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LESSONS LEARNED FROM RECLAMATION’S TWO DECADES OF RISK 
ASSESSMENT EXPERIENCE 

 
William Engemoen1 

Daniel Osmun2 
William Fiedler 3 

 
ABSTRACT 

 
In the mid-1990s, Reclamation began transitioning from a deterministic approach to dam 
safety evaluations to a probabilistic approach involving evaluation of potential failure 
modes and quantitative estimation of the risks of dam failure.  Over these past two 
decades, risk approaches within Reclamation have been developed and have evolved, and 
in fact are still evolving today.  This paper briefly outlines the development of 
quantitative risk analysis and risk-informed decision processes within Reclamation and 
discusses the benefits of analyzing the safety of dams using a risk perspective.  In 
addition, key changes in methodology over the years are highlighted.  There is little 
question that the risk methodology has evolved, and in some cases significantly.  In large 
part, this is due to the learning involved in adopting a new process, and adjusting or 
modifying the process based on the experiences gained from applying the methodology 
on a wide variety of projects.  Many lessons learned along this 20-year journey in risk 
assessment are presented, with the goal of sharing difficulties and successes to possibly 
ease the path for newer organizations or individuals just becoming involved in 
quantitative risk analysis. 
 

                                                 
1 Lead Civil Engineer – Geotechnical Services Division, Bureau of Reclamation, P.O. Box 25007, Denver, 
Colorado, wengemoen@usbr.gov 
2 Lead Civil Engineer – Geotechnical Services Division, Bureau of Reclamation, P.O. Box 25007, Denver, 
Colorado, dosmun@usbr.gov 
3 Lead Civil Engineer – Geotechnical Services Division, Bureau of Reclamation, P.O. Box 25007, Denver, 
Colorado, wfiedler@usbr.gov 



NOTES 

2 

 



3 

DAM SAFETY PORTFOLIO RISK MANAGEMENT: PRIVATE SECTOR VS. 
GOVERNMENT 

 
George A. Kelley, P.E., SECB, F.ASCE1 

David B. Paul, P.E.2 
Robert C. Bachus, Ph.D. P.E., D.GE3 

Glenn J. Rix, Ph.D.4 
 

ABSTRACT 

In the United States, modern dam safety evaluations for government-owned facilities are 
made using formalized risk-informed decision protocols.  Regulatory agencies (e.g., the 
Nuclear Regulatory Commission (NRC), Environmental Protection Agency (USEPA)) 
dictate facility-specific risk assessment requirements that relate to dam safety.  It is 
recognized that many other public and certain private entities, (e.g., electric power 
generating companies, port authorities, water management organizations, insurance 
companies) currently are not required to adopt a risk-based approach in making decisions 
that impact the safe operation of their assets, but have voluntarily embraced risk-
informed approaches.  Many organizations are considering the advantages and 
disadvantages of adopting risk management principles and risk-informed decision 
processes to help manage their assets and operations.  While most organizations may 
consider the consequences to downstream communities from a dam breach, some may 
not formally consider the consequences to upstream stakeholders (e.g., loss of recreation, 
water supply, and/or flood storage).  The purpose of this paper and the accompanying 
conference presentation is to introduce the challenges that are facing one federal agency, 
the Tennessee Valley Authority (TVA), as it considers the voluntary transition towards a 
risk-informed decision making (RIDM) strategy in evaluating dam safety and for 
managing other water impoundment assets (e.g., coal combustion residual (CCR) waste 
handling facilities, nuclear cooling ponds, etc.).  The goal is to assist government 
agencies and private organizations that are not currently mandated to adopt risk-informed 
approaches, yet are currently considering the implementation of risk-informed decision 
processes in the management of their assets.   
 

                                                 
1 Senior Program Manager, Dam Safety Risk Program, Tennessee Valley Authority, 1101 Market Street, 
Chattanooga, TN, 37402, gakelleo@tva.gov  
2 Lead Civil Engineer, U.S. Army Corps of Engineers, Risk Management Center, 12596 West Bayaud 
Ave., Suite 400, Lakewood, CO, 80228, david.b.paul@usace.army.mil  
3 Principal, Geosyntec Consultants, 1255 Roberts Blvd NW, Kennesaw, GA, 30144, 
rbachus@geosyntec.com  
4 Principal, Geosyntec Consultants, 1255 Roberts Blvd NW, Kennesaw, GA, 30144, grix@geosyntec.com  
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THE FERC RIDM . . .  WHAT’S IN IT FOR ME? 
 

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

Gene Yow, P.E., 3 
 

ABSTRACT 
 
The Federal Energy Regulatory Commission (FERC) began to publish guidelines for dam 
safety assessment using Risk Informed Decision Making (RIDM) in 2014.  Risk analysis 
has been the subject of several presentations, most of which have discussed risk analysis 
from the regulatory and engineering perspective.  This paper focuses on the owner’s 
perspective – specifically, why was risk analysis considered appropriate for these 
particular applications, and what are some of the benefits that have resulted from these 
studies.   
 
The Chelan County Public Utility District (Chelan PUD) owns and operates three large 
hydroelectric projects (Projects) on the Columbia and Chelan Rivers (Rock Island, Rocky 
Reach, and Lake Chelan) in central Washington with a combined generating capacity of 
approximately 2000 MW.  Chelan PUD has made diligent efforts to maintain reliable 
operations and public safety, and has invested significant resources to address the safety 
due to the PMF, which until recently was considered the principal dam safety concern for 
the Chelan PUD’s Projects.   
 
Recent advances in earthquake engineering have shown that the seismic hazard for 
central Washington is significantly greater than was historically realized, and now the 
seismic loads have become the principal safety issue for the Chelan PUD Projects.  Using 
traditional dam deterministic safety methods and guidelines would require the Chelan 
PUD to evaluate the projects for revised maximum credible earthquake (MCE) seismic 
hazards, and if necessary, perform modification to enhance the safety of the projects to 
current standards.   
 
In cooperation with the FERC, a Probabilistic Seismic Hazard Analysis (PSHA) was 
performed for central Washington.  The PSHA estimates the potential seismic hazard 
based on return frequency.  The PSHA was then used to perform a pilot seismic risk 
assessment of the Chelan PUD projects.  The initial results from the pilot risk studies 
have been very encouraging for the Chelan PUD, regarding the current safety of the 
projects and the long-term reliability of the hydroelectric resource for their constituents.   
 

                                                 
1 Guy S. Lund, P.E., AECOM, 8181 E. Tufts Ave, Denver, CO 80237; (303) 740-3902, 
guy.lund@aecom.com 
2  Bill Christman, P.E., Chelan PUD, 327 N. Wenatchee Ave, Wenatchee, WA 98807, (509) 661-4283, 
bill.christman@chelanpud.org 
3 M. Gene Yow, P.E., Chelan PUD, 327 N. Wenatchee Ave, Wenatchee, WA 98807, (509) 661-4305, 
gene.yow@chelanpud.org 
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RISK PRIORITIZATION AND MITIGATION EVALUATION FOR A 
PORTFOLIO OF DAMS IN KENTUCKY 

 
Michelle Meehan, PE 1 

Jonathan Keeling, PE, CFM2 
 

ABSTRACT 
 
As part of Kentucky Division of Water’s (KDOW) Dam Safety Hazard Mitigation 
Program, Stantec used risk-informed methods to prioritize actions across a portfolio of 78 
dams and identify potential hazard mitigation options for each dam.   
 
To prioritize the dams, several methods were reviewed and compared.  A tool created by 
the Natural Resources Conservation Service (NRCS) and based on the U.S. Bureau of 
Reclamation’s “Risk Based Profile System” was selected. This spreadsheet-based method 
allowed for the determination of relative risk of the dams using limited information from 
historical files, results from a simplified dam breach analyses, notes from a recent field 
reconnaissance and publicly available information. This spreadsheet determines an 
overall Total Failure Index (which indicates the relative probability of failure) and a Total 
Risk Index (which indicates the relative risk to the downstream population if a failure 
occurs). The results were used to create a ranking for the portfolio of dams and to 
categorize them based on potential hazard mitigation techniques that would be applicable. 
 
This paper will highlight a way to take a portfolio of dams and prioritize those dams 
using risk-informed methods (with or without complete detailed construction or design 
information).  Examples of flood risk mitigation alternatives explored at these dams, 
including conservation easements, property buyout programs, and dam 
upgrades/modifications will also be reviewed, as well as how these potential mitigation 
alternatives are linked with the risk prioritization process.  Finally, case studies of dams 
in the portfolio where mitigation strategies have been implemented will be highlighted.   
 

                                                 
1 Water Resources Engineer, Stantec, 1409 North Forbes Road, Lexington, KY 40511, 
michelle.meehan@stantec.com 
2 Senior Associate, Stantec, 1409 North Forbes Road, Lexington, KY 40511, jon.keeling@stantec.com  
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THE ROLE OF EMPIRICISM IN QUANTITATIVE RISK ANALYSIS 
 

William Engemoen1 
William Fiedler2 
Daniel Osmun3 

 
ABSTRACT 

 
When undertaking quantitative risk analysis as a means of evaluating dam or levee safety, 
it is easy to get deeply involved in, and perhaps frustrated with, the theory of statistics 
and probability as well as uncertainty and confidence in complex engineering analyses 
and resulting estimates of probability of structural response.  This is particularly so 
because typical dam safety evaluations involve predicted performance under extreme 
loadings such as previously unexperienced floods or earthquakes, or prediction of failure 
during normal operations when a facility may have operated relatively satisfactorily for 
decades.  Tying estimates of probability developed during a risk analysis to empirical 
performance whenever possible is a critical consideration to help ground, or form an 
improved basis for, risk estimates.  An empirical basis will not only help calibrate 
probability estimates of predicted behavior with actual case histories, but will lend 
credibility to the risk analysis process as well.  Within Reclamation, empirical evidence is 
used in several aspects of the risk analysis process, including the three key components of 
the risk equation – loadings, response to loadings, and consequences of failure.  This 
paper will discuss the use and advantages of empiricism in these aspects of risk analysis. 

                                                 
1 Lead Civil Engineer – Geotechnical Services Division, Bureau of Reclamation, P.O. Box 25007, Denver, 
Colorado, wengemoen@usbr.gov 
2 Lead Civil Engineer – Geotechnical Services Division, Bureau of Reclamation, P.O. Box 25007, Denver, 
Colorado, wfiedler@usbr.gov 
3 Lead Civil Engineer – Geotechnical Services Division, Bureau of Reclamation, P.O. Box 25007, Denver, 
Colorado, dosmun@usbr.gov  
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TRANSITIONING TO RISK-INFORMED DAM AND LEVEE DESIGN 
STANDARDS — CORPS OF ENGINEERS STRATEGIES FOR MAJOR 

REVISIONS TO ITS DESIGN PHILOSOPHIES 
 

Nathan J. Snorteland, M.S., P.E.1 
David A. Margo, M.S., P.E.2 

Jeffrey A. Schaefer, PhD, P.E, P.G.3 
Mark W. Pabst, M.S., P.E.4 

Scott E. Shewbridge, PhD, P.E., CEM5 
Richard Varuso, PhD, P.E.6 

 
ABSTRACT 

 
The Corps of Engineers is currently revising many of its regulations and manuals related 
to dams and levees.  As part of these revisions, the Corps has approached the changes to 
the existing standards by integrating the lessons it has learned over the last 10 years of 
integrating risk into its corporate decision-making.  Over the next 5 years, the Corps will 
be explicitly considering failure modes, probability of failure or reliability, and 
consequences into many of the standards.  This philosophical change will affect standards 
related to seismology, hydrology, geotechnical engineering, structural engineering, and 
hydraulic engineering.  This paper will discuss the corporate strategy used to underpin all 
design standards, planned changes to some of the critical manuals, and some examples of 
how the Corps anticipates the manuals might be used. 

                                                 
1 Director, Corps of Engineers Risk Management Center, 12596 West Bayaud Ave., Suite 400, Lakewood, 
CO  80228, nathan.snorteland@usace.army.mil.  
2 Lead Civil Engineer, Corps of Engineers Risk Management Center, 1000 Liberty Avenue, Pittsburgh, PA  
15222, david.a.margo@usace.army.mil. 
3 Lead Civil Engineer, Corps of Engineers Risk Management Center, 600 Martin Luther King Jr Place, 
Louisville, KY  40202, jeffrey.a.schaefer@usace.army.   
4 Senior Geotechnical Engineer, Corps of Engineers Risk Management Center, 12596 West Bayaud Ave., 
Suite 400, Lakewood, CO  80228, mark.w.pabst@usace.army.mil. 
5 Senior Geotechnical Engineer, Corps of Engineers Risk Management Center, 12596 West Bayaud Ave., 
Suite 400, Lakewood, CO  80228, scott.e.shewbridge@usace.army.mil. 
6 Senior Program Manager, Corps of Engineers Risk Management Center, P. O. Box 60267, New Orleans, 
LA  70160, richard.j.varuso@usace.army.mil.  
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EVALUATION TOOL D-SMART FOR RISK-BASED DAM SAFETY 
MANAGEMENT 

 
Jeong-Yeul Lim, PhD1 
Nam-Ryong Kim, PhD2 

 
ABSTRACT 

 
The purpose of this study is to develop a dam safety management assessment tool based 
on risk assessment for the dam safety management paradigm shift. As the purpose of the 
dam safety management assessment tool is to develop the next generation dam safety 
management decision-making support system. Traditionally dam is considering non-risk 
structure, however recently natural disasters and the risk components are increasing. So, 
there has been increased interest for the dam vulnerability. Accordingly, the risk 
components of the dam are carried out systematically organized and analyzed. Directly 
on structures major load, such as floods and earthquakes, the probability of failure and 
the system response probability for the theoretical and analytical method are described. 
Risk analysis and assessment is to develop for the risk analysis model based potential 
failure mode can occur in the structure. The development of the model, the probability 
value of the load is applied to initial input parameter. Risk analysis and assessment is 
carried out using system response probability of the structure. Therefore in this study is to 
develop hydrological and geotechnical analysis module and risk analysis and assessment 
tool for the development of the dam safety management decision-making support tool D-
SMART. Analysis module is composed of two parts. One is the initial load probability 
result part to the hydrological and an earthquake characteristic, the other is system 
response probability result part. Risk analysis and assessment tool is composed of the 
based event tree analysis method. In this year, dam risk analysis and assessment tool is 
developed D-SMART program, including analysis hydrological module, geotechnical 
module and consequence module. D-SMART is program of risk analysis and assessment 
utilizes technique for dam safety evaluation. In the future, Dam risk assessment carried 
out step by step in K-water plans and case study S dam. 
 

                                                 
1 K-water Institute, 125 Yuseongdaero 1689beon-gil, Yuseong, Daejeon, Korea, passion@kwater.or.kr 
2 K-water Institute, 125 Yuseongdaero 1689beon-gil, Yuseong, Daejeon, Korea, namryong@kwater.or.kr 
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SITE CHARACTERIZATION OF DAM INFRASTRUCTURE  
FOR ENGINEERING RISK ASSESSMENTS USING A GIS 

 
Meghann Wygonik1 
Christopher Kelly2 
William Walker3 
Baron Worsham4  

 
ABSTRACT 

 
As the U.S. Army Corps of Engineers (USACE) adapts to meet the challenges associated 
with an aging dam infrastructure portfolio, risk informed decisions have become more 
prevalent. In order to determine the level of risk associated with the USACE flood risk 
management and navigation dam portfolio, the Risk Management Center has 
implemented several categories of risk assessments. These risk assessments are extremely 
data intensive activities requiring a detailed review of dam performance and 
documentation. Due to the large number of files associated with the life cycle of a dam, 
the quality of a risk assessment is generally a function of the ability to identify, relate, 
and understand a large amount of data and information in a relatively short period of 
time.  
 
In order to aid the risk assessment process, research was conducted to investigate dam 
safety uses of a Geographic Information System (GIS). A site characterization schema 
was developed that captured the pertinent information requirements needed for a risk 
assessment. The schema was then used to develop GIS prototypes for a flood risk 
management dam and a navigation dam. The benefits of the site characterization GIS 
prototypes included spatially associating existing information in a dynamic environment; 
access to information and documents stored within existing data sources; and the ability 
to produce figures and diagrams that present complex relationships in a professional 
manner. Overall, the prototypes proved to be an interactive and information-rich resource 
for the risk assessment process. Feedback was captured and incorporated into 
recommendations for improvement and expansion.  
 

                                                 
1 Engineer, US Army Corps of Engineers, Pittsburgh District, Pittsburgh, PA 15222, 
Meghann.M.Wygonik@usace.army.mil 
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3 Engineer, US Army Corps of Engineers, Nashville District, Nashville, TN 37209, 
William.G.Walker@usace.army.mil 
4 Engineer, US Army Corps of Engineers, Nashville District, Nashville, TN 37209, 
Baron.M.Worsham@usace.army.mil 
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DESIGN AND CONSTRUCTION OF A SECANT-PILE CUTOFF WALL IN 
VARIABLE GROUND CONDITIONS 

 
Erik Newman, PhD, PE1 

Michael Forrest, PE 2 
Kylan Kegel, PE3 

Kenneth Pattermann, PE, GE4 
 

ABSTRACT 

The Folsom Dam Joint Federal Project is being undertaken to increase the spillway 
capacity of Folsom Reservoir in order to meet the demands imposed by an updated 
assessment of the probable maximum flood.  The auxiliary spillway consists of an 
approach channel, a control structure, and a spillway chute and stilling basin that 
discharge spillway flows into the American River downstream of the existing spillway. 
Staged construction allowing the gated control structure, spillway chute and stilling basin 
to be completed without impacting operation of Folsom Reservoir was accomplished by 
leaving a rock plug between the reservoir and the gated control structure.   

A design was selected in which a temporary embankment will be constructed on the 
upstream side of the rock plug to form a cofferdam together with the upstream portion of 
the rock plug.  A secant-pile seepage cutoff wall was constructed through the 
embankment portion of the cofferdam and into the underlying weathered quartz diorite to 
reduce seepage through pervious soil and decomposed rock into downstream work areas.   

The secant-pile cutoff wall is 1170 feet long with a maximum depth of 102 feet, totaling 
about 98,000 square feet, with a minimum specified thickness of 12 inches.  The pile 
shafts were required to be cased through fill and native soil with concrete placement 
occurring ahead of casing withdrawal.  Shaft drilling challenges included joint-controlled 
weathering present at the site, involving unweathered granodiorite core stones surrounded 
by decomposed granite.   

The specification required that core borings and water pressure testing be performed by 
the contractor every 50 feet along the wall alignment to better define the conditions 
before production began.  QC procedures during construction included verticality and 
diameter surveys of each shaft, a review of foundation materials at the base of the shafts, 
as well as monitoring placed concrete quantities for comparison with the theoretical 
quantities.  Drilling and concrete placement began in early March 2014 and the wall was 
completed on August 1, 2014. 

