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TRANSVERSE CRACKING ON EMBANKMENT DAMS  
CAUSED BY EARTHQUAKES REVISITED 

 
Donald H. Babbitt, PE, GE1 

 
ABSTRACT 

 
In 1995, Fong and Bennett authored an ASDSO paper “Transverse Cracking on 
Embankment Dams Caused by Earthquakes,” which briefly describes damage to several 
dams by then recent California earthquakes and presents “a simple correlation between 
transverse cracking depth and settlement of the structures due to ground shaking”. The 
correlation is currently being considered in seismic reevaluation studies when judging the 
adequacy of freeboard and near crest details of embankment dams, in part, because the 
correlation is the only one published. The depths of cracks at 10 dams are listed, with 
Austrian Dam at 15.5 feet being the deepest. The next deepest is 5.5 feet. Austrian Dam, 
located 2000 feet from the San Andreas fault, was severely shaken and suffered 
significant damage during the 1989 Mw 6.9 Loma Prieta Earthquake. The dam was 
completed in the fall of 1950 under less than ideal conditions. Those conditions resulted 
in shallow slide material not being removed from the left abutment. Its effect on the dam 
performance during the earthquake is discussed and the effect of using the Austrian Dam 
experience in developing the correlation is explored. 

                                                 
1 Consulting Civil/Geotechnical Engineer, 3860 West Land Park Drive, Sacramento, California, 95822 
donbabbitt@sbcglobal.net 
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PREDICTION OF SEISMICALLY-INDUCED LONGITUDINAL/TRANSVERSE 
VERTICAL CRACKS IN EMBANKMENTS WITH UPSTREAM CONCAVE 

CURVATURES 
 

Mohsen Beikae1 
 

ABSTRACT 
 

Newmark method is commonly used to estimate seismically-induced permanent 
displacements of embankments.  The method 1) requires a battery of computer runs, 2) 
provides displacements with unknown directions (horizontal/vertical), and 3) is unable to 
predict locations of longitudinal/transverse vertical cracks in embankments particularly 
whose longitudinal axes have upstream concave curvatures.  To facilitate the method, 
compute displacements with directions, and predict locations of longitudinal/transverse 
vertical cracks in embankments, a seismic analysis technique is developed.  The 
technique uses an assemblage of blocks, connected together via nonlinear springs in three 
dimensions, to model the seismic behavior of an embankment under sustained gravity, 
hydrostatic forces, and earthquakes.  Each block has three degrees of freedom, two 
horizontally and one vertically.  The dimensions of blocks determine the ability to resolve 
fine details of displacements and to pick up tension cracks, if any.  A computer program 
is developed to calculate the motion of each block as a function of time.  Once contact 
forces, built up on each block, are calculated, Newton’s second law is invoked to 
compute the block accelerations.  The accelerations are then numerically integrated to get 
velocities and integrated once again to get displacements.  With this new set of 
displacements the calculation cycle is repeated again.  In this repetitive manner, the 
assemblage of blocks is marched forward in time.  As time proceeds, conditions of failure 
or equilibrium develop naturally with no prior assumptions to be considered and need to 
perform multiple analyses.  One analysis determines a three-dimensional pattern of 
seismically-induced deformations in the embankment.  Parametric analyses also can 
identify which earthquake’s orientation can cause more deformations and induce more 
longitudinal/transverse vertical cracks in an embankment. The analysis results for an 
example embankment with upstream and downstream concave curvatures are used to 
show displacements with directions and locations of longitudinal/transverse vertical 
cracks under sustain gravity, hydrostatic forces and design earthquake.         

                                                 
1 Senior Engineer - Metropolitan Water District of Southern California 



NOTES 

4 



5 

COMPARISON OF LIQUEFACTION SUSCEPTIBILITY CRITERIA 
 

Richard J. Armstrong, PE, PhD1 
Erik J. Malvick, PE, PhD2 

  
ABSTRACT 

 
There are currently three leading methods used in practice to determine the liquefaction 
susceptibility of fine grained soils; Seed et al. (2003), Bray and Sancio (2006), Boulanger 
and Idriss (2006). The three methods are compared in this paper. These comparisons first 
focus on the purposes of the criteria developed. This will then lead to a discussion of the 
recommended testing procedures that are suggested by each of the authors and the role of 
the soil’s fines content in this evaluation. The paper will end with a summary and 
conclusions of the comparisons made and suggestions on best use. 

                                                 
1 Design Engineer, California Division of Safety of Dams, 2200 X Street, Ste. 200, Sacramento, CA 95818, 
Richard.Armstrong@water.ca.gov 
2 Senior Engineer, California Division of Safety of Dams, 2200 X Street, Ste. 200, Sacramento, CA 95818, 
Erik.Malvick@water.ca.gov 
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LESSONS LEARNED FROM FLAC ANALYSES OF SEISMIC REMEDIATION 
OF PERRIS DAM 

 
Steven Friesen, P.E.1 Ariya Balakrishnan, Ph.D., G.E.2 
Mike Driller, P.E., G.E.3 Mike Beaty, Ph.D., P.E., G.E.4 
Rajendram Arulnathan, Ph.D., P.E., G.E.5 Erik Newman, Ph.D.6 

Sathish Murugaiah, P.E., G.E.7 
 

ABSTRACT 
 
Remediation for Perris Dam has been proposed in response to deficiencies identified in a 
recent seismic stability study.  Many lenses of potentially liquefiable soil have been 
identified within the dam foundation which may lose strength during a seismic event 
leading to unacceptable deformation of the dam.  The proposed remediation includes 
cement deep soil mixing (CDSM) to strengthen the foundation and construction of a 
downstream berm to stabilize the dam.  The remediation was designed primarily to limit 
deformation of the dam.  Deformations were predicted for both the existing and modified 
dam using the finite difference program FLAC and three different constitutive models for 
the liquefiable soil: Mohr-Coulomb (MC), URS-Pore Pressure Generation (URS-PP) and 
UBCSAND models.  Results for the modified dam showed good agreement between the 
models, while results for the existing dam showed a surprising range of deformations. 
URS-PP and UBCSAND models predicted much lower displacements than the MC 
model.  While the URS-PP and UBCSAND models predicted increased pore pressure and 
strength loss for a majority of the liquefiable zones, some liquefiable zones near the dam 
toe were able to mobilize significant strength.  This behavior can be an important issue to 
recognize and assess when using advanced soil models to analyze embankments. 
 

                                                 
1CA Dept. of Water Resources, 1416 Ninth St #510, Sacramento CA, sfriesen@water.ca.gov. 
2CA Dept. of Water Resources, 1416 Ninth St #510-6, Sacramento CA 95814, abalakri@water.ca.gov. 
3CA Dept. of Water Resources, 1416 Ninth St #538, Sacramento CA 95814, Mike.Driller@water.ca.gov. 
4Beaty Engineering LLC, Beaverton OR, mhb@beatyeng.com. 
5URS Corporation, 1333 Broadway, Suite 800, rajendram.arulnathan@urs.com. 
6URS Corporation, 1333 Broadway, Suite 800, erik.newman@urs.com. 
7URS Corporation, 1333 Broadway, Suite 800, sathish.murugaiah@urs.com. 
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SEISMIC ISSUES AT SCOGGINS DAM 
 

Ron Oaks1 
Bryan Scott2 

 
ABSTRACT 

 
The Cascadia Subduction Zone has recently been identified as having the potential to 
produce M 8 to 9 earthquakes, with peak ground accelerations up to and exceeding 2.0g 
for durations of up to 4 minutes, at Scoggins Dam.  Scoggins Dam is located on Scoggins 
Creek approximately 5 miles southwest of Forest Grove, Oregon and 25 miles west of 
Portland, Oregon.  The dam was completed in 1975 creating Henry Hagg Lake, and 
appears to have been designed and constructed according to the standard practices of that 
time.  More recent practices would have included the removal of the foundation soils 
beneath the footprint of the dam and a filter zone downstream of the core with crack 
stopping capabilities. The design of Scoggin’s Dam included two cutoff trenches 
excavated to rock, although the extent of one of these trenches is about 400 feet short of 
the left abutment.  The foundation at Scoggin’s Dam is comprised primarily of medium 
to high plasticity index (PI) clays.  These clays, although not susceptible to classical 
liquefaction, would be susceptible to strength loss in the event of an extreme earthquake.  
Given the magnitude of potential earthquakes that could occur at the site and the 
susceptibility of the foundation to experience strength loss, these trenches did not result 
in the removal of sufficient materials in the foundation to prevent significant 
deformations, resulting in the potential for unacceptable risk.  This paper will present a 
brief background of the seismic loadings, analyses of the potential deformations that 
could result from this loading, look at justification for fixing the dam, and provide 
various alternatives to reduce the risks at Scoggins Dam. 
 

                                                 
1 Geotechnical Engineer, Bureau of Reclamation; Denver Federal Center, Bldg. 67, P.O. Box 25007, Attn. 
86-68312, Denver, CO 80225; (303) 445-2975; roaks@usbr.gov. 
2 Geotechnical Engineer, Bureau of Reclamation; Denver Federal Center, Bldg. 67, P.O. Box 25007, Attn. 
86-68312, Denver, CO 80225; (303) 445-2977; bmscott@usbr.gov. 
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RISK OF SEISMIC DEFORMATION OF A 1930’S EMBANKMENT DAM IN A 
HIGHLY ACTIVE SEISMIC ENVIRONMENT 

 
Justin Phalen, PE, GE1 

Faiz Makdisi, PhD, PE, D.GE2 
Lelio Mejia, PhD, PE, GE3 

Michael Mooers, PE4 
 

ABSTRACT 
 
Guadalupe Dam is located in the seismically active Northern California Bay Area region. 
The 129-foot-high, relatively homogeneous compacted clay embankment was 
constructed in 1936 and modified with a compacted clay berm on the upstream side in 
1972 following what was thought to be a rapid draw-down instability condition. 
 
The dam has performed reasonably well over the years since construction and 
modification. During the 1989 Loma Prieta earthquake the dam experienced settlement of 
up to about 0.65 foot, and cracking along the dam crest and the top of the 1972 berm. The 
dam was evaluated for earthquake loading in the 1970s and 1980s and was found to meet 
then current dam safety criteria. Since that time, the criteria for evaluating ground 
motions have changed and evaluation procedures have advanced. As a result, the owner 
(Santa Clara Valley Water District) performed a new seismic safety evaluation for the 
dam. 
 
Based on the updated deformation analyses that were performed for this study, it was 
judged that Guadalupe Dam likely would experience moderate to significant 
deformations up to about 8 feet from strong shaking during the postulated design 
earthquake events. Such deformations could cause significant cracking, compromising 
the integrity of the dam. Though much effort today is focused on evaluating earth dams 
that have embankment and/or foundation components exhibiting classic indicators for 
liquefaction susceptibility, the results of this study highlight the need to also closely 
evaluate embankment dams composed of materials with moderate strength, subjected to 
strong shaking. 

                                                 
1 Senior Geotechnical Engineer, AMEC Environment & Infrastructure, 2101 Webster St., Oakland, CA 
94612, justin.phalen@amec.com 
2 Principal Geotechnical Engineer, AMEC Environment & Infrastructure, 2101 Webster St., Oakland, CA 
94612, faiz.makdisi@amec.com 
3 Vice President, URS Corporation, 1333 Broadway, Ste. 800, Oakland, CA 94612, lelio.mejia@urs.com 
4 Project Engineer, Santa Clara Valley Water District, 5750 Almaden Expressway, San Jose, CA 95118, 
mmooers@valleywater.org 
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INFLUENCE OF STRATIGRAPHIC INTERFACES ON 
 RESIDUAL STRENGTH OF LIQUEFIED SOIL 

 
Jack Montgomery1 

Ross W. Boulanger2 
 

ABSTRACT 
 

Residual strength of liquefied soil continues to be a major source of uncertainty in 
predicting the seismic performance of embankment dams. Physical, analytical and 
numerical models have demonstrated that the residual strength is a system response that 
depends on soil properties, drainage conditions, stratigraphy, stresses, and shaking 
characteristics. Case history-based residual strength correlations only indirectly account 
for the effects of these various factors, and only to the extent that their effects were 
manifested in the case histories used to develop the correlations. Numerical simulations 
offer a means to explore factors which influence the residual strength but may otherwise 
be difficult to examine analytically or experimentally. In this paper, numerical 
simulations are used to examine how undulations in the interface between low 
permeability layers and liquefiable layers affect the potential for strength loss due to void 
redistribution. The results of these analyses and subsequent parametric studies provide 
insight into how geologic conditions may influence the residual strength of a liquefied 
soil in the field. 
 

                                                 
1 Graduate Student, Department of Civil & Environmental Engineering, University of California, Davis, 
CA 95616, jmontgomery@ucdavis.edu 
2 Professor, Department of Civil & Environmental Engineering, University of California, Davis, CA 95616, 
rwboulanger@ucdavis.edu 



NOTES 

14 



15 

IMPLEMENTING NONLINEAR ANALYSIS OF CONCRETE DAMS AND 
SOIL-STRUCTURE INTERACTION UNDER EXTREME SEISMIC LOADING 

 
 Mark Schultz, SE, GE, PE1  

Phu Huynh, PE2 
Vojislav Cvijanovic, PE3 

 
ABSTRACT 

 
The promise of nonlinear finite analysis methods for dam engineering is to provide more 
realistic simulations of structural response and material behavior, which are known to 
vary with the intensity of dynamic loading.  Analyzing structures under the extreme 
seismic loading of California often indicates some level of damage to concrete dams and 
appurtenant facilities.  Assessing seismic performance and the implications of damage 
under extreme load is the basis for risk informed dam safety decision making.  Although 
better simulations are the promise, numerous challenges must be overcome to develop 
confidence in the results.  An organizational shift to more advanced methods of analysis 
requires considerable investment in sophisticated software, powerful computer hardware, 
skilled staff, extensive training, calibration studies, and peer review.   
 
This paper describes an overview of the transition process implementing more 
sophisticated nonlinear analysis methods using LS-DYNA, with examples of calibration 
studies to develop confidence in the results.  A variety of dam projects demonstrate how 
LS-DYNA is being used to model arch dams, reinforced concrete tanks, and towers.  
Examples of soil-structure interaction modeling include cement deep soil mix (CDSM) 
walls used for seismic stability of an earth dam, and slope stabilization of a concrete tank 
on a hill using cast-in-drilled piers.  A companion paper illustrates some of the technical 
details involved in adapting LS-DYNA for dams and how validation was performed to 
gain confidence in the results. 
 

                                                 
1 Supervising Engineer, California Department of Water Resources; Mark.Schultz@water.ca.gov 
2 Senior Engineer, California Department of Water Resources; Phu.Huynh@water.ca.gov 
3 Engineer, California Department of Water Resources; Vojislav.Cvijanovic@water.ca.gov 
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PERFORMANCE-BASED ANALYSIS OF A LARGE CONCRETE DAM 
 

Joshua B. Edelman1 
Peter J. Orme2  

Madeline R. Goldkamp3 
Tamara H. Savage4 

Ziyad Duron5 
Mike Knarr, P.E., S.E.6 

 
ABSTRACT 

 
A performance-based evaluation of a structure is useful to the engineer if it produces 
performance indicators for that structure under a wide range of loading conditions.  
Extending a structure’s original design life often requires an understanding of its 
performance capability and limitations, particularly where limited resources are available.   
Performance-based techniques can produce information for validating modern structural 
analysis modeling that may involve a variety of mechanisms that contribute to overall 
response behavior, but remain difficult to quantify. 
 
This paper describes the application of Performance-Based Analysis (PBA) techniques to 
a large multiple concrete arch dam and follows from the companion paper that details 
Performance-Based Testing (PBT) of the same dam.  PBA was used to predict structural 
performance under varying load conditions for the dam. It can also be used to direct 
subsequent, more complex investigations if required.     
 
Two analysis techniques, borrowed and adapted from aerospace engineering applications, 
are described that produce performance indicators that compare favorably to results from 
traditional analysis techniques, and that produce parameters for validating numerical 
models.  Implications for evaluating performance limits of a dam, as well as for other 
large civil infrastructure, are also discussed. 
 

                                                 
1 De Pietro Engineering Fellow, Harvey Mudd College, Claremont, CA, 91711,  jedelman@g.hmc.edu 
2 De Pietro Engineering Fellow, Harvey Mudd College, Claremont, CA, 91711,  porme@g.hmc.edu 
3 De Pietro Engineering Fellow, Harvey Mudd College, Claremont, CA, 91711,  mgoldkamp@g.hmc.edu 
4 De Pietro Engineering Fellow, Harvey Mudd College, Claremont, CA, 91711,  tsavage@g.hmc.edu 
5 Professor of Engineering, Harvey Mudd College, Claremont, CA, 91711,  duron@g.hmc.edu 
6 Consulting Civil/Structural Engineer to Southern California Edison Co., San Dimas, CA, 91773, 
mike.knarr@sce.com 
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PERFORMANCE-BASED TESTING OF A LARGE CONCRETE DAM 
 

Madeline R. Goldkamp1 
Tamara H. Savage2 
Joshua B. Edelman3 

Peter J. Orme4 
Ziyad Duron, PhD5 

Mike Knarr, PE, SE6 
  

ABSTRACT 
 

Performance based evaluation of civil structures and infrastructure is gaining acceptance 
by owners of buildings, bridges, dams, utilities, etc. as a result of the need to have them 
functional and operating following large earthquakes, high winds and other extreme 
loading conditions.  Today’s engineering community better understands these needs, has 
adapted and is now providing services to accomplish this.   
 
Particularly where aging or damaged structures and infrastructure is concerned, the trend 
is toward the use of modern, sophisticated numerical modeling and analysis techniques 
for determining performance and retro-fit requirements.  A new evaluation technique has 
been developed that aims to reduce the uncertainty in the use of modern analysis tools 
that incorporate non-linear mechanisms whose individual impacts on overall response 
behavior are difficult to validate.  The technique is called Performance-Based Testing and 
is a combined field test and numerical model approach that develops performance 
indicators for a structure under specific loading conditions.   
 
This paper addresses the use of this technique on a large concrete dam. Details of the 
performance-based evaluation of this dam are presented in two companion papers – 1) on 
Performance-Based Testing and 2) on Performance-Based Analysis – that together 
highlight the potential of this approach for determining the performance capacity of the 
dam. 

 

                                                 
1 De Pietro Engineering Fellow, Harvey Mudd College, Claremont, CA, 91711,  mgoldkamp@g.hmc.edu 
2 De Pietro Engineering Fellow, Harvey Mudd College, Claremont, CA, 91711,  tsavage@g.hmc.edu 
3 De Pietro Engineering Fellow, Harvey Mudd College, Claremont, CA, 91711,  jedelman@g.hmc.edu 
4 De Pietro Engineering Fellow, Harvey Mudd College, Claremont, CA, 91711,  porme@g.hmc.edu 
5 Professor of Engineering, Harvey Mudd College, Claremont, CA, 91711,  duron@g.hmc.edu 
6 Consulting Civil/Structural Engineer to Southern California Edison Co., San Dimas, CA, 91773, mike.knarr@sce.com 
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APPLICATION OF NONLINEAR ANALYSIS METHODS TO HYDRAULIC 
STRUCTURES SUBJECT TO EXTREME LOADING CONDITIONS 

 
Vojislav Cvijanovic, PE1 

Mark Schultz, SE, GE, PE2 
Richard Armstrong, PhD, PE3 

 
ABSTRACT 

 
When analyzing concrete dams subject to extreme seismic loading conditions, nonlinear 
finite element modeling can provide additional insight into the complex three 
dimensional response of hydraulic structures.  Over the years, nonlinear finite element 
software programs such as LS-DYNA have increasingly been used to model critical dams 
and appurtenances subject to extreme loading conditions where nonlinear response and 
damage are expected.  As these types of analyses have become more prevalent, the 
capabilities of the software have been tested, confidence in results has increased, and 
additional model nonlinearities have been considered.  This paper highlights some of the 
recent modeling progressions and compares nonlinear modeling methods to more 
traditional analysis techniques.  A companion paper describes some of the challenges 
with implementing nonlinear analysis and shows examples of calibration studies and 
nonlinear model results. 
 

                                                 
1 Engineer, California Department of Water Resources, vcvijano@water.ca.gov. 
2 Supervising Engineer, California Department of Water Resources, schultz@water.ca.gov. 
3 Engineer, California Department of Water Resources, rarmstro@water.ca.gov. 
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UTILISING THE CURVED FOOTPRINT OF AN 80 YEAR OLD GRAVITY 
DAM TO AID PERFORMANCE DURING EXTREME EARTHQUAKES 

 
Peter Amos 1 
John Black2 

 Roy Dungar3 
 Jim Walker4 
 

ABSTRACT 
 
Waitaki Dam, located in New Zealand, is a 1930’s concrete gravity dam. It is 36m (120ft) 
high, 350m (1160ft) long, and curved in plan with 21 individual blocks. While the dam 
and associated 105MW hydro power station has been in service and performed well for 
nearly 80 years, the dam was not designed or analysed for the level of earthquake loading 
that has now been established as the Safety Evaluation Earthquake (SEE). 
 
In accordance with appropriate and prudent dam safety practice, the power station’s 
owner Meridian Energy Ltd has completed a comprehensive structural safety assessment 
for all aspects of the dam, including a M7.0 earthquake (0.74g PGA).  The central dam 
blocks are sited on a wide zone of low shear resistance, highly jointed greywacke rock.  
Due to the unusual nature of the dam structure and its foundation properties, the safety 
evaluation of Waitaki Dam has involved the development of a unique computational 
model of the dam, its foundation and abutments. Three-dimensional non-linear equivalent 
structural analyses of the model have been performed to establish how the SEE loading is 
withstood by the entire dam, and how the dam benefits from the added stability 
advantages of an arch dam in accepting and distributing extreme loads to its abutments.  
 

