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PREFACE – January 1, 2001 
 

These guidelines are directed to project engineers, technical professionals and owners involved 
in the design and construction of a proposed dam or the modification of an existing dam that is 
under the jurisdiction of the Indiana Department of Natural Resources (IDNR).  The intent of 
these guidelines is to provide direction to experienced dam design professionals so that the final 
product, the dam, is safe and the owner's investment in professional engineering is maximized. 
 
The majority of information given in this document is general and provides many of the dam 
safety technical principles used throughout the country.  The Project Engineer in charge of the 
design of a dam must be a registered professional engineer and have the training and 
experience to properly apply these guidelines to the specifics of the site and the needs of the 
owner.  If the owner’s Project Engineer follows these guidelines and an appropriate engineering 
design package is submitted to Indiana DNR’s Division of Water, the time to obtain approval 
on the proposed work will be significantly reduced. 
 
These guidelines were modeled after Georgia's Safe Dam Program Engineering Guidelines, 
1998 edition.  Special thanks are extended to Georgia's Dam Safety personnel and the private 
engineering community practicing in Georgia for the special opportunity to utilize much of 
their work in these guidelines. 
 
A committee of 17 professionals from the private engineering community and IDNR 
contributed significant time to the development of these guidelines.  These individuals are 
listed below: 
 
Siavash Beik 
Soliman Sherkawi  
Ed Board 
Kenneth Smith 
George Bowman 
Mellissa Stefanovich 

George Crosby 
Jon Stolz 
Scott Ludlow 
Dave Warder 
Christopher Murphy  
Bob Wilkinson 

Richard Rampone  
Jack Winters 
Chris Ritz  
Dennis Zebell 
Jim Sell

 
Special thanks to Debbie Michaels for keying in the text, making revisions to draft copies of this 
document, and for making copies for distribution, and to Lenny Noens, Herb Bollinger, and Dave 
Knipe, the north, central, and south engineering basin managers, respectively, for their assistance 
with the final draft of the hydrology and hydraulics section. 
 
The Federal Emergency Management Agency (FEMA) provided partial funding for the project and 
the Association of State Dam Safety Officials (ASDSO) encouraged the Division of Water to 
publish these guidelines.  The backing of these two organizations in this project and their long-term 
support of dam safety efforts in Indiana are appreciated. 
 
Dr. Brian J. Swenty, P.E., Associate Professor and Chair, Mechanical and Civil Engineering 
Department, University of Evansville, Evansville, Indiana edited the guidelines. 
 

 i February 17, 2010 



 
PREFACE – February 1, 2010 

  
Revisions to the guidelines were made in February 2010 to provide clarification in the development 
of emergency action plans and to properly define hazard class.  The definition of hazard 
classification was developed and defined in regulation and reference to an adapted table is not 
warranted.   
To provide this clarity and new definition,  
 
Appendix A - Table 3 was removed and replaced with the context of the enacted regulation that 
defines hazard class.   
 
Also, Appendix B – The original “Outline of an Emergency Action Plan” was removed and replaced 
with a cover sheet that directs the reader to the “Indiana Dam Safety Inspection Manual – Updated 
2007” version and Part 4 of that manual.  The new Part 4 is entitled “Emergency Preparedness” and 
represents the recommended guidance for preparation of an Emergency Action Plan (EAP).  
Templates for an EAP are included in the “Updated 2007 Indiana Dam Safety Inspection Manual”. 

 ii February 17, 2010 
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Section 1  
OVERVIEW 
 
The general guidelines contained in this manual are useful for the design of small to medium sized 
dams with the following typical characteristics: 
 - An earth embankment with appurtenant works constructed to remain stable under a 

variety of loading conditions for the design life of the structure. 
- A properly sized principal spillway that will convey the runoff from normal rainfall 

events. 
- An emergency spillway channel placed an adequate distance from the earth embankment 

that will operate infrequently and safely pass runoff from the design storm without 
overtopping the dam. 

 
Guidance on analyses and design issues for innovative, untested, or high-risk dam designs is not 
covered in these guidelines.  The extent of engineering tests, analyses, studies, evaluations, and 
assessments that are needed to justify an atypical design is beyond the scope of this manual.  Further, 
the time to conduct the additional and extensive engineering analysis and review can be significant 
when compared to the typical dam described above.  
 
Because each project requires site-specific considerations, these guidelines should not be viewed as a 
"cookbook" for the design, repair, modification or construction of a dam.  The intent of this 
document is to outline the general technical data, engineering computations, and plans that need to 
be submitted with the permit application for the proposed work.  If these guidelines are followed, the 
time necessary for the technical review and approval should be reduced. Questions concerning these 
guidelines should be addressed to the Division of Water at the Indiana Department of Natural 
Resources, 402 W. Washington Street, Indianapolis, Indiana, 46204. 

 
Dams are complex structures that typically require a multidisciplinary analysis and design approach.  
Over the years, there have been many incomplete engineering submittals to the Department of 
Natural Resources (IDNR) that lacked adequate detail in a particular technical area 
(hydrologic/hydraulic, geotechnical, geological, surveying or structural).  The analysis and design of 
a dam should be supervised by a Project Engineer who is a registered professional engineer.  A 
complete engineering submittal requires adequate technical input and support from hydrologic, 
hydraulic, geotechnical, geological, structural, and mechanical engineers, as well as licensed land 
surveyors.  It is important for the Project Engineer to consider archaeological and environmental 
issues in the design or modification of a dam. 
 
An understanding of the roles of the various stakeholders is necessary for the design, construction, 
and operation of a safe dam. 
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1.1 Owner’s Role 
 

The storage of water is a hazardous activity; it creates increased risk to lives and property 
situated downstream of the dam.  The owner of a dam is responsible for operating and 
maintaining the dam in a safe manner.  

 
Under Indiana law, IC 14-27-7; “The owner of a dam ... and appurtenant works shall keep the 
structures and appurtenant works in the state of repair and operating condition required by 
the following”: 
 - The exercise of prudence. 
 - Due regard for life or property. 
 - The application of sound and accepted engineering principles. 

  
A property owner desiring to construct a dam should retain the services of a registered 
professional engineer experienced in the design and construction of dams and spillways.  It is 
common practice for the owner and the engineer to discuss the owner’s needs, the intended 
purpose of the dam, and the project budget before any design work is performed.  During the 
design process, the owner remains in close contact with the engineer to periodically review 
the design and the desired project goals. 

 
During construction, the owner works closely with both the engineer and the contractor.  
Unforeseen site conditions are frequently uncovered that require the owner to approve design 
changes.  The Division of Water should be contacted before field changes are made to the 
approved plans. 
 
After construction, an owner assumes the role as the primary caretaker of the project.  
Routine inspection and maintenance allows early detection of many problems that could 
occur with a dam.  The owner should inspect the dam often, keep records of observations and 
measurements and learn as much as possible about the operation and maintenance of the 
dam. 

 
Although a dam can be designed and constructed to be a safe structure, lack of routine 
maintenance and repair, or changing conditions, can eventually cause the dam to become 
unsafe.  If a dam is not in compliance with State law, the owner will be required to improve 
the dam to bring it into compliance.   
 
The owner may want to confer with an experienced attorney to assess the liabilities of 
owning a dam. 
 

1.2 Role and Selection of a Project  Engineer 
 
The analysis and design of a dam should be supervised by a Project Engineer, who is a 
registered professional engineer with specialized expertise.  These activities require an 
understanding of hydrology, hydraulics and the behavior of the materials used to construct 
and support the dam.  The Project Engineer will likely need specialized technical input and 



Section 1 - Overview 

 1.3 January 1, 2001  

support from hydraulic, geotechnical, geological, structural, and mechanical engineers as 
well as licensed land surveyors. 
 
The primary role of a Project Engineer is to provide leadership in the planning, design, and 
construction of a dam.  A Project Engineer is responsible to see that all technical aspects of 
the dam and site have been completely evaluated.  To accomplish this, the Project Engineer 
works closely with the owner to establish clear objectives and thoroughly evaluate the 
proposed dam site.  A Project Engineer should have the experience necessary to combine the 
owner’s objectives with the site’s potential to develop a design for a safe dam.  The Project 
Engineer supervises the preparation of the permit application, plans, specifications and 
engineering report, but the engineer’s involvement does not end with the submittal to 
IDNR’s Division of Water.  It is vitally important that the Project Engineer be involved in the 
construction of the dam to assist the owner is resolving unforeseen problems at the site and 
ensure that the dam is constructed in accordance with the approved design.  Once the dam 
has been constructed and the reservoir has filled, the Project Engineer should certify that the 
dam was constructed in accordance with the design plans and submit as-built drawings to the 
Division of Water.   
 
Because the design of a dam requires a professional engineer who possesses unique abilities, 
it is preferable to select a Project Engineer based on qualifications rather than fee.  While fee-
based competition may result in lower initial design costs, lower costs are often associated 
with inexperienced engineers and frequently limit the engineer's ability to conduct detailed 
evaluations that are necessary to develop a cost effective and innovative design.  
Furthermore, a low design cost often results in a significant increase in the cost of 
construction as well as long term costs associated with operation and maintenance of the 
dam. 
 
The Project Engineer should be selected on the basis of technical qualifications, experience 
with similar projects, reputation with other clients, and capability to meet the owner's time 
schedule.  It is usually best to solicit qualification statements from a number of engineers and 
perhaps interview several of them before making a selection.  Once a qualified engineer is 
selected, the scope of services and fee can be negotiated.  If a reasonable fee cannot be agreed 
upon, negotiations will terminate and discussions can begin with another qualified engineer.  
It is best, however, if design costs become a factor only after a well qualified professional has 
been identified. 

 
1.3 Contractor’s Role and Selection 
 

The contractor's primary role is to construct the dam and the appurtenant works in 
accordance with the plans and specifications.  It is the contractor's responsibility to notify the 
engineer of any changes in the site conditions exposed during construction that vary from 
those shown on the drawings, in the specifications, or in any documents on site 
investigations. The contractor is responsible to see that the construction is conducted in a 
safe manner, that all state, federal and local regulations are adhered to during construction, 
and that the construction site is secure.  The contractor is not responsible for the design of the 
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dam or modifications to the design made by the engineer.  The contractor is responsible for 
all construction activities including the quality of workmanship used to construct the dam. 
 
Selection of a qualified contractor is very important.  The owner, in consultation with the 
engineer, should pre-qualify potential bidders.  Requests for bids or quotes should be 
requested from contractors on the pre-qualified list.  Items to be considered in the pre-
qualification process vary.  As a minimum, they should include previous experience in 
constructing dams comparable in size to the project, a history of satisfactory construction 
performance, adequate manpower and equipment to complete the project in a reasonable time 
frame, sufficient financial resources, a history of paying subcontractors, familiarity with local 
conditions, and a past record of displaying a cooperative attitude.  Request and contact 
references.   
 
The owner should select the best-qualified contractor who responds to the request for bids 
with a reasonable price for the work.  A private owner is not required to select the lowest 
bidder; a governmental owner may, however, be bound by its enabling statutes to select the 
lowest bidder.  An unusually low bid should be viewed with skepticism.  It may be that the 
contractor has idle resources that are available to do the job, or it may be an indication that 
the contractor has forgotten something, is inexperienced, or follows a practice of bidding low 
then negotiating costly change orders during the project.     
 
Bonding of the selected contractor should be included in the contract documents.  The 
contractor should be required to obtain both performance and payment bonds.  Payment bond 
references should be contacted. The contractor should warrant the work against defects for a 
period of at least one year after completion of the work. 
 

1.4 Project Concept 
 

Prior to constructing a new dam, or modifying an existing dam, certain engineering tasks are 
typically required to investigate, plan, analyze, and design the project.  In many cases 
environmental, legal, real estate, utility, archaeological, historical, cultural, and other 
considerations related to a project are investigated and incorporated into project analysis and 
design.  The determination of critical site information during earlier stages of the dam project 
may have a significant impact upon later stages of the project. 
 
Phased design and construction is a process that should be seriously considered when 
difficult site conditions are encountered.  Dividing a dam project into phases provides all 
parties with more time to make a reasonable determination of the anticipated scope and costs 
of the associated investigation, planning, analysis, and design work to be provided in each 
specific phase.  Upon completion and review of each phase, the Project Engineer is better 
informed and prepared to advise the owner regarding tasks which will be necessary for the 
next phase. Estimates for construction quantities and costs are continually refined after each 
phase of the project as more accurate information concerning site conditions and suitable 
design alternatives becomes available. 
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Phased design and construction provides intermediate opportunities to discuss information 
and conditions determined during each project phase with regulatory agencies and 
stakeholders.  Critical input concerning acceptable design methods and procedures can be 
obtained for application in subsequent phases. 
 
Because the construction of a dam involves a significant financial investment, a primary 
advantage of phased design and construction is the opportunity it affords an owner to consult 
with the Project Engineer concerning the overall project and financial direction.  Since dam 
projects are typically complex and very site specific, construction techniques and the scope of 
work may need to be changed to accommodate site conditions.  
 
Actual project phases may vary and some overlap may occur.  Depending on the length of 
time required to complete each phase, previous data may become obsolete and may need to 
be updated.  Following are typical phases of a dam project through construction: 

 
1.4.1 Reconnaissance Study – This is normally the initial phase of a dam project and 

involves the following tasks: site inspection of suitable locations for a new dam (or 
the evaluation of site conditions at an existing dam); discussion of the project goals 
and objectives with the owner; review of property ownership issues; investigation of 
available information and previous studies of existing dams; determination of general 
watershed characteristics, which include geologic conditions, soil conditions, 
preliminary hydrologic factors, possible access locations, potential downstream 
effects, and the hazard classification of the dam; evaluation of the potential for future 
downstream development that might increase the hazard classification during the life 
of the structure; determination of archaeological or historical limitations; 
determination of local, state, and federal regulatory jurisdictions; preliminary 
discussions of the project with regulatory personnel; initial discussions of the project 
with technical professionals in other disciplines and environmental professionals; and 
if possible, initial discussion of the project with a suitable contractor(s). 

 
A site reconnaissance can disclose a number of surface features that may provide an 
indication of the subsurface conditions that exist at the site.  These observations 
involve such items as the extent of alluvial depositions, topography, rock 
outcroppings, karst features, mining, and vegetative cover.  A review of published 
data, including the geology and general soil conditions of the site, will provide 
significant additional information.  Depending on the complexity of the project, other 
preliminary evaluation techniques may be considered.  This information assists the 
owner and the design engineer in establishing the best preliminary conceptual design 
for the project, and provides valuable information concerning those areas where more 
detailed geotechnical evaluations should be concentrated. 

 
1.4.2 Feasibility Study - Based on the preliminary discussions and the information obtained 

during the reconnaissance study, a preliminary estimate of anticipated engineering 
costs, mitigation costs, and possible construction costs is determined.  This 
information provides the owner with an initial opportunity to determine whether the 
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project is financially feasible prior to further expenditures.  It is extremely important 
to remember that preliminary estimates developed during this phase of the project are 
based on incomplete information and therefore represent only rough estimates of the 
possible magnitude of the project.  These preliminary estimates are not intended to be 
applied or construed as final project costs. 

 
1.4.3 Preliminary Engineering - During this phase of the project, limited information is 

obtained through field surveys, geotechnical field testing, and laboratory testing. 
Studies are undertaken to develop suitable alternatives, including initial estimates of 
quantities and costs.  The Project Engineer assembles a team of qualified technical 
professionals, based on the project requirements.  Suitable topographic maps may be 
developed from field survey data, a geotechnical report is published, hydrology and 
hydraulic analysis are conducted, and an environmental reconnaissance is performed. 
Other studies (water yield, sediment storage, mine tailings storage, etc.) may be 
performed depending on the scope of the project. 

 
Upon completion of development of suitable alternatives, the Project Engineer 
presents the results of the preliminary engineering phase, including recommended 
alternatives to build or improve the dam, to the owner.  

 
1.4.4 Design Phase – After an alternative is selected by the owner, the Project Engineer 

oversees the final design and preparation of the engineering report, construction plans 
and technical specifications.   

 
Additional field survey information, geotechnical testing and analysis, environmental 
reconnaissance, and other technical studies may be required.   

 
Upon completion of the construction plans and specifications, quantity estimates and 
costs are determined.  

 
1.4.5 Permit Phase - Permit applications for all Local, State, and Federal regulatory 

agencies having jurisdiction over the project are completed, submitted, and public 
notice is provided.  

 
1.4.6 Construction Bid Phase – When applicable, construction bid documents are prepared 

by the Project Engineer’s professional team, which provide rules and guidelines for 
the construction bid process.  The construction plans and technical specifications are 
included as part of the bid documents.  Pre-qualification requirements for bidders are 
established.  Requests for bids are distributed to suitable contractors.  After receipt of 
bids, the owner, with the advice of the Project Engineer, selects the best-qualified 
contractor providing a reasonable price. 