                                                 
1 Project Engineer, URS Corporation, 1333 Broadway, Suite 800, Oakland, CA 94612, (510) 874-3296, 
erik.newman@urs.com  
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3 Technical Lead, US Army Corps of Engineers Sacramento District, CESPK-JFPO, 1325 J Street, 
Sacramento, CA 95814-2922, (916) 557-7775, Kylan.A.Kegel@usace.army.mil  
4 Geotechnical Engineer, US Army Corps of Engineers Sacramento District, CESPK-JFPO, 1325 J Street, 
Sacramento, CA 95814-2922, Kenneth.R.Pattermann@usace.army.mil 
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HYBRID TRD AND JET GROUT CUTOFF WALL AT LAKE MANATEE DAM 
 

James D. Hussin, PE1 
Glen R. Andersen, PE, ScD 2 

Dennis Boehm3 
Curtis Cook, PE4 

 
ABSTRACT  

Lake Manatee Dam is nearly 50 years old and consists of a pervious outer shell with a 
central clayey core. In early 2014, significant erosion observed during annual inspections 
and supplemental subsurface investigations revealed a compromised dam core with areas 
of permeable soils, allowing excessive seepage through and under the dam, which 
threatened major flooding and depletion of the water supply if left untreated. Priority 
remediation goals implemented included reestablishing seepage control with a new cutoff 
wall within the existing dam embankment and beneath the service spillway. To achieve 
this, a hybrid cutoff wall was constructed in the critical areas of the spillway and adjacent 
embankment. The cutoff wall consisted of a 95 to 105-foot deep Trench Cutting and 
Remixing Deep (TRD) cutoff wall through the earth dam extending to about 1,000 feet 
south and 2,000 feet north of the spillway. Beneath the 300-foot long spillway, 105-foot-
deep jet grouted cutoff wall was constructed.  

This paper describes the design, construction, quality control, and verification testing of 
the composite seepage cutoff wall. 
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DOUBLE ROW GROUT CURTAIN DESIGN AND CONSTRUCTION FOR 
CEDAR CREEK DAM IN MALAKOFF, TEXAS 

 
Daniel P. Bole1 

Marc T. Miller, P.E.2 
 Billy L. Fisher3 

 
ABSTRACT 

 
This case history presents the design and construction of a grout curtain, trench drain and 
collector system, and quality control and verification testing for the Tarrant Regional 
Water District’s Cedar Creek Dam (Joe B. Hogsett Dam) project on Cedar Creek 
Reservoir in Malakoff, Texas. The demand to maintain fresh water supplies required 
plans to design, build, and maintain operations of a raw water infrastructure to tap into 
existing resources. Since the original construction of the reservoir embankment, seepage 
related issues have slowly developed that have resulted in wet and marshy areas that are 
difficult to maintain, and may indicate a possible reduction in dam safety.  Measures 
installed to limit these issues, such as relief wells, are now aged and difficult to maintain.  
The modifications for the project includes a series of contracts to address these issues, 
and this discussion deals specifically with a grout curtain used to reduce seepage through 
a cap of terrace deposits around the cutoff and through the left abutment.   
 
For this project, two significant work phases included the construction of a 1,400- foot 
double row grout curtain along the left abutment area and approximately 1,300 feet of a 
trench drain and collector system.   
 
The grout holes were spaced 10 feet on center and battered at 15° from vertical to an 
average depth of 80 feet. The design required work in two different grout zones. The 
upper grout zone was composed of terrace deposits typically consisting of sands and 
gravels, while the lower grout zone consisted primarily of fractured shale.  
 
Since the upper grout zone would be unstable during drilling, the geotechnical contractor 
utilized a ported PVC pipe to maintain an open hole. Following completion of the upper 
grout zone, drilling in the rock portion allowed for final grouting. This required a suite of 
balanced stable grout mixes. In addition, all grouting operations utilized the geotechnical 
contractor’s proprietary iGrout™ system, allowing the owners and engineers to monitor 
the operations and progress remotely. Permeability tests completed along the centerline 
confirmed achievement of the performance requirements.  
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GROUTING UNDERWATER JOINTS IN CONCRETE INTAKE STRUCTURE 
 

Michael McCaffrey1 
Mark Gross2 
Tony Plizga3 

Florijon Dhimitri4 
 

ABSTRACT 
 
Grouting was used to seal underwater open joints and cracks in the concrete intake 
structure of Narrows Dam.  Narrows Dam is a 1917 constructed concrete gravity 
structure 200 feet high located on the Yadkin River near Badin, North Carolina.  It is 
owned and operated by Alcoa Power Generating Inc., Yadkin Division. 
 
Most of the seepage in the lower dam gallery was coming directly from the intake’s 
vertical inter-gallery drains that are in the middle of each pier between the four intake 
bays.  Seepage exiting the inter-gallery drains has been a concern over the years with an 
increasing trend since the 1990s, with flows of up to 900 gpm for the intake.  In 1986 a 
cement grouting program in the piers between bays had limited success because high 
seepage rates in the joints and cracks made placement and containment of the grout 
difficult. 
 
Inter-gallery drain seepage reduced immediately when two of the four intake bays were 
dewatered in 2007 for maintenance, indicating a short and direct path from the intake bay 
to the inter-gallery drains.  Dewatered bay inspections in 2010 and 2011 found evidence 
of cross-flow seepage from the adjacent watered bay through cracks and deteriorated 
construction joints in the concrete pier between intake bays.  Intake seepage was reduced 
in 2008 to 200 gpm after divers placed temporary seals on the surface of the joints in Bay 
3. 
 
A permanent repair was needed before the temporary seals deteriorated and allowed 
seepage to increase.  Design and construction of a permanent grouting repair is discussed, 
including removing deteriorated temporary surface patching, joint and crack surface 
sealing, and injection grouting into the joints and cracks behind the surface sealing.  All 
sealing and grouting work was done by divers in watered bays.   

                                                 
1 Principal Engineer, Parsons Brinckerhoff, 75 Arlington St. Boston, MA 02116, (617) 960-5041, 
McCaffrey@pbworld.com 
2 Vice President of Hydro Operations, APGI, Yadkin Division, 293 NC 740 Hwy, PO Box 576, Badin, NC 
28009, (704) 422-5774  Mark.gross@alcoa.com 
3 Senior Principal Engineer, Parsons Brinckerhoff, 75 Arlington Street, Boston, MA 02116, (617) 960-
4972, Plizga@pbworld.com 
4 Project Engineer, Parsons Brinckerhoff, 75 Arlington St. Boston, MA 02116, (617) 960-4847, 
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LEAK SEALING OF UNDERWATER JOINT 
ON UPSTREAM FACE OF A CONCRETE GRAVITY DAM 

 
Kevin Finn1 
Jeff Auser2 

Matthew Johnson3 
Paul Shiers4 

Michael McCaffrey5 
 

ABSTRACT 
 

Minor seepage of about 30 gpm was historically observed in the gallery of Cheoah Dam, 
exiting from the bottom of an 18-inch diameter vertical intergallery drain.  A significant 
increase in seepage from the same intergallery drain to around 1,000 gpm occurred 
during 2011.  Cheoah Dam is located on the Little Tennessee River in North Carolina and 
is a 229 ft-high arched concrete gravity dam constructed in 1919.  The dam was recently 
acquired and is operated by Brookfield Smoky Mountain Hydropower, LLC. 
 
The seepage had progressively increased steadily to about 1,900 gpm by mid 2012.  
During this time the source of the leak was investigated and determined to be a 
deteriorated horizontal construction joint on the upstream face of the dam at a depth of 
160 feet below reservoir water surface.  Aspects complicating the investigation and 
eventual repairs included significant seepage velocities entering the joint at this depth and 
a debris pile that included tree limbs piled up against the dam face at the location of the 
joint, covering part of the joint.  To reduce the leakage, several temporary repairs such as 
placing different combinations of cinders, stones and other materials in the leaking 
construction joint were implemented over a 10 month period.  These repairs had limited, 
temporary success.  A long term repair program based on use of a packer and grouting 
was implemented, along with the repair of other minor leaking joints.  This resulted in the 
total seepage being reduced to pre-2011 levels. 
 
This paper documents the history, various methods of investigations and repair options, 
and the temporary and long term repairs to seal the joint leak.   
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DEEP WATER AT HORSE MESA DAM — DESIGN OF REPAIRS 
 

George V. Sabol, PhD, PE1 
Roger Baker, PE2 

Michael Langen, PE3 
 

ABSTRACT 
 

On 12 June 2012, a 50 ton concrete guide valve inside the Horse Mesa Dam pump 
storage intake failed, passed through the steel penstock, and came to rest in the scroll case 
of the Unit 4 turbine and knocked that unit out of peak-load generating capacity.  Horse 
Mesa Dam is a 300-foot high concrete arch dam on the Salt River in Arizona.  It was 
designed and constructed by the U.S. Bureau of Reclamation in 1924, including 
hydrogenerating Units 1-3 with a combined capacity of 32 MW.  In 1971, pump-storage 
was added to the dam with a capacity of 97 MW in Unit 4.  Getting Unit No. 4 back on 
line and repairing the intake quickly and correctly was paramount to SRP.  Since the 
intake structure is more than 160 feet under water on the upstream side of the dam, a 
major decision was whether to perform the repair by lowering Apache Lake about 175 
feet or performing underwater construction.  Stantec embarked on concept design, 
constructability, and cost estimating for both methods of construction and hired Kiewit 
Infrastructure West Company for construction in the “dry” and Global Diving & Salvage 
Inc. (Global) for underwater construction.  Within months of the failure, both concepts 
were evaluated and SPR decided on underwater repair of the intake. 
 
Stantec analyzed the flow, using Computation Fluid Dynamics, transients and modal 
analysis from "Do Nothing" (other than remove the concrete debris from the intake) to 
sophisticated vane arrangements to improve hydraulic performance for both generation 
and pumping.  Nineteen alternatives were developed and evaluated.  SRP rejected any 
alternative that would leave the remaining vane in place without structural enhancement.  
The adopted design consists of two vertical vanes and nine horizontal vanes, which were 
not used in the original configuration.  The vanes were fabricated of steel and built by 
SRP in its shop.  The design was bid by SRP in April 2013, the contractor, Global, 
mobilized in May 2013, and Unit 4 was back on-line in August 2013, 13 months after 
failure. 
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DEEP WATER CONSTRUCTION AT HORSE MESA DAM 
 

Michael Langen1 
George V. Sabol, PhD, PE2 

Roger E. Baker, PE3 
 

ABSTRACT 
 
On 12 June 2012, a 50 ton concrete guide vane inside the Horse Mesa Dam pump storage 
intake failed, passed through the steel penstock and came to rest in the scroll case of the 
Unit 4 turbine, knocking that unit out of peak-load generating capacity.  Horse Mesa Dam 
is a 300-foot high concrete arch dam on the Salt River in Arizona, operated and 
maintained by Salt River Project (SRP).  It was designed and constructed by the U.S. 
Bureau of Reclamation in 1924, including hydro generating Units 1-3 with a combined 
capacity of 32 MW.  In 1971, pump-storage was added to the dam with an original 
capacity of 97 MW in Unit 4.  Getting Unit 4 back on line and repairing the intake 
quickly and correctly was paramount to SRP.  Stantec was contracted by SRP to design 
the repairs to the Horse Mesa Dam intake.  Since the intake structure is more than 160 
feet under water on the upstream side of the dam, a major decision was whether to 
perform the repair by lowering Apache Lake about 175 feet or performing underwater 
construction.  Stantec embarked on concept design, constructability, and cost estimating 
for both methods of construction and hired Kiewit Infrastructure West Company to 
provide technical input on construction in the “dry” and Global Diving & Salvage Inc. 
(Global) for underwater construction.  Within months of the failure, both concepts were 
evaluated and SRP decided on underwater repair of the intake. 
 
Stantec proceeded with a design consisting of two vertical vanes, each approximately 25 
feet high by 25 feet long and nine horizontal vanes, which were not used in the original 
configuration.  In order to expedite construction, SRP made the decision to self perform 
the fabrication of the vanes utilizing their in-house Mechanical Construction and 
Maintenance Group (MC&M) to fabricate all of the components. The installation of the 
guide vanes was issued for bid by SRP in April, 2013 and Global was selected to perform 
the construction. By May, 2013 Global had mobilized to the site and commenced repairs 
on Unit 4. All together over 100,000 pounds of steel was installed using 4,000 pounds of 
nuts, bolts and concrete fasteners.  Upon assembly the steel vanes were filled with 80 
cubic yards of concrete grout.  Unit 4 was back on-line in August 2013, 13 months after 
failure.  
 
The Horse Mesa Dam project provides an excellent case study in which to examine a 
number of considerations to be taken into account when undertaking an underwater 
construction project.    
 

                                                 
1 Vice President, Global Diving & Salvage, Inc., Seattle, WA  
2 Principal, Stantec Consulting Services Inc, Phoenix, AZ 
3 Principal Engineer, Salt River Project, Phoenix, AZ 
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EVALUATING THE MECHANICS OF PIPING EROSION INITIATION 
THROUGH LABORATORY MODELING 

 
Richard Keizer1 

John Rice2 
 

ABSTRACT 
 
Internal erosion is one of the predominant mechanisms responsible for incidents and 
failures of dams and levees.  Piping (or Backward Erosion Piping) represents one of the 
most common mechanisms of internal erosion incidents in dams and levees.  Current 
geotechnical engineering practice for the assessment of piping potential consists of 
comparing expected exit gradients with the critical gradient of the soil at the seepage exit 
point.  This method was developed to model the heave mechanism and does not fully 
model the mechanisms associated with piping. The critical gradient is generally 
considered as the ratio of soil buoyant unit weight and the unit weight of water; 
suggesting that the critical gradient only depends on the void ratio and specific gravity of 
the solids.  However, in the field and in research it has been observed that piping can 
initiate at average gradients much lower than unity due to concentrations in flow and non-
vertical exit faces. Therefore, there is a need for deeper understanding of the granular 
scale mechanisms of the piping erosion process. 
   
This paper presents the results of a laboratory study to assess the effects that inclination 
of the exit face and concentration of flow have on the potential for initiation of piping and 
the piping mechanisms. Using a laboratory device designed and constructed specifically 
for this study, the critical gradients needed to initiate piping in a variety of sandy soils 
were measured over a range of exit face inclinations. The tests results were observed to 
assess the effects the inclination has on the initiation mechanisms for piping as well as 
the critical gradients for piping. Tests were also performed with a constricted exit and a 
riser tube on the device outlet to look at the effects of flow concentration on the initiation 
of piping.  With the flow concentration the behavior becomes a complex three-
dimensional mechanism with mechanisms of fluidization and transverse piping coming 
into play. 

                                                 
1 Staff Geotechnical Engineer, GEI Consultants, Sacramento, CA, rock3thekeiz@yahoo.com 
2 Assistant Professor Utah State University, UMC 4110, Logan, UT, john.rice@usu.edu  
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EXAMINATION OF THREE-DIMENSIONAL EFFECTS OF INTERNAL 
EROSION (IE) AND PIPING PROCESSES IN SOIL 

 
Scott Anderson, P.E.1 

Keith Ferguson, P.E.2 

 
ABSTRACT 

 
Internal erosion and piping is one of the primary causes of failure of embankment dams.  
However evaluating seepage conditions that could lead to the development of this 
potential failure mode is a difficult task and requires understanding of the processes 
associated with soil erosion, extensive experience, and keen engineering insight and 
judgment.  Two dimensional seepage models, while providing valuable information, 
cannot adequately model backward erosion and piping phenomenon.  This paper takes a 
look at the current understanding of internal erosion (IE) processes and mechanisms, and 
discusses the importance of three dimensional effects on the assessment of these 
processes in soils susceptible to erosion. The paper includes a re-examination of the 
laboratory testing and three dimensional modeling research conducted by the University 
of Florida on defect propagation that became the basis of Schmertmann’s methodology 
for estimating factor of safety against piping (Schmertmann, 2000). The previous 
numerical models are updated using modern 3-D seepage models to take a closer look at 
seepage gradients and flow concentration that may develop at, and near the active face 
(upstream end) of the defect. In addition, a 3-D model of a layered system is presented 
and compared to the 2-D modeling results and observations of a seepage defect that 
developed at Isabella dam (CA).  Results from these two and three dimensional seepage 
models will be presented and compared, providing practical guidance on the evaluation 
of erosion/piping failure modes in embankment dams.  Three dimensional effects at the 
entrances to defects in outlet conduits, bedrock openings and at contacts with coarse 
materials that cannot filter finer erodible soils are also discussed. 
 

                                                 
1 National Technology Leader for Numerical Modeling , HDR Engineering, Inc., 1670 Broadway, Suite 
3400, Denver, CO 80202, 303-764-1520, scott.t.anderson@hdrinc.com 
2 National Dam and Hydraulic Structures Practice Leader, HDR Engineering, Inc., 1670 Broadway, Suite 
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EVALUATION OF IMPACT OF DENSITY ON FILTERING PROPERTIES OF 
NARROW VERTICAL FILTERS 

 
Edwin R. Friend, P.E., P.G.1 

Kerry Repola2 
Robert J. Huzjak, P.E.3 

Chris Wienecke4 
 

ABSTRACT 
 
Filters are necessary in embankment dams to provide protection from internal erosion.  
Design and performance criteria for typical filters (chimney drains, blanket drains, toe 
drains, conduit collars, etc.) is well established and the authors are advocating following 
the standard of practice for these facilities.  However, it can be difficult to appropriately 
compact filter materials in deep vertical filter trenches.   Examples of deep vertical filter 
trenches include center filters installed in dry-earth dams with unsupported narrow 
excavations and in downstream filters installed in embankment dams and foundations 
with bio-polymer slurry supported excavation.  Based on the authors’ research, very 
limited information has been published related to the impact of filter material density on 
the performance of the filtering characteristics. 
 
Extensive laboratory testing was performed by Sherard, Dunnigan, and Talbot (ASCE, 
1984) to identify criteria for filter design for clay and silt soils in embankment dams.  
These analyses consisted of a test apparatus that contained a compacted specimen of the 
base soil of interest. This specimen was created with a defect simulating a crack or other 
opening.  Beneath the soil specimen was sand carefully graded and compacted to serve as 
a filter material, which prevented the loss of the base soil with water running through the 
defect at a pressure of 40 pounds per square inch. 
 
The Authors performed filter tests to evaluate the impact of filter density on filter 
performance using a specific clayey base soil utilizing methods that generally replicated 
the method by Sherard, Dunnigan, and Talbot (ASCE, 1984).   
 

                                                 
1 Principal, Project Manager, RJH Consultants, Inc., 9800 Mt Pyramid Court, Suite 330, Englewood, CO 
80015, efriend@rjh-consultants.com 
2 Laboratory Manager, Advanced Terra Testing, 833 Parfet St, Lakewood, CO 80215, 
krepola@terratesting.com  
3 President, RJH Consultants, Inc., 9800 Mt Pyramid Court, Suite 330, Englewood, CO 80015, 
rhuzjak@rjh-consultants.com 
4 Laboratory Owner, Advanced Terra Testing, 833 Parfet St, Lakewood, CO 80215, 
cwienecke@terratesting.com   
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MIX DESIGN AND CONSTRUCTION OF ASPHALT CONCRETE FACE SLAB 
IN FROZEN REGION 

 
Lu Yihui1 

Feng Minghui 
Xia Shifa 
Hao Jutao 

Liu Zenghong 

 
ABSTRACT 

 
In cold regions, the asphalt concrete face slab is superior to the conventional reinforced 
concrete face slab for anti-seepage. It is a critical decision for a successful project to 
choose the right material of face slab in the frozen region. What was shown in this paper 
is that the performance of asphalt concrete is excellent for resisting frozen-fracture in 
very low temperature environment as face slab. The Asphalt Concrete face slab is 
recommended in the frozen region. A sample work is given to shown how to design the 
mixture by adjusting the original bitumen to suit to the special environment. In addition, 
construction rules are explained to share the experiences of how to pave the asphalt face 
slab at very cold weather. 
 

