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The cover photographs depict the five stages in the regulatory life of a dam, which are
explained in Chapter 4.

Top left: Application for New Construction
A design cross section from the Fort Knox Tailings Dam located near Fairbanks.
Compliments of Clyde Gillespie and Fairbanks Gold Mining, Inc.

Top right: Construction
An interim raise under construction at the Fort Knox Tailings Dam.
Photograph by Charles Cobb.

Center: Operation

Steve Anderson conducting the visual inspection for a periodic safety inspection at the
Cannery Creek Dam owned by the Alaska Department of Fish and Game and operated
by the Prince William Sound Aquaculture Association.

Photograph by Charles Cobb.

Bottom Left:  Remediation

A “five-year” flood overtopping the Kake Dam in Southeast Alaska indicates that
remediation is needed to address an inadequate spillway capacity.

Photograph by Thomas Hanna.

Bottom right:  Closure

The remains of the Kake Dam after the majority of the dam structure was removed
following a breach in the dam that occurred during a high-water event.
Photograph by Charles Cobb.
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This project was developed through financial assistance from the National Dam Safety
Program. Thanks to the Federal Emergency Management Agency and the Association of
State Dam Safety Officials for their support of the Alaska Dam Safety Program. Special
thanks are directed to Judy Griffin of Word Wrangling for her expert help in designing,
formatting, editing, and revising these guidelines. Thanks to Brett Flint, Dan Johnson,
Cecil Urlich, and others at URS Corporation for their efforts in developing the initial
draft of this document. Thanks to John Magee and Bob Scher at R&M Consultants Inc.
for their contributions to the final version. Thanks to Clyde Gillespie of Fairbanks Gold
Mining Inc., Howard Weston of the City of Kodiak, and Stan Foo of the Alaska
Department of Natural Resources for their time and comments on the final draft. Thanks
to Gary Prokosch, Bob Loeffler, and all of my colleagues at the Division of Mining, Land
and Water for their support of the Dam Safety and Construction Unit. Finally, thanks to
all of the dam owners and operators for their cooperation with the Alaska Dam Safety

Program.

Charles F. Cobb, P. E.

State Dam Safety Engineer

Alaska Department of Natural Resources
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AAC Alaska Administrative Code

ADEC Alaska Department of Environmental Conservation

ADF&G Alaska Department of Fish and Game

ADNR Alaska Department of Natural Resources

ASDS0O Association of State Dam Safety Officials

ADSP Alaska Dam Safety Program

AS Alaska Statute

CQA construction quality assurance

CQA/QC construction quality assurance/quality control

CQC construction quality control

) Construction Specifications Institute

Dam Safety Dam Safety and Construction Unit

DQA design quality assurance

POC design quality control

EAP emergency action plan

FEMA Federal Emergency Management Agency

FERC Federal Energy Regulatory Commission

HMR-54 Hydrometeorological Report 54

IDF inflow design flood

MCE maximum credible earthquake

MDE maximum design earthquake

NDSP National Dam Safety Program

NPDP National Performance of Dams Program

OBE operating basis earthquake

O&M operations and maintenance
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ABBREVIATIONS

PMP

PSI
TADS
USACE
USBR
UsSCOLD

probable maximum precipitation
periodic safety inspection
Traming Aids for Dam Safety
U.S. Army Corps of Engineers
U.S. Bureau of Reclamation

U5, Committee on Large Dams

USDA U.S. Department of Agriculture

USGS U.5. Geological Survey

UssD U.5. Society on Dams

WSDOE Washington State Department of Ecology
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Chapter 1

In this chapter:
» Purpose of the Alaska Dam Safety Program

¥ Description of responsibilities assigned to various entities

» A disclaimer and discussion of liability

1.1

Communication is the key to the safety of dams. Design drawings, operation and maintenance

manuals, inspection reports, emergency action plans, and other documents are simply methods
of communicating important information directly related to the safe design, construction, and

operation of dams. Because dams are typically complex, unique, engineered structures with a

long service life, the specific nature of this commmunication will be similarly complex and

unique, and will occur during a long period of time.

The Alaska Dam Safety Program {ADGSP) is administered
as a cooperative effort between the Alaska Department of
Natural Resources (ADNR) and the various persons,
businesses, agencies, and other interests that are involved
in the design, construction, and operation of dams. To
foster cooperation, communication between these parties
must be effective and efficient. These guidelines are
intended to promote communication, understanding, and
agreement by presenting an overview of the various
aspects of the ADSP.

If cooperative relationships can be established, the entire
community will benefit. By anticipating the scope of the
communication, all of the entities involved will better
understand the level of commitment necessary to
accomplish the objectives of a particular project.

The Mission
The mission of the Alaska
Dam Safety Program is to
protect life and property in
Alaska through the effective
colfection, evaluation, g
understanding and sharing of
the information necessary to 5
identify, estimate and
mitigate the visks created by

dams.

Safe dams are the ultimate objectives of the ADSP. To achieve these goals, the program must be
rational, technically sound, balanced and equitable. The ADNR seeks to establish these
attributes through the publication, review, and refinement of this document.
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The Guidelines for Cooperation with the Alaska Dam Safety Program is intended to establish a
consistent basis for communication between the ADNR, dam owners and operators, and
various other entities involved in the plarming, design, construction, operation, and regulation
of dams in Alaska. This document is intended as a compendium for guidance purposes only —it
is not a restatement of statutes and regulations, nor is it a detailed design guide. The objectives
of these guidelines are described below:

0 To define the administrative basis of the ADSP

@ To outline the minimum information required to obtain the various certificates of
approval necessary to construct and operate dams under program jurisdiction

0 To outline an application and review process to obtain the various certificates of
approval issued under the ADSP

U To provide a consistent template for the design, construction, and operation of dams in
Alaska while still recognizing that every dam is unique

@ To highlight important design aspects of dams
that are unique to Alaska or otherwise merit
spegjﬁg attention About the Guidelines

These guidelines consist of text,

fists, tables, figures, and

sidebars. The format is intended
to minimize boredom and

0 Torecommend acceptable design approaches,
references, and performance levels based on the
hazard potential classification of the dam

0 To provide guidance on the preparation and maximize content, at the expense
implementation of an operations and of nebulous or superfluous
maintenance (O&M) program and a periodic detail. Tables and figures contain
safety inspection (PS]) program important information that may

require some study to

@ To provide guidance on the preparation,
understand. Sidebars are

implementation, training, and exercise of
emergency action plans (EAPs) intended to present related
noteworthy information that

G To outline other aspects of the ADSP does not necessarily fit the flow

0 To provide a forum for, and encourage of the section. References contain
communication and cooperation between, dam additional detailed information
owners and ADNR to work together in siting, and guidance that may be used
designing, constructing, repairing, modifying, to accomplish the mission.
operating, and closing dams in Alaska Comments on these guidelines

are welcome.
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1.3.1

jepartment of Natural Resources

Alaska Statute (AS) 46.17.020 requires the ADNR to employ a professional engineer to
“supervise the safety of dams and reservoirs” in Alaska. The State Dam Safety Engineer is the
authorized representative of the commissioner of ADNR responsible for the following:

 Adopting regulations and issuing orders necessary for ensuring dam safety

0 Providing routine administration of the ADSP and the Dam Safety and Construction
Unit (Dam Safety) of the ADNR

U Classifying dams based on the potential hazard to lives and property created by the dam

U Approving the design, construction, operation, and inspection of dams through
“certificates of approval,” which are issued based on specific information submitted to
Dam Safety for review

a  Identifying unsafe dams that compromise the mission of the ADSP, and taking the
necessary steps to mitigate those risks

0 Raising the level of compliance for jurisdictional dams that are out of compliance with
state dam safety regulations

0 Enforcing the dam safety statutes and

regulations through appropriate legal actions, if Levels of Authority at ADNR
necessary, including issuing injunctions, Commissioner, ADNR
assuming operational control of the dam, Director, Division of Mining, Land

breaching the dam, or other activities necessary and Water

to mitigate the risk Chief, Water Resources Section

O Providing information and educational material State Dam Safety Engineer, Dam
about dams in Alaska and dams in general, Safety and Construction Unit
including the Alaska Dam Inventory, Training
Aids for Dam Safety, conference proceedings,
and other resources.

1.3.2 er of |

According to A5 46.17.900(6), the “owner” of a dam means a person who owns, controls,
operates, maintains, manages, or proposes to construct a dam or reservoir, and includes a
public utility and the appointed or authorized agents, emplovees, lessees, receivers, or frustees
of an owner. The owner is ultimately responsible for the safety of the dam. As such, the owner
bears all liabilities associated with the dam. Therefore, the owner is directly responsible for
mitigating the risks created by the dam. The dam owner’s responsibilities include the following;

4 Understanding the risks created by the dam
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U Developing policies, plans, and procedures
necessary for complying with the requirements of
the applicable dam safety statutes and regulations

Typical Dam Owners
in Alaska
O Sustaining the project by providing all funding Municipalities
necessary to design, construct, operate, maintain,
repair, and, if necessary, remove the dam at the Native corporations
end of the life of the project Private and public owned
businesses and corporations

State and federal agencies

O Hiring personnel qualified to manage and operate
a dam in a safe manner

S

0 Retaining qualified engineering consultants and contractors to complete any work
beyond the expertise of the owner or the owner’s employees

U Ensuring the quality and success of the overall project

1.3.3 Operalor of D
For purposes of these guidelines, the “operator” of a dam is considered to be that legal
extension of the owner of the dam who is actually involved in the daily operation of the dam.
As such, the operator of the dam is responsible for the following:

0 Executing those policies, plans, and procedures, developed by the owner, necessary for
complying with the requirements of the applicable dam safety statutes and regulations

0 Developing and performing the requirements of the O&M program

0  Monitoring the performance of the dam under all conditions (including routine and
extraordinary inspections), reading instrumentation, and analyzing and reporting of
data

@ Developing and maintaining the EAP, activating the plan when necessary, executing the

responsibilities of the operator outlined in the plan, and exercising and revising the plan
on a regular basis to ensure that the plan is current

0 Maintaining all records associated with the dam,
including design and construction records, routine
inspection records, PSI reports, incident reports,
and certificates of approval

Typical Dam Operajors
in Alaska

Public works departments

i ) ) o Utilities
U Developing and implementing recurrent training ]
programs to educate employees on their specific Mines
duties related to the dam Fish hatcheries and processors

1.3.4 alified Engineer

Because a dam is a unique and complex engineered structure that has certain associated risks,
an experienced engineer is required to assure that a dam is designed, built, and operated with
appropriate concerns for safety. A “qualified engineer” is defined in the Alaska dam safety
regulations under Title 11, Chapter 93, Section 193, of the Alaska Administrative Code (11 AAC
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93.193). To meet the criteria for a qualified engineer, an individual must be a civil engineer
currently licensed to practice in Alaska under the State Board of Registration for Architects,
Engineers, and Land Surveyors. The regulations also state that the qualified engineer must have
at least five years of experience as a licensed or registered professional civil engineer. In
addition, an engineer who may certify hazard potential classifications, design engineering
reports, design and construction drawings, construction completion reports, and construction
record drawings must have “significant work experience in the design, construction, inspection
and safety of dams” [11 AAC 93.193(a)(3}]. The regulations allow a slightly lower qualification
for engineers who may conduct and certify P5Is of dams under 11 AAC 93.159. Those engineers
must have “sufficient work experience to determine the safety of the particular dam being
inspected and to make reliable recommendations regarding the operations and maintenance of
that dam, inspections of that dam, and other matters related to the safety of that dam.” AS
46.17.050 indicates that qualified engineers who conduct PSls must be approved by Dam Safety.

Within these guidelines, references to the “engineer” are widespread and context dependent. A
variety of engineers are referred to and described; examples are “engineer of record” and
“construction inspection engineer.” For purposes of these guidelines, references to the engineer
assume a qualified engineer as defined by the regulations, within the context of the discussion.
Generally speaking, the engineer is responsible for the following:

0 Maintaining a curriculum vitae that demonstrates

relevant experience to meet the qualifications ) - )
described in 11 AAC 93.193 Typical Qualified Engineers
in Alaska

O Understanding the regulatory setting of a project,
the intent of the regulations, and the work
necessary to accomplish the desired outcome,
without taking shortcuts that circamvent the

regulations and compound the risks Employees of dam owners
or operators

Employees of
engineerving companies

independent consultants

U Becoming an “engineer of record” by placing a
signature and seal on reports, drawings,
specifications, and other engineering work products. [“Sealed” is defined in 11 AAC
93.201(12) to mean "prepared by an engineer or a person under that engineer’s direct
supervision, and bearing the signature and seal of that engineer as required by AS
08.48.221 and 12 AAC 36.185.”]

U Recognizing personal limitations and assembling a team of engineers as required to
address all of the broad range of engineering disciplines typically associated with a dam,
including additional engineers of record to certify details associated with other
disciplines such as electrical or structural components

U Locating and designing dams with safety as the primary goal by using technically sound
and complete engineering methodology that represents the level of care exercised by

professional engineers across the nation

0 Observing and documenting the construction of dams in a manner consistent with the
approved construction quality assurance plan
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1.3.56

Communicating effectively with the owner, Dam Safety, and other entities with
complete information packages that contain well-written reports and specifications and
good-quality drawings

Refining and executing the scope of work necessary to complete a detailed P51 of a dam
and developing a clear, quality report

Processing and analyzing monitoring and inspection data in a manner that leads to
technically sound, defensible conclusions

Recommending reliable, cost-effective solutions to mitigate problems discovered during
the life of the project

nstruction tracitors

Construction contractors must possess appropriate qualifications, licenses, permits, and
authorizations specific to the project and as required for constructing dams or performing other
related work such as repairs or construction of appurtenant structures. Contractors are
responsible for the following

4 Performing the work in accordance with the approved plans and specifications without
deviation, unless the engineer of record and Dam Safety have formally approved the
change

0 Identifying and reporting any aspect of the design or construction that could affect the
safe performance of the finished product, or may need special attention or specialized
construction techniques to accomplish design objectives

40 Identifying and reporting any changed conditions that occur or are discovered during
construction that require special attention or additional work to meet the intent of the
design

4 Developing and implementing a construction quality control plan that results in a good-
quality product constructed in accordance with the plans and specifications

U Recording or assisting in the recording of all
mformation necessary to develop a complete
and accurate record of the construction, Other Implied Responsibilities
including record drawings, phqtographS, The descriptions of responsibilities
quality control test results, product brand included in these sections are not
names an d specifications, and other important comprehensive. Other
information responsibilities certainly exist.

O Developing the additional plans necessary to Each entity must understand its
complete the project in a manner that ensures own obligations under the related
the safety and protection of the site personnel statutes and regulations, business
and the downstream interests contracts, written and verbal

e ) . ) i agreements, and codes of ethics.

O Cooperating with the engineers, quality
assurance inspectors, and Dam Safety
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1

Entities that respond to a dam-related emergency may include the dam owner and operator,
local fire and police departments, local emergency response managers and healthcare providers,
civilian relief organizations, Alaska State Troopers, Alaska Division of Emergency Services, the
National Weather Service, the United States Coast Guard, the Alaska Department of
Environmental Conservation, the ADNR, and others. All entities that agree to participate as
responders and are identified in an EAP for a dam are responsible for the following;

0 Becoming familiar with the EAP and the potential impacts that could result if the dam
were to fail

0 Understanding their respective roles in an emergency and preparing adequately in
advance to respond appropriately if an emergency situation develops

@ Participating and cooperating in exercises of EAPs that are coordinated and conducted
by the operator of the dam

0 Reviewing the contents of the plan related to their respective responsibilities and
contributing constructive advice on improvements to the plan

G Developing the necessary policies or procedures within their respective organizations so
that knowledge of the EAP and associated responsibilities is prevalent within the
organization, as appropriate

&

isclah

This document is intended to provide only general guidance about the administration of the
ADSP. It is not intended as a detailed design manual, specification, or regulation. The dam
safety statutes and regulations (A5 46.17 and Article 3 in 11 AAC 93) are the legal governance
for the ADSP. Dam Safety reviews each project on an individual basis and may require
mformation, studies, and submittals that are not discussed herein, as deemed necessary to
ensure that a dam is as safe as is reasonably possible.

The dam safety statutes provide indemmnity to the ADNR regarding dams and reservoirs. AS
46.17.110 states:

...A person may not bring an action against the state, the department, or agents
or employees of the state, for the recovery of damages caused by the partial or
total failure of a dam or reservoir, or by the operation of a dam or reservoir, or by
an act or omission in connection with

{(a) approval of the construction of a dam or reservoir, or approval of flood-
handling plans during or after construction;
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(b) issuance or enforcement of orders relating to
maintenance or operation of a dam or reservoir;

{c) control or regulation of the dam or reservoir;

{d) measures taken to protect against failure of
the dam or reservoir during an emergency; or

{e) investigations or inspections authorized
under this chapter.

An exception is allowed for “the recovery of damages
caused by an action undertaken by a dam owner that was
negligently ordered by the state over the owner’s
objection.” Nevertheless, the owner, operator, and engineer
have primary responsibility for the safe design,
construction, and operation of a dam. Historically, the
standard of care that a dam owner exercises is closely
examined by the courts when assessing the liability for the
failure of a dam (Association of State Dam Safety Officials
[ASDSOY], undated).

i egally Speaking
Strict liability and negligence
are legal concepts applied to
dam owners by courts in the
United States when ruling on
fiabilities associated with
dams. Compliance with the
Alaska Dam Safety Program
is intended to establish a
mwminimum standard of care;
however, additional effort by
the dam owner may be
reqguirved to fully understand
and manage the associated
risks and liabilities of owning
a dam.

Finally, references herein to textbooks, technical papers, guidelines, Web sites, and other
resources do not imply endorsement by the ADNR or suitability for any specific purpose of the
user. Bach submittal to Dam Safety will be evaluated based on its individual and specific merit

at the sole discretion of the commissioner of the ADNR.

Funding provided by the Federal Emergency Management Agency for the development and
revision of this document does not imply their endorsement of the information contained

herein.
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Chapter 2

In this chapter:
» The history of the Alaska Dam Safety Program
»  Summary of Alaska dam safety statutes and regulations and the definition of a dam

» Discussion of the hazard potential classification for dams in Alaska

Druring the 1970s, several dams failed in both Alaska and the Lower 48. These incidents resulted
in numerous deaths, including one in Alaska, and millions of dollars in property damage. In
1972, Public Law 92-367 was signed. This law required the U5, Army Corps of Engineers
(USACE) to inventory non-federal dams in America and make recommendations for a National
Dam Safety Program.

As early as 1973, Alaska passed laws that attempted to regulate the construction of dams in the
state. In 1975, Senate Bill 362 titled “ An Act Relating to Supervision of Safety of Dams and
Reservoirs” attempted to delegate responsibility to the Department of Public Works, but failed
to pass the Ninth Legislative Session. On May 29, 1978, Governor Jay 5. Hammond signed an
agreement for the Alaska Department of Transportation and Public Facilities to jointly review
specific dams with the USACE. Subsequent discussions within the state led to the conclusion
that the ADNR had authority related to dam safety through the Water Use Act (A5 46.15) and
11 AAC 72.060, Dam Construction (1973). However, the ADNR expressed a great deal of
concern because the statutes and regulations inadequately addressed important dam safety
issues such as routine safety inspections, operation and mainfenance, and lability.

On December 29, 1979, revised dam safety regulations became effective under Article 3 of 11
AAC 93, Dam Safety and Construction. By 1982, the Water Management Section of the Division
of Land and Water Management began to organize the ADSP. The efforts of the entire staff of
the central region Water Management Section were directed toward the dam safety program.
Nevertheless, the section’s civil engineer expressed concern about the ability of the ADNR to
address important technical issues associated with dam safety, and the current regulations were
again sharply criticized as inadequate. During the early 1980s, the ADNR (with support from
consultants) conducted Phase I inspections and site visits of practically every dam that could be
identified in the state, including those identified in the National Inventory of Dams. The USACE
listed 175 dams in Alaska in 1981. By 1984, the ADSP was staffed with three positions and a
$350,000 general fund budget.
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In 1987, the state legislature passed the Alaska Dam Safety Act and A5 46.17, which elaborated
on the basis for the state to “supervise” the safety of dams in Alaska. The state was required to
employ a professional engineer for this purpose, but the staffing of the ADSF was reduced to
that one individual and the budget was cut significantly. In 1989, the dam safety regulations
were again promulgated under Article 3 of 11 AAC 93. These statutes and regulations were
more comprehensive than previous versions, and were based on a model state dam safety
program developed by the A5DSO and extensive review of dam safety regulations from other
states.

The content of Article 3 of 11 AAC 93 was reviewed in detail and updated between 2000 and
2004. The regulations were revised to include important changes and clarifications about the
hazard potential classification; dam owner’s periodic safety inspections and emergency action
plans; applications for construction, modification, repair, removal, and abandonment of dams;
certificates of approval issued by the department; incident reporting; qualifications for dam
design and inspection engineers; and other important information. The original publication of
the Guidelines for Cooperation with the Alaska Dam Safety Program (September 2003) was based on
a draft version of the revised regulations. The current guidelines (June 2005) are revised to be
consistent with the current, final version of the regulations adopted in October 2004

The current statutes and regulations are outlined and summarized in the subsections below.

2.2.1 Al

“Supervision of Safety of Dams and Reservoirs” is the
heading of A5 46.17. Each section of the chapter is briefly
summarized below.

Exemptions for
Federal Dams

Federalfy owned and operated
dams and dams regulated by

Section 46.17.010, Purpose - Provides a statement of
purpose for Chapter 17.

Section 46.17.020, Administration and Staffing - Provides
the ADNR with a professional engineer and other
employees to supervise the safety of dams in Alaska. Also
allows the ADNR to hire engineering consultants to assist
in its duties.

Section 46.17.030, Regulations and Orders - Allows the
ADNR to adopt regulations and issue orders.

Section 46.17.040, Approval Required - Requires dam
owners and operators to obtain approval from the ADNR
to operate existing dams or to construct new ones.

the Federal Energy Regulatory
Commission are exempt from
the Alaska dam safety
statutes and regulations.
Dams that are designed and
constructed by federal
agencies and transferred to
non-federal entities are not
exempt.

Section 46.17.050, Inspections - Requires the periodic inspection of dams and allows the ADNR
to conduct the inspection and charge the costs to the dam owner or require the dam owner to
conduct the inspection to the department’s standards using an approved, qualified engineer.
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Section 46.17.060, Entry upon Property - Provides the ADNR access to inspect a dam or
reservoir and related documents with either written notice or an administrative subpoena or
under emergency conditions.

Section 46.17.070, Determining Danger -~ Allows the ADNR to consider the engineering
integrity of the existing or proposed dam or reservoir to determine if there is a current or future
danger, and allows the ADNR to order a dam owner to mitigate the danger.

Section 46.17.080, Injunction and Damages - Allows the ADNR, with the assistance of the
attorney general, to seek an injunction and damages to enforce the dam safety statutes and
regulations.

Section 46.17.090, Judicial Review - Subjects a final action of the ADNR to a judicial review as
provided in the Administrative Procedures Act (AS 44.62).

Section 46.17.100, Other Government Agencies - Allows the ADNR to enter cooperative
agreements with other government agencies to administer the chapter, with certain exceptions;
exempts federally owned and operated dams and dams regulated by the Federal Energy
Regulatory Commission (FERC) from the provisions of the chapter; and excludes any
restrictions of the chapter on the powers of the Alaska Department of Environmental
Conservation (ADEC) and the Alaska Department of Fish and Game (ADF&G).

Section 46.17.110, Action Against the State for Damages - Limits action against the state, its
agents, and employees for damages in carrying out the provisions of the chapter.

Section 46.17.120, Duties of the Owner - Excludes any relief to a dam owner for the duties or
liabilities incident to owning and operating a dam or reservoir.

Section 46.17.150, Penalties - Outlines violations related to the dam safety statutes and
regulations that can result in a Class A misdemeanor.

Section 46.17.120, Definitions - Provides definitions of select terminology.

2.2.2 Alaska Administrative Code
Regulations governing dam safety are articulated in Article 3, Dam 5Safety, of 11 AAC 93. Brief
summaries of the sections in Article 3 regulations follow.

Section 93.151, Applicability - States that the regulations apply to all dams in Alaska, except
dams owned or operated by the federal government or regulated by the FERC, and clarifies
hazard potential classifications that cause a dam to fall under state jurisdiction, regardless of the
geometry of the dam or reservoir.

Section 93.153, Barrier Measurement - Specifies how dams are to be measured for determining
regulatory jurisdiction.
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Section 93.157, Harzard Classification-
Defines three classifications of dams based on

the potential danger to lives and property Transfer of Dam Jurisdiction
caused by the dam; requires the owner, upon For dams under state jurisdiction that are
request of the ADNR, to provide information transferred to Federal Energy Regulatory
for use in a review of the hazard potential Commission (FERC) jurisdiction, Dam Safety
classification and allows the owner to will vield jurisdiction to the FER( under the
propose the hazard potential classification following conditions:

based on that information; and allows the
ADNR to reject an owner’s proposed
classification for certain reasons, and assign a

e The dam owner must submit g license
application to the FERC.

hazard potential classification based on o The FERC must provide a letter to the
readily available information. ADNR stating its assumption of dam
Section 93.159, Owner's Periodic Safety safety regulatory responsibility.
Inspection - Discusses the requirements for If a FERC license is not issued, Dam Safety
PSls of dams based on the hazard potential Jurisdiction will return to the state. For

classification, and allows the ADNR to order
additional inspections, studies, or analyses;
revoke a Certificate of Approval to Operate a
Dam; or issue operation, maintenance, repair,
shutdown, or removal orders, as necessary to
protect life and property.

dams under FERC jurisdiction that are
transferred to the state, an application for
a Certificate of Approval to Operate a Dam
is requirved.

Section 93.161, State Inspections - Outlines the conditions under which the ADNR may
conduct inspections of dams and those under which ADNR may conduct the inspection and
recover costs from the owner.

Section 93.163, Emergency Remedial Action - Allows the ADNR to take actions necessary to
protect life and property, and outlines the conditions under which such action would be taken.

Section 93.164, Owner’s Emergency Action Plan - Requires the owner of a Class [ or [l dam to
develop an EAP, identifies required content of an EAP, requires revision of the plan at least
every three years, and requires exercise of the plan on a frequency determined by the ADNR.
Section 93.167, Certification of Dams Constructed Before May 31, 1987 - Lists the
requirements for obtaining certification for dams built before May 31, 1987.

Section 93.171, Dam Construction, Repair, or Modification - Lists the application
requirements for obtaining a Certificate of Approval to Construct a Dam for new dams or a
Certificate of Approval fo Repair or Modify a Dam for existing dams.

Section 93.172, Dam Removal or Abandonment - Lists the application requirements for a
Certificate of Approval to Remove or Abandon a Dam for existing dams, including mine tailings

dams.
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Section 93.173, Certificates of Approval - Outlines the circumstances under which the
department may issue, deny, or revoke a certificate of approval, as well as conditions and
administrative requirements for the various certificates of approval issued by the ADNR.

Section 93.175, Records - Lists the requirements for records to be kept by the owner of a dam.

Section 93.177, Reporting of Dam Incidents - Requires the dam owner to report certain
incidents involving the dam to the ADNR.

Section 93.193, Qualified Engineers -~ [dentifies the minimum qualifications of an engineer
who can seal the following documents requiring ADNR approval: proposed hazard potential
classifications, design engineering reports, design and construction drawings, construction
specifications, construction completion reports, and other engineering documents. In addition,
the qualifications of engineers who may be approved by the ADNR for conducting P5ls are
identified.

Section 93.195, Inundation Maps and Inflow Design Flood Information - Lists requirements
for the development of inundation maps and inflow design floods.

Section 93.197, Operation and Maintenance Manuals - Identifies the requirements for the
contents of an operation and maintenance manual, which is required for all dams.

Section 93.201, Definitions - Provides definitions of select terminology.

te Jurisdict

To determine if a dam is under state jurisdiction, AS 46.17.900(3) defines a dam as an "artificial
barrier and its appurtenant works, which may impound or divert water” and which meets at
least one of the following three descriptions:

G “(A) Has or will have an impounding capacity at maximum water storage elevation of
50 acre-feet and is at least 10 feet in height measured from the lowest point at either the
upstream or downstream toe of the dam to the crest of the dam.” A dam with a
jurisdictional height (H) of 10 feet or taller and that stores 50 acre-feet or more of water
meets this description, as illustrated in Figure 2-1.

0 “(B) Is at least 20 feet in height measured from the lowest point at either the upstream or
downstream toe of the dam to the crest of the dam.” A dam that is 20 feet or more in
height meets this description regardless of its storage capacity, as illustrated in
Figure 2-2.

G “(C) Poses a threat to lives and property as determined by the department after an
inspection.” In other words, a barrier with a Class [ (high) or Class Il (significant) hazard
potential classification is considered a dam, even if it does not meet the geometric
criteria of A or B, above. See Section 2.4 for guidance in determining the hazard potential

classification.
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Crast of Dam
N

S-acre-feet or Mors ﬁ
at Maxirnum Capacity by H w10 feet

Figure 2-1. Jurisdictional
Bam Based on Storage
Capacity and Height

Crest of Dam

Any Capacily

M 30 feet

Figure 2-2. Jurisdictional
Dam Based on Height Only

Another guide for determining whether a dam is under state dam safety jurisdiction is
illustrated in Figure 2-3.

GUIDELINES FOR COOPERATION WITH 2-6 Revision 1
THE ALASKA DAM SAFETY PROGRAM June 30, 2005
Attachment F

Page 25 of 230
Sierra Club v. EPA 18cv3472 NDCA Tier 10 ED_002061_00172725-00025



Goto Table of Contents

C

HAPTER 2. BAsIS FOR REGULATION OF ALASKA DAMS

»55

o B
& o

Heilght {fesl)
B

i

Figure 2-3. Summary of
Conditions for State
Jurisdiction of a Dam

Capacity {acre-foet}
Reogulated if g Class L or Class | Dam

@ Regulated due fo Height or Storage Capanity

&0 & &0 74 &0 a3 >0

Additional clarification is provided in the regulations under 11 AAC 93,153, Barrier
Measurement. This section clarifies how barriers are to be measured with respectto a

watercourse and states:

...the height of the barrier will be measured as either

() the maximum vertical distance from the natural bed of the
watercourse at the upstream or downstream toe of the barrier,

whichever yields the greater
measurement, to the top of the
barrier, or

(2 if the barrier is not across a
watercourse, the maximum vertical
distance from the lowest elevation
of the outside limit of the barrier to
the top of the barrier.

Figures 2-4 through 2-7 present graphical
interpretations of this section. Figures 2-4 and 2-5
ilustrate a section and profile, respectively, of a
typical, cross-valley dam.

Figure 2-7 is intended to illustrate a saddle dam or
auxiliary dike in a situation for which measurement
from the top of the dam to the “upstreanmy” toe could
result in a dam height that is taller than the height of
the “downstream” toe. Figure 2-6 illustrates a dam
that is not located across a watercourse, such as a ring

g

Water Supply Dams
A reliable supply of water is
critical to the health and economy
of a community. Primarily on the
basis of experience with the Kake
Dam failure in 2000, Dam Safety
asserts that a community of 500
residents or more that depends on
a dam for the primary water
supply represents a risk sufficient
to justify a Class I (significant)
hazard potential classification of
the dam, regardless of its
geometry; thervefore, such a dam
and reservoir are under state dam
safety jurisdiction.
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Crest of Dam A Crest of Dam A

I Crest of
Crest of Spillway \ o Spilbway

Figure 2-4. Typical Dam Section Figure 2-5. Typical Dam Profile

A3

Live ‘t
Storage t~§

Origingd
Sround

Figure 2-6. Ring Dike

H = Elevation A - Elevation B

Figure 2-7. Saddle Dam
or Off-Stream Dam

H = larger number
ffHy > Hy, then H = Hy
> Hy, thenH=H,

dike or a heap leach pad. In this case, the volume below original grade, or dead storage, would
not be counted if H were between 10 and 20 feet and the volume calculation was required to
determine jurisdiction.

In all cases for which the volume calculation is required, the “maximum water storage
elevation” is assumed fo occur at the crest of the dam, as indicated in Figures 2-1 and 2-6, unless
the spillway is sufficient to pass the design flood {defined later in these guidelines). In this case,
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the volume should be calculated at the elevation of the maximum stage during the flood. The
height of the dam would still be measured to the crest of the dam to include freeboard.

If a dam is to be used for storing substances other than clean water, such as sewage, sludge, or
mine tailings, but which still have the ability to flow similarly to water under certain conditions,
the principles outlined above still apply. If the failure of the dam could result in the release of
substances that could create a significant danger or risk to public health, that dam will be
considered at least a Class H (significant) hazard dam.

To reach agreement on which dams meet the statutory definition of a dam and, therefore, fall
under the jurisdiction of the ADSP, Dam Safety developed the Hazard Potential Classification
and Jurisdictional Review Form presented in Appendix A. Additional information about the
hazard potential classification is presented in the following section, and dam failure analysis is
presented in Section 9.3.

8

The hazard potential classification is the main parameter for determining the level of attention
that a dam requires throughout the life of the project, from conception to removal. The hazard
potential classification represents the basis for the scope of the design and construction effort,
and dictates the requirements for certain inspections and emergency planning. The ADSP uses
three classifications for dams based on the potential impacts of failure or improper operation of
a dam:

G Class I (high)
G Class U (significant)
a Class I (Jow)

The hazard potential classifications are explained in detail in 11 AAC 93.157 and are
summarized in Table 2-1.

Dams are classified based on theoretical estimates of the potential impact to human life and
property if the dam were to fail in a manner that is typical for the type of dam under review, or
if improper operation of the dam could result in adverse impacts. The actual or perceived
quality of design and construction and the condition of the dam are irrelevant for the
classification, but may influence other requirements such as the frequency of monitoring, the
scope of PSls, and the content of O&M manuals and EAPs.

To determine the hazard potential classification consistently and equitably for projects, Dam
Safety developed the Hazard Potential Classification and Jurisdictional Review Form in
Appendix A, as previously mentioned. This form should be completed by a qualified engineer
based on the existing or proposed configuration of the dam, and submitted to Dam Safety for
review and concurrence.
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Table 2-1. Hazard Potential Classification Summary

Hazard Class

Effect on Human Life

Effect on Property

Probable loss of one or

frrelevant for classification, bul may include the same losses

{High} more lives indicated in Class 1l or il
i No loss of life expected, FProbable loss of or significant damage to homes, occupied
{Significant) although a significant structures, commercial or high-value property, major
danger to public health highways, primary roads, railroads, or public utilities, or cther
may exist significant property losses or damage not limited to the owner
of the barrier
Probable loss of or significant damage to waters identified
under 11 AAC 185.010(a) as important for spawning, rearing,
or migration of anadromous fish
i insignificant danger to Limited impact to rural or undeveloped land, rural or
{Low) public health secondary roads, and structures

Loss or damage of property limited to the owner of the barrier

The form presented in Appendix A is designed as a “tickler” to remind the engineer of
important aspects that should be considered in the review. In addition, the form is designed to
be progressive. Three levels of review are available:

0

Preliminary - An initial, conservative
assignment based on a visual inspection of the
dam, the reservoir, the downstream reach, and
other limited, readily available information
such as aerial photography and topographic
maps

Qualitative - A limited engineering evaluation
that may involve crude hydrological estimates,
simplistic peak discharge calculations for a
dam failure or mis-operation, open-channel
flow calculations, elevation or cross-section
surveys, and simplistic data used with
conservative assumptions

Quantitative - A detailed dam failure analysis
that includes failure mode evaluation,
computerized dam-break and hydraulic-
routing models, detailed hydrological
estimates, and good-quality input data

Potential Future Development
and Hazard Potential
Classification

A hazard potential classification
determines the standard for the
design, construction, and
operation of the dam during the
life of the project. If additional
downstream development is likely,
the dam should be designed and
constructed to standards for the
higher classification, although the
dam may be classified and
managed for existing conditions
until the future development
OCCUFS.