                                                 
1 Damwatch Services Ltd PO Box 1549, Wellington, New Zealand, Phone +64 4 381 1300, 
peter.amos@damwatch.co.nz. 
2 Damwatch Services Ltd PO Box 1549 Wellington New Zealand, Phone +64 4 381 1300, 
john.black@damwatch.co.nz. 
3 Consultant, Llwyn-Derw, Angel Bank, Ludlow SY8 3HY, England, +44 412 1367 1571, 
roy.dungar@yahoo.com. 
4 Meridian Energy Ltd, P O Box 2146 Christchurch, New Zealand, Phone +64 3 357 9722, 
jim.walker@meridianenergy.co.nz. 
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CRACKING ANALYSIS OF CONCRETE GRAVITY DAMS 
 

Abdelkrim Kadid, Ph.D1 
Ali Zine2 

Djarir Yahiaoui 3 
 

ABSTRACT 
 
This paper presents the detailed seismic analysis of three different height concrete gravity 
dams for several earthquake ground motions. Fluid-structure interaction is considered 
using the added mass concept and the foundations will be assumed as rigid. The smeared 
cracking approach is used to model the initiation and propagation of cracks through the 
dams. The response of the dam is characterized by evaluating displacements and crack 
patterns. The results obtained will aid in gaining insight into the expected behavior of 
concrete gravity dams subjected to future earthquakes. A result of the study is that the 
dynamic characteristics of a dam and the frequency content of the ground motions are a 
couple of the key parameters to consider when assessing the seismic safety of concrete 
gravity dams. 
 

                                                 
1 University of Batna, Algeria, Rue Mohamed Boukhlouf, +213777804533, abdelkrim.kadid@gmail.com. 
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zineali7@yahoo.fr 
3 Ph.D candidate, University of Constantine, Algeria, Ain El bey, +213659292884, 
yahiaouidjarir@yahoo.fr. 
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FINITE ELEMENT ANALYSIS OF DYNAMIC BEHAVIOR OF LARGE DAMS 
 

 W.P. Kikstra1 
 F. Sirumbal2 

G. Schreppers3 
 M. Partovi4 
 

ABSTRACT 
 
In the design of new dams and in the assessment of existing dams, the dynamic response 
under earthquake loadings is a critical factor. Increased processing power and improved 
graphical capabilities of modern computers make that Finite Element Analysis can be 
used nowadays efficiently to predict the response of 3-dimensional dams. In such 
analyses the non-linear behavior of structure and foundation may be considered, such as 
non-linear foundation-dam interaction, opening and closing of joints, damage 
propagation in the dam and non-linear compaction of foundation. For high-dams the 
compressibility of the fluid and energy absorption by the reservoir are important aspects 
to be considered. In this paper different solutions procedures, such as frequency response 
analysis, transient analysis and hybrid-frequency-time-domain analysis will be discussed. 
In particular, the procedures for hybrid-frequency-time-domain analysis will be described 
and illustrated. 
 

                                                 
1 TNO DIANA BV, Delftechpark 19a, 2628 XJ Delft, the Netherlands, info@tnodiana.com. 
2 TNO DIANA BV, Delftechpark 19a, 2628 XJ Delft, the Netherlands, info@tnodiana.com. 
3 Corresponding Author, TNO DIANA BV, Delftechpark 19a, 2628 XJ Delft, the Netherlands, 
info@tnodiana.com. 
4 TNO DIANA BV, Delftechpark 19a, 2628 XJ Delft, the Netherlands, info@tnodiana.com. 
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AN APPROACH TO EVALUATING THE DYNAMIC STRENGTH OF SOILS AT 
DAM SITES 

 
Erik J. Malvick, PE, PhD1 

Richard J. Armstrong, PE, PhD2 
Kristen Martin3 

Phu L. Huynh, PE4 
 

ABSTRACT 
 
The California Division of Safety of Dams regulates an inventory of over 1,200 dams.  
Many of these dams are located in high seismic regions, and seismic analyses are often 
conducted to evaluate the safety of dams.  When conducting these analyses, a key step is 
determining soil strength during dynamic loads. Dynamic soil strength is broadly defined 
here to include the cyclic resistance during shaking and potential strength losses such as 
the residual strength or remolded shear strength.  A uniform approach was developed to 
determine the appropriate procedure for evaluating dynamic soil strength to help 
streamline the Division’s analyses. The process begins with a preliminary site assessment 
for selecting an applicable evaluation procedure based on soil classification and behavior.  
Once an evaluation procedure is selected, a focused site investigation and testing program 
can be developed to determine the soil’s cyclic resistance ratio.  Finally, an analysis of 
the factor of safety associated with the design load is used to evaluate the potential 
strength loss. The general engineering approach follows the methods and terminology 
based on the EERI liquefaction monograph by Idriss and Boulanger (2008) with 
susceptibility criteria extended using other publications; however, the approach can be 
adapted to current or future methods of dynamic soil strength evaluations as desired by 
the user. 
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PROBABILISTIC LIQUEFACTION HAZARD ANALYSIS 
 

Mohsen Beikae1 
 

ABSTRACT 
 

A commonly accepted method of evaluating liquefaction potential of a site is to perform 
deterministic liquefaction hazard analysis (DLHA), which provides no information on the 
likelihood of occurrence of a controlling earthquake, its location, and the level of shaking 
during an exposure time.  It implicitly assumes the probability of occurrence is 1 for the 
controlling earthquake at the point closest to the site.  To account for the above aleatory 
uncertainties due to randomness of natural processes, it is often more meaningful to use a 
probabilistic approach invoking total probability theorem (TPT).  Given seismogenic 
faults, recurrence laws, and contours of CSR-(N1)60 corresponding to probabilities of 
liquefaction, the TPT is used to perform the probabilistic liquefaction hazard analysis 
(PLHA) for the site during an exposure time.  Combining the above uncertainties, TPT 
provides a site-specific hazard curve, which is then converted to the probability of 
exceedance of level z for a given exposure time using Poisson Model.  Combining the 
probability of exceedance of level z for a given exposure time with the probability of 
liquefaction versus CSR for a given (N1)60, the TPT provides the probability of 
liquefaction.  For a saturated sandy site with a profile of (N1)60-depth and exposure times, 
this process is repeated to yield the probabilities of liquefaction versus depths and 
exposure times.  After presenting mathematical formulations and a computer program, 
both DLHA and PLHA results for an example site located close to an active fault are 
presented to demonstrate the comparison between the two methods and their profound 
implications.  
 

                                                 
1 Senior Engineer - Metropolitan Water District of Southern California 
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SEISMIC STABILITY EVALUATION OF DAM UNDERLAIN BY COARSE-
GRAINED ALLUVIUM 

 
Lelio Mejia, PhD, PE, GE, M. ASCE 1 

Jiaer Wu, PhD, PE, GE, M. ASCE 2 
Erik Newman, PhD, M. ASCE 3 

Michael Mooers, PE.4 
 

ABSTRACT 
Calero Dam is located about 13 miles southeast of the City of San Jose, California. The 
dam is an embankment about 98 feet high that straddles a wide stream valley blanketed 
by 15 to 20 feet of alluvium overlying bedrock. The dam was designed as an earthfill 
with “impervious” upstream and “pervious” downstream zones. A cutoff trench was 
excavated through the alluvium upstream of the dam axis, and the alluvium was stripped 
from beneath the embankment upstream of the cutoff trench. However, downstream of 
the cutoff trench, the alluvium was left in place beneath the embankment. The lower 5 to 
10 feet of the alluvium consists of sandy gravel and gravelly sand, whereas the upper 5 to 
10 feet is mostly fine-grained soil of medium plasticity. The dam sustained the 1989 
Loma Prieta Earthquake with only minor effects. 
 
This paper describes the field investigations, the characterization of the embankment and 
foundation, and the seismic analyses of the dam. The field investigations indicated that 
the coarse-grained alluvium under the downstream embankment is expected to liquefy 
during a large earthquake and lead to large deformation of the embankment. The seismic 
stability of the dam was evaluated with nonlinear deformation analysis methods. The 
analysis procedures were checked against the observed performance of the dam during 
the Loma Prieta earthquake before they were used to analyze the stability of the dam for 
the design earthquakes.  
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FOUNDATION LIQUEFACTION EVALUATION FOR THE REMEDIATION OF 
THE ISABELLA AUXILIARY DAM 

 
David C. Serafini, P.E., G.E.1 

Henri V. Mulder, P.E.2 
Vlad G. Perlea, P.E., PhD.3 

 
ABSTRACT 

 
Isabella Dam is located on the Kern River 34 miles northeast of the City of Bakersfield 
on the Kern River in Kern County, California.  It provides major flood control, water 
supply, power generation and recreation benefits to the region. The Isabella Dam has 
been designated as a Dam Safety Action Class (DSAC) I project by the U.S. Army Corps 
of Engineers (USACE), requiring urgent and compelling action by USACE to reduce 
probabilities and consequences of failure.  The Isabella Dam project was completed in 
1953 and consists of two dams.  The Main Dam is 185 feet high and 1,695 feet long and 
the Auxiliary Dam is 100 feet high and 3,257 feet long.  The gross capacity of Lake 
Isabella is 568,100 acre-feet, of which 300,000 acre-feet are reserved for operation to 
control rainfloods.  The Isabella project has three areas of deficiency:  hydrologic 
overtopping, seismic/fault rupture, and seepage. 
 
This paper presents an overview of the seismic design considerations of the Isabella Dam 
Safety Modification Project and more specifically the use of CPT’s for liquefaction 
characterization and target foundation identification for the proposed Auxiliary Dam 
buttress modification.  This paper presents an overview of the primary failure modes 
associated with the Auxiliary Dam including failure modes resulting from liquefaction 
and deformation, and fault rupture at the Auxiliary Dam.  The paper also discusses the 
challenges of characterizing the liquefaction potential of the deep alluvial fan deposit and 
the approached taken in design to reduce the risk associated with failure. 
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CHARACTERIZATION OF GRAVELLY SOILS FOR LIQUEFACTION 
POTENTIAL ASSESSMENT AT DAM SITES USING THE iBPT 

 
Mason Ghafghazi1 Jason T. DeJong2 
Alexander P. Sturm3 Daniel W. Wilson4 
Craig Davis5 Adam Perez6 

Richard Armstrong7 
 

ABSTRACT 
 
Widely accepted procedures for liquefaction potential assessment in sands and cyclic 
softening in clays have been developed over the past few decades. However, there is still 
ambiguity around the applicability of liquefaction assessment procedures in gravels. The 
Becker Penetration Test (BPT) is a widely used tool for characterization of gravelly soils, 
especially for liquefaction potential assessment. Interpretation of BPT data is particularly 
challenging in dam foundations where the shaft resistance of the thick dense shell can be 
significant compared to the tip resistance of underlying loose foundation layers. Existing 
methods for evaluating the BPT blow counts often yield significantly different results and 
there is little evidence as to which one may be more reliable in different circumstances.  
 
A new instrumented BPT (iBPT), provides measurements of the dynamic force and 
acceleration at the tip as well as the conventional above ground measurements. iBPT 
allows for direct calculation of the energy transferred to the drill string by the hammer, 
and the actual energy that is delivered to the soil below the driving shoe. Data from iBPT 
testing at a newly proposed reservoir being designed in southern California is presented. 
The performance of the iBPT system and analysis of the obtained data is presented to 
demonstrate the potential of the new device.   
 
Data obtained with the iBPT system was presented to point out how measurement of 
driving energy at the tip, is necessary to adequately characterize gravel rich alluviums 
underlying many dams. Any method solely relying on above ground measurements is 
susceptible to misestimating the resistance of dam foundations. 
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CURRENT SEISMIC TOOLS USED TO EVALUATE A  
1914 CONCRETE ARCH DAM  

 
Dina Bourliea Hunt, P.E.1 

Bashar Sudah, P.E.2 
Jennifer Fordney, E.I.T.3 

Glenn Tarbox, P.E.4 
David Thompson, P.E.5 

Scott Willis, P.E.6 
 

ABSTRACT 
 
Salmon Creek Dam, built in 1914, is the world’s first constant angle concrete arch dam 
and is located approximately 3 miles (5 km) northeast of Juneau, Alaska.  Salmon Creek 
Dam is located in a seismically active area situated east of a transform boundary between 
the westward moving North American plate and the northwestward moving Pacific plate. 
 
Due to its age and close proximity to this highly seismic area, Independent Consultants 
(ICs), under contract to Alaska Electric Light and Power Company (AEL&P) to conduct 
the 2007 U.S.  Federal Energy Regulatory Commission (FERC) Part 12D Dam Safety 
Inspection, recommended an updated seismic evaluation and condition assessment of 
Salmon Creek Dam to be performed.  In 2011, a concrete coring and laboratory testing 
program was implemented to assess the condition of the dam concrete.  A LiDAR survey 
was also undertaken to determine the remaining section of the dam by comparing the 
eroded surface contours of the dam faces with the original as-constructed surfaces.  
Concurrently time histories were updated and developed, and subsequently used as input 
in three-dimensional linear and nonlinear finite element analyses (FEA). 
 
This paper presents a discussion of the development of site-specific time histories using a 
conditional mean spectrum (CMS), instead of a typical uniform hazard spectrum (UHS).  
A UHS provides results of a probabilistic seismic hazard assessment, which includes all 
earthquake scenarios – large or small, near or far.  By using the CMS methodology, the 
seismic performance of the structure was evaluated for the 2,475 year return period using 
a single scenario event. 
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ADVERSE GEOLOGICAL CONDITIONS AND PIPING 
PRACTICAL CONSIDERATIONS WHEN EVALUATING SEEPAGE  

 
Ray E. Martin, Ph.D., P.E., D.GE1 

Joseph S. Monroe, P.E.2 
 

ABSTRACT 
 

Modeling of seepage problems has evolved substantially over the past 50 years.  
Computer programs are now available that allow the modeling of very complicated 
projects and geological foundation conditions with apparent relative ease.  However, it is 
possible to place too much effort on the model rather than developing a reasonable 
understanding of the overall project.  Understanding the soil mechanics theory upon 
which computer seepage models depend is very important when evaluating the input and 
output of these models.  Likewise understanding geologic conditions and their potential 
consequences is the basis for deciding what should be analyzed.  This paper presents an 
overview of soil mechanics principles related to seepage analysis, hydraulic conductivity 
and piping mechanisms, discusses important practical considerations, and then presents 
case histories to illustrate why these issues are important.   
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PROPOSED RETROFIT CONCEPTS FOR CHABOT DAM 
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ABSTRACT 
 
Chabot Dam is a 135-foot-high, 500-foot-long earth embankment located approximately 
1,500 feet from the Hayward Fault, which is capable of a moment magnitude (Mw) 7.25 
earthquake. The main body of the dam was constructed with imported materials, which 
were compacted by teams of horses and wagons in 1874 and 1875. The downstream 
buttress was constructed using hydraulic fill techniques between 1875 and 1888. A recent 
seismic stability analysis showed that the dam would remain safe following the maximum 
credible earthquake; however, portions of the hydraulic fill would liquefy and undergo 
significant deformation. Additionally, there are unsubstantiated claims in historical 
documents referring to a previous dam at the site that failed during the Mw 6.8 Hayward 
Earthquake of 1868, with the implication that the current dam was founded on the failed 
remnants. To resolve this, the East Bay Municipal Utility District (EBMUD) undertook 
subsequent field investigations and historical research. The historical review and 
subsurface investigations showed that the presence of failed dam material was highly 
unlikely.   
 
Although the dam presents no safety hazard, EBMUD is undertaking the remediation of 
the liquefaction hazard as preventative maintenance. Two design concepts are being 
advanced through the environmental impact reporting phase of the project: a remove and 
replace option and a cement deep soil mixing (CDSM) stabilization option. Following an 
overview of the results of the stability analysis and subsequent historical research and 
field investigations, this paper presents the design concepts, and compares the expected 
seismic performance, construction cost and schedule risks for each option.  
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LABORATORY MODELING OF SOIL EROSION INTO BEDROCK DEFECTS 
 

John D. Rice, Ph.D., P.E., G.E.1 
Kenneth E. Henn III, P.G.2 

John W. Kovacs, P.E., PMP, D.GE3 
Brian H. Greene, Ph.D., P.G.4 

 
ABSTRACT 

 
Assessing Dam or Levee Safety related risk associated with internal erosion into rock 
defects is difficult.  Many uncertainties exist, including but not limited to: the physical 
mechanisms driving the failure, the rate at which these mechanisms occur, hydraulic 
loading (temporal and/or cyclic) impacts on the mechanisms, and how the progression of 
an active mechanism is reflected in observed or monitored dam performance.  Compared 
to soil failure mechanisms, rock defect mechanisms are poorly understood and little 
laboratory or field testing is available to draw upon to help in risk assessments.  The need 
for additional information to use in risk assessments is recognized and has been the focus 
of a study to help risk assessors decrease uncertainty related to rock defect failure modes. 
A laboratory modeling program has been conducted to investigate the mechanisms 
associated with internal erosion of embankment and foundation soils into bedrock 
defects.  The investigation consists of developing laboratory devices to model two 
separate internal erosion mechanisms associated with rock defects: 1) contact erosion 
along bedrock joints, and 2) piping into an open bedrock defect.  The contact erosion 
device subjects the soil above a bedrock joint to high velocity flows within the joint.  The 
device used to evaluate erosion into a bedrock defect examines a number of static and 
transient hydraulic conditions to study the mechanisms associated with this type of 
erosion.   Numerous tests have been conducted using both devices.  The results of the 
modeling will be reviewed along with a discussion of how this information could be used 
in future dam designs and risk assessment studies.  
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SOME FINDINGS FROM THE ICOLD BULLETIN ON INTERNAL EROSION 
IN EXISTING DAMS 

 
Rodney Bridle1 

 
ABSTRACT 

 
The ICOLD Bulletin on Internal Erosion in Existing Dams, Levees and Dikes brings 
together many recent developments in understanding of internal erosion, the cause of 
about one-half of all dam failures. About one-third of internal erosion failures occur in 
existing embankment dams. This paper explains some of the major findings in relation to 
the mechanics of internal erosion, how it initiates, whether dams can arrest it once 
initiated, and the circumstances in which it may progress to failure. Case histories 
demonstrate how, if details of the zoning and soil properties in the dam are known, the 
Bulletin can be used to assess the filtering capability of shoulder fills to arrest erosion,  
even after considerable leakage and damage. The speed and hydraulic loadings at which 
erosion, if not arrested, will progress to failure and the circumstances that cause 
innocuous damage which does not lead to failure are also discussed.  
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RIGHT ABUTMENT SEEPAGE MITIGATION AT OCHOCO DAM 
 

Dennis L. Hanneman, P.E.1 
Mark Pabst, P.E.2 

 
ABSTRACT 

 
During first filling of Ochoco Dam in 1921, seepage flow of approximately 43 ft3/s was 
observed coming from the right abutment landslide deposit. Seepage was reduced to 
28 ft3/s by sluicing material into the upstream abutment, and the dam operated that way 
until 1950. At that time the embankment was raised, a drainage system was added at the 
downstream toe, a 5-foot thick impervious earthfill blanket was placed over the upstream 
right abutment, and seepage was reduced to approximately 12 ft3/s. Instrumentation and 
enhanced monitoring were implemented in the 1980s; and increased seepage flows, 
erratic piezometer behavior, and foundation material movement were observed in 1989. 
Due to these concerns, Reclamation implemented a series of dam safety modifications 
between 1990 and 1998. Alternatives to address the abutment seepage included cutoff 
walls, an upstream diaphragm core and drainage system, upstream blankets, and 
downstream drainage systems. With the exception of the cutoff wall, all of these remedial 
measures were implemented beginning with construction of a geomembrane blanket on 
the right abutment in 1990. In 1994, the dam was modified with an upstream diaphragm 
core and drainage system. However, sand boils were observed in a downstream pond, and 
a drainage blanket was constructed in the pond in 1997. Gradients remained high in the 
1950s era toe drain system, and material movement was once again observed in the toe 
drain. It was removed and replaced with an extensive drainage system in 1998. That 
system now safely collects 6 ft3/s of foundation flow through a filtered drainage system. 
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PROBABILISTIC CONSTRICTION SIZE APPLICATION FOR EARTH 
DAM/LEVEE FILTER DESIGN  
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Samuel S. Lee, Ph.D.2 
 

ABSTRACT 
 
Authors introduced a probabilistic model to relate filter/base soil grain size distribution 
(GSD) and relative density with the filter/base soil constriction size distribution (CSD) in 
ICOLD 2013. The maximum fine particle size susceptible to piping (backward erosion) 
was probabilistically assessed from given GSD of base soil, also minimum conduit size 
of filter, deciding whether the eroded fine particles to be retained within or migrate 
through the filter was assessed with the probabilistic model.  This paper will guide and 
demonstrate how the probabilistically estimated CSD of base soil and filter can be 
utilized in selection of filter GSD to achieve better earth dam/levee filter performance in 
view of both retention and drainage purposes. Percentage of fines erodible from base soil, 
clogging potential of chimney filter and optimum constriction size of filter were 
evaluated and compared with exemplary base soil and filter material appeared on FEMA 
dam filter design manual (2011). 
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EVALUATING THE MECHANICS OF PIPING EROSION INITIATION 
THROUGH LABORATORY MODELING 

 
John Rice1 

Mandie Fleshman2 
 

ABSTRACT 
 
Piping erosion occurs when water seeping through a soil mass causes the dislocation of 
soil particles at an unfiltered exit.  Piping is initiated when the forces imposed on the soil 
grains by the seeping water (viscous shear and seepage forces) exceed the resisting forces 
(gravity and intergranular contact forces).  A laboratory modeling program has been 
conducted to assess the mechanics of initiating the piping erosion process in sandy soils.  
The models were performed on several soils, differing in gradation, grain size, grain 
shape, and specific gravity. 
 
Observations and monitoring of pore pressures within the samples during the modeling 
identified four stages in the development of piping initiation: initial movement, 
progressive heave, boil formation, and total heave.  By linking the observed behavior to 
the measured pore pressure regime in the sample, a model for the mechanics of the piping 
development has been developed.  Finite element seepage analyses were performed to 
model the progression of piping development in the laboratory models and corroborate 
the developed model of mechanics.  The findings of the study identified a new model for 
the initiation of piping development that can be applied to the assessment of piping the 
field. 
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DAM ABUTMENT SEEPAGE INVESTIGATION AND EROSION REPAIR 
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Tony Plizga3 

Paul F. Shiers4 
 

ABSTRACT 
 
Seepage exits the downstream side of a 15 foot high soil and bedrock berm on the left 
abutment of High Rock Dam located on the Yadkin River near Denton, North Carolina.  
Two near vertical wave erosion scarps in soil and severely weathered bedrock on the 
reservoir side of the berm were enlarging over time reducing the berm width, causing 
concern that seepage could increase and that the berm cross section would eventually 
become unacceptably thin.  The berm extends upstream of the dam’s left abutment and is 
the water barrier between the reservoir and railroad tracks that are about 25 feet from the 
end of the concrete dam.  The berm and railroad tracks parallel the reservoir shoreline 
perpendicular to the dam. 
 