                                                 
1 China Institute of Water Resources and Hydropower Research (all authors) 



NOTES 

38 



39 

REVISITING A FORGOTTEN DAM BUILDING TECHNOLOGY: 
CONCRETE CORE WALLS IN EMBANKMENT DAMS 

   
Richard R. Davidson, P.E.1 
Kenneth B. Hansen, P.E.2 

 
ABSTRACT 

Early in the twentieth century, placing concrete core walls within embankment dams was 
a popular construction technique for small to medium height dams. It became in vogue as 
a replacement for the popular British dam construction technology of puddle clay core 
dams which were used between the 1860’s and 1920’s. It avoided the many problems 
with semi-hydraulic / manned placement methods of the puddle clay cores within narrow 
trenches. However, after the mid 1930’s this concrete core wall construction fell out of 
favor because of the improvements made in embankment compaction methods and the 
difficulties in building reinforced concrete core walls to more significant heights.  
 
Today concrete core wall embankment dams are now reaching an age where their 
continued performance is being questioned. This dam building technology has become 
extinct and is unknown to the last few generations of dam engineers. Therefore, it is 
relevant to re-examine this dam building technology in a modern context and work on 
answering the following questions. How have these dams performed after almost a 
century of service? Are there unanticipated performance features that have produced 
positive results when subjected to extreme flood and seismic events? Does the concrete 
provide enhanced performance over time? What role does steel reinforcement play it the 
performance of the core wall? Are there lessons here that can be applied to the more 
common concrete cutoff wall solutions being applied to embankment dams with seepage 
problems? 
 
This paper will examine these questions with a number of illustrative case histories to 
provide a retrospective illumination of this forgotten dam building technology. 
 

                                                 
1 Senior Principal and Vice President, URS Corporation, Denver, Colorado, 
richard.d.davidson@aecom.com. 
2 Consulting Engineer, Englewood Colorado 
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RISK ASSESSMENT: BALANCING ACT TO ACHIEVE LONG-TERM 
STABILITY FOR SAFETY OF AGING DAMS 

 
William J. Friers, P.E.1 

Kapila S. Pathirage, P.E.2 
Chris E. Wheland3 

 
ABSTRACT 

 
This paper presents the comprehensive approach for assessing the condition, evaluating 
potential risks, and managing the risks taken by one city to extend the useful life of a 
110-year-old dam. The city of Troy, New York (City), owns, operates, and maintains the 
Tomhannock Reservoir. The reservoir is a top priority, serving as the city’s principal 
water source, providing the community with an average of 17 million gallons of water 
per day.  As with all reservoirs, Tomhannock was constructed to reduce the risks of water 
shortage. The City understands that its construction, however, created a new risk of dam 
failure. While this risk is characteristically of low probability, it can be of high 
consequence, with a potential for life loss in addition to economic and environmental 
damages and social disruption, thus making the integrity of the dam a top priority. CDM 
Smith was engaged perform a safety inspection for the Tomhannock Dam in the summer 
of 2010. The safety inspection found areas of seepage on the downstream slope of the 
embankment, deterioration of the primary spillway’s abutment walls, and apparent 
leaking in 5-foot-diameter steel low-level outlet conduit running through the 
embankment.  Based on the safety inspection findings and the essential nature of the 
dam/reservoir the City moved forward, engaging CDM Smith to perform an Engineering 
Assessment (EA) of the dam.  Recommendations coming out of the EA, based on 
geotechnical investigations and analyses, included construction of an earth berm on the 
downstream slope of the embankment, ground modification of weak soils along the toe of 
the dam, and rehabilitation of the leaking low-level outlet conduit, situated near the 
center of the embankment.  All recommendations were accepted by the City.  CDM 
Smith’s rehabilitation design for the downstream embankment slope included 
construction of a buttress berm and shallow soil mixing to stabilize the toe of the 
embankment and structural refurbishment of the damaged low-level outlet conduit using 
a centrifugally cast, ultra-high-strength cementitious liner system. The spillway’s left and 
right abutment walls were replaced with new reinforced concrete retaining walls.  
Construction was completed in November 2013.  

                                                 
1 William J. Friers, P.E. CDM Smith, 11 British American Boulevard, Suite 200,  Latham, NY 12110, 
518.782.4513, frierswj@cdmsmith.com  
2 Kapila S. Pathirage, P.E. CDM Smith, Raritan Plaza I, 110 Fieldcrest Avenue, 6th Floor, 
Edison, NJ  08837, 732.590.4625, pathirageks@cdmsmith.com  
3 Chris Wheland. Department of Public Utilities, City of Troy, NY, 25 Water Plant Road,  
Troy, NY 12182, 518.237.0865,  Chris.Wheland@troyny.gov 
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PRAGMATIC DESIGN OF AN EMBANKMENT DAM:  BURY DEADMEN AND 
FORGET ABOUT IT (FORGETABOUTIT) 

 
Michael S. Quinn1 

Gary Dale2 
 

ABSTRACT 
 
Investigation of Taylor Pond Dam located within New York’s Adirondack Park found the 
embankment upstream and downstream of a concrete corewall was comprised of 
vibration sensitive loose sands raising the concern for liquefaction during the design 
earthquake. A liquefaction analysis was performed for the embankment using the 
procedures outlined in the 2005 publication, “Earthquake Analyses and Design of Dams” 
(Federal Emergency Management Agency - FEMA), and the 2008 publication, “Soil 
Liquefaction during Earthquakes” (Idriss & Boulanger).  
 
The analysis involved evaluating the embankment and foundation to determine if the 
design earthquake and associated peak ground acceleration (PGA) will induce cyclic 
shear stresses that exceed the in-situ cyclic resistance of the dam embankment soils, 
potentially triggering liquefaction. The embankment soil strengths were estimated for the 
potentially liquefiable zones using SPT/CPT data, and residual shear strength equations 
developed by Idriss & Boulanger. Residual soil strength properties were assigned to 
defined stratigraphic zones within critical sections to perform a post-seismic stability 
analysis.  The analysis concluded that downstream embankment stability is maintained 
while the upstream embankment would undergo significant sloughing failure.  The 
upstream sloughing alone would not breach the existing dam, however when combined 
with raising the dam crest, which was required to prevent overtopping during the spillway 
design flood (SDF), a mode of failure was identified where increased lateral earth 
pressures would topple the corewall.  
 
The need for raising the concrete corewall and downstream embankment to accommodate 
the SDF without overtopping the dam resulted in embankment stability conditions that 
required a dam modification.  Following a potential upstream embankment slough during 
the design earthquake, the design solution was to construct an anchor (dead-men) system 
to stabilize a cantilevered corewall height of approximately 12.5 feet, which will support 
the downstream embankment.  The selection of a deadman system to provide seismic 
stability of the embankment at a new crest height simplified the dam rehabilitation, and 
significantly reduced construction costs relative to alternatives that had included spillway 
expansion and ground improvement methods.     
 

                                                 
1 Senior Dam Safety and Geotechnical Engineer – CHA Consulting, Inc., mquinn@chacompanies.com 
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GENERALIZED SCALING PRINCIPLES FOR PHYSICAL MODELING OF 
EMBANKMENT DAMS IN EVALUATION OF SEISMIC BEHAVIOR 

 
Nam-Ryong Kim, PhD1 
Jeong-Yeul Lim, PhD2 

Ik-Soo Ha, PhD3 
 

ABSTRACT 
 
Reduced scale physical modeling is often carried out in order to evaluate or verify 
performance of large geotechnical systems such as embankment dams during design or 
management stage. The modeling using geotechnical centrifuge can provide correct 
scaling of the self-weight stresses so that the strength or deformation characteristics of 
materials as well as the global behavior of the system can be considered more realistic. 
Generally, reduced testing model is accelerated within a centrifuge up to the acceleration 
corresponding to modeling scale. However it is sometimes difficult to follow this 
principle due to limitation of testing equipment to be utilized for large prototype 
structure. Especially, this problem is more frequently raised in seismic test due to limited 
platform area and allowable centrifugal acceleration level of earthquake simulator so 
appropriate modeling strategies is required. This paper introduces generalized scaling 
principles used for seismic test of large earth structures using geotechnical centrifuge. 
The scaling principles have to be applied to cases which the acceleration level for 
centrifuge test according to the model scale cannot be achieved due to limitations of 
testing equipment. These can be derived from basic soil mechanics and validated by 
comparing with previously suggested scaling factors. A series of tests using geotechnical 
centrifuge and earthquake simulator are carried out to verify the principles varying 
acceleration level, loading frequency and other major factors. Finally, the experimental 
design strategies for appropriate physical model test considering these scaling principles 
will be discussed. 
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WATER DELIVERY AFTER A LARGE SAN ANDREAS EARTHQUAKE 
 AN UNCONVENTIONAL RETROFIT APPROACH 

 
Michaele Monaghan, PE, LEED® AP1 
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Dustin Jolley3 
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ABSTRACT 

 
The San Francisco Public Utilities Commission (SFPUC) is completing a multi-billion 
dollar Water System Improvement Program (WSIP) to increase the seismic reliability of 
SFPUC’s water system. The primary level of service goal is to maintain/restore, within 
24 hours, potable water supply to the San Francisco Bay Area. One of the major projects 
of the program is the Crystal Springs – San Andreas Transmission System Upgrade 
Project. It involves improvements to reservoirs that serve as the only emergency water 
supply for 1.4 million people on the San Francisco peninsula. The San Andreas Reservoir 
is the last available source for water delivery. This paper focuses on the rehabilitation of 
the San Andreas Outlet Structures (SAOS2 & SAOS3). 
 
The structures are reinforced concrete shafts embedded in the reservoir bank, located 
within 100 feet of the San Andreas Fault. Built in the 1920’s (SAOS2) and the 1930’s 
(SAOS3), as originally constructed the shaft were 12-foot inside diameter (ID), roughly 
60-feet deep (SAOS2); and 14-foot ID, roughly 70-feet deep (SAOS3). FLAC software 
was used to develop seismic loading representing the non-linear soil-structure interaction 
at the shaft. The results indicated that the reservoir bank would fail such that the point 
where the shaft daylights would move further from the tower base and displace 
approximately 3-feet. The thickness of any new internal liner was limited to 1-foot in 
order to maintain access to the mechanical equipment within the shaft. Conventional 
structural design considerations could not accommodate the seismic loading given these 
space limitations. Therefore, the tower was designed to accommodate a controlled failure. 
The design included a “hinge” at the base allowing rotation of the shaft and expansion 
joints along the shaft to accommodate the lengthening of the structure. Mechanical 
systems within the tower were designed to follow the rotation and expansion of the shaft. 
The completed design allows both structures to remain stable and operational after an 
extreme event on the San Andreas Fault. 
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5 Sr. Project Manager, San Francisco Public Utilities Commission, 525 Golden Gate Ave., San Francisco, 
CA 94102, (415) 554-1809, amavroudis@sfwater.org 



NOTES 

48 



49 

SEISMIC RISK TO FLOOD-CONTROL STRUCTURES AND AGRICULTURE 
IN THE NEW MADRID SEISMIC ZONE OF ARKANSAS AND MISSOURI 

 
Christopher A. King, P.G.1 

 
ABSTRACT 

 
Over the last decade, engineers and scientists published various assessments regarding 
the impact of large magnitude seismic events on infrastructure in the New Madrid 
Seismic Zone (NMSZ).  However, there is little mention concerning potential effects on 
flood control structures and agriculture in the relatively flat and largely rural Mississippi 
River Delta region.  The counties most at risk in northeast Arkansas and southeast 
Missouri produce over $3 billion worth of row crops annually - predominantly corn, 
soybeans, and rice - making agriculture the largest part of the regional economy.  This 
level of production would never have been possible without numerous earthen dams, 
levees, and drainage canals constructed over the last century with assistance from the 
U.S. Department of Agriculture's Natural Resources Conservation Service (formerly 
SCS) and U.S. Army Corps of Engineers.  The northern Mississippi Delta region leads 
the nation in rice production due to favorable climate, soils, and a productive alluvial 
aquifer.  Unfortunately, this region is at the heart of the NMSZ, where even a 6.0 Mw 
quake results in widespread liquefaction because of susceptible soil conditions.   
 
Economic devastation resulting from compromised flood control structures and ruined 
fields is a real threat.  There is a 25 – 40% chance that this region will experience a 
magnitude 6.0+ seismic event over the next 50 years.  A Mw 6.7 tremblor struck 
Charleston, Missouri in 1895, and recent estimates suggest an event of this magnitude 
could generate liquefaction over more than 14,000 square miles. 
 

                                                 
1 USDA Natural Resources Conservation Service, 700 W. Capitol Ave., Room 3416 Federal Building, 
Little Rock, Arkansas, 72201  E-mail:  chris.king@ar.usda.gov 
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ANALYSIS OF SEISMIC DEFORMATIONS AND CRACKING FOR 
EMBANKMENTS OF THE TEKAPO CANAL 

 
Lelio Mejia1 

Ethan Dawson2 
 

ABSTRACT 
 
The 26 km long Tekapo Canal is a major component of the Upper Waitaki Power 
Scheme in the Mackenzie Basin in New Zealand's South Island. The canal, 
commissioned in 1977, conveys water from a power plant at Lake Tekapo to a power 
plant at Lake Pukaki. To support a re-lining and repair works project along sections of the 
canal, seismic deformation analyses were performed. Earthquake-induced settlements and 
deformations for three critical embankment sections were estimated. Two dimensional, 
nonlinear, dynamic numerical analyses were performed with the computer code FLAC. 
Analyses were performed for the Maximum Design Earthquake (MDE), the 
Serviceability Level Earthquake (SLE) and for aftershocks of various magnitudes. A 
critical feature in the repairs and upgrades was a geosynthetic liner to be placed along 
portions of the canal. Seismic performance of this liner would be affected by cracking in 
the underlying embankment. Crack size estimates (width and depth) were developed 
based on evaluation of the computed deformations and the empirical correlations of Fong 
and Bennett (1995) and Pells and Fell (2002). Calculated deformations were generally 
small, and indicative of adequate seismic stability. Recommended design crack widths 
for the MDE ranged from 20 to 50 mm, while recommended design crack depths for the 
MDE ranged from 1.0 to 2.5 m. 
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DAM FAILURE-NUCLEAR PLANT SEISMIC PRA MODEL — MODELING 
CORRELATIONS AND UNCERTAINTY 
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ABSTRACT 

 
The events that occurred as a result of the Tohoku earthquake in 2011 provided one 
example of a combined seismic-flood event. In this case an off-shore seismic event 
created a tsunami that inundated the Fukushima Daiichi nuclear power plant site. While 
the seismic event was felt at the site, the robust seismic design protected the plant from 
seismic related damage. In this paper we consider an analogous, but hypothetical scenario 
and describe an approach to evaluate the seismic risk to a nuclear power plant (NPP) that 
is located downstream of a dam whose failure could result in flooding onsite. The 
upstream dam and NPP are co-located with respect to the location of future earthquakes 
and as a result both facilities could experience strong motion during the same event. As a 
consequence the NPP seismic risk model must consider the simultaneous occurrence and 
correlation of earthquake ground motions at the two facilities and the effects of flooding 
in the event of dam failure and NPP flooding. The seismic risk analysis models the NPP 
and dam performance as a result of the earthquake, the probabilistic character of 
uncontrolled release that could occur as a result of a breach of the dam and inundation at 
the NPP, and the consequences of the inundation at a potentially seismically damaged 
plant.  
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LESSONS LEARNED FROM THE BLUESTONE DAM INFLOW DESIGN 
FLOOD UPDATE 
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ABSTRACT 

 
Bluestone Dam is a large concrete gravity dam designed during the late 1930’s and 
constructed in the 1940’s.  Like many dams of the era, the inflow design flood (IDF) was 
based on the transposition of the largest observed storm of the region.  The Bluestone 
Dam original IDF had a peak inflow of 430,000-ft3/s.   
 
During the 1980’s, the National Weather Service (NWS) published improved estimates of 
Probable Maximum Precipitation (PMP).  Subsequently, many existing projects were re-
evaluated for hydrologic adequacy given this new understanding of the maximum 
precipitation over a given drainage area.  The inflow design flood for Bluestone Dam was 
re-evaluated in 1982, including a site-specific PMP performed by the NWS, and the peak 
inflow resulting from the updated probable maximum precipitation was estimated at 
1,086,000-ft3/s; more than double the original inflow design flood peak.   
 
A more recent analysis of the Bluestone Basin PMP performed in 2014 resulted in a 10-
percent reduction of precipitation depth compared to prior estimates.  Although the 
rainfall estimates were reduced, refinements to the rainfall-runoff modeling resulted in a 
peak inflow estimate at the dam site in the order of 1,444,000- ft3/s to 1,661,000- ft3/s, a 
33- to 53-percent increase as compared to the 1982 study.  
 
The limitations of the 1982 study that resulted in a lower peak inflow compared to the 
2014 study include; the intensity and time-step of unit hydrographs derived from 6-hour 
precipitation data, the computational time-step of the numeric analysis and the use of a 
linear reach routing method.  The results of this study indicate that the improvements in 
data and computational analysis, compared to 1980’s and previous era IDFs, could 
significantly change the IDF for other large dams as well. 
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HYDRAULIC MODELING FOR COASTAL DAMS 
 

Chad W. Cox, P.E.1 
Kristina Ekholm, P.E.2 

Bin Wang, P.E.3 
 

ABSTRACT 
 

In coastal areas there are many dams which are subject to both riverine and coastal 
flooding mechanisms.  Such dams often form the tidal boundary between upstream 
freshwater rivers and downstream brackish areas influenced by tides, waves, and storm 
surge.  These dams are sometimes located several miles upstream from the coast and 
were not designed or constructed to serve as a barrier against extreme surges.  Most dam 
engineers are well versed in understanding and modeling water flowing downstream from 
the upgradient watershed.  In a coastal environment however, water can also flow 
upstream towards the dam.  This can result in increased tailwater elevations that can 
affect spillway hydraulics or in extreme conditions can even result in overtopping of the 
dam from the downstream direction.   Hydraulic modeling for dams at tidal interfaces 
requires a specialized set of tools to supplement those typically used for inland riverine 
conditions.  An understanding of tides and use of tide gage data is critical.  Computer 
programs such as NOAA’s SLOSH and the ADCIRC model developed by the USACE 
can be used to estimate the elevations of storm surges at coastlines and surges 
propagating upriver.  Programs like SWAN can be used to model wave heights and run-
up.  Once coastal flood mechanisms are understood, the potential for combined effects on 
flooding must also be examined as many coastal storms can produce conditions which 
lead to an interaction between surge and riverine flooding.  This paper will examine the 
issues present and tools available for hydraulic modeling at coastal dams. 
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HYDROLOGIC INVESTIGATION FOR SADDLEBACK FLOOD RETARDING 
STRUCTURE  

 
Bert Clemmens, PhD, PE, D.WRE1 

Suzanne Monk2 
Stephanie Gerlach3 
Chuck Davis, PE4 

 
ABSTRACT 

 
A hydrologic and hydraulic investigation of the Saddleback Flood Retarding Structure 
(FRS), an earth fill dam, was conducted in 2013. Deficiencies in the structure prompted 
an evaluation of its hydraulic performance. The goals of this study were to (1) develop 
new hydrologic models for the Saddleback FRS using HEC-1 and (2) to route flood flows 
through Saddleback FRS using unsteady HEC-RAS. Two upstream structures discharge 
water into Saddleback FRS; Harquahala Floodway, which routes principal spillway flows 
from Harquahala FRS, and a canal overchute which receives water from an embankment 
that is protecting the Central Arizona Project (CAP) canal. HEC-RAS was used to model 
flows behind these embankments. For the CAP canal embankment and parts of 
Harquahala FRS, storage areas were used to model parts of the area behind these 
structures. Where the storage areas were not used, pilot channels were used to provide 
stable HEC-RAS calculations and to minimize volume errors. Inflow to these reservoirs 
was modeled based on storms with a 100-yr recurrence interval, as in the original design. 
Probable Maximum Precipitation (PMP) was estimated based on HMR-49 and from the 
new Arizona statewide standard (ADWR). The PMP storms were used to generate the 
Probable Maximum Flow (PMF) and 1/2 PMF inflow hydrographs. The water surface 
elevation in Saddleback FRS is above the top of the dam for all the HMR‐49 PMF storms 
examined. The 72‐hr Tropical PMF (ADWR methodology) did not overtop Saddleback 
FRS. The highest water surface elevation occurred for the Local 6‐hr PMF when only the 
contributing area of Saddleback FRS (Saddleback Basin) was included in determining the 
PMP for both HMR‐49 and ADWR PMPs. This project included a unique set of 
modeling approaches and was one of the first studies which used the new Arizona 
statewide PMP procedure. 
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ADDRESSING OPERATIONAL RISKS AND UNCERTAINTIES FOR GATED 
SPILLWAYS 

 
Greg Paxson, P.E.1 
Robert Indri, P.E.2 

Mark Landis, P.E., P.G.3 
 

ABSTRACT 
 
Gated spillways are commonly incorporated into dam design to provide flexibility with 
regard to reservoir operations and/or to pass large floods.  Spillway gates present 
operation and maintenance challenges to dam owners.  Gate operations during floods can 
require on-site personnel to react quickly, often during storms when flooding can limit 
access to the site or gates and compromise the availability of power.  Additionally, the 
operation of gates requires decision making related to releasing large flows that could 
cause downstream damage.  Interpretation of flooding potential has to be considered in 
the decision making process, since a delayed reaction could result in a dam safety 
emergency.  Even when post-incident assessments validate that gate operations did not 
increase flooding, downstream landowners are often quick to condemn the dam owner for 
mis-operation of gates.  In addition to operational challenges, dam owners are faced with 
costly ongoing maintenance to ensure that gates will function as designed when the need 
arises.  This includes maintenance of structural and mechanical components (including 
hydraulics, electrical systems, and power feeds), training of operators, regular testing of 
the gate systems, and debris removal. 
 