The higher levels of analyses and detail carry more credibility in the assignment of the
classification. For example, a preliminary assignment of a Class II (significant} hazard potential
could be overruled if a qualitative or quantitative review demonstrates that the potential for
adverse impacts is actually low. In another example, if new development occurs below an
existing Class IlI (low) hazard dam, a qualitative analysis may be used to upgrade the dam to a
Class I (high) hazard, whereas a quantitative analysis may demonstrate that a Class 1I
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(significant) hazard is the appropriate classification. Additional information about dam failure
analysis is presented in Section 9.3.

The ADSP hazard potential classifications were modified in the current regulations to be
consistent with guidance contained in the following source:

@ Federal Guidelines for Dam Safety: Hazard Potential Classification System for Dams, published
by the Federal Emergency Management Agency (1998b)

Admittedly, much of the terminology used in 11 AAC 93.157 is not specific; for example,
“probable” is not currently defined. Dam Safety will consider arguments presented by dam
owners for hazard potential classifications that are in dispute, including risk assessments that
quantitatively assign probabilities to certain outcomes. Nevertheless, those arguments should
be cooperatively developed, technically sound, and justifiable. Additional information about
risk assessments is presented in Section 12.3. The following references may also be helpful in
assigning the hazard potential classification:

& Evaluation Procedures for Hydrologic Safety of Dams, published by the American Society of

Civil Engineers (1988)

0  “Dam Break Inundation Analysis and Downstream Hazard Classification,” Technical
Note 1, in Dam Safety Guidelines, published by the Washington State Department of

Ecology (WSDOE) (1992)

Clate

This publication provides guidance only for the
permits and submittals associated with the
ADGSP. In addition to the design and
construction submittals discussed in Chapter 5,
only the following information is required by
11 AAC 983171 before Dam Safety will issue a
Certificate of Approval to Construct a Dam:

er

U For dams and reservoirs to be located
partially or completely on property not
owned by the dam owner, the property
owners must provide legal permission
to construct the dam or reservoir. A
copy of the land use permit must be
provided to Dam Safety.

Q@ Proof of a water right or water right
application, as required by A5 46.15.

Coordination of Permits
Dam Safety will not typically withhold a
certificate of approval pending
coordination with or conditional to any
other permits that may be required from
local, state, or federal agencies. However,
those other permits may be required
before construction can actually occur.
Damm Safety will work within the
framework of the Alaska Department of
Natural Resources Lavge Mines Profect
Team and the Alaska Coastal
Management Program for associated
projects that include dams. Coordination
of permits for other projects is the
responsibility of the applicant.
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The owner of the dam is ultimately responsible for securing all permits necessary for the
construction and operation of the dam. The following state and federal agencies should be
contacted for more information:

a

g O O g O

U

Local municipality or borough

Alaska Department of Natural Resources

Alaska Department of Environmental Conservation
Alaska Department of Fish and Game

State Historic Preservation Office

U.S. Army Corps of Engineers

U.5. Environmental Protection Agency

The following is a useful reference for federal permitting associated with dams:

G Environmental Permitting for Dam Projects (1996}, published by the ASDS0O
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Chapter 3

in this chapter:
»  The certificates of approval issued by Dam Safety
» Policies and procedures of Dam Safety for applications and issuing certificates

¥ Application and fee information

Permits issued by Dam Safety under 11 AAC 93 are referred to as “certificates of approval” for a
particular activity. These certificates are required for routine operation of a dam and certain
construction activities related to the dam. A separate certificate is required for each of the
following actions:

c

g o o o

c

Operation
Construction
Modification
Repair
Removal

Abandonment

Additional information on these certificates is provided in the following sections.

Certificate of Approval to Operate a Dam - This permit is required for all jurisdictional dams in

service as of May 31, 1987, and all jurisdictional dams constructed after that date. To receive a
Certificate of Approval to Operate a Dam, the following information must be submitted to Dam
Safety for review and approval:

L

[ WI WIS WHN W

Operations and maintenance manual
Current P5] report

Record drawings

EAP for Class  and Il dams

Construction completion report for new construction
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CHAPTER 3. CERTIFICATES OF APPROVAL

The Certificate of Approval to Operate a Dam is dated to expire after each PSI and is typically
reissued after the PS5 report is completed and approved. The expiration date may be extended
when a P51 report is submitted for review. The O&M manual and the EAP may also require
updating before a current certificate will be issued. Additional information about the required
documents is presented in subsequent sections of these guidelines.

For new construction, major modifications or repair, a new Certificate of Approval to Operate g
Dam is typically required before the reservoir may be filled or additional impoundment may
occur above the level currently permitted. Additional information about construction-related

certificates is included in the following section.

All Certificates of Approval to Operate a Dam include standard conditions, and special conditions
are noted in Attachment A of the certificate. The special conditions typically include the hazard
potential classification and the due date of the next PSI. They mav also include operating
limitations and other restrictions or requirements unique to the dam and its appurtenances. A
sample of a Certificate of Approval fo Operate a Dam is presented in Appendix B.

tructi
Certificate of Approval to Construct a Damn - This permit is
required fo build a new jurisdictional dam.

Certificate of Approval to Modify a Damn - This permit is
required for a modification on a jurisdictional dam. Defined
in 11 AAC 93.201(8), modification refers to an “enlargement
or alteration” that may affect the safety of the dam.
Examples include raising the height of the dam, increasing
the storage capacity, or changing valves on an outlet pipe.

Certificate of Approval to Repair a Dam - This permit is
required to repair a jurisdictional dam. Repair is defined in

Breach of Conditional
Approvals

Any breaches or deviations
from the conditions of any
certificate of approval must
be reported to and
approved by Dam Safety in
writing.

isssssssiiiinssssssssiiiinnssssstttt it s

but excludes routine maintenance. Repair in this sense could include slip-lining a low-level
outlet, rebuilding the spillway, or repairing an overtopped or breached dam.

Certificate of Approval to Remove g Dam - This permit is required to remove a jurisdictional

dam.

Certificate of Approval to Abandon a Dam - This permit is required to abandon a jurisdictional

dam in place without removing the structure of the dam.

These certificates also include standard conditions, and special conditions are noted in
Attachment A of the certificate. Special conditions may include design and construction
resirictions, construction quality assurance requirements, post-construction monitoring and
inspection requirements, or other important conditions. A sample of a Certificate of Approval o

Construct a Dam is presented in Appendix C.

A signed, certificate of approval must be issued by Dam Safety before the construction,

modification, repair, removal, or abandonment begins.
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The application process provides an opportunity for communication between Dam Safety and
the applicant. This communication should begin early in the project planning because the
process can become extended and complicated, depending on the magnitude and complexity of
the project. A number of submittals must be made to Dam Safety for review to receive a
certificate of approval. Dam Safety will comment on the submittals during the application
process to promote dialogue and understanding of the project. A certificate of approval is
issued at the end of the review period as appropriate.

The remainder of the information provided in this section highlights specific policies and
procedures of Dam Safety that are intended to establish consistency with respect to which
certificates require applications and how certificates are issued. Chapter 4 presents a detailed
outline of a hypothetical sequence of the regulatory process during the life of a dam to allow all
parties involved to plan effectively.

Applications for Dams Built Before 1987
U Anapplication for a Certificate of Approval to Operate u Dam and fee is only required for
dams built before May 31, 1987, that are not registered with Dam Safety.

0 The imformation Hsted in Section 3.1 that must accompany an application is described in
additional detail in subsequent sections.

U An application and fee are required for all certificates listed in Section 3.2, regardless of
the original construction date, except for the construction certificate.

Applications for All Other Dams
U A specific application for a Certificate of Approval to Operate a Dam is not required for
dams built after May 31, 1987, that received a Certificate of Approval to Construct a Dam.
0 An application and fee are required for all certificates listed in Section 3.2.
U For new dam construction, a Certificate of Approval to Operate a Dam will be issued after
post-construction submittals are reviewed and approved by Dam Safety.

G For existing dams that are repaired or modified, post-
construction submittals are also required, and the
Certificate of Approval to Operate a Dam may be
reissued with revised special conditions.

Dams Without v
Construction Certification |
if a dam was built after v
0 A PSImay be required after the first year of operation | May 31, 1987, without g

for new dams or for dams with major modifications Certificate of Approval to

OF repairs. Construct a Dam, the
special circumstance must :
be resolved individually with
Dam Safety. :

0 O&M plans and EAPs must be revised as appropriate
for dams with major modifications or repairs.
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CHAPTER 3. CERTIFICATES OF APPROVAL

Issuance of Certificates of Approval

Dam Safety will issue a draft certificate of approval in a spirit of cooperation to give the dam
owner or operator the opportunity to comment and agree on the conditions of the permit. After
an agreement is reached, a final certificate is executed and sent by certified mail to the applicant.
In some cases, a final certificate may be issued without agreement; for example, a certificate
may include a condition imposed by Dam Safety that the operator feels is especially onerous. In
any case, a final, formally executed certificate issued by Dam Safety carries the full weight and
authority of the ADNR under the dam safety statutes and regulations. Appeals may be filed
with the commissioner of ADNR in accordance with 11 AAC02.

The permit application requires a nonrefundable
filing fee, as described below and in 11 AAC
05.010(2)(8)(1 end J). Additional detail about the fees
follows.

Certificate of Approval to Operate a Dam -
According to 11 AAC 05.010(a)(8)(1), for a dam
constructed before May 31, 1987, the fee is based on
the height of the dam (as defined in Section 2.3),
multiplied by $50 per foot.

Certificate of Approval to Construct, Modify, Repair,
Remove, or Abandon a Damn - According to 11 AAC
05.010(a)(8)(]), the fee is based on a scale of the
estimated project cost. A non-refundable deposit on
the application fee, which is based on estimated
costs, is required with the Initial Application
Package, as described in Section 5.1.3. An application
fee supplement based on a certified cost estimate is
required with the Final Construction Package, as
described in Section 5.4.4, before a final certificate of
approval will be issued.

The minimum fee is $500, which applies to projects
that are estimated to cost less than or equal to

Planning for the Application
and Beview

Dam Safety established the
submittal packages and review
times shown in Chapter 4 as
targets to allow dam owners and
operators to plan effectively.
However, every dam is unigue and
deviations and delays may be
reguired for a variety of reasons.
The objectives of Dam Safety are to
conduct the review in the most
expeditious manner possible to
meet the project schedule, without
compromising the mission of the
ADSP. Consistency and
conformance with the suggested
approach will help accomplish this
objective.

$25,000. If the project is expected to cost more than $25,000, Table 3-1 should be used to
calculate the application fee. According to 11 AAC 93.171(f)(4)(D), the estimated cost of the

project must include the following:

U Labor and materials for the construction of the dam, reservoir, and appurtenant works

U Site investigations, which include geological and geotechnical investigations and

laboratory testing

0 Engineering and surveying
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CHAPTER 3. CERTIFICATES OF APPROVAL

U Construction supervision and quality assurance

G Other direct costs associated with the design and construction activities

Table 3-1. Application Fee Calculation

Portion of Project Cost Project Cost Amount Multiplier Fee Amount
The first $100,000 $ 0.02 3
The next $400,000 $ 0.01 3
The next $500,000 % 0.005 $
Balance of cost $ 0.0025 3
Total project cost: g Total Fee: 3
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Chapter 4

in this chapter:

» The five stages in the regulatory life of a dam

¥ Alist of regulatory reguirements that occur in each stage of the dam’s life

% The regulatory review process for design, construction, and operation

This section identifies the types of information that are exchanged during the regulatory life of a
hypothetical dam and the point in time at which the exchange typically occurs. For presentation

purposes, the life of the dam is divided into five stages:
U Application for new dam construction
a  Construction
0 Operation
U Remediation
4 Closure

The following sections present key aspects of each
stage with respect to submittals to Dam Safety that are
typically required, as well as other important
considerations. For the first three stages, the exchange
of information between the various parties cooperating
in the overall safety of the dam is graphically
illustrated in the form of a schedule. The remainder of
the guidelines present additional detailed information
related to this section.

1

Application Regquirements for
Existing Dams

The application requirements
discussed in Section 4.1 cover a
complete application process,
needed for construction of a new
dam, to provide the greatest
detail. Some information outlined
here may not be vequired when
the activity consists of repair or
modification of an existing dam.

To receive a certificate of approval listed in Section 3.2, an application must be submitted to
Dam Safety. As indicated in 11 AAC 93.171, the application must include a substantial amount
of technical information. Dam Safety requests that the application process occur in the
increments listed below. The items to be included with each incremental submittal are
indicated. Additional detail is provided in subsequent sections. Figure 4-1 illustrates a

suggested permitting process for new construction.
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CHAPTER 4. FIVE STAGES N THE REGULATORY LIFE OF A DAM
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Figure 4-1. Dam Safety Application Review Process
italic font indicates action by Dam Safety.

Bold font indicates submittals from applicant or permits from agency.
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CHAPTER 4, FIVE STAGES IN THE REGULATORY LIFE OF A DaAmMm

U Initial Application Package (See Section 5.1.)

Letter of intent (See Subsection 5.1.1.)

Application form (See Subsection 5.1.2 and
Section 3.3.)

Application fee deposit (See Subsection 5.1.3
and Section 3.4.)

Proposed schedule (See Subsection 5.1.4.)

Hazard Potential Classification and
Jurisdictional Review Form {5ee Sections 2.4
and 9.3, Subsection 5.1.5, and Appendix A}

Feasibility and siting studies for new
construction of Class | and I dams {(See
Subsection 5.1.6.)

Design scope proposal (See Subsection 5.1.7.)

0 Preliminary Design Package (See Section 5.2.}

Striving for Simplicity
The complexity of the
application process is expected
to reflect the hazard potential
classification of the dam and
the complexity of the work for
which approval is requived. The
objective of this submittal
outline is to simplify the process
as much as possible for every
project while promoting the
standard of care appropriate
for the hazard potential
classification of the dam.

B R S s R s

Proof of water and land use rights (See Section 2.5 and Subsection 5.2.1.)

Proposed method to demonstrate financial ability to pay for certain costs (See

Section 5.2.2)

Topographic map of the dam site (See Subsection 5.2.3.)

Preliminary drawings (See Subsection 5.2.4.)

Engineering science reports (See Subsection 5.2.5.)

Revised proposed schedule (See Subsection 5.2.6.)

U  Detailed Design Package (See Section 5.3.)

Engineering design report (See Subsection 5.3.1.)

Design drawings (See Subsection 5.3.2.)

Draft construction specifications (See Subsection 5.3.3.)

Construction quality assurance/quality control (CQA/QC) plan (See

Subsection 5.3.4 and Section 7.2.)

Revised proposed schedule (See Subsection 5.3.5.)

G Final Construction Package (See Section 5.4.)

Final construction drawings (See Subsection 5.4.1.)

m Final construction specifications {(See Subsection 5.4.3.)
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# Construction schedule (See Subsection 5.4.5.)
# Certified cost estimate (See Subsection 5.4.4.)
# Application fee supplement, if required (See Subsection 5.4.5.)

# Demonstration of financial ability (See Subsection 5.4.6.)

Construction of the new dam or the repair or modification of an existing dam may begin only
after Dam Safety issues the appropriate certificate of approval. In some cases, certain
preconstruction documents may be listed as a condition to the certificate, and the submittal will
be required before construction actually begins. Required by 11 AAC 93.171, these documents
are usually prepared by the contractor, but can have an important effect on the mission of the
ADNR and the safety of the dam. Additionally, cooperation and communication are required
during the construction process, and post-construction submittals are critical to receive the
Certificate of Approval to Operate a Dam. Figure 4-2 illustrates the regulatory review during the
construction process, which is outlined below and discussed in additional detail in Chapter 7.

1 Before construction, the following additional submittals to Dam Safety are typically
required:

m  Water diversion plan (See Subsection 7.1.1.)
# Erosion control plan (See Subsection 7.1.2.)
O During construction, the following activities typically occur:

g (COA/QC monitoring, field testing, sample collection, and laboratory testing (See
Section 7.2.)

# Design changes that require approval by Dam Safety (See Subsection 7.2.4.)
# Field inspections conducted by Dam Safety (See Section 10.5.)
0 After construction, the following submittals are required:

g (Construction completion report that includes record drawings, inspection reports,
photographs, and other information (See Subsection 7.3.1.)

#  Operation and maintenance manual (See Subsection 7.3.3 and Chapter 8.)

# EAF for Class L and I dams (See Subsection 7.3.4 and Chapter 9.)
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After the post-construction submittals previously listed

are reviewed and approved, Dam Safety will issue a new Recurrent Certification and
Certificate of Approval to Operate a Dam. The activities Revision During Operation
listed below are then expected to occur: A new Certificate of Approval to

Operate a Dam is issued after

O First fill of reservoir and temporary monitoring each PSI, with revised special

(bee Section 7.3.) conditions as appropriate. O&M
& Routine operations, inspections, monitoring, and manuals are revised as needed
maintenance (See Chapters 8 and 10.) and reviewed during the PSI

cycle. EAPs are reviewed during

the exercise process, and
O PSis (See Section 10.4) revised as needed.

U EAP exercises (See Chapter 9.)

O Incident reporting (See Chapter 11.)

Figure 4-3 illustrates the regulatory life of the dam during the first year of the operational stage,
with emphasis on the PSI and references to subsequent years of operation.

After a period of time, a dam may require remedial efforts for a number of reasons, including
deterioration, damage, or hazard potential classification change (which could affect the design
basis). In some cases, typically for older dams, the need for remediation may be due to an
inadequate design aspect that is discovered and determined to represent a sufficient risk to
justify remedial action.

The following activities are likely to occur:

O Assessment of need (See Section 10.4 and Chapter 12.)

0 Design and construction of the solution

At this point, the regulatory life of the dam may loop back to Sections 4.1 (except that the
application is for a Certificate of Approval to Modify, or Repair a Damy), 4.2, and 4.3, or proceed to
Section 4.5.

ure

Closure of a dam and reservoir may occur for a number of reasons and may result in one of the
following actions, either of which requires an application for a certificate of approval:

21 Removal
o Abandonment

Details for these options are presented in Chapter 13.
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Figure 4-3. Dam Safety Operations Review Process

italic font indicates action by Dam Safety.
Bold font indicates submittals from applicant or permits from agency.
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Chapler 5

In this chapter:

» Detailed description of the requirements for construction of a new dam and repair
and modification of an existing dam

» Qutlines of the contents of submittals that accompany an application

¥ Standards for submittals

The following sections provide details about the preferred development, format, and
presentation of various types of information usually considered in the application process for a
Certificate of Approval to Construct a Dam. Much of the information also applies to repairs or,
modifications of dams, and the submittals to Dam Safety should be modified as appropriate.
Not all of the information may be required. Because every project is unique, it is impossible to
anticipate and outline all design and construction issues that may arise in a generic format.
Consequently, the following information is intended to encourage communication and
agreement early in the planning process to limit costly revisions and delays. Figure 5-1
ilustrates the incentive for accomplishing these objectives.

The design and analysis of a dam consists of extensive technical work. The presentation of this
work will reflect the quality of the entire project. Engineering reports should clearly document
the methodology, assumptions, parameters, calculations, computer programs, references,
results, engineering judgment, and recommendations used in the evaluation process. Drawings
should contain the definition and detail necessary to relay critical information for permitting
and construction. Poor quality or incomplete submittals may be rejected.

The following sections discuss important aspects of the information developed in the
construction application process and the preferred standards for submittals to Dam Safety.

licati

The Initial Application Package submitted to Dam Safety is the first step in the application
process and is intended to establish agreement on important information early in the project
planning,. Detailed guidelines for certain submittals that should be included in the Initial
Application Package are presented in the following subsections.
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5.1.1 Letler of Intent

A letter that introduces the project and includes the following information is requested to notify

Dam Safety of the applicant’s intent:

U Description of the proposed project or work to be completed under the anficipated

certificate of approval
@  Identity of the applicant and contact information

O Identity of the dam owner and operator, if other than the applicant

U Identity and qualifications of the engineer of record responsible for certifying the design.
{(See Subsection 1.3.4.) For complex projects, an engineering team comprised of more
than one engineer of record may be required for the design. In those cases, all engineers

of record should be included.

1 A list of attachments
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4 The most current application form available from Dam Safety should be used. The most
current form may be downloaded from www . dnr.state.akus/mlw/forms/. The
application must be signed by the owner of the dam.

O  Any technical information requested on the form may be based on the conceptual design
for new construction or existing or proposed values for all other applications.

5.1.3 Application Fee Deposit

4 A preliminary cost estimate developed by the applicant may be used to calculate the
nonrefundable fee deposit, as indicated in Section 3.4 and Table 3-1.

@ The fee deposit should be included with the Initial Application Package.

O  The check should be made payable to the “State of Alaska” and submitted with the
application to Dam Safety.

0 For fees that exceed $2,000, the fee may be considered a statutory designated program
receipt, and all expenses by the ADNR related to the project will be billed to the
respective account.

5.1.4 Propesed Schedule

A proposed schedule that shows the approximate dates for the following should be submitted
with the Initial Application Package:

O Preliminary Design Package submittal (See Section 5.2.)
U Detailed Design Package submittal {(See Section 5.3.)

O Final Construction Package submittal (See Section 5.4.)
0 Beginning of construction

The proposed schedule should allow for the Dam Safety target review times indicated in
Figure 4.1. Dam Safety will cooperate as much as possible to accommodate the proposed
schedule.

5.1.5 H | Potential Classification

Early agreement on the hazard potential classification of a dam is imperative to conserve the
design and investigation budgets. A Hazard Potential Classification and Jurisdictional Review
Form, described in Section 2.4, should be completed for the proposed dam and included with
the Initial Application Fackage.

In some cases, a qualitative or quantitative evaluation may be required, even if the dam is in the
preliminary stages of planning. For example, if some development exists downstream of the
proposed dam site, a Class [l (low) hazard potential classification may not be approved by
Dam Safety unless a technical demonstration is made to show that the flood wave from a failure
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of the conceptual dam is attenuated or inconsequential to the existing development, as well as
to any potential future development that may be reasonably anticipated.

For the Initial Application Package, the level of the evaluation for the hazard potential
classification should be in accordance with the guidance in Table 5-1. Not all situations may be
addressed in the table. In addition, a more detailed evaluation may be required after final
design for complex systems or to develop an EAP. Additional information on dam failure
analysis is provided in Section 9.3. Dam Safety should be contacted for specific guidance.

Table 5-1. Acceptable Levels of Evaluation for Proposed Hazard Potential Classifications

Description of Accepiable
Proposed Class Dam Type and Location Downsiream System Level of Evaluation
Hi (low) Any rural water dam No development Preliminary
Hi (low) Any rural water dam Limited or heavy existing Qualitative or
development or high guantitative

potential for development

H (significant) Any dam located on an No residential Preliminary
important salmon stream, ata  development
primary water supply for a
community with more than 500
residents, or for retention of

rmine tailings
H (significant) Any dam in a rural or urban Limited or heavy existing Qualitative or
setling residential development guantitative
or high potential for
development
i (high) Any dam in a rural or urban Limited or heavy Preliminary
setting development or high
potential for development
i (high) Any dam with a large Complex system with Quantitative
impoundment in a rural or development in extended
urban setling downstream reach

bility and Siting
Feasibility and siting studies are required under 11 AAC 93.171 for new construction of Class |

and H dams. These studies typically occur early in the planning process, often well in advance
of the application for a certificate of approval.

Feasibility Study

To obtain a Certificate of Approval to Construct a Dam for a Class | or Il dam, a feasibility study
that justifies the risks created by the dam is requested. The following general guidelines are
recommended:

& Atleast four alternatives, including the no-action alternative, should be considered.
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1 Atleast one alternative should include a lower hazard potential classification dam or an

alternative that does not require a dam.

U A Class [ dam alternative should include the potential economic and lethal impacts of a

dam failure in the analysis.

3 Justification for the Class | dam alternative must not be based on inaccurate data, false
assumptions, exaggerated importance, speculation, or baseless information.

0 The benefit-to-cost ratio for the Class | dam alternative should be greater than one and

exceed the other alternatives.

Applications for a Cerfificate of Approval to Construct a Dam for a Class | or Il dam that are not
preceded by an Initial Application Package with a feasibility study will be returned. Feasibility
and siting studies conducted as part of an environmental assessment, environmental impact
statement, or other document under the National Environmental Policy Act (NEPA) process or
other formal process are acceptable as long as the above guidelines are followed.

Siting Study

A siting study is required for Class [ and I dams to
justify that the proposed location of the dam is the best
location for the type and configuration of the dam to be
constructed. Siting studies should include the following
considerations:

G Type of dam

U Geology and hydrogeology of bedrock and
overburden

Construction material borrow sources
Local and regional hydrology

Local and regional seismic setting and faulting

0 O O O

Opportunities for mitigation of dam break flood
waves

O Suitability for construction

Units of Measurement
Units of measurement in all
submittals should be in
conventional, English format,
except for permeability or
hydraulic conductivity, which
may be reported in centimeters
per second. Metric standards
may be included in brackets at
the applicant’s convenience.
Ctherwise, unit systems should
not be mixed.

B s

A siting study may be included with the feasibility study if the appropriate siting criteria are
considered. Dam owners are encouraged to conduct a siting study for Class IH dams, but
submittal of that study to Dam 5afety is not specifically required by the regulations,
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5.1.7 Design Scope Propo

The purpose of the design scope proposal is to define important design standards and the scope
of work proposed to determine certain parameters used in the detailed design. The proposed
scope of work and related design criteria should be defined in advance for the following subject
areas at a minimum:

0 Hydrology and hydraulics

# Methods for determining inflow design flood Planning the Design
(IDF) and spillway capacity (See Section 6.1.) Planning the design is one of
the most important first steps

@ Stability in the regulatory life of a dam.

# Evaluation method with proposed safety Early agreement on the scope of
factors for static and pseudo-static stability the design will maximize the
analysis, deformation analysis, or finite efficiency of the permitting
element analysis, as appropriate (See process. The design scope
Section 6.2.) proposal is not intended to

define the parameters used in

O Seismicity
i the design, but to define the

® level of sophistication and approach to proposed level of work,
studies necessary to define seismic parameters | piothodologies, levels of
for location of the dam, including maximum analysis, and approaches to
credible earthquake (MCE), maximum design determine and evaluate those

earthquake (MDE), operating basis earthquake
(OBE), and potential ground motions (See
Section 6.3.)

parameters that are veqguired
for the safe design and
construction of the dam.

U Seepage

m Methods to determine foundation and dam permeability, seepage analysis, and
gradient control (See Section 6.4.)

Additional details about these important aspects are included in Chapter 6.

The design scope proposal should also specify the level of design quality assurance (DOQA) and
design quality control (DQC) to be conducted during the design. For example, for new Class |
dams, a design review board may need to be established. A detailed discussion of DOA/DQC s
beyond the scope of these guidelines, but additional information may be found in Qualify
Management by the USACE (1993).

Detailed guidance on the development of the information required for the Preliminary Design
Package is provided in the following subsections.
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5.2.1 Water and Use Righis

The following information must be submitted with the Preliminary Design Package.
U Proof of a water use permit or other water right, as required by AS 46.15.

U For construction of new dams or modifications that increase the reservoir size or raise
the hazard potential classification, proof of land ownership or other documented legal
permission to construct the dam, appurtenant works, and reservoir.

The applicant must provide copies of the respective permits or a letter describing the status of
the permitting process to the ADNR

5.2.2 Propesed Financial onstration

Constructing and operating a dam is an expensive and long-term commitment. A dam owner
must demonstrate to the ADNR the financial ability to responsibly manage the facility during
the life of the project. A demonstration of financial ability is required for construction of new
dams or for modifications that increase the size of the reservoir or raise the hazard potential
classification. If financial ability cannot be demonstrated, a Certificate of Approval to Construct a
Dam will not be issued.

In the Preliminary Design Package, the dam

owner must propose the methods for which The Public versus

the financial ability will be demonstrated for Private Dam Paradox

certain costs, depending on whether the For demonstrating financial ability, the
applicant is a government agency or not. The assumption is that a government agency
proposed methods for demonstrating financial will only operate a dam that provides
ability must be approved by the ADNR, as some public benefit over an indefinite
indicated in 11 AAC 93.171(d). period of time, and routine operation and

The following language is included in the maintenance costs must be budgeted and

regulations under 11 AAC 93.171(H2)(C): funded. In contrast, a privately owned
dam is for the primary benefit of the dam
(i) For a government agency, financial owner at his own expense. However, if
ability may be demonstrated through that entity goes bankrupt, funds for the
taxing authority or other revenue cost of mitigating the risk of the dam

generating ability, and by the pertinent
bond, ordinance, resolution, or law as
may be required to provide sufficient
money to pay the costs of operating and maintaining the dam in a safe condition
and complying with the requirements of 11 AAC 93.151 - 11 AAC 93.201;

must be available.

(ii) For an applicant other than a government agency, the owner must provide a
performance bond or other financial assurance adequate to provide sufficient
money to pay for the costs of safely breaching the dam at the end of the dam’s
service life and restoring the stream channel and reservoir land to natural
conditfions, or for the costs of performing reclamation and post-closure
monitoring and maintenance, as required under 11 AAC 93.172.

Sierra Club v. EPA 18cv3472 NDCA Tier 10
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For dam owners that are not government agencies and for which a performance bond or other
form of financial assurance is required to demonstrate financial ability, the agreement and
instrument should be prepared and executed to account for all design and construction costs for
the following:

0 Dewatering the reservoir

G Safely breaching the dam to a point at which there is no longer any impoundment under
any flood conditions

U Restoring the stream channel and reservoir land to natural conditions

0 Reclamation and post-closure monitoring and maintenance, if appropriate
For certain facilities where the dam is not breached or removed, such as a mine tailings dam,
the financial assurance required is specified in 11 AAC 172(a)(6)(c) as a “performance bond or
other financial assurance adequate to provide sufficient money to pay for the costs of post-
closure monitoring, operation, maintenance, and inspection.” See Section 13.2.2 for more
information.

5.2.3 Topegraphic Site

A topographic map of the dam location should be included in the Preliminary Design Package
and should incorporate the following presentation and content details:

0 Legible engineering scale

Legible contour interval

Reservoir area at normal and maximum water storage levels
Survey datum

Coordinate system

Property lines and other boundaries

g o o o o o

Locations of spillways, cutlet works, borings, test pits, and material sites
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5.2.4 Prel

A preliminary drawing package should be submitted with the Conventions
Preliminary Design Package. These drawings may be in a draft
form, sometimes referred to as 35% complete. The following
drawings should be included at a minimum:

downstream
G Profile view of dam along dam axis, showing elevation o Water flows from left
of the crest of the dam, locations and elevations of to right in cross
spillways and outlet works, and geological sections
m‘s’eﬁtigﬁj{iﬁn iﬂf@fﬂlﬁtiﬁn & North grrow foward

bonding trenches

inary Drawings .
Sugdested Drawing

e left and right
abutments looking

- . . : _ the top of page on
@ Cross section views of the dam at the maximum height, plan ﬁemip g

spillways, and cutlet works, including elevation and
width of crest, slopes of upstream and downstream
faces, thickness of erosion control structures and zoned

fills, and locations of underdrains, cutoff walls, and * Inclusion of a bar scale
on all drawings

e Use of engineering
scale

Submittal Standards

Two copies of the preliminary drawing package should be submitted.

Drawings that are 11 inches by 17 inches are acceptable if they are legible and to scale (no off-
scale reductions).

Larger drawings should be submitted if necessary for clarity.

The survey datum coordinate system and contour intervals should be clearly identified.

5.2.5 Engineering Science Heport

The following engineering science reports and the details indicated should be submitted as part
of the Preliminary Design Package:

G  Geological and geotechnical investigation report for the dam site, reservoir area,
spillways, outlet works, appurtenant works, and material sites

Location and geological maps

Locations and logs of borings and test pits

Geological cross sections along dam centerline and perpendicular to centerline
Material analyses and laboratory test results

Recommendations for foundation treatment, stability analyses, and seepage control

Other relevant information

0 Seismic report

8 See Section 6.3 for detailed information about the seismic report.
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0 Hydrology design report

B Methods and references used to determine Electronic Submittals

the IDF Dam Safety encourages electronic
submittals to help expedite
2 Drainage basin characteristics distribution and review of
m Streamflow and precipitation data important documents. Unlocked

Adobe Acrobat files are most

B 2 ACOTUOIT 1 Z 4 5 - : ;
Reservoir inflow and outflow hydrographs convenient for viewing,

® Estimate of flood event impacts on areas commenting, and transmitting
downstream, including an incremental both text and drawings through
damage assessment, if conducted computer mediums. MSWord and

Excel files are acceptable. Dam
Safety does not support AutoCAD
Submittal Standards or other drawing file formats. In
any event, paper copies, ds
described in the text of these
guidelines, are required.

g (Other relevant information

Engineering science reports may be combined into one
binder. Two copies should be submitted.

The reports should be sealed by the engineer of record. | s

5.2.6 Revised Proposed Schedule

The proposed schedule submitted with the Initial Application Package should be updated and
resubmitted with the Preliminary Design Package. The revised proposed schedule should give
approximate dates for the following:

G Detailed Design Package submittal (See Section 5.3.)
Q  Final Construction Package submittal (See Section 5.4.)

0O Beginning of construction

The revised proposed schedule should allow for the Dam Safety target review times indicated
in Figure 4.1. Dam Safety will cooperate as much as possible to accommodate the revised
proposed schedule.

The Detailed Design Package should contain the majority of the information needed for Dam
Safety to make a determination of the safety of the dam and appurtenant works. It is not
necessary to resubmit information contained in the Initial Application Package and Preliminary
Design Package, although revised documents or supplements may be included or previous
submittals can be rolled into the Engineering Design Report, as convenient to address review
comments from Dam Safety. References to previous submittals should be specified as
appropriate. Supplemental information or addenda may be requested by Dam 5Safety based on a
technical review of the final submittals. Additional details about the submittals in the Detailed
Design Package follow.
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5.3.1 Engineering n Report

The engineering design report should contain all information necessary to support the design
that has not been addressed in the previous submittals. This report typically includes the
following items:

A description of all methodologies, references, formulas, and assumptions used in
developing the design criteria and engineering evaluations

U Anevaluation of the structural stability of the dam, foundation, and appurtenant
features

4 Anevaluation of the performance of the dam, foundation, and appurtenant features
during a seismic event

@ Descriptions, physical analyses, and permeability analyses, as appropriate, of the
materials used in the construction of the dam

O A seepage analysis for the dam and foundation, including filter criteria to prevent
piping of fine-grained materials

U Design criteria, calculations, and rating curves for the spillways and outlet works,
including freeboard and other hydraulic evaluations such as energy dissipators

U A storage-versus-depth curve and a storage-versus-area curve for the reservoir
O  Recommendations for diverting water during construction, as appropriate

0 Recommendations for special construction considerations, first filling of reservoir,
operations, maintenance, instrumentation, and monitoring

U Design evaluations and recommendations for other features of the dam and appurtenant
works

Submittal Standards

Two copies of the engineering design report should be submitted.