A drainage ditch that follows the downstream toe of the berm along the railroad tracks is 
about 5 feet lower than the normal maximum reservoir level.  Seepage exits through 
bedrock fractures in the side of the drainage ditch.  The seepage source is from the 
reservoir, based on a dye test and observations that seepage only occurs when the 
reservoir is at or above the drainage ditch invert elevation. 
 
A design was prepared to restore the berm to the original geometry and function, and 
prevent wave erosion of the soil and severely weathered bedrock.  It consisted of a graded 
crushed stone and riprap armoring.  Protection was also added on the top and railroad 
side of the berm to prevent soil erosion from foot traffic and precipitation runoff.  The 
design and construction procedures of the berm repair project are presented. 
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A SCREENING TOOL FOR IDENTIFYING POTENTIAL DOWNSTREAM 
HAZARDS 
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ABSTRACT 
 
Dam owners, consultants, and regulators are responsible for estimating consequences 
such as loss of life from predictable and unpredictable catastrophic events including dam 
failure.  Aging infrastructure, limited resources, and increasing development along 
downstream reaches complicate this responsibility.   
 
Traditional methods for identifying potential consequences of dam failure include the 
compilation of dam data, field surveys, site reconnaissance, and the development of 
hydraulic models.  These methods, particularly the development of hydraulic models, 
present a challenge to dam safety professionals with limited schedules and resources, 
especially for low hazard potential dams where detailed hydraulic analyses have not been 
required.   
 
This paper presents a method to systematically estimate dam flood wave heights and 
potential downstream impacts using a desktop screening tool.  The screening tool helps 
guide field reconnaissance and identify projects that may warrant more detailed hydraulic 
analysis.  We developed the screening tool from a regression analysis of more than 40 
HEC-RAS dam failure and flood wave routing models.  The regression analysis 
investigated practical relationships to conservatively estimate incremental rise along a 
downstream reach from a hypothetical dam failure.  The final regression analysis is based 
on 19 dams with heights ranging from 20 ft to 160 ft and impoundments of up to 5,000 
acre-ft.  Reaches downstream of the 19 dams are sparsely populated and located in well-
defined, steep channels.  The screening tool is presently being used to prioritize future 
dam safety investigations and evaluations for a large portfolio of low hazard dams. 
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POE DAM RADIAL GATE STRENGTHENING PROJECT: CHALLENGE 
ACCEPTED 
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ABSTRACT 
 
Poe Dam is a Pacific Gas & Electric Company (PG&E) dam located on the North Fork of 
the Feather River in Butte County, California. Constructed in the late 1950’s, the dam is 
about 70 feet high with a crest length of about 450 feet. The dam serves primarily as a 
diversion dam to feed a 6.3-mile-long tunnel to Poe Powerhouse located downstream on 
the Feather River. Poe Reservoir is approximately 1.7 miles long and has a storage 
capacity of approximately 1,203 acre-feet. Due to the high flood flows on the Feather 
River and limited storage capacity of the reservoir, the majority of the dam serves as the 
primary spillway with four 50-foot-wide by 41-foot-high radial gates. 
 
As part of an ongoing dam safety program, PG&E commissioned a testing and analysis 
program to determine the structural adequacy of the aging radial gates. The results of this 
analysis indicated excess friction in the trunnions and overstressing of the gate arms. 
 
Subsequently, URS Corporation (URS) performed an alternative study for remediation of 
the overstressed gate components. PG&E selected replacement of the gate end arms and 
trunnion assemblies as the preferred remediation alternative. Design for the remediation 
of the gate components was divided between HDR Engineering, Inc. (HDR) and URS. 
HDR was responsible for the trunnion replacement design, and URS responsible for the 
gate arm replacement design.  
 
Execution of this option presented two major challenges: 

 Selection and design of the gate isolation and dewatering system for replacement 
of the gate components, and  

 Analysis and design of the new “replace in kind” trunnion assemblies 
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U.S. ARMY CORPS OF ENGINEERS  
TAINTER GATE RETROFITS FOR EXTREME LOAD CASES 
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Matt D. Hanson, P.E.2 
 

ABSTRACT 
 
The Portland District U.S. Army Corps of Engineers (USACE) current Hydraulic Steel 
Structures (HSS) portfolio contains many spillway Tainter gates that have met or 
exceeded their design life of 50 years.  Almost all of the Tainter gates are under-designed 
per current codes and standards. The USACE Portland District has been actively 
inspecting these Tainter gates using visual, hands on, and non-destructive testing 
methods. 
 
This paper will cover the Portland District’s application of USACE Engineering Manual 
(EM) 1110-2-2702 (2000) for the analysis and design of Tainter gate retrofits for extreme 
load cases. This EM contains two extreme load cases that involve single sided hoisting 
conditions and extreme stall out forces from hoisting machinery, which can exceed a 
million pounds in some instances. It has been the Portland Districts mission to design for 
these extreme load cases for its HSS portfolio.  
 
Structural analysis has been performed by the use of 3D Structural Analysis software 
packages. These software packages and computer models provide great flexibility in 
addressing the extreme load cases presented by EM 2702. The application of Trunnion 
friction, which contributed heavily to the strut arm failure at Folsom Dam, has been a 
primary reason for many of the Portland District Tainter gate retrofits. Trunnion friction 
is present in normal operating load cases as well as the extreme cases presented in EM 
2702. The usage of 3D software has allowed the Trunnion friction issue to be addressed 
with greater accuracy and efficiency. 
 
As a result of the Portland District’s Tainter gate inspections, analysis, and application of 
EM 1110-2-702 many Tainter gates have been found to be deficient and under-designed 
per current codes and standards.  Retrofits are currently underway on the most deficient 
projects with many other retrofits planned for the future. The analysis and design of 
Tainter gate retrofits for extreme load cases continues to evolve with new knowledge and 
experience gained from each successful project completed.  
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SYSTEM RELIABILITY ANALYSIS OF ROCK SCOUR  
 

Michael F. George1 
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Armen Der Kiureghian3 
 

ABSTRACT 
 
Scour of rock during normal or extreme flood events is a critical issue for dam and public 
safety as excessive erosion of a dam’s foundation or spillway can compromise the 
stability of the dam leading to high remediation costs or even loss of life if catastrophic 
failure occurs.  Removal of individual blocks of rock is one of the principal mechanisms 
by which scour can occur and prediction of block erodibility can be complicated due to 
the inherent variability associated with the rock mass as well as flow conditions in the 
vicinity of the block(s) in question.  Accordingly, a probabilistic approach is a natural 
choice for evaluation of rock block removability subject to hydraulic flows.  In this paper 
we explore the methodology for system reliability assessment of the probability of scour 
of tetrahedral (four-sided) rock blocks subject to hydraulic loads.   The results of the 
reliability analyses are then compared with “exact” solutions from Monte Carlo analysis. 
The advantage of the system reliability approach is that an integral part of the solution is 
its sensitivity to the individual physical parameters, which allows dam owners to focus 
geologic site investigations on the most important variables as well as to guide decisions 
regarding scour mitigation strategies. 

                                                 
1 University of California - Berkeley, 413 Davis Hall, Berkeley, CA 94720, mike.george@berkeley.edu. 
2 University of California - Berkeley, 449 Davis Hall, Berkeley, CA 94720, sitar@ce.berkeley.edu. 
3 University of California - Berkeley, 723 Davis Hall, Berkeley, CA 94720, adk@ce.berkeley.edu. 
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INCREASING THE FLOOD CAPACITY OF A 95 YEAR OLD DAM 
 

Kevin Finn1 
John Vallee2 

Marc Buratto3 
Bryce Mochrie4 

 
ABSTRACT 

 
The 1.55 MW Schuylerville Hydroelectric Project is located on Fish Creek in Saratoga 
County, NY.  It is owned and operated by Erie Boulevard Hydropower LP, a subsidiary 
of Brookfield Renewable Energy Partners (Owner).  The dam was constructed in 1919, 
and consists of a right wing wall, a sluice gate structure with two stop log gates, a low 
level outlet pipe, a main spillway, an intake structure, and an auxiliary spillway. 
 
In 2011, the Owner performed an Inflow Design Flood (IDF) analysis of the facility.  
This study determined that the IDF flow was significantly greater than the existing 
spilling capacity for the project.  Based on these findings, the Owner initiated a phased 
approach to resolve the flood discharge capacity issue, with work planned to avoid the 
spring high flow season for Fish Creek to ensure worker safety during the remediation 
effort.  The scope of work for the three seasons of the construction project includes 
lowering the concrete crest of the current auxiliary spillway and demolishing a majority 
of the gated spillway section.  Trippable vertical stanchions with wooden flashboards will 
be installed at these sections, and non-trippable flashboards installed on the wing wall, in 
order to reestablish the reservoir at its current elevation, while providing additional 
spilling capacity in the event that the IDF event is realized.   
 
This paper discusses the hydraulic analyses, the proposed remediation plan and design 
considerations required to enable the structures to safely pass the IDF.   

                                                 
1 Senior Engineer, Parsons Brinckerhoff, 75 Arlington St. Boston, MA 02116, (617) 960-5031, 
finnk@pbworld.com 
2 Asset Manager, Brookfield Renewable Power, New York East Regional Operating Center, 399 Big Bay 
Road Queensbury, NY 12804, (518) 743-2002, john.vallee@brookfieldrenewable.com 
3 Principal Engineer, Parsons Brinckerhoff, 75 Arlington St. Boston, MA 02116, (617) 960-4973, 
buratto@pbworld.com 
4 Senior Principal Engineer, Parsons Brinckerhoff, 75 Arlington St. Boston, MA 02116, (617) 960-4971, 
mochrie@pbworld.com  
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DESIGN FLOOD DETERMINATION FOR THE VICTORIA DAM SPILLWAY 
IMPROVEMENT PROJECT 

 
Ben Trotter1 

Raymond Wingert, P.E.2 
Virgil Schlorke, P.E.3 

 
ABSTRACT 

 
Upper Peninsula Power Company (UPPCo) and HDR Engineering, Inc. (HDR) 
incorporated a risk-based approach to address spillway adequacy deficiencies at Victoria 
Dam. The dam is situated on the Ontonagon River in Upper Peninsula, Michigan, and 
was capable of safely passing only 25 percent of the Probable Maximum Flood (PMF). 
The project is required to safely pass the full PMF, which was determined as the Inflow 
Design Flood (IDF) due to downstream hazard potential. Previous dam failure and hazard 
analyses indicated that sections of the dam would be overtopped for flood events 
exceeding approximately 200 years, with significant potential downstream impacts 
associated with embankment failure. Conventional measures for increasing spillway 
capacity to pass the IDF were not feasible. Evaluating the probability of flood loading 
and associated consequences of embankment failure enabled UPPCo to establish a design 
flood criterion for the modified embankment sections that was approximately 50 percent 
of the PMF. UPPCo performed additional, detailed dam safety assessments to fully 
understand the downstream consequences of various spillway adequacy solutions. 
Integration of these risk assessments was essential to develop cost-effective modifications 
that meet spillway adequacy requirements, as compared to total project re-construction 
that would have otherwise been required. Combining structural and non-structural 
measures successfully reduced the probability of embankment overtopping to 
approximately one in 10,000 years and the project can safely pass the full PMF. This 
manuscript will discuss the risk-based evaluations and design that resulted in successful 
implementation of cost-effective modifications to resolve spillway adequacy deficiencies 
on schedule and under budget. 
 

                                                 
1 Project Manager, Integrys Business Support, LLC, 700 North Adams Street, Green Bay, WI 54301, 
BPTrotter@integrysgroup.com 
2 Project Manager, HDR Engineering, Inc., 970 Baxter Boulevard, Suite 301, Portland, ME 04103, 
Raymond.Wingert@hdrinc.com 
3 Manager Regional Generation – Michigan, Upper Peninsula Power Company, 500 North Washington 
Street, Ishpeming, MI 49849, VESchlorke@uppco.com 
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SNOWMELT HYDROLOGY IN THE LIBBY DAM PROBABLE MAXIMUM 
FLOOD COMPUTATION 

 
Kevin Fagot1  
Henry Hu2 

 
ABSTRACT 

  
The probable maximum flood (PMF) for Libby Dam was last computed in 1962.  Over 
the past 50 years, the available data, the tools used for developing hydrologic models, and 
the guidance used to determine the PMF have improved.  Hydrometeorologic Report 
(HMR) 57 is the current standard used for PMF studies in the Pacific Northwest.  For the 
Libby basin, where snowmelt is a significant contributor to the inflow during the PMF, a 
probable maximum precipitation (PMP) event is determined along with a warming 
sequence.  The previous PMF computation consisted of a snowmelt only event.  This 
paper covers the development of the PMF for Libby Dam with specific focus on the 
snowmelt hydrology involved with this event.  
 

                                                 
1 Project Manager, WEST Consultants, Bellevue, WA, kfagot@westconsultants.com 
2 Project Manager, WEST Consultants, Bellevue, WA, hhu@westconsultants.com 
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CALCULATING PROBABLE MAXIMUM PRECIPITATION IN COMPLEX 
TERRAIN:  UPDATING HMR 59 FOR CALIFORNIA 

 
Ed Tomlinson, Ph.D1 

Bill Kappel2 
 

ABSTRACT 
 
Probable Maximum Precipitation (PMP) values have been computed for the Piru Creek 
watershed which includes Pyramid and Santa Felicia Dams in the highly complex 
topography of Ventura and Los Angeles Counties in southern California.  
Hydrometeorological Report 59 (HMR 59) is the relevant National Weather Service 
document for the basin.  Many errors and inadequacies have been identified in the HMR 
59 PMP development, the most important of which relates to the effects of topography on 
rainfall production.  Applied Weather Associates (AWA) followed a storm based, 
deterministic approach to develop updated PMP values.  The largest of the historic 
rainfall events in the region were analyzed.  Each storm was transpositioned to the basin.  
As part of this process, the Orographic Transposition Factor (OTF) was developed to 
explicitly quantify the effects of topography at the in-place storm location compared to 
topographic effects at the basin location.  The OTF is used to adjust for the differences of 
topography on rainfall production between two locations.  The results of this analysis 
provided quantifiable and reproducible results, in stark contrast to the Storm Separation 
Method (SSM) used in HMR 59.  It is unfortunate that working papers showing explicitly 
how the SSM was used in the development of HMR 59 PMP values were not archived for 
review and comparison with the site-specific PMP study procedures.  This presentation 
will detail some of the major storm events used in this analysis, the process used to 
quantify and adjust for the effects of topography, and the results and challenges of the 
study. 
 

                                                 
1 President, Applied Weather Associates, PO Box 680, Monument, CO 80132, 
edtomlinson@appliedweatherassociates.com 
2 Vice President, Applied Weather Associates, PO Box 680, Monument, CO 80132, 
billkappel@appliedweatherassociates.com 
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SELECTING AND ACCOMMODATING INFLOW DESIGN FLOODS FOR 
DAMS: A BEHIND-THE-SCENES LOOK AT UPDATING FEDERAL GUIDANCE  

 
Paul G. Schweiger, P.E., CFM1 

Gregory L. Richards, P.E., CFM2 
Dr. Arthur Miller, P.E., CFM3 

James E. Demby, P.E.4 
Amanda J. Hess, P.E., CFM5 

 
ABSTRACT 

 
The Federal Emergency Management Agency’s National Dam Safety Program recently 
sponsored development of an updated guidance document entitled Selecting and 
Accommodating Inflow Design Floods for Dams which was finalized in 2013.  The main 
objectives of this document are to recommend appropriate procedures for selecting and 
accommodating the Inflow Design Flood (IDF) for dams based on current and accepted 
practices and to promote a reasonable degree of consistency and uniformity among state 
and federal agencies.  Over the course of its development, the document was reviewed by 
an independent Steering Committee, a FEMA Research Work Group, state and federal 
dam safety agencies, and the National Dam Safety Review Board. 
 
This paper will: 
 

1. Provide a summary of the guidelines with an emphasis on changes from the 
previous guidelines; 

2. Discuss how the guidelines should be used by state and federal agencies; 
3. Summarize the most significant review comments and how they were 

resolved; and 
4. Identify issues where additional research and guidance is needed. 

 
These insights into the development of Selecting and Accommodating Inflow Design 
Floods for Dams will benefit dam safety officials and practitioners as they strive to apply 
the updated guidance within their various jurisdictions.  They will also provide a better 
understanding of current practices related to the hydrologic safety of dams and how they 
are evolving in response to changes in technology.   
 

                                                 
1 Vice President, Dams and Hydraulics Section, Gannett Fleming, Inc., pschweiger@gfnet.com 
2 H&H Engineer, Dams and Hydraulics Section, Gannett Fleming, Inc., grichards@gfnet.com 
3 Science Practice Leader, AECOM, art.miller@aecom.com 
4 Senior Technical and Policy Advisor, FEMA, james.demby@fema.dhs.gov 
5 H&H Group Manager, Dams and Hydraulics Section, Gannett Fleming, Inc., ahess@gfnet.com 
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COMPARISON OF 2-DIMENSIONAL HYDRAULIC MODELS FOR 
ASSESSING LEVEE BREACH INUNDATIONS  

 
Chris Bahner, P.E., D. WRE1 

 
ABSTRACT 

 
The inundation associated with a levee breach is an important component in assessing the 
potential property damage and loss of life associated with the failure.  This evaluation can 
be completed using a 1-dimensional hydraulic model.  However, there are several 
situations where the analysis should be completed with a 2-dimensional hydraulic model. 
There are many 2-dimensional models are available for use.  To provide some insight on 
the difference of some of the more common 2-dimensional models, a comparison study 
was conducted to assess the potential flood risk associated with a levee breach in St. 
Louis, Missouri.  The comparison study was completed to provide information to the 
Modeling, Mapping, and Consequences (MMC) Production Center of the U.S. Army 
Corps of Engineers in the development of the MMC’s Standard Operating Procedures 
(SOP) for analyzing a levee breach.   
 
This paper provides information about three 2-dimensional hydraulic models, including 
model solution algorithms, model development, and model output; and comparison of the 
model results.  The three 2-dimensional models considered are FLO-2D, TUFLOW, and 
AdH.  Information about the 2-dimensional capabilities being incorporated into HEC-
RAS is also discussed in this paper. 

 

                                                 
1 Senior Hydraulic Engineer, WEST Consultants, Inc., 2601 25th Street SE, Suite 450, Salem, OR 97302, 
ph: 503-485-5409, cbahner@westconsultants.com. 
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2-DIMENSIONAL DAM-BREAK INUNDATION MODELING PROVIDES 
BETTER INFORMATION FOR RISK AND EMERGENCY PLANNING 

 
Tom Molls, PhD, PE1 

Brian Brown, PE2 
Mark Fortner, PE3 
David Panec, PE4 

 
ABSTRACT 

 
Information on flood hazard due to a hypothetical dam break, especially information on 
spatial and temporal distribution of inundation, is a critical input for economic and life-
safety risk analysis and emergency action planning. Finer resolution of inundation 
prediction supports more accurate consequence analysis and more efficient emergency 
action plans, which in turn supports better investment decisions, public safety, and 
reduction of property damage.  
 
With a 2-dimensional (2D) hydraulic model, inundation extent, depth, and timing can be 
predicted at a finer geographic scale using a network of small grid cells rather than 
interpolated from coarser 1-dimensional (1D) cross-sectionally averaged results. By 
increasing the resolution of inundation results, inundation limits, depths, and flood wave 
velocities are more accurately established, estimates of economic and life safety 
consequences are improved, areas of greater adverse impact are easier to identify, and 
evacuation plans can be developed that better account for the dynamic nature of the 
hazard.  
 
In this paper, we first summarize the procedure for developing a 2D hydraulic model for 
analyzing the movement of a dam-break flood wave overland (and compare the 2D 
hydraulic model development with a more traditional 1D analysis). We then compare 1D 
and 2D inundation results from 2 recent dam-break inundation studies. In the first study, 
the inundation limits from the 1D and 2D analyses are largely similar; while, in the 
second study, the 1D and 2D analyses yield significantly different inundation limits. 

                                                 
1 David Ford Consulting Engineers, Inc.; 2015 J Street, Suite 200, Sacramento, CA, 95811, (916) 447-
8779, tmolls@ford-consulting.com. 
2 David Ford Consulting Engineers, Inc.; 2015 J Street, Suite 200, Sacramento, CA, 95811, (916) 447-
8779, brown@ford-consulting.com 
3 GEI Consultants, Inc.; 2868 Prospect Park Drive, Suite 400, Rancho Cordova, CA 95670, (916) 631-
4534, mfortner@geiconsultants.com. 
4 Chief, Dam Safety branch, Division of Operations and Maintenance, California Department of Water 
Resources, (916) 653-0772, David.Panec@water.ca.gov. 
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URBAN RESERVOIR BREACH ANALYSIS AND  
FLOOD INUNDATION MAPPING  

 
Dragoslav Stefanovic, Ph.D., P.E., D.WRE 1 

Pedro Miguel Parames, P.E.2 
Martin J. Teal, P.E., P.H., D.WRE3 

 
ABSTRACT 

 
Potential flood inundation from a hypothetical failure (breach) of a water supply reservoir 
has been assessed.  The reservoir site is located in a high-hazard area (primarily 
residential and recreational) for which potential loss of human life is expected to result 
from failure of the reservoir.  The study included dynamic modeling of the breach 
formation and downstream flood wave propagation using a two-dimensional volume 
conservation model (FLO-2D).  The two-dimensional flood routing model was preferred 
over a one-dimensional model (such as unsteady HEC-RAS) because it was capable to 
account for multiple potential flow paths in the urban setting downstream of the reservoir.  
The analysis was performed for sunny day, barely overtopping, and design inflow 
conditions to the reservoir in three failure scenarios depending on the breach location.  
The breach parameters were carefully selected based on the anticipated breach shape, 
size, time, and rate of expansion.  Extensive sensitivity testing was performed in order to 
determine the most conservative peak flows, floodplain depths, flood arrival time, and 
deflood time at representative locations downstream of the reservoir.  A unique procedure 
for breach inundation map delineation in high-hazard areas is presented in the paper.  
 