This paper discusses common structural, mechanical, electrical, instrumentation, and 
operational issues along with recommendations for regular maintenance of spillway 
gates.  Hydraulically-efficient fixed crest labyrinth and piano key weirs are discussed as 
an option to reduce reliance on spillway gates during floods.  Case histories include 
projects where gated spillways presented challenges to the dam owner and were partially 
or completely replaced with passive, fixed crest spillways or automated gates.  Finally, a 
hypothetical example is presented to illustrate changes in risks through replacement of a 
gated spillway with a fixed crest labyrinth weir. 
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DEBRIS AND MAINTENANCE OF LABYRINTH SPILLWAYS 
 

Brian M. Crookston, Ph.D., P.E.1 
Dustin Mortensen, P.E.2 
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Blake P. Tullis, Ph.D.3 

Victor M. Vasquez, P.E.2 
 

ABSTRACT 
 
Labyrinth spillways are passive control structures that are commonly implemented in 
dam projects (i.e., new or rehabilitation) due to their hydraulic performance, flexible 
design, and cost effectiveness. 
 
The accumulation of sediment or floating debris can be problematic at spillways; 
sediment deposition or log jams can require cleaning and removal at regular intervals to 
eliminate flow impediments and maintain spillway performance.  If neglected, debris or 
sediment could potentially reduce flow capacity and increase upstream flooding.  
Floating debris may be more likely to collect upstream of labyrinth weirs than linear 
weirs due to the reduction in flow depth and flow momentum per unit weir length. 
 
This paper presents performance data and general information on the effects of debris and 
sediment on labyrinth spillways, including survey results of 65 labyrinth spillways in the 
USA and Portugal.  In general, labyrinth weirs were found to be self-cleaning.  In some 
instances, labyrinth weirs that replaced gated structures greatly improved existing 
maintenance issues with woody debris. Information is also presented regarding a 
labyrinth spillway with unique sediment and woody debris challenges. 
 
The paper also presents the results of a hydraulic model study performed at the Utah 
Water Research Laboratory that investigated the impact of upstream sediment deposits on 
labyrinth hydraulic performance.  In addition, a dam owners’ experience with 
sedimentation at a labyrinth weir is discussed. 
 
Finally, the effects of driftwood on a unique labyrinth weir geometry, called a piano key 
weir (PKW), are also presented. Physical modeling was performed at the Laboratory of 
Hydraulic Constructions (LCH) located in Lausanne, Switzerland. The results include 
observations regarding probabilities of debris ‘passage’ as a function of trunk size and 
flow depths.  The impacts of debris accumulation on the discharge coefficient are also 
presented, as well as observations related to driftwood collection. 
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DESIGN APPROACHES AND NUMERICAL MODELING OF A STEPPED 
SPILLWAY UNDER HIGH TAILWATER CONDITIONS 

 
Laura Shearin-Feimster P.E.1,  
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ABSTRACT 

 
Rehabilitation of existing embankment dams often includes addressing deficiencies in the 
spillways and outlet works. One common cost-effective solution is to armor the 
embankment using RCC, forming a stepped chute that increases spillway capacity while 
also offering energy dissipation. With the wealth of knowledge on the subject, it can be 
challenging to identify suitable methodologies for a specific rehabilitation project. 
Additional challenges arise when the design methodologies and research do not 
specifically account for site conditions and constraints that impact a specific spillway’s 
hydraulics. 
 
Schnabel recently completed an embankment dam rehabilitation project with a stepped 
chute subject to backwater effects. The design was based upon previous experimental 
studies identifying design parameters for embankment dam stepped spillways including 
flow depth, inception point of air entrainment position, and residual energy at the 
downstream end of the stepped chute.  Moreover, CFD modeling of this specific stepped 
spillway geometry and hydraulic conditions was performed and the results were 
compared to the predicted results from published design methodologies. 
 
This paper presents an overview of a unique rehabilitation project with high tailwater, a 
review of appropriate design methodologies, and a discussion regarding the applicability 
and limitations of the current design parameters to the described project, including 
tailwater effects. This paper also discusses the current challenges of modeling 
numerically stepped spillways.  These insights should aid practitioners in the design of 
stepped chutes for embankment dams. 
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MODELING FLOODING FROM A CATASTROPHIC DIKE BREACH ALONG 
ELBE RIVER, GERMANY JUNE 2013 
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ABSTRACT 

 
A failure of a dike during a catastrophic flood event usually leads to inundation of large 
areas. The size of the inundation area and water depths of such an event can be analyzed 
using two-dimensional (2D) hydraulic models together with a Digital Elevation Model 
(DEM) and detailed information about the dike breach itself, specifically, the geometry of 
the breach and discharge. Unfortunately information describing the physical extent of the 
dike breach is usually not available. Furthermore, the emergency management agencies 
usually need reliable information in a very short time frame to be able to take appropriate 
action like implementing evacuation measures.  
 
During the recent Elbe flood disaster in June 2013, a catastrophic dike breach occurred 
near the village of Fischbeck in Saxony-Anhalt, Germany. As a result, nearly 500 m³/s of 
flood water was released into relatively flat areas behind the dike through a 90 m breach.  
As a first step, an area-wide DEM with a high resolution was spatially aggregated to a 
practical 2D - grid level of 5 m x 5 m. Based on this data set, water levels as measured 
directly in the flooded zone, and the known slope of water surface in the main stream, 
different maps of the actual and potential flood extent were computed using readily 
available GIS computational tools.  Additionally, a daily surveying flight was undertaken 
to monitor the inundation area and to receive real-time flood level information. As a 
result, daily maps illustrating current and future flood inundation areas in real time were 
created.  
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DAM REMOVAL AND RESTORATION METHODS: HEC-RAS MODELING OF 
THE FORMER CHAMBERSBURG RESERVOIR 

 
Zachary R. Phillips1 

 
ABSTRACT 

 
Since the draining of the Chambersburg Reservoir and removal of the Birch Run Dam in 
2005 the newly exposed channel and floodplain within the reservoir footprint has been 
rapidly eroding to establish a new equilibrium. As part of the removal project, 450 feet of 
channel within the newly carved dam breach were lined with limestone riprap. Perhaps 
due to channel armoring, the reach downstream of this area has shown significant bank 
erosion and instability. To determine the current hydraulic state of the site, the US Army 
Corps of Engineers Hydraulic Engineering Center – River Analysis System (HEC-RAS) 
was used to model the hydraulic impact of rip-rap armoring, and investigate possible 
impacts of wetland formation at the site. Results for modeling show elevated slopes, a 
larger bankfull geometry, and higher flow velocities in the rip rap lined reaches within 
the former embankment. The ability of the armored channel to channelize up to 10-yr 
flood discharges is also shown in modeling results. This is supporting evidence of 
susceptibility to scouring and bank erosion downstream of channel armoring. 
Additionally, channel hydraulics does not appear to be significantly controlled by 
secondary channel formation at the site, but further work may be necessary. 
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CONSTRUCTION FLOOD CASE HISTORIES  
 

Daniel D. Mares1 
David P. Keeney2 

 
ABSTRACT 

 
The purpose of this paper is to review case histories of significant floods that have 
occurred during construction of Bureau of Reclamation (Reclamation) dam 
modifications, the meteorological and hydrologic conditions that occurred, the design 
construction flood, the response of the cofferdams or design features to the loading and 
any operational changes in response to the flood conditions.  The case histories are useful 
in reviewing the design floods selected, the cofferdam type, and in reinforcing the 
importance of evaluating risks during construction.  The meteorological data (i.e. rain 
gauge observations, synoptic maps, NCAR/NCEP reanalysis, and radar) were reviewed 
and a summary of the meteorological conditions is presented.  
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UPDATE NO. 2 OF THE CALAVERAS DAM REPLACEMENT PROJECT 
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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 also contains numerous landslides.   
 
Construction of the replacement dam, which started in August 2011, is approximately 
60% complete and in the fourth year of construction.  Grouting of the right abutment is 
complete, the new intake tower and shaft are constructed, and excavations for the dam 
and spillway are nearing completion. The status of Calaveras Dam Replacement Project 
(CDRP) was presented at the USSD 2014 Conference.  This paper provides an update of 
the project’s status as well as engineering challenges that have arisen at this geologically 
complex site.  Challenges and risks are being managed by early mitigation actions to 
avoid production delays and developing contingency plans to implement in response to 
triggers in the project’s risk register.   
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SOIL CEMENT ARMORING FOR DAMS: 
KEY PROJECT CONTROLS FOR SUCCESSFUL CONSTRUCTION 
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ABSTRACT 

 
Soil cement and roller-compacted concrete are two construction materials frequently used 
to armor earth embankment dams.  Soil cement is most often used for erosion protection 
on the reservoir side or upstream slope of embankments for protection from wave action 
while roller-compacted concrete is most often used for erosion protection on the 
downstream slope of embankments when there is potential for overtopping due to 
extreme storm events.   
 
Guidance documents related to soil cement design and construction have been published 
by numerous agencies including the American Concrete Institute, International 
Commission on Large Dams, Portland Cement Association, U.S. Army Corps of 
Engineers, U.S. Bureau of Reclamation, and others.  These documents provide significant 
value; however they may not distinguish between construction practices appropriate for 
low versus high hazard potential projects.  For example, some soil cement guidance 
documents do not distinguish between practices appropriate for below grade channel 
slopes or pavement subgrades versus above grade high hazard potential dams. 
 
This paper presents some key soil cement construction-phase project controls and 
techniques considered appropriate for high hazard potential and/or high value dams based 
on the authors’ recent experiences.  The Tampa Bay Reservoir Renovation Project 
completed in 2014, a 15.5 billion gallon above-grade reservoir in Florida which included 
approximately 550,000 cubic yards of soil cement armoring, is referenced for discussion 
and as a recent example of soil cement armoring.  Project control recommendations are 
made for consideration on future high hazard potential and/or high value dam projects 
utilizing soil cement armoring for embankment protection.  
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REHABILITATION OF THE CYLINDER GATE AT SRP’S HORSESHOE DAM 
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ABSTRACT 
 
Horseshoe Dam is located on the Verde River in central Arizona and was constructed in 
1945-1946 near the end of World War II by the Phelps-Dodge Corporation for the Salt 
River Valley Water Users’ Association (known now as Salt River Project). The Salt 
River Project (SRP) Power and Water utility of Arizona has embarked most recently on a 
program of rehabilitation of the River Outlet Works (ROW) of Horseshoe Dam. The 
ROW is one component of the dam facility and consists of a 9-foot diameter, 126-foot 
high cylinder gate within a circular concrete intake tower. Releases through the ROW are 
controlled by the cylinder gate by raising and lowering it within a 4-foot vertical within 
the concrete tower. 
 
A structural inspection of the ROW was completed in 2012. The structural inspection 
provided physical data and photography that was utilized to determine the best 
rehabilitation approach for the cylinder gate and associated facilities. The rehabilitation 
approach was completed to address the following: 
 
• The gate and intake tower experienced severe vibration during operation, particularly 

at partial gate openings. There was concern about adverse impacts to the structural 
integrity of the tower and for operator safety while on the tower platform. 

• The cylinder gate had several corroded, aged, or broken components. 

This paper will present a brief history of Horseshoe Dam and the River Outlet Works 
facilities, existing condition inspection and findings by the structural team, and the 
proposed rehabilitation completed in 2013 and early 2014. 
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SEISMIC FRAGILITY FOR RISK ASSESSMENT OF CONCRETE GRAVITY 
DAMS 
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ABSTRACT 

This paper presents a quantitative methodology including examples for developing 
seismic fragilities for concrete gravity dams using non-linear analyses with Latin 
Hypercube Simulation (LHS). Potential failure modes are defined, and seismic fragility 
curves are developed for the global failure of the dam as well as failure of the piers.  Both 
the aleatory and epistemic uncertainties are considered, and most significant variables 
influencing the seismic fragility are identified and used in the analysis. Values of input 
variables influencing the seismic fragility are generated using LHS and randomly 
selected to develop seismic fragilities. Nonlinear seismic analyses are performed for 
thirty simulations at several ground motion levels. The ground motion variable includes 
30 sets of acceleration time histories obtained from the actual earthquake recordings and 
matched to the target response spectrum. At each ground motion level, the probability of 
failure is determined based on the fraction of the simulation that resulted in dam failure. 
The results indicate that the seismic fragility is defined reasonably well with the 
lognormal distribution and provide the median seismic fragility including randomness 
and uncertainty variability for the base sliding and the pier failure.  
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EVALUATING SEISMICALLY INDUCED HYDRODYNAMIC LOADS ON 
SPILLWAY GATES 

 
Jerzy Salamon PE, PhD1 

 
ABSTRACT 

 
The determination of seismically induced hydrodynamic loads on spillway gates is a 
complex process that involves the seismic response of the dam, the response of the 
spillway gates, and the response of the reservoir. Several research studies have been 
conducted to determine the reservoir-dam and reservoir-spillway gate interaction during 
an earthquake, but there is not a comprehensive method that would provide satisfactory 
and accurate results without conducting sophisticated numerical analysis.  
 
As a background, the dynamic reservoir loads developed during an earthquake are of 
importance in the design and evaluation of the spillway gates. The ground acceleration at 
the base of a dam during an earthquake can be considerably amplified at the top of the 
dam. Spillway gates will be subjected to this amplified acceleration, sometimes several 
times greater than that measured on rock at the abutment, depending on the response of 
the dam structure, location of the spillway gate, flexibility of the dam and the gate 
structure, actual water head on the gate, and whether the transverse, longitudinal or 
vertical acceleration is considered.  
 
Dynamic stability analyses of spillway gates performed with the simplified methods 
could grossly miscalculate hydrodynamic loads on the gate structure. The result could be 
costly, where potentially unnecessary modifications to existing gates, over-design of new 
gates, or unreliable risk assessments based on inaccurate analyses of the gates are 
performed.  
 
Standard methods for computing seismically induced reservoir loads on spillway gates 
are based on theories developed for concrete dams. In particular, the typical practice for 
computing hydrodynamic loads on dams relies on an analytical method developed by 
Westergaard. These solutions do not account for the flexibility of the dam nor the gate 
structure, amplifications of the ground motion acceleration up through the dam, the three 
dimensional effects, actual geometry of the gate skinplate, or the position of gates with 
respect to the face of the dam.  
 
This paper presents the results of numerical analyses for rigid dams interacting with the 
reservoir, compares the results with the classical Westergaard solutions, and evaluates the 
spillway gate set back effect on the hydrodynamic loads induced during earthquakes. 
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ABSTRACT 

 
To study concrete cracking,a feedback analysis on variations of surface temperature 
gradient has been conducted for concrete at the intermission stage of layer pouring with a 
precise model and finite element simulation method combined with in-situ experiments 
of a dry hot valley dam. This paper presents the results of concrete stresses and their 
development under real concrete temperature gradient and explores the internal crack 
mechanism and possible hidden cracks of the concrete.A discussion on effective 
measures for prevention of such cracking risk, particularly for construction of valley 
dams in a dry hot season is also given. This work is of practical reference value for 
construction of concrete structure in dry hot valley.   
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EVALUATING RELATIVE CONDITION OF REPEATED STRUCTURAL 
ELEMENTS WITH PERFORMANCE-BASED TESTING 

 
Spenser Anderson1 

Peter Orme2 
Ziyad Duron, PhD3 
Randy Nash, P.E.4 

Kevin Marshall, P.E.5 
 

ABSTRACT 
 
Performance-Based Testing (PBT) is a new experimental technique developed to assess 
the performance of a structure by measuring its response to a high-amplitude short-
duration impulsive load.  PBT was recently conducted on Wanapum Dam, a large, 
power-generating dam whose spillway consists of several nearly identical monolith-pier 
elements, one of which was known to contain a large fracture.  Testing is described in 
detail and several Performance Indicators are developed to assist with the determination 
of the relative health of similar structures.  A Stiffness Indicator is defined as the ratio of 
the Shock Response Spectrum (SRS) of the applied force and the SRS of the top-of-pier 
displacement.  An Amplification Indicator is defined as the ratio of the SRS of the top-of-
pier acceleration and the SRS of the grout gallery acceleration.  The ability of each of 
these indicators to reveal meaningful differences in condition across piers is evaluated, 
and the advantages and disadvantages of each technique are discussed.  The 
Amplification Indicator is found to be most effective for highlighting the damaged pier.  
A companion paper details how the results of PBT can be applied to the validation of 
simple lumped-element or complex finite element numerical models.   
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4 Grant County Public Utility District Engineer, Beverly, WA 99321, rnash@gcpud.org 
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ANALYTICAL AND NUMERICAL MODELING OF THE WANAPUM PIER-
OGEE SPILLWAY 

  
Peter Orme1 

Spenser Anderson2 
Ziyad Duron, PhD3 
Randy Nash, P.E.4 

Kevin Marshall, P.E.5 
 

ABSTRACT 
 
A failure investigation of Wanapum Dam, a large, power-generating dam, was initiated 
after the discovery of a significant horizontal fracture in one of the piers that comprise a 
portion of the spillway section of the dam.  Performance-Based Testing (PBT) of the 
damaged structure and field condition assessment were conducted and are described in a 
companion paper.  After the completion of PBT, lumped analytical systems modeling as 
well as finite element modeling techniques were used to explore the dynamic 
characteristics of the spillway section.  Models were developed and tuned using 
measurements collected during PBT.  The modeling procedures revealed important 
dynamic behavior that may contribute to root-cause for the damaged conditions in the 
spillway and that may be relevant for long-term remediation plans for the spillway.  For 
example, analytical models were used to highlight the excitation and absorption 
characteristics in the spillway piers. Evidence of vibration absorption is shown in both the 
PBT and flow-induced responses measured in the field.  This behavior could introduce 
dynamic loads at the monolith-pier interface, exacerbating pre-existing conditions that 
may have influenced the horizontal fracture.  Validation of a finite element model against 
observed behavior is demonstrated based on resonant frequencies, spacing, and energy 
dissipation in the spillway.   
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WANAPUM FUTURE UNIT INTAKE DYNAMIC ANALYSIS FOR RISK 
INFORMED DECISION MAKING  

 
James H. Rutherford, P.E.1 

Kevin Marshall, P.E.2 
Dave Mishalanie, P.E.3 

Dan Curtis, P.Eng.4 
Gurinderbir Sooch5 

 
ABSTRACT 

 
Grant County Public Utility District No. 2 (the District) engaged Hatch Associates 
Consultants Inc. (Hatch), to perform non-linear time history analysis of the Wanapum 
Future Unit Intakes (FUIs) using FLAC 2D as part of a risk informed review of the 
Wanapum Dam. The stability of the FUIs under earthquake loading relies on existing 
post-tensioned anchors to resist sliding and overturning.   
 