The report should be sealed by the engineer of record.

For Class I and Il dams, the report should contain backup data such as calculation sheets and

input and output data for final computer runs.

5.3.2 Design

Design drawings may be submitted in a draft format, often referred to as 95% complete. The
design drawings should include the drawings submitted in the Preliminary Design Package,
plus the additional drawings necessary to completely describe the project, including the
following:

0 Additional cross sections of the dam

O Spillway plan views and cross sections

GUIDELINES FOR COOPERATION WITH 5-11 Revision |

THE ALASKA DAM SAFETY PROGRAM June 30, 2005
Attachment F
Page 59 of 230

Sierra Club v. EPA 18cv3472 NDCA Tier 10 ED_002061_00172725-00059



(30 to Table of Contents CHAPTER 5. CONSTRUCTION APPLICATION DIETALLS

Sierra Club v.

Detail drawings as needed

Design drawings for appurtenant structures

i R

Construction sequence drawings, if required
G Other drawings as necessary
Submittal Standards
Two copies of the design drawing package should be submitted.

Drawings that are 11 inches by 17 inches are acceptable if they are legible and to scale (no off-
scale reductions).

Larger drawings should be submitted if necessary for clarity.
Drawings should include the following;
U Cover sheet that identifies the project, dam owner or operator, engineer, and location

G Index of drawings, legends, drafting standards, conventions, abbreviations, codes, or
other information necessary to interpret the drawings, including specific datum and
coordinate references

@ Title block with unique drawing numbers, initials for designers and engineering review,
revision numbers, and dates

0 Stamp or mark on all drawings stating “Issued for Agency Review” or similar language
}' D D ) o <y 2

5.3.3 Construction Specifications

Construction specifications also may be submitted in draft form, but should at least indicate all
sections necessary for bidding and construction.

Submittal Standards
The specifications should include a cover sheet with the project name and date.

The format of the Construction Specifications Institute (C5]) is recommended.

The specifications must include a table of contents.

A plan to control the quality of the construction work and assure its comphiance with the
drawings and specifications is required. The scope of the plan depends on the complexity and
hazard potential classification of the dam. The development of a COA/QC plan is discussed in
Section 7.2.
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5.3.5 Revised Proposed Schedule

The revised proposed schedule submitted with the Preliminary Design Package should be
updated again and resubmitted with the Detailed Design Package. The revised proposed
schedule should give approximate dates for the following:

0 Final Construction Package submittal (See Section 5.4.)
U Requested date for Certificate of Approval to Construct a Dam
3 Bid deadline and notice of award

0 Beginning and end of construction - estimated period of construction

The revised proposed schedule should allow for the Dam Safety target review times indicated
in Figure 4.1. Dam Safety will cooperate as much as possible to accommodate the revised
proposed schedule.

A Final Construction Package that includes the information described in the following
subsections should be submitted to Dam Safety. After this information is received and
approved, Dam Safety will issue the Certificate of Approval to Construct, Modify, or Repair a Dam.

5.4.1 Final Construction Drawings

The final construction drawings should include the final versions of the drawings submitted in
the Detailed Design Package completed to the detail necessary to construct the dam in
accordance with the intent of the design and the hazard potential classification of the dam.

Submittal Standards
One copy of final construction drawing package should be submitted.

Drawings that are 11 inches by 17 inches are acceptable for submittal if they are legible and to
scale {no off-scale reductions).

Larger drawings should be submitted if necessary for clarity and should be provided to the
contractor for construction.

Each drawings should include the following:
3 Seal and signature of the engineer of record
0 Stamp or mark stating “Issued for Construction” or similar language

@ Current revision number and date
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5.4.2 Fin nsiruction Specifications

The final version of construction specifications must be submitted with the Final Construction
Package and include all sections necessary for construction.

Submittal Standards

The specifications should include a cover sheet with the project name, revision number, date,
and the seal and signature of the engineer of record.

5.4.3 Construction Schedule

A schedule for dam construction that includes the following specific information should be
provided with the Final Construction Package:

O Key elements of construction

0 Milestones, including beginning of construction and the estimated date for substantial
completion

O Mandatory inspection points {(See Subsection 7.2.3.)

If the construction is not accomplished according to schedule, the construction schedule must
be revised and resubmitted at the request of Dam Safety. This schedule may or may not be the
contractor’s construction schedule, at the discretion of the applicant. However, Dam Safety may
require the contractor’s construction schedule as a condition to the Certificate of Approval fo
Construct a Dam, especially for a large or complex project. A contractor’s construction schedule
should also include the key elements of construction, milestones, and mandatory inspection
poinis,

5.4.4 Cerlified Cost ate

The certified final cost estimate should be submitted
with the Final Construction Package. This estimate

should be based on the following information: Certifying the Cost Fstimate
O Actual accrued engineering costs, including The requirement for a certified
design, site investigation, laboratory testing, cost estimate for calculating the

application fee is intended to

and surveying
- provide equity among applicants

4 Estimated cost of additional engineering and while assuring the ADNR that the
surveying, construction supervision, CQA/QC, fee is appropriately calculated.
and other direct costs associated with design The certification should be
and construction provided by a professional

constryuction cost estimator, the
engineer, or the chief financial
officer of the dam owner or
operator.

@ EHither the estimated cost of construction based
on the contractor bid or a cost estimate
prepared by a professional construction cost
estimator, the engineer, or the chief financial
officer of the dam owner or operator

e oananaananet
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5.4.5 Application Fee Supplement

A non-refundable supplement for the application fee should be included with the Final
Construction Package if the certified cost estimate exceeds the estimated cost used for the
application fee deposit described in Subsection 5.1.3. See Section 3.4 for information about the
fee calculation.

EY LS

5.4.6 Demeonsiration of Financial Ability

The Final Construction Package should include the demonstration of financial ability approved
by the ADNR, as discussed in Subsection 5.2.2. A Certificate of Approval to Construct a Dam will
not be issued if financial ability cannot be demonstrated to the satisfaction of the ADNR.
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Chapter 6

In this chapten
¥ A brief review of design issues important to the ADSP
» Limited design guidance for important performance parameters

» References to other detailed design guidance resources

The mission of the ADSP is to protect life and property, as stated in Chapter 1. The mission does
not include dictating how a facility is designed and constructed, except to the extent necessary
to ensure that the dam is safe. For this purpose, Dam Safety desires to establish a reasonable
standard of care and performance in order to administer the program in a technically sound
and equifable manner that leads to the success of the mission.

Review and approval of designs submitted for the purpose of receiving a certificate of approval
are completed on an individual basis and approved or disapproved based on the merits of the
particular project and the submitted information. Designs that follow accepted industry
standards and procedures are desirable. Acceptable design standards are provided by the
following:

a US. Army Corps of Engineers (USACE)
@ U5, Bureau of Reclamation (USBR)

G US. Department of Agriculture (USDA), Natural Resources Conservation Service
(formerly the Soil Conservation Service)

Federal Emergency Management Administration (FEMA)

Federal Energy Regulatory Commission (FERC)

I WO N

U.5. Society on Dams (US5D) (formerly U.S. Committee on Large Dams [USCOLD])
0  American Society of Civil Engineers (ASCE)

Many acceptable design guidance documents exist. Dam Safety does not wish to discourage
new or innovative design approaches that may be technically sound. Nevertheless, all designs,
especially those that do not follow accepted industry standards, must be accompanied by
references, analyses, and technical justification sufficient to show that the design approach is
sound and will meet the intent of the dam safety regulations.

The following sections present limited information about selected design issues that are
important to the ADSP and in some cases unique to Alaska.
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Data compiled by the National Performance of Dams Program (NPDP) at Stanford University
indicate that flooding is the leading cause of dam failures in the nation (NPDP, 2000). Dam
failure data compiled by Dam Safety indicate that Alaska is not an exception. Figure 6-1 shows
Alaska data compared to national statistics. Failures caused by flooding can generally be
attributed to an inadequate understanding of the hydrology and an insufficient hydraulic
capacity of the spillway system on the dam. The hydrological and hydraulic designs are two of
the most important aspects of a dam.

80% |
T 0% A T :
S 60% |- E 438 National Dams
G 50% 16 Alaskan Dams
& 40% -
1Y
= 30% - .
3 Of, Q,
§ 0% L 18% 1 12% 12%
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& S
{)®
Suspected Cause

Figure 6-1. Comparison of Dam Faillures
in the United States and Alaska

Note: National data reflect 2,127 incidents reported between 1989 and 1998
(NDPD, 2000). Alaska data are based on documented failures since 1964,

6.1.1 Inflow Design Floe

The IDF is the primary objective of the hydrological portion of the design. It is defined in 11
AAC93.195(c) as “the flood flow above which the incremental increase in the downstream flood
caused by a failure of the dam does not result in any additional danger downstream.” As
indicated in 11 AAC 195(b}(1 and 2), information for determining the IDF should be developed
in substantial accordance with either of the following;

U Federal Guidelines for Dam Safety: Selecting and Accommiodating Inflow Design Floods for
Dams, published by the FEMA (1998d)

G Methods approved by Dam Safety that adequately assess and characterize the design
hydrology and are based on the hazard potential classification of the dam
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In summary, the FEMA report recommends the following standards for the IDF:

0 Minimum standard for Class III (low) hazard potential dam - IDF based on a storm
event with a refurn frequency selected to “protect against loss of benefits during the life

of the project and to keep O&M costs to a minimum...” In general, the IDF with “an
average return frequency of less than once in 100 years,” also known as the 100-year
flood, or a flood with a probability of occurrence of 0.01 (1%) in any given year, is

adequate for Class Il dams.

U Maximum standard for all hazard potential class dams - IDF based on probable
maximum flood (PMF) based on probable maximum precipitation (PMP).

U Calculated standard for all hazard potential class dams - IDF based on “incremental
hazard evaluation,” sometimes referred to as an incremental damage assessment. In
other words, the IDF is the flood with a magnitude at which the failure of the dam
simultaneously with the peak of the IDF hydrograph does not contribute to any
additional flood damage downstream. For purposes of these guidelines, this definition
of the IDF is considered the same as the definition given in 11 AAC 93.195(c).

Acceptable methods for determining the IDF hydrograph include the following:

0 Hydrologic modeling programs, such as HEC-HMS (preferred) or HEC-1 published by
the Hydrologic Engineering Center of the USACE

G Urban Hydrology for Small Watersheds,
Technical Release 55 (TR-55), published by
the USDA Soil Conservation Service (1986)

For Class Ul (low) hazard potential dams located in
any area of Alaska, the IDF may be calculated by
using the regression equations in the following
useful reference:

G Magnitude and Frequency of Floods in Alaska
and Conferminous Basins of Canada (Jones and
Fahl, 1994), published by the U.5. Geological
Survey (USGS)

Correction factors for standard errors should be
considered. In any case, the accuracy of the
calculated values and the suitability to the proposed
project must be verified.

The IDF may be determined by using other methods
proposed by the designer in the design scope
proposal and approved by Dam Safety. (See

Section 5.1.7.)

Water Management
at Tailings Dams

Managing water at tailings dams
represents a unigue challenge for
designers and operators. During the
operating phase, an emergency
spiflway might not exist and the
reservolr must then retain the full
volume of the 1DF. In this case, a
detailed water balance methodology
must be developed to carefully
monitor and maintain a reserve
storage capacity. For closure, the
facility must be modified to safely
handle an IDF, typically the PMF or
some other extreme event. See
Subsection 13.2.2 for other
important closure details that should
be considered in the initial design of
a tailings dam.

GUIDELINES FOR COOPERATION WITH 56-3
THE ALASKA DAM SAFETY PROGRAM

Sierra Club v. EPA 18cv3472 NDCA Tier 10

Revision 1
June 30, 2005

Attachment F
Page 68 of 230
ED_002061_00172725-00068



Go to Table of Contents CHAPTER 6. DESIGNING A DAM IN ALASKA

6.1.2 Precipitation and Snowpack

Unfortunately, current and reliable hydrological information in Alaska is limited. Records are
available for select locations such as urban areas or major streams, and some projects are
required to collect data for other purposes. Preferably, site-specific rainfall data or stream flow
records such as those available from the USGS should be used in a hydro-meteorological
analysis to develop the design storm. If sufficient data are available, this approach must be used
for Class I and I dams. References must be cited for data and evaluation methodologies, and
raw data must be presented in the hydrology report.

In the absence of sufficient data, or for comparison to calculated values, the following
documents are available for determining frequency-based precipitation and PMP events:

U Probable Maximum Precipitation and Rainfall Frequency Data for Alaska for Areas to 400
Square Miles, Durations to 24 Hours, and Return Periods from 1-100 Years, Technical
Paper 47 (TP-47) (Miller, 1963)

Q  Probable Maximum Precipitation and Snowmelt Criteria for Southeast Alaska,
Hydrometeorological Report 54 (HMR-54) (Schwartz and Miller, 1983)
For Class | dams in Southeast Alaska, snowpack should be considered in accordance with
HMR-54.

For Class | dams in the remainder of Alaska, the effects of snowpack should be considered in
accordance with the following;

O Chapter 10 of Engineering and Design — Runoff from Snowmelt, published by the USACE
(1998)

Limited guidance on hydraulics is also given in the FEMA guidelines (1998d), including
recommendations for the following:

a  IDF reservoir routing
0 Spillway and outlet works
0 Freeboard

Additional references may be required for the detailed design and evaluation. Details of
hydraulic calculations and references should be included in the engineering design report for all
hazard potential classification dams.

%Ea

Stability must be demonstrated for all types and hazard potential classification dams under a
variety of loading conditions. Many acceptable empirical and numerical methods are available
for evaluation of the stability of dams. The scope of the stability analysis should be defined in
the design scope memorandum, including methods of analysis and verification and references
for proposed safety factors, or objectives of deformation analyses or finite element analyses.
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The general guidance shown in Table 6-1 should be considered when defining the scope of the
stability analysis in the design scope proposal. (See Section 5.1.7.)

The stability analysis requirements for hazard potential classification dams are summarized
below.

G  Class I (high) hazard potential dams ~ Detailed stability analysis is required. All
computer stability analyses must be verified with manual calculations or other approved
methods.

@ Class II (significant) hazard potential dams - Detailed stability analysis is required.
Craphical or empirical evaluations may be used to verify computer results.

G Class III (low) hazard potential dams ~ Published empirical or graphical methods may
be adequate for small embankment dams less than 25 feet in height. Embankment dams
greater than 25 feet in height should be evaluated in the same manner as Class I dams.
Other types of dams, such as concrete, steel, or timber frame dams, may require a
combination of methods.

For any given analysis, all input data and results must be clearly documented, including
assumptions, sources of information, references, and computer outputs.

Table 6-1. General Guidance for a Stability Analysis

Graphical or Finite

Hazard Computer Empirical Manual Element
Potential Dam Type Analysis Analysis Analysis Analysis
Class | All P v 3
Class 1l All P Y 3
Class Hli Earth and rock fill, <25 feet tall 0,5 P O
Class Il Earth and rock fill, 25 feet or P

talter
Class Il All others 3 O O S

P = Primary method of analysis

5 = May be required under special circumstances
vV = Verification of primary method

O = Optional method of analysis

Evaluation and design of all new dams, or major modifications of existing dams should
consider the effects of seismicity on the stability and performance of the facility, including
appurtenant structures, reservoir, and associated equipment. A study to assess the seismicity is
required for all dams. Depending on the complexity of the project, this study may require an
interdisciplinary team that includes seismic, geologic, geotechnical, and structural engineering
specialists.
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6.3.1 ni Scope

The scope and detail of each seismic study will depend on the dam hazard potential
classification and location, the regional seismic environment, and the site-specific geologic and
topographic conditions. However, each study should address the following four key elements:

0 Define the seismic environment such as regional earthquake sources, historical activity,
and recurrence rates, and characterize the levels of potential ground motions such as
duration, frequency, amplitude and predominant period of ground vibrations, and peak
ground accelerations, as needed for design and monitoring during operation

G Evaluate the potential for fault movements rupturing the surface at or near the dam,
liquefaction, lateral ground spreading and cracking, and overtopping caused by seiches
or waves induced by slope failures around the reservoir

@  Analyze the dynamic response of the dam to inertial forces and potential reductions or
loss of strength and stiffness in the foundation and dam materials as a function of the
design ground motions

0 Analyze the facility to verify that each element, including embankments, foundations,
appurtenances, and reservoir, will adequately resist translational (sliding wedge or
block), rotational or flow-type slides, or excessive settlements and deformations during
the design earthquakes

6.3.2 sign guake Levels

Two levels of design earthquake must be established:

0 Operating basis earthquake (OBE) represents
the ground motions or fault movements from an
earthquake considered to have a reasonable

Maximum Credible Farthguake
The terminology used for :
describing various design

probability of occurring during the functional
life-time of the project. All critical elements of
the project (such as dam, appurtenant
structures, reservoir rim, and equipment}
should be designed to remain functional during
the OBE, and any resulting damage should be
easily repairable in a limited time. The OBE can
be defined based on probabilistic evaluations,
with the level of risk (probability that the
magnitude of ground motion will be exceeded
during a particular length of time) being
determined relative to the hazard potential
classification and location of the dam.

Maximum design earthquake (MDE)
represents the ground motions or fault
movements from the most severe earthquake
considered at the site, relative to the acceptable

earthquakes and seismic hazards
is inconsistent in the various E
references. The maximum

credible earthguake (MCE) is
defined herein as the greatest
earthquake that veasonably

could be generated by a specific
seismic source, based on
seismological and geologic :
evidence and interpretations. The
MDE and OBE are defined in the v
text. Other terminology may be
acceptable, but specific

references and definitions must

be included.
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consequences of damage in terms of life and property. All critical elements of the dam
and appurtenant structures for which the collapse or failure could result or precipitate
an uncontrolled release of the reservoir must be designed to resist the MDE. In addition,
the dam and appurtenances must be designed to resist the effects of the MDE on the
reservoir and reservoir rim. The MDE may be defined based on either deterministic or
probabilistic evaluations, or both.

Table 6-2 provides a range of probabilistic return periods (risk) considered appropriate for
defining the OBE and MDE, as a function of the hazard potential classification of the dam.
Within the context of these ranges, the OBE return period for a given project should be selected
in direct correlation with the frequency of regional earthquakes, the useful life span of the
facility, and the difficultly of quickly accessing the site for repairs. The return period selected for
the MDE should be selected in direct correlation with the magnitude of the maximum credible
earthquake (MCE) for the known or suspected regional sources; the dam type, size, and
geomelry; and the reservoir capacity. Further guidelines for selecting the ground motions
associated with these two levels of seismic hazard are provided in Dobry et al. (1999) and
USCOLD (1999).

Table 6-2. Operating- and Safety-Level Seismic Hazard Risk

Dam Hazard Return Period, Years

Classification Operating Basis Earthquake Maximum Design Earthquake
| 150 to »>250 2,500 to MCE

i 70 to 200 1,000 10 2,500

i 50 to 150 500 10 1,000

6.3.3 Scismic Study Phases

Seismic studies for new dam design should be conducted in two phases, which are described
below.

U  Seismic report phase - This phase should occur early in the planning of the project and
be included with the Preliminary Design Package submittals described in
Subsection 5.2.5. The seismic report will include preliminary evaluations as needed to
establish an understanding of the potential influence of the OBE and MDE on the type,
geometry, and size of the dam and reservoir. Given the preliminary nature of this phase,
evaluations can generally be based on published information and simplified methods.
After the risks have been established, preliminary values for the OBE and MDE
parameters can be estimated based on regional geologic mapping (for example, UG5
publications and Plafker and Berg, 1994) and seismological studies (for example, Wesson
et al., 1999; and USGS National Seismic Hazard Mapping Project - Interactive
Deaggregation, 2003). Evaluations of the potential for liquefaction should be presented
based on the local geology, historical record, and simplified methods with the use of
standard penetration test values from the geotechnical evaluation (for example, Seed et
al., 2001; and Youd and Idriss, 1997). Evaluations of the response and stability of the
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dam should be presented by using limit-equilibrium or linear-elastic analysis and
generic response spectra found in applicable design codes or standards (see methods in
Kramer, 1996).

The seismic report phase should also refine the scope and detail of the evaluations to be
performed during the subsequent design evaluations of the facility conducted in the
second phase of the seismic evaluation of the dam. If the associated risks are high
because of the location of the dam and its hazard potential classification, more
sophisticated analyses may be required (USCOLD, 1999); for example, with
deterministic and probabilistic evaluations or acceleration time histories.

U Seismic design phase - This phase should occur during the detailed design of the
project and be included in the engineering design report submitted as part of the
Detailed Design Package and described in Subsection 5.3.1. The seismic design phase of
the seismic study will include formal evaluations of each critical element of the dam as
needed to assure that the facility meets the performance requirements under the OBE
and MDE. The effort and sophistication of the work conducted during this phase of the
seismic study will depend on the hazard potential classification of the dam, and the
magnitude of the OBE and MDE. For example, the dynamic and stability evaluations for
all Class I and II dams located in a highly seismic region (with peak ground
accelerations greater than about 30% to 40% of gravity or peak shear strains greater than
about t2%) should utilize advanced one- and two-dimensional site response analysis
techniques (for example, Lee & Finn, 1978; and Idriss et al., 1973} to more accurately
maodel the nonlinear behavior of soil subject to earthquake loading. On the other hand,
the dynamic stability evaluations for Class Il dams or Class II dams located in regions
with low seismicity (with peak ground accelerations less than about 5% to 10% of
gravity) can utilize the same simplified methods followed in the seismic report phase,
and no additional detailed evaluation may be required. However, the simplified
methods presented in the seismic report should be reviewed with respect to the final
design of the dam, and should be revised if necessary. Evaluations of Class | and Il dams
located in regions of moderate seismicity can utilize techniques between these ranges,
such as equivalent-linear, one-dimensional, site response analysis (for example, Idriss
and Sun, 1992).

Seepage must be considered for all hazard potential classification dams; however, the scope of
the analysis depends on a number of factors, including the size and type of dam and the
foundation and construction materials. The following are conditions and suggested levels of
evaluation based on the hazard potential classification of the dam.

U All hazard potential class dams

g The material properties, including permeability, must be estimated for both the
foundation and construction materials.
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Filters must be included in all embankiment dams between core materials and drains.
Soil filter criteria must be demonstrated based on actual gradation tests. References
to filter criteria standards must be included.

Appropriate seepage cutoff or reduction measures must be included to limit
gradients and prevent piping and erosion.

All dams must include the appropriate drainage features to control seepage
pressures and gradients, including uplift.

Phreatic surfaces must not daylight on the downstream face of embankment dams.

Appropriate measures to control seepage along penetrations through the dam or at
contact planes between different materials, such as the interface between concrete
and soil fll, must be included.

a  Class 111 (low) hazard potential dams

Empirical evaluations combined with engineering controls may be used to address
seepage.

Published values for material properties may be used in lieu of laboratory testing to
a limited extent; however, sufficient index testing must be completed to accurately
classify all materials to be used in construction.

&  Class II (significant) hazard potential dams

g Foundation conditions must be thoroughly evaluated in the geotechnical program,
including rock coring and packer testing, as appropriate.
# Laboratory testing must be used to determine
permeability and index properties of the core, Seepage Monitoring
filter, em@ d,ra;,n?,ge materials. | u,b;,ashed Al dams should be monitored
permeabﬂit_\{ values may be u;se?i or coarse- for seepage. Increases in
grained drainage materials. In situ soil and -
o > i seepage rates or turbidity can v
rock, excavated material to be reused, and L o
be key indicators of a developing |
borrow sources must be tested. . . . :
failure situation. Seepage
® Appropriate foundation preparations, such as | monitoring requirements should
cleaning, slush grouting, pressure grouting, be specified by the engineer and
and dental concrete, must be included in the included in the operations and
construction specifications. maintenance manual discussed
# A numerical analysis may be required for " Ci?ap t’er 8. $eep age bl
certain Class Il dams for which seepage monitoring software is available
control is a primary performance parameter. from the Federal Emergency
Management Agency’s National
@ Class I (high) hazard potential dams Safety Program. Contact Gene
@ All Class l conditions apply. Ziezel at (202) 646-2802 for
more information.
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#  Geotextile filters may not be used as primary filters in critical components of Class 1

dams,

# A numerical analysis must be completed.

When designing a dam in Alaska, the effects of extreme cold must be considered in siting,
construction, and operation. These issues must be addressed during the planning stages.
Additional information is provided in the following subsections.

6.5.1 Siting

Large areas of the state have permafrost that ranges from discontinuous areas to continuous
zones that are hundreds of feet thick. The presence of permafrost at a proposed project area
constitutes a key design element and performance parameter. Disturbance of the ground
surface above permafrost alters the thermal regime of the area, resulting in changes to the
permafrost. Clearing vegetation, excavation, construction, or the impoundment of water or
tailings can affect permafrost. Thawing of permafrost soils can result in loss of bearing capacity,
excessive settlement, or increased seepage, which can lead to the failure of the dam.

Consequently, the potential for permafrost must be considered when siting a dam. If permafrost
is present at the preferred location of the dam, the geotechnical and geological investigation
must thoroughly classify the extent and nature of the permafrost and include recommendations
for the design. The design report must evaluate the effects on permafrost caused by of the
construction and operation of the dam and reservoir, and must include a thermal evaluation

that uses approved methodologies.

6.5.2 terials of Construction
nstruction Proce:

Cold temperatures can also influence the selection of
construction materials and the quality of work that
occurs during construction. Design details and
construction specifications must address the affects of
freezing temperatures on the following items, at a
minimum:

U Specifying and installing geomembranes, plastic
pipes, or other materials that may be sensitive to
cold

4O Placing and compacting fill
O Pouring and curing concrete

0 Welding steel or geomembrane

ice Load Design

CEA Technologies Inc.,
sponsored by the Canadian
Flectric Association, recently
published Static lce Loads on
Hydroelectric Structures: ice
Load Design Guide. The
following sections of the report
may prove useful for designing
dams in Alaska:

e Summary Report
e jce Load Design Guide

e Ice Load Prediction
Computer Program

For more information, visit the
company Web site at
www.ceatech. ca.
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The design of a dam must consider and address the following issues that can affect dams
during routine operations:

3 Runoff from snowmelt

U Ice loading on dam and appurtenances

0 Freeze/thaw effects on concrete dams and appurtenances

0 Cold-temperature effects on exposed plastic pipes or geomembranes

G Ice lens formation in fine-grained soils

0 Frost jacking of buried pipes, piles, or other appurtenances
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Chapter 7

In this chapter:
» Details for submittals required before construction actually begins
¥ Requirements for CQA/QC based on the hazard potential classification

¥ Details for submittals required after construction is complete

The proper construction of a dam is critical to the short- and long-term safety of the dam. Once
a Certificate of Approval to Construct a Dam has been issued by Dam Safety, construction may
proceed. However, the communication and cooperation among the various parties must
continue. This chapter outlines the regulatory communication that must occur during the
construction period.

Tes 8

The additional plans described in the subsections below may be required before construction
can begin, even though a Certificate of Approval to Construct a Dam may be issued. The required
plans will typically be listed as a condition to the certificate of approval because these plans are
often developed by the construction contractor.

7.1.1 Water Diversion Plan
The water diversion plan is required to control surface water during construction. The plan
contents must address the following elements:
U Design drawings and specifications for cofferdams, spillways, conduits, or other
temporary features that may be required to control the water
U Stability analysis of the cofferdam, both in normal and probable flood conditions, with
supporting hydrologic data
0 Hydraulic and stability analyses for conduits, spillways, or other temporary features
used for diversion during construction

0 Control and pumping of seepage during construction

U After construction is complete, removal of cofferdams, conduits, spillways, or other
temporary structures used for water diversion during construction

Generally speaking, these plans should be developed by the contractor based on limited
information supplied by the engineer. The engineer must consider water diversion planning
during the design. The design storm for the construction period, including the estimated
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volume or flow rate that must be managed during construction, should be clearly specified. The
contractor should be allowed the flexibility to develop the methods and means to divert the
water in coordination with other aspects of the construction, but the safety of the diversion
must be ensured. In any case, the water diversion plan must be prepared in advance of
construction and submitted to Dam Safety for review, as indicated in the certificate of approval

7.1.2 Erosion Control P

The erosion control plan should include a description of measures used during and after
construction to limit erosion both within the site and the downstream channel in the vicinity of
the construction.

The purpose of this section is to define terminology associated with CQA and construction
quality control (CQC), indicate the level of CQA/QC that should occur based on the hazard
potential classification of the dam, discuss key inspection points for the CQA/QC inspectors
and engineers, and provide guidance on design changes that may occur during construction.

7.2.1 Delinitions

For purposes of this guidance document and the ADSP, the following definitions are used:

Construction quality assurance (CQA) ~ Actions taken by the owner or operator of the
dam, including retaining a qualified engineering consultant (if required), to ensure that the
project is completed by the construction contractor in accordance with the approved plans
and specifications. These actions may include approving construction materials, conducting
independent field and laboratory testing, inspecting the work during and after construction,
surveying, and documenting the construction process.

Construction quality control (CQC) ~ Actions taken by the construction contractor o
control the quality of work to meet the requirements of the approved plans and
specifications. These actions may include surveying, borrow pit investigations, field and
laboratory materials testing, construction methodology, scheduling, and documentation.

CQA or CQC plan ~ A formal document that outlines the scope of the activity to be
conducted during construction to control or assure the quality of the finished project. A
COA/QC plan that includes the requirements for both CQA and CQC may be developed,
but the responsibilities for specific work must be clearly delineated. The scopes of the CQA
and CQC plans depend on the complexity and hazard potential classification of the dam.
Guidance on the recommended contents of these plans is beyond the scope of these
guidelines. However, a CQA /QC plan is required under 11 AAC 93.171{H{3)}(D). Dam
Safety will review the contents of the plan under the Detailed Design Package. (See

Section 5.3.4.) A draft submittal is recommended.

Third-party CQA - A CQA provided by an engineering consultant, independent from the
owner o1 the contractor, who is qualified in the construction inspection of the type of dam
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and appurtenant works under construction. The third party could be the engineering design
consultant.

Construction Inspection Engineer - According to 11 AAC 93.173(c){(2), except for the
removal or abandonment of a Class Il (low) hazard potential dam, a qualified engineer is
required to “observe and inspect the work for compliance with the approved plans,
drawings, and specifications.” The construction inspection engineer is responsible for the
CQA activities described above, the key inspection items discussed in Subsection 7.2.3, and
preparation and certification of the construction completion report and record drawings
described in Section 7.3.

7.2.2 lovel of COA and ©

Table 7-1 indicates the general level of COA/QC that is required based on the hazard potential
classification of the dam.

Table 7-1. COA/QC Levels Based on Hazard Potential Classifications

Hazard Potential Classification

Required

Level of CQA/QGC | il H]
CQA plan Yes Yes Optional
CQC plan Yes Yes Yes
Owner's COA Optional Yes Yes
Third-party CQA Yes Optional Opticnal
cQc Yes Yes Yes
Engineering inspection Yes Yes Yes

7.2.3 Key Inspection ltems

The design engineer should identify key inspection items for various aspects of construction
based on the type of dam and its hazard potential classification. Some of these items must be
mnspected before additional work may proceed; for example, the foundation must be inspected
before any fill is placed, or rebar may need inspection before concrete is poured. These items
must be clearly identified in the construction specifications as mandatory inspection points so
that the contractor can make appropriate allowances. Other key inspection items, such as fill
compaction or concrete testing, may occur over time. All key inspection items that are critical to
the design or could affect the contractor should be clearly indicated in the construction
specifications or on the final construction drawings. These inspections must be conducted by
the construction inspection engineer (as discussed in Subsection 7.2.1), the engineer of record, or
another engineer or geologist under the supervision of the construction inspection engineer or
the engineer of record.
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7.2.4 Design Changes

All design changes that are proposed after a Certificate of Approval to Construct, Modify, or Repair
a Dam 1s issued must be reviewed by Dam Safety. In some cases, depending on the nature of the
proposed change, additional submittals may be required and written approval mav need to be
obtained from Dam Safety before the change is implemented. In all cases, the design change

must be approved in writing by the engineer of record

i

L3

who certified the design.

8

The following post-construction documents must be submitted to Dam Safety after completion

of the dam construction, modification, or repair.

7.3.1 Construction Completion Report

A construction completion report is required for Class

I, 1, and I dams. The scope of the

construction completion report will depend on the complexity of the project. The report content

should include the following;

4 Description of how the plans and specifications were followed or deviated from,
including the types of materials used for construction, brand names or catalog sheets of

components, and other descriptive information

O Description of unexpected conditions

encountered
O  Inspection reports

O Field and laboratory test results, including
sample locations and test standards or
methodologies

4 Photographs documenting construction
progress and final conditions

O Seal and signature of the construction
inspection engineer defined in
Subsection 7.2.1

U Record drawings, as described in
Section 7.3.2

Before Filling the Reservoir
The post-construction submittals must
be approved by Dam Safety before a
Certificate of Approval to Operate a :
Dam is executed. No impoundment may
occuy untif this certificate is issued. For E
modified dams, impoundment may be
restricted to a certain elevation until
this certificate is issued. In some cases,
a first fill pltan may be requived based
on guidance from the design engineer.
The plan may specify the maximum
rate of filling and a temporary
monitoring schedule. A first fill incident

Submittal Standards report may be requested. (See
. : . Chapter 11).
One copy of the completion report should be p /
submitted.
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7.3.2 awings

Record drawings are mandatory for Class L, 1L, and Il dams. These drawings must contain a
complete record of the construction, including actual elevations, changes in major design
components or details, and appurtenant construction.

Submittal Standards
One copy of final record drawing package should be submitted.

Drawings that are 11 inches by 17 inches are acceptable if they are legible and to scale (no off-
scale reductions).

Larger drawings should be submitted if necessary for clarity.
Drawings should include the following;
G Seal and signature of the construction inspection engineer defined in Subsection 7.2.1

G Stamp or mark on all drawings stating “Construction Record Drawing” or similar
language

0 Current revision number and date

7.3.3 Operation and Maintenan ual

An O&M manual is mandatory for Class L Il and Il dams to receive a Cerfificate of Approval fo
Operate a Dam. Details about the O&M manual are provided in Chapter 8.

7.3.4 ergency Action Plan

An EAP is mandatory for Class I and I dams. For new construction, this plan must be included
with the post-construction submittals to receive a Certificate of Approval to Operate a Dam. Details
about the EAF are provided in Chapter 9.
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Chapter 8

in this chapter:
¥ Requirements for O&M planning and an O&M manual
¥ Monitoring requirements for dams based on hazard potential classification

» Recommendations and references for dam operator training

Next to proper design and construction, O&M planning is the most important aspect of an
owner’s commitment to the safety of the dam. Because of the importance of O&M planning,
Dam Safety will not issue a Certificate of Approval to Operate a Dam for a dam of any classification
until an O&M manual is submitted by the dam operator. Important aspects of O&M planning
are discussed in additional detail in the following sections. The following is a useful resource
for O&M planning:

Q  Training Aids for Dam Safety Module: How to Organize an Operation and Maintenance
Program, published by the USBR (1990)

This useful document defines an “O&M program” as “a systematic means of ensuring that a
dam is operated and maintained adequately ... for ensuring the continued safe operation of the
dam [and] the continued productive use of the reservoir.”