                                                 
1 Director of Applied Research, WEST Consultants, Inc., 11440 W. Bernardo Court, Suite 360, San Diego, 
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2 Hydraulic Engineer, WEST Consultants, Inc., 11440 W. Bernardo Court, Suite 360, San Diego, CA 
92127, (858) 487-9378 
3 Vice President, WEST Consultants, Inc., 11440 W. Bernardo Court, Suite 360, San Diego, CA 92127, 
(858) 487-9378, mteal@westconsultants.com 
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OHIO STATEWIDE PMP STUDY — REPLACING HMR 51: METHODS, 
PROCESSES, RESULTS 

 
Bill Kappel1 

Ed Tomlinson, Ph.D2 
Doug Hultstrand3 

 
ABSTRACT 

 
Applied Weather Associates has completed a statewide Probable Maximum Precipitation 
(PMP) study for Ohio.  The study was funded by Ohio Department of Natural Resources 
(ODNR).  The new PMP values may result in up to $7 million in immediate savings for 
ongoing rehabilitation projects of two state-owned dams.  PMP values were derived 
following a storm-based approach.  A Board of Consultants was convened to provide 
guidance and review.  Representatives from ODNR and the Federal Energy Regulatory 
Commission (FERC) participated in the review process.   
 
All extreme rainfall storm events that have occurred over meteorologically and 
geographically similar regions were evaluated.  Comprehensive analyses of both large 
scale synoptic rainfall systems and smaller scale thunderstorms or Mesoscale Convective 
Complexes (MCCs) were included.  Several storms were analyzed for the first time 
during this study using the Storm Precipitation Analysis System (SPAS).  A matrix of 23 
grid points that encompassed Ohio and surrounding regions were used to spatially 
distribute PMP.   
 
PMP values for all HMR 51/52 area sizes and durations, as well as other required by 
ODNR, were derived at each grid point.  These values were interpolated using GIS with 
final manual smoothing applied across the domain to provide spatial continuity.  The 
results provided the basis for computing PMP values for any location within the state.  
These values will be used in place of HMR 51 values to compute the Probable Maximum 
Flood (PMF).  This presentation will detail the methods used to derive the PMP values, 
show study results, and provide examples of potential cost savings. 
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billkappel@appliedweatherassociates.com 
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3 Applied Weather Associates, PO Box 680, Monument, CO 80132, 
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EMBANKMENT DAM SEEPAGE MODIFICATIONS — CHOICES AND 
CONSIDERATIONS 

 
John W. France, PE, D.WRE1 

 
ABSTRACT 

Seepage modifications are among the most common dam safety risk reduction measures. 
Options for seepage modifications can be grouped into two categories:  1) seepage 
collection and control measures and 2) seepage cut off or reduction measures. Within 
each category there are a number of different alternatives and configurations available to 
dam engineers. This paper provides an overview of the wide range of seepage 
modification options and argues for careful consideration of the full range of options 
before selecting the best option for a particular dam. 

                                                 
1 URS Corporation, 8181 East Costilla Place, Denver, CO, john.france@urs.com, 303-740-3812 
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REHABILITATION OF THE FORT RANDALL DAM SPILLWAY 
 

Clinton L. Powell, PE1 
 

ABSTRACT 
 
With more than 5.4 million acre-feet of reservoir storage, Fort Randall Dam in south 
central South Dakota is one of the ten largest dam projects in the United States.  
Following the historical Missouri River flooding of 2011 which resulted in record pools 
and spillway flows of 143,000 cfs, an assessment of the spillway structure at Ft. Randall 
Dam was conducted.  Based on these assessments - including coring, ground penetrating 
radar, and extensive sounding – it was determined that significant damage had occurred 
to the structure during the event.  This information was then utilized to prioritize repairs 
on the sixty year old structure. 
 
This paper presents the “lessons learned” and project overview after design and two years 
of construction on a four year, $15 million spillway rehabilitation.  Important repair 
aspects include: (1) hydrodemolition and partial replacement of 130,000 square feet of 
spillway slab to depths ranging from 6 to 14 inches, (2) evaluation of the existing copper 
waterstop and its failure, (3) complete replacement of 5,000 feet of copper waterstop, (4) 
repair of  the slab subgrade, including frost blanket and the subdrain systems, and (5) 
repairs to the spillway wall backfill and associated drain systems.   In the course of 
repairing flood damage, many improvements were incorporated to correct original design 
deficiencies and reduce the risk to the structure during design flows of 620,000 cfs. 
 

                                                 
1 Civil Engineer, Fort Randall Dam, US Army Corps of Engineers, PO Box 199 Pickstown, SD 57367, 
Clinton.L.Powell@usace.army.mil 
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GILBOA DAM — MAJOR RECONSTRUCTION TO WITHSTAND  
EXTREME EVENTS (AND GETTING ONE) 

 
Boyd Howard, P.E.1 Emory Chase2 
Thomas DeJohn, P.E., CPESC3 Aaron Rietveld4 
 

ABSTRACT 
 
New York City Department of Environmental Protection’s (NYCDEP)’s Gilboa Dam 
includes a 1,324-foot-long stepped cyclopean concrete spillway with masonry façade and 
a 700-foot-long embankment section.  In rehabilitating the structure to extend its service 
life, NYCDEP intended not only to comply with the State’s minimum dam safety criteria 
for existing dams, which include spillway capacity of at least 50% of the Probable 
Maximum Flood (PMF), minimum sliding factors of safety and limits on resultant 
position, but to exceed this minimum by designing their facilities to accommodate 100% 
of the PMF.  Early engineering analyses determined that immediate repair work was 
necessary to enhance the stability of the dam.  While final design for the complete dam 
safety reconstruction continued, four emergency construction contracts were fast-tracked 
and constructed in 2006 as interim repair measures.  Design for permanent reconstruction 
went on to address the dam’s other deficiencies, and phased final rehabilitation 
construction is presently underway.  Diversion of water during reconstruction was 
critical, and mitigation of risk was given considerable attention, not only regarding 
potential impacts to the construction cost and schedule, but also the technical challenges 
of safely rebuilding a large dam on a flood-prone creek while maintaining its water 
supply service.  As dam engineers we take prudent design measures to safeguard against 
flood-related risks, and remain hopeful that these measures will not be tested to the 
extreme.  But tests can sometimes come even at the structure’s most vulnerable moment.   
 
In August 2011 (amid dam reconstruction), Hurricane Irene brought an approximately 
500-year flood event to the Schoharie Valley.  The stabilizing improvements enacted in 
2006 are believed to have contributed substantially to the dam’s successful performance 
under this new record flood, as did construction contracting provisions that imposed work 
sequencing limitations and special water diversion criteria during the reconstruction.  
Construction change orders, design and construction management costs for hurricane 
recovery totaled upwards of $19 million, and delayed the scheduled substantial 
completion by about 8 months.  Lessons learned from this project should prove valuable 
for other future dam reconstruction projects.   
 

                                                 
1 Project Manager , Gannett Fleming, Inc., PO Box 67100, Harrisburg, PA 17106 | 717-763-7211 | 
bhoward@gfnet.com.   
2 Accountable Manager . New York City Department of Environmental Protection, 368 Route 990V, P.O. 
Box 250, Gilboa, NY 12076 | (607) 588-6456 | echase@dep.nyc.gov.   
3 WOD Dam Safety Engineer , New York City Department of Environmental Protection, 20 NYC Highway 
30A, Downsville, NY 13755 | (607) 363-7004 | tdejohn@dep.nyc.gov.   
4 Project Manager , Barnard – D.A. Collins JV, 368 Route 990V, Gilboa, NY 12076 | (607) 588-7903 | 
aaron.rietveld@barnard-inc.com.   
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MAKING DO WITH WHAT YOU HAVE AT THE LONG HOLLOW DAM 
PROJECT 

 
Rick Ehat, PE1 

Chad Masching, PE2 
Aaron Chubbuck3 

 
ABSTRACT 

 
The Long Hollow Dam and Reservoir Project in various forms has been a part of 
irrigation discussion in the Four Corners area of southwest Colorado for decades.  
Located in an area appropriately termed the “dry side”, this Project is a lesson in making 
do with what you have to successfully solve problems.   Constant money pressures 
throughout have challenged the owner’s, designer’s, and construction teams.  The 
construction includes a 42-inch concrete encased outlet works through the embankment, 
seepage collection systems, extensive blanket grout efforts under the clay core/rock 
contact and a foundation grout curtain.  A 20,000-cubic feet per second (cfs) ungated 
spillway skirts the left side of the 150-foot high, 900,000-cubic yard (cy) dam.  
Downstream of the outlet works terminal facilities, an open channel reinforced concrete 
pipe (RCP) conveys normal releases up to 100 cfs to avoid damaging the downstream 
channel. Additionally, a smaller 20-cfs discharge structure at the terminal facilities 
maintains minimum stream flows downstream of the dam for aquatic habitat.  An 
innovative “risk sharing” clause was used to deal with the lack of a reliable supply of 
construction water.  The design engineer opted to work with the contractor and adapted 
the design to the contractor’s equipment and preferred methods, and made adjustments to 
optimize on-site materials use and challenging site conditions.  After exposing highly 
fractured and alternating soft and broken zones of shale and sandstone, the money 
pressure increased.   Tough financial decisions had to be made, and efforts are underway 
to complete the Project within the remaining funds. 
 

                                                 
1 Construction Manager, La Plata Water Conservancy District Construction Manager, 970 799 6110, 
rick.ehat@gmail.com 
2 Engineer of Record, GEI Consultants, Inc. Project Manager, 303 264 1088, 
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3 Project Manager, Weeminuche Construction Authority Project Manager,  970 749 8651, 
achubbuck@weeminuche.com  
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EMERGENCY REPAIRS TO ODNR’S DAM NO. 6 — MUSKINGUM LOCK 
AND DAM SYSTEM STOCKPORT, OHIO 

 
Pete Nix, P.E.1 

 
ABSTRACT 

 
The Muskingum River is a 111-mile long tributary of the Ohio River that drains much of 
Eastern and Southeastern Ohio. In the 1840’s, a series of low head dams and hand-
operated locks were constructed along the river to allow boats to navigate the river. The 
locks were constructed of cut sandstone blocks with timber gates and the dams were 
constructed of timber cribbing with rock fill. In 2000, the system was designated a 
national Historic Civil Engineering Landmark by ASCE.  
 
Lock and Dam No. 6 are located in Stockport, Ohio, about 30 miles above the river’s 
confluence with the Ohio River. The riverbed in this area consists of sandstone bedrock. 
The left abutment ties into the lock wall and the right abutment ties into a historic mill. In 
October 2012, a void was detected in the downstream toe of the dam beneath the concrete 
cap at the right abutment. The void appeared to be about 40 feet wide and extended about 
10 feet upstream. A cofferdam was constructed in the river upstream of the dam so that 
water could be stopped from flowing over the dam. However, dewatering wasn’t 
performed within the cofferdam due to concerns over the condition of the timber cribbing 
beneath the concrete cap. It was feared that the timber could deteriorate quickly if 
exposed to the air. 
 
Observation holes were drilled through the cap to determine the extent of the void 
beneath the toe. Based on these findings a grouting program was developed to backfill 
the voids. The grout was placed and allowed to cure for a few days. A grid of drain holes 
were then drilled through the cap, the grout and into the sandstone bedrock to allow 
prevent adverse uplift pressures from developing beneath the structure. 
 

                                                 
1 Senior Program Manager, Tetra Tech 
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REHABILITATION TECHNOLOGIES TO RESPOND TO CHANGING 
LOADING CONDITIONS AT A 114 YEAR OLD STRUCTURE 

 
Bryce Mochrie1 

Lee Talbot2 
Kevin Finn3 

Peter Bouchie4 
 

ABSTRACT 
 

A 114 year old powerhouse of steel and masonry construction was in need of repair due 
to the deterioration of one of its main load bearing walls.  The west wall of the Hannawa 
powerhouse was in poor condition with numerous cracks and lost mortar at many joints.  
Due to safety concerns related to the continued operation of the powerhouse, the owner 
contracted Parsons Brinckerhoff of Boston, MA (PB) to perform a technical evaluation of 
the powerhouse, leading to a significant enhancement of the onsite instrumentation 
program, restart of generation and the plans for repairing the deteriorated structure.  In 
lieu of demolishing the entire powerhouse, PB recommended replacing the deteriorated 
west wall as the safest and most cost effective solution.  Parts of the existing structure 
that were found to be in sound condition, the roof, the remaining walls, and the second 
floor storage area, were preserved during construction. 
 
The rehabilitation technologies used included: (1) improving the generator floor slab load 
capacity by back filling it with lean concrete and consolidation grouting, (2) hydraulically 
jacking up the roof and second floor to remove the loads from the deteriorated masonry 
wall, (3) replacing the significantly deteriorated masonry wall with new steel framing and 
sheet metal siding, (4) refacing (vs. replacing) the deteriorated draft tube and tailrace 
masonry walls with new concrete, and (5) improving the long term turbine/generator 
performance by adding new concrete draft tube slabs to reduce the head losses caused by 
the eroded bedrock. 
 
This paper presents the challenges that PB and the owner overcame to safely and cost 
effectively design and execute the rehabilitation technologies for this aged structure.  The 
paper will include a discussion of the actual construction that was successfully completed 
in 2013. 
 

                                                 
1 Bryce Mochrie, Senior Principal Engineer, Parsons Brinckerhoff, 75 Arlington St. Boston, MA 02116, 
(617) 960-4971, mochrie@pbworld.com   
2 Lee Talbot, Project Engineer, Brookfield Renewable Power, New York East Regional Operating Center, 
399 Big Bay Road Queensbury, NY 12804, (518) 743-2001, lee.talbot@brookfieldpower.com   
3 Kevin Finn, Senior Engineer, Parsons Brinckerhoff, 75 Arlington St. Boston, MA 02116, (617) 960-5031, 
finnk@pbworld.com   
4 Peter Bouchie, Senior Engineer, Parsons Brinckerhoff, 75 Arlington St. Boston, MA 02116, (617) 960-
4810, bouchie@pbworld.com 
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LOWER CRYSTAL SPRINGS DAM IMPROVEMENTS PROJECT  
 

Myron Humeny, S.E1 
Tasso Mavroudis, P.E.2 
Marty Czarnecki, P.E.3 

Chu Liu, P.E.4 
Noel WongP.E.5 

 
ABSTRACT 

Constructed in 1890, the Lower Crystal Springs Dam (LCSD) is a curved concrete 
gravity dam constructed using an intricate system of interlocking concrete blocks.  The 
dam is 140 feet high, with a crest length of about 600 feet.  
 
In 1983, the State of California Department of Water Resources, Division of Safety of 
Dams (DSOD) determined that the LCSD spillway was not adequate to pass the Probable 
Maximum Flood (PMF) without overtopping the dam.  Until improvements were 
implemented, the San Francisco Public Utilities Commission (SFPUC) was required to 
restrict the reservoir to an operating level that has resulted in a 16 percent loss of water 
storage capacity. As one of the 82 projects of the $4.6 B Water System Improvement 
Program (WSIP) for the SFPUC, this project included critical improvements to restore 
the historic water storage capacity to 22 billion gallons.    
 
These improvements included widening the spillway from 88 to 208 feet, thickening and 
raising the height of the parapet wall atop the dam by 9 feet 6 inches, and replacing the 
existing and inadequate 15-foot wide by 90-foot long by 3-foot deep stilling basin with 
much larger 150-foot wide by 125-foot long by 32-foot deep reinforced concrete stilling 
basin at the toe of the dam to accommodate the increased PMF flow of 25,000 CFS from 
the wider spillway.   
 
By completing these critical upgrades, the SFPUC has implemented their Water System 
Improvement Program (WSIP) levels of service objectives, including Seismic Reliability, 
which ensures that SFPUC’s water system will be up and running within 24 hours of a 
major earthquake.   
 
Construction of the project commenced in January, 2011 and was successfully completed 
in January, 2012.  In 2013, the Lower Crystal Springs Dam Improvements Project was 
awarded the Project of the Year (for projects between $5 and $25 million) by the 
American Public Works Association (APWA) Northern California Chapter.  

                                                 
1 SFDPW-IDC, 30 Van Ness Ave., San Francisco, CA. 94102 , 415- 558-4523, myron.humeny@sfdpw.org  
2 SFPUC-PMB, 525 Golden Gate Ave., San Francisco, CA 94102, 554-1809, amavroudis@sfwater.org 
3 URS Corporation, One Montgomery St., San Francisco, CA 94104, 243-3735, marty.czarnecki@urs.com 
4 SFDPW-DBI, 1660 Mission St., 94012, 558-6118, chu.liu@sfdpw.org 
5 URS Corporation, 1330 Broadway, Oakland, CA 94612, noel.wong@urs.com 
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ALLIANCE CONTRACTING: A FLEXIBLE APPROACH TO PROMOTE 
INNOVATION AND DEAL WITH UNCERTAINTY 

 
David Murray1 

 
ABSTRACT 

 
There are 120 dams on the National Register of large dams in Queensland, Australia.  
While the construction of the first water supply dam in Queensland was completed in 
1866, the significant program of major water supply dam construction did not commence 
until the late 1950’s.  The majority of these dams were constructed by Government 
agencies.  They were typically designed by in-house Government engineers and then 
constructed by private sector contractors under various forms of fixed price contracts.  By 
the 1980’s, an industry had grown around a ‘bid low - recoup through claims’ approach 
actively adopted by some of Australia’s largest contractors.  This culminated in a major 
construction litigation following the completion of the Burdekin Falls Dam on the 
Burdekin River in North Queensland.  The dam, Queensland’s largest, is a mass concrete 
construction with a 500 metre wide spillway.  Construction commenced in 1984 and was 
completed in 1987.  The litigation continued until 1991. 
 
In the 1990’s various approaches to contract packaging and forms of contract were 
adopted to better define/manage the owners contractual risk; generally with improved 
outcomes.  The last two dams constructed in Queensland - Paradise Dam and Wyaralong 
Dam - were delivered using an Alliance form of contract This is an incentivised design 
build and risk sharing contractual model. The aim of alliance contracts is to align the 
interests of all the parties involved in a project in order to avoid disputes and encourage 
innovation in both the design and construction phases of the project. It also provides for a 
flexible framework to deal with project uncertainties such as geotechnical conditions, 
environmental approvals and compliance. 
 
This paper describes the history of dam construction contracting in Queensland and the 
lessons learnt over the decades.  It describes how the Alliance contracting model is 
applied to dam construction and provides an assessment of the advantages and 
disadvantages of this approach. 
 

                                                 
1 Principal Engineer, CDM Smith Australia Pty Ltd, murraykd@cdmsmith.com 
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WATER OVER THE DAM:  RCC DAMS /COFFERDAMS PERFORMANCE 
WHEN OVERTOPPED DURING CONSTRUCTION 

 
Kenneth D. Hansen, P.E.1 
Daniel L. Johnson, P.E.2 

 
ABSTRACT 

 
One of the main advantages of an RCC dam is that they can be built rapidly.  Rapid 
construction leads to considerable economic benefits to the owner, especially for a 
hydroelectric dam in the form of earlier sale of power.  Another advantage is that the 
shorter construction period enables use of a more frequent design flood during 
construction leading to a less expensive stream diversion system. 
 
Some of the advantages of earlier dam completion and reduced stream diversion capacity 
can be negated if the cofferdam fails or is overtopped which leads to the uncompleted 
dam being flooded during construction.  The consequences of an RCC dam being 
overtopped while being built will be studied by investigating this effect on 19 case 
studies worldwide. 
 
The effect of water over the dam due to either extreme flood events or intentional 
overtopping will be presented.  The maximum depth and length of time that water flowed 
over the recently placed RCC is presented where available.  Any damage to the RCC 
itself due to the overtopping will be studied in addition to the effect of the flow on forms, 
equipment, plant, access roads, and especially the planned construction schedule.  Some 
recommendations on how some of these negative effects can be mitigated are included in 
the paper.   
 

                                                 
1 Kenneth D. Hansen, P.E., Consulting Engineer, 6050 Greenwood Plaza Blvd., Suite 100, Greenwood 
Village, Colorado 80111, 303-695-6500, ken@ken-hansen.com 
2 Daniel L. Johnson, P.E., Vice President, Tetra Tech, Inc., 350 Indiana Street, #500, Golden, Colorado 
80401, 720-881-5845, dan.johnson@tetratech.com  
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LOS ALAMOS CANYON DAM: DEVELOPMENT OF RCC MIX DESIGNS AND 
CONSTRUCTION CHALLENGES 

 
Henrik Forsling, PE1 
Scott Jones, PE. PhD2 

Tim Glasco, PE3 
Bud Werner, PE4 

 
ABSTRACT 

 
Los Alamos Canyon Dam (Dam) is a homogeneous earth dam with a clay puddle core, 
located two miles west of Los Alamos, NM. The Dam has a crest length of approximately 
220 feet, a crest width of 30 feet, and maximum structural height of 43 feet. 
Modifications constructed in 2011-13 brought the Dam into compliance with current NM 
Office of the State Engineer requirements Error! Reference source not found., 
including stabilizing the upstream and downstream slopes, constructing a roller 
compacted concrete (RCC) auxiliary spillway and a reinforced concrete service spillway 
and stilling basin, allowing the Dam to pass the spillway design flood. 
 
A fire in the watershed and subsequent flooding caused delays in construction of the 
modifications from summer 2011 to fall and winter 2012-13. To protect the Dam between 
construction seasons, emergency measures including excavation of a bypass channel and 
a crest cofferdam were constructed. In order to expedite construction and have the 
permanent RCC overtopping protection in place for spring runoff, mix designs were 
batched and tested on site in advance of production. This provided an approved mix 
design with established constructability in advance of final site preparation for placement. 
Winter RCC placement presented challenges relative to production, placement and 
curing. Sufficiently warm temperatures for placement and curing were available for only 
a few hours daily during winter months, and significant effort was required to meet 
specified temperature requirements. 
 
This paper discusses the construction challenges and solutions, which allowed the 
contractor to work through winter and complete the Dam safety modifications prior to 
spring runoff. 
 
 

                                                 
1 Civil/Structural Engineer, URS Corporation, henrik.forsling@urs.com 
2 Senior Civil/Structural Engineer, URS Corporation, scott.jones@urs.com 
3 Utilities Department Deputy Manager, County of Los Alamos, ta.glasco@lacnm.us 
4 Manager, CTL|Thompson Materials Engineers, Inc., owerner@CTLThompson.com 
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CONSTRUCTION TECHNIQUES FOR RCC PLACEMENT  
SAN VICENTE DAM RAISE 

 
Frank Collins, P.E.1 

Gerard E. Reed III, P.E. 2 
Wade Griffis, P.E. 3 

Jim McClain 4 
Richard Burdette 5 

 
ABSTRACT 

 
The San Diego County Water Authority (Water Authority) is near completion of raising 
the original San Vicente Dam, owned and operated by the City of San Diego, to provide 
both emergency and carryover storage to increase local reservoir supplies in San Diego 
County, California.  The $1.5 billion Emergency Storage Project (ESP) and Carryover 
Storage Project (CSP) will also provide a more-flexible conveyance system, and increase 
water supply reliability in case of catastrophic failure to the delivery system due to a 
major earthquake.  The San Vicente Dam Raise (SVDR) project is a major component of 
the last phase of the ESP and consists of raising the original 220-foot-high gravity dam 
with 90,063 acre-feet of storage, by 117 feet to increase reservoir storage capacity by 
152,000 acre-feet.  Scheduled to be completed in 2013, the SVDR will be the tallest 
concrete dam raise in the United States and tallest roller compacted concrete (RCC) dam 
raise in the world.  The reservoir capacity will be more than doubled, making it the 
largest water storage reservoir in the region.   
 