In addition to reporting on our initial risk informed review of the FUIs, this paper 
presents some of the challenges faced during the analysis including how to model fully-
grouted anchors that cross the foundation/rock interface, account for foundation rock 
roughness and interface geometry, and assess post-seismic stability. The results of 
Hatch’s analysis are being incorporated into a prototype Risk Informed Decision Making 
(RIDM) process that is underway with participation of the District, FERC, and other 
engineering consultants. 

                                                 
1 Hatch Project Manager, Hatch Associates Consultants, Inc., Seattle, WA, jrutherford@hatchusa.com  
2 Engineering Manager, Grant County PUD No. 2, Beverly, WA, kmarsha@gcpud.org  
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NEW INNOVATIVE TECHNIQUE FOR STRENGTHENING OLD BUTTRESS 
DAMS AND MULTIPLE ARCH DAMS 

 
Thomas Konow1 

 
ABSTRACT 

 
This article presents a new method for reconstruction and strengthening of old buttress 
dams, where the old dam is used as a shell or formwork for construction of a new dam. 
The technique has been patented in Norway and has proven to be cost efficient in cases 
where construction of a new dam is the only solution. The solution can also be applied at 
a full reservoir level, which can be a major advantage in many cases. 
 
The new technique is presently applied on a flat slab buttress dam in Norway. At this 
project, the solution has proven to give 40 % cost savings comparted to demolition of the 
existing dam and reconstruction of a new dam. In addition the solution results in a very 
stable and safe structure, as shown by examples in this paper. 
 
It is assumed that the solution can be particularly relevant for slender buttress dams such 
as flat slab buttress dams and multiple arch dams. Examples of how the technique can be 
applied on these dams are also presented in this paper.  
 
It is considered that the technique described in this paper can be the preferred solution 
even though the construction costs of a new dam is comparable, because the safety 
gained is very favourable compared other traditional dam types.     
 

                                                 
1 Thomas Konow, Consultant Engineer – Dam Safety, Norconsult, Brusetveien 73, N-1395 Hvalstad, 
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EVALUATION AND MONITORING OF ARGONAUT DAM 
 

Christopher M. Abela PE1 
 

ABSTRACT 
 
This paper presents the stability evaluation and monitoring of Argonaut Dam located in 
Jackson, California. Argonaut Dam, which is a concrete multiple arch dam, was designed 
by John S. Eastwood in 1916, for the purpose of storing tailings from the new quartz mill. 
The dam, which was not well inspected or monitored for the past 70 years, was stumbled 
upon in 2010 by the Department of Toxic Substances Control while conducting soil 
contamination surveys. Due to the condition of the dam, the Department of Toxic 
Substances Control alerted the Environmental Protection Agency (EPA) whom requested 
the assistance of the United States Army Corps of Engineers (USACE) to evaluate the 
dam’s condition.  Following a Phase I investigation, it was determined that the dam was 
susceptible to several stability failure modes, which could impact the town of Jackson 
should failure occur. This paper provides an overview on the dam’s stability evaluation, 
potential repair / retrofit, and future monitoring. 
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THE DAMAGE RATING INDEX: ASSESSING THE SEVERITY OF ALKALI-
AGGREGATE REACTION IN CONCRETE DAMS 

 
Fred Shrimer, P.Geo., LG/LEG (WA)1 

 
ABSTRACT 

 
The use of Petrographic examination, along with various staining techniques to identify 
Alkali-Silica Reaction (ASR) gel products, is well known within the concrete 
rehabilitation and management fields as methods to identify the nature of concrete 
condition and deterioration. For structures such as dams, where management strategies 
are critically dependent upon accurate and reliable assessments, a new method, called the 
'Damage Rating Index' (DRI), has been used to assess not only the degree of severity of 
deterioration in concrete due to ASR, but also to provide a means of relative degrees of 
damage in various components of the structure. 
 
A description of the method is provided that illustrates how the DRI procedure measures 
such damage, how it can be used to distinguish ASR damage from other mechanisms of 
deterioration, and how the DRI values relate to damage observed in the structure.  A 
number of case examples are provided, along with some discussion and thoughts for 
further consideration. 
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OLD DAMS, NEW FAULTS — NOW WHAT? 
 

John C. Stoessel, P.E.1 
C. Mike Knarr, S.E.2 

Nicholas Von Gersdorf, P.E.3 
Matt Muto, PhD.4 
Zee Duron, PhD.5 

 
ABSTRACT 

 
Decades of freeze-thaw have taken a toll on the structural capacity of the three concrete 
dams associated with the Rush Creek Hydroelectric Project in the high Sierra Nevada 
Mountains of California. Signs of deterioration include weeping along the downstream 
face, concrete spalling, and disintegration of the cement/sand/rock matrix. The level of 
deterioration has led to concerns about the ability of the dams to maintain full reservoir 
under extreme load conditions. To further influence this concern, a seismic fault, located 
in close proximity to the three dams and thought to be inactive, was recently determined 
to be active, with the capability to produce high levels of ground shaking. After a 
thorough evaluation of each of the three dams, including nondestructive testing, core 
samples, and linear and nonlinear finite element analysis, it was concluded that the three 
dams could not be operated under full reservoir conditions. Agnew Lake was drained; 
Gem Lake was reduced to 60% level; and Waugh Lake was reduced to 50% level. At 
these reduced levels, the dams would continue operate safely under a seismic event with 
a probability of occurrence of 1 in 10,000 (0.0001) years until permanent structural 
changes could be implemented. 
 
The project owner, Southern California Edison (SCE), has developed extensive retrofit 
designs for the three dams in order to get these projects back to full operation. These 
designs incorporate unique components to address the logistics of operating not only in a 
National Forest, but, in the case of two of the dams, operating in a designated Federal 
Wilderness Area. With the projects located in the high Sierra Mountains, transportation, 
utilization of modern construction equipment, and workforce support are complicated by 
physical and regulatory restrictions, requiring detailed plans and close coordination with 
the United States Forest Service. 
 
This paper addresses the uniqueness and complexities of designing, permitting, and 
constructing the retrofits for these remote dams, which are at 8,000 to 10,000 feet 
elevation and have no access by vehicles, since they are several miles from paved roads. 

                                                 
1 Senior Engineer, Southern California Edison Co., 1515 Walnut Grove Ave., Rosemead, CA  91770, (626) 
302-0381, john.stoessel@sce.com 
2 Consulting Civil/Structural Engineer to Southern California Edison Co., 1515 Walnut Grove Ave., 
Rosemead, CA  91770, (626) 302-0521, mike.knarr@sce.com 
3 Engineer, Southern California Edison Co., 1515 Walnut Grove Ave., Rosemead, CA  91770 (626) 302-
0332 nicholas.von@sce.com 
4 Engineer, Southern California Edison Co., 1515 Walnut Grove Ave., Rosemead, CA  91770 (626) 302-
0473 matthew.muto@sce.com 
5 Professor, Harvey Mudd School of Engineering, 301 Platt Blvd., Claremont, CA  91711 (951) 440-4735 



NOTES 

98 



99 

GATE TRUNNION ANCHOR REMOVAL AND ANALYSIS  
 

Jesse Kropelnicki1 
Robert F. Lindyberg2 

Tony Plizga2 
 

ABSTRACT 
 
The hydroelectric dam presented in this paper was constructed in 1920-21, and consists 
of a west earth embankment, a powerhouse, a decommissioned log sluice and fishway 
housing, six Tainter gate controlled spillway bays, an uncontrolled overflow spillway, a 
roller-compacted concrete fuse plug spillway, an east earth embankment, and a detached 
embankment. 

In 2008, during the FERC Part 12 Inspection, it was discovered that one of the four 
anchors installed on Pier No. 6 had separated from the pier.  The anchors are used to 
prevent movement of the Tainter gate pins by providing extra compressive resistance 
within the concrete pier.  In 2013, an analysis was completed by BARR Engineering and 
Environmental Consultants confirming that the three unaffected anchors could still 
provide the tension capacity necessary.  In 2014, Parsons Brinckerhoff (PB) acted as 
Owner’s Engineer during the anchor removal, field testing, and borescope inspection of 
the failed anchor.  The anchor was sent out for laboratory testing to determine the cause 
of the failure and forensic analysis.  PB and FDH Engineering (FDH) performed the field 
inspection, Dispersive Wave Impact-Echo Testing, and Bending Wave Testing on all of 
the remaining anchors to determine their condition and load carrying capacity.   

This paper discusses the methodology that PB and FDH used to determine the cause of 
failure of the anchor and the methodology to determine the current condition of the 
remaining gate trunnion anchors. 
 

                                                 
1 Principal Engineer, Parsons Brinckerhoff, 75 Arlington St., Boston, MA 02116, (617) 960-4975 
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3 Senior Principal Engineer, Parsons Brinckerhoff, 75 Arlington Street, Boston, MA 02116, (617) 960-
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METOLONG DAM AND RAW WATER PUMP STATION — CHALLENGES, 
SUCCESSES, AND LESSONS LEARNED 

 
Stephen L. Whiteside, P.E.1 

David Bosshart2 
Peter P. Macy, P.E.3 

 
ABSTRACT 

 
For the Metolong Dam and Water Supply Program (MDWSP) in Lesotho, Africa, CDM 
Smith is serving as the program manager. The MDWSP includes the following 
components: an 80-meter-high roller compacted concrete (RCC) dam with multi-stage 
raw water intake and pump station; a 75-million-liter-per-day water treatment plant, 
including raw water transmission main and high-lift pump station; downstream 
conveyance system; advanced infrastructure including access roads and bridges, power 
supply, water and sanitation systems, and telecommunications; and environmental and 
social management. 
 
Lesotho is a small, mountainous country that is totally surrounded by South Africa. 
Lesotho has abundant water resources that are so important in much of Africa and the 
world. Lesotho has two very large dams (Katse Dam completed in 1997 and Mohale Dam 
completed in 2002) that are part of the Lesotho Highlands Water Project (LHWP) Phase I 
that exports water to South Africa. Phase II of the LHWP commenced in 2013 and is 
planned to include a 165-meter tall CFRD concrete-faced rockfill dam. The MDWSP is 
an important project for Lesotho as it provides a reliable supply of potable water for the 
people of Lesotho. The USA Millennium Challenge Corporation was a key donor to the 
program.  
  
This paper includes an overview of the design and construction of the Metolong Dam and 
Raw Water Pump Station.  Challenges, successes, and lessons learned are highlighted. 
Construction commenced January 12, 2012, impoundment of the reservoir began 
February 17, 2014, and first water was delivered to the Water Treatment Works on May 
26, 2014. The project was substantially complete in December 2014. 
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HIGHLIGHTS AND CHALLENGES OF CONSTRUCTING THE PORTUGUES 
THICK-ARCH RCC DAM IN PUERTO RICO 

 
Rafael Ibáñez-de-Aldecoa1 

David Hernández2 
Eskil Carlsson, PE3 

 
ABSTRACT 

 
At the end of 2013 the construction of the Portugues Dam near Ponce, Puerto Rico, was 
completed by Dragados USA Construction Company. The project was designed and 
procured by the U.S. Army Corps of Engineers, and is owned by the USACE and the 
Puerto Rican Department of Natural and Environmental Resources. Upon completion, 
Ponce residents have now much needed flood damage protection during the intense rainy 
season that often includes tropical storms and hurricanes. 
 
The work included construction of the following elements: 
 

• Roller-Compacted Concrete (RCC) Dam:  a 220-foot high single centered thick-
arch dam structure with a crest length of 1,230 feet and 355,000 yd3 of RCC 

• Appurtenant structures:  integral spillway, intake structure, and a control and 
valve house located on top of a 24,000 yd3 RCC buttress 
 

The project also included foundation rock excavation, foundation treatment work, 
developing an onsite quarry for aggregate production, and an access road connecting the 
crest of the dam to the valve house. 
 
The Portugues Dam is the first arch-gravity (or thick-arch, term preferred by USACE's 
designers) RCC dam built in the United States, and the first RCC dam in Puerto Rico. As 
such, it presented unique design and construction challenges. 
 
Focusing primarily on the construction process, this paper addresses particular constraints 
of very different nature that had to be overcome, among which include:  very limited 
availability of local personnel with experience in RCC; limited availability of certain 
materials, equipment, subcontracting and managerial required resources; very seasonally 
hot and wet climate with frequent river floods during the wet season (reason for which 
only winter windows were allowed for RCC placement, preventing a steady workforce 
and requiring retraining of personnel throughout the entire dam structure construction 
period); high temperatures for placing concrete even during the winter windows; complex 
geology at the dam foundation leading to extensive foundation treatments; etc. 
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ANALYSIS OF SHIP GROUNDING FOR DAMS  
OF THE PANAMA CANAL EXPANSION PROJECT 

 
Lelio Mejia1 
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Rajendrum Arulnathan3 
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ABSTRACT 

 
The Panama Canal Expansion Project includes construction of four new dams, known as 
the New Borinquen Dams, to provide navigation access from the new Post-Panamax 
locks to the existing waterway of the Panama Canal. The dams are critical components of 
the canal expansion and must withstand their design loads with a high level of reliability. 
Because the dams could be subjected to grounding of Post-Panamax-size ships, their 
design requires that the dams be capable of withstanding impact loads from ship 
grounding without loss of function. 
 
Two sets of analyses were performed to estimate the potential damage to the dams due to 
ship grounding. Initial analyses were performed with the computer program SHIPCOL, a 
semi-empirical program in which grounding forces are represented using empirical 
constants calibrated on the basis of scale model tests. Penetration of a ship bow into the 
dams and maximum grounding forces were computed for various grounding scenarios. 
Once the critical grounding scenarios had been identified, three-dimensional (3D) elasto-
plastic numerical simulations were performed using the program FLAC3D, to evaluate 
the stresses and strains induced in the dam core by the ship impact. The FLAC3D 
analyses also provided an independent evaluation of the penetration distance into the dam 
and the induced grounding forces. 
 
The collision scenario resulting in penetration closest to the dam core involved a head-on 
collision from a ballasted ship at an approach velocity of 8 knots. In this scenario the ship 
comes to a stop about 22.5 m from the core.  Analysis of collision scenarios producing the 
greatest grounding forces indicated that the maximum induced compressive and tensile 
stresses within the dam core are less than 10% of the initial long-term effective stresses. 
On this basis, it was concluded that the dams can resist the design ship grounding without 
major disruption of their function. 
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MODELING GEOMORPHIC FEATURES IN LEVEE RELIABILITY 
ANALYSES 

 
Lourdes Polanco-Boulware1 

John Rice, PE, GE, PhD2 
 

ABSTRACT 
 
It has long been understood that subsurface geology affects the potential for internal 
erosion due to underseepage in levees.  Geomorphic features such as abandoned 
meanders, cross channels, point bars, and meander scrolls have been known to 
concentrate or block seepage, resulting in sand boils and internal erosion.  However, due 
to the complexity of the flow regime that occurs when geomorphic features dominate the 
subsurface geometry, incorporating the effects of geomorphic features into either 
deterministic or probabilistic analysis has remained a challenge.  Based on the 
assumption that the preponderance of the underseepage risk to a levee reach is due to the 
geomorphic features along that reach, methodology is being developed to incorporate the 
combined effects of these geomorphic features into reliability analyses of underseepage 
risk.  The methodology consists of a Response Surface-Monte Carlo analysis that takes 
into account the uncertainty in the subsurface geometry and the soil properties in 
assessing the flow regime associated with each geomorphic feature.  Three-dimensional 
finite-element seepage analyses will be used to develop the response surface in order to 
take into account the inherent three-dimensional aspects of the features.  A failure modes 
and event tree analysis will then be performed for each geomorphic feature to assess the 
likelihood of the resulting hydraulic conditions developing into a levee failure.  The 
probabilities of failure for the geomorphic features located along a levee reach will then 
be combined to assess the total probability of failure of the levee reach due to 
underseepage. 
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WHEN YOUR LEVEE CANNOT BE ACCREDITED . . . THEN WHAT? 
 

Maureen P. Cissel, CFM1 
 

ABSTRACT 
 
Local officials in Maryland received notification from the federal government declaring 
their local levee system could not be accredited. The levees were designed and 
constructed by the federal government (albeit in the 1950s), no major problems had been 
identified during the annual inspections, and there had never been a levee failure. What 
had changed? 

Post Hurricane Katrina the National Levee Safety Committee was formed to evaluate the 
standards for levee accreditation. This levee, like so many in other jurisdictions 
throughout the nation, needed to be upgraded to meet the new standards for FEMA 
accreditation.  There were a flood of questions that followed: 

• Are our constituents in danger?  (Answer: not immediate danger but let’s get to 
work) 

• How can we explain this to our residents and property owners?  (Though flood 
insurance is always recommended, will it be required?)  

• How do we fix this? 
 
The first step towards accreditation was a thorough system review; the next step was a 
complex analysis of the system components.  The analysis, design and construction were 
completed over the next five years.  The project team included the local agency/levee 
sponsor, federal regulatory agencies, design team, and construction contractors.  
 
A systematic management and design approach to identify deficiencies, design, construct, 
and ultimately obtain levee accreditation.   The system includes almost five miles of 
earthen levee, pumping stations, pressure conduit, and various levee penetrations, sluice 
gates and flapper valves. The project reduced overall flood risk and improved safety and 
welfare of more than 1,350 properties and their residents and owners.  
 

                                                 
1 Project Manager, McCormick Taylor, 509 Exeter Street, 4th Floor, Baltimore, MD  21202  
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BEST PRACTICES FOR SEEPAGE DATA COLLECTION DURING LEVEE 
FLOOD FIGHTS 

 
Cory Williams, P.E.1 
Noah Vroman, P.E.2 

 
ABSTRACT 

 
Inspections are key elements to assessing the physical condition of levee systems.  
Performing inspections during flood events and non flood events provide insight to the 
performance of the levee system under different loading conditions.  For most levee 
systems, through seepage and under seepage related levee failure modes are significant 
risk drivers.  Thus, performing inspections and recording seepage issues during flood 
events is essential for making informed engineering assessments of levees.  During the 
historic flood of 2011 on the lower Mississippi River, a significant effort was made to 
accurately record performance data such as quantity of seepage and location of sand 
boils.  Several methods for the collection of seepage data were utilized during the flood 
event with various levels of success.  The resulting reports of seepage observations 
provided a wealth of information about the event, allowing the US Army Corps of 
Engineers in the Mississippi Valley Division to prioritize levee repairs and providing 
insight to future levee performance.  This paper summarizes lessons learned for recording 
seepage issues during the Mississippi River flood of 2011.  In addition, this paper 
discusses best practices of field collection and report preparation such as using standard 
terminology for seepage and sand boils, utilizing air and land inspection techniques and 
collecting data with a standardized format that is compatible with GIS applications.    
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EVALUATION OF MINE BREAKTHROUGH AT COAL TAILINGS 
IMPOUNDMENTS 
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ABSTRACT 

 
The evaluation of a mine breakthrough event and potential for impounded coal tailings to 
flow into mine workings was brought to the attention of the coal mining industry as a 
result of the Martin County, KY breakthrough event in October 2000.  The far reaching 
effects of this event and other lesser known breakthrough events resulted in design 
professionals in the coal industry and regulatory agencies, including the Office of Surface 
Mining Reclamation and Enforcement (OSM), to review the state of practice with regard 
to evaluating potential for mine breakthrough and flow potential of impounded coal 
slurry.  Recent publications evaluating these issues have addressed identifying potential 
failure modes and their reliability, generalizing soil behavior issues related to strength of 
coal tailings, simplified approaches to identifying flow characteristics, and the effects of 
the impoundment’s operational status on in-place coal tailings. 
 