 
1.4.7 Construction Phase - After receiving all permits and approvals, acquiring all 

necessary property control (property ownership, easements and right-of-ways), and 
selecting a contractor, construction scheduling and construction activities begin.  
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Field survey services are used to stake and verify construction locations, alignments, 
elevations, and grades.   

 
The Project Engineer should be retained to provide construction management 
services and monitor the construction of the dam.  Material testing should be 
conducted throughout construction to verify that specifications are met.  The Project 
Engineer or a member of the technical team involved in analysis and design should 
be available for inspection, observation and consultation during all construction 
activities, especially the excavation of the core trench, the installation of conduits 
through the dam, the installation of internal drains, and the placement of embankment 
fill.  Because the most dangerous time in the life of a dam is first filling of the 
reservoir, the Project Engineer should be involved in monitoring this critical phase of 
the project.  

 
Upon completion of construction activities, the Project Engineer prepares as-built 
drawings which note any changes or deviations from the approved design/ 
construction plans and submits the as-builts to the Division of Water. 

 
1.5 IDNR Permit 

 
These Guidelines supplement the Technical Review information in Chapter 5 of the 1996 
Indiana Department of Natural Resources Permit Manual. The guidelines provide property 
owners and their design consultants with general information related to the technical permit 
requirements for dams in Indiana. 

 
Items related to the completion of the Construction in a Floodway Permit application, 
environmental issues, and easements are addressed in IDNR’s 1996 Permit Manual and 
should be followed when preparing a permit application.  

 
Prior IDNR approval (permit) should be obtained by anyone desiring to construct 
or significantly modify (work that is not routine maintenance) a dam before work 
begins, if the dam meets any one of the following criteria: 

- The drainage area above the dam is one (1) square mile or greater. 
- The height of the dam, measured from the natural streambed below the crest of 

the dam to the lowest point on the crest, is equal to or greater than 20 feet. 
- The volume of water impounded by the dam at the emergency spillway elevation, 

is 100 acre-feet or more. 
 

If a permit is required for the proposed project, it will be necessary for the property owner to 
obtain the services of a registered professional engineer experienced in dam design, 
construction, repair and maintenance to take responsibility as the Project Engineer. 

 
In order to expedite the permit process, the Project Engineer should meet with the Division 
of Water staff to discuss details of the project before work commences on the plans, 
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specifications, and engineering report. It is important that all survey, hydrology/hydraulic, 
geotechnical, structural and mechanical engineering evaluations are complete and accurate 
prior to submitting an application for a permit. It has been the staff’s experience that when 
incomplete technical information is submitted with the application, the permit process is 
delayed months and in some cases years. 

 
1.6 Emergency Action Pans 
 

1.6.1 An Emergency Action Plan (EAP) is a formal plan that identifies potential 
emergency conditions at a dam and outlines the procedures to follow to minimize 
property damage and loss of life. All high hazard dams should have an EAP (see 
Appendix B for an outline). 

 
1.6.2 An EAP is needed to preplan the actions taken by the dam owner, State Emergency 

Management Agency (SEMA) personnel, and local emergency officials during an 
emergency.  This preplanning will help provide for timely notification, warning, and 
evacuation in the event of an emergency. 

 
1.7 Enforcement Actions 
 

Indiana Code 14-27-7, requires owners to keep their dam in a state of repair and operating 
condition required by the exercise of prudence, due regard for life or property, and the 
application of sound and accepted engineering principles.  Routine maintenance and 
compliance with the conditions of the permit are required.  A sample owner’s inspection 
checklist is included in Appendix B. 

 
The Division of Water inspects existing dams to determine their condition and continued 
compliance with state laws, regulations, and policies. 

 
Occasionally, an owner will choose not to maintain the dam or will resist complying with the 
Indiana Code provisions for constructing and operating a safe dam.  Depending on the 
seriousness of the situation, the Division of Water has several processes for bringing the dam 
into compliance ranging from certified letters to appropriate litigation.  Fines can be issued 
and the dam can be breached at the owner’s expense. 
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Section 2
FIELD SURVEY

2.1 Introduction

Collection of accurate field survey information is critical to determine existing site
conditions, prepare suitable designs, and successfully construct a dam.  Accurate field survey
information is required for many aspects of a dam project. Listed below are some of the
common, acceptable survey principles that are used by professionals practicing in the dam
safety field.

2.1.1 Accuracy

The field survey information necessary for designing dams and spillways, 
developing construction plans, and verifying construction activities is typically
required to be accurate, both horizontally and vertically to a minimum of 0.1 foot,
except for preliminary and reconnaissance surveys, where horizontal accuracy of one
foot may be acceptable. In certain situations, additional accuracy to a minimum of
±0.01 feet may be necessary.

Although less accurate (nearest foot) site information can be used in preliminary
stages of the project to determine alternatives and quantity estimates, the Project
Engineer should assess the approximate accuracy of this information to make sure
reasonable estimates of locations, alignments, grades, and quantities are obtained.

2.1.2 Datum

Temporary benchmarks (TBM) should be established at the dam and tied to an
NGVD vertical datum.  TBM’s can be used to obtain reliable survey data to design,
construct and monitor the performance of the dam throughout the project life.  Use
of established datums connects the dam to other surveys and maps in the area, and
enables the Project Engineer to use information from other sources.

Vertical control (elevations) is typically established on the National Geodetic Vertical
Datum of 1929 (NGVD’29) or the North American Vertical Datum of 1988
(NAVD’88).  Assumed datums may be suitable for minor improvements or repairs.

Horizontal control is important to verify property boundaries and determine the
extent of the reservoir at both normal and maximum pool.  Control stations for
horizontal control should be established on the North American Datum of 1927
(NAD’27) or the North American Datum of 1983 (NAD’83) using Indiana State
Plane Coordinates in U.S. Survey Coordinates (feet) or Universal Transverse
Mercator (UTM) coordinates (meters).  If a sufficient number of permanent survey
markers are placed at a site, an assumed datum may be appropriate to monitor the
long term performance of a dam.
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2.1.3 Property Boundary

The Project Engineer should determine the project boundary and property boundary
for the site.  This information should be shown on the plans as well as any easements
for property that may be inundated by the reservoir during the design flood.

2.2 Topographic Mapping

Development of accurate topographic mapping is desirable in the initial stages of a dam
project in order to establish existing locations, alignments, and grades.  The topographic
information should provide reasonable accuracy for  the determination of alternatives and
preliminary estimates of quantities.  Development of suitable contour information for
proposed or existing impoundment areas is especially important in determining stage-storage
relationships for the hydrologic/hydraulic analysis.

Due to the extensive areas involved in large dam projects, application of aerial
photogrammetry is usually an appropriate and economic alternative for the development of
suitable topographic mapping and site layout information.  Field surveys are required to
establish the coordinate locations and elevations of specified ground control points prior to
development of the topographic mapping by aerial photogrammetry.  These temporary
monuments establish the necessary horizontal and vertical control to develop a topographic
map of the site.  It is important to note that topographic information developed from
photogrammetry is typically accurate to only one half the contour interval of the topographic
mapping.  For example, elevation information derived from a photogrammetrically compiled
map with a contour interval of 2 feet has an accuracy of ±1 foot.

Adjacent property boundaries, utilities, and other important geographical features are
determined from appropriate sources and located to the accuracy required on the project site
mapping.  If appropriate, accurate locations and descriptions of sensitive environmental areas
and archaeological resources should be delineated on the project site mapping.

A hydrographic survey of the bed of the lake at an existing dam may be needed to determine
storage for a sediment or water supply study.

2.3 Field Survey for Geotechnical Testing

Field survey information is typically required in conjunction with geotechnical testing to
precisely locate test borings and provide accurate cross-sections of existing dams at specified
locations for stability analysis.

2.4 Field Survey for Hydrology and Hydraulics Analysis

Field survey information required for the hydrology and hydraulics analysis includes the
determination of spillway control elevations  and structural details for spillways at both new
and existing dams.  These details include the type of structure, location, size, alignment, inlet
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and outlet elevations, length, outlet type, and other requested structure characteristics to
determine losses in both open channels and closed conduits.  Accurate determination of an
existing lake pool elevation is important to help establish the stage-storage relationship for
reservoir routing calculations.

Profiles and cross-sections of natural and man-made channels into which existing or
proposed spillway structures will drain are typically required to determine potential
backwater effects at spillway structures, the need for channel armor protection, and the
design of energy dissipation devices.

For existing dams that have lake drawdown structures, inlet and outlet invert elevations, the
length, diameter, and material of the pipe and the size and description of all valves, should
be determined.

Finally, for both existing and proposed dams, information about downstream structures (i.e.
culverts, bridges, dams, levees, placed fill, etc.) that may restrict flows and result in
backwater effects at spillway structures should be determined. It is important that the datum
used at any other structure be the same datum that is used at the dam.

2.5 Field Survey for Preparation of Final Designs and Construction Plans

Prior to the preparation of final designs and construction plans for a new dam or
improvements to an existing dam, extensive field survey information is required to accurately
define the physical characteristics of the project site. Field survey cross-sections should be
obtained at intervals along the centerline of a proposed or existing dam and at appropriate
intervals along the length of emergency spillways.

2.6 Construction Survey

Prior to the actual construction of the dam, a construction survey is necessary to stake actual
locations, alignments, and grades of structures shown on the construction plan.  During
construction, additional field surveys may be required to verify information on the
construction plans and to determine accurate construction quantities.  It is recommended that
the bottom of the core trench, internal drains, pipes through the embankment, and buried
structures be surveyed before backfilling occurs.

2.7 Post Construction Survey

An as-built survey is typically performed after the completion of all construction activity to
determine if the structure was built according to the plans.  In some instances, the as-built
survey data is used to perform hydraulic, hydrologic and geotechnical computations to verify
that the dam meets minimum safety requirements.

On some dams, typically only large high-hazard dams, annual or other periodic surveys are
conducted to monitor movement of the embankment and appurtenant structures.
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Section 3 
 
GEOTECHNICAL AND GEOLOGICAL CONSIDERATIONS 
 
3.1 Introduction 

 
The identification of the site characteristics, engineering properties of the materials used to 
construct the dam, and geologic conditions beneath the embankment are essential to the 
design of a safe dam. 

 
The geotechnical and geologic guidelines that follow are predicated on a "typical" project, 
generally involving a small or medium sized dam at a site with few geological challenges.  It 
should be understood that each and every project is unique, and the geotechnical 
requirements may be modified accordingly. The type and quantity of field and laboratory 
tests conducted and the types and numbers of analyses performed will be influenced by the 
hazard classification and project function.  A limited geotechnical investigation may be 
allowed on small, low-hazard dams while a comprehensive investigation is recommended for 
large, high-hazard dams.  Unauthorized dams will require a geotechnical investigation and 
the same geotechnical computations as a new dam. 

 
Structures in heterogeneous geologic settings, such as solutioned limestone or lakebed 
sediments may require extensive geotechnical studies.  Subsurface conditions can change 
dramatically across a valley.   Larger dams and dams with very long crest lengths may 
necessitate additional geotechnical investigations to properly assess the subsurface 
conditions. 

 
Geotechnical evaluations for the rehabilitation of existing dams should consider the 
seriousness of the deficiencies.  For major rehabilitation projects such as repairing breached 
dams, increasing the height of a dam, permanently raising the normal pool elevation of the 
reservoir, repairing embankment slides, modifying excessively steep slopes, and constructing 
control structures for extensive uncontrolled seepage and piping, the geotechnical evaluations 
should essentially be the same as that utilized for a new dam. The evaluation should be 
modified, as necessary, to target the major deficiency(s) identified.  Limited geotechnical 
evaluations are typically acceptable for minor rehabilitation projects such as minor seepage, 
unsuitable vegetation and minor slope reconfiguration.   

   
3.2 Literature and Initial Review 

 
The development of the subsurface exploratory program should begin with a literature review 
of existing geologic and geotechnical maps, reports, and other records that might provide 
technical background information on special conditions at the site and the surrounding area.  
The project details will dictate the extent of the literature search that would be beneficial in 
the development of the subsurface exploration program.  Listed below are some sources of 
information that may prove helpful. 
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3.2.1 Geologic Maps and other geologic information 
 

State geologic mapping will provide an indication of the geologic setting of the 
site.  Local, detailed geologic mapping and pertinent information may be available 
in or near the project area. The Indiana Geological Survey (IGS) located in 
Bloomington has a wealth of information on the geology of the state and trained 
professionals that can assist in the interpretation of this information. General 
information about the IGS can be obtained from the web site 
“http://adamite.igs. indiana.edu/index.htm”. 

 
3.2.2 Soil Surveys 
 

All Indiana counties have existing soil surveys that contain information on the 
surficial soils.  These are particularly useful in the preliminary phase of planning a 
subsurface exploration program.  Almost all counties have a Natural Resources 
Conservation Service office staffed with technical professionals that can address 
general soil conditions of the site. 

 
3.2.3 USGS Topographic Quadrangle Maps 

 
Topographic maps provide a general characterization of the surface features of the 
area under investigation and the drainage patterns which may influence site selection. 
U.S.G.S. 7 ½ minute topographic maps are available for the entire state.  More 
detailed topographic mapping may be available for certain local areas. 

 
3.2.4 Other Sources of information 

 
- Aerial Photographs 
- Well Records 
- Technical publications pertaining to the area 
- Technical records or inspection reports on existing dams near the site 
- Special maps (abandon coalmines, underground caves, etc.) 

 
3.3 Site Reconnaissance 
 

A thorough reconnaissance of the entire site and adjacent areas by the Project Engineer and 
the geotechnical engineer or engineering geologist is considered to be essential for both new 
dams and major modifications to existing dams.  Typically, a reconnaissance is performed 
prior to implementing the exploration program to determine the best methods to employ.  
Additional site reconnaissance may be conducted during or after the field program to help 
interpret the data being obtained.  Vegetative cover, rock outcroppings, and small 
topographic features (that may not be discerned from the literature review alone) provide 
useful input.   
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The primary emphasis of the site reconnaissance is the area within the embankment footprint 
and areas immediately upstream and downstream.  These would include the creek bottom, 
flood plain, abutments, and any potential open channel spillway alignments within the 
abutments or areas removed from the dam site.  In certain instances, the reconnaissance may 
include the entire reservoir footprint.  It is very important for the reconnaissance team to 
include the land owner in the site reconnaissance to help identify potential borrow sources 
and locations of unusual geologic conditions such as rock outcroppings, caves, and springs.  
A downstream inspection is recommended to better identify the hazard classification. 

 
3.4 Geologic Mapping 
 

Site-specific geologic mapping may be warranted in some instances.  This would be 
particularly applicable to large dams, and those located in unique geologic settings. The 
applicability of such a method (prior to the subsurface exploration program) is directly 
related to the amount of rock outcropping that may be identified during the site 
reconnaissance.  In the absence of outcroppings, geologic mapping may be of limited use.  
Where shallow rock exists, that is not otherwise exposed, test trenches may be appropriate to 
expose these materials for direct observation. 

 
3.5 Subsurface Exploratory Program 
 

The objective of a successful subsurface exploration program is to strategically obtain 
samples and pertinent information for an engineering evaluation of all the materials that will 
affect the performance of the dam and appurtenant works.  The Project Engineer should 
balance the use of in-situ exploratory procedures with the option of obtaining both disturbed 
and undisturbed samples for laboratory testing.  On large dam projects, strength and 
permeability tests are usually performed on undisturbed foundation samples and remolded 
samples of borrow material.  For small, low hazard dams, laboratory identification tests of 
bagged samples can be used to obtain assumed shear strength and permeability parameters.  
The use of conservative shear strength parameters may result in an over-designed structure, 
thus the Project Engineer must balance the cost of exploration with the cost of over-
designing and over-building the dam.  Using assumed shear strength parameters may be a 
reasonable approach for small, low hazard dams, but should not be used for large dams.   The 
use of a haphazard approach to subsurface exploration wastes money and can lead to the 
design and construction of a potentially unsafe dam where failure may result. 

 
3.5.1 Test Borings 

 
Test borings are typically placed within the footprint of the dam and appurtenant 
structures.  Boring locations on existing dams should target the specific deficiencies 
identified while considering accessibility to the site.  For existing dams with minor 
deficiencies where sufficient documentation concerning the design, construction, and 
performance of the dam is available, the need for borings may be minimal. 
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3.5.1.1 Centerline of the Dam - The number of test borings along the centerline of 
the dam should be based on the needs of the design. Past experience indicates 
that three borings along the centerline of small dams with a short crest length 
is adequate. 
 

3.5.1.2 Embankment Toe - Borings at the upstream and downstream toe should be 
considered for most dams to delineate the soil stratigraphy in the valley. 

 
3.5.1.3 Conduit and Internal Drain Locations - Additional borings may need to be 

placed beneath proposed conduit and drain locations to identify subsurface 
conditions within these specific areas.  These borings can provide 
information to evaluate highly compressible soil layers, weak foundation 
soils, permeable anisotropic soils, and high ground water conditions. 
 