This paper presents the unique construction, scheduling, and coordination techniques 
associated with placing RCC on the downstream face of the original dam.  Additionally, 
construction techniques of dam features such as the dam crest, spillway ogee crest, 
parapet walls, spillway guide walls, and flip bucket are discussed.   
 

                                                 
1 Project Manager, Parsons, 110 West A Street, Suite 1050, San Diego, CA 92101, (858) 342-9183, Email: 
frank.collins@parsons.com   
2 Engineering Manager, San Diego County Water Authority, 4677 Overland Avenue, San Diego, CA 
92123, (858) 522-6835, Email: JReed@sdcwa.org   
3 Sr. Construction Manager, San Diego County Water Authority, 4677 Overland Avenue, San Diego, CA 
92123, (619) 390-2310 x3206, Email: WGriffis@sdcwa.org   
4 Construction Manager, Black & Veatch Corporation, 300 Rancheros Drive, Suite 250, San Marcos, CA 
92069, (760) 602-7528, Email: jmcclain@bv.com   
5 Construction Engineer - Asst. Construction Manager, Parsons, 110 West A Street, Suite 1050, San Diego, 
CA 92101, (951) 252-3520, Email: richard.burdette@parsons.com   
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CONSTRUCTION OF LA ROMAINE COMPLEX IN NORTHERN QUEBEC, 
CANADA: FIVE YEARS OF GREAT ACCOMPLISHMENTS 

 
Vlad Alicescu1 

 
ABSTRACT 

 
Hydro-Québec is developing the Hydroelectric Complex of La Romaine, situated on the 
North shore of the St Lawrence River, in Quebec, Canada. The $6,5 billion CAN project 
consists in building 4 generating stations with a total installed power of 1550 MW and an 
output of   8,0 TWh. The clean and renewable electricity produced in the four 
power plants of the Complex will help to avoid new emissions of gas with greenhouse 
effect in North America with approximately 3 million tons of CO2, if that energy would 
have been generated with natural gas and with about 7,5 million tons of CO2, if coal 
would have been used for the same purposes. The Environmental Assessment Report 
was presented to the provincial and federal governments in January, 2008 and the formal 
environmental assessment process was completed by May 2009. Environmental studies 
and measures carried out before, during and after construction until 2040 will cost over 
$385 million altogether. The erection of the Complex started in 2009 with Romaine 2 
facility, and 2013 is showing good overall progress of the construction works, to be 
completed in 2014. Romaine 1 facility, started in 2012, will follow, with a 
commissioning in 2015 and 2016, and Romaine 3, commenced in 2011 with the access 
road construction, will be completed in 2017. Finally, the detailed design and 
optimization for the Romaine 4 facility will start in 2014, with a commissioning in 2020. 
Technological innovation being a powerful engine for growth and performance, new 
design techniques, concepts and software were used for the development of La Romaine 
Complex. 
 

                                                 
1P.Eng., MScA, MBA, Planning of Development Projects, Hydro-Québec Production, 75, Boul. René 
Lévesque O, Montréal, Québec, Canada  H2Z 1A4, vlad@members.asce.org, Alicescu.Vlad@hydro.qc.ca 
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WE GOT HOW MUCH RAIN?  EMERGENCY REPAIRS AT  
EAST RESERVOIR DAM 

Pete Nix1 
Steven Riedy2 

ABSTRACT 

East Reservoir Dam is a high-hazard, earthfill embankment located just south of Akron, 
Ohio that was constructed in the 1820’s and 1830’s as part of the feeder system for the 
Ohio and Erie Canal system. The dam is approximately 1,300 feet long, has a maximum 
height of 25 feet, and lake levels are controlled by two spillways, one uncontrolled 21-
foot long weir and one with two 30-inch gates. Portage Lakes Drive runs along the top of 
the embankment and the crest width is 40 to 50 feet. The embankment was constructed 
using the natural fine sands at the site and the foundation soils consist of fine sands and 
silts. 

In July 2011, several isolated but severe storms crossed the Akron area. The worst of 
these storms dumped as much as six inches of rain across the region over a 3.5-hour 
period.  Additionally, ODNR had recently solicited a private contractor to perform 
extensive clearing and grubbing on the downstream embankment face. Due to heavy 
rainfalls and recent construction disturbance, inspections revealed extensive seepage 
exiting the downstream slope near the left abutment.  Some of the exit points were as 
high as halfway up the slope. The seepage was clear but, because of the quantity of 
seepage, ODNR pursued an emergency repair of this embankment section.   

Tetra Tech mobilized to the site the next day with ODNR representatives. It was decided 
that a seepage berm was the most cost-effective solution that could be implemented 
quickly. Tetra Tech designed the seepage berm dimensions using available subsurface 
information and laboratory testing. Seepage analyses indicated that the relatively high-
permeability of the sand embankment resulted in significant flows through the 
embankment. The berm was designed to mitigate the threat of piping from through-
seepage and to reduce the potential for piping from underseepage.  ODNR used the local 
contractor to construct the berm, which took approximately three weeks. No further 
problems have been noted since the berm was constructed. 

                                                 
1 P.E.- Senior Program Manager, Tetra Tech (New Albany, Ohio) Pete.Nix@tetratech.com 
2 P.E. – Geotechnical Engineer, Tetra Tech (New Albany, Ohio) steven.riedy@tetratech.com 
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EARTHQUAKE ANALYSIS OF CONCRETE GRAVITY DAMS: FACTORS TO 
BE CONSIDERED 

 
Anil K. Chopra1 

 
ABSTRACT 

 
Although rigorous procedures have been developed for the earthquake analysis of 
concrete gravity dams and implemented in special-purpose computer programs, the 
temptation to use commercial codes for standard finite element analysis has motivated 
introduction of simplifying assumptions: foundation rock has no mass and water is 
incompressible (which implies hydrodynamic pressure wave speed of infinity instead of 
the actual value of 4720 fps). Such simplistic methods were standard practice for a long 
time, and they continue to be preferred by the less experienced engineers. Both 
assumptions are obviously unrealistic. 
 
Through a series of examples, it is demonstrated in this paper that the seismic demands 
(e.g., stresses in the dam) determined by these simplistic methods can differ considerably 
from those obtained by advanced analyses that include dam−water−foundation 
interaction. These significant discrepancies render the simplistic methods inadequate for 
seismic safety evaluation of existing dams. 
 

                                                 
1 Department of Civil and Environmental Engineering, 773 Davis Hall, University of California, Berkeley, 
CA  94720, chopra@ce.berkeley.edu. 
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EVALUATION OF MORROW POINT DAM AND POTENTIALLY 
REMOVABLE FOUNDATION BLOCK USING RISK 

 
Phoebe Percell, PE1 

 
ABSTRACT 

 
Morrow Point Dam is a very high, thin arch dam in the Black Canyon of the Gunnison in 
Colorado.  It was completed in 1968.  The foundation of Morrow Point Dam, outside of 
Montrose, Colorado, is composed of significantly jointed schistose gneiss and gneissic 
schist, with a series of important, continuous, weak foliation shears.  These joints and 
shears define a number of potentially removable blocks that intersect the foundation and 
both abutments, any of which could conceivably affect the stability of the arch dam, were 
they to move.  Many studies of this dam and foundation have been performed over the 
years since its construction. Each study has come a bit closer to understanding the very 
complex interaction between the dam and the foundation and the response of the system 
during an extreme seismic event.  In 2012, a more versatile 3-dimensional, non-linear 
finite element analysis was completed, which satisfactorily computes the various 
interactions between the foundation, dam, reservoir, and the most critical removable rock 
block.  This analysis provides the best information to date on the potential behavior of the 
system.  This paper will discuss the work that has been done identifying the jointing in 
the foundation that creates a potentially removable block in the foundation, the analyses 
of the dam for seismic loadings, and the culmination of all of this work in maintaining a 
safe facility for the downstream population using Reclamation’s risk-based decision 
making process. 

                                                 
1 Phoebe Percell, Group Manager – Structural Analysis Group, Bureau of Reclamation, PO Box 25007, 
8668110, Denver, CO 80225, ppercell@usbr.gov 
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COMPARISON OF RECORDED AND COMPUTED EARTHQUAKE 
RESPONSE OF ARCH DAMS 

 
Anil K. Chopra1 

 
ABSTRACT 

 
Utilizing a recently developed linear analysis procedure and computer software, which 
includes dam-water-foundation interaction effects and recognizes the semi-unbounded 
extent of rock and impounded water domains, the response of two arch dams to spatially-
varying ground motion recorded during past earthquakes is investigated. Computed 
responses are compared with recorded motions. It is demonstrated that satisfactory 
agreement is achieved if dam-water-foundation interaction considering water 
compressibility and foundation rock mass is included, but not if these factors are ignored. 
It is also demonstrated that finite element analyses conducted in professional practice that 
ignore mass of the foundation rock and compressibility of water lead to unacceptably 
inaccurate estimates of earthquake-induced stresses, rendering them inappropriate for 
seismic design of new dams and safe evaluation of existing dams. 

                                                 
1 Department of Civil and Environmental Engineering, 773 Davis Hall, University of California, Berkeley, 
CA 94720, chopra@ce.berkeley.edu. 



NOTES 

114 



115 

TENSILE STRENGTH OF MASS CONCRETE — IMPLICATION OF TEST 
PROCEDURES AND SIZE EFFECTS ON STRUCTURAL ANALYSIS OF 

CONCRETE DAMS  
 

Timothy P. Dolen, PE1 
David W. Harris, PhD PE2 

Larry K. Nuss, PE3 

 
ABSTRACT 

 
The tensile strength of mass concrete is an important parameter used in structural analysis 
of concrete dams.  Two test procedures are commonly used to determine the tensile 
strength of concrete cores, the direct test (DT); and the indirect, or splitting test (ST).  
However, tensile strength is often estimated from the compressive strength.   Thus, 
conclusions drawn from the structural analysis are sometimes dependent on the assumed 
tensile strength property.  An assumed tensile strength of concrete used in structural 
analysis was first developed from 1970’s and 1980’s data analysis put forth by Raphael 
based on the splitting test.   If no tension tests were available, Raphael estimated the 
tensile strength from compressive strength as ST = 1.7 x (Comp) 2/3.  This has significant 
bearing on analysis as the relationship was derived from splitting data and is nearly twice 
the results obtained from DT strength. 
 
Work by Rocco, et al and by Bazant, et al using a fracture mechanics approach confirmed 
the size effect law for the ST test.  Rocco concluded that ST strength is not a materials 
property of concrete.  Data analysis of Bureau of Reclamation drilled cores also indicated 
possible size effects for the splitting test of mass concrete, particularly for tests with large 
aggregate size and smaller diameter cores.  To compare the size effect law for mass 
concrete, relationships determined by Rocca must be extrapolated from about 1.5 in  
NMSA (or less) conventional concrete to 6 in NMSA mass concrete.  The test data is 
always subject to interpretation. 
 
The authors will examine the implications of this size effect law on the assumed tensile 
strength of mass concrete used in structural analysis.  They will examine two critical 
questions: (1) What is the true tensile strength of the concrete, and (2) should a dynamic 
increase factor, typically ranging from 1.25to 1.5 times the static strength be used? 
 

                                                 
1 Dolen and Associates, LLC, Loveland, CO USA, tpdolen@yahoo.com. 
2David Harris Engineering, LLC, Elizabeth, CO USA, davidwharris@comcast.net 
3 Nuss Engineering, LLC, Highlands Ranch, CO USA Larry.K.Nuss@NussEngineering.com. 
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UPDATING EXISTING INSTRUMENTED AND VISUAL MONITORING 
PLANS FOLLOWING A POTENTIAL FAILURE MODES ASSESSMENT 

 
Bruce R. Rogers1 
Jay N. Stateler2 

Manoshree Sundaram3 
 

ABSTRACT 
 

A Potential Failure Modes Analysis (PFMA) has become a common tool for assessing 
risk at dams and other structures.  The assessment considers how a structure might 
perform under normal operating conditions as well as under various levels of hydrologic 
and seismic loading.  A list of Potential Failure Modes (PFMs) is developed, and the 
likelihoods of structure failure and downstream consequences are assessed.  The PFMs 
judged to be of most concern may be considered to be the "risk-driver" PFMs. 
 
Most dams have written plans for how they are monitored, both by visual means and by 
instrumentation.  The plans normally include how often the specific features of the 
project are visually inspected and by whom, as well as how often each type of instrument 
is read and who (or what) reads the instruments.   
 
For many dams, the monitoring plan was developed well before the PFMA was 
performed.   Although the monitoring plan was likely formulated based upon general 
PFMs, the monitoring plan should be revisited to ensure that it covers any new PFMs that 
were recognized during the PFMA. 
 
This paper presents a process to assist in making the transition.  The process involves 
assessing each risk-driver PFM to determine what parameters are detectable by visual 
and/or instrumented means, and then comparing the methods of detection and/or 
frequencies of monitoring that are in-place versus the methods/frequencies that are now 
viewed to be needed.  A matrix was developed for implementation of this process. 
 

                                                 
179US Army Corps of Engineers, 100 Penn Square East, Philadelphia, PA 19107, 
bruce.r.rogers@usace.army.mil 
180US Bureau of Reclamation, Technical Service Center, P.O. Box 25007, Denver, Colorado 80225-0007, 
jstateler@usbr.gov 
181MWH, 175 West Jackson Blvd, Suite 1900, Chicago, IL 60604-2608, 
manoshree.sundaram@mwhglobal.com 
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DIAMOND VALLEY LAKE AUTOMATED DATA ACQUISITION SYSTEM 
UPGRADE 

 
Evelyn Ramos1 

Christopher Hill2 
 

ABSTRACT 
 
Diamond Valley Lake (DVL) (formerly Eastside Reservoir) was built in the late 1990s, 
and features three earth-rock fill dams which create the 800,000 acre-foot off-stream 
reservoir. At the time the reservoir was equipped with extensive instrumentation system 
including 189 piezometers, 16 seepage weirs, 16 accelerographs, 4 extensometers, 45 
settlement sensors, 3 inclinometers and an automated survey system. The equipment used 
for the data acquisition system is now obsolete, and the Metropolitan Water District is 
planning to upgrade the system. The analysis for the upgrade has resulted in replacing 
some of the instrumentation system, abandoning some of the instrumentation and adding 
some new instruments. This paper presents some of the data collected during the first 14 
years of reservoir operation, and discusses the considerations that led to the current work. 
 

                                                 
1 Assistant Engineer I, Metropolitan Water District of Southern California, 700 North Alameda Street, Los 
Angeles, CA 90012, (213) 217-6280, eramos@mwdh2o.com. 
2 Team Manager, Metropolitan Water District of Southern California, 700 North Alameda Street, Los 
Angeles, CA 90012, (213) 217-7969, chill@mwdh2o.com. 
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REHABILITATION OF PIEZOMETERS AT THE BLENHEIM-GILBOA 
PUMPED STORAGE PROJECT — RESTORING A “CLASSIC” 

 
John G. DeLano, E.I.T.1  James P. Guarente, P.E.2 
Robert J. Knowlton, P.E.3  Junyu Liang, P.E.4 
David Weiman, P.E.5  Chad W. Cox, P.E.6 
 

ABSTRACT 
 
The New York Power Authority’s (NYPA) Blenheim-Gilboa Pumped Storage Project (B-
G) consists of two embankment dams impounding reservoirs used for supplying and 
storing water for power generation. As part of the original construction in the 1970’s, 44 
hydraulic piezometers were installed within and below the embankments. These 
instruments directly transmit pore pressures from porous stones directly buried within the 
soil, via water-filled tubing to terminal vaults at the toe of the embankments.  

Over time, NYPA observed deterioration in the condition and reliability of these 
instruments.  NYPA and its consultant, GZA GeoEnvironmental, of New York Inc.  
reviewed historical instrument data, evaluated the physical condition of the 
instrumentation, and ultimately developed an instrumentation rehabilitation program.  

The program consisted of replacement of selected instruments with open standpipe 
piezometers; decommissioning of certain non-functioning instruments; and rehabilitation 
of the remaining hydraulic piezometer instrumentation. Rehabilitation of the original 
hydraulic piezometers selected to remain consisted of total replacement of only the 
portions of the instruments within the vaults. New stainless steel piping and valves were 
designed, fabricated, and installed within the vaults. The replacement instruments were 
equipped with new analog gages and also vibrating wire pressure sensors, which were 
connected to the Project’s automated data collection system to allow for continuous 
monitoring of conditions within the embankments and their foundations.  

The rehabilitation of the existing piezometers at B-G allowed for continued monitoring of 
conditions in critical areas within and below the embankments, and reduced the need for 
(and associated cost of) drilling to install new instruments. 

                                                 
1 Assistant Project Manager, GZA GeoEnvironmental, Inc. 249 Vanderbilt Avenue, Norwood, MA 02062.  
john.delano@gza.com 
2 Senior Project Manager, GZA GeoEnvironmental, Inc. 249 Vanderbilt Avenue, Norwood, MA 02062. 
james.guarente@gza.com 
3 Vice President Engineering, New York Power Authority. 123 Main St., White Plains, NY 10601. 
Robert.Knowlton@nypa.gov 
4 Senior Engineer, New York Power Authority. 123 Main St. - 12F, White Plains, NY 10601. 
Junyu.Liang@nypa.gov  
5 Senior Civil Engineer, New York Power Authority. Blenheim-Gilboa Power Project, Gilboa, NY 12076. 
David.Weiman@nypa.gov 
6 Principal, GZA GeoEnvironmental, Inc.  249 Vanderbilt Avenue, Norwood, MA 02062. 
chad.cox@gza.com 
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ACCURACY OF STRESS DATA MEASURED BY EARTH PRESSURE CELLS 
INSTALLED IN EMBANKMENT DAMS  

 
Abolfazl Hojjat Ansari1 
Ali Asghar Mirghasemi2 

 
ABSTRACT 

 
Installation of earth pressure cells is one of major challenges in instrumentation of 
geotechnical structures, particularly embankment dams. Preparation and installation of 
such instruments in dams is costly. However no consistent data were achieved to 
ascertain compatibility conditions of stress according to past experiences. Many factors 
such as physical properties of earth pressure cells, properties of surrounding soils and 
installation techniques seriously affect the accuracy of data sets obtained by earth 
pressure cells. A special method is being implemented to install earth pressure cells in 
Gotvand Dam, one of the largest embankment dams in Iran. In this paper the consistency 
of stress distribution data measured by earth pressure cells installed in this dam is 
compared with those of Karkheh Dam using stress compatibility conditions and different 
assumptions. 
 

                                                 
1 M.Sc. Student, College of Engineering, School of Civil Engineering, University of Tehran, 
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2 Professor, College of Engineering, School of Civil Engineering, University of Tehran, +989121390511, 
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EVALUATING IN-SITU STRESS BEHAVIOR IN ALKALI-SILICA REACTIVE 
DAMS: ROANOKE RAPIDS DAM 

 
Brian R. Reinicker, P.E., P.G.1 
Farzad Abedzadeh, Ph.D., P.E.2 

Robin G. Charlwood, Ph.D., P.E. 3 

John A. Cima, P.E.4 

 
ABSTRACT 

 
Roanoke Rapids Dam is a 72-foot high, 3,050-foot long concrete gravity dam with four 
26 MW power generating units located on the Roanoke River in North Carolina. Studies 
completed between 2006 and 2008 discovered significant cracking along several 
monoliths of the upstream face of the curved portion of the South Non-Overflow Section 
(SNOS) and led to the conclusion that the dam is undergoing concrete expansion from 
Alkali-Silica Reactivity (ASR). A system of crack grouting and deep, multi-strand rock 
anchors was designed to stabilize these monoliths and accommodate future ASR-induced 
expansion.  
 
Following construction of the reinforcement, a finite element model (FEM) was prepared 
to better understand the past behavior and provide a tool to predict future responses of the 
modified structure. Results from the initial model demonstrated simulation of the 
expansion behavior from the onset of ASR effects up to the time of remediation and 
described initial calibration of the model with historic instrumentation data and with 
observed behavior prior to stabilization. 
 
Questions were raised following calibration of the FEM, which showed good agreement 
with deformation monitoring data, but less reliable agreement with in-situ stress 
monitoring data. This led to a further evaluation of in-situ stress measurements at the 
project. This included assessment of the original in-situ stress measurements obtained 
using the overcoring technique and subsequent stress monitoring which utilized in-situ 
soft inclusion stress cells. Results of the study are presented along with implications for 
use and reliability of in-situ stress monitoring techniques in dams subjected to ASR. 
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REMOTE TECHNOLOGY PROVIDES A SAFE ALTERNATIVE FOR DAM 
FACE ASSESSMENT 

 
Richard Engel C.E.T.1 

 
ABSTRACT 

 
In April of 2010 an inspection utilizing a Remotely Operated Vehicle (ROV) was 
completed on the upstream face of the Qaraoun Dam in Lebanon, 1.1km in length.  This 
inspection was initiated by an independent U.S. company that had received government 
funding intended for the Litani River Authority (LRA), who operated the site.   
The purpose of the inspection was to identify leaks between the joints on the face slabs of 
the dam. To accomplish this, ASI Group’s affiliate company, Aquatic Sciences L.P. 
(ASLP) of NY, operated their Seabotix LBV300XL ROV, equipped with a leak detection 
system, along the essential dam area. 
 
Typically, the Litani River Authority (LRA) utilized divers to complete inspections, but 
with increased water depths and the associated partial pressures, safety had become a 
major concern. Water depths limit the amount of time a diver could inspect.  In addition, 
the partial pressure hazards for divers are of great concern, especially when the scope of 
work is leak detection.  Employing an ROV allows for a comprehensive assessment of 
the dam face and mitigates many safety issues. The inclusion of a sensor suite on the 
vehicle affords the ROV pilot the ability to maneuver along the dam face in turbid water 
without depth limitations or the fear of trapping personnel.  
  