The authors propose that mine breakthrough and the potential of subsequent uncontrolled 
flow of coal tailings into mine workings can be initiated by seepage and hydrostatic 
pressure, overburden failure, or a combination of both.  Given these generalized 
scenarios, there are existing methods of geotechnical analyses to estimate the level of 
safety against uncontrolled flow occurring as a result of mine breakthrough.  The state of 
practice for evaluating flow potential of impounded coal tailings (fine coal refuse) into 
underground mines is also discussed. 
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FACTORS AFFECTING UPSTREAM CONSTRUCTION AT COAL TAILINGS 
IMPOUNDMENTS 

 
Robert M. Shusko, P.E.1 
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Andrew J. Antell, E.I.T.3 

 
ABSTRACT 

 
The evaluation of staged embankment construction overtop weak foundation conditions 
has long been part of geotechnical and dam engineering practice, but has historically not 
been a substantial component of the design and analysis of coal tailings impoundments. 
Due to operational and production related constraints of coal mines and preparation 
plants, the construction of coal tailings dams and impoundments often require the use of 
some variation of the upstream construction method to meet freeboard and disposal 
capacity requirements.  In light of recent notable upstream failures at coal tailings 
impoundments such as the Nolan Run Slurry Impoundment failure, the undrained 
analysis of upstream embankments constructed over settled, fine coal tailings is receiving 
more attention as part of the evaluation of such impoundments (MSHA, 2014).  Although 
the methods and approaches used for staged-construction analyses of upstream 
embankments at impoundments is similar to conventional situations, there are unique 
features that exist at coal tailings impoundments that affect the staged-construction 
analyses of upstream embankments.   
 
There are several features of the operation and design of coal tailings impoundments that 
affect the construction of upstream embankments and the stage-construction analyses. 
Recent environmental regulations has led to more restrictive requirements including the 
use of geosynthetic lining systems.  Facilities operate to limit discharge of coal contact 
water, which has led to the use of tailings impoundments for storage of water resulting in 
an increase of free water level above the tailings. There is limited availability of typical 
and site specific characterization of undrained shear strength and rate of pore pressure 
dissipation characteristics of coal tailings.  The potential exists for the specific gravity of 
coal tailings to be 30% to 40% lower than the specific gravity of naturally occurring soils. 
 
The features and issues listed above are being addressed through design features and 
implementation of additional exploration and material characterization programs.  The 
results of these programs serve to provide a better understanding of the behavior of coal 
tailings during staged construction loading associated with upstream embankment 
construction. 
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SEISMIC EVALUATIONS FOR COAL COMBUSTION RESIDUAL 
IMPOUNDMENTS IN THE EASTERN SEISMIC ZONE 
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ABSTRACT 
 
An extensive field investigation and laboratory test program was developed and 
implemented to characterize the dike, subsurface soils, and impounded Coal Combustion 
Residuals (CCRs) for two CCR ponds.  Seismic hazard, site response, and liquefaction 
analyses were performed.  These analysis results indicated, in general, that liquefiable 
zones are predominately located along the downstream toe of the pond perimeter dike.  
The areas exhibiting liquefaction potential were evaluated for the consequences of 
liquefaction and the results indicated that mitigation measures need to be applied along a 
section of the dike toe to reduce potential for liquefaction-induced hazards.  The option of 
lowering the water level within the ponds was selected because the plant owner 
anticipates proposed United States Environmental Protection Agency (USEPA) 
regulations will require pond closures.  The selected option is a risk reduction measure 
that mitigates the flow potential of the contained CCR materials in the event of a dike 
failure.  The analysis work presented here illustrates the effect of using region specific 
modulus reduction and damping curves and age scaling factor to account for the 
Pleistocene origin of the foundation soils on the final results and mitigation decision.  
The use of these region specific correlations results in significant reduction in the 
calculated extent of liquefiable zones.  While it is important to incorporate emerging 
region specific methodologies in the eastern seismic practice, parameter studies to 
evaluate the effect of these methodologies when compared to standard generic 
methodologies should be considered as part of the evaluation as one done for this project. 
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CONDITIONS OF COAL ASH EMBANKMENTS 
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Brad Bodine, P.E., CHMM 4 

 
ABSTRACT 

 
There are nearly 500 coal ash disposal/treatment ponds contained by earthen and coal ash 
embankments up to 400 ft high in the United States.  They are not consistently regulated 
among states and many are not regulated under dam safety programs, instead relying on 
treatment pond (National Pollutant Discharge Elimination System) or disposal area (solid 
waste) regulatory programs.  In the wake of the dredge cell failure at the Tennessee 
Valley Authority (TVA) Kingston Fossil Generating Plant in 2008, the United States 
Environmental Protection Agency (USEPA) inspected 180 power plant facilities and 
more than 429 impoundments from 2009 through 2011.   
 
This paper presents a statistical summary of the findings of the inspections for the 
following eight key characteristics: embankment hazard classification, height, 
downstream slope, evidence of failure, construction materials, evidence of seepage or 
sloughing, presence of woody vegetation, and major erosion or slope deterioration.   
 
A summary of past failures is presented with an assessment of whether the key 
characteristics observed during the inspections are sufficient indicators of future failure.  
The statistical data and the evaluation of past failures indicate that while embankment 
inspections are standard practice, they should not be solely relied upon to assess 
embankment safety.  Further, the Potential Failure Mode Assessment (PFMA) is offered 
as an additional method to assess the safety of embankments. 
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GEOTECHNICAL PROPERTIES AND DIAGENESIS OF PONDED FLY ASH 
 

Robert C. Bachus, PhD., P.E., D.GE1 
J. Carlos Santamarina, PhD2 

 
ABSTRACT 

 
Ponded fly ash is a unique sediment, exhibiting distinct particle and bulk-scale 
characteristics compared to natural sediments.  However, these materials are not unlike 
materials retained by mine tailings dams and are often managed similar to mine tailings.  
A recently completed EPRI-funded laboratory study focused on assessing the 
fundamental geotechnical engineering properties of fly ash and its behavior in ash 
disposal ponds.  This information is important to understand from the perspective of 
stability of the impounded material, as the ponded fly ash serves as the foundation for the 
cover system used to close a decommissioned ash pond.  For the EPRI study, samples of 
ponded and dry fly ash were obtained from several electric utilities and subjected to 
extensive laboratory characterization.  Laboratory test results helped discern the 
distinguishing physical and chemical characteristics of ponded fly ash, and led to the 
identification of potential pitfalls in using standard geotechnical correlations and analyses 
when dealing with these materials, particularly those correlations that include reference to 
specific gravity, void ratio, and unit weight.  Importantly, short-term aging was observed 
in some fly ash specimens.  This early diagenesis is readily detected by shear wave 
velocity and has a marked effect on self-weight consolidation, which alters the 
contractive/dilative tendency of fly ash subjected to shear.  In most cases, laboratory 
results indicate that “water pluviated and immediately loaded” fly ash specimens would 
tend to dilate upon shear in ponds of moderate depth.  These tendencies are contrary to 
those of materials prone to static liquefaction, a phenomenon that has been attributed to 
ponded fly ash and potentially to loose low-plasticity tailings.  Results from this testing 
program help guide the design of proper field characterization studies and are relevant to 
the selection of strategies for “closing” existing fly ash ponds.  These results may prove 
beneficial in understanding the behavior of ponded tailings materials.  This paper and 
presentation provides a summary of the engineering properties of ponded fly ash, 
examines the mechanism of diagenesis of these materials, and assess the potentially 
significant effects of diagenesis on the engineering performance and the flow potential of 
hydraulically placed materials in fly ash ponds and behind tailings dams.   
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PRESERVATION OF PIEZOMETERS AND ASSOCIATED AUTOMATED 
DATA ACQUISITION SYSTEMS IN TAILINGS DAMS 

 
Dennis J. Fela, P.E.1 

David R. Welters, P.E.2 
 

ABSTRACT 
 
Tailings impoundment dams represent some of the most severe environments for 
piezometers and associated automated data acquisition systems (ADAS), which are 
currently the most actively constructed dams across the United States with new permits 
regularly being granted by state and federal agencies.  Agencies currently require the 
monitoring of phreatic levels within the dams throughout the staged operation of the 
impoundment.  This is commonly being performed with piezometers, typically 
employing vibrating wire (VW) technology alone or in conjunction with other 
piezometers, installed as part of initial construction or at key stages, and maintained 
during operation as new stages are built for facility expansion.  The installation and 
operation of VW piezometers on tailings impoundments presents a challenge due to the 
constantly changing embankment and pool conditions, as well as the aggressive 
environment.  The failure rate of VW piezometers in active tailings impoundments has 
been greater than at traditional dam installations due to factors relating to the construction 
and material composition of the dams.   VW piezometers typically require the installation 
of cable which is typically buried underground and routed to an enclosure.  Active 
disposal sites where the dam is being raised present challenges to avoid the cables being 
damaged or severed during construction operations.  Lightning strikes near enclosures or 
buried cables can impact instruments.  VW piezometers are sometimes installed within 
tailings above the phreatic level and sit idle for months or years prior to the pool levels 
rising to influence the instrument.  Instrument failure is common in these installations, 
particularly where the phreatic surface fluctuates around the piezometer tip.  Preservation 
of instrumentation in these environments is dependent on selection of piezometer 
materials and methods to achieve life expectancy, reliability and accuracy.  Planning for 
ADAS enclosures is also required to account for expansion, exposure to the elements, 
lightning, etc.   
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IMPLEMENTATION OF NEW YORK STATE’S GUIDANCE FOR DAM 
HAZARD CLASSIFICATION  

 
Kevin Ruswick, PE, CFM1 
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ABSTRACT 

 
New York State (NYS) promulgated new dam safety regulations in August 2009 which 
established specific owner activities for maintaining a safe dam.  The law includes 
requirements to develop Inspection and Maintenance Plans and Emergency Action Plans, 
perform inspections and formal Engineering Assessments, and drives the need to identify 
and remediate deficiencies at existing dams for the betterment of public safety. 
Timetables for performing these activities were established based on the dam hazard 
classification; specifying more aggressive timetables and more rigorous design criteria 
for high hazard facilities than for intermediate or low hazard facilities. The appropriate 
hazard classification informs the State of a dam’s potential risks to life and property 
downstream of the facility, allowing for an educated allocation of its resources; and 
informs the owner of the potential consequence of dam failure, potential liabilities, and 
appropriate design criteria. Therefore, establishing a proper hazard classification is 
paramount to establishing a correspondingly appropriate dam safety program.  The NYS 
Dam Safety Section recently issued Guidance for Dam Hazard Classification to assist 
their staff, dam safety consultants, and dam owners in the consistent assignment of 
hazard class. This Guidance identifies several categories of population and infrastructure 
at risk that can drive the hazard classification of a facility including: loss of life, access 
for emergency services, damage to homes, damage to roads and railroads, interruption of 
utilities, downstream dams, and environmental damage. 
 
The hazard class is based on the potential consequence of a dam’s failure. The primary 
tool used to assess this is the inundation mapping associated with “sunny day” and “rainy 
day” dam break scenarios, and the comparison of consequences between the failure and 
non-failure events. Application of specific technical approaches can influence the results 
of these studies and should be carefully considered when determining an appropriate 
hazard classification or in the regulator’s evaluation of these determinations. Discussions 
will involve topographic resolution, aerial imagery, calibration of hydrologic models, 
limits of analyses, downstream tributary inflows, and dam break parameters (timing and 
geometry), and how selection of these can influence the outcome of a hazard 
classification study in NYS or elsewhere.  A review of the NYS guidance documentation 
and its application through case studies is also presented. 
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FROM DATA GRAVEYARDS TO SMART PHONES: 
LEVERAGING TECHNOLOGY TO MODERNIZE DAM HAZARD 

ASSESSMENTS 
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ABSTRACT 
 
The North Dakota State Water Commission (NDSWC) recently used National Dam 
Safety Program grant funds to engage Gannett Fleming to perform hazard classifications 
for 90 dams under their jurisdiction. The NDSWC’s goal was to have consistent, up-to-
date, defensible hazard classifications for these dams, and to identify those dams with the 
greatest potential downstream impacts to best allocate limited dam safety resources to 
manage risk in the most effective way. 
 
Because of the large number of dams to be evaluated and limited budget, a technical 
approach was developed that provided the greatest benefits for the least cost.  The final 
approach used two-dimensional modeling to accommodate the complex and relatively 
flat terrain downstream of most North Dakota dams, and programming a custom database 
to apply user-defined criteria for assessing consequences, including loss of life, at 
dwellings and road crossings.  The final product made significant use of GIS tools and 
internet-based resources, and linked these resources to the consequence analyses through 
the customized database.  A powerful feature of the database is the ability to quickly 
perform sensitivity analyses on the hazard classifications of all 90 dams concurrently. 
The database can also be used to monitor downstream development and perform periodic 
hazard classification updates without any re-analysis. 
 
Due to the cross-platform fluidity of the technology employed, the inundation maps and 
other consequence analysis data were generated and published in formats that could be 
easily viewed, even with a smartphone so that end users with limited technical expertise 
can effectively use the risk data.  
 

                                                 
1 Benjamin Israel-Devadason, P.E., CFM., Senior Hydraulic and Hydrologic Engineer, Gannett Fleming, 
Inc., Harrisburg, PA, bisrael@gfnet.com 
2 Paul G. Schweiger, P.E., CFM., Vice President, Gannett Fleming, Inc., Harrisburg, PA, 
pschweiger@gfnet.com 
3 Kate Aulenbach, E.I.T., Hydraulic and Hydrologic Designer, Gannett Fleming, Inc., Harrisburg, PA 
4 Amanda J. Hess, P.E., CFM. Hydraulic and Hydrologic Group Manager, Gannett Fleming, Inc., 
Harrisburg, PA 
5 Karen Goff, P.E. Dam Safety Engineer, North Dakota State Water Commission. 



NOTES 

128 



129 

POTENTIAL FAILURE MODES FOR A NATURAL DAM INCLUDING 
ESTIMATED DURATION OF FAILURE MODES 
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ABSTRACT 
 
At BC Hydro’s Ruskin Dam and Powerhouse in British Columbia, Canada, the left 
abutment of the 58 metre high gravity dam forms an earthen “natural dam” between the 
reservoir and the powerhouse.  The left abutment, containing power intakes/tunnels, has 
experienced on-going tunnel leakage, and initial engineering investigations estimated the 
downstream slope could undergo large deformations under seismic loading, posing a risk 
to the powerhouse and possibly loss of the reservoir.  A Potential Failure Modes Analysis 
(PFMA) was carried out for the left abutment, following U.S. Government Federal 
Energy Regulatory Commission’s (FERC’s) process but modified by BC Hydro.  The 
key modification from the FERC process is the inclusion of the anticipated duration of 
each step in the development of each potential failure mode (PFM) for the purpose of 
assessing the ability to detect, respond and intervene to arrest full development of the 
particular PFM, and/or identifying the needs for mitigation to prevent the occurrence of 
the failure mode(s).  The work involved review of construction history, site geotechnical 
data, previous deficiency investigations, and performance history of the left abutment and 
associated structures.  Seventy-seven PFMs were identified and classified.  Following the 
initial PFMA, further engineering evaluations were carried out to assess potential dam 
safety deficiencies associated with the PFMs.  Based on these analyses, the PFMs were 
reclassified and final engineering documents prepared to remediate and/or monitor each 
PFM.   The PFMs of greatest significance are being remediated. 
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A NEAR-MISS — A HISTORIC RAINFALL LOCATED THE WEAK LINK IN 
UPGRADED EMBANKMENT DAM  
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ABSTRACT  

 
The epic storm event that took place in north central Colorado in September 2013 was yet 
another reminder that Mother Nature will have the final say.  The event tested the local 
infrastructure to unprecedented levels and in unanticipated ways; and weaknesses were 
revealed.  While most of the dams in the affected area performed well, the Baseline Dams 
and Reservoir were among the infrastructure that was put to the test. 
 
On September 12, the second day of the rain event, the dam owner placed a call to the 
Colorado Dam Safety Branch to report that a new 40-foot-long longitudinal crack had 
developed overnight along the downstream shoulder of the Northwest dam crest and had 
sloughed approximately 1 foot downslope.  Adding to the complexities, several smaller 
scarps were cutting into the dam crest along the upstream shoulder in the same reach, and 
the off-channel reservoir was receiving uncontrolled inflows from South Boulder Creek 
well in excess of the normal inflows due to complications at the diversion structure.  With 
the National Weather Service forecasting a stalled front over the Boulder area and 
continuing heavy rainfall through at least the next few days, the Emergency Action Plan 
for Baseline Reservoir was activated and a team of engineers was mobilized to the site to 
aid in the response. 
 
Quick action by the owner and the team of engineers, digitally accessible State dam files, 
and 24-hour monitoring and inspection enabled the dam to “weather the storm”; however 
weaknesses were revealed and a near-miss was recorded.  This paper endeavors to replay 
the events, decision-making process and response measures at Baseline Dam and 
Reservoir throughout the September 2013 storm event and expresses the need to fully 
understand safety issues prior to an upgrade.   
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CONVEYING LESSONS LEARNED FROM DAM INCIDENTS AND FAILURES 
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ABSTRACT 
 
There is a pressing need to understand the underlying causes of dam failure to ensure 
such occurrences are not repeated.  Historical information on dam incidents is scattered, 
incomplete, missing, and sometimes misleading – making it difficult for owners and 
practitioners to easily access meaningful information that could assist them with critical 
design and operational decisions.  If lessons learned and best practices are not effectively 
communicated, there is a possibility that poor practices will be repeated and preventable 
incidents will not be averted. 
 
In late 2013, the Federal Emergency Management Agency (FEMA) authorized a project 
to research past dam failures and incidents and select the most appropriate information to 
include in a compendium of lessons learned supported by case histories.  The project 
scope includes addressing a range of failure modes, dam types, and dam safety practices, 
including lessons learned relating to a spectrum of dam safety topics including 
engineering and design, emergency planning and response, operation and maintenance, 
and regulatory issues.  The primary objective for this project is to create a website that 
will allow users to access a series of lessons learned and corresponding case studies.  
Each lesson learned will be presented in a user-friendly, web-based format that includes 
access to pertinent graphics, narratives, statistics, photographs, videos, best practice 
resources, technical papers and other available information.  The target audience includes 
dam safety engineers, operators, dam owners, regulators, emergency managers, academia 
and students. 
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EXPOSURE: A NEW DECISION METRIC FOR SELECTING EFFECTIVE 
SETS OF SECURITY UPGRADES 
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ABSTRACT 
 
The United States Army Corps of Engineers (USACE) conducts Security Risk 
Assessments (SRAs) at its most consequential dam projects. The Common Risk Model 
for Dams (CRM-D) provides a mathematically rigorous and easy-to-implement way to 
conduct SRAs. The CRM-D quantifies risk as the product of the probability of a 
successful attack, given it is attempted, and consequences.  Referred to as conditional 
risk, this decision metric is the expected loss given a specified attack is attempted on a 
particular target. A specified attack (consisting of an attacker type and an attack vector) 
carried out on a particular target comprises a scenario. 