3.5.1.4 Open Channel Spillways - Open channel spillways in the abutments are 
typically evaluated with borings, if significant depth of excavation is 
anticipated.  These borings should at least penetrate the depths of excavation 
and identify the properties of the materials at the base of the channel. 

 
3.5.1.5 Depths and Samples - Boring depths within the embankment footprint area 

will generally mirror the height of the embankment above each individual 
boring, with a minimum depth of 15 feet typical.  Disturbed samples obtained 
by Standard Penetration Testing, or other suitable methods, are normally 
made on 2.5-foot intervals unless there is evidence that the material is 
relatively homogeneous in which case 5.0-foot intervals may be appropriate. 

 
3.5.2 Test Pits 

 
Test pits excavated with a backhoe can provide useful information in certain portions 
of the site.  Several excavations often allow a more thorough assessment of the upper 
stratigraphy, and can provide indications of potential difficulties that may be 
encountered during construction.  In situations where the dam is a small, low hazard 
structure and sound, tight rock is near the surface, test pits that may significantly 
reduce the quantity of borings.  Otherwise the following should be considered: 

 
3.5.2.1 Flood plain - Alluvial deposition is typically complex.  Soil test borings alone 

often do not clearly represent the conditions encountered within flood plain 
areas. Test pits can provide a better indication of subsurface variability, 
depths of organic material, past seismic activity, and difficulties that may be 
encountered relative to groundwater inflow. 

 
3.5.2.2 Shallow Rock - Test pits may be used to supplement the evaluation of general 

areas where shallow rock is encountered.  This helps discern if the refusal 
materials are fairly continuous rock and whether the rock surface is uniform. 
This may be particularly useful at sites with karst geology. 
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3.5.2.3 Open Channel Spillways - Test pits may be an inexpensive means of 

evaluating areas where the depths of excavation anticipated for channel 
spillways are minimal. 

 
3.5.3 Rock Coring 

 
Some rock coring is recommended within the footprint of the dam if refusal is 
encountered at depths less than about half the originally planned boring depth, with 
appropriate consideration of the geology of the site. 

    
3.5.3.1 Depths - The amount of rock core to be obtained in each hole depends on a 

number of factors including the size of the dam, geologic setting, and rock 
quality.  Typically, a minimum of 10 feet of rock should be cored at each 
location. 

 
3.5.3.2 Packer Tests - Packer permeability tests may be performed in conjunction 

with the rock coring where there is an indication the rock mass is jointed, 
solutioned, or has significant discontinuities.  The Packer Test will assist the 
geotechnical engineer in determining the hydraulic conductivity of the rock 
mass (see section 3.7). 

 
3.5.4 Preliminary Instrumentation for Piezometric Levels 

 
The subsurface exploratory program may include the installation of observation wells 
or piezometers to establish the groundwater conditions within the footprint of a 
proposed dam or assess seepage-related deficiencies in an existing dam.  

 
Strategically placed piezometers can provide valuable information on conditions in 
existing dams.  For new dams, the installation of piezometers allows the geotechnical 
engineer to monitor pore pressures during first filling of the reservoir and throughout 
the life of the structure.  This data can be used for analyses and for long term 
monitoring of dams.  See Section 3.10 and Geotechnical Addendum/Instrumentation 
in Appendix C for further discussion. 

 
3.5.5 Test Samples 

 
3.5.5.1 Disturbed Samples - Split-spoon samples from borings and samples from test 

pits should be obtained for classification and correlation. 
 

3.5.5.2 Undisturbed samples - A sufficient number of relatively undisturbed samples 
should be obtained to evaluate foundation materials, especially at large dams. 
A sufficient number of samples are needed to accurately characterize the 
differing types of materials present in the valley and abutments.  Strength, 
compression, and permeability tests on undisturbed samples produce data that 
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is helpful in evaluating the stability of the dam and determining the expected 
behavior of the materials left in place to support the dam. 

 
3.5.5.3 Bulk Samples - Disturbed bulk samples from test pits or auger cuttings are 

typically collected, particularly for explorations made in open channel 
spillway areas and potential borrow areas. 

 
3.5.6 Other Exploration Techniques 

 
Several other exploration techniques may be considered in special situations to 
address specific areas of concern. Examples include pressuremeter testing or cone 
penetrometer soundings, particularly in soft foundation materials that may be left in 
place to support the dam.  Geophysical exploration techniques may also be 
appropriate in some instances. 

 
3.6 Borrow Study 
 

The ultimate purpose of a borrow study is to identify sufficient quantities of acceptable 
borrow materials that can be used in the construction of the dam.  This can be accomplished 
by estimating the quantity of material needed in the dam and conducting adequate 
explorations and laboratory analyses to determine the soil profiles in the borrow areas. 
 
3.6.1 Locations 

 
It is important to locate the borrow areas far enough away from the dam so that any 
excavation below the top of dam elevation does not jeopardize the integrity or the 
performance of the structure.  There are many site and project specifics that will 
dictate this distance.  For small to medium sized dams situated on a geologically 
“good” site, the location of any borrow area that will be below the dam crest 
elevation should be kept 200 feet or more from the dam. 

 
3.6.1.1 Open Channel Spillways - For projects involving the excavation of open 

channel spillways in the abutment areas, it is recommended that these 
materials be evaluated for use in the construction of the dam.  See Sections 
3.5.1.4 and 3.5.2.3. 

    
3.6.1.2 Reservoir Area - Any portion of the reservoir area that will be excavated for 

borrow material should be investigated.  Under no circumstances should 
bedrock be uncovered and left exposed in a borrow area that is within the 
reservoir boundary. 

 
3.6.2 Exploratory Techniques 

 
The exploration of potential borrow sites should be sufficient to characterize the 
usable soil deposits(s) both from a geological and engineering perspective.  The study 
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should demonstrate homogeneity relative to the deposit(s) under consideration.  
Exploratory holes are typically placed on approximately 500-foot centers on a rough 
grid system at all practical locations. 

 
3.6.2.1 Test Pits - Test pits are the preferred exploration technique for the evaluation 

of borrow sources where the potential depths of excavation are limited, or 
where the occurrence of suitable material is near the surface.  Soil 
stratigraphy can be determined in more detail, and the variability and 
inclusion of unsuitable materials may be more readily observed with test pits. 
Discreet sampling of specific soil layers and combined sampling of two soils 
in the vertical profile can easily be done using this technique. 

 
3.6.2.2 Borings - Auger borings are typically required where greater excavation 

depths are planned. 
 

 3.6.3 Sampling 
 

Small grab samples of foundation, abutment, and borrow materials are useful for 
general classification purposes.  Sealed samples of this type can be used to determine 
in-situ moisture contents.  Bulk samples are required on all materials that may be 
used as embankment fill.  Sufficient quantities of bulk material are obtained based on 
the types of laboratory tests to be performed. 

 
3.7 In-Situ/Field Testing 
 

In-situ testing, or field testing, may be considered in the evaluation of foundation conditions 
for new dams and in the evaluation of conditions within and beneath existing dams.  Typical 
conditions that may warrant in-situ testing include soft compressible foundation materials 
that cannot be sampled routinely for laboratory testing, evaluation of seepage through 
foundations and existing embankments, evaluation of the continuity and integrity of 
foundation rock, and the determination of excavation quantities and methods. 

 
The utilization of field test methods will depend on the size and length of the dam, the type 
and extent of foundation materials encountered, and the economic feasibility of a particular 
method over another.  In-situ methods may be used to supplement more common exploration 
techniques such as soil test borings.  Some geologic settings and embankment conditions 
may necessitate the use of one or more of these methods (see Appendix C - Geotechnical 
Addendum - Insitu/Field Testing). 

 
3.8 Laboratory Testing 
 

The laboratory testing program typically consists of soil classification and may also include a 
determination of shear strength parameters, permeability, and compressibility properties of 
soils.  Appropriate in-situ tests may be considered for foundation materials.  Laboratory 
testing of remodeled samples of potential embankment materials is typically needed to 
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determine the strength of the material.  Depending on the size and hazard classification of the 
dam, a relatively extensive testing program may be required to characterize all of the material 
types in the foundation and the embankment.  It may be necessary to perform duplicate tests 
on significant soil material types to verify a typical value of the material being tested. 

 
3.8.1 Characterization Testing 

 
This type of testing is typically performed to provide an indication of the engineering 
characteristics of the materials that will be used to construct the dam.  These tests 
also provide identification of the different types of materials involved so that more 
extensive testing can be targeted to specific material groups. 

 
3.8.1.1 Classification Tests - General classification tests, suitable for classifying soils 

by the United Soil Classification System (USCS), include gradation tests 
(sieve and hydrometer, as required) and Atterberg Limits tests. 

 
3.8.1.2 Compaction Tests - Proctor compaction tests, and associated natural moisture 

content tests are needed to establish the basis for quality control during 
construction and to provide samples for strength testing.  Standard Proctor 
compaction tests are typically utilized. 

 
3.8.2 Strength Testing 

 
Strength testing will normally be required to determine the shear strength parameters 
for the stability evaluation of both new and existing dams.  Tests are typically 
performed on relatively undisturbed samples of foundation materials and existing 
embankment materials.  Remolded samples of potential borrow materials are 
compacted to the minimum value allowed in the technical specifications and tested to 
determine the shear strength of the material that will be used to construct the new 
embankment.  The state encourages engineers to perform triaxial tests on foundation 
and embankment soils for significant and high hazard dams.  For small, low hazard 
dams, estimated shear strength parameters may be selected from published data in the 
Bureau of Reclamation’s Design of Small Dams for the embankment and foundation 
material.  Estimates should be based on the results of soil classification tests 
(Atterberg Limits, Sieve Analysis, and Hydrometer Analysis). 

 
3.8.2.1 Triaxial Shear - Laboratory strength parameters are typically evaluated using 

consolidated undrained (CU) triaxial shear strength tests with pore pressure 
measurements.  The CU test provides both total and effective strength 
parameters. 

 
3.8.2.2 Direct Shear - Direct shear tests may be considered in certain instances.  

However, these tests are less accurate than triaxial tests and are becoming less 
common in the determination of strength parameters for earth dam stability 
computations. 
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3.8.2.3 Unconfined Compression - Unconfined compression tests can provide a 

general indication of undrained shear strength of clayey soils. 
 

3.8.3 Consolidation Testing 
 

Where settlement is an issue, an adequate number of consolidation tests on 
undisturbed foundation samples are needed to establish the settlement characteristics. 
Consolidation tests may also be performed on samples from proposed borrow areas 
that are remolded to provide reliable settlement and deformation data on each soil 
type proposed for the embankment. 

 
3.8.4 Permeability Testing 

 
Depending on the dam size and the embankment and foundation characteristics, 
permeability tests may need to be performed on undisturbed samples from the 
foundation of new and existing dams.  When seepage is a concern in an existing dam, 
permeability tests of undisturbed  embankment materials may be necessary.  For new 
dams, remolded samples of proposed borrow materials may require permeability 
testing.  These tests are typically performed on saturated samples to establish 
hydraulic conductivity characteristics of the various soil types involved.  Both falling 
and constant head tests can be performed. 

 
3.9 Geotechnical Analyses 
 

Appropriate geotechnical analyses are performed to determine the geometry of the dam, the 
size and location of internal drains, the location of conduits within the  embankment, and the 
location of appurtenant structures.  The accuracy of these analyses depends on the validity of 
the parameters and assumptions developed in the preceding sections.  Additional field and 
laboratory work may be necessary to improve the accuracy of the geotechnical models that 
are used by the engineer.  Critical sections of the embankment should be evaluated for all 
expected loading conditions that could occur during the life of the dam. The intent of the 
geotechnical analyses is to design a safe and satisfactorily functioning structure at the lowest 
feasible cost. 
   
The geotechnical design typically includes the following: 

 
1. Provisions for monitoring the performance of the dam and maintaining the 

structure to assure satisfactory performance throughout its design life. 
 
2. Evaluation of the stability of the structure during construction, at the end of 

construction, and during steady seepage conditions. 
 
3. Evaluation of the stability of the dam and appurtenant structures during and 

after seismic events. 
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4. Evaluation of the stability of the dam and appurtenant structures during a 

rapid drawdown of the reservoir. 
 
5. Ability of the embankment, internal drains, and appurtenant structures to 

experience minor consolidation settlements without adverse affects. 
 
6. Monitoring, collection, and control of seepage through the embankment, 

foundation and abutments. 
 

3.9.1 Stability Analysis 
 

The purpose of a slope stability analysis is to determine a factor of safety for the 
embankment which is defined as the ratio of resisting forces (gravity forces and soil 
shear strength) to driving forces (gravity forces and shear stresses) along the critical 
potential failure surface. 
 
For existing dams, the primary purpose of the stability analysis is to determine if the 
embankment is stable under various loading conditions.  A stability analysis can be 
used to evaluate a slope failure that has occurred, design modifications to improve 
the stability of the embankment, or evaluate proposed changes to the height of the 
dam or the reservoir elevation.  Loading conditions are typically limited to steady 
seepage-full pool, steady seepage-maximum pool, rapid drawdown, and seismic 
events.  
 
For new dams, the purpose of the stability analysis is to design an embankment that 
will meet minimum factors of safety for a variety of loading conditions. These 
include loading during construction and at the end-of-construction. During the 
placement of fill, the construction schedule and any external loading should be 
considered in the analysis of the embankment. The end of construction condition is 
typically only of concern when rapid fill placement occurs on very soft foundations 
and undrained conditions occur.  The steady state stability of the downstream slope 
should be analyzed under two loading conditions: the reservoir at the normal pool 
elevation after development of the steady state phreatic surface and the reservoir at 
the maximum pool elevation.  Where drawdown facilities exist, the stability of the 
upstream slope is analyzed under rapid drawdown conditions.  In limited instances, 
rapid drawdown due to submergence of the downstream toe may be a consideration.  
In high seismic zones, a seismic stability analysis should be performed for the 
downstream slope using an appropriate factor of gravity (i.e. 0.15g) for the design 
acceleration.  
 
For the end-of-construction condition, the shear strengths of the foundation and dam 
fill are typically evaluated using total stress conditions (undrained shear strength) 
where the fill is placed rapidly upon the foundation materials and excess pore 
pressures have not dissipated.  Where the foundation materials are very fine grained 
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and the build-up of excess pore pressure could be detrimental, piezometers should be 
installed in the foundation to monitor the pore pressure during construction. 
 
For steady state conditions, the stability analysis should be performed under the 
assumption that the phreatic surface has been developed.  The phreatic surface will 
begin at the "normal" pool elevation of the upstream face and extend to either the 
internal drainage system or the downstream slope of the dam, as determined through 
use of constructed flow nets or finite element seepage analysis.  Drained shear 
strength parameters should be used to evaluate the dam under steady seepage 
conditions. 
 
Drawdown pipes are encouraged for all dams, especially high hazard dams.  Valves 
should be placed at the upstream end of the pipe to prevent the pipe from being 
pressurized when it is not in use.  Rapid drawdown could occur if the reservoir is 
lowered at a rapid enough rate to prevent dissipation of the pore pressures at the 
upstream face of the dam. For dams built of cohesive soils, excess pore pressures 
may result if the drawdown exceeds 1 foot per week.  This could cause an upstream 
slope failure that could damage the embankment and ultimately lead to the breaching 
of the dam.  A rapid drawdown stability analysis is performed using drained shear 
strength parameters for the embankment.  The reservoir is assumed to be at the invert 
elevation of the drawdown pipe and embankment pore pressures are computed with 
the reservoir at normal pool.  
 
After completion of the static analyses, each of the loading considerations should be 
analyzed considering the appropriate seismic ground acceleration forces.  Typically a 
pseudo-static analysis of only the downstream slope at steady state seepage 
conditions is performed.   
 
Stability analysis for earth embankments should consider both slip circle methods 
such as Bishop, Spencer, Morganstern-Price, or Janbu's, and when appropriate, 
sliding wedge analyses.  There are numerous computer programs which are accepted 
by IDNR’s Division of Water for the performance of stability analyses.  The 
geotechnical engineer is responsible for verifying that the computer stability analyses 
are correct. 

 
3.9.2 Seepage Analysis 

 
Water will seep through all earth embankments over a period of time.  Therefore, it is 
imperative that this seepage be recognized, monitored, and controlled.  A seepage 
analysis may be necessary to determine pore pressures within the embankment, assess 
the effectiveness of seepage control options, provide quantitative data for the design 
of seepage control structures, and predict seepage behavior of the embankment and 
foundation.  The analyses can assist in locating piezometers for use in monitoring 
seepage through the embankment and foundation. 
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After the phreatic surface has developed, the permeability of the embankment and 
foundation materials will determine the seepage flow rate.  If the rate is excessive, 
seepage reduction and seepage collection techniques may be needed.  The quantity of 
seepage flow, the hydraulic gradient through the dam, and the long-term effects of the 
exit gradient on embankment performance are of particular interest to the 
geotechnical engineer.  Seepage reduction techniques such as cut-off keyways, slurry 
walls, clay core zones, and grout curtains should be considered.  The seepage analysis 
can be used to select the most effective type of internal drainage system for the dam 
and foundation. 
 