In this particular inspection, the general condition of the face slabs of the dam were 
observed and recorded by the ROV.  Irregularities included offsets, misalignments and 
broken or spalled edges. The silt accumulation at the deep sections of the dam was heavy 
and covered certain features of the dam face. Most notably, two areas with large leaks 
were identified. 
 
A detailed assessment of the dam face inspection was supplied to the client.  With the use 
of ROV technology, ASLP was capable of collecting valuable data both efficiently and 
more importantly, safely. 
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DETECTION OF WEAKNESS ZONES IN HELENA LEVEE, AR, USING 
GROUND PENETRATING RADAR 

 
Hussein Khalefa Chlaib1 M. Mert Su2 
Najah Abd3 Aycan Catakli4 
Hanan Mahdi5 Haydar Al-Shukri6 

 
ABSTRACT 

 
The Mississippi river was the subject of many catastrophic floods, such as the Great 
Flood of 1927. This prompted the construction of numerous flood protection systems 
such as levees and flood walls. The Helena Levee is one of these levees that was built in 
the 1950s between Helena, AR, and Elaine, AR, and is officially known as Levee 
4/10+00 to 28/69+00 on the National Levee Database (NLD) developed by the U.S. 
Army Corps of Engineers (USACE). Ground Penetrating Radar (GPR) surveys (2.5 km) 
were carried out along the levee crest using 900 MHz and 400 MHz antennas.  Multiple 
time ranges (25 ns, 30 ns, and 35 ns) were used to image the shallow subsurface of the 
levee at different depths and resolutions. A tricycle survey cart was implemented for 
accurate distance measurements. Zero-time lag and background noise were removed from 
all profiles before interpretation. GPR profiles showed many subsurface features that 
were interpreted as air-filled cavities, water/clay-filled cavities, and metallic objects.  
 
It is a common practice that levees are constructed from local soil in multiple layers that 
is usually compacted using, for example, sheepsfoot equipment.  Poorly compacted levee 
portions may form zones of weaknesses, which are prone to failure. Synthetic modeling 
was implemented to understand the behavior of GPR signals as they interact with 
different synthesized levee material having different compaction levels.  A reflected 
signal energy calculation method (Energy Variation Method (EVM)) was implemented to 
detect differential compaction along the profiles. Relatively less compacted sections may 
also react as permeable zones within the levee body. The method was found to be 
effective in detecting such zones. It identified relatively lower density zones which most 
likely indicate non-uniform compaction degree and possibly higher permeability. 
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A COMPARISON OF THE FOSM-BT METHOD TO A MORE RIGOROUS 
RELIABILITY METHOD 

 
John Rice1 

Lourdes Polanco2 
 

ABSTRACT 
 
A comparison of the First-Order Second-Moment – Blanket Theory (FOSM-BT) and the 
more complex Response Surface–Monte Carlo (RSMC) methods has been performed 
with the purpose of assessing the capability of the FOSM-BT method in analyzing 
internal erosion potential in increasingly complex foundation conditions. Seepage 
analyses of levee foundations are often modeled with simplified subsurface profiles 
consisting of soil layers having uniform thickness and properties.  However, due to the 
complex geomorphic regime that is often associated with the fluvial geologic 
environment, levee foundation geometry can range from simple to very complex. 
Variations in material properties within layers, in addition to layer thickness and 
continuity, affect the pore pressure and seepage regime and, in doing so, affect the 
potential for internal erosion of the foundation soils. Therefore, this study also assesses 
the effects of levee foundation geometry on the probability of internal erosion due to 
underseepage. 
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A METHOD FOR ESTIMATING SOIL PROPERTIES FOR TRANSIENT 
SEEPAGE ANALYSES OF LEVEES 

 
Matthew D Sleep, PhD1  

 
ABSTRACT 

 
To perform analyses of transient seepage through soils, it is necessary to define the 
variation of water content with soil suction (the soil-water characteristic curve, or 
SWCC) and the variation of hydraulic conductivity with soil suction (the hydraulic 
conductivity function, or HCF).  Although these relationships can be determined 
experimentally, the required tests are time-consuming, and in some cases the results have 
been found to be highly variable.  Consequently, it is frequently useful to be able to 
estimate these relationships.   
 
A practical method for estimating SWCCs for various types of soil is described in this 
paper.  The method is based on the large body of data available in the agricultural science 
literature.  The SWCCs are represented by variations of degree of saturation with soil 
suction for soils with values of saturated hydraulic conductivity (ksat) varying from 10-1 
cm/sec to 10-7 cm/sec.  Using the value of ksat and the SWCC, the variation of hydraulic 
conductivity with soil suction value (the HCF) is developed using computer routines 
based on the techniques developed by Van Genuchten (1980), or Fredlund and Xing 
(1994).  These routines are available in the transient seepage analysis programs SEEP/W 
and SLIDE.  The methods described in this paper are illustrated by example analyses of 
transient seepage. 
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CUTOFF WALL REMEDIATION 
 

Rich Millet, G.E., P.E.1 
Mary Perlea, P.E., M.ASCE2 

 
ABSTRACT 

 
Cutoff wall systems are a typical remediation techniques used to address levee seepage 
and seepage-related stability deficiencies for levees within California’s Central Valley.  
This paper presents an overview of cutoff walls as they have been used or considered in 
the remediation of Central Valley levees, including type of walls, advantages and 
disadvantages, cost range, construction considerations, observations and lessons learned. 
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GEOTECHNICAL CHALLENGES AND DESIGN APPROACH FOR THE 
FEATHER RIVER WEST LEVEE IN CALIFORNIA 

 
Khaled Chowdhury, PE, GE1 Derek Morley, PE2 
Leslie Harder Jr., PhD, PE, GE3 Michael Hughes, PE4 
Robert Green, PE, GE5 Francke Walberg, PE6 
Matthew Weil, PE7 Mike Inamine, PE8 

ABSTRACT 
 
The Feather River West Levee (FRWL) protects an urban area and one of the world’s 
most productive agricultural regions in California’s Central Valley. This levee system has 
a long history of significant distress, including at least 10 geotechnical levee failures in 
the last century. During high-water events in 1986 and 1997, numerous sections of the 
FRWL experienced underseepage, through seepage, seepage-induced instability, and 
erosion problems. The Sutter Butte Flood Control Agency (SBFCA) has been 
implementing the FRWL Project, which comprises improvement of 44.3 miles of the 
FRWL to meet U.S. Army Corps of Engineers criteria (USACE, 2000 and 2005) and 
California Department of Water Resources’ Urban Levee Design Criteria (DWR, 2012).  
 
This paper presents the geotechnical challenges and geotechnical design approach for the 
FRWL. The complex geologic and geomorphic environments and the construction 
history of the FRWL make the levee system vulnerable to both embankment- and 
foundation-related problems. Geologic units of the FRWL include variable alluvial 
deposits with thin fine-grained blanket conditions, highly permeable riverine meander 
scrolls, crevasse splay deposits, dredge materials from gold mining, and other units that 
present geotechnical design challenges. A comprehensive geotechnical characterization 
approach that included historical distress evaluation, geomorphic study, integrated reach 
selection, and geotechnical analyses was implemented in early design stages of the 
project. This comprehensive approach improved understanding of existing conditions, 
reduced subsequent design changes, and resulted in many innovative design measures for 
different sections of this long length of levee. The design for most of the levee’s length 
incorporates a zoned embankment section with an 8-foot-wide clayey core, allowing re-
use of existing sandy levee materials within embankment shell zones. A foundation 
cutoff wall is needed for most of the reaches; its design was optimized by differentiating 
regions needing deeper cutoff walls from those where relatively shallow walls can be 
used to provide “stitched-blanket” conditions. A coarse-grained seepage berm system 
using locally-available materials was designed for areas underlain by coarse dredged 
materials. These and other special geotechnical design approaches for the FRWL are 
presented.  
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LEVEE RELIABILITY:  HOW DO WE KNOW WHEN NEED A NEW 
LEVEE? 

 
Brian Hubel, P.E., G.E.1 

 Carmen Berry, P.E.2 
 

ABSTRACT 
 

The methodology of evaluating the quality and anticipated performance of flood control 
levees varies in engineering practice.  For example, during planning studies USACE 
evaluates levee fragility based on uncertainty of the ground conditions to determine 
whether a new or improved levee is economically beneficial. Sometimes, an existing 
“poor quality” levee (high probability of failure) will provide sufficient economic benefit 
and can be demonstrated that there are not sufficient net economic benefits to justify a 
new or improved flood control project. This same levee would not meet specific 
deterministic design criteria (such as factors of safety for slope stability) and would be 
presumed to fail per flood hazard mapping determinations required by the Federal 
Emergency Management Agency (FEMA).  Because of the mapped flood hazard, real 
estate owners would be required to purchase flood insurance and would likely come to 
the conclusion that the levees are inadequate and that the community should improve the 
existing levee or build a new levee or flood protection system. This paper presents 
literature review of various methodologies used to evaluate levees and compares various 
definitions of levee quality, and highlights the need for standardizing levee analysis 
approaches. 
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LOGAN MARTIN DAM, ALABAMA: 45 YEARS OF REMEDIAL GROUTING 
 

Dr. Donald A. Bruce1 

Dr. Brian H. Greene2 

Bobby E. Williams3 

John H. Williams4 

 
ABSTRACT 

 
Logan Martin Dam, owned and operated by Southern Company, was constructed on the 
Lower Coosa River, Alabama, between 1960 and 1964.  It is located in an area of deep, 
well-developed karstic limestone.  Since 1968, numerous phases of grouting have been 
undertaken to improve dam safety and to minimize seepage through the foundation.  This 
paper outlines the work, which is still ongoing, as it has evolved in the successive phases 
over the decades.  The paper is therefore not just an account of work completed, although 
full details are provided of the location, purpose, implementation and effectiveness of 
each successive phase.  It is moreover a reflection of the development of dam grouting 
practice in karst over the years, and ultimately illustrates the contemporary state of U.S. 
practice.  Elements of this include the use of water-powered, down-the-hole hammers; 
multi-pressure water testing; Optical Geologging; balanced stable grouts; and computer 
control and analysis. 
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APPLICABILITY OF LEVEE FRAGILITY FUNCTIONS DEVELOPED FROM 
JAPANESE DATA TO CALIFORNIA’S CENTRAL VALLEY 
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ABSTRACT 

 
A fragility model for seismic deformations of levees was developed in a separate study 
using case history data from the Shinano River region of Japan (SRJ). In that model, 
levee fragility was shown to be principally related to ground motion intensity, 
geomorphology, and ground water level relative to the levee base. Our objective in this 
manuscript is to demonstrate the applicability of the developed fragility models for 
geotechnical conditions along urban levees in the Central Valley region of California 
(CVC). For this purpose, we compare SPT penetration resistance data (in the form of 
energy- and overburden-corrected blow counts) between regions for common soil types 
conditional on geology and topography. Among the geologic categories considered, 
arguably the most important is Holocene flood plain deposits, which comprise 38% of 
investigated sites in CVC and 97% in the SRJ. Within this geological unit, we find 
penetration resistance data for coarse-grained soils in the SRJ and CVC study regions to 
be similar, whereas for fine-grained soils the CVC sediments are stiffer. For two other 
geological units (Holocene basin and Pleistocene), both coarse- and fine-grained deposits 
in the CVC are stiffer than Holocene floodplain deposits. We also considered 
topographical conditions (elevation, ground slope and river gradient) as alternative means 
for sorting the data, with the general conclusion that such indicators are less capable than 
geology of describing variations of penetration resistance within the respective regions. 
The results provide insight into the relative vulnerability of levees in the two regions for 
given levels of ground motion amplitude. 
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DRAFT GUIDELINES FOR SEISMIC EVALUATION OF LEVEES 
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Khaled Chowdhury, PE, GE 4 
 

ABSTRACT 
 
The main objective of the document is to recommend procedures for identifying the 
potential degradation of levees under the design earthquake loading.  It is assumed that 
only levees constructed of or founded on potentially liquefiable materials are vulnerable 
to earthquakes; although it is recognized that earthquakes may aggravate degradation of 
levees constructed on weak cohesive materials, this issue is not considered in guidelines. 
If potentially liquefiable layers are detected in levee or its foundation, it should be 
determined if large displacements corresponding to flow failure can be expected, or the 
degradation of the levee may be induced by lateral spreading; this determination can be 
done performing post-earthquake stability analyses assuming post-liquefaction residual 
shear strength in the potentially liquefiable zones. A factor of safety less than one for the 
post-earthquake condition means large deformation potential and probably totally 
compromised levee.  Several empirical methods are available for the evaluation of 
deformation and loss of freeboard due to lateral spreading following liquefaction. The 
predicted displacements are considered for classification of levee systems from seismic 
vulnerability point of view and planning post-earthquake required activities. The 
document makes a major distinction from acceptable seismic deformation point of view 
between intermittently and frequently hydraulically-loaded levees. The draft Guidelines 
resulted from the joint effort of about 40 professionals in earthquake engineering field, 
most of them participating in a workshop organized by URS Corporation in Oakland, 
California, in March 2012, followed by a series of drafts and their successive reviews.  
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NEEDS-ORIENTED PROJECT EVALUATION TOOL (NOPET) 
 

David Moore, P.E.1 
Dwayne Bourgeois2 

Patti Sexton, P.E., CFM3 
 

ABSTRACT 
 
North Lafourche Conservation Levee and Drainage District (NLCLDD), located in 
southeast Louisiana, is preparing to develop a significant capital improvement plan that 
will span decades. NLCLDD desired to establish a system that fairly and equitably 
assesses proposed projects relative to each other to determine the needs rating and 
priority of each project. The objective was to assure that projects chosen for 
implementation are selected purely on merit and their impact to risk reduction. The 
Needs-Oriented Project Evaluation Tool (NOPET) was developed for this purpose.  
 
NOPET is specifically developed to address the types of projects typical with NLCLDD 
jurisdiction. To date, the projects undertaken by the NLCLDD, as either contracted 
capital projects or projects performed with in house resources, fall into one of four 
categories: Construction of a new levee, improvements to an existing levee, construction 
of, or improvements to, a pump station and, clearing of a drainage course right of way 
and/or maintenance dredging of a waterway.   
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LESSONS LEARNED FROM CONCRETE DAM FAILURES SINCE ST. 
FRANCIS DAM 

 
Larry K. Nuss, P.E.1 

Kenneth D. Hansen, P.E.2 
 

ABSTRACT 
 
This paper focuses on what can be learned from data reported in the literature about 9 
case studies of concrete dam failures (presented in order by the date of failure) since the 
failure of St. Francis Dam on March 12, 1928: Alla Sella Zerbino Dam, Italy; Vega de 
Tera, Spain; Malpasset, France; Vaiont, Italy; Gillespie, USA; Ferris Ditch, USA; Shih 
Kang Dam, Taiwan; and Camara, Brazil.  Danville Dam in the USA was not discussed 
because not enough information could be found about the failure.  Vaiont Dam is not 
considered a dam failure because the dam held after being overtopped by landslide 
displaced reservoir water, but is included in the discussion.  The significance of the St. 
Francis failure in the USA is that this event initiated the California dam safety program, 
which required professional engineering licensing and independent peer reviews of new 
designs including geologic analyses.  The failures reported on were caused by a variety of 
reasons, including foundation instability due to increased uplift pressures, overtopping 
erosion, piping of foundation material, and sliding along the base of the dam; improper 
structural design; and fault displacement during an earthquake.  The dam types covered 
include gravity, thick-arch, thin-arch, multiple-arch, and slab and buttress.  The materials 
in the dam include masonry, conventional mass concrete, roller compacted concrete, and 
reinforced structural concrete.   
 
The paper describes the design and construction, geology, historical events leading to the 
failures, the failure sequence, results from the failure, and post-failure evaluations.  
Failure of a dam is considered as the uncontrolled release of the reservoir due to natural 
causes.  Many times multiple post-forensic evaluations do not agree, so these varying 
viewpoints are presented.  From the analysis of these failures, lessons are learned or 
relearned. 
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DEVELOPMENT OF A FUNCTIONAL EXERCISE TO MAXIMIZE PUBLIC 
SAFETY COOPERATION AND EMERGENCY PREPAREDNESS 

 
Justin Darling1 

 
ABSTRACT 

 
The Northern Indiana Public Service Company (NIPSCO) developed a Functional 
Exercise that maximized public safety cooperation by including elements that meet 
exercise requirements for many different disciplines. This exercise was created using the 
Homeland Security Exercise and Evaluation Program (HSEEP) which allowed many 
local agencies such as Emergency Management Agencies (EMAs), Local Emergency 
Planning Committees (LEPCs) and Health Departments to earn credit for the exercise. 
The exercise also fulfilled the requirements set forth by the Federal Energy Regulatory 
Commission (FERC) in regards to Emergency Action Plan (EAP) and Security Plans. 
This exercise was also the first such exercise to test the newly implemented security plan 
at the owner’s projects.  
 
The collaboration with the participating agencies allows dam owners to enhance their 
Emergency Action Plan’s effectiveness, as well as enhancing the capabilities of the 
agencies to respond to the owner’s projects.  
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PINE CREEK DAM RISK MANAGEMENT PLAN PROCESS AND DECISION 
 

Kathryn A. White, P.E. 1 
D. Wade Anderson. P.E. 2 

 
ABSTRACT 

 
The overall Dam Safety Portfolio Risk Management Process is a series of hierarchical 
activities used to assess, classify, and manage the risks associated with the U.S. Army 
Corps of Engineers (USACE) inventory of dams including the Dam Safety Action 
Classification (DSAC), Portfolio Risk Management Process (Screening Portfolio Risk 
Assessment, Interim Risk Reduction Measures, Issue Evaluation Study, and Dam Safety 
Modification Study reports), and Portfolio Risk Management Process Graphic 
Depictions.    The subject of the paper is Pine Creek Dam Safety Modification Study.  
Pine Creek Dam was classified as a DSAC I on 19 April 2013, one of 9 dams with this 
classification in the USACE portfolio inventory.  A dam with this classification is 
considered to be critically near failure or at extremely high risk.  A Dam Safety 
Modification Study (DSMS) which recommends a risk management plan to reduce the 
risk of dam failure and consequences was approved on 24 June 2013 and funding 
allocated on 18 September 2013.  The DSMS for Pine Creek is unique in that there is a 
relatively low loss of life associated with the project.   As a result, emphasis was placed 
on developing non-structural alternatives as well as structural alternatives to reduce the 
risk of dam failure and consequences. 
 
This paper and presentation provides background information, a summary of dam safety 
issues associated with the system, description of the risk management plans (structural 
and non-structural), project consequences, and decision of final selected risk management 
plan. 
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A RISK ASSESSMENT WITH THE FERC 
 

Guy S. Lund, P.E.1 
Bill Christman, P.E.2 

Gene Yow, P.E.3 
 

ABSTRACT 
 
The Federal Energy Regulatory Commission (FERC) is in the process of implementing 
Risk Informed Decision Making (RIDM) into their engineering guidelines.  The Public 
Utility District of Chelan County (Chelan PUD) in cooperation with the FERC has 
performed a pilot risk assessment of three selected failure modes at projects located on 
the mid-Columbia River, Washington.  This paper discusses the methods used to evaluate 
the risk and demonstrates how the risk assessment can be kept simple, no more 
complicated than traditional evaluation methods.  The paper also discusses that the 
greatest contributing load to the overall project risk may not be due to the extreme loads, 
such as the MCE event.  Rather, the loads contributing most to the risk may actually be 
due to the more frequent loading conditions.  
 

                                                 
1 Principal Civil/Structural Engineer, URS Corporation, Denver, CO; (303) 740-3902; guy_lund@urs.com 
2 Principal Civil Engineer, Chelan P.U.D., Wenatchee, WA; (509) 661-4283; bill.christman@chelanpud.org 
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WHAT IS THE MOST IMPORTANT LOADING CONDITION FOR DAM 
SAFETY? 

  
William Engemoen1 

Daniel Osmun2 
William Fiedler3 

 
ABSTRACT 

 
Although the theme of this annual conference is dam performance under extreme loading 
conditions, it is important to consider the relative risks posed by all loading conditions.  
For dam safety, the three main loading conditions are static (normal operations), 
hydrologic (floods), and seismic (earthquakes).  In this paper, the impacts of these three 
loading conditions on the safety of embankment and concrete dams are assessed in terms 
of past incidents and failures, as well as by ongoing dam safety evaluations of an 
inventory of dams.  Compilations of world-wide dam failures are reviewed to illustrate 
the relative distribution of failures due to the different loading conditions.  In addition, 
the number of incidents in the past 100-plus years within the Bureau of Reclamation 
(Reclamation) inventory of more than 250 major embankment and concrete dams is 
evaluated and discussed.  Also, the compilation of Safety of Dam recommendations and 
relative risks identified for Reclamation dams are reviewed and categorized in terms of 
loadings.  Finally, conclusions are drawn as to which loading conditions appear to pose 
the greatest threat of dam failure, both in terms of historical performance and according 
to projected actions taken to better understand or reduce risk.   
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ANDERSON DAM SEISMIC RETROFIT PROJECT: 
UTILIZING PROJECT RISK ANALYSES TO SUPPORT MANAGEMENT 

DECISIONS 
 

Emmanuel Ayree, P.E1 
Brian Hubel, P.E., G.E.2 

Chris Mueller, P.E., Ph.D.3 
 

ABSTRACT 
 

Anderson Dam and Reservoir is a major water supply facility located about 18 miles 
southeast of San Jose, California.  It is owned and operated by the Santa Clara Valley 
Water District (District).   The dam was built in 1950, as a zoned rockfill embankment 
with a maximum height of approximately 240 feet at its maximum section.  It is regulated 
by the California Division of Safety of Dams (DOSD) and the Federal Energy Regulatory 
Commission (FERC).  Several dam safety deficiencies associated with seismic 
liquefaction, fault traces, PMF capacity, and emergency drawdown capabilities have been 
identified.  As a result of these deficiencies, the District initiated the Anderson Dam 
Seismic Retrofit Project (ADRSP) to fix the dam, which is comprised of planning, design 
and construction phases.  Components of the dam involved in the deficiencies include the 
embankment (upstream and downstream), outlet works, spillway and dam crest.  During 
the planning phase of the ADSRP, remedial measures representing conceptual level 
repairs and fixes for each component were identified and developed for analysis and 
evaluation.  These were combined in various permutations to for the project alternatives 
which were analyzed and evaluated to select the recommended alternative to repair the 
deficiencies within an aggressive schedule required by regulators.  This paper highlights 
the importance risk modeling played in differentiating between alternatives that had 
similar component designs, similar costs and similar schedules.  Deaggregation of the 
total project risk, a project risk register, and periodic risk elicitation workshops are tools 
management utilized to better understand the most important individual risks, which 
facilitated better scoping and scheduling of planning and design work to manage overall 
project risk. 
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ISO STANDARDS APPLIED TO DAM SECTOR SECURITY RISK 
METHODOLOGIES 

 
William (Bill) F. Foos, MBA, CPP, PSP1 

Joachim A. Gloschat, MBA, CPP, PSP, PCI2 
 

ABSTRACT 
 
This paper reviews dam sector security risk assessment methodologies and evaluates their 
compliance against the International Standards Organization (ISO) standards 31000:2009 
Risk Management - Principles and Guidelines and ISO 31010:2009 Risk Management - 
Risk Assessment Techniques.    
 