As mentioned in Section 1.3, it is the responsibility of the owner and operator of the dam to
ensure that an O&M program for the dam and all appurtenances is properly developed and
funded for the life of the facility.

Proper O&M is crucial for dams and reservoirs to operate safely and efficiently. An O&M
manual is an essential component of the O&M program that describes procedures for operating
the dam under normal and extreme reservoir level and flow conditions. It also provides
technical guidance and procedures for monitoring, inspection, and long-term maintenance
programs.

The complexity of the O&M manual is highly dependent on the complexity of the dam and its
related features. The O&M manual should be presented as simply as possible, however, so that
it is easy for the operator to understand its contents and implement its requirements.

According to 11 AAC 93.197, the O&M manual must describe in detail how a dam will be
operated, inspected, and maintained. Required components include the following:

0 Physical description of the dam
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& Any operating limitations on the dam
0 Critical design criteria, including the Project Data Sheet (See Appendix D)

U  Schedule and procedures for routine safety inspections, monitoring, and maintenance of
the dam

G Detailed instructions and maintenance procedures for operating valves, gates, or other
equipment

O Maintenance procedures, calibration information, and instructions for instrumentation
and for monitoring and alarm systems

0 Site-specific visual inspection checklists and monitoring data collection forms

G Other information requested by Dam Safety to provide sufficient detail about dam
operation, inspection, and maintenance for the protection of life and property

In addition, Dam Safety recommends that O&M manuals contain descriptions of unusual
conditions that are most likely to occur at the dam and the operating procedures that should
occur under those conditions, including extraordinary inspections (see Section 10.3) and
incident reporting as required by 11 AAC 93.177 (see Chapter 11).

The O&M manual and actual practices should be consistent. Organizations such as municipal
public works departments that use computerized O&M task managers should incorporate the
requirements of the O&M manual for the dam into the system.

An O&M manual should be reviewed on a regular basis and updated as necessary. The manual
must be titled and dated and should include revision numbers for accurate reference. A record
of revisions should be included.

Appendix E contains a sample outline for a simple O&M manual. Additional guidance is
available in the previously cited reference (USBR, 1990).

Monitoring equipment, procedures, and instrumentation may be required to accomplish the
following:

@ Contirm that the structure is performing in accordance with the design

@ Determine if a problem exists that may require remediation

0 Provide timely notice of an adverse change in the state of the dam or reservoir

Changes in seepage character, abnormal settlement patterns, and slope movements are often
symptoms of deterioration in the embankment and foundations. Unusually high water levels
can indicate an immediate problem is developing. Baseline monitoring is critical to determine
whether change is occurring. Instrumentation must be combined with responsible recording
and analysis of the data to identify significant trends in the performance of the dam.
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The following are key elements of a successful monitoring plan:

O An O&M manual that requires the diligent implementation of the observation and data
collection procedures

O The timely analysis and evaluation of inspection records and data for significant
changes or adverse trends in anticipated behavior

O Procedures in the O&M manual to follow when monitoring indicates significant changes
or unusual conditions are occurring

Effective tools for monitoring the condition of a dam include the following:
W Visual inspection checklists with comments
Photographs of key features taken from a consistent perspective over time

Automatic data loggers connected to critical instrumentation

g O o

Alarm systems connected to full-time monitoring devices such as water level indicators
4 Internal review procedures to ensure that monitoring data are properly evaluated
Table 8-1 recommends minimum levels of monitoring and instrumentation based on the hazard

potential classification of the dam.

Table 8-1. Suggested Monitoring and Instrumentation Levels

Hazard Potential Classification

Monitoring ltem i i i

Routine visual inspection checklist Yes Yes Yes
Reservoir staff gauge Yes Yes Yes
Water level data loggers Yes Optional

Water level alarms Yes Optional

Precipitation gauge Yes Optional
Settlement/displacement indicators Yes Yes

Seepage/under-drain weirs Yes Yes

Piezometers Yes Yes

Thermistors Yes Yes

Note: Specific monitoring and instrumentation should be based on an engineering evaluation of the dam. For
example, strain gauges or crack monitors may be required on a Class | concrete dam.

The owner and operator of a dam are responsible for understanding all technical aspects of the
system that are necessary to operate the dam in a safe manner. A training plan should be
included in the O&M program to provide employees with the proper expertise that will enable
them to perform their respective duties. Training should be required initially for new
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employees and recurrently for all employees during the life of the project, as appropriate.
Training should be progressive so that it will cover the wide variety of topics typically
associated with operation, maintenance, inspection, and monitoring of dams.

The following training references, listed by source, are highly recommended by Dam Safety:
0 Training Aids for Dam Safety (TADS) - TADS is a comprehensive collection of
notebooks and videos published by the USBR. TADS modules are available for these
and other topics:
# Dam Safety Awareness
2 [dentification of Visual Dam Safety Deficiencies
# Inspection of Embankment Dams
 Inspection of Concrete and Masonry Dams
# Inspecting and Testing of Gates, Valves, and Other Mechanical Systems
 Inspection of Spillways and Outlet Works
# Evaluation of Seepage Conditions
# Documenting and Reporting Findings from a Dam Safety Inspection

Contact the USBR in Denver Colorado at (303) 236-4308 or (303) 236-2946 for ordering
information.

&  Association of State Dam Safety Officials - ASD50 is a national, nonprofit
organization that promotes dam safety on behalf of its members, which consist of state
and federal agencies, dam owners and operators, engineering consultants, contractors,
vendors, research institutes, and others. ASDSO sponsors regional and national training
seminars and conferences on an annual basis. Special fraining programs, including
workshops specifically geared toward dam owners and operators, can be scheduled. The
ASD50 Web site includes news, an on-line bibliography and bookstore, and links to
numerous other dam-related Web sites. Membership in ASDSO is encouraged by Dam
Safety. For more information, contact ASDSO in Lexington, Kentucky, at (859) 257-5140
or visit the organization’s Web site at www.damsafety.org,

@ Alaska Dam Safety Program Library - The ADSP maintains a limited library of
information that is available for loan to dam owners, operators, engineering consultants,
and students in Alaska. The library houses the following relevant training materials:

g Complete TADS modules, including notebooks and videotapes
# Publications from the U.S. Society of Dams (US5D) (formerly USCOLD)

# Interagency Committee on Dams (ICODS) training videos published by the National
Dam Safety Program

®  Select ASDSO regional and annual conference proceedings since 1999
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m Miscellaneous design and operation guidance published by agencies such as the
FEMA, FERC, , USACE , USBR, WSDOE, and Portland Cement Association

B (lassic textbooks such as Design of Small Dams (USBR, 1987), Handbook of Dam
Engimeering (Golze, 1977), and Seepage, Drainage, and Flow Nets (Cedergren, 1989)
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Chapter 9

in this chapter:
¥ Discussion of the purpose, format, and content of EAPs for Class | and Il dams
»  Descriptions of EAP exercises

» Guidelines for conducting a dam failure analysis

Dam failures can have devastating impacts on people and property. For these reasons, it is vital
to be prepared in advance of an emergency situation. An EAP prepared by the dam owner is
required by 11 AAC 93.164, 93.167, and 93.171 for Class | and Il dams. This section describes the
purpose and requirements for an EAP, outlines the EAP contents based on the hazard potential
classification, recommends EAF exercise levels and schedules, and provides guidance on dam
failure analysis.
The following are purposes of the EAP:

O Protect lives and property if an emergency condition develops at a dam

U Prepare owners, operators, and emergency management personnel for the emergency

event, in advance

4 Detail the actions and measures that will be taken by all parties that are responsible for
responding to an emergency

@ Facilitate the coordination and cooperation of the various emergency responders
An emergency condition is assumed to exist if either of the following conditions exist:

U Animpending or actual release of water, mine tailings, or other substances caused by
improper operation, accidental damage, sabotage, or general failure of a dam, penstock,
or other appurtenances

4  Animpending flood condition, even when the dam is not in danger of failure

These conditions may develop slowly or occur suddenly. Emergency action planning in
advance is the only way to be prepared.
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ey A

The regulations in 11 AAC 93.164(b) identify the following specific requirements for an EAP for
Class I and Il dams regulated under the ADSP:

.

Adequately protects life and property, given the particular risks to the life or property if
the dam fails or in anticipation of dam failure

Provides adequately for coordination of emergency responders in the community

Contains information that Dam Safety considers necessary to minimize danger to life
and property, which may include these components:

8 Detailed inundation map (See Section 94.)
# Dam break analysis (See Section 9.3.)
@ Schedule for exercise and revision of the plan (5ee Section 9.2.)

Review of the EAP at least annually and submittal of any revisions to Dam Safety for
approval

Exercise of the EAP to a level specified by Dam Safety to maintain adequate preparation
for an actual emergency

Revision of the EAP after exercise to address any areas needing improvement
Distribution of revised EAPs to all persons with responsibilities identified in the EAP

Revision of the EAP at least every three years or as determined by Dam Safety as
sufficient to maintain adequate preparation for an actual emergency

The following are general recommendations for all EAPs:

O Simple, effective, and user-friendly content
4 Site-specific information reflecting realistic anticipation of the most likely emergency
conditions or failure scenarios for the dam
U Clearly identified potential impacts of a dam failure, including nonfailure-related
flooding;
4 Clearly identified potentially affected parties
@ Clearly outlined responsibilities of the emergency responders
0 Availability to and ability to be understood by all emergency response personnel
mvolved, including dam operators; local, state, and federal emergency response
agencies; and other parties with responsibilities listed in the plan
0 Identification that includes site-specific title, date, and revision number
& Submittal in both paper and electronic (Adobe) formats
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9.1.1 Emergency Action P

The regulations in 11 AAC 93.164(b}(4) specifically require the development and maintenance of
the EAP for Class I dams in general accordance with either of the following;
@ Federal Guidelines for Dam Safety: Emergency Action Planning for Dam Owners (FEMA,
1998¢)

G  Other requirements determined by Dam Safety to be necessary to protect life or property

The format recommended by the FEMA is consistent with guidance provided by the FERC. This
format is adopted by the ADSP to promote consistency for emergency managers who may be
responsible for responding to dams owned by different entities, even in a single community.
Alternative formats may be acceptable for use in matching local emergency response plans for
general emergencies. Any alternative formats must be specifically approved by Dam Safety.
The following format promoted by the FEMA is recommended for Class | dams:

Title Page/Cover Sheet

Table of Contents

L Notification Flowchart

I Statement of Purpose

HEL Project Description

V. Emergency Detection, Evaluation, and Classification

V. General Responsibilities Under the EAP
VL Preparedness
VIL  Inundation Maps
VHL  Appendices
A. Investigation and Analysis of Dam Break Flood
B. Plans for Training, Exercising, Updating, and Posting the EAP
C. Site-Specific Concerns
D. Approval of the EAP

Specific guidance on select aspects of the EAP follows.

& Notification flowcharts -~ The content of these flowcharts is determined by the
magnitude of the anticipated failure and the number of emergency response personnel
or agencies identified in the plan. A flowchart should be prepared for the following
scenarios:

# A non-failure emergency condition
A potential failure situation developing
2 Animminent or actual fatlure in progress

Each flowchart should clearly indicate priority notifications for emergency initiators and
delegation of responsibilities for secondary and tertiary notifications. Potential victims
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that require immediate notification should be included, and locations of detailed lists of
other potential victims should be referenced.

0 Inundation maps and dam break analysis - See Section 9.3 and 9.4 for more detailed
information. Topographical maps are not required for inundation maps, even though
they are used to analyze dam-failure scenarios.

0 Plans for training, exercising, updating, and posting the EAP ~ Training related to the
EAP should be included in the training plans of the dam owner and operator, as
recommended in Section 8.3. The EAP should be reviewed annually for current contact
information, applicability, and other concerns and should be revised as needed. The
EAP should also be revised to reflect improvements identified through exercises,
comments from responsible parties, and actual emergency events. Exercises should be
conducted regularly. The following levels and frequencies of exercises are
recommended:

#  Orientation exercise {all responsible parties) - annually
Drill exercise {dam operator only) - annually
8 Tabletop exercise (all responsible parties) - every three years

m Functional exercise (all responsible parties) - upon request of Dam Safety for Class |
dams

Additional detailed guidance on EAP exercises is provided in Section 9.2

9.1.2 Emergency Action Plans for Class Il Dams

Because there is a low probability for loss of life associated with a Class Il dam, Dam Safety is
inclined to allow some flexibility in the scope of the EAF. For Class Il dams, the EAP may be
included in the O&M manual or in a site emergency operations plan. The requirements and
recommendations indicated in Section 9.1 still apply, as appropriate.

According to 11 AAC 93.164, the owner is responsible for exercising the EAP. The dam owner
and operator should develop and implement the policies and programs to ensure that the EAP
is properly exercised on a regular basis. The schedule for EAP exercises is typically included as
a condition to the Certificate of Approval to Operate a Dam, as indicated in the example certificate
presented in Appendix B. The FEMA (1998¢) recommends five types of exercises that can be
included as part of the exercise program. The various levels of exercises (ranging from simplest
to most complicated) are identified below:

0 Orientation seminar - Involves bringing together individuals with a role or interest in
the EAP to discuss the EAP and initial plans for an annual drill or more in-depth
eXEercises

G Drill - Tests and develops the skills of the dam operator to respond in an emergency

situation
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U Tabletop exercise - Involves a meeting of dam operator and emergency management
officials in a conference room environment. A simulated event is described and the
respective actions of each participant are discussed.

U Functional exercise - Involves a stress-induced environment with time constraints in a
controlled setting wherein participants must respond to a simulated dam failure and
other specified events

1 Full Scale exercise ~ Includes field mobilization and movements as participants “play
out” their roles in a dynamic and open setting that provides a high degree of realism

These exercises are described in detail in FEMA (1998¢) and FERC guidance (2000). In addition,
the FERC also provides guidance on designing an EAF exercise. Dam Safety can also be
contacted for assistance in planning EAP exercises, and will attend and participate in exercises
whenever possible. Except under special circumstances, Dam Safety will not typically require a
functional or full-scale exercise.

ure Analysis

A conservative understanding of the potential impacts of a dam failure is critical to the mission
of the ADSP. An evaluation of a hypothetical dam failure is the process that is used to assign the
hazard potential classification; however, a detailed and accurate dam failure analysisis a
complex and expensive engineering endeavor that may only be required under certain
circumstances. As discussed in Section 2.4, Dam Safety recognizes three levels of dam failure
analyses for determining the hazard potential classification. The circumstances for which these
levels of evaluation may be appropriate are outlined below.

Preliminary
G Initial assignment of hazard potential classification for discussion purposes

G Class Ul (low) assignment for rural water supply, sanitary waste, or hydroelectric dams
with no development downstream and no anadromous fish

0 Initial Class I assignment for large dams or reservoirs upstream from highly developed
areas

O Initial Class Il assignment to mine tailings dams that meet the geometric parameters that
define a dam as discussed in Section 2.3, a dam located on an anadromous fish skream,
or a primary water supply dam for a community with 500 or more residents

U Conservative assignment of classification under which all parties agree to comply with
the respective requirements
Qualitative

G Disputed hazard classification assignments for which limited development exists
downstream and a technically sound, qualitative review results in a conservative

conclusion
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Quantitative
@ Disputed hazard classification assignments for which a qualitative analysis does not
result in a conservative conclusion

0 Disputed hazard classifications for which compliance with the conservative assignment
results in substantial economic burdens on the dam owner and the most accurate
analysis is justified

@ Certain systems for which the results of a dam failure are not apparent, such as a
relatively large dam or reservoir located a long distance upstream from a development
that may not be in an apparent floodplain

@ For emergency action planning of Class | or Il dams if development of an inundation
map requires detailed flood stage, flood wave travel times, or duration and quantity of
flooding from the improper operation or failure of the dam

(General guidance on conducting a dam failure analysis for each level of review is included in
the following subsections. Specific guidance on dam failure analyses is presented in
Subsection 9.3 4.

9.3.1 Preli

A preliminary dam failure analysis is based on a review of imited information about the dam
and the downstream system. This information may include a visual inspection of the dam,
reservolr, and the downstream reach; conceptual design drawings; and other limited, readily
available information such as aerial photography and topographic maps. The primary basis for
the analysis is engineering judgment.

P

9.3.2 Qualitative

A qualitative dam failure analysis is a limited engineering evaluation that may involve
rudimentary hydrological estimates; simplistic calculations to estimate the peak discharge from
a dam failure such as weir equations or graphical solutions; open-channel flow calculations at
discrete cross sections along the downstream channel near the development; elevation or cross-
section surveys; and other simplistic data used with conservative assumptions.

Useful information for conducting a qualitative dam failure analysis is included in the “Dam
Break Inundation Analysis and Downstream Hazard Classification,” Technical Note 1, of the
Dam Safety Guidelines published by the WSDOE (1992).

9.3.3

A detailed dam failure analysis that includes a computerized dam breach and hydraulic routing
model, detailed hydrological estimates, and good-quality input data is considered a
quantifative analysis. Although this level of engineering carries the greatest level of credibility
in the scale of dam failure evaluations, a numerical evaluation is subject to the old computer
axiom “Garbage in equals garbage out.” A computerized dam break analysis that uses gross
assumptions does not carry the same credibility as an analysis in which input data are detailed
and verifiable, but may be more credible than a qualitative analysis. Such input data may be
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derived from field surveys, site-specific hydrological analysis, as-built construction drawings,
laboratory testing, or other relatively high quality data. In other words, the higher level of
engineering detail contributes to the greatest level of understanding about the most likely
effects of a dam failure. For any quantitative dam failure analysis, all methodologies,
assumptions, data sources, and references must be clearly documented.

Dam Safety recommends the most current versions of following models developed by the
USACE for a quantitative dam failure analysis:

G HEC-HMS by the USACE
G HEC-RAS by the USACE

These models are Windows-based computer programs that are current, modern, and
sophisticated. HEC-HMS is a hydrologic model that includes dam breach subroutines and
generates a dam-break flood hydrograph. HEC-RAS is a hydraulic model that routes the dam-
break flood hydrograph downstream.

Other computer models that may be used for a quantitative analysis include the following;
@  HEC-1 published by the USACE
@ DAMBRK published by the National Weather Service, most recently in 1992
0 FLDWAV published by the National Weather Service in 1997

The application of any of these programs should be specifically discussed with Dam Safety
before they are used for modeling,

9.3.4 Guidance on Dam Failure Analysis

A dam failure analysis at any level should consider the

following:
' Guidance from an Fxpert
Hydrologic Conditions For detailed guidance on dam
0O Sunny day dam break - Assumes that the dam failure analysis, see the DVD
fails with the reservoir level, inflow, and “‘Dam Breach and Flood Wave
discharge at normal operating levels Modeling” by Dr. Danny L. Fread,

published in 2004 by the
interagency Comymnittee on Dam
Safety, the U.S. Bureau of
Reclamation, and FEMA. Coples
are available from ASDSQO.

&  Flood stage dam break - Assumes the dam fails
with the reservoir and spillway discharge at
maximum capacity, and flooding is occurring
based on the 100-year flood or on some
percentage of the probable maximum flood or
another technically justifiable value such as the
IDF

In some cases, an incremental damage assessment may be required to determine the point at
which the additional flooding that occurs from the failure of the dam is insignificant. An
incremental damage assessment should be conducted in accordance with Evaluation Procedures
for Hydrologic Safety of Dams published by the American Society of Civil Engineers (1988).
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Failure Mode and Configuration

The dam fatlure analysis should consider the mode in which the dam is most likely to fail. The
modes to be considered for select types of dams follow:

U Embankment dams - Breach caused by overtopping or piping failure

0  Concrete gravity dam - Displacement of at least one full monolith

U  Concrete arch dam - Displacement of full width of arch

@ Timber frame dams ~ Complete destruction of face between two spans of bents
0 Timber cribbing dams - Full breach as indicated in Table 9-1

Acceptable values for the breach configuration are included in Table 9-1. Dam breach software
such as BREACH (Fread, 1987) may be required for a quantitative analysis.

A detailed failure mode and effects analysis may be required for complex, Class [ (high) hazard
dams. Dam Safety can be contacted for additional information.

Table 9-1. Accepiable Dam Breach Parameters

Breach Side
Average Breach Slope; Ratio Time to Failure
Tvpe of Dam Width (feet) Horizontal:Vertical {hours)
Arch Crest length G:1 (vertical) to slope {ess than 0.1
of valley wall

Bultress Multiple siabs 0:1 (vertical) 011003
Masonry, gravity Width of one or more sections  0:1 (vertical) 011003
monoliths or monoliths, usually less than

one-half crest length
Rock fill Height of dam 1o 5 fimes 0.25:1 10 1:1 0110 1.0

height of dam
Timber crib 2 to 4 times height of dam 0:1 (vertical) 011010
Earthen 2 to § times height of dam 0.25:1 10 1:1 011005
(non-engineered)
Earthen (engineered) 0.5 1o & times height of dam 0.25:110 11 0110 1.0
Comments:

Average breach width depends on cross-sectional shape of breach and is not necessarily the bottom width.
Shape of breach is less critical than average width of breach.

Time to failure is a function of height of dam and location of breach. The greater the height of the dam and
the storage volume, the greater the time to failure and probably the greater the average breach width.
The bottom of the breach should be at the foundation elevation.

See Chapter i, Selecting and Accommodating Inflow Design Floods for Dams, Appendix I-A, Dambreak
Studies, in the 1993 Federal Energy Regulatory Commission report Engineering Guidelines for further
comments and commeniary.
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Flood Wave Altenuation

In a qualitative analysis, if the downstream channel adjacent
to development will not pass a dam break peak discharge
without flooding, the peak discharge, Q,, may be attenuated,
as shown in Figure 9-1 (W5DOE, 1992). The attenuated flow,
(J, at the location of the development at a distance, x miles
downstream, is compared to the channel capacity at the
development. If flooding occurs, cross-section and elevation
surveys or a more detailed evaluation such as a quantitative
analysis may be required.

In either qualitative or quantitative analyses, the area
downstream of the dam must be considered to a distance at
which the flood wave is attenuated sufficiently so that the
effects of the increased flow are inconsequential.

Multiple Dams

Elifects on Important
Fish Habitat
in some cases for Class I
dams in which potential
damage to important fish
habitat may occur, erosion
and scour damage or
sedimentation may need to
be considered, even if the
channel capacity is
adequate or flooding is
otherwise irrelevant.

The domino effects of a dam failure on dams located downstream must be taken into account. If
the failure of the dam under review would cause the failure of a dam downstream, the value of
that structure must be considered in the hazard potential classification of the upstream dam.
Furthermore, the combined failure of the two dams must be considered. In other words, the
upper dam must at least carry the hazard potential classification of the lower dam, and could
carry an even higher classification if the impacts of the combined failure are significantly

greater than the failure of the lower dam alone.

1
09 m@?m%
» '\ ", !
& os A —
=2 \ . [ S [ 5900 AORE-FEET
T g7 -4+ M
o LN ]
E 0.6 b B
3% \ 5 AR e 1500 ACRE-FEET
05 :
N o T~
.4 ¥
% e 50 ACRE-FEET
0.3 \ \\ e |
\\ g
0.2
\ e 180 ACREFEET e
Figure 9-1. Attenuation 6.1 7 10 AGRE-FEET S ‘
of Flood Peak Following o e I ——
a Dam Break o 2z 4 & B 10 12 14 16 18 20
Source: WSDOE, 1992 DISTANCE DOWNSTREAM (Miles)
GUIDELINES FOR COOPERATION WITH 5-9 REVISION }
THE ALASKA DaM SAFETY PROGRAM June 30, 2005
Attachment F

Sierra Club v. EPA 18cv3472 NDCA Tier 10

Page 101 of 230
ED_002061_00172725-00101



Go 1o Table of Contents CHAPTER 9. EMERGENCY ACTION PLANNING

If the upstream dam could fail without adversely affecting the lower dams, the hazard potential
classification of the upstream dam may be determined based on an independent dam failure
analysis of the upstream dam. In this case, the attenuating affects of downstream reservoirs may
be included in the analysis.

Inundation maps should be good-quality graphic illustrations that use current maps or aerial
photographs. Although topographic maps may be required for a dam break analysis and for
developing an inundation map, topography is not a required component of the inundation map
in an EAP because the additional lines may reduce the legibility. Regulations in 11 AAC 93.195
indicate that the map should be prepared on the basis of a dam break analysis, if required, and
should identify the following information:

O Extent of flooding below a dam after failure under the following conditions:
# Normal operating level of the reservoir
w Inflow design flood

# Other scenarios that Dam Safety considers necessary to evaluate danger to life and

property
O  Downstream structures or other development at risk
U Flood wave depth and arrival times
@ Roads, evacuation routes, safe zones, and staging areas
@  Other information required by Dam Safety to minimize danger to life and property
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Chapter 10

in this chapter:
» Description of five types of inspections associated with dams
¥ Detailed description of the PSi review process

¥ Guidance on conducting a PSl and on the format of the PSI report

Inspecting the dam on a regular basis during construction and operation is critical to ensure the
safety of the dam during the life of the project. The ADSP recognizes five types of inspections:

@ Construction inspections conducted during the construction of the dam by a qualified
engineer as defined in 11 AAC 93.193(c) (see Subsection 1.3.4) or by COA or CQC
personnel under the direct supervision of a qualified engineer

U Routine inspections conducted by the dam operator
U  Extraordinary inspections conducted by dam operator

U Periodic safety inspections (P51) conducted by an approved, qualified engineer as
defined in 1T AAC 93.193(b) (See Subsection 1.3.4))

0 Field inspections conducted by Dam Safety

Additional information is provided in the following sections.

Construction inspections are critical for use in documenting how the dam is constructed and the
conditions under which construction occurred. These inspections are typically performed by the
CQA and CQC persormel, under the direct supervision of the construction inspection engineer
defined in Subsections 1.3.4 and 7.2.1. Observations of construction inspectors must be
documented and included in the construction records. See Section 7.2 and Subsection 7.3.1 for
more information.

Routine inspections are necessary for the dam operator to become familiar with normal
operating conditions and to provide early warning of developing problems that can affect the
safety of the dam. These inspections must be diligently conducted in accordance with the

GUIDELINES FOR COOPERATION WITH 10-1 Revision |
THE ALASKA DAM SAFETY PROGRAM June 30, 2005
Attachment F

Page 104 of 230
Sierra Club v. EPA 18cv3472 NDCA Tier 10 ED_002061_00172725-00104



Goto Table of Contents

CHAPTER 1 0. INSPECTIONS

schedule specified in the O&M manual, as described in Chapter 8. The frequency of routine

inspections depends on the following attributes:
0 Hazard potential classification

Type of dam

C O ©

Condition of the dam

0 Instrumentation monitoring program

Complexity and criticality of dam features and appurtenances

The frequency for routine inspections should be recommended by a qualified engineer.

Routine inspections may include the following:

U Casual inspections such as a daily walk or drive through the facilities

U Recorded inspections that rely on a checklist, completed by the inspector, that includes
site-specific features that can be readily observed for normal or abnormal conditions

A visual inspection checklist tailored to the specific dam

is recommended for recorded, routine inspections. This
checklist should be short and specific to the
performance parameters of the dam as identified by a
qualified engineer. An example of a site-specific visual
inspection checklist is included with the sample outline
of an O&M manual in Appendix E.

Routine inspections are conducted by staff members of
the dam owner or operator trained in the unique
aspects of the dam that is under review. The inspector
must be familiar with visual clues that could indicate a
problem, as well as monitoring procedures for
instrumentation that may be included in the routine
inspection. The checklist is completed by the inspector
and then reviewed by the inspector’s supervisor. The
checklist is then stored as a record of the routine

Required Boutine Inspections
Routine inspections must be
conducted and recorded for alf
hazard classification dams. The
frequency for routine inspections
must be specified in the O&M
manual. Visual inspection
checklists or other records must
be filed and available for review
upon request by Dam Safety and
as part of the periodic safety
inspection described in
Section 10.4

inspection in the project file at the nearest office of the dam operator. Other methods of
conducting and recording routine inspections such as PDAs or laptop computers may be
acceptable. Regardless of the method used, the routine inspection and record keeping

procedures must be outlined in the O&M manual.

Extraordinary inspections should be conducted by the dam operator whenever a situation or
event occurs that could cause or indicate that a problem could be developing at the time.
Extraordinary inspections should occur as a result of the following:

U Earthquakes
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Heavy or extended precipitation
Suspected or reported vandalism

Increased threat levels of terrorism activity or terrorist attacks

0 0 O ©

Unusual or irregular instrumentation readings or visual observations

U Alarms from automatic monitoring devices

The O&M manual should indicate when an extraordinary inspection should occur. In some
cases, the EAP may require activation. If an abnormal situation that is beyond the ability of the
dam operator to evaluate is discovered, a qualified engineer must be consulted for additional
expertise. Records of extraordinary inspections must be developed and filed. In certain cases, an
incident report must be submitted to Dam Safety. See Chapter 11 for guidance on incident
reporting.

The PSlis another form of communication that is extremely important during the operational
stage in the regulatory life of the dam. PSIs are mandated by 11 AAC 93.159 for all dams under
the jurisdiction of the ADSP. The regulations require Dam Safety to provide written guidelines
for the inspection and to approve the PSI report. In addition, the inspection must be conducted
by an engineer approved by Dam Safety who meets the qualifications under 11 AAC 93.193(b).
The P51 for all dams under state jurisdiction should be conducted in accordance with the
guidelines contained in this section.

The PS1 is required at the following intervals based on the hazard potential classification:

Class Interval
Tand I1 Three years
Hi Five years

To facilitate approval and foster communication, the following review process is suggested:

U The qualifications of the engineer should be submitted for review and approval by Dam
Safety before the inspection is conducted. The engineer must meet the appropriate
requirements, as described in Subsection 1.3.4.

G If different from the approved scope of work outlined in Subsection 10.4.2, the scope of
the PSI should be pre-approved by Dam Safety.

G Two draft copies of the P51 report should be provided within 30 days of the field
nspection for review by Dam Safety. Dam Safety will review the draft and return a copy
to the engineer with comments in redline on the pages of the report.

U The engineer will review the comments from Dam Safety and revise the draft to
appropriately address any outstanding concerns. At least two final versions of the P51
report with the engineer’s seal and signature should then be submitted to Dam Safety.
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U  Dam Safety will approve the final version of the report, assuming any comments or
concerns indicated on the draft version are satisfactorily addressed. One copy of the
report will be retained for Dam Safety records and any additional copies will be
returned to the engineer with an approval signature from the State Dam Safety

Engineer.

Figure 4-3 illustrates the typical inspection and review process for the PSI of dams under the
jurisdiction of the ADSP. The following subsections provide guidance on conducting the PS5,
outline an approved scope of the P51, and suggest the format of the P51 report, regardless of the

hazard potential classification assigned to the dam.

10.4.1 Guidance on Conducting the PSi

This subsection provides guidance on conducting the P51 The PSHis intended to be a
comprehensive review of the dam and appurtenances with the specific intent of determining
potential problems that could lead to malfunction or failure of the dam. The unique aspects of
the dam that could lead to a failure should be identified, as well as the parameters that should

be investigated or monitored to determine the
current and future performance of that aspect of the
dam. These performance parameters may require
special attention or focus during the review process.
Identifying and reporting on the performance
parameters of the dam is one of the primary
functions of the engineer during the P51, See
Performance Parameters for Dam Safety Monitoring in
Appendix F for more information (USBR, 1995).

The PS5 should identify and review the potential
problems and performance parameters from the
following perspectives:

0 Historical - The P51 should look back to
determine whether the design and
construction of the dam appropriately
addressed specific concerns associated with
the performance parameters. For example, if
the stability of the upstream slope of an
embankment dam is a concern, a number of
questions may arise:

Building the Base of Information
The PSI adds to the base of the
previous information known about
the dam. If the design and
construction were not properly
developed and documented, the first
P51 and subsequent studies may be
quite involved. As the performance
parameters are understood, the
subseqguent PSis may be less
extensive. Subsequent PSis may
build on the information contained
in previous P5I reports, assuming
that those previous reports are
reviewed with the same objectives as
any historical information is
reviewed.

B Was a slope stability analysis conducted in the design or subsequently?

B |s the analysis still valid?

m  Was the analysis comprehensive and include alternative scenarios such as rapid

draw down conditions?

m  Were the input values assumed or were laboratory tests results from site-specific

materials used?
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2  Are those values appropriate?

# s the safety of the dam sensitive to
those parameters?

® Are additional investigations, tests, and
analyses required?

In another example, if seepageis a

potential problem, these questions may

arise:

g s seepage cloudy or clear?

2 Do observations or monitoring data
show an increase in flow rate?

® Are the frequencies and methods of

meonitoring adequate?

#  Were blanket drains included in the
design and construction records?

B Were filters installed?

# Do fill materials meet gradation criteria
for filters?

The historical portion of the PSI should
include a review of records such as design
reports, construction reports, record
drawings, previous PS5l reports,
photographs, routine visual inspection
checklists, and monitoring data.

0 Current - The PSI should observe and

g

Bemedial Investigations
and Repairs

To limit the scope of the PSI for
economic reasons, remedial
investigations that the PSI identifies as
being necessary to further understand
a potential problem may be listed as a
recommendation in the PS5l report. For
situations that are not urgent, Dam
Safety encourages a thorough
understanding of the potential
problem and the best solution, before
construction dollars are spent trying
to mitigate the problem. The
subseguent Certificate of Approval to
Operate a Dam will list the remedial
investigation as a condition to be
completed within the timeframe
agreed upon. If a situation is
determined to be urgent, and the dam
owner or operator does not take
immediate steps to resolve the
problem, Dam Safety may be
compelled to issue an order in
agccordance with 11 AAC 93.159(d).
See Section 12 for additional
information.

report on current conditions at the dam, including all performance parameters
previously and currently identified, as well as other aspects that may be subtle or
apparent. The current portions of the P51 will include the following;

g Visually inspecting and photographing the dam and its appurtenant structures and

facilities

m (Observing operational procedures such as opening and closing gate valves or testing

alarms

# Reading insbrumentation such as piezometers or surveying monuments

The current portion of the PSl should include comparing the current observations to the

historical observations for change.
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.

Future - The PSI should process and evaluate the information that is collected and
anticipate the behavior of the performance parameters under anticipated and
unanticipated future conditions. Examples are provided below:

B If the comparison of current to historical information indicates a deteriorating
condition, will the performance of the system be jeopardized during normal or
extreme operating conditions?

m If the expected performance is not acceptable or uncertain, is a remedial

investigation, repair or modification required?

The P51 should include specific conclusions about the status and safety of the dam and
include recommendations for any additional work that may be required.

10.4.2 Scope of the PSI

The following is a generic scope of a typical P51 that is approved by Dam Safety:

b Complete the Hazard Classification and Jurisdictional Review Form. (See Section 2.4.)
Describe the potential impacts of a dam failure on the community, and if required, the
suggested scope of an EAP if one is not available.