Permeability data is typically obtained from appropriate laboratory and field tests.  
The seepage analysis should be performed on the maximum dam cross-section upon 
completion of the field and laboratory testing.  Either a graphical flow net analysis or 
a more sophisticated numerical finite element model can be used. 
 
Analytical models will aid the geotechnical engineer in determining critical seepage 
areas within the dam and appurtenant structures.  These include areas of excess pore 
pressure and high gradients.  The analysis should consider the proposed drainage 
system to allow accurate modeling of the phreatic surface, and exit gradients at the 
toe of the dam. Such analysis will aid in determining if special seepage devices, such 
as relief wells, will be required in the final design. 
 
It is imperative that the geotechnical engineer be aware of the implications of the 
seepage analysis.  It is always advisable to perform an independent check of any 
computer calculations to verify that the results are reasonable and within tolerable 
limits for the structure. 

 
3.9.3 Settlement Analysis 

 
Both the new embankment and the foundation soils will consolidate beneath the 
weight of the embankment materials.  The amount and rate of settlement will depend 
on the consolidation characteristics of the underlying soils and the rate of pore 
pressure dissipation.  Settlement of the embankment can result in loss of freeboard, 
depressions on the dam crest, differential settlement along conduits which penetrate 
the dam, and in extreme cases, transverse cracks that can lead to failure of the dam.  
Excessive settlement can cause misalignment of conduits, separation of joints, and 
possible conduit failure which results in leaking and possible soil piping (internal 
erosion of embankment soils).   
 
It may be necessary to analyze settlement to determine foundation treatment and 
camber, for the embankment and appurtenant structures.  Laboratory consolidation 
tests should be performed to determine the consolidation and drainage characteristics 
of the embankment and foundation materials.  The geotechnical engineer should 
consider performing a one-dimensional settlement analysis, which considers the 
variable loadings across the dam footprint to determine areas of critical movement.  If 



Section 3 – Geotechnical and Geologic Considerations 

 3.13 January 1, 2001 

differential settlement and cracking of the embankment is possible, the geotechnical 
engineer should consider chimney drains, settlement accommodation along conduits, 
and joint extensibility for any jointed conduits.  The effects of the calculated vertical 
movements on both the embankment and the appurtenant structures should be 
carefully considered in the design. 

 
3.10 Instrumentation 
 

Various instrumentation devices are typically required in the construction of large, high-
hazard dams, and may be necessary on existing dam rehabilitation projects.  Instrumentation 
can be installed to monitor the performance of the dam during construction, during initial 
reservoir filling, and during the life of the structure.  Foundation and embankment 
performance may be monitored with piezometers,  settlement devices, inclinometers, and 
seepage measuring devices.  Other less common instrumentation may be considered for 
unusual conditions.  Any instrumentation selected should target specific items to be 
evaluated, establish critical thresholds that suggest the need for a specific action, and 
establish the details of the monitoring program (see Appendix C - Geotechnical Addendum 
Instrumentation). 

 
3.11 Geotechnical Report 

 
Once the field exploration, laboratory testing program, and geotechnical analyses have been 
completed, a final report outlining these items as well as the geotechnical aspects of 
construction should be prepared.  A wide range of report formats is possible.  However, the 
following items should generally be included. 

 
3.11.1 Introduction 

 
A general statement of the purpose of the geotechnical study. 

 
3.11.2 Project Information 

 
A detailed description of the project being evaluated should be documented as part of 
the report.  This is particularly useful if the design changes significantly from the 
time the geotechnical study was performed to the completion of the design 
documents. 

 
3.11.3 Exploration Procedures 

 
This section should include a description of the field and laboratory testing 
procedures utilized in the study. 

 
 3.11.4 Site Description 
 

A brief description of the surface features of the project area is helpful.  This includes 
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the project location, surface topography, vegetative cover, and identifiable surface 
features.  The site description essentially summarizes the site reconnaissance 
observations. 

 
3.11.5 Subsurface Conditions 

 
A brief summary of the subsurface conditions identified by the field exploration 
program should be included.  This summary generally identifies the major types of 
materials encountered and provides correlations between borings based on the data 
obtained.  This section of the report identifies information gleaned from the desktop 
study and any geologic field mapping of the site.  The intent of this section is to relate 
the identified subsurface conditions to the known geologic conditions at in the site, 
and set the stage for addressing any special or unusual conditions in the conclusions 
and recommendations section(s) of the report. 

 
3.11.6 Findings 

 
This section summarizes the results of the stability, seepage, and settlement 
evaluations.  The results should be placed in this section or intertwined with other 
sections of the report.  By summarizing the evaluations that were  performed, the 
basis for the design, construction conclusions, and recommendations are established. 

 
3.11.7 Conclusions and Recommendations 
 

This section of the report is the most critical and should identify all of the 
geotechnically related design and construction items that will impact, and be 
incorporated into, the design contract documents.  Design and construction related 
conclusions and recommendations might be separated or combined.  Any areas of 
uncertainty, such as items that can only be resolved by further evaluation during the 
actual construction process, should be clearly identified in this section.  The 
following items should be addressed in this significant portion of the geotechnical 
report. 

 
3.11.7.1 General Assessment - A brief summary of the more significant conclusions 

and recommendations is included, identifying unusual or critical items that 
should be addressed in the design and construction. 

 
3.11.7.2 Site and Subgrade Preparation - Recommendations concerning clearing, 

stripping, and grubbing of the embankment footprint area, spillway 
locations, and potential borrow areas should be included.  All disturbance 
and excavation limits should be based on safety considerations.  Typically, 
the area beyond the toe of the dam is cleared to minimize root invasion. 

 
3.11.7.3 Foundation Preparation - Recommendations concerning undercutting and 

replacement of unsuitable materials should be included in this section.  
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Special foundation preparation techniques are included to deal with partial 
undercutting of alluvial soils and the preparation of exposed rock 
foundations. 

 
3.11.7.4 Groundwater and Dewatering - Dewatering requirements to construct the 

project should be identified.  Specific areas that will likely require 
dewatering, and the extent to which groundwater lowering is needed, should 
be addressed.  General information on the anticipated types of dewatering 
systems that would be appropriate should be presented. 

 
3.11.7.5 Surface Water Diversion - A general discussion of the need to route surface 

flows from the drainage basin around and through the construction work 
area should be identified. 

 
3.11.7.6 Seepage Considerations - The seepage evaluations should include estimates 

of potential seepage quantities, as well as any seepage reduction and seepage 
collection techniques needed.  Seepage reduction techniques such as 
cutoff/keyways, slurry walls, clay core zones and grout curtains should be 
identified.  Internal drainage system recommendations should be made for 
any foundation and embankment drains that are needed.  Details concerning 
gradations of drainage aggregates, filter requirements, the need for special 
items such as relief wells, and locations and minimum dimensions for 
drainage components should be addressed. 

 
3.11.7.7 Embankment Geometry - The maximum recommended slope inclination 

should be specified based on the results of the stability evaluation.  The need 
for toe berms, wave berms, and minimum crest widths should be discussed 
as well as drainage considerations for the surface of the embankment.  Any 
requirements for zoning within the embankment should be included, 
specifically addressing material properties that are considered appropriate 
for each zone within the dam. 

 
3.11.7.8 Earthwork Recommendations - This section of the report should include the 

material types and quantities identified in potential borrow areas.  It should 
specify minimum compaction requirements and moisture control for all fill 
material placed during construction.  Borrow site management should be 
addressed.  Details concerning the placement procedures for the earthwork 
operations to assure adequate bonding between lifts, control of overly wet, 
dry or frozen materials, cross slopes, and management of the fill pad should 
be provided.  Minimum testing recommendations for the earthwork should 
be included. 

 
3.11.7.9 Settlement - Estimates of settlement, particularly at critical structure 

locations, should be provided if compressible foundation conditions exist.  
In conjunction with the settlement assessment, anticipated settlement along 
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conduits and the associated joint extensibility for any jointed conduits
should be described.  The potential for excessive differential settlement
should be discussed as well as any special foundation preparation techniques
or design requirements, such as internal drainage systems and chimney
drains. Typically, the settlement estimated at the base of the dam, as well as
the settlement within the fill material should be provided.  The need to
compensate for any potential settlement, including cambering of the crest,
special construction sequencing and surcharging requirements should be
addressed.

3.11.7.10 Principal Spillway/Conduits - Any special embedding requirements for
conduits that will penetrate the dam should be addressed.  This would
include concrete cradle requirements, filter collars, the need for camber in
the pipe to accommodate settlement, and special backfill requirements
adjacent to conduits.  Allowable bearing pressures for outlet structures
should be provided along with any special foundation preparation techniques
appropriate for these areas.

3.11.7.11 Emergency/Open Channel Spillways - Items related to the excavation of any
open channel spillways in the abutment areas should be addressed. The
erodability index of materials exposed at the proposed finish grade should be
determined for use in erosion calculations. The suitability of using
excavated materials in the embankment, groundwater considerations, and the
potential for difficult excavation should be considered. Armored spillway
channels in abutment areas or on the embankment should provide details
concerning seepage reduction and underdrainage system requirements.

3.11.7.12 Erosion Control - The need for shoreline wave protection, vegetative cover,
berms, and protection of critical areas from surface runoff should be
considered.  Recommendations for positive erosion protection techniques
such as riprap should include the bedding requirements for these materials.

3.11.7.13 Other Considerations - Any special requirements for items such as slurry
walls, foundation grouting, and special consideration of the geology in
which the site is located should be addressed in the geotechnical report.  In
essence, any geotechnical issues, which may impact the subsequent design
and construction of the project, should be considered.

3.11.8 Instrumentation

Minimum instrumentation requirements should be included in this section.  These
recommendations should include types of instrumentation, locations, and the general
approach to be used in monitoring and reporting the data.
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3.11.9 Construction Monitoring 
 

The report should address requirements related to the geotechnical evaluation and 
construction materials testing that will be required during construction.  This includes 
the level of experience of the individuals responsible for testing and monitoring, 
general testing requirements, and identification of the specific areas that require 
monitoring.  For large, high hazard dams, full-time monitoring of all phases of the 
construction is required. 

 
3.11.10 Appendices 

 
3.11.10.1 Supporting Data - All of the field and laboratory test results should be 

included as appendix items.  Exploration location plans, subsurface profiles, 
boring records, laboratory test results, and any special details should be 
included. 

 
3.11.10.2 Analyses - The actual calculations required for stability, seepage and 

settlement, as well as any other specific geotechnical calculations performed 
as part of the basis for the geotechnical study, should be included.  This may 
be as an appendix item to the geotechnical report or may be submitted as a 
separate document along with the geotechnical study. 

 
 



Hydrology
and

Hydraulics



Section 4 – Hydrology and Hydraulics 
 

 4.1 January 1, 2001 

Section 4 
HYDROLOGY AND HYDRAULICS    

      

4.1 Introduction 
 

A spillway system must be capable of safely passing the runoff from the design storm event 
without the embankment overtopping and failing. The magnitude of the design storm 
depends on the hazard classification.  A hydrologic analysis of the watershed and a hydraulic 
evaluation of the spillways are required to design an appropriate spillway system and 
determine the minimum crest elevation of the embankment.  
 
The hydrologic analysis involves the computation of the runoff hydrograph.  The hydraulic 
evaluation includes reservoir routing and the computation of elevation-discharge data for 
both the open channel and closed conduit spillways.  Although this differentiation is not 
universal in civil engineering, it will be used in these guidelines.   
 
Spillway design is an iterative process that involves routing the runoff hydrograph through 
the reservoir and a trial spillway system.  The objective of this process is to design a spillway 
system that will safely pass the runoff from the design storm without overtopping the dam.  
Other objectives include designing a spillway system that is economical, dependable, and can 
be constructed with locally available materials.   
 
The information in this section discusses some of the basic elements of a hydrologic and 
hydraulic analysis that the Project Engineer will find useful in designing or evaluating a 
spillway system for a dam.  The methods referred to in this section are not exhaustive.  
Specific analytical methods should be determined on a case-by-case basis.  Pre-design 
meetings between the engineer and the Division of Water are encouraged. 

 
4.2 Hydrology 
 

The design of a new spillway system and the evaluation of an existing spillway require the 
engineer to compute a runoff hydrograph.  Parameters used in the computation of a runoff 
hydrograph include the watershed area, total rainfall, rainfall distribution (hyetograph), time 
of concentration, initial abstraction, and infiltration characteristics of the watershed. 

 
4.2.1 Methodology 

 
The runoff hydrograph, elevation-discharge data for the spillway system, and an 
appropriate reservoir storage-indication method of flood routing are used to perform 
an overtopping analysis of the dam.  Flood routing is necessary to evaluate the 
adequacy of existing spillways and design new spillway systems.  The overtopping 
analysis involves four steps: computing the runoff hydrograph, determining the 
elevation-discharge relationship for the spillway system (using the methods in 
Section 4.3), determining the elevation-storage relationship for the reservoir, and 
routing the runoff hydrograph through the reservoir and spillway(s).  When designing 
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a new spillway, iterations continue until the engineer determines an acceptable top-
of-dam elevation and adequate size for both the principal and emergency spillways.  
Because of the iterative nature of the computations, engineers frequently utilize 
computer programs to perform hydrologic simulations.  Acceptable computer 
programs include the United States Department of Agriculture (NRCS) DAMS2, 
SITES, and TR-20 software and the United States Army Corps of Engineers (COE) 
HEC-1 and HEC-HMS software. 

 
4.2.2 Hazard Classification 

 
The hazard classification of a dam is determined by evaluating the area that would be 
affected by inundation in the event the dam fails with the reservoir at the emergency 
spillway crest elevation or the dam crest elevation, in the absence of an emergency 
spillway.  A correlation between the amount of inundation and the hazard 
classification is summarized in Appendix A.  In many cases, the hazard classification 
of a dam can be determined by a review of current topographic maps and a visual 
inspection of the downstream floodplain for a distance commensurate with the size of 
the reservoir.  If a breach analysis is required, the methodology described in Section 
4.10 should be used. 
 
Over time, development occurs in the area downstream of a dam.  In fact, a manmade 
lake sometimes encourages downstream development.  It is therefore prudent for the 
Project Engineer to consider designing the spillway for a higher hazard classification, 
when appropriate. This can help the owner avoid major dam and spillway 
modifications at a later date when the downstream development occurs, the hazard 
classification increases, and costs for upgrading the dam and spillway system are 
higher.   
 

4.2.3 Design Storm Events 
 

After the hazard classification of the dam has been determined, the appropriate 
design storm is selected using the criteria in Table 1.  
 
If the time of concentration (Tc) is less than 6 hours, the 6-hour Probable Maximum 
Precipitation (PMP) should be used to analyze the spillway system. If the Tc exceeds 
6 hours, the design storm duration is increased to a time equal to or greater than the 
Tc. This increases the PMP depth to account for the longer storm duration.  All 
season 6-hour, 10 square mile PMP isohyetals and 24-hour, 10 square mile PMP 
isohyetals for the state can be found in Appendix D and in the latest edition of the 
Indiana Department of Natural Resources (IDNR) - Division of Water Publication 
"Rainfall Frequency for Indiana."   The definition of the PMP rainfall event and its 
computation are discussed in the Department of Commerce Hydrometeorological 
Report (HMR) No. 52.  If the watershed is greater than 10 square miles, the PMP 
depth may be reduced using procedures outlined in Hydrometeorological Report 
(HMR) No. 51. 
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Table 1: Design Storm Event for Spillway Design and Analysis  
 

Dam's Hazard 
Classification 

 
Design Storm Event 

 
Remarks 

 

High 
 

100% PMP 

 
For existing dams, a smaller design storm between 
50% & 100% PMP may be justified through an 
elaborate Incremental Hazard Evaluation procedure 
described in TADS module "Evaluation of 
Hydrologic Adequacy".1 

Significant 50% PMP  

 

Low 
 

100-Year to 50% PMP 
 

The spillway design storm requirements may vary 
from the 100-Year storm (for in-channel, low head 
dams which will be completely inundated by the 100-
year storm event) to the 50% PMP (for normal 
situations, where the downstream hazard is likely to 
increase from low to significant in the future).  A 
smaller percentage of PMP may be accepted by the 
Division of Water on a case by case basis, if the 
consequences of dam failure can be demonstrated to 
be negligible or assurance in the form of a deed 
restriction, covenant, etc. is provided to the Division 
of Water prohibiting new development within the 
dam breach inundation zone. 

 

NOTE: 1 Information regarding this publication may be obtained from the Division of Water .  The owner and engineer 
should recognize that dam construction typically results in higher risks.  If an Incremental Hazard Evaluation 
procedure is utilized, the owner should periodically evaluate the downstream area to determine if this evaluation 
is accurate as new development takes place.  The owner may eventually be required to modify the dam and 
spillway to safely pass the runoff from the 100% PMP, if such analysis indicates that the earlier results are no 
longer valid due to new development occurring downstream. 