ISO is the world’s largest developer of voluntary international standards. Experts 
worldwide develop their sector’s standards, reflecting a wealth of international 
experience and knowledge. 3 
 
ISO standard 31000 provides principles, framework, and a process for managing risk. 
Organizations use it to increase the likelihood of achieving objectives, improve the 
identification of opportunities and threats, and allocate resources for risk treatment.  
 
ISO standard 31000 cannot be used for certification purposes, but does provide guidance 
for internal or external audit programs. Organizations can compare their risk management 
practices with an internationally recognized benchmark, providing sound management 
principles.  
 
ISO standard 31010 supports ISO standard 31000. Standard 31010 provides guidance on 
selection and application of systematic techniques for risk assessment, but is not intended 
for certification, regulatory, or contractual use.   
 
Risk management reaches reasonable and appropriate implementation of security 
controls. Traditionally, security risk assessments use a simple risk formula:  
 

Risk = Threats * Vulnerabilities * Impact 
 
Within the security industry as a whole, and the dam sector specifically, multiple 
methodologies build on this basic formula. Attempts to define an industry standard have 
gone to the wayside, as each federal agency and private sector owner uses their own 
methodology. This paper evaluates the most common dam sector security risk 
methodologies against the ISO standards.  
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REEXAMINATION OF THE 2004 FAILURE OF BIG BAY DAM, GEORGIA 
 

Keith A. Ferguson, P.E.1 
Scott Anderson, P.E.2 

Elena Sossenkina, P.E.3 

 
ABSTRACT 

 
This paper provides a summary of a reexamination of the 2004 failure of Big Bay Dam 
based on a potential failure modes framework as outlined in the FEMA, Technical 
Manual: Conduits through Embankment Dams, 2005; and as further described by 
Ferguson et al, 2012.  Of particular interest is the influence of piping and erosion through 
open defects in the outlet works conduit and how the full failure mode likely developed 
through a series of backward erosion features that that first initiated the failure process 
under the upstream slope of the dam and moved toward the downstream end of the 
conduit over a period of about thirteen years.  Results of an idealized 2-dimensional 
seepage models of the progressive development process are presented that help describe 
this unique combination of failure mode development steps.  A generalized risk analysis 
event tree of the failure mode is presented and described. 
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ADDICKS AND BARKER DAM SAFETY MODIFICATIONS PROJECT 
 

Bobby Van Cleave, P.E.1 
D. Wade Anderson, P.E.2 

Gary Chow, P.E.3 
Andrew Weber4 

 
ABSTRACT 

 
Addicks and Barker Dams are currently categorized as DSAC I (urgent and compelling: 
unsafe). Dams in this class are “critically near failure or extremely high risk” under 
normal operations. Additionally, these dams have an extremely high combination of 
potential life and economic consequences that exist within and near the downstream flood 
channel. Over 4 million people live and work in and transit through the Buffalo Bayou 
watershed. Industrial, commercial, and residential development is located throughout the 
Buffalo Bayou corridor. In addition to commercial and residential structures, 
development includes hospitals, highways, roads and utilities, oil industry infrastructure 
and water and sewage treatment facilities. These DSAC I characteristics have been 
substantiated by the initial risk assessment and baseline risk assessment studies 
completed in March 2012 and re-evaluated in October 2012. The purpose of the Addicks 
and Barker Dam Safety Modification Project is to reduce risk associated with the 
significant failure modes that contributed to the DSAC I classification of the Addicks and 
Barker Dams.  
 
The selected risk management plan consists of construction of a new outlet structure to 
include an intake tower, steel lined conduits, parabolic chute slab, stilling basin, cutoff 
wall, downstream filter, and abandoning the existing structure in place at Addicks and 
Barker Dams. Overall, this risk management plan provides the highest certainty of 
success in the implementation of the dam safety modifications from among all other 
plans considered. 
 
This paper and presentation provides background information, a summary of dam safety 
issues and potential failure modes, description of the risk management plans (structural 
and non-structural), project consequences, and decision of final selected risk management 
plan. 
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SPILLWAY MODIFICATION TO ADDRESS POTENTIAL FAILURE MODE 
 

John C. Stoessel, P.E.1 

Craig McElfresh2 

C. Michael Knarr, P.E., S.E.3 

 
ABSTRACT 

 
In 85 years of service, Saddlebag Lake Dam has only spilled once. In fact, it takes two 
200% water years for the reservoir to reach the spillway crest! New hydrologic and 
hydrology (H&H) standards for the dam have increased the inflows over those that were 
governed by earlier flood studies. In addition, the wood-lined spillway was identified as a 
potential failure mode, due to the possibility of high spill rates stripping away the wood 
planks, exposing the underlying rockfill, and eroding the rockfill until an uncontrolled 
rapid release of water (URRW) occurs. 
 
In order to address the potential failure mode associated with the wood-lined spillway, 
Southern California Edison (SCE) decided to modify the spillway by removing the wood 
and lining the spillway with reinforced concrete. As an additional risk reduction measure, 
SCE lowered the final spillway crest elevation one foot, in order to provide additional 
freeboard. In reviewing historic reservoir elevation data, SCE discovered that reservoir 
levels came within one foot of the existing spillway crest during only about 10% of the 
85 years of historical recordings. As such, SCE does not anticipate appreciable water 
losses through increased spill due to a lower spillway crest elevation. 
 
The spillway modification construction is being executed without draining the reservoir. 
In order to obtain regulatory buy-in, a construction Potential Failure Mode Analysis 
(PFMA) was required in order to evaluate the impact of construction on the existing 
potential failure modes (PFMs) and to postulate any new failure modes. A set of risk 
reduction measures were developed, to be implemented during construction to address 
the impact that construction might have on the PFMs. This paper addresses the PFMs and 
the measures taken to reduce risks. 
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RECLAMATION’S NEW LIFE LOSS ESTIMATING METHODOLOGY 
 

William Fiedler1 
Daniel Osmun2 

William Engemoen3 
Bruce Feinberg4 

 
ABSTRACT 

 
The Bureau of Reclamation (Reclamation) estimates life loss resulting from dam failure 
in order to define annualized life loss for dam safety risk analyses.  Reclamation’s 
approach to estimating life loss is primarily rooted in empirical interpretation of dam 
failure and flood event case histories.  The procedure utilized by Reclamation since 1999 
has been based on an analysis of dam failures, flash floods, and floods located primarily 
in the United States.  The new methodology continues to rely on case history data to 
guide the selection of fatality rates; however, additional world-wide case histories have 
been added to the data set.  The dam failure data provides insights into how fatality rates 
(percentage of pre-evacuation population at risk who die) are primarily a function of the 
amount of warning people in various areas have and the flood severity (largely a measure 
of the ability of the flood to damage or destroy buildings).  The new methodology is very 
similar to Reclamation’s previous procedure, but relies now on a graphical representation 
of fatality rate ranges as a function of flood severity and warning time.  In addition, flood 
severity is defined quantitatively in terms of DV (flood depth times flood velocity).   
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WHY ARE DAMS FAILING BEFORE THEY REACH THEIR SPILLWAY 
DESIGN CAPACITY? 

 
Eric Gross, P.E.1 

David W. Lord, P.E.2 
 

ABSTRACT 
 
The PFMA process is excellent at identifying potential failure modes that have been 
observed in widely disseminated dam failure case histories.  These common failure 
modes include internal erosion of earth embankments and overtopping of dams due to 
extreme floods.  Yet, dams are still failing during normal operation or relatively high 
frequency events, despite being designed for extreme events that are orders of magnitude 
less frequent.  What is often missed in the PFMA process are failure modes that are 
novel, unusual, or extremely complicated with compounding (confounding) factors 
making predictable failure modes more likely.  As spillway inadequacy and internal 
erosion problems are addressed by remediation these uncommon failure modes and 
confounding factors are increasingly becoming the driving force in modern dam failures 
and safety incidents.  In this paper we will examine several recent case histories of dam 
failures and safety incidents (near failures) and examine the factors that made them 
unusual and difficult to predict.  Factors that will be discussed in the case histories are 
remote operation, debris loading, operator access during flood events, deferred 
maintenance of essential dam safety systems, and unexpected behavior of project works.   
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ROBUSTNESS AND CONSEQUENCE BASED ASSESSMENT 
 OF AN EXISTING DAM 

 
Valerio De Biagi1 

Bernardino Chiaia, Professor2 
Alessandro Calvi3 
Francesco Fornari4 

 
ABSTRACT 

 
Robustness plays a relevant role in the capacity of a structure to sustain abnormal loads 
or to deal with unexpected events with large effects, such as explosions and terroristic 
attacks. Such situations on dams may have extremely large consequences. For buildings, 
the design approach that best implements robustness concepts is represented by the so 
called “Consequence Based Design”: even if nothing is known about the cause, selective 
element removals and extreme load on the structure are modeled, and their effects are 
determined with respect to progressive collapse and damage arrest. 
 
In the paper we try to set-up a “Consequence Based Assessment” of a typical example of 
a gravity dam built between the ‘30s and ‘40s of the last century in the northwestern 
Italian Alps. A simplified model of the structure is adopted. Removal of parts of the dam 
cross-section is assumed to occur: the effects of the extent of damage is discussed on the 
bases of the tension generated within the body of the dam. 
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CPTu-BASED STATE CHARACTERIZATION OF TAILINGS LIQUEFACTION 
SUSCEPTIBILITY 

 
Christina Winckler, P.E.1 
Richard Davidson, P.E.2 

Lisa Yenne, P.E.3 
Joergen Pilz4 

 
ABSTRACT 

 
A new piezo cone penetration testing (CPTu)-based state characterization approach has 
been developed to augment conventional liquefaction triggering analysis. CPTu 
soundings through tailings were used to illustrate and compare results for these two 
methods. Conventional triggering analysis is generally applicable to the upper 100 feet 
below the ground surface, while the CPTu-based state characterization provides a 
continuous record throughout the profile to greater depth. This new practical 
methodology provides a supplemental screening tool to evaluate liquefaction 
susceptibility, in addition to the factor of safety approach by triggering analysis. 
The CPTu-based state characterization provides an independent “first principles” 
approach to evaluating whether the materials would behave in a dilative or contractive 
manner during static or seismic loading. The CPTu-based state characterization included 
four different methods to evaluate the state of saturated non-plastic tailings. If all of these 
methods, including conventional triggering analysis, point to liquefaction susceptibility 
or alternatively dilatant behavior, then confidence in the characterization is increased. 
Findings presented from a static liquefaction case history support this characterization 
method. 
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PORE PRESSURE CHARACTERIZATION OF IMPOUNDED TAILINGS 
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ABSTRACT 

 
A common problem in any tailings dam, regardless of the method of construction, is the 
distribution of pore pressures within the impoundment. The pore pressures within 
impounded tailings closest to the crest vary with depositional schemes and requirements 
for maintaining a saturated beach for dust control. Downward and lateral drainage also 
significantly affect the pore pressure regime along with the size and location of a decant 
pond that may shift significantly during each year. These variable components make it 
challenging to predict pore pressures within the impounded tailings for the ultimate 
design elevation. 
 
A beach investigation and monitoring approach is advocated to characterize pore pressure 
conditions, confirm design level analyses, and address these concerns. This approach 
includes piezocone penetration testing (CPTu) soundings to characterize the pore 
pressure response characteristics of the tailings and installation of piezometers to evaluate 
pore pressures within the impounded tailings over time. Upper and lower bound pore 
pressure scenarios are developed with respect to physical distance from the decant pond. 
These pore pressures are used to project future conditions at the ultimate design 
elevation, which are then compared to design seepage modeling results. Undrained 
strength limit equilibrium post-earthquake stability analysis using a phreatic surface input 
and pore pressure distribution contours are used to evaluate the sensitivity of these 
critical input parameters for the ultimate design elevation the loading condition.  
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TWO-DIMENSIONAL NUMERICAL ANALYSIS OF DYNAMIC RESPONSE OF 
A TAILNGS DAM USING UBCSAND MODEL: A CASE STUDY  
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ABSTRACT 

 
This paper presents a two-dimensional dynamic analysis of a tailings dam using an 
advanced effective stress-plasticity model (UBCSAND). No laboratory testing data is 
available regarding dynamic material properties; therefore empirical correlations along 
with lab tests on similar materials reported in literature are used to estimate material 
properties. Flow analyses are conducted first to estimate pore pressures and effective 
stresses in the tailings dam. These are followed by a dynamic analysis using mechanical-
fluid coupling for a suite of ground motions. Fluid flow is not considered during dynamic 
analysis as it is assumed that any excess pore pressures generated during shaking will not 
dissipate till the end of shaking. Accumulated displacements and acceleration histories 
are monitored to estimate dam performance during the earthquake. 
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COBBS CREEK RESERVOIR AND DAM:  OFFLINE STORAGE — 
CAPTURING TODAY’S WATER FOR TOMORROW’S DEMAND 

 
Mark E. Landis, PG, PE1 

Paul E. Peterson2 
Jonathan M. Pittman, PE3 

 
ABSTRACT 

 
With the growing concern and need for water supply, and the difficulties associated with 
permitting dams along (inline) rivers, developing offline reservoirs is becoming more 
attractive for large municipalities. The Cobbs Creek Regional Water Supply Reservoir 
Project (Project) in central Virginia is being developed and implemented by Henrico 
County (County) as a proactive measure to address future water supply demands and 
reduce their exposure and risk during drought conditions.  The Project includes an offline 
reservoir that will provide approximately 14.8 billion gallons of raw water storage within 
a 1,117-acre reservoir area, one of the largest offline storage municipal reservoirs in the 
eastern US.  Raw water will be diverted to the reservoir from the James River when river 
flows are adequate, and controlled releases from the reservoir will be made during 
drought periods when James River flows are inadequate to support regional demands.  In 
exchange for this flow augmentation, the County’s river withdrawal rights have been 
increased for its water treatment plant intake located 45 miles downstream of the Project. 
 
In 2012, the Schnabel-ARCADIS team (Team) evaluated alternatives for the 155-ft-high, 
3,850-ft-long main dam and perimeter saddle dike that will impound the reservoir.  This 
evaluation included determining the most appropriate dam type, with consideration for 
costs, risks, and impacts on the surrounding community.  The geology of the site was 
conducive for the construction of a Roller Compacted Concrete (RCC) dam with earth 
embankment ‘tie outs’.  However, the nominal spillway requirements of a small 
watershed with a large impoundment and the long dam length, along with the depth to 
suitable rock for the foundation for the RCC dam, made the site more conducive for an 
earth embankment dam.  Therefore, the earth embankment dam was selected as the more 
cost-effective alternative with the least amount of risk.   
 
This paper presents the design and permitting approaches that the Team developed to 
help the County implement this large project.  We will also discuss the team’s analysis of 
the risks associated with the construction of the different dam types evaluated and the 
challenges encountered during the preliminary design of the dam and the innovative 
solutions the Team developed to address these challenges.   
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DETERMINING THE FEASIBILITY OF FISH PASSAGE — CALAVERAS DAM 
REPLACEMENT PROJECT, CALIFORNIA 
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ABSTRACT 
 
The Calaveras Dam Replacement Project involves design and construction of an 
embankment replacing the 220ft-high Calaveras Dam, which impounds Calaveras 
Reservoir, the largest drinking water storage reservoir in the San Francisco Bay Area, for 
the San Francisco Public Utility Commission (SFPUC) Hetch Hetchy Regional Water 
System. The dam is located in a region containing sensitive habitats and special-status 
species, including Central California Coast Steelhead. Regulatory requirements for 
construction of the replacement dam prompted SFPUC to evaluate dam operations and 
aquatic habitat conditions in the watershed. In pursuit of project approval, the project 
team evaluated fish passage issues (both man-made and natural) downstream, at, and 
upstream of the replacement dam in order to identify feasible measures that SFPUC could 
implement as part of the project and balance with water supply requirements. One 
complicated alternative--a fish ladder over the replacement dam--was examined, 
demonstrated to be infeasible, removed from consideration by regulatory agencies, and 
dropped as a proposal by members of the concerned public. Other fish passage options at 
alternate locations were examined and determined to be feasible and consistent with the 
operation of the replacement Calaveras Dam, leading to acquisition of required resource 
agency permits for construction and operation of the project, as well as gaining support of 
the project by members of the concerned public. Early initiation of the studies conducted 
at other locations in the watershed was critical to provision of information in a timely 
manner that allowed completion of the environmental and permitting processes without 
delays to the overall project schedule. 
  

                                                 
1 URS Corporation, 1333 Broadway, Suite 800, Oakland, CA 94612, jon.stead@urs.com 
2 URS Corporation, 1333 Broadway, Suite 800, Oakland, CA 94612, steve.leach@urs.com 
3 San Francisco Public Utilities Commission, 525 Golden Gate Avenue, San Francisco, CA, 94102, 
cfreeman@sfwater.org 
4 San Francisco Public Utilities Commission, 525 Golden Gate Avenue, San Francisco, CA, 94102, 
shou@sfwater.org 
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SECURING APPROVALS FOR LARGE SCALE SPOILS DISPOSAL AT A DAM 
REPLACEMENT PROJECT 

 
Steve Leach 1 
John Roadifer2 
Craig Freeman3 

Dan Wade4 
Susan Hou5 

ABSTRACT 

The Calaveras Dam Replacement Project involves design and construction of an 
embankment replacing the 245-ft-high Calaveras Dam. Calaveras Dam impounds the 
largest drinking water reservoir in the San Francisco Bay Area for the San Francisco 
Public Utility Commission (SFPUC) Hetch Hetchy Regional Water System.  Early 
agency engagement and analysis of key environmental issues facilitated approvals from 
federal and state agencies. The permitting process was potentially problematic because 
the project is located in an environmentally sensitive area for listed species, wetlands, and 
other natural resources and the project required disposal of approximately 3.8 million 
cubic yards of excess soil and rock, of which 60 percent contained concentrations of 
naturally occurring asbestos (NOA).  Disposal of the spoils was one of the largest 
impacts of the project and posed a potential permitting obstacle because of the scope of 
environmental impacts initially identified.  To remedy this problem and secure key 
project approvals from regulatory agencies, the SFPUC project team developed a tiered 
screening analysis of disposal sites to identify the “least environmentally damaging 
practicable alternative” based on a comparison of environmental impacts, costs, logistics, 
and available technology.  Completing the analysis, including acquisition of resource 
agency personnel input and concurrence, enabled the project to satisfy the 404(b)(1) 
requirements of the federal Clean Water Act, which was an important part of the 
regulatory approval process for the project. This early analysis of alternatives also 
strengthened resource agency understanding and support of the project.  

                                                 
1 URS Corporation, 1333 Broadway, Suite 800, Oakland, CA 94612, steve.leach@urs.com 
2 URS Corporation, 1333 Broadway, Suite 800, Oakland, CA 94612, john.roadifer@urs.com 
3 San Francisco Public Utilities Commission, 525 Golden Gate Avenue, San Francisco, CA, 94102, 
cfreeman@sfwater.org 
4 San Francisco Public Utilities Commission, 525 Golden Gate Avenue, San Francisco, CA, 94102, 
dwade@sfwater.org 
5 San Francisco Public Utilities Commission, 525 Golden Gate Avenue, San Francisco, CA, 94102, 
shou@sfwater.org 
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TRADITIONAL CEMENT GROUT VERSUS STABLE, HIGH-MOBILITY 
GROUT — A CASE STUDY AT THE CRAFTON HILLS DAMS 

 
Holly Nichols1 

Ante N. Mlinarevic2 
G. Robert Barry3 

 
ABSTRACT 

 
The initial Crafton Hills Reservoir (CHR) dam was constructed by the California 
Department of Water Resources (DWR) between 1999 and 2002.  The design for the 
500-foot-long, 95-foot-tall zoned earthen embankment dam included a single row, mostly 
vertical, 50-foot-deep grout curtain that followed the traditional use of progressively 
thicker mixes of cement grout.  Reservoir filling began on May 3, 2002.  On May 14, 
2002, seepage was observed on the ground surface at the groin of the lower downstream 
left abutment.  Seepage rates peaked within about two months and slowly decreased 
without the need for remediation. 
 
In January 2012, DWR began construction of the Crafton Hills Reservoir Enlargement 
(CHRE) dam in an adjoining valley, which is 540-foot-long, 75-foot-tall zoned earthen 
embankment dam for increased storage capacity.  The grout curtain design included two 
rows of opposing-angle grout holes and used stable, high-mobility grouts (HMG).  
During this grouting program, satisfactory results were not achieved in the upper 10 feet.  
A 10-foot-deep concrete cutoff wall was added, resulting in a 60-foot-deep composite 
cutoff (see companion paper by Wehling et al., 2014).   
 
Both Crafton Hills dams are founded on similar sheared Mesozoic foliated to mylonitic 
metagranitic rock that is intruded by slightly weathered granitic dikes and younger, more 
weathered mafic dikes.  The CHR dam core trench was excavated to intensely weathered 
rock, whereas the CHRE dam core trench was excavated to moderately weathered rock.   
 
The construction of two similar-sized dams with similar geologic foundation conditions 
provides a unique opportunity to examine the apparent performance of the two grout 
curtains: one using the traditional cement grout and the second using the newer stable 
HMG.  This paper discusses the geologic factors affecting the design and construction of 
the grout curtains, compares and contrasts the curtain grouting programs and results of 
both dams, and provides an initial assessment and comparison of performance.  The 
CHRE dam has not yet been completed and, thus, the reservoir has not been filled.   

