concrete weirs at the north and south ends of the
lower dam contain very large cracks; as well as exposed and actively corroding
reinforcement. Deterioration of the walkway does not affect the structural integrity of the
dam; however, it would affect the ability of the dam to serve as a functional means for
crossing the pool. Repair of these cracks is recommended.
The results of stability analyses indicate that the dams are stable; however, the probability
of a destabilizing event is higher than that which is typically allowed for the design of a
new structure. If the existing configuration of either structure is modified, the new
configuration will not benefit from a record of past performance. Therefore, additional
measures must be taken to remediate the existing dams if gates are added or the walkway
widened.
The estimated probable construction costs and design life associated with the repair and/or
modification of the existing dams is discussed in further detail in Section 0.
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7

CONCLUSIONS AND RECOMMENDATIONS
The north side of the downstream dam is in unsatisfactory condition because it contains
very large horizontal cracks that completely transmit through the structure. It is
recommended that these cracks be repaired as soon as possible. If modifications are to be
made to the existing structures, such as widening the walkway or adding outlet gates for
maintenance and/or operational improvements, then it is necessary that the overall external
stability of the structures be improved to meet the USACE minimum criteria. Cost
estimates are provided for maintenance and modification schemes as follows.

7.1

REPAIR HORIZONTAL CRACKS AT LOWER DAM.
This option includes the repair of the large horizontal cracking by epoxy grout injection at
the downstream dam. The most effective method for repairing these cracks will require
dewatering of the area and drying of the cracks. If the pool were drawn down, it is possible
that the area could be dewatered with only a minimum amount of disruption to the
salamander habitat. However, for the sake of the cost estimate below, it has been assumed
that the area would be dewatered by installing a cofferdam around the entire north portion
of the dam. Also, it is recommended that the City take this opportunity to provide
additional miscellaneous repairs to the various cracked and spalled areas of the lower dam.
Miscellaneous repairs to the upstream dam could be easily included with the repairs of the
downstream dam; however, repair of the upstream dam is not considered to be critical and
is not included in this estimate.
Table 7.1 Preliminary Construction Cost Estimate to Repair Horizontal Cracks
SPEC.
ITEM NO.
401S
403S
413S
601S-658S
700S

LS

UNIT
PRICE
$45,000.00

$45,000.00

75

SF

$300.00

$22,500.00

150

LF

$150.00

$22,500.00

1

LS

$4,500.00

$4,500.00

ITEM DESCRIPTION

QUANTITY

UNIT

Cofferdams & Dewatering
Concrete Surface Repairs, Up
to 12 In. Deep
Epoxy Injection, Crack Width
Greater than 0.020 In.
Erosion & Sedimentation
Controls (5% of Subtotal)
Mobilization (10% of Subtotal)

1

1

LS
$9,450.00
UNIT PRICE TOTAL
25% CONTINGENCY

TOTAL

$9,450.00
$103,950.00
$25,987.50

TOTAL ESTIMATED CONSTRUCTION COST $129,937.50
ESTIMATED INCREASE IN DESIGN SERVICE LIFE

20 YEARS

Considering the extents and magnitudes of the large horizontal cracks, the upper portion of
the lower dam is at risk of severely spalling. Because of this, it is difficult to estimate the
remaining service life of the existing structure. The dam may function adequately for the
next 50 years or the portion of the lower dam above the horizontal cracks may spall in the
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next 5 years. Proper repair of these horizontal cracks is expected to significantly extend the
usable service life of this structure; however, due to the highly variable understanding of
the existing service life, it is conservatively estimated that repairing the large horizontal
cracks will extend the dam’s service life by at least 20 years. Grouting the large horizontal
cracks will effectively bond the two sides together and stop the active leaking of water.
Due to the age of the structures and highly variable concrete properties, it is expected that
the structure will continue to deteriorate over time and will eventually require additional
repairs or replacement.
7.2

INSTALL NEW GATES IN UPSTREAM AND DOWNSTREAM DAMS. WIDEN WALKWAY AND
RAISE CURB HEIGHT OF UPSTREAM DAM.
Modification to the existing dams requires that their overall external stability meet the
minimum criteria prescribed by the USACE. This can be accomplished either by adding
mass to each structure in the form of reinforced concrete buttresses (Option 1), or by
anchoring the structures to the bedrock using prestressed rock anchors (Option 2). An
advantage of the rock anchors is that this solution will have a minimal impact on the
aesthetic quality of the existing structures. A notable disadvantage is that the rock anchors
are considerably less durable than the concrete buttress option. Thus, the design service life
for Option 1 is significantly longer than it is for Option 2. A construction cost estimate of
Option 1 and Option 2 are presented in Sections 0 and 7.2.3, respectively.
7.2.1