 
The 6-hour PMP hyetograph is derived using the NRCS Type B distribution while 
the 24-hour PMP hyetograph is derived using the NRCS Type II distribution.  Both 
distributions are shown in Appendix D.  Other rainfall distributions may be used to 
develop the design hyetograph.  The Project Engineer is encouraged to meet with the 
Division of Water staff to discuss the use of other methods. 
 

4.2.4 Watershed Area  
 

Watersheds should be delineated on USGS 7½ minute topographic maps in 
accordance with recognized USGS delineations in the booklet, “Drainage Areas of 
Indiana Streams” to determine the size, shape and relief of the area contributing 
runoff to the reservoir. Watersheds are divided into sub-watersheds when appropriate 
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(see http://in.water.usgs.gov/cdfactsheet/index.shtml) for use in delineating 
watershed boundaries.  The engineer should consider dividing the watershed into 
sub-watersheds when the area above the dam is greater than 2000 acres or the sub-
watersheds have significantly differing characteristics such as slope, land use, soil 
types, or shape.  
 

4.2.5 Time of Concentration 
 

There are numerous methods that can be used to compute the time of concentration.  
The size, shape, and geomorphology of the watershed are key factors that should be 
examined in detail before selecting a method.  The surface runoff path should be 
divided into subreaches depending upon type of flow (sheet-overland, concentrated, 
gully, storm sewer, culver, ditch, stream, or channel), land cover, and slope.  The 
kinematic wave method may be applied to calculate travel times from the point of 
entry into the lake, through the reservoir, and to the spillway outlet.  Travel time 
calculations for each subreach should be provided and the total travel time indicated. 
Parameter limitations of each method should be examined before a method is 
selected.  The following are a list of methods frequently used to compute the time of 
concentration: 

 
- NRCS TR-55 Method (computes Tc directly by dividing the watershed into flow 

segments for both overland and channel flow; travel times for each segment are 
summed from the most hydraulically remote point in the watershed to the 
reservoir) 

- NRCS Upland Method 
- Kinematic Wave Method (computes Tc directly by dividing the watershed into 

flow segments for both overland and channel flow; travel times for each segment 
are summed from the most hydraulically remote point in the watershed to the 
spillway outlet) 

 
Other Tc methods are acceptable.  Documentation for the method used to determine 
the Tc should be included in the engineering report and should include the 
equation(s) and the design methodology (see Section 4.11). 

 
4.2.6 Rainfall Losses  

 
Initial abstraction and infiltration are deducted from the total rainfall to derive the 
runoff hydrograph.  In the absence of site-specific data, lumped parameter models 
such as the NRCS Runoff Curve Number Method (National Engineering Handbook, 
Section 4, Technical Release 5, or Engineering Field Handbook, Chapter 2) can be 
used.  The NRCS Runoff Curve Number Method is a methodology that determines 
losses and initial abstraction on the basis of  soil types and land use.  As a minimum, 
curve numbers should be determined for antecedent moisture condition (AMC) II.  
The engineer should consider projected land use changes in the computation of the 
curve number. Design documentation will include soil types, land use, maps, and the 
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methodology used in calculating the curve number (see Section 4.11).  The COE 
HEC-1 and HEC-HMS programs include other loss rate methods that are acceptable. 
 

4.2.7 Hydrographs 
 
Because smaller watersheds in Indiana are ungaged, the use of synthetic unit 
hydrographs is an accepted procedure for the computation of runoff hydrographs.  
Synthetic unit hydrographs are based on the assumption that watersheds within a 
homogeneous region have similar rainfall-runoff characteristics.  The NRCS 
dimensionless unit hydrograph is typically used and is valid for watersheds up to 50 
square miles in size.  Larger watersheds can be divided into sub-watersheds less than 
20 square miles in size to use the NRCS method.  Clark’s unit hydrograph, which 
considers the storage effects of the watershed, and Snyder’s unit hydrograph, which 
considers the physical geometry of the watershed, are useful for analyzing larger 
watersheds.  Snyder’s method is valid for watersheds ranging in size from 10 square 
miles to 10,000 square miles.  Other synthetic unit hydrographs may be acceptable 
but should be coordinated in advance with the Division of Water. 
 

4.2.8 Channel Routing 
 
Large heterogeneous watersheds are frequently delineated into sub-watersheds and 
stream networks.  Runoff hydrographs are derived for each sub-watershed and 
channel routed through the stream network to the reservoir.  The Modified Puls 
Method and the Muskingum-Cunge Method are typically used to perform the channel 
routing.  The Muskingum-Cunge Method requires knowledge of the physical 
characteristics of the channel, such as the reach length, cross sections and slope to 
compute the routing coefficients.  Both methods may be used with the HEC-1 or 
HEC-HMS programs to derive the runoff hydrograph for the watershed. 
 

4.3 Hydraulics 
 

Hydraulic calculations are performed to determine the elevation-discharge characteristics of 
closed conduit and open channel spillways.  Principles of fluid mechanics allow the engineer 
to analyze weir, orifice and full pipe flow in closed conduit systems, which may include inlet 
structures, outlet structures, gates, and valves.  Open channels are typically analyzed under 
steady, nonuniform flow conditions to determine the location of the control section and the 
water surface profile. Transitions from gradually varied flow to rapidly varied flow 
frequently occur in open channels and the analysis should evaluate the effect of side channel 
entrances, ogee sections, bridges, geometric transitions, and energy dissipation structures.  

 
4.3.1 Spillways 

 
The design of spillways for a dam project requires consideration of numerous 
parameters.  Among these parameters are the type, size, and location of primary and 
emergency spillways and the need for inlet and outlet structures.  The topography and 
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soil conditions at a site are important considerations in the design of spillway 
systems. The need for energy dissipation, erosion control, debris protection measures, 
and maintenance procedures should be evaluated.  
 
Typically, a dam will have at least two spillway structures, a principal (or primary) 
spillway and an emergency (or auxiliary) spillway.  The combined capacities of the 
spillways should be able to safely pass the runoff from the design storm without 
overtopping the dam.  The emergency spillway should be an engineered open channel 
to prevent blockage during the design flood. 
 
Due to the high maintenance costs and the erosion potential of grassed open channel 
spillways, it is desirable to minimize the frequency of use of the emergency spillway. 
A typical approach is to design the spillway system so that the emergency spillway 
only operates for rainfall events greater than the 100-year event.   For  significant and 
low hazard structures, the emergency spillway should only operate for rainfall events 
greater than the 50-year storm.   
 
The emergency spillway (regardless of the type) should be properly protected against 
erosion in order to provide structural resistance to up-lift, cavitation, vibration, and 
erosion.  Sufficient erosion protection should be provided to prevent the uncontrolled 
release of reservoir storage below the emergency spillway elevation during the design 
flood. 

 
4.3.1.1 Principal Spillway 

 
The principal (or primary) spillway controls the normal pool elevation of the 
lake and should safely handle outflow from the lake under various conditions 
including freeze/thaw and ice buildup.  The principal spillway usually 
consists of an inlet structure, a closed conduit, and an outlet structure.  Ease 
of access for timely maintenance is especially critical.  Principal spillways are 
frequently located within the embankment although they may be situated in 
natural ground.  Some types of principal spillways include: 

 
- Culvert(s) 
- Drop Structures 
- Gated Structures 
- Labyrinth Weirs 
- Morning Glory Inlets 
- Ogee Weirs 
- Standard Covered Risers 

 
Public safety should be considered in the design of principal spillway inlets 
and outlets.  Barriers should be placed on riser openings and signs posted 
near inlet structures to warn the public of the hazard posed by spillways. 
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4.3.1.2 Emergency Spillway 

 
The emergency (or auxiliary) spillway provides additional discharge capacity 
as the lake level rises to prevent the dam from overtopping during the design 
storm.  The emergency spillway also provides an alternative for safe 
discharge should the primary spillway become inoperable or blocked.   

 
The outlet slope of the emergency spillway should be greater than the critical 
slope to cause critical depth (a hydraulic control section) to occur at the 
spillway crest. Backwater computations should be submitted for a wide range 
of discharges in order to establish a rating curve and show the depth-
discharge characteristics for the entire length  of the spillway.  Regardless of 
the spillway slope, it is advisable to compute a water surface profile for the 
design discharge using the Corps of Engineers HEC-RAS or HEC-2 
programs to estimate the maximum velocities in the channel and determine 
the height of erosion protection required in the spillway. 
 
The emergency spillway is typically an open channel.  It should be located in 
natural ground away from the dam so that during the operation of the 
spillway, the dam will not be endangered. When this is not feasible, adequate 
armor protection should be placed on the dam to allow a portion of it to act as 
an emergency spillway during the design storm.   Emergency spillways in 
natural ground are typically vegetated but may need additional protection if 
operated frequently or if design flow velocities are excessive.  Listed below 
are types of acceptable armor protection for emergency spillway channels: 

 
- Articulated Blocks 
- Concrete Paving 
- Gabion Baskets (underlain with a properly designed filter) 
- Engineered Riprap 
 
Early coordination with the Division of Water is required when an emergency 
spillway will be located on the embankment. 

 
4.3.2 Spillway Rating Curves 

 
A rating curve (plot of elevation versus discharge) should be developed for each 
primary and emergency spillway structure.  The rating curves should be combined 
into an overall rating curve for the reservoir.  The engineer should evaluate how the 
different spillway structures will affect the overall outflow capacity and the ability of 
the spillway system to safely pass runoff from the design storm. 

 
Design documentation should include the equations used to calculate each of the 
spillway rating curves and the design methodology.  The rating curves should be 
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provided in tabular and graphical format (elevation-discharge tables) for each of the 
spillway structures and combination of all structures. 
 
Maximum design flow velocities for the principal and emergency spillways should be 
computed when designing structures, outlets, and channels.  An evaluation of the 
maximum velocities is necessary to determine if stilling basins or other outlet 
protection is required.  The design of suitable energy dissipation measures is an 
important consideration for each spillway structure 
 
4.3.2.1 Downstream Channel Conditions 

 
Channel conditions downstream of the dam can greatly affect the discharge 
capacity and stability of the dam and should be considered in the overall 
design.  In situations where there are restrictions in flow capacity downstream 
of the dam (due to a roadway culvert, bridge, lake, levee, or a narrow valley 
cross-section), the restrictions should be evaluated to determine if tailwater 
conditions exist at the dam and if the tailwater will reduce the capacity of the 
spillways. 

 
Typical stilling basin and plunge pool energy dissipation designs require that 
the tailwater elevation for the channel downstream of these structures be 
known. 

 
The methodology and data required for determining tailwater conditions at 
spillway outlets can vary depending upon the characteristics of each 
downstream restriction. Appropriate field data should be obtained for each 
downstream restriction, in order to accurately determine the resulting 
tailwater effects. Corps of Engineers programs HEC-RAS and HEC-2 are 
typically used to calculate backwater profiles for determining tailwater 
effects.  Other methods or software may be acceptable with prior approval 
from the Division of Water  

 
4.3.3  Force and Energy Considerations 

 
The operation of spillway structures involves the discharge of significant flows for an 
extended period of time.  In the event the forces and energy resulting from flow 
through the spillway structure are not considered in the selection and design of 
spillway structures, damage or failure of the structure may occur.  This could impact 
the overall safety and integrity of the dam. 
 
Structural analysis is necessary to determine the effect of momentum forces on the 
spillway structures during the design storm. The results of the analysis are used to 
design the structures to withstand these forces.  Analysis and design to provide 
adequate energy dissipation at each spillway outlet is also necessary.  Listed below 
are some types of energy dissipators. 
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4.3.3.1 Conduit Spillway Energy Dissipators 
 

- Cantilever Plunge Pool 
- Impact Basin 
- Riprap Basin 
- Stilling Basin (with blocks and end sill) 
- Chute Blocks 

 
4.3.3.2 Concrete Chute Spillway Energy Dissipators 

 
-  Deflector Buckets 
-  Hydraulic Jump Basin 
-  Stilling Basin 

 
Earthen emergency spillways are subject to erosion and possible failure 
during the design storm. If the failure of an earthen emergency spillway could 
affect the safety or integrity of the dam, or pose a hazard to downstream 
residents and structures, spillway attack calculations should be provided.  
These calculations predict the likelihood that an earthen spillway will fail 
during the design storm based on soil resistance and bulk length.  Field and 
laboratory data should be obtained to perform the spillway attack calculations 
so that the spillway can be designed to perform safely.  The NRCS SITES 
computer program may be used to assess the erodibility of an earth spillway. 

 
Structural analysis and geotechnical evaluations regarding spillways should 
be incorporated into the structural design section of the engineering report 
and submitted with the permit application. 

 
4.4 Reservoir Routing Procedures    
 

The elevation-storage characteristics of the reservoir should be determined from a 
hydrographic survey of the reservoir, USGS topographic maps, or maps derived from aerial 
photography.  The elevation-storage data should be submitted in both graphical and tabular 
format. 
 
After the runoff hydrograph, the elevation-storage curve, and the combined spillway-rating 
curve have been derived, the engineer can perform reservoir routing computations.   
Reservoir routing refers to the iterative process of balancing inflow volume, outflow volume, 
and available storage volume for incremental time periods over the duration of the design 
storm event in order to assess performance characteristics of the reservoir.  The Modified 
Puls reservoir routing method is typically used to route the runoff hydrograph from the 
watershed through the reservoir and spillway system.  Alternatives for various configurations 
of the dam and spillway system should be evaluated to design a cost effective principal and 
emergency spillway that will be dependable and safe.  
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4.5 Freeboard Calculations 

 
All spillway systems must safely pass the design storm without overtopping the dam.  The 
characteristics of the reservoir should be evaluated to determine if freeboard is required.  
Freeboard is defined as the distance between the maximum elevation of the reservoir during 
the design storm and the minimum elevation of the dam crest.  In certain situations, the 
length and orientation of the reservoir may increase the height of waves during the design 
storm.  These waves could overtop the dam.  The engineer should determine the effects of 
wave action when appropriate. 
 
On rare occasions, a dam may be designed to allow overtopping to occur during the design 
storm. Because of the complexity and risk involved in designing a dam to withstand 
overtopping, the Project Engineer should meet with the Division of Water staff early in the 
preliminary engineering phase to discuss specific design requirements. 

 
4.6 Structural/Mechanical 
 

Spillway structures, gates, valves, and appurtenant works should be designed to operate 
efficiently and safely handle all expected flows (normal & infrequent) and loading conditions 
from the dam.  Spillway structures should be designed to allow maintenance and repairs to be 
accomplished throughout the expected life of the dam. 
 

4.7 Filling Schedule for Reservoirs 
 

In some cases, it may be necessary to fill the reservoir in stages to allow time for the 
embankment and foundation materials to adjust to the increased hydrostatic loads resulting 
from the reservoir.  A schedule for filling the reservoir should be developed, based on the 
embankment and foundation performance, as determined by properly installed 
instrumentation and visual inspections.  The following is a typical schedule for filling the 
reservoir: 
 
- First 1/3 of the pool level – fill rate unrestricted 
- Second 1/3 of pool level - no more than 2 feet per week 
- Final 1/3 of pool level - no more than 1 foot per week 

 
4.8 Drawdown Time 
 

All dams should have an adequately designed drawdown structure to allow maintenance and 
accommodate the requirements of the Operation Plan and the Emergency Action Plan.  The 
dam owner should consider the affects of downstream flooding during reservoir drawdown 
operations 
 
Rapid drawdown situations affect the stability of the embankment and should be considered 
when designing the dam and lowering the pool.  The rate of safe drawdown and the capacity 
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of the drawdown pipe should be computed by the engineer and documented in both the 
Operation Plan and the Emergency Action Plan.  
 

4.9 Spillway Materials  
 

Proper selection and design of materials for a spillway system are as important as the 
capacity. Metal, concrete, riprap, geosynthetics, and high-density polymers are some of the 
materials available for spillway structures. The anticipated loads, required operations, 
expected performance, life cost, and the spillway environment should be considered in the 
selection of spillway materials. 
 
Materials for pipe spillways should be selected carefully.  Pipe spillways are designed for 
pressure flow.  Corrugated metal pipe (CMP) joints are not designed to be watertight in high-
pressure applications and are not recommended for use in spillway systems.  Welded steel 
pipe is acceptable in low-head applications but cathodic protection should be provided to 
delay the onset of corrosion.  Because of construction issues, past failures, and the lack of 
long-term performance documentation in spillway applications, the use of polyvinyl chloride 
(PVC) and high-density polyethylene (HDPE) pipes are not recommended for spillway pipes. 
Reinforced concrete pipe (RCP) is very durable and is typically used in pipe spillways.  Bell 
and spigot joints with rubber o-ring gaskets provide a watertight joint in most RCP 
applications.  The use of anti-seep collars and/or seepage control diaphragms should be 
included in the design and construction of conduit spillways through dams. 
 