0 Review any available historical information such as:

B Previous PS5l reports
® Hydrological and stability evaluations Visually Inspecting a Dam
. ) To properly conduct a visual
m Design and construction reporis . .
inspection as part of a P5l, the
m (Certificates of approval for dam construction, dam must be visible.
operation, or both Conseqguently, the visual

. L . , inspection must be conducted

U Determine if the design is contemporary, design P )

. , 5 o N when the dam is clear of snow,
assumptions are valid, and construction occurred e brush. and tal
according to the design excessive ) Fusn, an i:“ gr a_SS

that may impede the inspection.

U Determine whether compliance occurred for In addition, all operational and
previous recommendations for maintenance, emergency controls on the dam
inspections, or repairs should be exercised during the

0O Review routine inspection records, monitoring PSl, so that the inspector can
data, and surveys; provide discussion, summary see whether the controls are
tables, and charts of any data analysis; and operating properly.
include raw data in appendices, as appropriate

G Visually inspect the dam, reservoir, spillways, outlet works, and other appurtenant
structures and complete the appropriate sections of the ADSP Visual Inspection
Checklist (included in Appendix G and available from Dam Safety as an Excel
spreadsheet upon request). Any anomalies should be noted on the checklist and
discussed in the P51 report.
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Collect and include key photographs in the PSI report with identifying captions

Review the O&M manual for currency and relevancy to the dam, including any and all
available records for compliance with routine and special monitoring or maintenance
requirements of the manual. Review the project data sheet, confirm the information
listed therein, and include in the appendices if updated.

Describe and discuss key elements of the dam, appurtenant structures, foundation,
abutments, reservoir rim, and other features that are critical to the safe performance of
the dam

List and discuss the critical performance parameters associated with the dam, including
hydrology and hydraulics, geology and geotechnical considerations, seepage, static and
seismic stability, and other performance parameters such as deferred maintenance or
deterioration

List specific conclusions about the condition and safety status of the dam, pertinent
observations, and professional opinions, with appropriate references to methodologies,
calculations, publications, textbooks, or other information used to justify any opinions

List specific recommendations for additional studies, analyses, inspections, monitoring,
maintenance, or repairs, if required for any potential problems that are identified

Certify the P51 report with the signature and seal of the engineer conducting the
inspection

10.4.2 Format of PSI Report

The following general format is requested for PSI reports:

Title Page Dam Salety
Inspection Training
The U.S. Bureau of

Reclamation presents the
Engineer’s seal and signature and the date Safety Evaluation of Existing

Dam name and NID number

Certification, and Approval Sheet

Lines for the ADNR approval signature and date Dams (SEED) seminar
1. Introduction annually in Denver,
Colorado. This excelfent
seminar is an intensive one-
week training opportunity

Location and ownership

Reference to approved scope of the inspection

Project description that is highly recommended
Hazard potential classification review for engineers, dam owners,
2. History and dam operators. Contact

the USBR at (303) 445-2740
for more information.

General background

Construction history

Design history

Inspection history
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9.

Current Field Inspection

Date and inspection personal

Description of environmental conditions during the inspection

Highlights of visual inspection, including unusual conditions or problems
Operations and Maintenance Review

Monitoring Data Review

Discussion of Key Elements of the Dam and Appurtenances

Review of Performance Parameters

Conclusions on the Safety of the Dam and Future Performance

Recommendations for Additional Work

Appendices

A, Hazard Classification and Jurisdictional Review form
B. Photographs

C. Visual Inspection Checklist

D. Project Data Sheet (if updated)

E. Other appendices as needed, such as technical evaluations or monitoring data

The State Dam Safety Engineer or other members of the ADNR may conduct a field inspection
in accordance with A5 46.17.060 and 11 AAC 93.161 or 11 AAC 93.173(c)(3). A field inspection is
defined herein as a limited inspection conducted onsite by the ADNR before, during, or after
construction. Field inspections may also occur during routine operation or emergency
conditions at the dam. Field inspections may include the dam and reservoir, appurtenant works
such as spillways and penstocks, detailed construction activity, and records. Assuming a
cooperative relationship exists between Dam Safety and the dam owner or operator, written
notice of the inspection will not occur as indicated in the statutes and regulations if the visitis

prearranged.
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Chapter 11

In this chapter:
» Purpose and description of dam performance and incident reporting
» Guidelines for reporting dam incidents

¥ Description of incidents for which reporting is required

Regulations under 11 AAC 93.177 require the reporting of certain incidents at dams to Dam
Safety. Collecting information about the performance of dams is important for understanding
the condition of dams in Alaska and to evaluate the effectiveness of design and inspection
standards. In addition, performance and incident reporting allows Dam 5Safety to participate
with and confribute to the NFPDP at Stanford Undversity in California. Finally, performance and
incident reporting provides assurance that dam owners and operators are inspecting dams
during and after extraordinary circumstances.

Reporting guidelines in this section are generally based on the Guidelines for Reporting the
Performance of Dams (NPDP, 1994). Those guidelines define an incident as follows:

Events (e.g. load/ performance scenarios, dam operations during extreme or
emergency conditions) which are of engineering interest due to the insights they
provide on operational and structural performance of dams and public safety.
This definition includes cases involving failure (i.e. breach and uncontrolled
release of the reservoir), as well as a broader scope of events.

The regulations paraphrase these guidelines and provide the following definitions of an
incident:
(1) the satisfactory or unsatisfactory performance of a dam during extreme
loading periods caused by extraordinary seismic or hydrologic events;

(2) the uncontrolled release of water from a dam due to improper operation,
overtopping, excessive seepage, or piping, regardless of whether downstream
flooding occurs;

(3) indications of stress in structural features or appurtenant works that could
potentially affect the structural or operational integrity of the damy;
(4) severe deterioration or erosion of structural elements or materials of

construction, including concrete, steel, timber, soil, rock, geosynthetics, pipes,
and valves;
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{6) modifications or repairs to the dam required to satisty regulatory
requirements or other deficiencies that may be identified in the dam or the
original design basis.

Table H-1 in Appendix H-1 provides additional detailed guidance from the Guidelines for

Reporting the Performance of Dams (NPDP, 1994) to determine whether an incident has occurred.

11.1

If an incident occurs, the dam incident notification (DIN) form presented in Appendix H-2
should be completed and submitted to Dam Safety along with a dam incident documentation
report (DIDR) that includes the following information:

0 A chronology of events before, during, and after the incident

U A description of the satisfactory or unsatisfactory performance of the dam, reservoir,
and related appurtenances during the incident, including photographs and a detailed
description of any damage caused by the incident to the dam or appurtenances

4 A description of the effects of the incident on downstream inferests

i Actions taken by the dam owner, dam operator, or emergency response agencies during
and after the incident

O Activities following the incident, including a description of repairs, or plans for future
work or operating changes resulting from the incident

U Estimate of the economic and social impacts of the incident to the dam owner and other
affected interests

ireme

Incident reporting is mandatory for all dams. Table 11-1 recommends minimum reporting
requirements based on the hazard potential classification and the nature of the incident. Reports
should be submitted to Dam Safety within 30 days of the incident.

Table 11-1. Reporting of Dam Incidents Based on Hazard Potential Classification

Hazard Potential Classification

incident Type ] il H

Seismic
Hydrologic
Failure or breach

Deterioration

X XX X X
<

Mis-operation
EAP activation

XX XK X X X
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Hydrologic incident reporting shall be conducted in accordance with the guidance presented in
Appendix H-3.

Seismic incident reporting shall be conducted in accordance with the guidance presented in
Appendix H-4.

Dam Safety may request incident reporting for any classification dam for any incident.
Additional reporting guidance will be provided at the time of the request.

A complete copy of the NPDP Guidelines for Reporting the Performance of Dams (1994) can be
obtained from the NPDP at Stanford University. Information is available through the following
Web address: http:/ /npdp.stanford.edu/index. html.

All incident reports will be forwarded to the NPDP, unless written justification for
confidentiality is submitted by the dam owner.
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in this chapter:
» Discussion of remedial investigations and repairs
» Qutline of priorities when making decisions under emergency situations

¥ Review of decision-making techniques that are useful for dam safety purposes

A variety of circumstances associated with dams may warrant special consideration in deciding
about the proper course of action. From choosing an appropriate location for a dam, to remedial
construction on a deteriorated dam, to breaching a dam under emergency conditions, decisions
about dams can be expensive, complex, and even a matter of life and death. The purpose of this
section is to outline methodologies for making decisions that may be required to meet the intent
of the dam safety regulations or that may be otherwise useful in making important decisions
about dams.

Routine inspections, PSIs, or special engineering evaluations may indicate that certain repairs
are necessary to reduce the probability for failure for the long-term safety of the dam. However,
the repairs may not be required immediately. For example, the dam may not be in immediate
danger of failing, but may not withstand certain loads imposed by some probability-based
event such as heavy precipitation or earthquakes. In this case, remedial investigations may be
prudent to determine the magnitude of the problem, the optimum solution, or both. Rather than
proceed with a costly construction project, the dam owner may prefer o conduct additional
monitoring or evaluations. In some cases, a remedial investigation may be ordered by Dam
Safety under the authority of AS46.17.070, 11 AAC 93.159(d), 11 AAC 93.161, or 11 AAC 93.163.

The hazard potential classification and the apparent condition of the dam are the primary
factors in determining the level of urgency for non-emergency repairs. Dam Safety will consider
arguments presented by the dam owner to defer construction costs; however, additional
studies, such as more detailed engineering evaluations and limited risk assessments, or
mitigating measures, such as EAP development and exercises, may be required in the interim.
Generally speaking, Dam Safety encourages a thorough understanding of the problem before
construction dollars are spent in an attempt to remediate the dam.
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In any event, the following requirements should be considered before remedial investigations
and repairs of dams begin:

0 All repairs should be reviewed with Dam Safety to determine if a Certificate of Approval
to Repair a Dam is required.

G Intrusive investigations should be reviewed with Dam Safety before they are initiated.

2 The location and potential effects of the reservoir level and phreatic surface in the
dam must be evaluated before intrusive investigations or repairs.

® Test pits conducted on dams must be backfilled with compacted soil similar to in
situ conditions.

# Boreholes in dams must be backfilled with cement grout.

G Collateral effects of the proposed repair must be considered in the evaluation. For
example, if a leaking, corrugated metal, low-level outlet pipe is slip-lined and grouted,
the seepage through the embankment may be adversely affected.

In other words, care must be given to the level of intervention necessary to avoid harming the
patient (the dam) during the diagnosis and treatment of the illness.

Remedial investigations should be conducted in accordance with guidance provided in the
most current version of the following reference:

QG Safety Evaluation of Existing Dams by the USBR (1995)

ergency Act

As discussed in Chapter 9, Dam Safety is requiring the development of EAPs for Class [ and [I
dams and encouraging the inclusion of unusual occurrence procedures in O&M manuals for all
dams regulated under the ADSP. These documents should provide predetermined responses to
certain situations that will reduce the decision-making burden at the time of the emergency.
Recognizing that real-life situations are almost always different than theoretical simulations,
emergency decisions may require a different approach from those anticipated.

The primary motivation for any decision made under emergency conditions is to protect life
and property. The following information, in a descending order of priority, should be
considered when making emergency decisions:

& Does the decision protect life and property from an impending failure of the dam or
uncontrolled release of water?

0 Can actions occur that will prevent a failure of the dam without diverting resources that
are required to protect life and property?

@ Can any actions be taken to relieve any stress on the dam in a controlled manner that

will reduce or eliminate the threat of failure?

B Can the reservoir be lowered or the dam breached in a controlled manner that does not
result in the same consequences as if the dam were to have failed anyway?
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In all cases, Dam Safety reserves the authority given to the ADNR under 11 AAC 93.163 to take
the remedial action necessary to mitigate the risks posed by the operation or failure of the dam
until the emergency passes. Such emergency action may include breaching the dam
intentionally or other construction-related activity. If the owner refuses to conduct the work
ordered by Dam Safety under emergency conditions, Dam Safety may retain contractors,
consultants, or other entities to conduct the work, in which case the owner will be Hable for the
incurred costs. Except as identified in AS 47.17.110, a person may not bring an action against the
state, the ADNR, or its agents or employees for “measures taken to protect against the failure of
a dam or reservoir during an emergency.” For purposes of clarification, a controlled breach of
the dam is not considered to be a “failure of a dam or reservoir,” but may be the only
practicable solution to prevent the failure of the dam or reservoir under certain conditions.

Generally speaking, the ADSP uses a standards-based approach to manage the risks posed by
dams, rather than a formal risk management program that includes risk assessment, risk
analysis, and risk evaluation. A detailed discussion of these topics is outside the scope of these
guidelines. However, dam safety management is intrinsically risk based, because the standards
are keyed to the hazard potential classification, which is assigned based on the relative risk that
the dam represents. The challenge is that the actual risks are not always quantified and,
therefore, may be poorly understood by the various parties responsible for making important
decisions about the dam.

One primary purpose of the P51 is to identify
deficiencies that indicate an increase in the risk
created by the damy; however, the costs to address
those deficiencies with the use of a standards-based
approach may be extremely high, and the benefits,
or reduction in risk, may not be readily apparent.
In this case, a formal risk assessment may be used
to accomplish the following:

Failure Mode and THects Analyvsis
A risk assessment focused on a dam
may take the form of a failure mode |
and effects analysis (FMEA). The FMEA
is a detailed look at all possible ways E
in which the dam may fail and the
potential effects of each type of
faifure from a broad perspective. For

Q  Gain a more clear understanding of the
risks posed by the dam and its related
deficiencies

{  Set priorities for the mitigation efforts
necessary to reduce the risk

O  Compare the risk reductions of construction
versus non-construction options

0 Determine if operating restrictions or
decommissioning may be more practical
than remedial construction

each failure mode, the fikelihood of
occurrence is assigned. The
probability of failure combined with
the potential consequences allows
decisions on utilizing resources to be
made with higher levels of confidence.
For more information about the E
FMEA, see the Association of State
Dam Safety Officials (1989) or
Robertson (2003) references in
Chapter 14.
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The risk assessment may also be used to understand and quantify the risks created by a dam,
even though no deficiencies are apparent.

Formal risk assessments are complex and expensive, but may yield useful and justifiable results
when properly conducted. Dam Safety will consider a risk assessment submitted by a dam
owner if it is appropriately conducted by a team that includes a qualified engineer familiar with
the dam and a qualified and experienced risk assessment consulfant.

Additional information about risk assessment as a tool for managing dam safety is included in a
technical paper (Bowles et al,, 1997) presented in Appendix . Dam Safety agrees with the
following conclusion by the authors:

The true nature of dam safety management is intrinsically a problem in risk
management and decision making under uncertainty... The risk management
approach should freat dams as integral structures whose safety should be
managed in a holistic manner... Adopting a “decision driven” approach to risk
assessment will provide a basis for appropriate and justifiable limits on the level
and detail of risk assessment efforts with the goal of reaching a quality, well
commumnicated and highly defensible dam safety decision... When properly
implemented, risk assessment can serve as a valuable tool within a
comprehensive risk management framework for effective dam safety
management. We further suggest that such a comprehensive and systematic
approach is necessary for the proper exercise of duty of care of a dam owner and
to assist in meeting due diligence {sic}.

12.3.2 Decision Matrk
Decision matrices can be simple, useful devices for making decisions without the expense of
comprehensive risk assessments. Decision matrices are encouraged in feasibility and siting
studies because of the clarity they provide in outlining and evaluating multiple criteria that can
influence the decision. Decision matrices contribute to a systematic and clearly communicated
approach for selection of a preferred alternative.

In developing a decision matrix, the following guidelines should be considered:

@ The criteria to be evaluated should be comprehensive, logically organized, and clearly
presented.

U The rating values should be simplistic and match the level of detail available; for
example, rating values of 1, 2, or 3 are better than 1 through 10 if sufficient information
is not available for all of the criteria to assign a finer rating system.

U Rating assignments should be listed for each criterion.
0 Weighted and unweighted summations, as appropriate, should be included.
0 Weighting assignments should be simplified and clearly explained.

An example of a simple decision matrix is presented in Appendix J.
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Chapter 13

in this chapter:
» Guidelines for the removal or abandonment of dams
» Considerations for the closure of tailings dams, from design to closurs

¥ Review of other issues associated with dam removal and current references

When the life of a dam approaches the end of its usefulness, safety must be a primary factor
when closure of the facility is planned. Therefore, an application for a certificate of approval is
required under 11 AAC 93.172 to remove or abandon a dam. All applications should include the
following information:

0 An application fee based on the cost of the engineering, construction or demolition, and
erosion control calculated in accordance with Section 3.4

0 Design drawings and specifications for the final configuration of the dam and reservoir
site

@ For Class | and II dams, seal and signature of a qualified engineer on the drawings and
specifications

U Method and means to dewater or stabilize the reservoir and breach, remove, or abandon
the dam

For any case, the following submittals must be submitted to Dam Safety within 30 days after the
closure work is completed:

G Description of how removal or abandonment activities were conducted
@ Description of unexpected conditions encountered
0O Photographs documenting construction or demolition progress and final conditions

Additional information about removal and abandonment follows, including a discussion on the
abandonment of dams at mine tailings storage facilities and references on dam removal.

Removal of the complete dam structure is the preferred alternative for closure of a jurisdictional
danmy; however, removal of the entire structure may be cost prohibitive in some cases. The
following are important requirements for the partial or complete removal of a dam:

U The dam must be breached to the point that the dam no longer impounds a reservoir.
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&  The breach must be sufficient to pass a design storm event such as the PMF without
restricting the flow and backing up water.

The breach must not be susceptible to clogging from sedimentation or woody debris.

The sides of the breach must be stable over the long term.

o oo o

Erosion in the area of the breach must be controlled.
U Erosion from sediments in the reservoir must be evaluated and controlled if necessary.

An application for a Certificate of Approval to Remove a Dam must be submitted to Dam Safety. A
copy of the application form is available upon request. The following additional information
shiould be included with the application:

U Method and means to control erosion at the site during and after breaching or removing
the dam, including these specific details:

#  Control of sediment transport from the reservoir area
® Restoration of the reservoir bed and stream channel or other reclamation
QU If the entire structure is not removed, these additional specific elements:

# Hydrologic and hydraulic evaluation of the proposed final configuration of the dam
or barrier during the probable maximum flood or other IFD

g Stability evaluation of the proposed final configuration of the dam or barrier under
static and dynamic (seismic) conditions

B  O&M requirements for the proposed final configuration of the dam or barrier

8 Statement about whether the final configuration of the dam or barrier constitutes a
dam as defined under A5 46.17.900 and remains under jurisdiction of the Alaska
dam safety regulations

In some cases, a dam may be abandoned without removing the dam. The dam may either be
removed from state dam safety jurisdiction or remain under state jurisdiction indefinitely.
These alternatives are discouraged for water dams; however, a mine tailings dam is a special
situation for which abandonment is the ultimate fate of the dam from the beginning. The
circumstances for which abandonment may be acceptable are discussed in the following
subsections.

13.2.7 VYale S

Abandonment may be approved for a water dam if the reservoir is full of sediment, there is no
opportunity for impoundment to occur, and other safety considerations are evaluated such as
stability of the system and public safety. In this case, the sediment must be naturally occurring,
such as bed load in an aggrading stream. Under no circumstances will the abandonment of a
dam be approved based solely on opening the low level outlets and draining the reservoir. Any
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abandonment of a dam approved by Dam Safety in no way relieves the dam owner of any other
obligations that may be required under other statutes and regulations.

13.2.2 Tailings Storage Facilities

Dams at tailings storage facilities are unique because the service life of the dam is infinite,
generally speaking. When the reservoir is full of tailings and the facility is closed, the dam must
remain in place and continue to retain the substance for an indefinite period of time while
withstanding the effects of surface runoff and groundwater as the system is transformed from
an active, operational condition to an inactive, closed condition.

The closure of a tailings dam is typically included in a mine reclamation plan; however, the
engineering details in reclamation plans are usually limited because of the difficulty of planning
for a long period in advance. Consequently, it is imperative that the initial design and
construction address the detail necessary to ensure the long-term safety of the structure after
closure. Furthermore, mining operations must also occur in a manner to facilitate closure.
Nevertheless, such preplanning must retain a certain degree of flexibility to accommodate
changes in the economic, social, and regulatory setting at the time of closure. The additional
detail necessary for closure must therefore be provided in an application for a Cerfificate of
Approval to Abandon a Dam submitted to Dam Safety. The guidelines presented in Chapter 4 and
5 are recommended for this application also.

Complete guidance on tailings dam design and closure is beyond the scope of this document.
Although many design principles of tailings dams are consistent with those for water dams,
tailings dams represent certain challenges that require professionals with significant relevant
experience. A failure rate for tailings dams that is statistically higher than for water dams is
addressed in the following excerpt from “Tailings Dam Failures - the Human Factor” by Alan
H. Gipson (2003):

When compared to water dams the current failure rate of tailings facilities is
unacceptable. In my view the primary reason for the failure rate is that owners,
engineers, designers and operators are not performing their work in accordance
with the standards of practice that should be followed. Utilizing knowledgeable
experienced professionals for policy setting, planning, design, construction and
operation of tailing facilities with appropriate internal peer reviews and
regulatory oversight by trained and experienced professionals with appropriate
levels of funding can lead to the goal of zero failures. {sic]

To promote development of safe and effective tailings dams, Dam Safety offers the following
regulatory perspective on tailings dam design and closure.
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Initial Design and Construction

See Chapters 6 and 7 for general design and
construction guidance that is applicable to tailings
dams. The following closure concerns should be
addressed in the initial design and construction of a
tailings damu:

a

The phreatic surface within the dam and
tailings during operation and closure

The amount and effects of tailings
consolidation during operation and closure

The internal drainage system of the dam, such
as chimney drains, blanket drains, and toe
drains to control seepage throughout operation
and closure

The conceptual, final configuration of the dam
and tailings impoundment with respect to land
forms, erosion, pollution control, residual
ponds, and surface water runoff

Dam safety regulations that may remain in
effect because of the configuration of the
remaining impoundment, including both the
residual pond and the tailings

Closure Design

The following closure concerns should be addressed
in a detailed design before closure:

.

Potential failure modes of the dam and tailings
storage system in the final configuration,
possibly including a risk assessment
Hydrology and hydraulic aspects necessary to

determine and accommodate an IDF equal to
the PMF or some other extreme storm event

Current data on the chemical and geotechnical
nature of the tailings

Precedent for

Tailings Dam Closure
The precedent for closing tailings
dams in Alaska is extremely
fimited, although a number of
important projects in the state wil
have to address this problem in
the near future. Dam Safety is
interested in the precedent for this
activity in other areas, both in
practice and in regulatory
requirements. For example, the :
Web site for the Nevada Division of
Water Resources
thttp://water.nv.gov/Engineering/
damsafety.htm) indicates that
when a tailings facility is closed,
“the mining company is
responsible for breaching the dam
or otherwise renderving the dam
incapable of impounding any
added). The Washington
Administrative Code (WAC)
provides for the regulation of any
dam that contains more than 10
acre-feet "which contains any
substance in combination with
sufficient water to exist in a liquid |
or sturry state at the time of initial
containment” (Chapter 173-175, :
WAC Dam Safety, October 24,
1995); however, the code is silent |
on the closure of a dam containing
such substances. E

Long-term expectations for consolidation of the dam and tailings, the phreatic surface
within the dam and tailings, the performance of the dam underdrain, and the quantity

and characteristics of seepage
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@ Stability of the system under static and seismic conditions, by using appropriate seismic
parameters for a long-term condition

0  Grading and soil stabilization, including contour maps and cross sections of the final
configuration

0 O&M requirements for the dam and reservoir in a closed condition, including regulatory
requirements if the closed configuration represents a dam and reservoir as defined in
AS 46.17.900

Bonding

An appropriate bond or other form of financial assurance may be required to cover the O&M
costs, regulatory inspections, and other expenses after the facility is closed. A written agreement
that outlines the management of the financial instrument during the life of the project and after
closure when the funds are utilized, including long-term responsibilities, must also be
established. See Subsection 5.2.2 for more information.

er lssues

Other issues that are important to the closure of dams include the following;
@ Funding the removal or abandonment
0 River restoration and fisheries
0 Social and economic impacts

These issues are important and contemporary, but beyond the scope of this document to
address. However, the following recent publications may be useful:

& Dam Removal: A New Option for ¢ New Century, published by the Aspen Institute ( 2002)

O Paying for Dam Removal: A Guide to Selected Funding Sources by Betsy Otto, published by
American Rivers (2000)

G Dam Removal Success Stories: Restoring Rivers Through Selective Removal of Dams That Don't
Muke Sense, published by American Rivers, Friends of the Earth, and Trout Unlimited

(1999)
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Chapler 14

In this chapter:
» References used in the development of this document

» References for other useful resources related to dams

Alaska Department of Fish and Game, Habitat Division. 1998, Catalog of Waters Important for
Spawmning, Rearing or Migration of Anadromous Fishes. Juneau, Alaska.

American Rivers, Friends of the Earth, and Trout Unlimited. December 1999, Duam Removal
Success Stories: Restoring Rivers Through Selective Removal of Dams That Don’t Make Sense.

American Society of Civil Engineers, Hydraulics Division, Committee on Surface Water
Hydrology, Task Committee on Spillway Design Flood Selection. 1988. Evaluation Procedures for
Hydrologic Safety of Dams.

Aspen Institute, Program on Energy, the Environment, and the Economy. 2002. Dam Removal: A
New Option for a New Century.

Association of State Dam Safety Officials. January 1996. Environmental Permitting for Dam
Projects. Lexington, Kentucky.

____________________ . October 1999, Risk Assessment Workshop. Association of State Dam Safety Officials
Conference. 5t Louis, Missouri, October 11-15, 1999,

. February 2003. Technical Seminar on Plans and Specifications Review and Construction
Inspection. 5alt Lake City, Utah.

. Undated. Dam Ownership: Responsibility and Liability. Public information pamphlet.
Lexington, Kentucky.

Bowles, D.S,, L.R. Anderson, and T.F. Glover. 1997. “ A Role for Risk Assessment in Dam Safety
Management.” Proceedings of the 3rd International Conference HydroPower '97. Trondheim,
Norway. june 30 ~ July 2, 1997.
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Alaska Dam Safety Program

HAZARD POTENTIAL CLASSIFICATION
AND
JURISDICTIONAL REVIEW

This form is used to review and indicate the hazard potential classification of an artificial barrier in accordance
with 11 AAC 93.157 and to determine if the bamier is a dam under the jurisdiction of the Alaska dam safety
regulations, based on the definition articulated under Alaska Statute 46.17.900 (3), and summarized as follows:

“Dam” includes an artificial barrier, and its appurtenant works, which may impound or divert water and which...
# has or will have an impounding capacity at maximum water storage elevation of 50 acre-feet and is at
least 10 feet in height measured from the lowest point at either the upstream or downstream toe of the
dam to the crest of the dam; or
B s at least 20 feet in height measured from the lowest point at either the upstream or downstream toe of
the dam to the crest of the dam; or
B poscs athreat to lives and property as determined by the department after an inspection.

In accordance with 11 AAC 93 151, an artificial barrier with a Class 1 or Class II designation is determined to
meet the third definition of a dam, regardless of its geometry.

Please complete items I through 21. Attach additional information as necessary. This form must be certified

and stamped on page 3 by an Alaska-registered professional engineer, gualified in accordance with
17 AAC 93.193.

1. Name of bamier:

National Inventory of Dams (NID) number: (Assigned by Department)
Name of stream:

General location and region:

Legal location: Township Range Section Meridian
Purpose and type of barrier:
This barrier is: [} Existing (1 Proposed L4 Under construction
Current hazard potential classification: i WG I W Notassigned
2. Owner:
Address:

Contact name:

Phone:

-

3. 1Is barrier federally owned. or regulated by the Federal Encrgy Regulatory Commussion?
L Yes (stop here) bed No {complete form)

Version 7, 3/2005 1of4 Alaska Department of Natural Resources
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ADSP Havard Potential Classification and Junisdictional Review NID No.
4. Maximum crest height of barrier: feet
Measured from: L4 Upstream toe L4 Downstream tog [} Gffstream toe
Basis of height: L3 Conceptual design drawing L3 Detailed design drawing

(3 As-built drawing (J Ficld measwrement [ NID data

5. Maxumum impoundment volume: acre-feet
Surface area of reservoir at maximum storage: acres
Average depth of reservoir above bottom of barrier: feet (live storage)
Basis of volume estimate: L Surface area multiplied by average depth
L Bathymetry
bl NID data
L Other:
6. Downstrcam development: L Yes WNo U Unknown
Type of development (check all that apply):
4 Homes L Power or communication utilities
L School L Water or wastewater treatment facilities or lines
td  Community halls, churches, ete. td Overnight campgrounds
L Industrial or commercial property L Public parks or trails
3 Major highway L3 Fish hatchery or processor
L4 Primary roads L4 Barrier owner’s property or facilities
L Secondary or rural roads W Other utilities:
&4 Railroads L Other development:
Basis of observations: L Ground reconnaissance 4 Acrial reconnaissance

d Aerial photo Jd Other:

Date of observations:

7. Proximity of development to downstream channel {(add maps or other information as necessary ).
Distance downstream from barrier:
Distance from stream bed:
Relative clevation above streambed:

8. Is development in the inundation zone of a flood from an uncontrolled release of water from the barrier?
W Yes WNo L Unknown

9. Was a dam break analysis conducted? 4 Yes L No
Basis of determining inundation zong: L Simplified DAMBRK model
i DAMBRK model
(Please attach calculations) LI NWS FLDWAY model
L HEC-1 model
(3 Other:

Maximuom depth and velocity of flow through development:

10. Is development at risk from mproper operation or a “sunny day” failure?
L Yes LINo U Unknown

11. Is development at risk from an incremental increase in the flood if the barrier fails under flood conditions?
W Yes W No U Unknown
Flood condition evaluated: (3 100 year %2 PMF U PMF (J Other

Version 7, 3/2005 20f4 Alaska Department of Natural Resources
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12. Could an uncontrolled release cause other significant property damage or loss?
d Yes LI No L Usnknown
Description:

13, Could an uncontrolled release effect public health? L Yes W No U Usknown
Description:

14. Is the reservoir created by the barrier the primary water supply for a community of more than 500

residents? W Yes LENo L Unknown
15, Is a backup water supply available? L Yes W No U Unknown
16. Is barrier located on waters important to anadromous fish? d Yes LI No L Usnknown

17. Are anadromous fish waters at risk of damage or loss if an uncontrolled release occurs?
bk Yes LI No L Unknown

18. Proposed harzard potential classification: L Class I (Highy L Class 1 (Significant) Ld Class HI (Low)
19. Basis of classification: d OQuantitative - Numerical dam break analysis conducted
(d Cualitative - Limited engineering calculations

L Preliminary - No engineering calculations

20. Comments:

21, Certified by: (Prinit name)
Date:
Company:
Phone:
Engmeer’s Seal and Signature
Notes:

1. This jorm must be certified and stamped by an Alaska-registered professional engineer qualified in
accordance with 11 AAC 93.193.

2. The information presented in this Jorm mav be overruled based on current data that reveals a higher level of
confidence in the quality of informuation necessary to make the appropriate deferminations.

3. Anadromous fish waters are determined in accordance with 11 AAC 195.010 (o).
4. Alaska dom safety regulations are articulated under 11 AAC 93,151 through 11 AC 93.291 (Article 3).
Version 7, 3/2005 30f4 Alaska Department of MNatural Resources
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FOR DEPARTMENT USE ONLY

Jurisdictional Status of Barrier:

L Dam under state jurisdiction ld  Barrier is not a dam under state
jarisdiction

Reasons: Reasons:
W Height L Height
LJ Height and storage volume 4 Height and storage volume
(J Hazard potential classification Ld Hazard potential classification
L Anadromous fish stream L4 Federal ownership or regulation
d Other: L Other:

Concuar with proposed hazard potential classification: ld Yes L4 No

Hazard potential classification based on current information: L Yes 4 No

Official hazard potential classification:
Ld Class I (Highy [ Class I (Significant) L Class HI (Low)

Comments:

Reviewed by:

Title:

Signature:

Date:

Version 7, 3/2005 40f4 Alaska Department of Natural Resources
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DEPARTMENT OF NATURAL RESOURCES

DIVISION OF MINING, LAND AND WATER
DAM SAFETY AND CONSTRUCTION UNIT

The State of Alaska under AS 46, e regulations adopted under this statute,
grants to:

The approval to operate the followi Creek in accordance with the

terms and conditions contained in this cer

Name of IDRAKOOXXX)

The location of this project is: TXXS Meridian
The holder of this certificate shall:
ance works in accordance with

ration and Maintenance Manual dated
neurrent with this certificate.

3 Operate the
accepted practice and Version X
and approved by the Depa

(3 Exceptforthe claimsorlo
indemnify the State again
legal actions, loss, liability
to or loss of property, arising
granted by this certificate.

the negligence of the State, defend and
miess from any and all claims, demands,
expense for injury or death of persons, and damages
ut of or connected with the exercise of the approval

W Comply with all applicable

3 Allow representatives of {
this certificate at all times

pect the work and records covered by
ry by the Commissioner.

0 Follow special conditions that apply to the operation of this dam as found in
Altachment A, attached hereto and made a part hereof.

Certificate No. 1of3 Date
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CERTIFICATE OF APPROVAL TO OPERATE A DAM
Name of Dam

This Certificate of Approval to Operate a Dam supersedes any other Certificate of Approval
fo Operate a Dam for the Dam and shall become invalid 30 days after the Periodic
Safety Inspection date specified under Attachment A. A valid certificate shall be issued with
revised special conditions based on information contained in a current Periodic Safety
Ingpection Report approved by the Depariment and dam safety regulatory standards
current at the time of the inspection.

This Certificate of Approval to Oper:
provisions in AS 46.17 and in Adminisy

ted subject to the pertinent statutory
sin 11 AAC 93.

APPROVED BY:

TITLE:

Division Land and Water

SIGNATURE:

DATE:

State of Alaska )
) SS.
Third Judicial District )

This is to certify that on . 200X, bhefore me appeared
me to be the Director or Authorized

ater, Alaska Department of Natural

Represeniative of the Division of M
Resources, and acknowledged o
executed on behalf of the State of Al

Notary e State of Alaska

My Com

Cettificate No. 20f3 Date
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CERTIFICATE OF APPROVAL TO OPERATE A DAM
Name of Dam

Attachment A - Conditions

1. Inspect and maintain the Dam in accordance with the procedures
outlined in Version X of the Ope Maintenance Manual dated :
Inspect the dam after all significa precipitation events. Maintain records
of the inspections. 5

2. Perform a Periodic Dam Safety i
Dam and appurtenan

Safety Inspections shall be at
Class downstream hazard dar

. required by 11 AAC 93.159 on the
rks by DATE. The frequency for Periodic
intervals as required by regulation for a

3. The Periodic Safety Inspection
registered, professional engine
scope of the inspection must be

performed by an approved, Alaska
roval of the inspection engineer and the
ined in advance from the Department.