                                                 
1 Senior Engineering Geologist, California Department of Water Resources, 3500 Industrial Blvd, West 
Sacramento, CA 95616, (916) 376-9883, holly.nichols@water.ca.gov. 
2 California Department of Water Resources, 3500 Industrial Blvd, West Sacramento, CA 95616, (916) 
376-1744, ante.mlinarevic@water.ca.gov. 
3 California Department of Water Resources, 3500 Industrial Blvd, West Sacramento, CA 95616, (916) 
376-9874, rob.barry@water.ca.gov. 
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FOUNDATION IMPROVEMENTS — DESIGN AND CONSTRUCTION  
FOR THE NEW RAGGED MOUNTAIN DAM 

 
Randall P. Bass, P.E.1 

J R. Collins, EIT.2 
 

ABSTRACT 
 
The new Ragged Mountain Dam in Charlottesville, Virginia is a 125-foot high, 750-foot 
long zoned earthfill dam constructed to increase the safe yield of Rivanna Water and 
Sewer Authority’s (RWSA) regional water supply system.  The new dam replaces a 75 
foot high cyclopean concrete dam built in 1908.  Initial plans were that the new dam 
would be a Roller Compacted Concrete (RCC) gravity dam built just a few hundred feet 
downstream of the century-old structure.  However, the initial field investigation raised 
some concerns about the foundation conditions, which would substantially increase the 
project costs.  Further investigations found that the on-site materials would be suitable for 
an earthfill dam, which allowed a different approach to the foundation improvements and 
a substantial reduction in construction costs. 
 
Because this is primarily a pump storage project, an important goal was to minimize 
water losses.  The design incorporates a two-row grout curtain approximately 100 feet 
deep across the full length of the dam and extending 500 feet into the right abutment.  
The dam’s right abutment is narrow with zones of fractured rock identified in the initial 
field investigations.  Most holes were drilled at 20° from vertical with each row drilled in 
opposite directions due to the steep angles of the major bedding planes and rock jointing.  
Portions of the dam alignment contained a surface soil stratum over 10 feet deep.  
Because of the scarcity of suitable core materials, in these areas a slurry wall comprised 
of soil, cement and bentonite was used to extend the soil cutoff keyway down to top of 
rock.  The left abutment was not as narrow as the right, but still caused some concern for 
seepage losses.  Initially, the grout curtain was to extend 250 feet along this abutment, but 
was eliminated and replaced with a low-permeability soil blanket.  
 
This paper will discuss the seepage modeling that was performed and how the grouting 
program and cutoff wall performance criteria were developed.  The means and methods 
used during construction will be discussed along with the challenges faced during design 
and construction.            
 

                                                 
1 Schnabel Dam Engineering, Inc., 6445 Shiloh Road, Suite A, Alpharetta, GA 30005; rbass@schnabel-
eng.com 
2 Schnabel Dam Engineering, Inc., 6445 Shiloh Road, Suite A, Alpharetta, GA 30005; jcollins@schnabel-
eng.com 
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 TREATMENT OF GRAVITY DAM FOUNDATIONS DURING 
CONSTRUCTION 

 
Conrad Ginther1 

Jared Deible2  
Paul C. Rizzo3 

 
ABSTRACT 

 
The foundation is a critical element for any dam.  Understanding the foundation and the 
required treatment is critical to developing the final dam design.  However, the design of 
the foundation does not end with the final design drawings for the Project.  During 
construction foundation conditions need to be evaluated as excavation and construction 
proceeds to determine if foundation conditions are consistent with assumptions and 
expectations.  Adjustments to the planned excavation or to the design of the dam, 
including changes in the grout curtain, dam geometry, and other features are often 
required during construction.   
 
This paper discusses the foundation conditions encountered during construction at four 
concrete gravity dams (Saluda Dam, Taum Sauk Upper Reservoir, Bear Creek, and 
Wyaralong) and the associated treatments that were required.  Examples of features 
include clay seams, shear zones, joints and fractures, faults, highly weathered rock, 
abrupt changes in foundation levels, and karst features.  At each project the foundation 
was treated and design adjustments were made to ensure a safe project.  The treated 
foundation had to be acceptable in terms of seepage and leakage through the foundation 
and sliding resistance for the dam.  Specific foundation treatments discussed include 
cutoff walls, grouting, over-excavation, foundation cleaning, slush grouting, and detailed 
stability analyses to determine if it was acceptable to leave features in the foundation in 
place or untreated. 
 

                                                 
1 Senior Project Engineer, Paul C. Rizzo Associates, Inc., 101 Westpark Boulevard, Suite B., Columbia, SC 
29210.  conrad.ginther@rizzoassoc.com. +1 (803) 750 9773. 
2 Managing Principal, Paul C. Rizzo Associates, Inc., 500 Penn Center Boulevard, Suite 100.  Pittsburgh, 
PA 15235.  jared.deible@rizzoassoc.com.  +1 (412) 849 4236 
3 President, Paul C. Rizzo Associates, Inc., 500 Penn Center Boulevard, Suite 100.  Pittsburgh, PA 15235.  
paul.rizzo@rizzoassoc.com.  +1 (412) 849 3901. 
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BUILDING AN RCC DAM ON A KARSTIC FOUNDATION AND A TIGHT 
SCHEDULE 

 
Victor M. Vasquez, P.E.1 

Tina Stanard, P.E.2 
Mathew L. Moses, P.E.3 

M. Leslie Boyd, P.E.4 
Adam Payne, 5 

 
ABSTRACT 

 

The Dry Comal Creek Flood Retarding Structure is a new roller-compacted concrete 
(RCC) dam designed to reduce flooding in Comal County, Texas. The dam is located on 
a major karst aquifer and in close proximity to a fault zone. Construction began in mid-
2009 and was halted after excavation revealed unfavorable geologic features. Comal 
County contracted with Freese and Nichols, Inc. (FNI) to assess foundation conditions. 
Geotechnical explorations were conducted during 2010 to better understand the 
challenges at hand. Efforts were made to resume construction of a modified dam, but the 
construction contract was ultimately terminated. In early 2011, The County retained FNI 
to redesign with construction substantial completion on July 2012 to meet a milestone 
associated with project funding.   
 

The 2010 geotechnical investigations and material testing were crucial for redesign. The 
investigations revealed a highly permeable and variable rock foundation which included 
horizontally-bedded clay layers; soil-filled or air-filled voids; and caves. Therefore, a 
deep cut-off wall was recommended for seepage and uplift control and protection against 
foundation degradation. Due to the presence of horizontally bedded rock and clay layers, 
a shear key was recommended to improve sliding resistance.  
 

The construction was split in two separate contracts to fast-track the project: Deep Cut-
off Wall construction and RCC Dam construction. The cut-off wall design was completed 
in March 2011, and construction began immediately while the RCC dam design 
continued. Difficulties with cut-off wall construction resulted in the RCC dam 
construction starting in November 2011 or 3 months behind schedule. During foundation 
preparation for RCC placement, extensive clay layers required additional excavation and 
treatment. A mild winter led to low coal consumption and in turn a shortage of fly-ash. 
The shortage caused delays in RCC placement due to a fly-ash rich mix.  With the 
funding milestone fast approaching, dam construction required extended work weeks and 
double shifts. With the dam now complete, this paper reflects on lessons learned from 
working in such challenging foundation and under a tight schedule.     

                                                 
1 Project Manager, Freese and Nichols, Inc., Austin, TX, 512-617-3142, vmv@freese.com 
2 Project Engineer, Freese and Nichols, Inc., Austin, TX, 512-617-3120, ces@freese.com 
3 Senior Design Engineer, Freese and Nichols, Inc., Austin, TX, 512-617-3187, mm@freese.com  
4 Senior Construction Manager, Freese and Nichols, Inc., Austin, TX, 512-617-3117, mlb@freese.com 
5 Construction Resident Representative, Freese and Nichols, Inc., San Marcos, TX, 512-213-3207, 
ap@freese.com 
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SLOPE STABILITY, GEOLOGY, AND ROCK REINFORCEMENT, FOLSOM 
AUXILIARY SPILLWAY JOINT FEDERAL PROJECT, CA 

 
Kylan A. Kegel, M.S.C.E., P.E.1  

Tatia R. Taylor, Ph.D.2 
 

ABSTRACT 
 
Challenges encountered during excavation and slope stabilization activities for the 
Folsom Auxiliary Spillway Joint Federal Project (FAS JFP) Control Structure, Folsom, 
CA, were strongly influenced by the interactions between final cutslope orientations, 
complex foundation geology, blasting effects, and excavation techniques. These 
challenges were exemplified on outside corners within the excavation, where joint-
controlled removable blocks required substantial reinforcement designed by careful 
stability analysis on a lift-by-lift basis. Excavation operations were undertaken for the 
Folsom Auxiliary Spillway Control Structure between March 2011 and June 2012. 
Foundation rock consists of preferentially weathered and propylitically altered 
granodiorite of the Rocklin pluton that is pervasively jointed and locally sheared. Four 
primary joint sets produce scaled rock blocks with potential sliding and toppling failure 
modes dependent on the final excavation cutslope orientations. Weathering and alteration 
localized on joints and shear zones created a 3-dimensional structural framework at depth 
resulting in decreased rock strength and block cohesion. Significant overbreak was 
caused by blasting operations, despite stringent specification requirements designed to 
minimize foundation damage. This overbreak led to the formation of overhanging rock 
faces on critical outside corners, requiring extensive rock bolting throughout the 
excavation. Characterization of the specific joint-bounded blocks and the associated 
failure mechanisms by site geotechnical and geology personnel led to design of a 
reinforcement system that satisfied safety and stability requirements. The benefits of 
proactive block reinforcement in these critical areas were realized and employed to great 
effect throughout the excavation. 
 

                                                 
1 Lead Engineer, Joint Federal Project Phase IV. US Army Corps of Engineers, Sacramento District. 1325 J 
St, Sacramento, CA 95814. Kylan.A.Kegel@usace.army.mil. 
2 Project Geologist, Joint Federal Project. US Army Corps of Engineers, Sacramento District. 1325 J St, 
Sacramento, CA 95814. Tatia.R.Taylor@usace.army.mil. 
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EFFECTIVE SURVEILLANCE AND MONITORING ALLOWS A PHASED 
APPROACH TO STABILZATION 

 
Gerald Robblee, P.E., G.E. 1 

Andy Baxter, P.G., P.E.2 
Robert Cannon, P.G.3 

Jesus Gomez, PhD, P.E.4 

Adam J. Monroe, P.E.5 6 
 

ABSTRACT 
 
The right side tailrace retaining wall and abutment slope above the retaining wall at the 
Hodenpyl Plant in Manistee Michigan was closely monitored with geotechnical 
instrumentation and deformation surveys during design investigations and subsequent 
stabilization of the wall and tailrace slope.  The effectiveness of the monitoring allowed 
the investigations and stabilization to be performed in phases.  The subsurface conditions 
consisted of high-plasticity, highly over-consolidated clay with OCR values greater than 
10. The clay was underlain by an artesian aquifer, which created an upward gradient 
within the clay. Analyses include both conventional limit state analysis and 2D- and 3D-
finite element analyses to model ground behavior. Final stabilization measures include a 
significant excavation and construction of a 26-ft high permanent soil nail wall to unload 
the failure surface as well as installing 165-ft long, Single Bore Multiple Anchor (SBMA) 
tiebacks to provide additional restraint to the failure mass. The surveillance and 
monitoring program included inclinometers, piezometers, survey monitoring points, and 
annual lift-off tests of tiebacks installed as an initial measure to slow the rate of slope 
movement.  The instrumentation data was used to monitor the slope to evaluate if 
emergency measures needed to be put in place prior to completing final design of the 
stabilization measures. Post construction monitoring has demonstrated that the landslide 
mass/slope has been stabilized and the additional restraint provided by the new SBMA 
tiebacks has resulted in a reduction in total deformation and shear strain in the shear zone 
identified in the clay deposit. 

                                                 
1 Schnabel Engineering, 11A Oak Branch, Greensboro, NC 27407, grobblee@schnabel-eng.com;  
2 Schnabel Engineering, 1380 Wilmington Pike, Suite 100, West Chester, PA 19382, abaxter@schnabel-
eng.com 
3 Schnabel Engineering, 11A Oak Branch, Greensboro, NC 27407, rcannon@schnabel-eng.com 
4 Schnabel Engineering, 1380 Wilmington Pike, Suite 100, West Chester, PA 19382,  jgomez@schnabel-
eng.com 
5 Consumers Energy, Hydro Operations Department, 330 Chestnut Street, Cadillac, MI  49601,  
ADAM.MONROE@cmsenergy.com 
6 Schnabel personnel offer engineering services in Michigan through a management agreement with 
AG&E, Inc. 
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GENERATION YP: INCREASING YOUNG PROFESSIONAL INVOLVEMENT 
IN DAM SAFETY 

 
Emily Schwartz, P.E.1 
Amanda Sutter, P.E.2 

Elena Sossenkina, P.E.3 
 

ABSTRACT 
 
In an industry where it’s not just the infrastructure that is aging, young professionals, 
currently defined as practicing dam safety professionals age 35 and under, are essential to 
the continued excellence of the US dams practice. However, at present, only eight 
countries—the US, South Korea, Iran, Austria, Russia, Indonesia, Australia, and South 
Africa—have established Young Professionals Committees to represent the interests of 
this demographic on a national level.  However, more countries are following suit each 
year, and at the international level, ICOLD has established the Young Engineers Forum. 
Anyone who has attended a national or international technical conference can speak to 
the invaluable nature of the relationships that are formed at these events. It is vital to 
include young professionals in these networking events so that they can see for 
themselves what the work they do means and how they fit into the bigger picture. Here in 
the States, ASDSO has encouraged participation through scholarships and a call for 
student papers, while USSD has actively attempted to recruit young professionals to its 
annual conference by offering financial incentives and a committee to promote their 
interests. But growing young professional involvement can only occur through the joint 
effort of the community. It is up to employers, management, and senior engineers to 
mentor, encourage, and support the involvement of young professionals in the 
professional community. As members of the USSD Young Professionals Committee, we 
intend to use this forum to increase awareness of our group. 
 

                                                 
1 Civil Design Engineer, HDR Engineering, 4401 West Gate Blvd, Suite 400, Austin, TX 78745, 512-498-
4798, emily.schwartz@hdrinc.com. 
2 Dam Safety Program Manager, U.S. Army Corps of Engineers, 1222 Spruce St., St. Louis, MO 63103, 
314-331-8413, amanda.j.sutter@usace.army.mil. 
3 National Technical Advisor, Geotechnical Risk for Dams and Levees, HDR Engineering, 1670 Broadway, 
Suite 3400, Denver, CO 80202, 303-318-6282, elena.sossenkina@hdrinc.com. 
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ENGINEERING GEOLOGIC CONDITIONS AT THE CALAVERAS DAM 
REPLACEMENT PROJECT, ALAMEDA COUNTY, CALIFORNIA 

 
Keith Kelson1 Phil Respess2 

Erik Newman3 Daniel Wade4 

Susan Hou5 Gilbert Tang6 

 
ABSTRACT 

 
The Calaveras Dam Replacement Project (CDRP) involves design and construction of an 
embankment replacing the 210-ft-high Calaveras Dam. Calaveras Reservoir is the largest 
drinking water storage reservoir in the San Francisco Bay Area and part of the Hetch 
Hetchy Regional Water System. The dam is in the tectonically active and geologically 
complex Coast Range, and is less than 1 km east of the active Calaveras fault. Since 
2001, the reservoir has been operating at less than 40% capacity, in response to seismic 
concerns about potential strong ground motions.  
 
The damsite vicinity contains multiple secondary faults (classified as conditionally active 
or inactive), Tertiary sedimentary bedrock, a diverse suite of Franciscan assemblage 
rocks, and numerous active, dormant, and inactive landslides. During the design phase, 
the project team developed a reasonable and internally consistent geologic model of 
seismic-source characteristics and foundation conditions using existing information and 
geotechnical investigations. During initial construction activities, the team monitored 
geologic conditions provided by new exposures, and observed bedrock types, rock-mass 
discontinuities, and late Quaternary surficial deposits. In June 2012, construction 
activities exposed mass-wasting deposits in the left abutment area that were not visible at 
the ground surface during earlier phases of the project.  
 
This material is being removed to address the long-term stability of the slope during the 
performance life of the dam. The construction exposures demonstrate the highly variable 
geologic conditions at the damsite. Slope stability analyses provided hazard assessments 
at several stages of construction and informed design revisions as excavation proceeded. 
Geologists and engineers from the design and construction-management teams 
collaborated to document the complex geologic conditions for project components. The 
purpose of this paper is to provide an interim description of some of the engineering 
geologic challenges involved in initial construction phases of the CDRP. 
 

                                                 
1 URS Corporation, 1333 Broadway, Oakland, CA 9461, keith.kelson@urs.com 
2 URS Corporation, 1333 Broadway, Oakland, CA 94612,phil.respess@urs.com 
3 URS Corporation, 1333 Broadway, Oakland, CA 94612, erik.newman@urs.com 
4 San Francisco Public Utilities Commission, 525 Golden Gate Ave., San Francisco, CA 94102,  
dwade@sfwater.org 
5 San Francisco Public Utilities Commission, 525 Golden Gate Ave., San Francisco, CA 94102, 
shou@sfwater.org 
6 San Francisco Public Utilities Commission, 525 Golden Gate Ave., San Francisco, CA 94102, 
gtang@sfwater.org 
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UPDATE ON THE CALAVERAS DAM REPLACEMENT PROJECT 
 

Michael Forrest1 
John Roadifer2 
Daniel Wade3 
Susan Hou4 

Gilbert Tang5 
 

ABSTRACT 
 
Calaveras Dam is a major component of the San Francisco Public Utilities Commission 
(SFPUC) Regional Water System.  Since 2001, in response to seismic stability concerns 
from the California Division of Safety of Dams about this 90-year-old hydraulic fill dam, 
the SFPUC has lowered water levels in Calaveras Reservoir to about 39 percent of its 
96,850-acre-foot capacity.  To restore reservoir capacity, a replacement dam and new 
appurtenant works were designed to remain functional after the design earthquake, which 
is a magnitude 7¼ maximum credible earthquake (MCE) on the Calaveras Fault located 
0.3 miles from the dam.  The MCE peak ground acceleration would be 1.1 g. The dam 
site, which is located in the active and geologically complex Coast Range, contains 
multiple secondary faults (classified as conditionally active or inactive), Tertiary 
sedimentary bedrock, a diverse suite of Franciscan assemblage rocks, and numerous 
active, dormant, and inactive landslides.   
 
Construction of the replacement dam, which started in September 2011, is now in its third 
year of construction. During the past two and a half years, excavations for the dam and 
spillway, and grouting of the right abutment have been completed and the new intake 
tower and shaft have been constructed. Currently, late 2013, foundation grouting of the 
left abutment and spillway construction is underway. This paper provides an overview of 
the project’s current status as well as some of the engineering challenges that have arisen 
at this geologically complex site and the solutions to them. These challenges have 
included unanticipated foundation conditions at the base of one of the disposal sites for 
excess excavated materials (requiring in-situ soil improvement); discovery of previously 
unknown slides (requiring redesign of a 430-foot-high cut slope for the new spillway and 
portions of the dam and spillway foundations); design of in-reservoir disposal sites (to 
accommodate an additional 1.3 million cubic yards of excavated materials); and slope 
stabilization measures for a wider than anticipated fault zone in a 450-foot-high cut slope 
for the spillway stilling basin. 

                                                 
1 Vice President, URS Corporation, 1333 Broadway, Suite 800, Oakland, CA 94612, (510) 874-3012, 
michael.forrest@urs.com  
2 Sr.  Project Manager, URS Corporation, 1333 Broadway, Suite 800, Oakland, CA 94612, (510) 874-1732, 
john.roadifer@urs.com 
3 Regional Project Manager, San Francisco Public Utilities Commission, 525 Golden Gate Ave., San 
Francisco, CA 94102, (415) 554-1853, dwade@sfwater.org  
4  Project Manager, San Francisco Public Utilities Commission, 525 Golden Gate Ave., San Francisco, CA 
94102, (415) 551-4666, shou@sfwater.org 
5 Project Engineer, San Francisco Public Utilities Commission, 525 Golden Gate Ave., San Francisco, CA 
94102, (415) 551-4866, gtang@sfwater.org 
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DAM FOUNDATIONS AND DIFFERING SITE CONDITIONS 
CALAVERAS DAM REPLACEMENT PROJECT 

 
Jeffrey M. Bair1 
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Daniel L. Wade4 
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ABSTRACT 

 
Calaveras Dam is located on Calaveras Creek in the Diablo Mountain Range in Alameda 
County, California.  This 220-foot high earth-fill dam was completed in 1925 and is 
being re-built to address seismic stability concerns with the existing dam.  The new 
structure will be a zoned earth and rock fill embankment including a new concrete-lined 
un-gated ogee-crested spillway and a new intake tower and shaft.  Geologic 
investigations conducted during the planning and design phases of the project revealed 
existing landslides (active, inactive, and dormant) in the right and left abutments, and 
highly variable conditions within required excavations for the new dam that included 
highly fractured sandstones (Temblor Sandstone), and hard intact schists and graywackes 
embedded in a matrix of siltstone and shale (Franciscan Complex). 
 
Many major civil construction projects, particularly those with substantial excavation 
volumes and other subsurface work, experience some amount of change during 
construction.  Calaveras Dam, which entails excavation and placement of nearly 10 
million cubic yards (mcy) of earth and rock in variable difficult geologic conditions, is no 
exception.  Further complicating matters, the project site is very constrained and only 
limited options are available for temporary or permanent storage of excavated materials.  
Required changes in material sequencing to address differing site conditions have been a 
significant source of extensions in the project schedule and increases in project costs.   
 
This paper discusses early development of risk management strategies, the challenges in 
the excavation works associated with the project and related to differing site conditions   
and further the steps taken by the Project Team to appropriately manage these risks, and 
to the full extent practical, minimize impacts to the project schedule and budget.  
 

                                                 
1 Jeffrey M. Bair, Chief Engineer – Dams, Black & Veatch, Pittsburgh, PA, bairjm@bv.com 
2 Terence M. King, Calaveras Construction Manager, Black & Veatch, Sunol, CA, tking@sfwater.org 
3 Christopher G. Mueller, Associate VP, Black & Veatch, San Francisco, CA, muellercg@bv.com 
4 Daniel L. Wade, WSIP Director, SFPUC, San Francisco, CA, dwade@sfwater.org 
5 Susan S. Hou, Project Manager, SFPUC, San Francisco, CA, shou@sfwater.org 
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