4.10 Hazard Evaluation and Dam Break Analyses 
 

Properly designed, constructed, and operated dams can be expected to attenuate downstream 
discharges during flood events.  However, failure of a dam during normal conditions or 
during a flood event can create a potential hazard far greater than that which existed without 
the dam.  The consequences of dam failure should be fully evaluated and analyzed in order to 
properly identify and define the extent of the potential "hazard zone".  The results of these 
analyses should be used in determining the hazard classification of the dam and developing 
the Emergency Action Plan procedures. 

 
4.10.1 Dam Break Analysis Methods 

 
The degree of study required to define the impacts of potential dam failures is site 
specific and will vary depending upon the type and height of dam, size of reservoir, 
and downstream conditions.  In some cases, detailed studies referred to as, "dam 
break" or "dam breach" analyses, will be required to determine the anticipated 
downstream hazard zone. 
 
The generally accepted procedure for dam break analysis involves application of 
unsteady flow and dynamic routing methods.  The following computer programs 
apply this procedure: 
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- DAMBRK (National Weather Service) 
- FLOODWAV (National Weather Service: combines the DAMBRK model  

with the DWOPER model) 
 

The Corps of Engineers HEC-1 hydrologic model may also be used to perform a dam 
break analysis to determine downstream inundation areas.  The HEC-1 dam break 
simulation assumes that the reservoir pool remains level while water is released 
through an incrementally changing triangular, rectangular, or trapezoidal breach in 
the dam.  The HEC-1 model can be used with a river routing scheme to delineate 
downstream flood zones or in conjunction with the COE HEC-RAS or HEC-2 
models to simulate steady, nonuniform flow conditions in the downstream channel 
and floodplain.  When the COE models are used, the hydrologic methods are 
assumed to be appropriate for the dynamic flood wave.  Under most conditions, these 
assumptions will be approximately true and will provide results that are sufficiently 
accurate for the determination of the downstream hazard zone.  Appropriate care is 
recommended in interpreting the results of a dam break analysis based on these 
assumptions. If a higher order of accuracy is necessary, the National Weather Service 
unsteady flow models should be applied. 

 
4.10.2 Dam Break Analysis Parameters 

 
The accepted methods for determining dam break analysis scenarios require the user 
to select the dam failure parameters under a variety of failure modes. Table 2 
provides typical values for these parameters.  The parameters include the size, shape, 
and time of formation of the dam breach.  

 
The conditions during which the simulated dam breach occurs is a critical component 
of the analysis.  A "sunny day" breach analysis implies that the dam fails as a result 
of structural, geotechnical  or mechanical failure, not as a result of overtopping of the 
dam.  However, it is advisable, when performing a sunny day breach analyses, to 
assume (at a minimum) that the reservoir pool elevation is at the emergency spillway 
operating elevation.  In the event that the reservoir does not have an emergency 
spillway or other open channel spillway outflow, the reservoir elevation should be 
considered to be at the minimum dam crest elevation. 
 
Simulation of a dam break during the design storm is also advisable. This analysis 
should be considered in situations where there is the potential that the spillway 
system capacity could be significantly reduced as a result of blockage, operating 
failure, or some other condition. This dam break scenario assumes that the failure 
will occur as soon as the reservoir elevation exceeds the minimum dam crest 
elevation.  Careful consideration should be given to the amount of inflow, the 
reservoir elevation at failure, and the downstream water elevation.  If a recent storm 
event has occurred, downstream conditions may still be fully saturated or at a flood 
level.  
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When analyzing a sunny-day breach or a dam break during the design storm event, 
the flood storage provided by downstream dams may be considered by the engineer if 
these dams are approved by the state and regularly inspected.  If a downstream dam is 
not approved by the Division of Water or if an approved downstream dam is found to 
overtop, the water stored by the dam is assumed to be released and included in the 
analysis. 

 
Table 2: Suggested Breach Parameters for Indiana 

 

 
Type of Dam 

 
Avg. Breach Width  

BR (feet) 

 
Breach Side Slope Z 

 
Time to Failure 
TFH (Hours) 

Arch W 
Vertical or Slope of 

Valley Walls 
0.1 

Masonry; Gravity Monolith Width Vertical 0.1 to 0.3 

Rockfill HD --- --- 

Timber Crib HD Vertical 0.1 

Slag; Refuse 80% of W 1.0 to 2.0 0.1 to 1.0 

Earthen "non-engineered" 2HD to 5HD 0.0 to 1.0 0.1 

Earthen "engineered" 0.5HD to 5HD 0.0 to 1.0 0.5 to 1.0 

 
Definitions: BR Average Width of Breach 

HD Height of Dam 
TFH Time of Full Formation of the Breach 
W Crest Length 
Z Horizontal Component of Side Slope of Breach 

 
4.11  Documentation 

 
The hydrologic and hydraulic design and analysis of a dam consists of extensive 
technical work.  The engineering report should clearly document the programs, 
assumptions, parameters, equations, tables, graphs, methodology, engineering 
judgement, results, and recommendations that were used in the evaluation process.  
When computer programs are used to perform hydrologic and hydraulic 
computations, copies of the data files should be submitted in electronic format 
(floppy disk or CD).  The engineering report should be submitted with the permit 
application to facilitate the review and approval process. 
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Section 5
DRAWINGS AND SPECIFICATIONS

5.1 Introduction

Every proposed dam or dam repair project requires a set of complete drawings (also referred
to as plans) and specifications tailored to the project. 

The drawings and specifications are based on the results of the technical evaluations
(hydrologic/hydraulic, geotechnical, geologic, structural, etc.) described in the previous
sections and recommendations in the engineering report.  This section lists items which
typically are included in a set of drawings and specifications submitted to the Division of
Water.  This is not intended to be an all-inclusive list, nor will all of these items be required
for every project.  This list is limited to aspects of the dam and appurtenant structures.  Other
items such as an erosion control plan and a plan addressing archeological and cultural
resources may need to be submitted for review by others.  Some of the items in this section
may be combined for clarity or simplicity.

Selected plan sheets for an example dam have been included in Appendix E to illustrate the
level of detail and completeness required for small to medium size dams. In Appendix F is
a list of the Common Pitfalls that render plans and specifications incomplete.

5.2 Construction Drawings Guidelines

It is recommended that drawings be submitted on 24” X 36” sheets.

5.2.1 Title Sheet

5.2.1.1 Location map with North arrow and scale
5.2.1.2 List of drawings
5.2.1.3 Twenty-four (24) hour contact and phone number
5.2.1.4 Owner's name, address, and phone number
5.2.1.5 Engineer's name, address, and phone number
5.2.1.6 Engineer's professional seal
5.2.1.7 Legend & Information

5.2.2 Regional Plan

5.2.2.1 Regional features that the contractor should be aware of during construction
(i.e. drainage area, upstream dams, etc.)

5.2.2.2 Location of proposed lake and dam
5.2.2.3 Downstream hazards (buildings, road, etc.) potentially impacted by dam

breach
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5.2.3 Vicinity Plan

5.2.3.1 Excavation within the area upstream from the toe of the dam should be
based on safety considerations.  The Project Engineer usually determines
the limits of excavation.

5.2.3.2 Disturbance limits
5.2.3.3 Existing topography

- source (aerial, ground survey, data source)
5.2.3.4 Existing features
5.2.3.5 Borrow/spoil areas
5.2.3.6 Property/easement limits and owners/easement holders
5.2.3.7 North arrow and scale
5.2.3.8 Demolition

5.2.4 Site Plan

5.2.4.1 Site grading
5.2.4.2 Existing topography

- source (i.e. aerial, ground-run, data source)
- contour interval 2-5 ft suggested.

5.2.4.3 Existing features
5.2.4.4 Borrow/spoil areas
5.2.4.5 Disturbance limits

- should be based on safety considerations.
5.2.4.6 Property/easement limits and owners/easement holders
5.2.4.7 Proposed structures, spillways and features
5.2.4.8 Demolition
5.2.4.9 North arrow and scale
5.2.4.10 Geotechnical exploration locations
5.2.4.11 Survey control points

5.2.5 Profiles and Sections

5.2.5.1 Dam centerline profile
- subsurface soils/rock borings
- crest profile (showing compensation for settlement)
- seepage collection and drainage features

5.2.5.2 Dam cross sections
- foundation preparation
- embankment zoning
- upstream and downstream slopes
- seepage collection and drainage features
- cut off trench
- roadway on crest
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5.2.5.3 Emergency spillway profile
- typical section
- cross sections
- training berm profile

5.2.5.4 Principal spillway profile
- conduit camber
- anti-seep collar
- seepage control diaphragm

5.2.5.5 Seepage reduction
- clay blanket
- keyway
- slurry wall
- grout curtain
- other relevant items

5.2.6 Seepage Collection

5.2.6.1 Drain Types
- chimney drains
- blanket drains
- trench drains
- toe drains
- foundation drains
- filter collar drains
- rock toes
- other

5.2.6.2 Drain Plans
5.2.6.3 Drain Profiles and Sections
5.2.6.4 Drain Details

- outlet headwalls
- cleanouts
- collection pipe
- animal guards

5.2.7 Instrumentation Plan

5.2.7.1 Settlement plate locations
5.2.7.2 Piezometer locations
5.2.7.3 Instrumentation details (as needed)
5.2.7.4 Installation details (as needed)

5.2.8 Structural Plans

5.2.8.1 General Plans
5.2.8.2 Structural sections and details
5.2.8.3 Waterstop details
5.2.8.4 Concrete joint details and locations
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5.2.8.5 Trash rack details
5.2.8.6 Spillway slab

- underdrains
- anti-cavitation details

5.2.8.7 Outlet pipe and concrete cradle details
- filter collar

5.2.8.8 Intake structure details
5.2.8.9 Retaining wall

- foundation
- wall drain

5.2.8.10 Lake drawdown pipe

5.2.9 Miscellaneous Details

5.2.9.1 Shoreline wave protection
5.2.9.2 Internal drainage outlet
5.2.9.3 Plunge pool details
5.2.9.4 Rip-rap details

- limits
- thickness
- type
- bedding
- geotextile

5.2.9.5 Gates & Valves
5.2.9.6 Pavement Details

5.3 Construction Specification Guidelines

5.3.1 Site Preparation

5.3.1.1 Reservoir clearing
5.3.1.2 Clearing and grubbing
5.3.1.3 Waste disposal
5.3.1.4 Stripping
5.3.1.5 Demolition

5.3.2 Dewatering and Diversion

5.3.2.1 Diversion of water
5.3.2.2 Removal of water

5.3.3. Earthwork

5.3.3.1 Undercutting
5.3.3.2 Excavation
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5.3.3.3 Rock removal
5.3.3.4 Borrow area development
5.3.3.5 Fill material placement

- Compaction
5.3.3.6 Backfilling
5.3.3.7 Rock fill

5.3.4 Foundation Treatment

5.3.4.1 Drilling and pressure grouting
5.3.4.2 Slurry trench
5.3.4.3 Keyways
5.3.4.4 Treatment of rock surface
5.3.4.5 Rock anchors

5.3.5 Conduits

5.3.5.1 Reinforced concrete pressure pipe
5.3.5.2 Reinforced concrete pipe
5.3.5.3 Steel pipe
5.3.5.4 Ductile iron pipe
5.3.5.5 PVC siphon pipe
5.3.5.6 HDPE pipe

5.3.6 Seepage Collection Systems

5.3.6.1 Toe drains
5.3.6.2 Blanket drains
5.3.6.3 Chimney drains
5.3.6.4 Trench drains
5.3.6.5 Foundation drains
5.3.6.6 Filter collars
5.3.6.7 PVC drain pipe
5.3.6.8 Aggregates
5.3.6.9 Geotextiles

5.3.7 Erosion Protection

5.3.7.1 Rip-rap
5.3.7.2 Geotextiles
5.3.7.3 Other
5.3.7.4 Articulated block
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5.3.8 Grassing and Vegetation

5.3.8.1 Soil preparation
5.3.8.2 Seeding
5.3.8.3 Mulching

5.3.9 Fencing

5.3.9.1 Fence
5.3.9.2 Gates

5.3.10 Instrumentation

5.3.11 Concrete

5.3.11.1 Formwork
5.3.11.2 Reinforcement
5.3.11.3 Accessories
5.3.11.4 Cast-in-place concrete
5.3.11.5 Precast concrete
5.3.11.6 Roller compacted concrete
5.3.11.7 Waterstops
5.3.11.8 Joint material

5.3.12 Metals

5.3.12.1 Trash rack
5.3.12.2 Structural steel
5.3.12.3 Miscellaneous metals
5.3.12.4 Anchor bolts
5.3.12.5 Handrails

5.3.13 Equipment

5.3.13.1 Sluice gate
5.3.13.2 Valves
5.3.13.3 Weirs
5.3.13.4 Other
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Section 6
CONSTRUCTION MONITORING

6.1 Introduction

The best embankment and spillway design can turn out to be a failure without proper
construction monitoring.  It is critical that the Project Engineer adequately monitor the
construction of the dam and the initial filling of the reservoir.  It is also important to monitor
the performance of the dam following the completion of construction. 

6.1.1 Construction Versus Post Construction

The monitoring program for the construction of a new dam, or the remediation of an
existing dam, includes both the actual construction work and the initial reservoir
filling (refilling).  This section of the guidelines deals primarily with the actual
construction period.

6.1.2 Project Engineer and other Technical Professionals

The Project Engineer should work closely with the owner and remain involved with
the project during construction.  As the owner’s representative, the Project Engineer
should make regular visits to the site.  For large projects, the Project Engineer may
designate a field engineer to remain on site and monitor all construction work.  In
most instances, a geotechnical engineer will be actively involved with the project for
the design firm, or as a subconsultant to the design firm.  The geotechnical engineer
will perform many of the construction monitoring activities.  A senior geotechnical
technician may be assigned to deal with many of the routine aspects of construction
such as monitoring clearing and grubbing activities, monitoring foundation
preparation, and performing compaction testing, concrete testing, and gradation tests
of the filter and drain material. In addition, other engineering disciplines may be
involved in project management and structural evaluations.

6.1.3 Level of Involvement

For large projects, the construction operations should be monitored on a full-time
basis. The appropriate design engineer should monitor the construction work that will
remain part of the completed project.  Many of the construction activities require
meeting not only minimum performance requirements, but also observing the details
of the actual construction.  For example, monitoring the earthwork requires more
than density testing which provides only an indication of the degree of compaction
and the in place moisture content of the fill material.  It is important to monitor the
placement of the materials in the dam to make sure lift surfaces are properly prepared
and material is placed in the zones depicted on the design plans.  This can only be
determined by full-time observation of the construction activities.
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6.1.4 Need for Technical Professional Involvement

Design activities continue through the construction phase.  Interpretations of
subsurface data, constructability issues, and modifications necessitated by the
contractor's experience and equipment mandate that representatives of the design
team remain involved throughout the construction process.  These individuals are
most familiar with the design assumptions and are in the best position to recommend
appropriate modifications, if needed.

6.1.5 Adherence to Plans and Specifications

The primary function of the construction monitoring team is to verify that the
contractor complies with the approved plans and specifications.

6.1.6 Design Changes/Field Conditions

Situations occasionally occur where the design will need to be altered due to
unforeseen field conditions.  The Project Engineer can help facilitate a quick
resolution to these situations.  Changes that are significant will need to be reviewed
and approved by the Division of Water prior to the change being implemented. 
Minor modifications should be reported and documented on the as-built drawings.

6.1.7 Certification

Almost all permits on dams include a condition that requires the applicant  to submit
as-built plans certified by a professional engineer.  The Project Engineer needs to be
closely involved in the construction activities to be able to provide such a
certification.

6.2 Routine Construction Monitoring Reports

The following is a brief listing of several of the aspects of construction monitoring that
typically need to be performed.  This should not be considered an all-inclusive list and should
be amended or expanded to account for the particular dam being built.  Ideally, all aspects
of the construction phase should be monitored and reported.

6.2.1 Clearing and Grubbing

The Project Engineer should evaluate the site after the contractor has completed the
clearing and grubbing operations to determine that adequate procedures have been
followed to allow for subsequent construction.  This monitoring should be reported
in a daily inspection report.
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6.2.2 Subgrade

The Project Engineer should monitor the subgrade and foundation preparation for the
dam.  This involves items such as stripping, undercutting of unsuitable material
(particularly flood plain undercutting), and keyway/cutoff construction.  The
conditions observed, including items such as depths of excavation and quantities
should be documented in the daily field reports.  The geotechnical engineer should
approve all subgrade areas before fill placement occurs.

6.2.3 Drains

The Project Engineer should monitor all aspects of the internal drain system
construction.  The internal drainage system may include a number of components
such as foundation drains, blanket drains, chimney drains, and collections systems.
 Since these systems are filtered either with natural materials or synthetic materials,
the monitoring should assure that all filters completely enclose more pervious
materials, and that the drains extend into the desired material for the proper control
of the phreatic surface.  Field adjustments to the drain construction are common and
should be documented in daily monitoring reports.