4. An Emergency Action Plan (EAP
accordance with the docume
Emergency Action Planning for D
Emergency Management Agency
exercised, and revised in accord

maintained for the _ Dam in
‘Federal Guidelines for Dam Safety:
Owners” (FEMA 64) published by the Federal

wier.. 1998). The EAP shall be reviewed,
owing schedule:

DATE

Annually ew (distribute updated pages)

By June 30, 200X tation drill or table top exercise

By September 30, 200X R e as needed and redistribute

By June 30, 200X S 2aient level of exercise for revised plan

5. Notify Dam Safety at least 14 da P exercises.

Certificate No. 30f3 Date
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DEPARTMENT OF NATURAL RESOURCES

DIVISION OF MINING AND WATER MANAGEMENT
DAM SAFETY AND CONSTRUCTION UNIT

grants to:

The approval to construct the fol

ng struciure on the Creek in accordance
with the terms and conditions contaip

The location of this project is: Section To ange Meridian

The holder of this certificate shall;
U Construct the dam and appur

specifications dated
certificate.

accordance with the plans and
Department concurrent with this

L Except for the claims or losses arisin
indemnify the State against,
legal actions, loss, liability
to or loss of property, arisi
granied by this certificate.

1 the negligence of the State, defend and
Hess from any and all claims, demands,
Fanjury or death of persons, and damages
ut Qf or conﬂected with the exercise of the approval

1 Comply with all applicable and conditions.

nspect the work and records covered by
ry by the Commissioner.

U Aliow representatives of th
this certificate at all times d

U Foliow special conditions t snstruction, modification, removal, or

abandonment of this dam as found in Attachment A, attached hereto and mads a
part hereof.

Certificate No. 1of3 Date
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CERTIFICATE OF APPROVAL TO CONSTRUCT A DAM
Mame of Dam

This Certificate of Approval to Construct a Dam is granted subject to the pertinent statutory
provisions in AS 46.17 and the Administrative Regulations in 11 AAC 93.

APPROVED:

TITLE: State Dam Safet
Division of Mini

State of Alaska )
185,
Third Judicial District )

This is fo certify that on 200X, before me appeared

me {o be the Director or Authorized

Representative of the Dam Safety and Construction Unit of the Division of Mining, Land and
Water, Alaska Department of Nat and acknowledged to me that this
alf of the State of Alaska.

he State of Alaska

Ceriificate No. 2of3 Date
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CERTIFICATE OF APPROVAL TO CONSTRUCT A DANM
Name of Dam

Attachment A - Conditions

1. Notify the Dam Safety and Const
beginning of the excavation for

2. Submit for review and approval
« Water diversion plan
« Erosion and sediment contr
s Pollution control plan

ertificate.

6. All work associated with the dam an

nant works must be supervised by an
engineer with experience in the '

dam.

7. Submit record drawings, a ©
Manual, and for Class | and |
substantial completion of the project.

, an QOperation and Maintenance
ency Action plan, within 30 days of

8. No water may be impounded behind |
Operate a Dam is issued by the departm
Dam, including any pertinent tep
approval of the submittals requ

im until a Certificate of Approval o
A Certificate of Approval to Operate a
ions, will be issued upon review and
under the previous condition.

9. Commence construction by th st day of June of the second calendar year after
the date of this certificate. If construction does not begin by this date, an updated
application must be submitted j approval by the Dam Safety and
Construction Unit, including ap ired under 11 AAC 05.010.

End of Attachment A

Cettificate No. 30f3 Date
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PROJECT DATA SBHEET B3 Ny
B GEHERAL
Darn Name
MDD Numiber
Mazard Potential Clags
Furpoes
Year Built
Year Modified
Loration lathong (GPE)
Reservolr Mame
Rivgr or Croek Mame
Chweney
Uhaney Dontact
B DAR
TYPE o
Core Typs
Créat Length fout
Crast Wiih fent
frest Elevalion faat
Crest Height Hrom ofs toee) foat
Hydraulic Height foet
. PRIBARY SPLLWAY
Type
Lonstion
Spiltway Drest Elevalion fapt
Top Widih Tout
Bottom Widih 70
Langthy et
Dincharge Dapacily ot Oam Crest ot 1]
£ EMERGERCY SMLLWAY
Typ
Lagation
Spitway Crest Elsvation faset
Top Wadih font
Eoton: Widih foet
Ly fost
Discharge Capaclty at Dam Cresd ofs
tehz SN
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PROJECT DATA SHEEY Wi bo
{nsortinuesd)
. OUTLETY WORKS
Type
Location
ket fnver! Elevation fest
Datlet Invart Elesvation font
Dimmster ingches
Langth fout
ttet Typs
Dhscharge Capatity &t Dam Grest hi ]
. RESERVIR
Mormal Weter Burface Blovation et
Ml Blorage Capacily anra-foes
Mandmugm Waler Surface Blevalion Pt
Madmum Slorage Gepaolly anrs-deet
Bagimum Surface Ares gt Dan Crast antes
Zurfacy Ares ot Spillway Srast aTres
&, HYDRDLOGY
Dirpinage Basin Area S i
Ayerage Armugl Bainfall riches
100 Year24 Hour Raintall irghes
140 Year Flond ol
Frabable Madrmum Precipiistion ke
Probalie Masimun Flogd ofs
Fiooit of Record ol
infiow Design Flood ofs
s 3] BRSNS
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SUGGESTED OUTLINE
FOR
OPERATIONS AND MAINTENANCE MANUAL
FOR
SMALL DAM
(Incomplete Draft)
Title: Operations and Maintenance Manual for  Damin | Alaska

Revision 1.X
Date

1. Operations

a. Identify and briefly describe facility, purpose c¢o systems, valve locations and functions,
mstrumentation, alarm systems, etc.

b. List critical operating limitations, e g maximum
efc.

¢. Project Data Summary Sheet

t levels, drawdown rates, discharge flows,

1. Mamtenance

a. Clear brush on dams, dikes, and abutm
Periodic Safety Inspection)

b.  Exercise mechanical equipment, gates
monthly, quarterly, semi-annually, etc g

d. Other maintenance items such as clear spﬂ
grade access roads, etc.

etc. {and other recommendations in current

d service or lubricate (as required) weekly,
‘1ce instructions or reference service manual.
ean intakes or trash racks, paint handrails,

II1. Routine Inspections
pection. Include specific details on how the
ecklist weekly, monthly, quarterly, semi-annually,
etc. and after major precipitation or seismic eventsand file at specified location.

¢. Monitor instrumentation (piezomeiers weirs, thermistors, survey monuments, etc.) weekly,
monthly, annually etc.

IV, Unusual Occurrences

High water: Open spillway gates, low level outlets, etc.
Excessive seepage: Lower water level, add fill, etc.

¢.  Notify the following if any abnormalities are noted:

1. City Engineer or Public works director, etc.

2. State Dam Safety Engineer 907-269-8636

oo

Attachment: Project Specific Routine Visual Inspection Checklist
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My Dam Weekly Visual Inspection Checldist

Date Reservorr level

Circle One Bemarks
a. Main Dam

1. Downstream slope OK  NotOK
2. Seep at left abutment Clear Cloudy
3. Seepattoe Clear Cloudy Weir level

b. Spillway

1. Primary spillway OK  Obstructed
2. Emergency spillway OK  Obstructed

¢. Dutlet Works

1. Intake screen
2. Sluice gate

e. Other appurtenances

1. Gates Locked
2. Restricted access signs Legible

f.  Additional comments

Actions required

e

h. Inspected by

1. Reviewed by supervisor Date
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An excerpt from the notebook titled Safety Evaluation of Existing Dams
Seminar, U.5. Bureau of Reclamation, Denver, Colorado, 1999.
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PERFORMANCE |
FOR DAM SAFETY

WN%Q
by {jaig‘j?ﬁtat&ég} Larry Von Thun, Gregg Scott, and Jim Boerngs
TS  Bureau of Reclamation, Denver, Colorado

intrnduction

To promote sfficlent and effective monitoring for dam safety purposes, the Bureay of
Reclamation has begun developing and documenting performance parameters for aach
of B dams. B I anticipated thet these docurmsnts will be the foundation of the fulure
Reclamation dam safery program.  In g nutshell, the performance parameter doourment
sddresges the guestion: "What should be done 1o properly look after the dam in the
fururs, from 2 darn safety perspective, given what we know today?” To sdeguately
anwd appropriately address this question, the Tollowing process i followed:

1, lderify the most Bkeby failure modes for the dam.

2. identify the key parameliers 1o moniter that will provide the best indinetion
of the possible development of each of the identified fallurs modes, and

define an mstramented and visusl monitodng program o gather the necessary
infarmation snd dats.

3. Define the ranges of expecied performance relgtive o the instrumented
aried visus! moniioring orogram, and define the aotion 1o be taken {n the everg
of unmxpected perfonmance.

Each of these stops In the process will be digcussed briefly below, and then s of the
most sommnondy sncountared Tallure modes will be gressnted and discussed to Hlustrats
the gonoems, approach, and process.

Identify The Mog Likely Fallure Modes

Thie goal i to prevent clroumstances whers uncontrolled releases frofm the reserveir
cause loss of ife o signiflcant soonoimis losses In downstresm arsas. The mnst
effective initial step toward this goal is to Wentify potential fallure modes for the dam.
This is dong {6 Hght of the informeaton and analvses that are currently svsilable
concerning the dam and damsite, the current state-of<the-art i dam design and
sysiuation, and the record and aveileble knowledgs regerding pest dam failures. 43 sn
inftint step, o corsful review iz made of the following site-specific informatiorn

1. Ske geobegio conditions,
2. Desion of the dam and appurtanant festures.
2, Construstion methods and records,

4, Parformance history, bagsd on Instrumentation dats and visual
abservations,
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& Current desion sarthgusks and Hood loadings.

& fovused distussion invelving individusls that have had significant involvement with
the dam {s.g. had invnbverment during designfconstrustion, performed analvsly work,
performed site inspettions, reviswsd instrumentation data, e1o.d can be o very effective
means of developing g list of potential Tathee modes. Synergy during such & session
gary ipad to regults superior 1o thoss that might otharwiss be schisved,

Clearly the fallure mode evaluation I8 very site specific. The ssarch i for Tallure mntdes
that are physicslly ponsible lor cannot reasonably be ruled out) glven the information
available. The potentisl failure mechanisms need 1o be desoribed as precisely and
specifically as possible, sothat the remainder of the performance parameter process
an be effectively carried sunt. The most probabie location{s) for development of each
potential fatlure mode nesds o be speoilically ientified, along with the manner in
whinh the fallure mode would Bkely initiate.

The wentified fatlure modes are presented i order of spparent theeat or likelihood, to
help establish which modes deserve the most ensrgy, efort, and attention in the
mgnitoring efforts. 1L ig importard to undsrstand thet the demification of potential
fallure modes does not necessarily mean they are lkely to soowr. I the likelihood was
wiewed 1o be more probable than “remete,” then a dam safety deficiency sxists, and
dhealing with the situstion by merely gmploving fulure attentive monioring would not
b appropriate. Structursl meodification of the darn andfor use of 3 welb-designed Barly
Warning Syatern (EWSL, i appropriate, would be indicated in these cases. The conosept
of beirg "physically possilde, but of low likelthood”™ may be difficull in goms instances,
bt the fundamental reality is thet there s inherent sk sssociated with svery dam
{nenerally very lowl, no matter how apparantly well-deggned and "safe” i may asppear,
andd it iz thet reality that is being addressed by a continusd wvigilan monitoring program
for the dam. '

ideniity Kev Parameters To Monitor Belative To Feoh Fallure Mode

The naxt step in the process 15 10 ook at each poterntial fubere mode and ask the
guestion: “What slues should we look for to detect the possible development of this
fatlure mode?™ The cluss can fall wto two categories: 11} those thet provide sarly
warning of the possible onsser of the fallure mods, and {2) those that indicas the
grasance of conditions gonducive 1o the development of the faflure mods,. The
monitaring of the parameters car be aocomplished by obesrvation for specific visual
clues, abd/or by instrumernted monitoring.  In sddition 1o specifying what parameter
should be monitored, how, and whers, the muonitoring freguencies alse need o be
wstablishad, itis nporiant from the stendpoing of efficiency and credibifity of the
mnitoving program thet the scale of the program be sppropristely balanced with the
risks and consegquences associated with the potential fathers mode. Appropriate
axplanations of the program should be provided 1o those that will perform andlor pay
for the monitoring 20 as to give g good understanding of why the program is justified.
i is vital that the monitoring program be effective, but afficiency and cormon senss is
aled anportant so as W achigve sooeptance and sustainability.
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Hoan instrumented monitoring program i already In plage 2t the Jdarm, iU is necessary 1o
deresrning which instruments should be retalned, which are of limited surrent velue and
arg nolonger oeeded, what additional instruments are neeted, and what sdivstments
zhould be made 10 sxisting reading freguenoies. | s tepical to utilize existing
instruments in the newly defined monitdring program 1o the exient possible, both for
eonnnrnic reasons and to take advantgge of the existing Jdetabase for these instrymenis
that provides a valusble baseling for compatison with future data.

identify Expeoted Snd Unexpected Performancs

This stage of the progess is intended o migke the vk of the "operatdrs” of the
routing monftoring program efficient and affective, Ragerding routine visual inspections
performed by or-site pergonnel, definition 8 provided concerning what observations
would ha' iy Hne with sxpected performancs, and what neads to be promptly reported
and svalnared, Regarding instrumented monitoring, definition i provided concerning
what readirgs sre within the bounds of expected behavior, and what readings should
be promptly checked, and investigated further If confirmed. Bowtine computerized real
tirne comparison of instrument readings 1o established limits, thet are o fungtion of
regervolr lpvel, tallvwater lsvel, siv tempsraturs, andfor other relevant parameters, igin
no way intended to replace necsssary human revisws of data, b instesd can serve a5
s valuable “coarse sieve” for the data to allow mugh of the anomalous deta 10 be
roadily dentified,

Huguation of the Methodols

Six of the most commonly snoountered potentis! fallure modes are disoussed below o
Hustrate the thought process sssociated with the thres-step approsch to developing
parformancs parameters. and 1o promets beter understanding of these mportant
fallure modes. The first two relate 1o Tatlures that can ooour under normal operating
corlitions, while the last four concem fallure under sxtreme loading conditions floods
and earthguakesl

Exarnple Failure Mode 1 - Pining or Subsurface Erosion of Embankment Sore Materials

Higtories! sxperignos and performance parameter Tailure mnds Wentfication to date
show that by Tar the most prevalant potendal failrs mode for an embenkment dar,
abseny an extepme neding condition due 1o an sarthouake or Hood, is the theeat of
piping or subsurface erosion of embankment core materigls. Current ambankmen
desion practios adenustely protects sgainst this feibwe mode, but oider embankments
generaily doonot ingorporate el the necessery defenses. The following guestions can
be used to assesy the adeguany of the protection against this fallure mods:

1. Whaere smbankment cors material was placed divectly upon betdrook, was
ther surface of the bedrock reeted with shush grouting 1o seal off 2l axposerd
ioirs et fractures? This would prevent transport of core materials o the
bedrook.

o
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2. Where embankment core material was placed directly upon bediock, was
the surface of the bedrook sxcavated andfor treated with demts! congrats o
provide & reasonably reguler surface upon which o place the embankment
(.0, free of significent “steps™? This would raduse the nsk of devalopment
of gracks in the core material dus 1o grobing effecty andfod differential
settiements.

3. Where smbankment core material was placed directly upon overburden
materials, was the fitering capability of the range of overburden matssials o
b encourntered checked relative to the oore materisl, and were sufficiently
thick filtering rones provided, whare nesded, 1o prevent transportation of Sors
myaterial inte the overburden materials by sespage Hows?

. Iy the smbankment, was 3 tilter zope provided downstream of st portiong
of the embardonent core, and do gl embankment zones downstrasm of the
ambankment oore mest surrsnt Hiter oriteris requirements with the rong
immadistely upstrsam?

8. Were properly filtersd drains provided o setely intercept and dischargs
sepnage that passed through the embandment?

if these questions reves! that the negessary defenses are not wtslly pregent, orif itis
gnknown o unolesr T the necessary defenses are in place, then potential failure
schanisms assooiatesd with piping o subsurface erosion need 1o be wddressad by the
eobsting moritoning progearm. The severity of the threat posed by he identified fallurs
mechanisms may be reduced i one of more of the follpwing conditions are presant

1. The embankment core meterial has sigpificant plastioity, such that it s not
gasity srodibla.

2. The hydraulic gradients are not high in the sraas of concem,

Z. The seepage guardities are low, such that iF erosion of core materisls is
taking place, Tailure of the smbanbment would take a long Hme, providing
ample opportunity Tor recognition and responge 1o the developing problem.

4. The sespage path imeolves fow through joints in commpetent rook, meaning
et the crosssectionel ares of the How iy effectively linited by the size of
the joints, and can not readily Increase over time,

5. An et peint for the ssepage, that permits removal of the material
transporied by the seepage How from the site, does not axist, and aress for
possible redeposition of wansported materdsl, such as within ooarse
grbankment zones or within coarse foundation pverbirden deposits, are
limited in erms of volume or acsess. Such a failure mechanism would be
self-lmiting, ag in time the downstrasm end of the seepage path would
hecome increasingly obstrucsted, and no altemative path would be avsilable
that has an exit point o lorge capacity for redeposition of materials.
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iy addition 1o the above disoussion of general site corditions that could give dge o
problems, several special cases relating 1o thiz potential fatlure mode might be
ancontered.

Onegprecial vase is 1o the piping or srosion 1o soowr along the outlet works, spitbeay,
ot orhar AppUrtenant structures, particularly in the svent of differentis! settement or
movemnent betwesrn the embankment and the structurs that peoduces gaps, areas of
Ipsser seapags resistange, etn. In some instances, oracks of flgws in the sppurienant
Structurs may provide an et point for ssepage Hows, though the development of the
fatlure msde typically would be significamtly oonstrained by the avsilable How ares 31
the exit point. I other varg ingtances, Haws, oracks, or leaks In an sppurtenant
structure could lead to the introduction of seepege water into the smbankment at high
pressure, with grest potential o move sven Tairly erosioreragistant muterials, dus w
the high hydraulic gradients involved, When these "speaial” axit and entrancs points
are not present, and when a downstrean fter zong has been provided {that masty
current filter oriterial, then the porential for this special case of the fallure mode i
grestly reduced, # not essentially sliminated.

Anprher spectel case is that the filter zone immedistely downstream of the core
material is sometimes not sxtended all the way to the orest of the dam, o5 the
anticipated level of the phreatio surface s far below the dam crest elevation gt the
dowinstrean edge of the core material M mmy stieh sites there is the possibilty of
development of ransverse cracks near et extending 1o a depth below the
iU reservolr slevation, due tf::s dﬁﬁsm&‘zxm of oo materials, differantisl
sertierrent dus to abrupt changes in embenkmentfoundation contast elevation, seismis
shaking, or other causes. Sespage How through such transverse cracks could srods
core material and carry U into and through the dovwnspearn shell materials as these
zones rarely meet ourrent filter ariteria with the corg material

Yot another specisd cass volves seepage flow through untrested joints in the
fourdaron bedrock or abutment vock, at angd just bensath the embarkmentMoundation
sortact. Buch Hows could contant and carry core material Into the joints in the
fourwdation,  Effective foundation grouting could greatly raduce the risks assosiated
with this mechanisey, but some ungrouted odns must glvesys be assumed, This
"gsontact” mechanism s ¢ lesser thyest than the typica! failure mechanigm that
postulates flow passing from the core matenial into the joints in the foundation {scross,
not slong the interface), The “ocontaot” mechanism s o leszer threat beosuse i
generally-would be expected W progress gt 2 slover rate than would the “typical”
mipchanism.

With & good understanding of the possible fallure scenarios associsted with this
potential fallure mode, the locations of prime concern relative to routing dam safety
performance monitoring should be clear. Porameters o monitor are as follows:

1. Visual nbservation for evidence of materials transport with ssepage or
drain flows. Where natural sediment trap looations are gvellable, such a5 in
manholes and at the stilling pools o front of welrg, they should be carefully
monitorad {after being cleaned out 30 gs 1o start with 2 "olean slate”l.
General awareness should be maintained for diseolored seepage or drain
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water, and for sty evidenos of material deposits in the vicinity of the flowing
weater,

2. Visual observation for new seepage arsas, for changss in the conditions at
sWisting wat srens or seepage areas that canndt be quantiiatively monitorsd,
ard For travmverse sracks a8t the crest of the dam. 1 the failure mechanism
involves fiow through jolnts in the bedrock, the visual observations should be
extended 3 significant distanes downgtream of the embankbment, as new
seepags areas will not necessgnly exit near 1the the Or grodn of the
embankmant,

that care be guantieiively monitorsd.  Anw svidence of increased flows &1
pomparable ressrvolr slevations would be couse for soncern and would nesd
o be prompily investigatsd.

3. Flowe rate monitoring 4t toe drains, sther draing, and known sgepage argss

4, Monitoring of appropristely loseted plesometers andd sheervation walls for
aryy changeys in thelr histodost relationship with reservoir slevation, and for
changes o the relative plerometrin levels 4 sdiscent ingtrurnents, The water
prassure data, being representative of conditions pvar only & fmited ares, ars
freguantly of lesser valug than the informstion obtained by the three
praviousty noted methods, that are more globad In scope.

Mote that monitoring relstive vo lem T sbove provides direct evidence of the
soowrsnoe of nor-tocurrences of thiz potential failurs mgde. Al the othey monitering
described above provide ingirecy svidences congerning this fallure mode,

The monitoring freouengies for tems 1-2 above gensrally are gl the same, as typloally
they sheudd all be dong during the same “towr™ of the dam and sppurtenent structures,
Freguengies can range from 4 thmes per year for low righ situstions o weskly or
several times per wesk for high risk choumestances., A morghly frequency would be
fairly typical. For item 4, monitoring frequensies typically are the same, or sumewhat
ioss frequent than for the other items, with g minimum frecguency of 3 tiowes per vesr
1o sstablish a bagic corelation with reservalr slevation. Monitoring frequencies for
warn 4 ey be less freguent than for the other items begause the other items typioally
priveide the most valuable information, and provide mordtoring coverags of the entite
dam, a% opposed o only Hmited areas, 85 noted previously. Binge the risks of this
fatlure mode increass with increasing reservolr elevation, It s commaon to instiute more
frequnnt monitoring whet the ressevalr 18 unusually high,

Example Fallure Mode 2 -~ FPoundation Failure of 3 Concrete Dam

Historica! experienes and performancs parameter failire mode demtification to dats
showy that by fer the most prevalent categrry of potentint fsllure modes for a conorete
dam ary those releted to loss of foundation support for the dam. For hoth gravity and
arch deme, adeguste support from the rock sgalmet which the dam was built i
fundamental 1o the structural wall-being of the darm.  For sroh dems, thrust suppornt
provided by the sbutmenis & particularty crucial, given the high loadings transmitied o
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thery, Slgnificant oss of this foundation support induses concrets gtresses for which
the darn was Dot desipned. Thiy lsads 1o oracking of the dam, and potentially its
Fatlurs,

Shiding along wesk discontinuitiss in the foundation rock is the most comnonty
encounterad seenyrio related 1o this potential fallure mode.  Sliding I most likeby 1o
ooours 1 paralipl to bedding planes or planes of schistooity, 12} on low strength layvers
within the foundaton {such as shale vy bantonite seamsl, {3) g8t contacts batwean
differant rock units, or 14} at other continuous {or nearty continuous! planes of fow
shear strength i the foundstion, For g block of rack to moes, Dmust have “refeass”
planes on all sides. Such relesse planes typically are formed by jointing in e ook,
possibdy i combination with Tault or shear zones. The presence of reservoll sespage
water by the rock leads (o lowsy effective normal stresses, and therefore lower
fricvional resistance, dlong the siide planslsl. The water nan alsg, iIn some nstances,
rasult in shear strangth loss in foundation materials,

Another potentis] susnario related w this Tallore mode is for structural disuess 1 the
dart to result from significant differentizl comprassibilty of rack units in the
foundation, that weersg not acoounted for in the dam design. Resulting differentisl
movsetients o the dam could overstrasy the vonorete, leading 1o oracking snd
patentisity dam Tedlure, This Tallurs scenarin is mainky relevant to relative o dams
where potential futurs loeds nposed on the foundation rack may be significantly
gregter than joads experisnced to dats.

Chviously o good understanding of the site geclogy (s mportant relative 1o this failure
mnde.  Where geologic information is not comprehensive Tor 2 site, 8 iz mportant that
reasonably possible geslogin defects be sppropriately considered # they cannot be
ruted put,

With & good urlsrstanding of the possible faflure scenaripg associated with this
potential faibre mods, the routine dam satety performance monitoring oun be
setaidished, Koy monitoring parameters arg ag follows:

1. Visual peidence of structural distress 1o the dam would be divsct evidence
ot the possible development of this Talbyrs muode, Bvidence of olfsets at
sopiraation juints or new gracking of the dam {apperently strootural rether
thar temperaturg-retated] would be the primeny visusl svidence of congern.
Hotly the exterior faces of the dam angd the interior gallery surfaces should be
shserved. Scoribing sets of crisp fines awross cuntraction joints Iz & stmple,
cost-effective way to aid visual monitoring for offsets, Soribe lines should be
provided to detesy both horizontst and vertics! relative movemenis,

2. instrumented avidence of structural distress 1o the dam would alss
congtitute divect svidense of the possible development of this failure mods,
Unisuel settlements or deflsotions of the dam, thet vary from the historioal
patterns of behavior, would be evidence of conpern. Akg, any nstrumented
mmonitoring of relative movements 81 cordraction ointy e gther ltoationg)
thiat deparved from historioa! trands wotld be evidence of behavior that veould
b of concern,
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3 Bvidence of changed walsr pressure donditions in the foundation would
increase the lkelibood of development of this fellure mode. Such evidence
gt intlude new seepage areay o the abutments, incressed seapige flows
ot the shutments, horeased or decreased seepage flows Trom draing in the
dam, ay wel ag incressed water pressures meagurad in the abutmenis of
bensath the dam. Such evidenoe would not be divect evidencs of the possibls
development of this faflure mods, but ingtesd would only indicate an
increased lkefihood of s development. Blability analyses could give
indications of watey pressure levels that produse unasseptable caldulared
fanrors of safely ageinst movement, and therefore would be of serious
CONGRITL

The raonitoring fragquencies for the key monitoring parametsrs noted above generally
witld gl be the ssme, 85 typically they should sl be performed dudng the sams "tow”
of the dam. A freguency of four tYmes per vesr would be corunon. Burveying of
messurement points may be less Freguent if other means of monitoring for strushergl
movements are also available at the dam. in this case, annual surveys of the
maasurament points might be typical, though Siroumstancss might indicate that eveny
this mondtoring frequency is not warranted, and surveys performed every several vears
may be sufficient: For arch darms, i1 is not gnoormrmon 10 resd plumbling instroments
monthiy 5o that the dual impact of seasonal empersturs varigtions and reservolr level
yarigtions oo deflection date can be betler sccounted for snd vndersrood when 1rying
o determing i Mstorics! deflection pattermns are being followed.

Example Failure Mode 3 — Flood-nduced Fatlurs of an Embankment Daon

& Aood can lead 1o the fellure of ao embankment dam in g sumber of diffsrent wavs:

1. The dam iz overtopped, and the overtopping Hows ernde the crest end
dowrsiresm slope such that bresching of the dam regulls,

2. Peak water ovels are jusy below the crest of the dam, and "splashover,”
iz 1o wing setup and wave actitn, causes srosion thet eeds to breaching of
the dam.

3. Peal water lsvels are st below the orest of the dam, but shove the top
of the embankment core materisl thet Hes more than 8 oot o two below the
dham orest elevation. Flow thwough pervious materials above the top of the
wore materdal erodes the core material, eventually leading to breaching of the
dagr. '

&, High flows throogh the spilfeay {or cutlet works! lead 1o damage 10 the
structurs, perhaps dus e cavitation, or dus 1o erosion of the downstream
charnel undsrmining the stilling basin and shute strucwires, The erosion arid
darmmge work their way bacok towerd the orest structurs unti finglly the
structure is completely lost and uncontrolied release of the reservolr Ooours,
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f. High flows through the spiltway {or outlet works! are not properly
sorveyverd away from the toe of the dam such that erosion of the
grabankment ensues, leading 1o undermining and aventual breaching of the
T,

The failurs scensrioy sbove may suowr It combination during ong flood geen,
increasing the potential for breaching of the dam. It is also possible thay the spilhway
andfor outlet whorks will not be operated as axpectad during he Hood svernt, dus 1o
stuek o inoperable gates, leck of power {angd backup powert, Inss of sooess 10 the
gite, noerator error, ste This may transform o flogd that could have boen safaly
handisd o g Hood thet causss dam fallure,

The valug of performancs parameter work relative to exlreme events, such as floods
and sarthguakes, comes largely from steps taken inadvanes of the svent o recognize
ard deal with possibie deficiengies, so that the Tailurs scenaring can be svsided. Some
giher cormrnents thet genseally spply to el failure modes related 1o extrame loading
conditions Hloods gnd sarthouakes! are a2 follows:

1. The routing moniiosing program associated with flood events and sarchouske
svents genarally consists of abtaining a good baseling of pre-svent conditions, so
thet whenever the event may oogur, sufficieny informatinn is avaliable for
womparision o post-evant conditions 1o detarming changes thet ooourrad,

& Larsful monitoring during lBsser magnitude garthquake o flood svents gan
identify performance problams that could result in dam fsilure during a8 larger sysny
ithe design eventl. Such "fulbscals prototype testing” can provide valuable
nvformation, obtainable in no other way, iF approprigte advance preparations have
besr mads b apprepriately doctment perfonmaencs during these svants,

2. I some instances, an Barly Warning Syetem {EWE! may be used as the primary
detense agsinst ioss of e in dovwnstream areas i the relisbility of the FWS 1w
minimize loss of e supports such an approach. W an BWS s used, the
performance parameters should define o program of periodic operations! checks of
the BWE 1o ersure thet it funotions g3 designed in the everd that & s needed,

The above somments apply 1o sach of the neyt three fallure modes that will be
disoussed, but will not be repeated In those seotions.

Chvinualy, relative to flood events gt ermbankment dams, 1t is important 1o be desling
with current orest slevations of structures, rather than design slevations, as post
gonstruction settlemant and camber aliowances nead o be considered. Crest surveys
can identify low spots on the smbankment whers Hood damags may Trat ooour.
Embankroent aress negr the abutments freguently are the low areas baosugs ittls or no
camber was provided, These arses new the sbutments would by of particulsr concern
gs grogive Hows down the groing would be concentrated Inte & small srea.

Haightensd ingtrumented monitoring 8 generally warranted during 5 flood svent, a3 the
fikeithood of failure mode scenarios involving high uphlt presswres, pining andior
subsurface srosion, &0, Inoresses. Dally visus! maonitoring for svidenos of onset of

Attachment F
Page 162 of 230

Sierra Club v. EPA 18cv3472 NDCA Tier 10 ED_002061_00172725-00162



(oo Table of Contents

these fallure mles, as well s for the five floodrelated fallure mode soenarios noted
above, typicsily s warrsnted. Following the flood svent, & thorough inspection of the
darm and appurtensnt structwes should be performed, ard sl insrurments should agsain
be read. ¥ there are indications of possibie seltlements or deflections of ambearndinents
or appurtenant structures, any messursment points located gn them should he
promptly surveyed.

A aarthguabe can dead o fallure of an embankment dae o three bagw wavs:

1. Desformnations of the embanimentfoundation due 1o seismic shaking lesd
tor fowiering of the darm crest and overtopping of the dam gt ong o e
Incations,. The deformeations may be due to liguefacton of embankment
and/or foundation masterials, potentially resulling in 8 lerge How slide.
However, significant detforrmetions of the dam and lowering of the dam orast
pan also ooour without the aocurrence of quetaction. Depergling on the
deformations sxperienced, and the reservolr level, overopping of the dam
could rapidly lead to complete dam fallure,  Alternatively, rapid loss of
reservelr water may ol osour dtially, ingtead, over time overtopping flow at
ong of more leoations would erode the ermbankment, svanually resulting in a
“full breasch” condition. Thery, rapld loss of the remaining reservoly witer
wotdd soour.

2. Deformations of the embankmentffoundation dus {o seismis shaking lor
fauly displacement) lead 1o tranaverse oracks through the smbankment, that
nad to srosion of embankment material by sespane Hows following the

darn Tallure. Howsver, i the ssepnge quantty through the new drack isnot
high andior the core matarial of the dam s plastic and not highly srodible, it iz
possilde thet 1 omay take & fald amount of time before dam feilurg wioild soowr
GF fathe would ooowr at all). ¥ ao spoenpristely designed filter zone has been
provided downstrearn of the embankment core material that would not
"sustain” a8 crack bwould collapss rather than stand as sn opssn orackl, then
the fizk of this failure scengrio s neglioible,  Similarly, i the corg maternial
teslf is "sel-healing” and would not Bkely sustain & orack, then the gk of
thig fallure scenario diminishes substantiaihy,

3. Beiche waves overtopping the dam. Thiz shwation iz most releven
when the faull thet sxperisnced movement s within the reserenir, with a
significant portion of the reserveir being on the "up-thrusted” sids, while
the dam, or a portion of the damn, was on the side of the fault that was
“doverethrusted.”

A rapid sarthousks response, Bading 10 commancement of reservolr svacustion andior
avanpstion of the downstrgam popuiace could mitigats damages relstive o scenarios 1
and 2, since actuel catastrophic relesse of the meservnlr could potentially lag the
sarthouske by hours or even davs. Fallure scenariog T and B may result in rapid
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fallures where only @ fully functioning Early Warning Systerm would have any chance of
mitigating sdverse downstream consaquences, and then only IF there was adegusts
time between the tme when the dam breashed and when the Hood wave ma ched the
popsdation at risk.

The routing monitoring provrsm ssseciated with an sarthguskesrelnted fallure of a0
grivbankrnent dam generally consists of having adeguats baseling information ralative
o 111 pespayge date and comditions at the site, {2) the general overall appearancs of
the darn angd appurtenant structures, (31 survey data from svaillabls msasurermsnt
oodrts on the dam angd gppurtenant strustures, (4 data from any other deformation-
manitoring nstiurments that may be present st the site, and {5} water pressure dats
from plesometers and ohesrvation walls 8t the site. Immedigtely following an
sarthaguake, g thorough nspeation of the dem and appurtenant structurss should be
performed, arvd the instruments should be prompily reed. I there are indications of
possible setilements or deflegtions of embankmants or appurtenant srUCtUres, any
migasurement poirts looated on them should be promptly surveyed. 1 thers are any
instrumepts indicating elevated water pressures, potentially dus fo Houstsotion of
eribarkrient or foundation materials, then these nstruments shouly be read daily untl
they stabilize and sddivional visug) Inspectivrs should by porformed as spproprinte,

H the reservolr is not ot 2 high tevel a1 the time of the sarthoguske, 1 is Important o
recognize that fallure scenario ¥ may not begin developing undll & futurs time of higher
resereolr elevations {when water Can pass theough cracks relatively bigh up on the
darrd, Depending on the apparent fevel of damage susteined by the dam, It may be
approprigte to instiute more freguent routine monitaring of the darm untid satisfactory
performancs g1 high reservgir levels has bean demonstrated.