The CRM-D considers three attacker types and thirty-two attack vectors identified by 
USACE Headquarters (HQs).  A dam with only a modest number of critical assets could 
thus have several hundred scenarios and, consequently, several hundred conditional risk 
estimates. This paper introduces a decision metric, exposure, which allows the analyst to 
aggregate conditional risk estimates across scenarios. The analyst can use exposure to 
compare risks by attack type, by target or for any useful set of scenarios. These 
comparisons can guide an analyst in determining a proposed set of security upgrades. A 
standard set of graphics and return-on-investment calculations based on exposure are 
introduced that summarize the current level of risk at a dam project as well as the reduced 
level of risk should the set of recommended security upgrades be implemented. 
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BLAST IMPACTS ASSESSMENT FOR EMBANKMENT DAMS: PARAMETRIC 
STUDY RESULTS AND DESIGN IMPLICATIONS 
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ABSTRACT 
 
Dam security and risk assessments are a growing concern in the field of dam safety. 
Many dams provide easily accessible, high visibility targets for those intending to 
commit malicious or terroristic acts. As such, the vulnerability of dams to the impact of 
explosive blasts should be considered in dam security and risk assessments. A recent 
study has been performed to evaluate the blast impacts to embankment dams, including 
the potential for local crater or crack formation that could lead to a devastating erosive 
breach. This detailed study included the use of non-linear explicit dynamics modeling of 
the blast impact on a trial dam computational model. Details of the development of the 
simplified trial dam section and the procedure for performing the blast impact 
assessment, including evaluating results in terms of potential crater and crack formation, 
are presented. A critical aspect of the analysis is the soil material model used to evaluate 
the dynamic impact of the blast in the numerical modeling. A parametric study of several 
soil models was performed to assess the overall effect on the depth of potential crater and 
crack formation. Soil material models were developed based on a standard software 
library as well as published research on landmine impacts for differing soil types. The 
results of the localized blast impact for different soils, as well as concrete ground cover, 
are discussed along with implications for design of potential mitigation measures. 
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ABSTRACT 

 
This paper illustrates a new approach to assessing dam safety using systems simulation of 
natural, engineered, and anthropogenic processes. A case example is used to illustrate the 
approach and to indicate the strengths and weaknesses of viewing dam safety through the 
lens of systems engineering. The systems engineering approach seeks to identify 
emergent behaviors of dams, reservoirs, and waterways rather than focus on the simple 
reliability of gates, sensors, or other single components.  
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USING MONITORING PROGRAMS TO MANAGE DAM SAFETY RISKS 
 

Jay N. Stateler, P.E.1 
Brad Iarossi, P.E.2 

 
ABSTRACT 

 
Those involved in designing or modifying dams can use the best methods and practices 
available, but uncertainties will always exist regarding the completed structure.  
Unknowns regarding the geology of the damsite will always exist because there are 
practical limits relative to site exploration work.  Construction unknowns will always 
exist to some extent since nothing is ever constructed in complete conformance with the 
plans and specifications.  Similarly, documentation of construction work will always be 
somewhat less than total.  And those represent uncertainties for new, state-of-the-art 
dams.  The unknowns and uncertainties associated with existing dams, particularly older 
dams, obviously can be many times greater.  Evaluations of existing dams can be 
performed using the latest techniques.  However, such evaluations will always be limited 
by what is estimated (or can be surmised) about the material properties associated with 
the dam itself, as well as the dam’s foundation and abutments.  State-of-the-practice 
limitations may exist as well.  Dam safety evaluations can be performed to the best of our 
abilities, but realism about the degree of validity and accuracy of the results is important.  
Hence, the need for well-designed and successfully implemented monitoring programs at 
dams, to address the unknowns and uncertainties, and appropriately manage the risks 
regarding the initiation/development of potential failure modes for dams (both those that 
have been identified and evaluated, and those that have not). 
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CONSTRUCTION AND MONITORING OF EXTRACTION WELLS AT THE 
BLUE RIDGE DAM EMBANKMENT 

 
Peter Zimmerman, PE, PG1 

Lindsay McMichen, PG2 
 

ABSTRACT 
 
Movement of the Blue Ridge Dam embankment during the seismic remediation led to a 
heightened dam safety concern.  Numerous piezometers, observation wells, 
inclinometers, and survey monuments were installed and monitored following the slope 
movement.  TVA was committed to raising the Blue Ridge reservoir to normal summer 
pool levels in 2013, and features designed to raise the global stability factors of safety for 
non-seismic loading were constructed.  These features included installing extraction wells 
to lower the phreatic surface in the embankment, adding rock fill buttressing at the toe of 
the embankment to improve stability, installing gabion walls and an L-wall at the toe, and 
re-grading the rock fill slopes.  Extraction well installation and operation at Blue Ridge 
Dam was begun only after careful consideration of risks and preparation of an 
instrumentation and monitoring program.  The wells were designed to limit the risk of 
sediment removal from the embankment by screening the wells within the rock and 
weathered rock foundation and by installing the wells with a suitable sand filter.  
Embankment settlement was a concern and all soil piezometers and observation wells 
were assigned target elevations.  Pumping was to be slowed or stopped if piezometric 
levels in the instruments fell below the target elevations.  The intense monitoring that 
occurred following movement of the downstream slope and the observed performance of 
the dam during a prolonged flooding event increased confidence in the long-term 
performance of the dam.  TVA elected not to install additional extraction wells and 
instead continue their robust monitoring program at the dam.   
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PERFORMANCE MONITORING TO HELP MANAGE RISK FOR DAMS AND 
IMPOUNDMENTS  

 
W. Allen Marr1  

 
ABSTRACT 

Every dam and impoundment presents risks due to the many uncertainties about how it 
will perform and the large consequences of an uncontrolled release.   Undesirable 
performance can occur unexpectedly due to sudden loads, hidden changes or unseen 
degradation of materials.  A seemingly well performing structure based on visual 
inspections can suddenly display indications of poor performance and fail within hours. 

Performance monitoring with visual surveillance and data from instrumentation is 
frequently used to provide information on the inner workings of the facility over time.  
An effective performance monitoring program can give indications of unacceptable 
performance in time for corrective measures to be taken to avoid failure.  The 
combination of using observations and measurements to give early warning and taking 
action to avoid failure and/or reduce the consequences of a failure provides a powerful 
approach to reduce the risk of failure of a dam or impoundment. 
 
This paper examines the ways in which performance monitoring can help reduce the risk 
of failure.  It describes the components of a performance monitoring program that are 
required for it to be an effective risk management tool.  It includes three cases to illustrate 
the use of a performance monitoring program to reduce risk.  It concludes that an 
effective performance monitoring program can reduce the probability of failure by one to 
two orders of magnitude and potentially reduce consequences by similar amounts.   
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TIME-FUNCTION METHOD TO ESTABLISH PIEZOMETER PERFORMANCE 
PARAMETERS  

 
Brian Hart1 

  
ABSTRACT 

 
Dam safety monitoring is critical to the management of aging dam infrastructure.  One 
way dam safety and risk are characterized is through the evaluation and monitoring of 
dam instrumentation data, including piezometer readings.  Piezometer readings are 
gathered and analyzed, and dam instrument performance parameters are established 
based on this analysis.  Methods for establishing performance parameters for piezometers 
in embankment dams that have reached pore-water pressure equilibrium have been well 
documented.  However, methods to establish performance parameters for piezometers in 
embankment dams that have not reached equilibrium have not been thoroughly 
addressed.  This paper details the assumptions and limitations of the load-response 
method, and proposes a time-function method of establishing performance parameters for 
piezometers in embankment dams that have not reached equilibrium based on time-series 
analysis.  The time-function method is outlined through an example of its application and 
the results are reviewed.  Piezometer data collected from two embankment dams were 
evaluated for this study: one embankment dam features excess pore-water pressure, 
which is dissipating with time, while the second embankment dam is unsaturated, with 
pore-water pressure that is increasing with time. In both cases, the results show the 
proposed time-function method adequately predicts the future performance of the 
piezometer readings. 
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TVA’S INSTRUMENTATION AND MONITORING PROGRAM — HELPING 
MANAGE RISKS ASSOCIATED WITH WASTE IMPOUNDMENTS 

 
W. Allen Marr, PhD, PE, NAE1 

Nicolas McClung, PE2 
Scott Turnbow, PE3 

 Dori Ross, PE4  
 

ABSTRACT 
 
TVA is responsible for the operation and safety of 22 waste stacks associated with its 11 
coal-fired power plants located in 3 states.  These stacks store various combinations of fly 
ash, bottom ash, and gypsum with a combined surface area of approximately 1680 acres.  
Fly ash comes from the removal of particulate matter from the exhaust stacks. Bottom 
ash is the residuals left from burning coal.  Gypsum is a byproduct of the removal of 
particulate matter from the exhaust stacks.  Historically these materials were transported 
to the disposal areas by pipeline and sluiced into position behind dikes.  The dikes are 
raised by constructing perimeter embankments of local materials and in some cases using 
the waste materials.  Most raises occurred using the upstream method in which each new 
dike is placed on top of the older dike but shifted inward.  The dikes have typically 
impounded standing water for their operational life which has resulted in them being 
managed as dams. 
 
In 2008, after the catastrophic failure of one of these stacks at Kingston, Tennessee, TVA 
undertook a major program to upgrade its performance monitoring program to a real-time 
monitoring system that gives advanced warning of unexpected performance.   Primary 
potential failure modes were identified for each active waste stack and a monitoring 
program was developed to indicate early stage development of each significant failure 
mode.  Instrumentation was installed and a real-time data collection and management 
system put into place.  Currently this system monitors more than 5,400 sensors logging 
more than 17,000 readings per hour. 
 
This paper describes the factors used to design the monitoring system, the key 
components of the system, and examples of how it is used to help manage TVA’s risk for 
these facilities.  The benefits of the instrumentation and monitoring approach as a risk 
management tool are discussed.  Lessons learned from the implementation and operation 
of the system are described so that other owners of similar facilities might benefit.  
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PREDICTING PIEZOMETRIC RESPONSE DURING HIGH LOADING EVENTS 
BASED ON LIMITED HISTORICAL DATA 

 
Chun-Yi Kuo, Ph.D., P.E.1 
Troy S. O’Neal, Ph.D, P.E.2 
Richard B. Hockett, P.G.3 

 
ABSTRACT 

 
Piezometers are important in monitoring dam performance during routine operations and 
during flood events or after an earthquake event. The risk assessor is often charged with 
predicting ground water level for high pools when such pools have not occurred 
historically.  Often the piezometer readings are plentiful and the data can be extrapolated 
to determine ground water levels during extreme events. However, some dams do not 
have sufficient piezometric data for meaningful regression analyses.  Although over 100 
working piezometers are present at Moose Creek Dam, the piezometric data record is 
very limited.  This makes prediction of the piezometric response to future higher pools 
difficult.  Remedial measures have been incrementally constructed, consisting of an 
extensive relief well system and enlarging an upstream impermeable blanket. Those 
remedial measures make the interpretation and extrapolation of future piezometric 
response even more difficult and challenging.  To assist the understanding and analyses 
of piezometric response, a concept of “Piezometer Response Ratio” was used.  This paper 
presents how the response ratio concept is being utilized for meaningful piezometer data 
analysis at Moose Creek Dam.  
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THE EFFICACY OF PREDRILLING IN SEEPAGE BARRIER WALL 
CONSTRUCTION 

 
John W. France, PE, D.WRE1 

Michael F. Zoccola, PE2 
Li Yan, Ph.D., P.Eng.3 

 
ABSTRACT 

 
In the past several years, the authors have been involved in two seepage barrier wall 
projects in which predrilling proved to be very effective in achieving design goals. In 
many cases, a construction contractor will not consider predrilling because of the added 
initial expense and time. However, the two cases highlighted in this paper demonstrate 
that the cost and time for predrilling can, in the end, be a cost and schedule benefit for a 
seepage barrier wall project. This paper reviews the benefits of predrilling for Wolf Creek 
Dam, KY and Ruskin Dam, British Columbia, Canada. The unique aspects of each 
project are reviewed, with emphasis on the benefits realized from predrilling.  
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SEEPAGE CONTROL UPGRADE FOR RUSKIN DAM RIGHT ABUTMENT 
 

Nathan Sweeney1 
Li Yan2 

Saman Vazinkhoo3 
 

ABSTRACT 
 
A new seepage control system, consisting of seepage cut-off and training walls, and tie-in 
of the cut-off wall into the concrete dam was constructed at Ruskin Dam, located in 
British Columbia, Canada. The seepage control system was part of a larger project to 
upgrade the right abutment to address seismic and seepage deficiencies. Due to the dam 
safety risks and complex nature of the site, a unique early contractor involvement (ECI) 
procurement process was used to encourage innovation and reduce risks by including the 
contractor in the development of the final design. Several specialized and innovative 
methodologies were used to construct the seepage control system, including slurry panel 
construction for the cut-off and training walls, and jet grouting, specialized drilling, and 
placement of an asphalt mastic for the tie-in. Jet grouting was carefully carried out at the 
tie-in to repair and strengthen the sands and loose fills adjacent to the dam without 
affecting safe operation of the dam. Successful completion of the jet grouting allowed for 
construction of a 7.2 m long, 0.168 m wide, and 19.5 m to 25.5 m deep slot to connect the 
seepage cut-off wall to the concrete dam. The slot, consisting of a series of overlapping 
holes, required several innovative construction techniques, including the use of the 
pendulum drilling method, and a custom designed guide system to complete the 
overlapping holes. The asphalt mastic used to fill the slot is watertight and highly flexible 
to accommodate potential seismic-caused deformations. 
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MOOSE CREEK DAM — RISK ASSESSMENT OF AN 8-MILE-LONG DAM 
FOUNDED ON DEEP SAND AND GRAVEL DEPOSITS WITH 
DISCONTINUOUS PERMAFROST IN FAIRBANKS, ALASKA 

 
Troy S. O’Neal, Ph.D., P.E.1 
Chun-Yi Kuo, Ph.D., P.E.2 

 
ABSTRACT 

 
Moose Creek Dam is located on the Chena River upstream of Fairbanks, Alaska and 
reduces flooding in Fairbanks and surrounding communities by temporarily impounding 
and diverting floodwater to the much larger Tanana River.  While classified by the US 
Army Corps of Engineers as a dam, it functions much as a levee. 
 
The eight-mile long “dry” dam is constructed over a broad valley filled with stratified 
sands and gravels covered with a surficial silt layer of varying thickness. There are 
localized areas of near-surface permafrost, with some areas that have thawed since 
construction. Depth to bedrock ranges from being at ground surface at the north 
abutment, to over 600 feet along the majority of the dam axis. The southern end 
terminates at the Tanana River. Groundwater typically is about 6 to 8 feet below the 
ground surface and rises quickly during flood events but dissipates slowly.  
 
The risk team performed an initial assessment of the existing project risk and continues to 
refine the risk estimate based on a recent flood event (June 2014) and future population 
growth trends. Many unique aspects were assessed including dam design, construction 
methods in cold regions, the effects of the discontinuous permafrost on ground water 
flow and internal erosion, uncertainty in subsurface data, and multiple breach formation 
locations. This paper describes some of the methods utilized to develop the existing 
project risk assessment.   
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EVALUATING ERODIBILITY OF GRAVELLY FINE-GRAINED SOILS 
USING THE SUBMERGED JET EROSION TEST 

 
Tony L. Wahl, P.E.1 

 
ABSTRACT 

 
The submerged jet erosion test is widely used to evaluate erodibility of fine-grained soils 
in dams, levees, stream banks and channels.  Soils that contain significant quantities of 
gravel or coarse sand are problematic because the small ¼-inch-diameter jet is unable to 
transport coarse material out of the developing scour hole, so the hole becomes 
effectively armored during the test.  To address this problem, laboratory tests were 
performed to determine if erodibility of gravelly fine-grained soils can be accurately 
determined from jet tests performed on specimens remolded from a finer control fraction 
of the original soil.  Jet tests were performed on gravelly specimens (the parent soil) 
using a vertical orientation of the soil surface that prevents armoring; these results were 
compared to tests with a standard horizontal orientation performed on specimens 
prepared from the soil fractions passing the No. 4 and No. 40 sieves.  Oversize 
corrections were applied to adjust the compaction water content and target dry density of 
the specimens to produce similar compaction states for the finer-grained portions of each 
soil.  Comparison of erosion test results validated the hypothesis.  Although there was 
scatter among individual results, averages of multiple tests of the parent and finer soils 
were in reasonable agreement.  Results were inconclusive on whether it is preferable to 
remove coarse particles with the No. 4 or No. 40 sieve; screening at either size threshold 
appeared to yield reasonable results.  For practicality, screening at the No. 4 sieve would 
be adequate and easiest to accomplish in most cases. 
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USING COMBINED FIELD GEOLOGIC MAPPING AND 
PHOTOGRAMMETRY TO DOCUMENT FOUNDATION STRUCTURAL 

GEOLOGY AND WEATHERING, FOLSOM AUXILIARY SPILLWAY JOINT 
FEDERAL PROJECT, FOLSOM, CA 

 
Tatia R. Taylor, M.S., Ph.D.1  

F. James Martin2  
Joshua E. Domme3  

 
ABSTRACT 

 
A combination of traditional field geologic mapping and geospatially referenced 
photogrammetric images are being used to create a precise 3-dimensional geologic map 
of the Folsom Auxiliary Spillway Joint Federal Project (JFP) foundation.  Geologic 
documentation of project foundations for permanent historical record is a key objective 
during construction of civil works projects by the US Army Corps of Engineers 
(USACE).  The Folsom JFP is a USACE megaproject consisting of an approach channel, 
control structure, spillway chute and stilling basin, the foundation of which is being 
geologically mapped by USACE geologists with access facilitated by the project prime 
contractor, Kiewit Infrastructure West (Kiewit).  A methodology for geologic mapping 
has been developed wherein the excavated and cleaned foundation is photographed using 
photogrammetric techniques and subsequent geologic field mapping is completed using 
the photogrammetry images as a map base.  Photogrammetry images are processed by the 
geologists using proprietary software which combines them into geospatially oriented 3-
dimensional projects.  On completion of field mapping, the geologists then synthesize the 
field collected data with the photogrammetric projects, resulting in geospatially oriented 
3-dimensional geologic maps.  Photogrammetry images are captured both on and above 
ground, with elevation for invert photographs accomplished using a professional aerial 
platform model S800 EVO, manufactured by DJI, and operated by Kiewit.  The 
foundation rock at Folsom JFP consists of pervasively jointed and locally sheared 
granodiorite of the Rocklin pluton that is preferentially weathered and altered at depth.  
Geologic mapping consists primarily of structural geology and weathering grades, with 
details including mineralogy, joint fillings, and rind thicknesses.  The project permanent 
record will include both the 3-dimensional data set and traditional 2-dimensional 
geologic maps and cross sections.  The combined field mapping and photogrammetry 
approach, enhanced by the aerial platform access method, is resulting in significant 
improvements in field flexibility and safety, efficiency, and reduced expense.  
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BUILDING A FLOODWALL IN MANHATTAN 
 

Matthew Redington, PE1 
 

ABSTRACT 
 
Superstorm Sandy came onshore in late October of 2012, causing widespread destruction 
on the mid-Atlantic coast.  With tropical storm-force winds spanning over 940 miles in 
diameter, the storm was the largest Atlantic storm on record.  Effects of the storm were 
felt in seven countries and twenty-four states in the U.S.    
 