6.2.4 Outlet Works

The Project Engineer should monitor the construction of spillway and drawdown
pipes, and their associated intake and outlet structures.  Intake control structures
typically require assessment of allowable bearing capacity and adequate subgrade
preparation.  Outlet structures commonly incorporate some underdrainage.  Conduit
alignments may include concrete anti-seepage cradles, as well as filtered seepage
collars.  The engineer should monitor the configuration of excavations for conduits,
and closely assess all backfilling procedures adjacent to this critical area of the dam.
Density tests and concrete tests should be conducted and reported. The geotechnical
engineer should approve all subgrades for cradles and structures for subsequent
construction.

6.2.5 Earthwork

The geotechnical engineer or a qualified representative should monitor all aspects of
the earthwork operations on a full time basis.  Routine density testing and moisture
control should be reported.  In addition, the construction techniques utilized by the
contractor should be reported and  evaluated to assure conformance with the project
specifications.  The engineer's representatives should verify that all materials placed
in the embankment are suitable for their intended use and that proper lift treatment
is performed by the contractor to assure adequate bonding of the individual lifts.  The
engineer's representatives will determine if moisture adjustments are needed at the
fill pad prior to fill placement.  This may include either wetting or drying the borrow
material to achieve suitable moisture content.  The engineer's representatives should
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assure that the contractor is using appropriate equipment in the grading activities.
Reporting would typically include daily inspection reports summarizing the grading
activities and the individual density test report.

6.2.6 Instrumentation

The details of the instrumentation program are outlined in Appendix C.
Instrumentation may be placed during the construction process or at the completion
of the general embankment construction.  In many instances, instrumentation will
include devices that are intended to be read during the construction process.  For
example, settlement plates or devices placed at the base of the dam are typically read
throughout the construction process.  The engineer should observe the installation of
all instrumentation, and evaluate data collected during construction.  The data should
be compared to design projections to determine if any modifications or further
assessments are needed.

6.2.7 Construction Photographs

It is considered good practice to take photographs or video recordings of critical
aspects of the construction.  These may be in the form of regularly scheduled
photographs of the work progress, or specific photographs of certain aspects of the
construction.  The intent is to obtain a permanent record should any difficulties arise
during initial reservoir filling or during subsequent operation of the dam. 
Photographs should be adequately labeled and dated, and are typically maintained in
the design engineer's file.  In certain instances, copies should be provided to the
Division of Water to document unusual situations.

6.3 Special Construction Monitoring Reports

There may be situations where special construction monitoring is needed and the collection
and presentation of information is required.  Guidelines are presented in Appendix G.  In
applying these guidelines, the Project Engineer should use good judgement and elaborate
upon them as required by the particular geologic/foundation setting and engineering
requirements.  These guidelines are not intended to be exhaustive and include all items
contained in a special report.  However, they do provide guidance to formulate a data
acquisition program for planning and documenting specialized work.

6.4 Post Construction Monitoring

The purpose of the post construction monitoring program is to provide information regarding
the behavior of the constructed or rehabilitated dam.  This information is used in conjunction
with as-built drawings and construction photographs to evaluate the performance of the
newly constructed dam and to compare to historical data for an existing dam.  The recorded
data is compared to design assumptions for the dam in order to monitor lake filling and
provide a means for future monitoring, operations, and maintenance.
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6.4.1 As-Built Drawings

A set of as-built drawings should be submitted to the Division of Water following
completion of construction and within the time limits specified in the permit. The as-
built drawings should include, as a minimum, the following:

6.4.1.1 Approved Modifications - All previously approved design and construction
modifications should be incorporated into the final document.

6.4.1.2 Monitoring Program - A monitoring and instrumentation program should be
described if one is required.

6.4.1.3 Acceptance Criteria - A list of critical design assumptions and expected
behaviors that need to be validated initially and long term should be included.

6.4.1.4 Instrumentation Locations - The location of all post construction monitoring
instrumentation should be shown on the as-built site plan.

6.4.1.5 Certification - A written certification from the Project Engineer that the dam
was constructed as shown on the as-built plans.

6.4.2 Lake Level

After approval by the Project Engineer, the reservoir drawdown valve may be closed
and the process of filling the lake may commence.  Adherence to the reservoir-filling
schedule should be controlled by operation of the outlet works in order to maintain
the differential rise in Lake Level and maintain flow (see Section 4.7).   In the event
that sudden changes occur which may be indicative of a potential dam failure, the
lake level should be lowered and the Division of Water notified immediately. 
Otherwise, after the lake reaches the normal operating level, the approved
maintenance, inspection and operation plan should be initiated.

6.4.3 Physical Condition of Dam

Areas of potential weakness and their effects on dam stability should be identified.
Visual observations should be made in conjunction with instrumentation monitoring
to adequately assess the safety of the dam.  Initial surveillance of the dam's
performance should be conducted by the Project Engineer to confirm design
assumptions and to evaluate performance.  Many unusual or abnormal conditions can
be identified by a walking tour of the dam crest, slopes, toe, and abutments.  Long-
term inspection, operation, and maintenance will be the responsibility of the dam
owner.
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6.4.4 Instrumentation Readings

Readings that are commonly monitored at a dam site include headwater and tailwater
levels, porewater and uplift pressures, crack or joint movement, structural movement,
deformation, seepage flow rates, stress and strain of structural members, temperature,
and seismic loads.  A monitoring and instrumentation program that assigns
responsibility to the engineer for data collection, reduction, presentation, and
transmittal to Division of Water staff may need to be developed and documented.
 The program should include the reasons for installation, frequency of monitoring,
threshold ranges of instruments, installation logs, calibration data, and initial
readings.

All data should be compared with design assumptions for the expected behavior of
the dam.  If no unusual behavior or evidence of problems is detected, the readings
should be maintained for future reference.  Threshold readings that indicate the
development of potentially hazardous conditions should be established.  Action
should be taken if the data deviates from expected behavior or approaches the
threshold readings, depending on the nature of the potential hazard.  Possible actions
include:

- Performing detailed visual inspection
- Repeating measurements to confirm behavior
- Notifying the owner's engineer and the Division of Water
- Increasing frequency of measurements
- Designing and constructing remedial measures
- Installing additional instrumentation
- Operating the reservoir at a lower level
- Implementing emergency measures

6.4.5 Photographs

Photographs or videos are useful in documenting the initial site investigation,
subsurface excavation, construction, and as-built conditions.  They are helpful for
providing a historical perspective in evaluating whether or not there has been any
change from previous conditions.  Photographs and videos should be maintained for
future reference in the event remedial or emergency action is required.
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Rule 3 - Hazard Classification 
 

312 IAC 10.5-3-1 Consideration of hazard classification 
 

Authority: IC 14-27-7.5-8 

Affected: IC 14-27-7.5 

Sec. 1 (a) The division shall assign whether a dam is classified as: 

  (1) high hazard; 

  (2) significant hazard; or 

  (3) low hazard; 

 based on best information available. 

 (b) In making the determination of assignment under subsection (a), the division shall apply existing U.S. 
Army Corps of Engineers Phase 1 reports and other appropriate documentation. 

 (c) The division may also consider observations of the dam and the vicinity of the dam, including the risk 
posed to human life and property if the dam fails. 

 (1) If an uncontrolled release of the structure's contents due to a failure of the structure may result in 
any of the following, the dam shall be considered high hazard: 

   (A) The loss of human life. 

   (B) Serious damage to: 

    (i) homes; 

    (ii) industrial and commercial buildings; or 

    (iii) public utilities. 

   (C) Interruption of service for more than one (1) day on any of the following: 

 (i) A county road, state two-lane highway, or U.S. highway serving as the only access 
to a community. 

    (ii) A multilane divided state or U.S. highway, including an interstate highway. 

   (D) Interruption of service for more than one (1) day on an operating railroad. 

 (E) Interruption of service to an interstate or intrastate utility, power or communication line 
serving a town, community, or significant military and commercial facility, in which 
disruption of power and communication would adversely affect the economy, safety, and 
general well-being of the area for more than one (1) day. 

  

 (2) If an uncontrolled release of the structure's contents due to a failure of the structure may result in 
any of the following, the dam shall be considered significant hazard: 

   (A) Damage to isolated homes. 

   (B) Interruption of service for not more than one (1) day on any of the following: 

 (i) A county road, state two-lane highway, or U.S. highway serving as the only access 
to a community. 
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    (ii) A multilane divided state or U.S. highway, including an interstate highway. 

   (C) Interruption of service for not more than one (1) day on an operating railroad. 

 (D) Damage to important utilities where service would be interrupted for not more than one 
(1) day, but either of the following may occur: 

    (i) Buried lines can be exposed by erosion. 

 (ii) Towers, poles, and aboveground lines can be damaged by undermining or debris 
loading. 

 

 (3) If an uncontrolled release of the structure's contents due to a failure of the structure does not result 
in any of the items given in subdivision (1) or (2) and damage is limited to either farm buildings, 
agricultural land, or local roads, the dam shall be classified as low hazard. 

 

 (d) The division may modify an assignment of hazard classification, made previously under this article, if 
changes in the downstream development affect the potential for loss of human life and property.  (Natural 
Resources Commission; 312 IAC 10.5-3-1; filed Jan 26, 2007, 10:45 a.m.: 20070221-IR-312060092FRA)  

 

 

312 IAC 10.5-3-2 Reconsideration of hazard classification 
 

Authority: IC 14-27-7.5-8 

Affected: IC 14-27-7.5 

Sec. 2 (a) This section establishes a process by which a dam owner or another affected person may request 
reconsideration of a determination of hazard classification made under section 1 of this rule. 

 (b) The dam owner or other affected person may submit any technical information or reports that were not 
previously available to the division. 

 (c) The dam owner's or other affected person's professional engineer may develop and submit a maximum 
breach inundation area and current damage evaluation assessing the downstream area affected by a dam 
breach. 

 (1) If the maximum breach inundation area and current damage evaluation predicts any of the 
following, the dam shall be classified as high hazard: 

   (A) Flood depths greater than one (1) foot in any occupied quarters. 

   (B) Loss of human life may occur. 

   (C) Interruption of service for more than one (1) day on any of the following: 

 (i) A county road, state two-lane highway, or U.S. highway serving as the only access 
to a community. 

    (ii) A multilane divided state or U.S. highway, including an interstate highway. 

   (D) Interruption of service for more than one (1) day on an operating railroad. 

 (E) Damage to any occupied quarters where the flow velocity at the building compromises the 
integrity of the structure for human occupation. 
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 (F) Interruption of service to an interstate or intrastate, utility, power or communication line 
serving a town, community, or significant military and commercial facility, in which 
disruption of power and communication would adversely affect the economy, safety, and 
general well-being of the area for more than one (1) day. 

 (2) If the maximum breach inundation area and current damage evaluation predicts any of the 
following, the dam shall be classified as significant hazard: 

   (A) Interruption of service for not more than one (1) day on any of the following: 

 (i) A county road, state two-lane highway, or U.S. highway serving as the only access 
to a community. 

    (ii) A multilane divided state or U.S. highway, including an interstate highway. 

   (B) Interruption of service for not more than one (1) day on an operating railroad. 

   (C) Damage to any occupied quarters that would not render the structure unusable. 

 (D) Damage to important utilities where service would be interrupted for not more than one 
(1) day, but either of the following may occur: 

    (i) Buried lines can be exposed by erosion. 

 (ii) Towers, poles, and aboveground lines can be damaged by undermining or debris 
loading. 

 (3) If the maximum breach inundation area and current damage evaluation results predict none of the 
items in subdivision (1) or (2) and damage is limited to farm buildings, agricultural land, or local 
roads, the dam shall be classified as low hazard. 

 

 

 

(Natural Resources Commission; 312 IAC 10.5-3-2; filed Jan 26, 2007, 10:45 a.m.: 20070221-IR-312060092FRA) 
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The complete text of the IAC section should be reviewed.  Up to date regulation can be found at 

the following URL: 

http://www.in.gov/dnr/water/ 



 
 
 
 
 
 

Appendix B 
Emergency Action Plan Outline 

 
 
 
 

This outline has been replaced.   
Please refer to the: 

 “Indiana Dam Safety Inspection Manual” 
Part 4 – Emergency Preparedness. 

 
http://www.in.gov/dnr/water/  

 
Also: 

Refer to Appendix A –  
“Emergency Action Plan templates” 
 located in Part 4 of the “Manual” 

http://www.in.gov/dnr/water/
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A. Geotechnical Addendum - Insitu/Field Testing

1. Field Permeability Tests

Field permeability tests are generally considered to be more representative of the hydraulic
conductivity of foundation materials and existing embankment materials than are laboratory
permeability tests.  The field testing techniques may be the only practical means of establishing
foundation permeability for certain material types.

Foundation Soil - The in-situ permeability of potential foundation materials may be determined by
performing field permeability tests.  Selected zones of the foundation profile including alluvial
materials, which may be allowed to remain in place, residual foundation soils, and partially
weathered rock, are conducive to this technique.  The monitoring wells that may have been installed
to better establish the ambient groundwater conditions typically can be used for the field permeability
test.  Bailing or slug tests are typical.  Pumping tests or inflow tests may be appropriate where higher
permeabilities exist.  Monitoring wells should be carefully constructed to assure that the zone of
material desired for testing has been isolated within the screened sections of the well by appropriate
seals such as bentonite and grout.  The field testing technique is generally considered to provide the
horizontal permeability values directly, without the need for adjusting vertical laboratory
permeability test results.  In addition, a broader cross-section of the subsurface profile can be tested
by this technique.  Care should be exercised in higher permeability situations to assure that the
values being measured do not represent the actual well materials involved in the well construction.
 These field techniques are typically only applicable to zones of material below existing groundwater
levels.  Therefore, laboratory-testing techniques are generally required for materials above the
groundwater level so that saturation of the material can be established prior to testing.

Existing Embankment Fill Materials - Techniques utilized for the foundation soils can be considered
for determining permeability values of existing dam embankment fill materials.  This procedure is
generally only applicable to the materials that exist below the currently established phreatic surface
through the dam.  Therefore, the existing reservoir would need to be impounded at the time of
testing.  This technique is generally not applicable where the lake has been temporarily drained.

Foundation Rock - Packer permeability tests are typically performed to determine the hydraulic
conductivity of foundation rock.  Either single or double packers are commonly employed to help
isolate specific zones within the foundation rock profile.  In most instances, fractures and
discontinuities within the rock control the hydraulic conductivity of the material.  However, the test
results are commonly expressed as an equivalent permeability over the length of the test section. 
Relatively short test sections may be employed to help isolate higher permeability zones.  As with
the monitoring well type permeability tests, care should be exercised to assure that the hydraulic
conductivity values being determined do not represent the hydraulic limitations of the packer test
equipment.
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2. Other Field Tests

Strength Testing - Various field testing techniques may be considered where soft or low consistency
foundation materials exist that cannot be accurately modeled by Standard Penetration Testing or
undisturbed sampling.  The vane shear test is commonly employed in very soft cohesive deposits.
 Pressuremeter or dilatometer testing may be considered for a broad range of material types and
consistencies.  Cone penetrometer soundings may also be considered.  To some extent, these field
testing techniques have evolved as preferable in certain locations and certain geologic settings. 
These techniques normally would only be considered where direct support of a new embankment
on very weak materials is being considered, or to supplement laboratory testing in materials that are
difficult to sample.

Geophysical Methods - A variety of geophysical testing techniques are available and may be
considered in certain applications.  These approaches would typically be applicable to a very limited
number of dam projects due to the specialized nature.  The most common technique is the shallow
seismic refraction survey, which can be useful in profiling difficult excavation materials.  The
seismic refraction survey would likely have most applicability in a dam study to generally screen
potential borrow areas, since this technique can be negatively impacted by existing groundwater
conditions.  This typically provides a relatively low cost and expedient technique that generally does
not require an invasive approach similar to test pits or borings.

Other Tests - Other field testing techniques may be considered for certain specialized applications.
 One possible test that would fit into this category would be tracer dye testing.  This is used
principally to determine the flow direction and rate of flow in karst geology.

B. Geotechnical Addendum - Instrumentation

1. Piezometric Levels

The monitoring of piezometric levels may be an important consideration for specific zones within
the foundation of a dam during construction and fill placement, and to evaluate the development of
the phreatic surface within the embankment during and subsequent to initial reservoir filling.

Locations - Piezometric levels may require monitoring within specific zones of embankment
foundations, particularly where extensive low consistency fine grained materials exist or where there
are concerns over the development of high pore pressures during embankment construction (end-of-
construction stability).  In such instances, the monitoring device will typically measure piezometric
levels at specific locations.  It is typically desirable to measure piezometric levels within the
completed embankment as the reservoir fills and steady-state seepage conditions develop.  Devices
for this purpose typically require a broad vertical zone be monitored as the piezometric levels rise
within the embankment.  Piezometer locations in the foundation should be concentrated in the flood
plain portion of the embankment footprint.  Piezometric levels within the embankment will require
devices placed at both edges of the crest, at or slightly beyond the downstream toe of the dam, and
potentially within the downstream slope, particularly if berms are utilized on taller structures.  These
devices should be aligned to allow the phreatic surface development to be plotted.  Multiple stations



Appendix C – Geotechnical Addendum

C.3 January 1, 2001

of such instrumentation may be needed on longer embankments.