Gate Improvements

The City of Austin is exploring the option of adding additional gates to the downstream
and upstream dam in order to improve the quality of the salamander habitat and overall
quality of the pool. The City of Austin would like to allow for maximum flexibility with
regard to gate size, location, and type. Structurally, there is not a limit to the size and
location of opening that could be made in the dam – provided that its support is properly
designed to meet all current USACE criteria. However, for the purpose of estimating
construction costs, a quantifiable structural system must be conceptualized. Based on
practical considerations including typical gate sizes and geometrical constraints of the
dam; and based on discussion with the City of Austin, it was decided to consider the
addition of five 4x4-ft slide gates and ten 12-inch diameter valve gates to the downstream
and upstream dam, respectively. Again, the gate sizes and quantities were selected based
on practical considerations and recommendations from the City of Austin; and are
considered solely for the purpose of a construction cost estimate. The openings would
likely be installed by concrete coring and sawcutting, and would require cofferdams and
dewatering.
The 4x4-ft vertical slide gates can be fabricated of heavy cast iron structural members with
bronze seals with a 50-year service life; or can be fabricated with aluminum or stainless
steel structural members with neoprene seals with a 20-year service life. Heavy cast iron
vertical slide gates were assumed for the construction cost estimate; however the unit
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prices of other gate options are also presented in order to provide flexibility and assist
decision making efforts.
Twelve-inch diameter gate and butterfly valves are commercially available and can be used
on the upstream dam. However, considering that the City of Austin does not allow the use
of butterfly valves in the City potable water distribution piping system, gate valves were
considered for installation in the upstream dam. Again, unit prices of other gate options are
presented in order to provide flexibility and assist decision making efforts.
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7.2.2

Option 1: Dam Modifications and Repairs with Reinforced Concrete Buttresses

Installation of gates in both dams and widening of the walkway of the upstream dam can
be accomplished with the addition of reinforced concrete buttresses in order to improve the
stability of these structures. A schematic illustration of this construction concept is
presented in Figure 7-1. A preliminary cost estimate is presented in Table 7.2. The cost of
the reinforced concrete buttresses also includes the cost of the concrete repairs mentioned
in Section 7.1 and additional miscellaneous concrete repairs to the upstream dam.

Figure 7-1. Option 1: Dam Modifications and Repairs with Reinforced Concrete
Buttresses
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Table 7.2 Preliminary Construction Cost Estimate to Modify Both Dams with Buttresses
SPEC.
ITEM NO.
104S
104S
104S
104S
104S
104S
401S
401S
403S
403S
403S
403S
413S
511S
511S
511S
721S
721S
601S-658S
700S

ITEM DESCRIPTION

QUANTITY

UNIT

Concrete Demolition for
Sluice Gate, 2Ft x 2Ft
Concrete Demolition for
Sluice Gate, 4Ft x 4Ft
Concrete Demolition for Gate
Valve, 12 In. Dia.
Concrete Demolition for Gate
Valve, 24 In. Dia.
Concrete Demolition for Gate
Valve, 48 In. Dia.
Concrete Demolition for Deck
Expansion
Cofferdams & Dewatering
Structural Foundation
Excavations
Concrete Surface Preparation
Reinforced Concrete Buttress,
including Dowels
Reinforced Concrete Deck
Expansion, including Dowels
Concrete Surface Repairs, Up
to 12 In. Deep
Epoxy Injection, Crack Width
Greater than 0.020 In.
12 In. Dia. Gate Valve
24 In. Dia. Gate Valve
48 In. Dia. Gate Valve
Slide Gate, 2 Ft x 2 Ft
Slide Gate, 4 Ft x 4 Ft
Swimmer Buoy
Erosion & Sedimentation
Controls (5% of Subtotal)
Mobilization (5% of Subtotal)

0

EA

UNIT
PRICE
$13,000.00

5

EA

$26,000.00

$130,000.00

10

EA

$6,000.00

$60,000.00

0

EA

$11,000.00

$0.00

0

EA

$21,000.00

$0.00

10

CY

$400.00

$4,000.00

1
30

LS
CY

$60,000.00
$90.00

$60,000.00
$2,700.00

400
110

SF
CY

$3.00
$920.00

$1,200.00
$101,200.00

15

CY

$560.00

$8,400.00

130

SF

$300.00

$39,000.00

250

LF

$150.00

$37,500.00

10
0
0
0
5
30
1

EA
EA
EA
EA
EA
LF
LS

$4,000.00
$19,000.00
$84,000.00
$24,000.00
$60,000.00
$40.00
$25,760.00

$40,000.00
$0.00
$0.00
$0.00
$300,000.00
$1,200.00
$39,260.00

1

LS
$54,096.00
UNIT PRICE TOTAL
25% CONTINGENCY

TOTAL
$0.00

$41,223.00
$671,683.00
$167,920.75

TOTAL ESTIMATED CONSTRUCTION COST

$839,603.75

ESTIMATED INCREASE IN DESIGN SERVICE LIFE

60 YEARS

It is estimated that the addition of the reinforced concrete buttress to the dams will increase
the design service life by at least 60 years. The service life of reinforced concrete structures
is typically considered to be in range of 75 to 100 years. The estimated service life of
Option 1 is taken to be slightly less than that of a new reinforced concrete structure
because of the potential exposure to corrosion and deterioration that exists at the interface
between the new buttress and existing dam.
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7.2.3