Example Pallure Mode B - Flonddnducsd Fallure ot 2 Concrate Dam

In virtually all cases, the dam safety concemns associated with overtopping of 8
somcrete darn relate 1o possible erosion of the fourkdation of the dgw by the
pvertopping Hows thay impinge rmar me dam;’fmmﬁatsan mmaw Smh grogian sould
underming the tiam cauzing inss of i i

man@gﬁ&s wipe of the dan
“Eeuld lsad m m%&asa af th% rREarvoir at 1:%3@ mmtzm a‘%’ undermm;m, with ‘ihs& tﬁdm
bridging over the "gap” in the foundation.

Sudging the degree of srogion of foundgtion matsrals that may ocour during a Hmited
parnd of dam overtopping, and the consenuenees this may have on the dam, s ofen
viry difficult. Consequertly, It is fmportant 10 be well-prepared 1o monitor and
dovurnent what ooours during g lesser flood event gt the site, so that anmbvses relative
o larger svents can be morg dedinitive.  Having on file 2 good gquality serial survey of
the damsite, along with sdeguste photographic documentation of foundation areas
where overtopbing flood How may impings, will provide adsauste information
sancerning pre-flood site conditions.

During 2 Hood, thers may be congerng shout potential damage to the spilwaey or sutlsr
wirks wreder Moh flow conditions,  Demage resulting from savitation typically would be
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the primary consern, though sresion and undercurting, begirming at the outfall looation,
svay also be of poncern. Such demage could lead 1o grester overtopping depths, and a
longer duration of overtopping, dug o less efficieny handling of Hows being passed
than sxpected. This conteivably could vransform o flood event that the dah
theoretically sould handle without diffioulty it g Tallure siustion slong the lines
desoribed above. 1t i also possible that dersage 1o 2 twonel condult {spillvway of outlat
works! sould divently threaten the structural intenrity of the dam i the loeation of such
potentisl darmage s sush that i oould negatively impact the sbutmentfoundation
support that the dam refles upon.

Following e fiood, a8 thorough inspeotion of the dam and damsite should be performed,
and wi the instrurments gt the site should be read, I there are indications of possible
serdsments or deflegtions of the dam, ety available messurement points on the dam
should be prompaly surveyed. U appropriate, 3 new serial survey of the site should be
performed so thay the post-ficod opography can be compared 1o the pre-flood
eongditions,

High foundetion and shutnent water pressures associated with o flood could
corxeivably Wigger 8 Toundetionrelated fallure sz desoribed praviously relative 1o
Exarnpde Failurs Mode 20 Conseouently it may be appropriate 1o take frequent
instnnent resdings and perforny frequent visual insprotions during the period of
Hooding to monitor the key moniforing parameters noted in the discussion sonogming
Example Fallure Mode 2,

lure of & Doncrete Dam

Example Failure Mode 8 -~ Earthauake-Baelated Fai
Bhaking during an sarthoveke ooy lead 1w thres basic pategories of fallures of concrete
arms

1. The garthauske shaking tigoery of sctivates & slide i the foundation. The
failure mechanizsm would be as discussed previously relative 1o Example
Fatlure Mode 2. The sxtreme tosding condition assoctated with an sarthouseke
may destablize a situation that may otherwige be stabls under statie nading
gonditions,

2. The sarthguaks sheking resulls in high shearing stressss anddfor reduced
normal stresses ot the R Hnes i the mess conorate, f the Bt ines are
waakly bonded or disbonded, then downstream silding of the upper portion of
the dern may coour redative 1o the base of the dam. "Keying” at it lines
andior eurtraction oints San substantially reduce the potentisl for shiding.
This fatlure scenario is really anby relevant for gravity dams, since the shape
of an arch dam generally would prevent downstream transiation of the top
hatf of the dam,

Z. The sarthauake shaking resulls in high tensile stresses In the dam that
fmad 1o serious sragking of the concrats, In an extreme case, the oracking i3
sufficient to allow shiding and loss of & portion of the dam {Usually the upper
sentral portion, which results in 3 sudden loss of reservoir containmaent (1o
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the slevation of the bottom of the missing blockl. Side releass planes for the

block of concrets could be provided by contraction oins In a gravivy dam, but
generally not inean srch dam due 1o wadlging, Vertios! cracks in an greh dam

rypically would be needed to provide side relsase planss,

For goms dams, the failure mechanisms described in scenaros 2 and 3 above may act
i womibinetion 1o produce dam fallure,

The routineg moritoring program associated with an sarthouskerelated faflure of a
soncrete dam gensrslly conslists of having sdeguate pre-earthauake bassline
information refative tor 11] the kev monitoring permeters identified relative to Exampls
Fallure Mode 2, I spplicable, (21 structural oracking of the dam, (3} offsets at
cortraction joints, (4 survey data from available messurement points o0 the dam, and
{&] data from any uther deformation-monitoring ingtruments that may be present on the
dam. hwnedintely following an sarthgueke, 3 thorgugh inspeotion of the dam should
be performed, and &l of the instruments st the dam should be promptly read. If thers
sre indiostions of possibls deflections of the dam, any measurement points should be
promptly survevad.

Parfurmangs Monitoting Program

When il the varlooy Tatlors modes of congermn bave been identified, and appropriale
parameters for monitoring delermdned, an integrated program covering oll the
parameters that need to be monitored for the dam oan be defined, Standard slements
of the prograrm are as fodlows:

1. Routine visual menitoring by on-gite personnel- A one-page [romt and
back! inspection checklist form s typivally developed, specific to the nesds of
ganh darn, The forrs set up such thet any duestion answarsd with g "YES®
means something unexpected has been noted that needs 1 be nvestigarsd,

2. Powting instrumented mionitoring.- T the extent possible, povisions
shiould be made s thet data can be cheoked agsinst the imits of expeotad
behavior gt the time the Instruments sre being read.

3. Periodic examination by inspection specislists.~ This represents an
apportunity for a “fresh set of eves™ to look for anomalous performancs,
partivuiarly relative 1o Tellure modes thet are not the current Toous of
atterntion. Additionally, thiv repregents an axcellent opportusity 1o discuss the
failure modes of congermn with on-site personnel, and assisy them with any
questions they may have relative 1o performing the routine visusl monitoring.

4. Earthguske response snd Hood response,- Performance monitoring actions
that ers 1o be carried out in the svent of an sxtreme loading sondition are
defined.
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Documematinn of Performanos Parameters Work

The completed performance parameters document oludes discussion ot the following
wapicg: {1 desoription of dam and appurtenant structures, (21 site geology, (3) review
of design and sonstruction (4 design flood ared earthquake loadings, {8} potantial
failure modes, (B} bey monitoeing parameters associated with sach potential fatdure
mode, {7 discussion of the monitoring program, including locstions of instrurhents,
dizcussion of past performanes, and docsumentation of the mvised mondiorng program,
{8 praseniation and discussion of sxpected performance, neluding specific ranges of
sxpecied values for the nstruments, and {#) acton 1o be takern in the svent of
ynsxpacted performaence. Additionsily, 8 "ocontact Het” is provided to promote opan
soruTaication among all involved parties, and 3 2-4 pege "Fooused Surmmary” i
provided that brisfly peessnts the key points of the document. Several coples of the
sumimary ars laminated in plastic Tor posting a1 the dam for quisk refersnce.

Leesons Lesrned From Performance Parameter Work To Date, and Qther Comments

1. Performante parameter work makes clear the importance of routine visual
monitoring by ofesite personngl.  The majority of the key monitoring
pararmeters relate o visusl observations. 1t obwiously 15 preferable that these
abservatiohs be mads frequently by personnel routinely 2t the dam, rather
than rebying upon infreguant vigits by inspection speciglists. To promute
atfective parformance of the rputineg visual monitoring program, the
performance parameters document nesds 1o olearly present the “what” and
the “why.” Byery opoortunity needs to be taken to oultivate and foster the
routing visual monitering program when designers and mspectors have a
shance 1o mest or talk with on-site parsoonel.

2. Din severst otcasions, performance parsmeters work has identified ems
that have been overlooked of ingdeguately addrassed by the dam safety
analvsisfevaluation work done 1o date by Reclamation, Indicating that
sroploving Wis procesy ot the start of such wiork would be g good Kes, Itis
striking how often questions, such as whether 8 particulsr smbankment zone
meets currant fiter oriteria requirements with the upstream zone, or what is
the olay content of the embankrment core material, stll exist e dams where
renent axploration 1o obtain foundation samples for figuefantion analvses put
drill holes through the zones in question, without sampling them.

3. A peniral premise of perforrmanes pargmeters work Is thet "you won®t find
what you sren’ lpoking for.” This approsch s the opposite of "let’s putin
some ngtroments argd see whst happensg.”

4. Efficiency, as wel g sflectiveness, is impartant in dam safsty monitoring
work, given currant fiscal realities, Scoribing crisg, thin nes aoross
sontraction joints of sonorste dams 1o aid visual monitoring for horizontal and
varticsl refative movements & inexpensive, but very sffective, Staking the
ity of downstream wat arsas is o cheap, effactive wav to look for
significant changes with time, &t the other end of the spaotrum, routine
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chamical anelysis of water semples obtained 3t seapange locstiong i
sypenshar, yet provides information corwerrdng only g speoific moment in
e, Singe sediment transport by sespage Hows can be a grotesy that
provesds in "spurts,” more efective and inexpensivel monitoring for
sediment Transport gan be schisved using continuous monitoring spprosches
such 2t vhserving for deposited materisls in stilling podls associted with
winies of specially provided “oatch baging™, gt sediment trap looations in
fnanhodes, in filter sooks placed on discharge pipes, et

5. Bome justiflable monitoring of dams cannot be dirsctly tied o 8 particular

failure moda, but instead falls in the category of "general heslth monitoring.”

Chvaite examinations by inspection specigliste svery fow years ig an examphs,
s are surveys of measurement poitits located on the dam andior sppurtenant
structures that sre parfolmed every Tew years, or regular Sespage moritoring
i the galleries of 8 concrete darn. Mondtor Cgeneral health” opens the

door somewhat to possible sbuse, so aClow cost, high valug™est is applied

1o such monitoring proposals. B —

8, le-depth evalustions of instrumentation dats can not only grovidls valuable
instght concerning the performance of the dam such ag paltems of seepage
flow through an embankment], bt siso insight a8 tw whether & particular
instrurpent s providing sufficently consistent, reliable data that it is worthy of
bedng retained in the future monitoring program.  Plots of reduced instrumaent
readings versus associated reservolr elevations den be particularty valuable for
these avalustions. In some nstances such plots may ook diseouraging, but
iy fact may reflact fallings of reading andior maintergnes procedures {that can
be reonfied i the future) rather than faflings of the instrument fzel,

7. The fact that a Jam has experienced many vears of apparently
satistactory performancs is important informaeation relative 1o assessing 18
rigks, However, if the monitoring program is not dapable of obtaining useful
wtormation concerning the key monitoring parameters, the "satisfactony”
wrack record has much lese significance. For sxampls, an embankment dam
that hey significant porgds and swampy areas ot s downstream 108 may
never have given any indication of piping/submwiate erosion problems, but
sifice the ey monitoring areas oan not be sffectively monitorsd, who knows
what may be going on unsesn, Similarly, f the e draing for an smbankment
dam are not locsted sl 2 low enough elevation to mereept o seepage How of
gongern, the data collected will provide an ingomplete picture of sotual
seanage performanss,

8. in some cases, significent struglures in the "shadew™ of more siondd
structures receive lesy dam safely atention then they deserve, Dikes
FEEhTiaTed with lorger dams, and wing dikes assonisted with conorets dams,
are axamples of structures that might get more attemtion if they were
independent of thelr sssocistad, more maior structure.,
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Suminary

The performance parameters prooess provides & cost-effective means of achieving
etfective argd afficient dam safety monitoring programs by providing foous and
integration oy moniiorng efforts,  The justification for the monitoring efforts is

parform. them,  bnportant information can be effectively obiained from and conveyed 1o
sresite personnel, and personrel whn routinely revisw instrumentation data,
concerning: {1 the most Bhely faflure modes, 12} b the monitoring efforts relete 1o
these fsilure modes, and [3) what constitutes unexpected performance that requires
presngt investigation,
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Guidelines for Cooperation
with the

Alaska Dam Safety Program

Appendix G
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ALASKA DAM SAFETY PROGRAM NID ID#
VISUAL INSPECTION CHECKLIST SHEET _ OF __

GENERAL INFORMATION

NAME OF DAM: POOL ELEVATION:
NATIONAL INVENTORY OF DAMS 1D# TAILWATER ELEVATION:
OWNER: CURRENT WEATHER:
HAZARD POTENTIAL CLASSIFICATION: PREVIOUS WEATHER:
SIZE CLASSIFICATION: INSPECTED BY:
PURPOSE OF DAM: INSPECTION FIRM:

O & M MANUAL REVIEWED: DATE OF INSPECTION:

EMERGENCY ACTION PLAN REVIEWED:

ITEM YES NO REMARKS

RESERVOIR

Any upstream development?
Any upstream impoundments?
Shoreline slide potential?
Significant sedimentation?

Any trash boom?

Any ice boom?

Operating procedure changes?

NSO R W N

DOWNSTREAM CHANNEL

1. Channel
a. Eroding or Backeutting
b. Sloughing?

c. OCbstructions?

2. Downstream Floodplain
a. Cccupied housing?
b. Roads or bridges?

¢. Businesses, mining, utilities?

d

e

f

Recreation Area?

. Rural landg?
New development?

EMERGENCY ACTION PLAN

1. Class | or Class i Dam?

2. Emergency Action Plan Available?
3. Emergency Action Plan current?

4. Recent emergency action plan exercise? DATE:

INSTRUMENTATION
1. Are there
a. Piezometers?
b, Weirs?
¢. Observation wells?
d. Settlement Monumenis?
2
f.

. Horizontal Alignment Monuments?
Thermistors?
2. Arereadings
a. Available?
b. Plotted?
c. Taken periodically?
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SAFETY

ALASKA DAM SAFETY PROGRAM
VISUAL INSPECTION CHECKLIST

NID ID#
SHEET _ OF __

ITEM

YES

NO

REMARKS

SAFETY

1.

ACCESS

TYPE:

Road access?

Trail access?

Boat access?

Alr access?

Access safe?

Security gates and fences?

Restricted access signs?

Safe access to maintenance and operation areas?

Necessary handrails and ladders available?

All ladders and handrails in safe condition?

Life rings or poles available?

Limited access and warning signs in place?

a
b
c
d
e
f.
g
PERSONNEL SAFETY
a.
b
c
d
e
f.

Safe walking surfaces?

DAM EMERGENCY WARNING DEVICES

Emergency Action Plan required?

Emergency warning devices required by EAP?

TYPE(S):

Emergency warning devices available?

Emergency warning devices tested?

Emergency warning devices tested by owner?

WHEN:

Emergency procedures available at dam?

a
b
c
d. Emergency warning devices operable?
e
f.
g
h

Dam operating staff familiar with EAP?

OPERATION AND MAINTENANCE MANUAL

a. O & M Manual reviewed?

O & M Manual current?

DATE:

b
¢. Contains routine inspection schedule?
¢. Contains routine inspection checklist?

Sierra Club v. EPA 18cv3472 NDCA

Tier 10

Attachment F
Page 172 of 230
ED_002061_00172725-00172



{30 to Table of Coutents

EMBANKMENT DAMS

ALASKA DAM SAFETY PROGRAM
VISUAL INSPECTION CHECKLIST

NID ID#
SHEET __ OF __

ITEM

YES

NO

REMARKS

EMBANKMENT DAMS

TYPE:

1. CREST

a. Any settlement?

b. Any misalignment?

¢. Any cracking?

d. Adeqguate freeboard?

2. UPSTREAM SLOPE

a. Adeqguate slope protection?

Any erosion or beaching?

Trees or brush growing on slope?

Visual settlement?

b
c
d. Deteriorating slope protection?
e
f.

Any sinkholes?

3. DOWNSTREAM SLOPE

TYPE:

Adequate slope protection?

Any erosion?

Trees or brush growing on slope?

Animal burrows?

Visual settlement?

Surface seepage?

Toe drains dry?

a
b
c
d.
e. 3inkhoies?
f.
g
h
i

Relief wells flowing?

j. Slides or slumps?

4. ABUTMENT CONTACTS

a. Any erosion?

b. Beepage present?

¢. Boils or springs downstream?

5. FOUNDATION

TYPE:

a. if damis founded on permafrost

(1) s fill frozen?

(2) Are internal temperatures monitored?

b. ifdamis founded on bedrock

TYPE:

(1) s bedrock adversely bedded?

{2) Does rock contain gypsum?

{3) Weak strength beds?

c. if dam founded on overburden

TYPE:

{1) Pipeable?

(2) Compressive?

(3) Low shear strength?
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NID 1D#
ALASKA DAM SAFETY PROGRAM SHEET __ OF
VISUAL INSPECTION CHECKLIST

TIMBER DAMS

ITEM YES NO REMARKS
TIMBER DAMS TYPE:
1. CREST
a. Any settlernent?
b. Any misalignment?
c. Adequate freeboard?
d. Deck timbers sound?
2. ABUTMENT AND FOUNDATION CONTACTS
a. Any erosion?
b. Seepage present?
c. Boils or springs downstream?
d
e
f.

Exposed bedrock?

. Is bedrock deteriorating?
Visible displacements?
3. STRUCTURAL AND CRIB TIMBERS TYPE:
a. Any deterioration?
b. Are ends broomed or checked?
c. Aretimbers preservation treated?
d. Are timbers pinned or bolted?
4. CRIBS
a. Are cribs filled with rock fill?
b, Is rock fill sound rock?
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SPILLWAYS

ALASKA DAM SAFETY PROGRAM
VISUAL INSPECTION CHECKLIST

NID ID#
SHEET _ OF __

ITEM

YES

NO

REMARKS

SPILLWAYS

TYPE(S):

1. CREST

TYPE(S):

a.

Any settlement?

Any misalignment?

Any cracking?

Any deterioration?

Exposed reinforcement?

Erosion?

b
C.
d.
o
f
g

Silt deposits upstream?

2. CONTROL STRUCTURES

Mechanical equipment operable?

Are gates maintained?

Will flashboards trip automatically?

Are stanchions frippable?

@iojolvie

Are gates remotely controlled?

3. C

UTE

a.

Any cracking?

b.

Any deterioration?

~

LN

Erosion?

d.

Seepage at lings or joints?

4. ENERGY DISSIPATERS

a.

Any deterioration?

b.

Erosion?

~

b

Exposed reinforcement?

5. METAL APPURTENANCES

a.

Corrosion?

b.

Breakage?

~

LN

Secure anchorages?

6. EMERGENCY SPILLWAY

Adequate grass cover?

Clear approach channel?

Erodible downstream channel?

Erodible fuse plug?

Stable side siopes?

a
b.
c.
d
e
f.

Beaver dams present?
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NID |D#
ALASKA DAM SAFETY PROGRAM SHEET _ OF __
VISUAL INSPECTION CHECKLIST

LOW LEVEL OUTLET

ITEM YES NO REMARKS
LOW LEVEL QUTLET TYPE
1. GATES

a. Mechanical equipment operable?

b, Are gates remotely operated?

c. Are gates maintained?

2. CONCRETE CONDUITS

a. Any cracking?

b, Any deterioration?
¢. Erosion?
d
€
f.

Exposed reinforcement?
. Are joints displayed?
Are joints leaking?
3. METAL CONDUITS
a. s metal corroded?
b. s conduit cracked?
c. Are joints displaced?
d. Are joints leaking?
4. ENERGY DISSIPATERS
a. Any deterioration?
b. Exposed reinforcement?
5. METAL APPURTENANCES
a. Corrosion?
b. Breakage?
c. Secure anchorages?
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INTAKES

ALASKA DAM SAFETY PROGRAM
VISUAL INSPECTION CHECKLIST

NID ID#
SHEET _ OF __

ITEM

YES

NO

REMARKS

INTAKES

1.

EQUIPMENT

Trash racks

Trash rake?

intake gates?

Are racks and gates operable?

a
b
¢. Mechanical equipment operable?
d
€
f.

Are gate operators operable?

CONCRETE SURFACES

Any cracking?

Any deterioration?

Exposed reinforcement?

Are joints displaced?

a.
b
¢. Erosion?
d
e
f.

Are joints leaking?

CONCRETE CONDUITS

Any cracking?

Any deterioration?

Exposed reinforcement?

Are joints displaced?

a.
b
¢. Erosion?
d
e
f.

Are joints leaking?

METAL CONDUITS

a. s metal corroded?

b. Is conduit damaged?

c. Are joints displaced?

d. Are joints leaking?

METAL APPURTENANCES

a. Corrosion?

b. Breakage?

¢. Secure anchorages?

PENSTOCKS

TYPE MATERIAL:

Material deterioration?

Joints leaking?

Supports adequate?

ale ol

Anchor blocks stable?

Sierra Club v. EPA 18cv3472 NDCA
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ALASKA DAM SAFETY PROGRAM
VISUAL INSPECTION CHECKLIST

CONCRETE DAMS

NID ID#
SHEET _ OF __

ITEM

YES

NO

REMARKS

CONCRETE DAMS

TYPE OF DAM:

1. CREST

Any settlement?

Any misalighment?

Any cracking?

Any deterioration?

Exposed reinforcement?

alelalo ol

Adequate freeboard?

2. UPSTREAM FACE

Spalling?

Cracking?

Erosion?

Deterioration?

Exposed reinforcement?

Displacement?

Loss of joint fillers?

Damage to membranes?

~lzlal~lojalo ol

Silt deposits upstream?

3. DOWNSTREAM FACE

TYPE:

Spalling?

Cracking?

Erosion?

Deterioration?

Exposed reinforcement?

Inspection gallery?

Foundation drains?

Foundation drains clear and flowing?

Seepage from joints?

=T la e jalo fole

Seepage from lift lines?

4. AEUTMENT & FOUNDATION CONTACTS

a.

Exposed bedrock?

Erosion?

Visible displacement?

Seepage from contact?

olalols

Bolls or springs downstream?

Sierra Club v. EPA 18cv3472 NDCA
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Guidelines for Cooperation
with the

Alaska [

1 Safety Program

Appendix H

Excerpts from Guidelines for Reporting the Performance of Dams, by the
National Performance of Dams Program, Stanford University, 1994.

H-1
H-2
H-3
H-4

Sierra Club v. EPA 18cv3472 NDCA

Guidance for Determining Whether a Dam Incident Has Occurred
Dam Incident Notification Form
Hydrologic Incident Reporting Guidance

Seismic Incident Reporting Guidance
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Mapoiting Basis—How 1 Repor the Pedormance of Dams

Table 3—Guidance for Determining i a Dam Incident Has
Oecurred

o Flodings ispection that dentifies 8
Cm fekh imnident of

: i 1 chan fevedusive
ardinary mainienancs gad :“f:pai and findings of
tondogunsies relative o Current design crliadiag

Diamags, Signe Obsrvstions of dessage, slgns of

5% o instability

Diistress, Tnstabilny of the dam or wppltenan strmctures
Damy Breuch, Baay Pailur D breaeh {pantial or compleles)
Controlisd Breach Planned (nom-omergency, nonsincident tnitited) bresch

aof the dam, Porsibly cavried oot 1o remove the dam from

servive of we tiuke maior mpais.
Diosenstream Relesse enant
Controlled or Litgite
Unsantralied dnag.

Inflow Pioods, Barth- ormmanoe of 5 (satisfaciory o

R L Apasid or anantic aim‘ generaizd
by & nearhy seiemio svent or inflow o sl

Misoneraiion, Opsrator Misoperition of dppurtensns struchrres ook w durion »

Error bydrologic gvent,

Parpment Padluee Fothwre of mechaningl or ¢f sl pgu T i
perform thedan sefisty Tanctions forwhich tey were
intanded.

Diererioration Dreterioration of conuret, steel Hr tml £
Jeopardizes the strovterslfunctioust ot
or appariegan siracinnes A

Dy Safory Modifioation | Muodifications 1o nprove the safety of the dwn og
sppirtent strusmres such w might be reguired dus o
changes i thedesten criteria. Mot Bepairs following
an mcident wre reported as part of & follow-tp foport,

Bessreadr Intidents Ewents that aocur i the reservodr fo.g., landslides,

the sateny of the e,

it my aps

wgeney Action Plan (o
it of whiode,

¥ Aotion Plang Erplomentation of the )
sanorgeney aotionst in

Regubaory Action Ii'u, fegmag et hasduiermined se ensafe condition existy,

nlicable tdesipn driteny (e,
ma& agua:. @piﬁiway capavindd, e vognives aition ol
ahoen by the owaer (8.5, reservods rostrintios, sadety
edificadion).

i the Guidelines Reference forspeclfic reporiing eriteria

Attachment F
Page 181 of 230

Sierra Club v. EPA 18cv3472 NDCA Tier 10 ED_002061_00172725-00181



Go to Table of Contents

Guidelines for Cooperalion
with the

Alaska D

Appendix H-2

Attachment F
Page 182 of 230

Sierra Club v. EPA 18cv3472 NDCA Tier 10 ED_002061_00172725-00182



(o to Table of Contents

Saolinn B--Desoripiion ol the Dam Incident Flapot

am Incicdent Noltification

Dt
MATOAM I Blate i
Cam Mame

Ael S ingidenls Snvoliing inuliole dans, submitone DU Sy sacl oan or afiach o NOTTEAN st o the tlams
. Ay,

-~ ™\

frcident Dalaisy

td Flood W Dam Operations
ok Seigmio Bvent L ModBcation/Bepalr
3 Deteriorafion i Heossvior Incident
L BespangePlping W Oy

Hernarks!

P o i et B S e T D L O 6 9

D Sppeienant Shuctures Dopenstrpamyipstivam
4 Brasoh ‘ 3 Fatalities Mo
L4 Damage 4 Injuries (MoJ
L3 Mo Apparent Darmnags W Property Damage
Reservior Status? W Mo Damags
Remarks'

Telaphons: {3

Mame: Fasrr { 3
Organization
Ardchoss:

S Al rive Ot Tlie Lo
N Dhave Becd: Diase: Rev'il: Revd By: o

e

Ptz s van be wsed foshesee e shecked Boxss, Ad0ional pages can be vsed #5 necessary, IR0
e pvenply: Joved reshictions imposed, sty ol

Figure 3-2—Dam Incident Notification Form

455
&
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Sectinn B-HydrologinFlood Events

Guidelines Reference—Reporting Dam Incidents

Section 8—Hydrologic/Flood Events

8.1 Introduction This section provides the Reporting Coltericand Beguireronts for oo food events
that challenge the inwegeity of dams,. The Reporting Criterin axtabiish the guidelines w
determing whather an inflorw Sond 8 a0 event of engineering intersst, The Reporting
Requirerneny define the information they should be provided 1o thewoughly and
gomsistently document inflow Roods.

sused Ty heavy mainfall andfor snowmelt g

Agr nflow food o g dane oap e oo
watershesd, or the fallure o7 lnepe relense Mo an upstream dam,. When s luge Bood
vocu, & dam iy experience 43 highest recorded poal level wdior largest flow
througly s obtds svsteny. Furthenmore, § may be the ondy tro tes of adam’s design.
Thas, piven the cccarrenss of an oflow Hood of eog ¢ intenst, theperformange,
setisfactory or gazatisfactory, of s dam waler these conditions should be dovumentad.
Dosnmentation should inclede micomation on the flow Bood b dap and s
as-tidh strocturad end hydmolio dhamoteristion.

Subsection 1.3 summarizes the Hood events and damam that san osonr. Bobsedhion
cs Reporting Criteria for ood svents, Subseotion B4 desordbes the Repot-
mg i»i»‘i;mf“ ments e documertar inflow food and the porformance of thedam,

Beotion & desodbes the Beporting Requinsments 1o document the pegf"mmz;mw uf
appurtenast striciares A dems whers the operation of outlets 15 reguived o frovide
froiomt vutlet capability, the wr‘fﬂmamﬁ of dasm opesations lopersioes, procedueg)
should berepored. Section 7 dossidbes the Reporting Requirsments tnJdomunent dam
aparativms.

w

g.2 Flood Incidents  In the event of & flond, feilure or severe damage o g dam can ooour 45 a result of the
following types of hazds:
» dam andiorspillvay overtoppiog,
= igh o rates o sptfhwaysoand cuther works, god

# high poud lovels

“F s tere “lasgie fied” i
i adan® vaider and yiow
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Basion B-HydrotogioFlond Evends

Bach barand hag e potential woalfect the dam in o Jiferent way, depending o the
wype of dam, #s design, and the magnitude of the barard,  Oventopping can came
shmage o tie embankment, dam foundation, spifhway, and other spprtenant stus-
fures,  Large Dows can damage spiltways, stilling basing, and outlel wodkis, and can
wause dowrstresny inundation. High pooldevels canincmase seepage pressure, affect
struchae stability ordamage enprvtected wroas of the upstreonn slope. Table 81 lists
mudes of failore and damage that can peeur in the gvent of a large Hood.

8.3 Heporting Thes submection prosvides the Beputing Criterta that define when s Sood incident hag
Criteria vocmrred b a dasy. The vriteria ave baded onthe nisgnitude of the nflow fo the dam,

the dam outhet oapacity, aod the occurrance of damage io the dam or appurienam
structures. The criberd nclude buth overttpping and son-overtipping evonty, inde-
pendent of whether damage or failurs of the dam or 8 appuricomg stivctures oocu,

Table 8-1—Modes of Dam Fallure/Damage Due o
Hydrologic/Flood Events
{High Pool Level andfor Large Floods)

L
Farth-or Rookf3l Bams

niernad draindge
Hagefarosion

Agpustannt sireib;
Dhvwostrean
s

et or {iker Typos of T Dresatuning i By inadeginte busteess, mvrsed

¥ 324

inguaste Haing,
. Fosribathont supgat
> wpily, sespags

i HEL

io, unddendrad
AESR R

Cratlers Cavritptiin
Struatmre damnge dos o vibostion

Fotpdation Fringiren
Hoepage
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Seution §—HydrologioFlunoed BEvents

Inflow food incidenis sre pategorized By theee groups. The following ase delined a3
o invidenty

. " 3 o . . .
1. Dvertopping Events™ < sy inflow which overtops albor g portion of s dam.

&, Mowsvertopping Events- _?% ool wehie
orwhich cavses the spilbvay ™ o How ¢
regardless of the flood frequency,

pxoeads the 1 veqr pvenl;
dopth of one-half foll or geeater,

3. Anyfow thal causes demage 10 the dans or appucienant struclures that
poses ¢ potentisl salfely basard,

In sl gasey, the performance of & den By documentad whetber dasn Tatlure vooors o
o

EE Special congideration is given to report hydrologicflood events that
oocurat small dams that have limited ocutlet capacity e, less than
100-vear flood), of which theve gre many. Inordar fo imit the numbsr
of DiRs that would involve small dams and low flows (e, much less
than a 100-yvear evert), the Reporting Criteria far norr-overiopping
Hows consider ouly events where damage fo the dam or is appurte-

nant structures ocours, regardiess of the ;mg_f?i?mf@ of the Hood,

Figure £ Hlustratey e bydrologioflood Reporting Criteria. Sa ovent s veponted i
any of the shove oriteria are mat at ong or more dams.

In the case of larze srepl precipiiation svonls of salioms tver Thows (powsibly due o a
farge release putvensn damd ey dams may be affeoed. Under these
eirpurnstances, thy Tollowing apply:

s

L. Theperieamarics of ol dions that satisfy de Reporting Urittiia desoribed
above showld be reporied.

ey stern that contnbuts (o
4 darns shondd be mported separalely,

. Forevents invobans multiphe dams o
A i vvobeing muluphe dims op
doswrnpstrenes release, e prformance

T ¥ o withan sewryeny spdeny an

spibway

83
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Swotion &-—-HydradogicFlood Evenls
s T,
( HydrologleyFlood
. Event Coours
AN
y i g \I
Event Iz Mot
y Reported /
o, e
N o
Figure 8-1-Flow chart for reporting hydrologic/fiood events.
-4
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Seotion BHydrologin/Flood Eventy

A ecimple where the second considera wouthd be inoa case whére s dar
b Fatled dug 1o overtopping as u rsult of extrome ralndall ¥ the inflow 1 the dam
was affected by the operation of damy upsiream, the performunce of the upstreas damg
should be reporeed as well,

8.4 HReporting The DIDR for a flood event should include information s
Reguirements
1. the type vt magnitude of the flood that odgurd,

. precipiation data i the Hood was generated by rinfall sadlor stwwermelt, wd

To facilivate the repoding ¢
provided W document g Yo # Pood eident shoald, w58
sviniemen, oot the incident ohe ufpestation The dats
foorms sre provided as an altormative wpotting fomal. As noed in Section 2, ¥ &
anticipatod that wost, oot aii §:§f ’!‘E“ss:‘ fissed information wi i% tw g s by the
engineer durlng an inw able that the

DOR melude informat f‘;« . ncident inspection mepons, feld
Ly,

Fige 82 shows the Hydns Pk Jis
on floodevents, This cheoklisg, w%&zyh i L»ﬁ?};’}fﬂ?d fw‘ S h i“i:;tn m>€33ved in m;
evenl, should be used in conjunction with the Incident Documentalion Cheo

TDIR-003) The fullowing incident-specific documentation should be provided:
= Listasd destification of dams affected by the hyvdeolpginflood svent
® sgicdhydrauBo design offteds and copacily asd as-built o

ton Gechinding any modification aftsr constrsction)

s Informativn which documesng
{pe refers W upstroam ml

» Rairfallarowmelt ovent information, i appivable (s

g g}@ ary d mzmms;fk of m ﬁm}é hwdineraph

o Chapastly of the ddm o safely pass the flood (e pool feveld, slorage, and
spitbway How dasg

s {reorlopping data, i applicable

Dsocwmentation of dam

'M i‘s}' Ereans 4 35
e drawings iwwmv ésotrc ,savﬁ areas &r;f“

» Byewiinsss reparts, if avall
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Spotion 8- Hydredogic/Flood Bvants

-

MATDIARM I
Blate Hy

Exarmy Marns,
S

Hydrologic/Flood Event Checklist

.,

Dats;
Frapared By
incidant 12

-

3 RainfaliSnowmelt

Lh Upstream Dein Fallure

L Dagn Ovartopping/Spiiway Flow
{zae DIR-011)

L3 Feserwir Blorage Dala

L Darn Operations

3 HydrologieMydrautic Degign
Fagpor

Ll Dinaion Raindall Depth, Area
and Duration

Ly Waarshed Hydiologio Data

Bermarks

L List of Dama Affected by the Flood Bvent

A

& Upstresm Dam Belosse

L3 b

L3 Fesoreolr Leval Dals
G Damage Report

Ed Other |

e L B e, T S g

L Hydraulic Reting Curve
L3 Flood Rotding Dats
L inflow Hydrograph

o Congr

.