Observation Wells - Observation wells and open (Casagrande) piezometers may be considered for
many applications.  These are typically well suited to monitoring the performance of foundations
outside the embankment footprint during construction and within the embankment during initial
reservoir filling.  Short-screened sections are typically utilized for foundation monitoring.  Longer
screened sections can be utilized to monitor the unconfined phreatic surface within the embankment
during initial filling.  The observation wells are usually installed within the embankment after the
fill is topped out.

Remote Reading Piezometers - These types of piezometers are well suited to monitoring foundation
conditions during and subsequent to construction.  Both pneumatic and electric vibrating wire type
piezometers have been utilized for this purpose.  They may be installed in the foundation of a dam
prior to embankment construction, with tubing and wires placed in a manner that does not obstruct
the subsequent construction.  Remote readout locations outside the embankment footprint are
typically utilized.

2. Settlement

The settlement performance of a dam and foundation is typically a consideration during and
immediately following embankment construction.  A typical scenario is a relatively thick
compressible zone in the foundation of the proposed dam and settlement estimates performed during
design indicate that significant settlements may occur.

Location - The settlement devices should target more compressible foundation zones, particularly
in the vicinity of structures such as conduits.  This would normally dictate a location within the flood
plain area of the dam footprint.  The settlement devices are often concentrated along the centerline;
however, they may be placed in other areas.

Settlement Plates - Conventional settlement plates with riser pipes are the simplest forms of
settlement monitoring device for the foundation.  These are generally placed after foundation
preparation is completed and immediately prior to commencement of embankment construction. 
Accurate elevations are obtained periodically during construction.  These elevations should be
referenced to the project datum.  Additional readings are required immediately prior to and
subsequent to adding additional sections of riser rod.  These devices will create an obstruction to the
earthmoving equipment during construction.

Remote Reading Settlement Transducers - Both pneumatic and electric vibrating wire settlement
transducers may be considered.  These are typically placed at strategic locations with the cables and
tubing routed outside the embankment footprint to a stationary readout location.  Such devices lessen
the obstructions that exist during earthwork, but may not be as reliable.

Surface Monuments - Surface-monitoring points for settlement measurement should be installed
immediately after topping out the embankment.  These would be placed along the crest of the dam,
and be adequately protected.
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3. Seepage

The monitoring of seepage quantities during initial reservoir filling, and throughout the subsequent
life of the structure, provides useful information on the performance of the dam.  This monitoring
is typically facilitated by measuring the outflows from the internal drainage system components.

Piped Outlets - Piped internal drainage system components are common.  The outlet location should
be protected through the use of headwalls, riprap, etc.  The exposed portions of the piping system
should be durable, and include animal guards.  Pipes should also be placed to allow routine
measurement of flow.  This typically requires that the invert of the pipe be placed at least a foot
above the local subgrade level.

Relief Wells - Relief wells into the foundation are utilized on certain projects, particularly for gravity
dams.  These should be placed to allow for easy monitoring of the outflows and such that they are
protected from damage.

Weirs - Seepage monitoring weirs may be considered in applications where seepage outflows exit
from non-point sources, such as rock toe drains.  The collected seepage should be routed into a small
pool upstream of the weir, and sufficient fall should be provided to allow the V-notch weir to
perform as intended.  Staff gauges are typically required to determine the level of the water in the
pool upstream of the weir in conjunction with seepage quantity calculations.

4. Other Instrumentation

Additional types of instrumentation may be considered in certain special applications.  The engineer
should determine if specific project requirements dictate the need for specialized instrumentation.

Inclinometers - These devices may be installed in situations where measurement of horizontal
movements is required.  A fairly common application would be on an existing dam where concerns
exist over slope instability.

Crack Monitoring - Crack-monitoring devices may be needed on appurtenant structures, or to
evaluate movements across discontinuities of concrete gravity dam sections.



Appendix D
Rainfall Distribution &

Probable Maximum Precipitation



Allen

Jay

Lake

Knox

Vigo

White

Jasper

Cass

Clay

Laporte

Pike

Rush

Parke

Grant

Greene

Perry

Ripley

Clark

Noble

Gibson

Porter

Posey

Elkhart

Owen

Henry

Boone

Wells

Miami

Putnam

Dubois

Jackson

Shelby

Pulaski Fulton

Marion

Clinton

Harrison

Benton

Wayne

Sullivan

Carroll

Martin

Orange

Daviess

Morgan

Monroe

Kosciusko

Madison

Marshall

Newton

Dekalb

Wabash

Warrick

Brown

Franklin

Warren

Adams

Spencer

Starke

Decatur

Randolph

Lawrence

Fountain

Hamilton

Whitley

St. Joseph

Tippecanoe

Washington

Jennings

DelawareTipton

Lagrange

Montgomery

Hendricks

Jefferson

Steuben

Howard

Johnson

Scott

Huntington

Hancock

Crawford

Dearborn
Bartholomew

Fayette
Union

Floyd

Vermillion

Vanderburg

Switzerland

Ohio

Blackford

N

0 10 20 30 Miles

ALL SEASON 6 HOUR PMP FOR 10 SQUARE MILES

REFERENCE
HYDROMETEORLOGICAL 

REPORT NO.51
NATIONAL WEATHER SERVICE

STATE OF INDIANA
DEPARTMENT OF NATURAL RESOURCES

DIVISION OF WATER

28.40"

27.60"

27.60"

27.80"

27.80"

28.00"

28.00"

28.20"

28.20"

28.40"

26.80"

27.20"

27.00"

27.00"

27.20"

27.40"

27.40"

26.20"

26.40"

26.60"

26.00"

26.20"

26.40"

26.60"26.80"

25.80"

25.80"
26.00"



 

Time/Total Time Rainfall/Total Rainfall Time/Total Time Rainfall/Total Rainfall
0.000 0.000 0.580 0.772
0.020 0.008 0.600 0.788
0.040 0.015 0.620 0.800
0.060 0.024 0.640 0.817
0.080 0.035 0.660 0.827
0.100 0.040 0.680 0.840
0.160 0.077 0.700 0.852
0.200 0.100 0.720 0.866
0.220 0.112 0.740 0.877
0.250 0.138 0.760 0.888
0.330 0.224 0.780 0.900
0.340 0.264 0.800 0.908
0.360 0.354 0.820 0.918
0.380 0.440 0.840 0.928
0.400 0.520 0.860 0.936
0.420 0.608 0.880 0.945
0.440 0.632 0.900 0.952
0.460 0.660 0.920 0.964
0.480 0.680 0.940 0.972
0.500 0.704 0.960 0.982
0.520 0.720 0.980 0.992
0.540 0.739 1.000 1.000
0.560 0.758

Figure 1. NRCS Type B Rainfall Distribution

Soil Conservation Service Type B Storm Distribution
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Time/Total Time Rainfall/Total Rainfall Time/Total Time Rainfall/Total Rainfall
0.000 0.0000 0.521 0.7351
0.021 0.0053 0.542 0.7724
0.042 0.0108 0.563 0.7989
0.063 0.0164 0.583 0.8197
0.083 0.0223 0.604 0.8380
0.104 0.0284 0.625 0.8538
0.125 0.0347 0.646 0.8676
0.146 0.0414 0.667 0.8801
0.167 0.0483 0.688 0.8914
0.188 0.0555 0.708 0.9019
0.208 0.0632 0.729 0.9115
0.229 0.0712 0.750 0.9206
0.250 0.0797 0.771 0.9291
0.271 0.0887 0.792 0.9371
0.292 0.0984 0.813 0.9446
0.313 0.1089 0.833 0.9519
0.333 0.1203 0.854 0.9588
0.354 0.1328 0.875 0.9653
0.375 0.1467 0.896 0.9717
0.396 0.1625 0.917 0.9777
0.417 0.1808 0.938 0.9836
0.438 0.2042 0.958 0.9892
0.458 0.2351 0.979 0.9947
0.479 0.2833 1.000 1.0000
0.500 0.6632

Figure 2. NRCS Type II Rainfall Distribution

Soil Conservation Service Type II Storm Distribution
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PARTIAL LIST OF SPECIFICATION ITEMS FOR EXAMPLE DAM

Title

CLEARING

CLEARING AND GRUBBING

STRUCTURE REMOVAL

POLLUTION CONTROL

SEEDING AND MULCHING FOR PROTECTIVE COVER

MOBILIZATION

WATER FOR CONSTRUCTION

REMOVAL OF WATER

EXCAVATION

EARTH FILL

DRAINFILL

SALVAGING AND SPREADING TOPSOIL

PORTLAND CEMENT CONCRETE

STEEL REINFORCEMENT

REINFORCED CONCRETE PRESSURE PIPE SPILLWAY CONDUITS

DUCTILE-IRON PIPE CONDUITS

LOOSE ROCK RIPRAP

WATER CONTROL GATES

METAL FABRICATION AND INSTALLATION

FARM FIELD FENCES

GEOTEXTILE

AGGREGATE FOR PORTLAND CEMENT CONCRETE

ROCK FOR RIP RAP

PORTLAND CEMENT

AIR-ENTRAINING ADMIXTURES

WATER-REDUCING AND SET-RETARDING ADMIXTURES

CURING COMPOUND (FOR CONCRETE)

PREFORMED EXPANSION JOINT FILLER

SEALING COMPOUND FOR JOINTS IN CONCRETE AND CONCRETE PIPE

STEEL REINFORCEMENT (FOR CONCRETE)

REINFORCED CONCRETE PRESSURE PIPE

DUCTILE-IRON PIPE AND FITTINGS

METAL

GALVANIZING
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Common Pitfalls

The following is a listing of shortcomings that have been noted during the application and design
review process.  These are offered as an aid to ensure consideration has been given to all aspects of
the design.  Every item will not apply to each project.

- Not incorporating the geotechnical findings and recommendations into the plans and
specifications.

- Not allowing the geotechnical contractor to review the final plans & specifications before
submission

- Not providing a low level outlet for emptying the reservoir.
- Not providing a low level outlet large enough to drain the reservoir in a timely fashion.
- Not encasing or cradling the outlet pipe in concrete through the dam embankment (i.e. not

eliminating the seepage path along the pipe).
- Pressurizing the outlet pipe by regulating the flow at the downstream end.
- Insufficient energy dissipation in the spillway
- Inadequate joints details for the concrete spillway slabs.
- Incompatible materials in the filter drains.
- Inadequate provision for differential settlement.
- Insufficient drainage and filters to control seepage through the dam and foundation.
- Inadequate shaping and preparation of the foundation for placement of fill materials.
- Not sloping the crest towards the upstream slope.
- Earthen spillways activating prior to the 50-year storm.
- Improper usage of filter fabric.
- Use of filter fabric for separation of coarse and fine aggregate.
- No animal guards on the toe drains.
- Not providing protection for any exposed PVC from UV radiation and vandalism.
- Improper conduit selection.
- Allowing blasting to take place in the vicinity of the dam without appropriate precautions.
- Not grouting abandoned boreholes used to evaluate existing dam that is currently impounding

water.
- Not addressing instrumentation needs for monitoring during filling and normal operation, and

other monitoring such as settlement during the construction process.
- Not providing adequate drop and/or projection of drain outlet pipes to allow for collection of

seepage flows during monitoring and normal operation.
- Not addressing the need to ensure bonding between lifts of fill.
- Lack of adequate earthwork moisture control.
- Not providing berms on the downstream slope at appropriate intervals.
- No erosion protection at the abutment contacts (groins).
- Not providing for clearing 50 feet beyond the downstream toe of the dam.
- Not providing cleanouts on the interval drainage system.
- Not addressing seepage along the spillway conduits.
- Inadequate freeboard.
- Not addressing seismic stability issues including the riser structure.
- Not addressing the impact of utilities in the vicinity of dam.
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- Using inadequate vegetation on the dam.
- Inadequate or no trash rack.
- Inadequate consideration of the impact of excavation within reservoir pool with respect  to

seepage control.
- Not evaluating the proposed dam over abandon coal mine areas.
- Not providing adequate erosion control prior to the establishment of a gravel ground cover.
- Not submitting as-built plans to the Division of Water.
- Allowing discharge from the emergency spillway to erode the toe of the downstream slope.
- Lack of consistency between plan sheets and supporting technical data (i.e. elevation and slope

discrepancies).



Appendix G
Special Construction Monitoring Reports



Appendix G – Special Construction Monitoring Reports

G.1 January 1, 2001

A. Special Construction Monitoring Reports

1. Pressure Testing of Conduits

All conduits through the embankment should be pressure tested in accordance with the applicable
ASTM and/or ANSI/AWWA Specification.  A continuous record should be kept of all such tests and
the information submitted for review should contain the following data:

Equipment - Equipment to perform the test.

Pressure and Duration - Specified testing pressure and minimum test periods.

Acceptance Criteria - Acceptable leakage criteria for test.

Records - A copy of the continuous record of the test and any re-tests.

2. Laboratory Material Certification

All drain and filter materials obtained from an off-site source should be regularly checked for
compliance with the project specifications.  Documentation should be provided that the materials
supplied for placement in the dam meet the required gradation limits.  Such documentation should
include a certified copy of the suppliers’ gradation tests.  Synthetic filter material should be clearly
marked for identification and include the manufacturer's certification number actually shipped to the
job site.

3. Grouting

Evidence should be submitted that an acceptable grout curtain was constructed within the foundation
of the proposed dam structure.  To satisfy these requirements the report should contain the following
information:

Drilling Equipment - Equipment that was used to drill the exploratory and grout holes.

Grout Equipment - Equipment that was used to mix the ingredients of the grout and pump the slurry
down the holes.

Laboratory Equipment - Laboratory equipment that was used for on-site control tests.

Grout Mix Criteria - Specified performance values/properties of grout mix (es).

Trial Mixes - The results of any tests and trials that were made on a variety of grout mixes prior to
the main grouting operation.

Design Mixes - The grout design mix(es).
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Water Testing - The results of all water pressure tests in exploratory or grout holes.

Field Test Results - The results of all field tests conducted on each of the grout mixes during the
grouting program with identification of non-compliant results and remedial action.  Field tests should
include, but not be limited to, sedimentation, slurry density, Marsh Funnel viscosity and unconfined
compressive strength.

Profile - A longitudinal profile of the grout curtain showing drilling depths and grout takes for each
stage of the grout holes.

4. Slurry Wall

Evidence should be submitted that a relatively impervious slurry trench cutoff was successfully
installed within the foundation of the proposed dam.  To satisfy these requirements, the report should
contain the following information.

Excavation Equipment - Equipment that was used for construction of the working platform and for
trenching.

Slurry Equipment - Equipment that was used for mixing the slurry.

Backfill Equipment - Equipment that was used for mixing and placing the backfill.

Test Equipment - Equipment that was used for the control tests.

Backfill Mix Design - Slurry backfill mix design.

Acceptance Criteria - Specified performance values/properties of slurry and backfill mix.

Field Test Results - Results of control tests, with identification of non-compliance results and
remedial actions.  Control tests on the slurry should include, but not be limited to, pH, unit weight,
filtrate loss and viscosity.  Control tests on the backfill shall include, but not be limited to,
permeability, Atterburg Limits, slump, percentage passing the No. 200 sieve, water content,
bentonite content and unit weight.

Profile - A longitudinal profile of the slurry wall showing excavation depths, materials excavated
and backfill placed.

5. Blast Monitoring

It is assumed that all blasting operations should be conducted in strict accordance with existing
ordinances and regulations.  To ensure that no appreciable vibration was transmitted to existing
structures or facilities a monitoring report should be prepared for each blasting event.  This report
should include, as a minimum, the following information:
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Preblast Inspections - Documentation of any preblast observations.

Monitoring Equipment - List of equipment used to monitor the blast.

Time and Location - Date, time and location of blast.

Monitoring Locations - List of structures/facilities monitored.

Acceptance Criteria - Allowable vibration parameters.

Monitoring Records - Seismograph records and interpretation.

Post Blast Inspections - Documentation of any post blast observations.
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Guidelines for Dams
Amendment Form

Name: _________________________________________________________________________

Address: _______________________________________________________________________

Phone and fax numbers: __________________________________________________________

The following sections, discussions, etc...should be included in these guidelines (provide as much

detail as possible). _______________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

In reading the guidelines, I have noted the following errors (please indicate section as well as page

number). _______________________________________________________________________

_______________________________________________________________________________

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________

This form can be produced as needed.  Please mail your completed form to:

Division of Water
402 W. Washington Street

Room W264
Indianapolis, IN  46204

Attn:  Dam and Levee Safety Section
Phone 1-877-928-3755

You can also fax the complete form to us at (317) 233-4579.
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