Option 2: Dam Modifications and Repairs with Prestressed Rock Anchors

As an alternative to the reinforced concrete buttress, the installation of gates in both dams
and widening of the walkway of the upstream dam can be accomplished with the addition
of prestressed rock anchors in order to improve the stability of these structures. A
schematic illustration of this construction concept is presented in Figure 7-2. A preliminary
cost estimate is presented in Table 7.3. The cost of the rock anchors also includes the cost
of the concrete repairs mentioned in Section 7.1 and additional miscellaneous concrete
repairs to the upstream dam.

Figure 7-2. Dam Modifications and Repairs with Prestressed Rock Anchors.
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Table 7.3 Preliminary Construction Cost Estimate to Modify Dams with Rock Anchors
SPEC.
ITEM NO.
104S
104S
104S
104S
104S
104S
401S
401S
403S
403S
403S
403S
403S
413S
511S
511S
511S
721S
721S
601S-658S
700S

ITEM DESCRIPTION
Concrete Demolition for
Sluice Gate, 2Ft x 2Ft
Concrete Demolition for
Sluice Gate, 4Ft x 4Ft
Concrete Demolition for Gate
Valve, 12 In. Dia.
Concrete Demolition for Gate
Valve, 24 In. Dia.
Concrete Demolition for Gate
Valve, 48 In. Dia.
Concrete Demolition for Deck
Expansion
Cofferdams & Dewatering
Structural Foundation
Excavations
Concrete Surface Preparation
Reinforced Concrete Corbel,
including Dowels
Reinforced Concrete Deck
Expansion, including Dowels
Rock Anchors, 15 Ft
Concrete Surface Repairs, Up
to 12 In. Deep
Epoxy Injection, Crack Width
Greater than 0.020 In.
12 In. Dia. Gate Valve
24 In. Dia. Gate Valve
48 In. Dia. Gate Valve
Slide Gate, 2 Ft x 2 Ft
Slide Gate, 4 Ft x 4 Ft
Swimmer Buoy
Erosion & Sedimentation
Controls (5% of Subtotal)
Mobilization (5% of Subtotal)

QUANTITY

UNIT

UNIT
PRICE

TOTAL

0

EA

$13,000.00

$0.00

5

EA

$26,000.00

$130,000.00

10

EA

$6,000.00

$60,000.00

0

EA

$11,000.00

$0.00

0

EA

$21,000.00

$0.00

10

CY

$400.00

$4,000.00

1

LS

$60,000.00

$60,000.00

30

CY

$90.00

$2,700.00

400

SF

$3.00

$1,200.00

12

EA

$3,000.00

$36,000.00

15

CY

$560.00

$8,400.00

35

EA

$6,000.00

$210,000.00

130

SF

$300.00

$39,000.00

250

LF

$150.00

$37,500.00

10
0
0
0
5
30

EA
EA
EA
EA
EA
LF

$4,000.00
$19,000.00
$84,000.00
$24,000.00
$60,000.00
$40.00

$40,000.00
$0.00
$0.00
$0.00
$300,000.00
$1,200.00

1

LS

$33,000.00

$46,500.00

LS
$97,650.00
UNIT PRICE TOTAL
25% CONTINGENCY

$48,825.00
$831,325.00
$207,831.25

1

TOTAL ESTIMATED CONSTRUCTION COST $1,039,156.25
ESTIMATED INCREASE IN DESIGN SERVICE LIFE

40 YEARS

It is estimated that the anchoring of the dams using rock anchors will increase their design
service life by at least 40 years. Due to the presence of flowing voids in the limestone
bedrock, it is assumed that the rock anchors will not be grouted into place. As a result, they
are more susceptible to corroding and/or slackening. Additionally, in comparison with the
Option 1 buttresses, the rock anchors will induce high localized stress concentrations in the
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concrete dams and in the limestone bedrock. Thus, the design service life of Option 2 is
taken to be less than Option 1.
7.3

IMPROVEMENTS TO SWIMMER GUARD AT OVERFLOW WEIR
It is recommended that the existing swimmer guard be replaced with a buoy rope system
supported on steel outriggers attached to the existing structure. Replacement of the existing
system can be completed in concert or separate from the other recommendations without
significantly affecting the construction cost. The estimated cost to replace the current
swimmer guard system is likely in the range of $2,000.00, including material, labor,
overhead, profit, and a 25-percent contingency. The proposed swimmer guard concept is
illustrated in Figure 7-3.

Figure 7-3. Proposed Swimmer Guard at Overflow Weir
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