A coastal surge, high tides, strong winds, and heavy rainfall combined to cause extensive 
flooding in low lying areas of New York City.  The Veterans Affairs Medical Center, 
located in downtown Manhattan just two blocks from the East River, was evacuated prior 
to landfall of the storm, but was heavily damaged by flooding.  Although no patients or 
staff members were injured as a result of the evacuation or the storm, the damaged 
facility remained out of service for months, making it especially challenging to provide 
healthcare services to veterans in the New York area.   
 
This paper tells the story of a hospital’s path to recovery from initial landfall and 
damages, to completion of final design.  Temporary flood protection measures were 
installed in the aftermath of the storm to allow resumption of veteran services and 
protection of the facility during interim construction conditions.  Upon beginning design 
for a permanent flood protection system, it became critical to build consensus among 
multiple stakeholders for the project.  This included meeting with multiple layers of staff 
at the U.S. Department of Veterans Affairs to ensure the needs of the agency, local staff, 
and patients could be met by the project.   
 
Insight is provided on how to effectively communicate design risks, post-project residual 
risks, and project uncertainty with a diverse set of stakeholders.  The public awareness 
component of the project, through multi-agency coordination and completion of an 
Environmental Assessment, is discussed.  Final design of the floodwall system and 
incorporation of stakeholder preferences is also discussed.  
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JUGGLING CONFLICTING NEEDS AT TIMS FORD DAM FOR WARM 
AND COLD-WATER SPECIES, RECREATION, AND FLOOD CONTROL 

 
Colleen R Montgomery, M.S., P.E1. 

John T. Baxter, M.S.2 
 

ABSTRACT 
 
The 40 mile reach on the Elk River between Tims Ford Dam and Fayetteville, Tennessee 
has conflicting water temperature needs for an endangered fish species and game fish. 
Releases from the dam are being managed in a unique way to accommodate both species, 
and to also provide wade fishing flow needs and downstream flood damage protection.   
 
Tennessee Valley Authority (TVA) is involved in a consultation with the US Fish and 
Wildlife Service on this reach to protect several mussels and the Boulder Darter, a small 
endangered warm water fish that inhabits the Elk River near Fayetteville, about 40 miles 
downstream of Tims Ford dam.     
 
TVA cannot just release warm water from the spillway to accommodate the darters 
because the State stocks trout immediately below the dam, and the tailwater is a popular 
fishery. Trout are cold water fish, requiring water below 68°F.   
 
The dam's outflow structures include a hydro turbine and sluice using a low-level intake, 
and the emergency spillway, whose crest is 100 feet higher than the turbine intake. There 
can be a 25°F difference between the spillway and turbine release temperatures in the 
summer due to reservoir stratification.  Warm spillway releases alone would kill the trout, 
and cold turbine releases alone stress the darters.   
 
Numerical modeling predicted water temperatures from using different blends of turbine, 
sluice, and spillway releases to determine the best release combinations to provide 
warmer water to the Fayetteville area, while still maintaining the trout fishery near the 
dam, in lieu of adding a costly selective withdrawal structure in the reservoir.  
 
The preferred solution was to abandon use of the hydro turbine from May to November, 
unless there is a flood or other emergency.  Blended sluice and spillway releases provide 
flow downstream. These operations have allowed growth of the darter population and 
fish habitat improvement in the entire Elk River. 
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DEMOLITION OF DAMS AND POTENTIAL DEVELOPMENT OF RUN-OF- 
RIVER PROJECTS USING ALTERNATIVE FISH SCREEN INTAKES 

 
Jon Y. Kaneshiro, PE, GE, PG, CEG1 

Don Dodds, PE2 
 

ABSTRACT 
 
Run of River (ROR) conduit hydroelectric projects with no or limited dams can be a 
significant additional energy resource.  Many existing dam sites slated for demolition as 
well as many undeveloped quality sites still exist for conduit only (or with only limited or 
very small dams) projects.  These sites are generally located in, but not limited to, upland 
forested areas with significant rainfall, low run off coefficients, and moderate stream 
gradients.  A topographic map survey of northwestern California, western Oregon and 
Washington, and Southeast Alaska, show 85 potential sites with a total capacity greater 
than 2,000 MW that could be built for less than half the cost of equivalent wind power 
and 9 times more efficient than solar power.  Plant output ranges from 150 MW to 4 MW 
with an average of 40 MW.  In a world where green power needs are great, and when 
small ROR conduit projects are considered green, why are these resources not taken more 
advantage of, and what can be done to optimize or enhance these opportunities?  The US 
Department of Energy website states that those issues are site and technology dependent.   
 
This paper examines and proposes one part of the possible solution to the main 
environmental challenge – protection of even the tiniest of fish.  This part of the solution 
provides for a very economical intake approach for dams, reservoirs, and ROR conduit 
sites that differ from more costly approaches to protect fish.  It is fish friendly, and builds 
on available water and waste water technology.  To understand this somewhat innovative 
solution for an intake, one must understand the behavior of the fish.  Fish follow the flow 
and are attracted to horizontal flow, but not vertical flow, a priori!  The proposed intake 
consists of a series of horizontal wells buried in engineered graded coarse filter beds 
fitted with back flushing elements for routine maintenance as required to remove even the 
finest clays.  The intake of water is in the vertical direction not in the horizontal direction.  
This paper provides examples of sites that could be developed as well as engineering 
details of the layout and sizes of the intakes (and outlets).  As it turns out, the proposed 
outlet designs are similar in layout to the intakes and provide for beneficial grounds for 
fish egg laying.  Moreover could such an approach to intake technology be used for even 
larger scale intakes for major water supply projects?  Some of the technology discussed 
in this paper may be protected.  This paper is based on the Dodds and Kaneshiro’s 
Hydrovision 2011 paper with only slight modifications to reach out to a broad based 
audience and disseminate the concepts and ideas, some of which may be worth 
incorporating into designs of intake and outlet systems for consideration by planners, 
designers, and owners. 
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GEOTECHNICAL MEETS GEOLOGY — INVESTIGATING THE CARMEL 
RIVER REROUTE AND DAM REMOVAL PROJECT 

 
Kami Deputy, PE1 

 
ABSTRACT 

 
San Clemente Dam was constructed between 1920 and 1921 and was built to impound 
drinking water for the Monterey Peninsula. It is a 106 feet high, 300 foot wide concrete 
arch dam with the original capacity to store 1425 acre-feet of water. Since the dam has 
been commissioned, the reservoir has silted in with over 2.5 million cubic yards of 
sediment and impounds less than 100 acre-feet of water.  
 
During the 1990s the California Department of Water Resources – Division of Safety of 
Dams issued a safety order, finding that the San Clemente Dam could fail during an 
earthquake or probable maximum flood. Following an environmental impact study, 
California American Water presented the option to remove the dam. Concurrent with this 
option, geotechnical investigations were performed which led to the development of an 
indicative design approach for removal of the dam, rerouting the Carmel River, and 
stabilizing the reservoir sediments in place.  
 
The first year of this multi-year project included a geotechnical investigation program 
consisting of geologic mapping, soil/rock core borings, in situ permeability testing, test 
pits, cone penetration testing, and geophysical logging of select boreholes.  The 
investigation was performed during a two month window before the site was closed for 
winter. The project team had to acquire permits, perform surveys of the existing site 
conditions including animal/aquatic life, and develop and obtain approval of a Field 
Investigation Plan. Obstacles onsite included accessing drill sites that varied from soft 
surface soils to steep slopes, methane gases within the strata, collecting soft soils below 
the water table, and drilling and recovering highly fractured rock.  
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MANAGING UNCERTAINTIES DURING HYDROPOWER DAM REMOVALS 
 

Peter E. Haug, PE1 
 

ABSTRACT 
 
Dam removal design teams should be aware of inherent uncertainties in both costs and 
schedules for dam removal design, deconstruction, and post-removal monitoring. Case 
studies of three dam removals, in addition to the author’s experience with six other dam 
removals, are used to illustrate ways engineers can reduce owner and regulatory risk for 
dam removal costs, schedules, and expectations. These risk reduction measures include 
upfront questions about watershed contamination, sediment volume, lakefront property 
owners, local fish management strategies, and status of project licensure and ownership.   
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TIME TO GENERATE POWER 
NEW HYDRO DEVELOPMENT ON THE OHIO 

 
Paul R. Blaszczyk1 
Kevin Griebenow2 
Philip E. Meier3 

 
ABSTRACT 

 
American Municipal Power, Inc. (AMP) is currently constructing four new hydroelectric 
plants on the Ohio River.  The projects are jointly the largest new hydroelectric 
development in the United States and are an excellent example of how renewable 
hydropower can be a viable part of our nation’s energy future.  The power plants are all 
regulated by the Federal Energy Regulatory Committee (FERC) and are located at 
existing U.S. Corps of Engineer (USACE) locks and dams fulfilling the long standing 
purpose of the USACE to add renewable energy resources to the Sites.  MWH is serving 
as that Owner’s Engineer for the projects and has worked with AMP from the screening 
study phase through licensing, design and now construction.  The projects entail 
reinforced concrete powerhouses designed to be overtopped in flood conditions as well as 
closure structures constructed of hardfill and concrete that tie the powerhouses into the 
existing dams and the newly formed landside abutments.  Though the plants are similar 
from site to site, the foundation conditions varied greatly from alluvium atop karstic 
limestone to slickensided claystone.  This paper provides an overview of the projects and 
goes into detail regarding the coordination and collaboration between the Owner, 
Engineer and regulators throughout design and construction including the implementation 
of a Board of Consultants (BOC), design improvements resulting from the Potential 
Failure Mode Analysis (PFMA) process, and reporting and addressing issues during 
construction. 
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HOLDING BACK THE OHIO — COFFERDAM AND CUT-OFF DESIGN AND 
CONSTRUCTION 

 
Thomas G. Andrews1 

Lin Zhao2  
John M. Hynes3 
Philip E. Meier4 

 
ABSTRACT 

 
Four hydroelectric projects are currently under construction on the Ohio River adjoining 
existing U.S. Army Corps of Engineers (USACE) locks and dams.  These projects, 
Willow Island, Meldahl, Cannelton and Smithland, which are being developed by 
American Municipal Power (AMP), required large cofferdams up to 3,800 feet in length 
to encompass excavations up to 100-feet deep and enable powerhouse construction to 
proceed in the dry.  Since it was critical to dam safety that the integrity of the existing 
dams and navigation pools be maintained during all phases of construction, detailed 
construction staging requirements were developed along with mitigation measures to 
address possible contingencies.  The conditions at each site were unique and required 
site-specific designs and extensive coordination between design-build contractors, the 
USACE, the Federal Energy Regulatory Commission (FERC), an external Board of 
Consultants (BOC), and MWH as the Owner’s Engineer.  Weak rocks, including 
slickensided claystone, and a thrust fault were present at Willow Island requiring 2,000 
kip rock anchors; soft clays required support during excavation at Meldahl; a very large 
scour hole required construction of a 100-foot-high zoned embankment dam in the Ohio 
River at Cannelton; and the foundation conditions at Smithland consisted of thick 
alluvium over karstic limestone – all of which complicated cofferdam design and 
construction.  Each cofferdam included an integral cut-off wall constructed using slurry 
trench methods, the largest of which was the 3,800-foot-long soil-cement-bentonite cut-
off wall at Smithland, which had a maximum depth of 187 feet.  Each cofferdam also 
required an extensive array of deep dewatering wells to provide a dry excavation and 
maintain stability during construction.  This paper discusses the design, construction and 
performance of these four large cofferdams and the lessons learned. 
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FROM THE GROUND UP — GROUND IMPROVEMENT FOR HYDRO 
DEVELOPMENT ON THE OHIO RIVER 

 
Abid A. Mirza1 

Lin Zhao2 
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Thomas G. Andrews4 
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ABSTRACT 

 
Of the four new hydroelectric projects that American Municipal Power (AMP) is 
developing adjacent to existing U.S. Army Corps of Engineers (USACE) locks and dams 
on the Ohio River, the Cannelton and Smithland projects required extensive ground 
improvement to create suitable foundation conditions for the projects’ permanent water-
retaining structures.  Both projects are located near the New Madrid and Wabash Valley 
Seismic Zones and founded on deep alluvial foundations that were potentially liquefiable, 
if left untreated.  The foundation conditions at Smithland were further complicated by the 
presence of karstic limestone beneath the alluvium, where voids were present in bedrock 
and ground loss into solution features was believed to have created “chimneys” of 
loosened soil.  At Cannelton and Smithland, vibro replacement (stone column 
installation) was performed within and adjacent to the foundations of the permanent 
closure structures (hardfill dams) on the riversides and landsides of the powerhouses to 
mitigate against potential liquefaction and minimize immediate and earthquake-induced 
settlement.  At Smithland, compaction grouting was employed to treat the foundation 
soils and karstic bedrock below the powerhouse.  Consolidation grouting was also 
performed at Smithland along the powerhouse’s cut-off wall to reduce seepage through 
the karstic bedrock below the cut-off wall.  This paper discusses the selection of the 
ground improvement techniques employed along with the results of the ground 
improvement programs and lessons learned during construction. 
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OPTIMIZED — HARDFILL MIX DESIGN AND TESTING 
 

Terrence (Terry) Arnold, P.E.1 
Brandi Antal2 

Philip E. Meier3 
Taylor M. Scott4 

 
ABSTRACT 

 
Each of the four hydroelectric projects that American Municipal Power, Inc. (AMP) is 
developing on the Ohio River require water-retaining structures to be constructed within 
the large powerhouse excavations: providing closure between the powerhouse and 
existing dam (riverside) and between the powerhouse and excavation in the bank of the 
Ohio River (landside).  Trapezoidal dams composed of hardfill were selected to construct 
the landside closure structures for the Willow Island and Meldahl Projects.  The 
Cannelton and Smithland sites used trapezoidal hardfill dams for both the landside and 
riverside closure structures.  These structures are founded directly on a wide range of 
foundation conditions including in-situ alluvial soils.  Hardfill is a variation of roller-
compacted concrete that utilizes locally available soil aggregate in lieu of conventional 
concrete aggregate.  Project-specific hardfill mixes were developed using a combination 
of on-site (or nearby) soil aggregate sources, fly ash and cement.  Extensive mix design 
programs were performed to evaluate the soil aggregates available for each project and 
develop individual hardfill mixes.  This enabled the selection of constructible hardfill 
mixes, including incorporation of fly ash to reduce construction costs while still 
providing the required strength and durability.  This paper presents the trial mix design 
programs that were conducted to develop hardfill mixes for each project site and the 
modifications required to analyze the effect of fly ash usage due to limited published 
historical data.  
 

                                                 
1 Senior Project Manager, MWH Americas, Inc., 1560 Broadway St., Suite 1800, Denver, CO 80202, 
terrence.e.arnold@mwhglobal.com 
2 Civil Engineer, MWH Americas, Inc., brandi.antal@mwhglobal.com. 
3 Vice President – Hydroelectric Development and Operations, American Municipal Power, Inc. 1111 
Schrock Road, Suite 100, Columbus, OH 43229, pmeier@amppartners.org. 
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BUILT TO LAST — HARDFILL CONSTRUCTION 
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ABSTRACT 

 
American Municipal Power (AMP) is developing four new hydroelectric projects 
adjacent to existing U.S. Army Corps of Engineers (USACE) locks and dams on the Ohio 
River. Each include closure structures between the powerhouses and existing structures; 
which are largely constructed using hardfill dams.  These trapezoidal gravity-type closure 
structures were designed to retain water, resist erosion, maintain differential water levels 
between headwater and tailwater, and to be overtopped and completely submerged during 
flood events.  The hardfill used to construct these structures consisted of locally available 
soil aggregates, fly ash, and cement, mixed on-site and placed and compacted similar to 
roller compacted concrete.  Cast-in-place reinforced concrete toe walls, precast concrete 
blocks for vertical and sloping hardfill faces, and anchor bars embedded in the hardfill 
were incorporated to facilitate construction of these hardfill structures.  The hardfill mix 
designs were prepared based on an extensive laboratory testing program undertaken by 
MWH, the design engineer.  The construction contractor for each project was required to 
perform full-scale trial hardfill placements to demonstrate and refine their procedures 
prior to constructing the permanent closure structures.  MWH monitored hardfill 
construction, including foundation preparation, lift surface preparation, hardfill mixing, 
hardfill delivery, spreading and compaction, and quality control testing.  Construction at 
the four AMP sites encountered a wide range of weather conditions at placement ranging 
from a low of 20 degrees Fahrenheit to a high of 108 degrees Fahrenheit. Field 
observations and field adjustments to mixes and placement techniques as well as lessons 
learned are described for the hardfill closure structures. 
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UPGRADED — NEW POWERHOUSES AT EXISTING USACE DAMS  
ON THE OHIO 
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ABSTRACT 

 
American Municipal Power, Inc. (AMP) is currently constructing four concrete 
combination dams/hydroelectric powerhouses – Willow Island, Meldahl, Cannelton and 
Smithland – on the Ohio River adjacent to existing U.S. Army Corps of Engineers 
(USACE) locks and dams.  The projects are jointly the largest new hydroelectric 
development in the United States and are an excellent example of how renewable 
hydropower can be added to existing dams and can be a viable part of our nation’s energy 
future.  Designs for all four concrete combination dams/powerhouses have been 
completed by MWH Americas, Inc. (MWH).  The powerhouses at Willow Island and 
Meldahl are founded on rock, and the powerhouses at Cannelton and Smithland are 
founded on alluvial river deposits.  This paper discusses the general layout of the 
powerhouses and presents the methodologies employed in the analysis and design of the 
cast-in-place reinforced concrete powerhouses, which will act as dams and have been 
designed to be fully submerged during flood conditions.  This paper also discusses state-
of-the-art computer programs and techniques utilized to model and structurally analyze 
and design the ten-story tall monolithic structures, which will house a combined total of 
eleven horizontal bulb-type turbine-generator units with runner diameters of (7.7 m) 25.3 
ft. 
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BETTER SAFE THAN SORRY — SURVEILLANCE AND MONITORING OF 
HYDRO CONSTRUCTION ON THE OHIO 
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ABSTRACT 

 
The four new hydroelectric projects that American Municipal Power (AMP) is 
developing adjacent to existing U.S. Army Corps of Engineer (USACE) locks and dams 
along the Ohio River require project-specific dam safety surveillance and monitoring 
programs to be developed, implemented and modified throughout the various phases of 
project construction, including cofferdam construction, foundation excavation, 
powerhouse and closure structure excavation, and controlled filling and removal of the 
cofferdams.  The primary goal of these projects is maintaining or improving dam safety 
and preventing an uncontrolled loss of the navigation pools during all phases of 
construction and project operations while adding electrical generation capacity to the 
existing USACE dams.  Since the cofferdams required for construction extend into both 
the upstream and downstream pools and encompass excavations over 100 feet below 
normal pool levels, robust programs to monitor cofferdam, excavation and dewatering 
system performance were developed that utilized regular visual inspection along with 
extensive instrumentation, much of which was automated to provide timely information.  
Separate programs were developed to monitor the permanent works during first filling of 
the cofferdam interiors and during cofferdam removal.  Since the conditions change 
throughout construction, frequent assessment and reporting was required.  This paper 
provides an overview of the surveillance and monitoring program throughout 
construction and discusses lessons learned. 
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