/

Lo

Figure 8-2: Checklist for reporting hydrologic/flood events
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-

ainfall/Flood Data Summary
MNATDARM D Pate:
Biate ¥ Frepared By
Dam Mams: incident I
Y ¢
- ™
Paring of Hainfell o
i

Ragordad Raindgll
Logation Aot

Sriow Depth i)

Prior Hydradogic

Comdition

Period of Flooding i
e

L Inflow flood hydrograph

Flow Sumimary
Lovation At {ofg)

L3R 8
Figure 83 RainfalifFlood Data Summary
B-F
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Suotion B—HydrologloFlond Events

4 | | N

RATDAM Iy Dt
State Proparad By:
\‘x Do Name: ncidant )

AN

Peak Depihyof Thrse Ouentopping
Orheariapping 1) Benan

Poak Reservolr Drargtion of
Elevation {1, sl Crvartoapping
Onhigr

rior to breaching te dam

Principal Secondary {Emergency Spillway)
Depth {ft) Depth )
Fiow {ols) Fleew {ofe)
Valoudty (sec) Ylogity (ft/sac)
Rergrks
| EHR-G1E

Figure 8-4: Overtopping Data Checklist
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Inflow hydiographs

w Resgresir siorgs datn

k3

Spithway -oating curves ncludes dam ove

B

Flood voutin 53

A Pood can be penerned by g ool
vwrnedt ovent, wlmge relesse fromoan E,_vxmmww repervolror dam broach, & fload
by collecting or determing vw ydrograph, The volume of mpoff
4n w& impertant s 8 relotes o gvarlable food slorage o the mservoir. Flow versus
x can be obiained from viver gage or depth-velocity mesiurernts then bumed
y upsirsarn ar dowsstionn (oudlee hydegraph) of the reservily, Reservolr pool
Wé m versus tie dats van also be el pful in determining storage, spillway How, and
conapsring Tood wuting methads. ﬁm&%mg vedoase oy be kaown anddor dam bregk
anady sty pould be weed W stroudade & dam Breach o determine an inflow bydmpraph.
Ay s of this type should b sebaitted with the DIDER orin s follow-up report

et Bainfnll datn B reconded by randall gagesy
. These gages sy be sbmple garden sore collecton yp
3 .;,%ﬁ,m off m:m ﬁmﬁxﬁ ooy gagey which record the amotnd and

v performing a

eoted aren 1

Banfall Swowondt mwgﬁm Ey
present in
oy the more 3

g
!.“}

Aerpning poing

it

Fottse %
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m

o S-HydrotogioFiood Eveaty

# pm.«, follow-up Mows_a sfstadios which were nndenaken a8 v result of the svent
Sop SOQOITIPARS spilbwiny design hvdroarapt with sonsd bysdrogoaph,
£ m‘mm% amabysis)

«.

B Note: Heporting Requiraments for documenting downstream food
ing and damage are provided in Sections 11 and 12, respectively,

e

it of Damns Affectsd by the Flood Bvent - A oumber of e dams oin be
affected by a floodevert. A rassfallfaoowmelbevent can cover a large areh, of a foad
canked by o bregch or apstrdan releise could wffeet several %5. ia series. Al damg
which satisfy the Repoating Criteria should be ﬁuc%& cm The affect
bees fdentifiod tr anvordanes with sequitements o Section 3

freotg

1t Information - ﬁmmﬁ. m

Project Destgn and Az-Bud
information swesld be subritted w noted under this s
maon speeilis o o daod’s alulily 1oopess o foud f?ém& moleded, Ususlly o
HydrologioHvdrandic Design Beport will be avallable o inspection reponts will
have analvzed the watsished hydrology and Wedegalic ,..mm._&mww of the das, Provige
the Tollowing wifvamation in the DIDR:

ma ﬁiew« %A

» Watershed W@ draks it bydrographs, raaoff,

ﬁ.ﬁo sofl tvpe
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Bation S~MydroldgioFioosd Evenls

radulall amounts. Based on Westher Bervice reports oy 8ol Usnseryation Service
SHOw Tepnres, suow depth amounts are usually kaovwn. Dther information which
mieht be peatlable vould be lioheytal maps and mietenrologion] sunumaries of the
storm. Actus! ruastl will be determined by watershed gven, slope snd vover, suil

type Onfilivation reles), and the previous hydvelogic condition of the watershed,
Lo, was the wronnd weob fovn prior rainfall, frosen, oy coversd by snow,
Drvertoppiog Dats - I hodem b overtopped dorng the flond wvent, ¢ elated 1o

the gasen of o e of the dam shoald be reponed, Flas

sheabt tnchade (see

sping and the performarn

+ Maximpm deph of sveriopping
e Lonpth of dam wiich was overiopped

¢ Top of dave profite, crest width, spstreum amd downstream slope

¥ Tirne after tart of e stoem or Tlood when vvertopping |

B

hifaiture, o apphicable)

2 {prior 1o the by

# Prgmtion of gverioppd
« Uover and the condiion of thie dam cmstamd downstrasm slope

s Agtions taken by the dam tenderfoperstor andfor wgalaory officals

& Any etherstgnificu chservations

s o et Porn bt oat

Fiann 84 ety dobument esriopping,

Pracumentation of Damage - Guidelines for mporting Jdamaps 5 given b Segtion &
Mot dumnags ingueead will be cleardy visible, However s z)f (}m *';i‘-{:ﬁ??&i'@k?’i‘i@‘-i’ii
OF STt e c*wmm high pook-levels snd Incmm i

ciions may also beo in §§T§,t‘5 seclion on D
onihd b consuliad when seposting post-iatident
Can Emergenoy Ackion Plag.

85 Followun
Raports

tspies should be ;’3;’;:‘;%-;;.&&@5:

» Flood frequency or hydrologic nvestigations

Beptiis o ihe cause of fadure i dpplicabls
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Hection R HydrolngicFlood Evands

s Desumentation of rovisions o the design basts of the demn o sppurtenan
strachazes, of bo opesstag proceduses o other aspects, a8 aapsult of the event

Refer w Bubsaction 34 and Tuble -2 for genersd guidince on followeap informuton
that should be mported in the DIFRL

LS
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Sevtion S--Helsmic Bvents

Cuidelines Reference—Reporting Dam Incidents

Bection 9—Seiamic Events

2.1 introduction GRS HE S
phe simuloy

S {> o

usly cha
%’zm a;‘%g‘)z:r‘w

s*;;uapmcfzt HEGHES n,*swnw»azr 3y
gapding of thelr seismic §
menty episodes when daros
interest.

il gﬁmmmd :
While varhomaher g most connpon in the westemn U. ‘& *’J%s z‘pnm:‘ pally dw
Californdag, they, in faot, ocour thesughout ihe dountry. In 3.%;& ceniral wd sastern 18,
(CEUR) carthguakes oocur fesa froguently however, some of the largest historic svents
have oocyered these (S, the sories of Mew Madod carthguakes in T8 and 1812 had
magnitodes of T8, R and 823 Panhermoe, due o the sature of wave propagstion
i the CEUS, swong levals of ground shoaking ave folt over a much larger region than
similar-sige svonts in the WUS, This s Husivated s Figwe 91,

This ey prevideg the Reporting Ol
performance of datns during santhopales. 1 provie

ria and Heguirements for documsnting the

« eriteris that define the siee of varthouakes of engineering tolenst,

v priterks for Wentifying the doms dn progimity o an canthgoake whose
gnce shotld be mported, and

iy dhon-

{CTus

= Reporting Reguirements thar identfy dua thal should be providy
ment the size of the earthauske, the hozaeds af sach dam gite, and the pe

ance of the di and sppurierent stosluses,

‘-“v-&-i‘{t . f%w Lfy("ﬂw‘é ra.gwﬁ gu’:z"zsﬁ
pam f»{ sedsrnic me : &
sl the modes of dasn Totlure. The user of o
ihis documnent, sy well a3 b eadthguake engueering e °;§¥}€5§¢:}g§f'.

COROIRE Y szs@mg}t:«;m of ﬂ”’fﬁ iy

Lavrge o, "Guidelings Sy Puspectitvr of B Follow Grewkes™, Eveer

e
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Suetlon So-Seismic Bvands

3?% San Francisce o uodeid
. B .

- Yi-¥i 5

§

H

F1F Ben Fernondy

=¥h
Charlesion ¢ 1886

50 ko

A

Figure 84 Hustration of the difference in ground motion experisnesd
during sarthguakes of similar gize v the ?%S and the GEUS
{Heprodused from BPRE L

, g Uriteria thet define the surthgunkos of enginger-
iy interest and the procedure for idenufying the dams ooated asarby whose perfuom-
anwer should |

¢ e emergenoy acions, Subsection

5 dhat shisald be reported,

The engineer should refor 3 Sectioss 11 and 12 which give the Reporting Regudee-
snenix for documenting the charsieristions of the dup breach snd dovemstresen flooding,
sl thee oste of the dem fatlure, retpectively

9.9 Selsmic Hazerds  Hoswds that meay be genesied by aseiomic event invlode:

~ Desoriptions
& siror proumd sotion b the da site,

P Flegtrie B Siprwake ixvognd Wotian,” BRI NE-ROTE,

Fadn Ao,

er-Begearoh fnstineg, "Eugluesring Model

ifrnda, Quipler JRER

G2
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Boating S--Sefamin Events

+  ground offset oo fanl movvoment ol or negr the dam foundalion or shutments,
oF v the wservolr,

torr of the dary foundation,

« figuely
# gedche iy die resprvnis,

+ lnmdstides n the reservoir which oreste wave aclion,

» landshides or rockfails that affectthe spillveay, powerhbuse, sutler fandlities or

other apparenant sractis, g

¢ ppstremm dam Tailore.

opending
whiog and

Hach bazard has the polential o demage a da and spraIriRnant Sirpoium
o fik‘ type oof dam ng'sd the magmitude of the hazaed, Dam *‘-s'*stimzzem
; e leaksige, can
i anent, o Baguefacting of th
sont. A lardshde by the reservoir s omsalp o wave ihm e
a dam A bndshide w 3
hany

i, Fadbuns or s
ssin coour fir s wuober of Sways, ‘She;:-;’f of
dramaie Tailure of appuriensnt structons, dmmgsf oF ingi
ke diytross or changes toaplift pressures, Tz;bip%iximzmm g}(%t’s}imi
zé;z;zzsm %%mi Sh OUDUr W damm ag%pzmm;mf strpciuges and medhanicaliele

9.3 Heporting
Lrlteria

F 8 imvw nfe ngingeing
s distance are ried sine
ory performance. Due w difl
U g the CHEUS®, Rim) i sp

Bsfactory purformence is 48
enoes i the gitenuation of
ied for cach past of the

aff dmms fov a?t“ﬁ w',
eolighioning as uwhsatish
srotmd mothon in the W
ey

seporiing

The performemer of aff dams shonld be seported that sausty the fllowi
Criprin

b The earthgopke hasa magiituds equal ghor proater thn 3.0

* The bogndary bevvesh S WIE and the CEVE v defined arwpprogipinely FOTUW Supinds

&3
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Sention S-Seinmic Bvenis

Table 8-1—Description of Potential Damage Due to
Selsmic Events

Barth or Bockiyl

Conereks antd Ciher Types of Diamy

s foundation

Spudiway s Fatbiee i or shabs

Dasag vy o gtk
feon r*zzuspvmfﬁ
suipret CHgtenttinms
Danage o valves or outlet pipes
Pramalation Subatidansg
Llgefaction
Mlowerment along a Tl

A
i5f

Broeasioy asepigudmanval of wsbebls
werial
Resereciy Rim Lamndalide dnto the San o resnevntr
T The dus mast be Tocated withlthe distances Hsted in Tables B2 ol &3

These wbles defioe Rimd forcanthgnakes that docur i e WUS and CEUS,
renpectivaly. The distences in Tables 9-2 wd %3 are determined on the hasly
thay the free-fleld, average-peak ground scoelerstion (PGAS ot the dam will

mgm&i prescesd 010y twhere g i the i@xﬁd&r&ﬁui} due 1o gravity, 9813

Plgurs 92 fllustrates the seismic Baporting CUriterda,

" ..»»"f': CEFSRRg

ke Vﬁf}u?i-.»u’ i wrrm ;3} m 3{.‘&:-} vy mapeiinie, sy vr
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Swotinng S—Seiamic Eventy

The distances in Tables 92 and 9.3 aee veed to define 2 ciroahar region sbouy the
sarthguake epdcenter. This s shown in Figure ©3a0 The ULS, Geological Survey i
Giolden, Colomde can provide the geopraphbic coondinates of the carthaueke spicenier
shortty after B8 occurs.

T the WUE, sarthonabos above approximately magaitnds 6.0 are often sccompantd
by an e of exieided roptare onthe causdtive faudt, In this cose, the engineer shiald
whantify e dams that may experience strong ground motion by defining o region
whnse boundury s Tined distance, Bim), fiom g surface grojpction of the segment of
the Fault that roptored. This i shown in Flguee %30 In most cases, sarthauakes tha
ooy i the TEUS do not bave sreas of extensive Tault rophore. Exceptions inclods
targe events such as those which could oeour in the Mew Madrid seismic gong,

Fapon the pariormanne of tams
wrly @ dam'is braached o
darangnd surh that the safuly of
e shruniure fs affecied

Log (Distance (kmj}

Ragor the parlormants
of aff s

2

F o
.m}g;\jv’a I T

Rimy, - CEUG = 28 km Earthquake Magnitude
WUB = 24 km

o oy

Figure -2 Hlustration of the magnitude - distance
criteria for reporting the performance of dams during selsmic events.

o
it
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Gow Tab

Earthouabs
Epicertar

{a}

Eanifnpunkes With Fault Ruplute

Exrthouake
Eplcantiy

Py - Prigtores within which the
parforranne of alf deng should

A .
{b)

Flgure 83 Hustration of the region near an earthguake within
which the performance of dams should be reported for gvenis in
the CEUS and WUS parthouakes without extended fault rupture

argd {b) for events above magnitude 6.0 in the WUES where ax-

tended fault rupture pocurs damage to a dam that affected its
safely, this event and the performance of the dam should be re-
ported.  Theretorae, certain exceplions {or additional criteria) are
considered,

G

Sierra Club v. EPA 18cv3472 NDCA

Attachment F
Page 202 of 230
Tier 10 ED_002061_00172725-00202



(o to Table of Contents

Beotion S—heismis Evends

Faveptions

copticns to the above oriteria. For example, while not expected, i an
aceurs snd either breaches or canses damage 1o
: e of thedam should
b meportad. To gecount for hese, pertaln exceplions for addic
thoiad eriterind

bl distantes groaler
< the performanee of dams shonld be reported,
apply;

e i Breach oocurs, 8

# sufficient da
& postantiad «

coury that, b the opheion of the Inspeciing enginesr, poses
pared 10 the darn o appurienant stuciuses,

SBinpe Tabley 9.2 and 943 do not ap
aagest be defied, Tadhis e
of the dam farthest from the
the carthopmake, For canthups
ot :
sedefined. T thiy ou
farthest from the cathguake epics
iHusteases the steps m the Reportin

by o carthonakes with M < 54, o vilue of B}
o the distance eorresponding to the location
hat o bresched or demsged dusing
darnaged and is
Rim) must By
onding o the dan
at was breached o damaged.  Flgue 394
Criteria forseismic events,

ached oy

dary s b

SF
¥
=k
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Table 9-2-—Distances Within Which the Performance of
Dams Should Be Reported in the Western U.8. {west of
108E Wit

Sk H
%2 3
34 A
S5 3%
55 3
R4 %
%3 43
1.4 47
68 44
(g 54
T i
74 G4
EE S )
#.4 it
8.2 %1
H i
285 i

Foy pawrmediore magnibedey e appropriots divimces wan by ivterpoiated.

¥ The diseonee iy mensared foom the eovihguake spiventor or frovn the surfocs projestion af the greecad
rupfare on the fodlt {Sce Figs, -3 & 9305
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Beetion S-Belsmie BEvanis

Table 9-3—Distances Within Which the Performance of
Dams Should Be Reported in the Central and Eastern
U.8. (east of 105° Wy’

532 32
54 38
55 46
38 34
G143 Hi4
6.3 T
&4 B5
6.5 G
6.8 114
TA 135
T2 145
7.4 i3
73 174

“Eor busrmediss suagnitusdes the dppropriass dicasce con by stsrpetsted.

”
e diztanve 18 sensured from the eurihpaaky spioesies

9.8

Attachment F
Page 205 of 230
Sierra Club v. EPA 18cv3472 NDCA Tier 10 ED_002061_00172725-00205



(o to Table of Contents

Seuction -Spizmic Bvenls

f’f . ,»”j Any
o Earthuuake W g e

w PailDamaged
N%\;::;r Mo 50

Magnuds

5
o Ay dawss
<‘ fatffdumaged
+, it
Ry

Rpeort the
Performancs of all 2
Prams Within Rim)

Figure 9-4 Flow diagram of the Reporting Crileria for seismic events.
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Section S-Salsmic Bvaniy

9.4 Hepording
Reguirements

This subsection provides the Reporting Bequivemants for documenting the perfonm-
anee of das dusing & seivmic event, The sequirerments apply o 207 dams 1o an area
defined by Rim) {see Fig. %3

U3 The Reporting Regquirements are vaed (o document the satistactory
and unsaftisfactory performance of dams during an sarthyuake.

The DIDR for o seismic svent should contaln the following:
Fo Beiswde Byent Uheck e (DIRAD13
3 Do Seiymic Performance Checklist (DHR-04)
4. Sopporting docoimentation for each dam

Figure 8-3 shows the Beismie Beent Checklist tand ditg form), The checklist identifies
the information that should be provided o dogument g seisimic event.  Infonmation
Hsted oo the cheeklist ncludes

# Barthouake Characteristios -~ The localion and magnitude of the sanhouaks
seposted:

» Dare Performance Dats - The engivesr should provide » list of all the dans
hat were mspeotad by stane spectons, Jdam owners, e following the
earthagusde whose pecformones & belng E’éﬁ@i@f’fﬁtﬁé' This Bst ey be s printont
of 2 progra that soned through an Bieestory of dans, a copy of the BAT-
DM Bletor sach dan, gt A THDR should be provided for sach dam that s
histed.

svent, This check st and supporting dedumentation should be provided for each dun,
st dentifies the following information 1o he provided;

Figure B0 showy the checklist for mporting the pecfomance of o diun durdng asgismis

ot displanes

menly

= Documentation of Qenags fpwund and strocters coseking, monement, husd
shides) to the dam, sppurtenant steoctores, and reservolr rim by means of
phiotos sndinr viden tape, along with thorough descriptions {e.g., photo ngsk

# Llopy of srong-motion meordings whitaived 2t or near the daw or mlennce
wsiute qr federad apency whes these records san be obtained.

s Eyowitnesy reporis {3ee Section 2%

Mote, o e of dnmy s wers wspseled way alve provaled wish the DIN An wpisred g should be
proviided in the THER,

911
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» & gopy of the post-ovent ingpection wepotl, including febd noves and shetehes,
if avalable.

# Murkedonp soals drawin
meriernents, oo gocurred,
areas,

= Post-incident sitio
geney motedoresl

# Aol dediyn
factoes of safety

dormation, ncluding scismic design parameters, estinaated
Ksotion H

}r; the caseof dar faibiere (Le, brsech of wdum ), recoutroments for vepovting dute onthe
goch and dowesiram inundiion and sosts of the incident are given W Sediions 11
zxmi 12, respectively,

that information wi‘zis; b i 1mim§§} &»azia%ﬂﬁ 151 wi icwi g xmxmiﬁrpr?iﬁd

As-Built Chursoteristios snd Belsmde Destpn Paramusters - The report Toresch dam
that nxparisneoy He s:gs,xmeg;mm %hmsivzﬁ include wfonmastion oo the selasic design and
an-built chage . T checkli Seure 305 identified the iwm information
thiat shoald be repoved giwssmmi t@w ’whmii ﬁi‘?ﬁf;ﬁﬁitﬁf‘i\iw‘é of u dam, When
reporting & seismic svent, 1 3 oy ion
oredibde carthouake gad sﬁmsm mmzw&@} ami
yesds of sefvinds ovaluations e, astiated faol

&

Sirong Geosnd Motion Bevords - In order o pﬁrmé‘i an understanding of thelr
dynumio response, many dams have Deen st 1
gronmd mction at the dum site amd the ﬁ};’ﬁ:‘ﬁ?ﬁk’ 88 {
document the eirth o prownd wotion axperianced ot s dany, the f:’min wing infonma-
tHom should be provided:

» A sumrnary of the streng moton s
the Iocation of the s

rivpnsntation s the daen OF anw ), Indioating
instrurnent typedmodel nombar,

s,

cimta-aﬁaz‘iéﬁtim i,,hezdma%. ‘ g
beused ty sumimgrize the @ha.rcmmzsim, of 1 .%.;z,, instrismeniation svy
recorded data.

e onnd the

» A oopy (ploty of the strong motion reenrds obiained from cach g:hsmmi x-'hs:.» ;*id
b reprted.  Inttal reporis
teape) angd estirated po

digited Hme Mslory, response spast

s provide the 'gf; GUEsEE
¢ are available
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&
£ a5 N
Seismic Event Checkiist
Diate;
Preparad By
Earthguabs Mam
\ Date: Thre: (ERT, 08T, g /

(Earthquake Characteristics

Earthquake Lovation; Latituge: | Lovigiturds:
Causative Fault:
Mypooantral Deptiv {rrifes, ko)
Earthguake Magnitude’
My Tl i1,
m, M mf“

Distance Rangs” B{mib

Basis G, Tabie 88 or 88, otherl:

L Ligtof Damns Heportend L Othwer

e e B AR e S S S A e e e W A B

Fat are k. M- Surifacewave Magf?*z’f}ﬁ&’ Py L PNV PRI, 197y - bodyewave magitody;
m"x&fm&r;rmfﬂaﬁ& M nbsraed megnivee; M- Reizric moments G - Meaéwd Heroall ;,r; iy,

Fiisparos wsind fo ienily doms B Baneution
%, &
fo Nt
Figure 8-5 Seismic event chechiist
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Kovtion $-Seisnde BEventy

Dam Seismic Performance Checklist

MNATDAM i Pt

L State i Frapared By
L Dam Name: v frnicert 1 y
™ &

I - : . ™,

b Birong Sround Motion W Upstrenm Darn Pallurg
Lt Ground Difzet or Faull Movermang wd Landsiides
 Foundation or Embankment Ugusiabiion S Ty

o e e A e o A e e

L Appurtenant Shuclure Performancs
{onorede Sruchures, Mechanical and
Elecirival BEquipment]

. LY Prretdesrinonake inseardae arg Damge

O} Poundation Performance o %u@i ?:){mu wpake lnspection and Damags
eporis

o oy PR v F S peorb S oAbl o f b g

L Darn Perkemanoe {Crast Seiternent, U} Postincidert Actions

instability)
ol Othgr

Wh dostrumsriation Beourds L Legkage Dada
i Fessrvolr Levels Lk O

Both are- gog postearthouake

S e S W R B 0D R L AL B B AL B A S S e Y B A S S A M AR S U TS L e o e e e i e e e PR

b Solls and Ciher Material Properties b Othar

i Seismic Desigr Bvaluation

Rernarks

s

LTt

Figure 96 Checklist for reporting dam performance during a seismic event
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ff ) - ‘ e %
Strong-Moltion Dala Summary

MATDAM H Dhate:

State Preparsd By

Dgere Mame: Inchderg 10
N Earthouaks Nams y
!7/ N”"s

Ty

Manidacturen

#y, of Channels: Hordzonial Yarliosd: Date Installed:

Drata Form

{somlied from plots, uncorrscted, processedinorrested, so)

Thanns! , Poak Value
Mo, Location Dirgotion Units {

. e SUone! DRges 88 necesyary
S

e
Figure 9-7 Strong-motion data summary form
515
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Alermuatively,

o 1 there sre nd strong-

ines obiained ot the dam s, inforeation
Estmilar o thad ; s‘ﬁ ab& ki "‘c‘i‘; srest vecending station within ¥ kw
shoutid be pro In somie wothere ey be mualdple recordbugs
within 26 ks imig ey sk station should be provided,

g a:;f & da;’:z w % 3;@' Frenent SHnchye
Fhis puidance

:,ssmzsuﬁ

The fedlowing pawmgﬁh\ whenuly specifie
psponse i mt shoukd S
paraiels b post-earthyuake inspectio

1 dams, whormation shoald
sase to the sarthauak

Erbnnkorent Do - Foy sarth and ol b reported that

docnimants te Tollowing

» gheformations o the dam and foundation

w ohuye sd Tonndatio

» chamnage dus i

olowing simarises the information the should be documered in these chfego-

ries,

Deformutions In the Dam angd Foundation - The lootion and dimengions of defor
stions i the deo and {oundation should bereporied, including:

& orestsetiloment

® pPUst movoment upsiaewm or d

o bl

crackingy,

7, shomping, shiding, «

Eer g

o Taavesnends

» effects on slabe, parapetwalls, 3 any, and

= gronmnd offset or fault moveront i the foundativn

I e disceraible effects 1o the dep or Poundation hive been observed, this should e

dopmmentad as well,

Eetoma, “Cinideliner for Snspection af Do Ealiowing Enpthperiey, I3
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Sautinn H-Selsmis Evends

o aand Foupdation Hydrsulle Effects - The fllovdng should be reported

= ubserved changes in seepage How, locations and tebidity {provide moasure-
mens, 3F availabled pove pressune chunges sbheveved 4o plesomstirs,

» geoirrenee of sinkhndes or beils, or

» oirdistemible chianges Io Spopage OF DOIE DIOSSLE PRI,

Dvoprrence of o Belohe -1 a maorvoin s voas dirnetly ohserved or I not observed,
evidencs of o selche was present aller the even, e following should bi eporaxl;
» miaximum surge helght of the reservni,

# clan cresl overtpping dale, Tacluding depth and monber of socurences GF
applicable, amd

= dumage eyperienced to e dam, appurienant sirgohees, reservalr v, 0.

Conerete and Other Tvpes of Dams

Movements bn the Daw and Fovedation - The locations and magnitudes of move-
sevents o st of disteess o the de and foundation shoald e mpocted, including, bt
s nedessartly Broited w

» IARE moveteants upsiresm oy dowadiream,

w sy seilement of the dam,

w tilling and differengal wovenonts,

# ofacking or juint opanings,

#  groomd offser or tarl roovement i the foundatitn, or

§

# o visible discemible affecis

Prasn and Foundating Hydraulic Bifvets - The followimng should be reporteds
* abmerved changes i seepape Hows and losations {provide measurements, iF
svailable)
» pore presuire changes chserved in plogometerns,
w poourrenwe of sinkholes arbolls, ar

« v discemible chanpes in seepage o pore prossa patams.
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Appurtenant Strectores - Daage o conorete portions of spillwavs, intake strug-
sorres, Gutler oonduity, outiet control struitues, power plants, and pamplng sations:

w  Toentily and describe the Jocation snd natire of damage (ol collapse, oreck-
ing, seitioment, movernent, foint offsets op separstiong), mode of failure and
prsinle ausss.

s Jdently effects of domage om the project oporgtivn

» Diesornbe any smerpsndy aciion fequired o malstsin desm sefely or restore
noenst nperation.,

Damage o mwchanical and slectical equprent including, e ool Bmited fo gales,
valves, piping, trashracks, mechunionl squipmeng (e, motds, goneratorsy and sup-
porting souipment sech ax fael tanks, batteres, dlection] substnions snd cquipment:

b

» {dentfy snddescribe the docition and nature of the damage 1o the above-listed
fanifitien, the mode of failure and the possible causes.

» Jdeptify effects of domage on project operations.

» Diesoribe any smsrgoncy sctions reguied o maintan pregtet safedy orrestoss
aovrinal Operalions.

B Note: If no damage occurred to the appurtenant structures and
sguinment, this salisfactory perfortmancs should be documented,

Post-Earthaquabke Actions - hnmedintely following the eurthguske or the postavent
inspection, the dam dwoer may be soguied 10 Gke sgoificont setions relaled o the
syfety of the dum andlor downsirsen populations,  These setions should be dog-

mentad. They twlude, bot are oot necessetly Heedted o

# drawdown of the weservolr,
= follow-up inspections and moniioring,
»  ginergenty repalng, and

+ implemestason of anedpeney proveduns, i any, aod the rosnlis of thos
procedires,

-1
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Sudtion B-Setemic Evars

8.5 Follow-Up At the appropriate tme, when sdditional information and the reealls of post-avent
Heporls Investigations andfor repairs have been sompleted, ploase Forwand repordsd andfor

other appropriste dicumentation covering the fllowing toples:

& Hesommendabions mads by stalo segulsiory officials oroutsides consultans fiw
follow-op nvestigations,

# Procewed sbong-motion reconds, 3 not available with the mitial transmitial of
it

« Feporis thay doowment pust-carhqueke analyses of the dam response 6 the
sarthguake (Held or borstory tosiyand anabytioal studies)

« Dogumenietive of revistons required to the design of the dam or appurenam
stractures, of o mergency eperating provedures or other aipects, 5w nsult
of the avent,

+ Information {repodts, pluss snd specifications, publishid articles) concerning
proieet -damsge inowrred, modiflostions moguired 1o the dan and appocienast
structurs, sad related repadr cosls resulting Trom the offects of the sathouakes,

=

» Reoports on the response of e dam or appurtenent siruttuns instpmentation
(other than strong-motion soordings) o the sathguake

Hefer 1o Subsecton 3.4 ad Table 3-2 for general goidance ob follow-up mfonmation
that should be mported by the DHFR
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. Guidelines for Cooperation

Appendix |

An excerpt from “A Role for Risk Assessment in Dam Safety
Management,” by D.5. Bowles, L.R. Anderson, and T.F. Glover in
Proceedings of the 3rd International Conference HydroPower '97, Trondheim,
Norway, June 30 - July 2, 1997.
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Proveedings of the Jrd Tnternstions! Conlivsme WYDROPOWER 87, Troadbeim, Norway, S 8« Jule 2, 1997
A role for risk assessment in dam safety management

Lirak Woter Besearch Laboratory, Tiah Stare Untversine, US54,

LR, Anderson
Departmens of Civil and Erviranerental Enginsering, Utoh Siare University, U84

TF Glovsy
Dieparisment of Econoics, Utak State University, US4,

ABSTRACT: Inthis paper we examine varfons factors which have lead 10 the treod for using the
risk based appoach Yo support dem safety decision weldog. The relationship between the ssedards
bagerd and rigk based approsches 18 roviewed. Dam safory wenagement 15 cast in the contexy of
comprehensive sk menagement. The Importance of defining the decision provess, the role of
decision eriteria, and the Tnvelversent of owners sud stakeholder tn 2 “decistondriven™ and staged
risk assessment process i3 prosented. The role of risk assessant In short term {emergency) dam

safery decisions 13 addrassad, in addition 1o long o deciaons on mesting exirems avents.

1 BNTRODUCTION

Bisk sssessment 5 sgll g relatively new
approach 1w the eld of darm safety evaluation
and decision muking.  When propeely
comdusied I can provide valuable mfirmarion
which may not otherwise be available from
sopventional  approsches. Cuantitative
exzmples mchude: estimated probabilines of
dam fzilurs and the conseguences of fhihoe;
and estimates of ek reduction for vadous
stuctural and nop-seoctural rehebilitation
alternatives.  In addidon, the posess of
condneting a risk assessment can provide
gualitative bepefits such as insights into the
relatve Dpportance of various failare modes
and Ioading types and ranges, and the potental
valne  of additional anelyses or feld
investigatons. Buen for bigh hagard dams,
where tolemble risk considerations may lead
w the adoption of “worst case™ design

fevalumtion) evems, the syvoemage sk
assessnent provess can be usefnl gs 2 guality
assurancs tool for idemifving risk reduction
options In e desien of rehabilitation
WeARures, mojerl operalion. of Smergency
action plaming,  Alse, the open display of
information obtained from a risk assessment
can be g very uselid mesns of cogveying te
pelications of highly technival toses 0 non-
techrdcal pwners aod to the geperl publie,
Diam safety management 16 imripsically 2
problern in risk management and decimon
making under tncertainty. In the past we have
ended 1o view doo safery ss primarly an
goginesring problems.  In many couniries
enpineering standards approaches are leading
w mguirements for very costly temedial
misasures of existing dams. As aoresult, the
underiving foundations for these standands ave
being  exapioed and  dsk assessmond
approaches wre being adopted t made explicht
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tradeotds of disks, costs, and benefies. This
teads us w ask the following questions. Are
the standards based and risk based approaches
ncompatible?  What Is diiving the wend
wowards tisk based approaches? How should
rizk assessmment spproaches it into the broad
Tramework of dam safery devision malkiog in
a world in which regulations sre becoming
tess presoriprive, dares are being moved Hom
public o private rosponsibility, there 1
goovwing competition for Soanciel mesowess,
and the pubic is becoming more ask averse
amd wanty 1o be more involved In decisions
which affect theiv well being®

In this peper we seck to addeess these
guesrions based on the current state-nfethe-
practive v dare safery rish assessment and our
expetiencs in performing such assessment for
public and private seowor clienss in the USA
and other countries. For a discussion of risk
assesmment provedores and several cass
studivy the inderssted render s dbected w
Bowles (1990}

MANAGEMENT

As dam safery evalnadon &5 to dam satery
managernent, S0 s vk assessmnt to risk
mansgement. A comprehensive dam safety
sk wmoagement program should include
wamy other components in additdon to risk
assessment for evaluating exixdog dam sefety
and aliernatve remedial actons. These oher
components should fnclude the followiag

1. Provision of an appropristely designed.
well mabmained, aud repularly dxercised
SSTPSneY WEInmE Sysimn and emergency
action plag,

% A comprebensive monitoring aod
surveiliance program with clesr assigmment of
msponsibilities for timely review and follow-

wp on collected data and mpons.

3. A well usined  opestions and
maintenance stafl

4. A well planned, adeguately imded, und
properly executed mainienance program.

5. Roudre inspections snd pedodic in-
depth fnspestions and comprehensive dam
safitv reviews and updates of auy meviously
couducied dsk assessments that are belog
refiad upon for dam safery decisions.

6, An effentive public consduation
PLOSTAT.

Al of thess e Imporamt terselated
somponents  Ine a  comprehensive  1isk
menagement progeam for any high bezerd
dam.  Fach 15 necessary for the propsr
exercize of duty of care of the owosr sd sach
should play & conndinagted rle fn managing
darmn safety risks. A Gagmentary approach 1o
dam  sefety management oan dead W
sverlooking the boplcetons of Information
bedd in other progrem oompensnts. Dens are
tntegral smuctures and thelr safety should be
rmnaged dn 2 holiste marmer (Persow 18840,

The on-going aspests of & comprehensre
dam safely program, such a8 monftoring and
sorveillance, should play an boportant and
complementary  wole w0 peredie
comprehensive dam safety reviews. Netther
the endineering analysis wols that are used In

these reviews nor the mositoring end

surveillence  programs  provide  perfectly
accuvaie or complete insights it dam
performenee (Fapelll 1992}, Anslysis 1o0ls
are based on idemliesd tepresentariens of
st vely on estimates of materials properties
and postulated  Joading  conditions.
Momitring  snd  survsilance of  actosl
performance san be buportu  verifying the
results of theoretical soalvses. They e also
provide valusble informagon where no
spalysis tools eurently exist.  However
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monitoring and sorveillance cansot always
directly measwre or observe the pammelsrs
which are of divect mportance, and it kes
fime and expartise o make iuterpretations.
Axnatysis tools most often be used as past of

- the Interpretation process for monitering data,
g for predicting the Heits of spcepnble
behavior  against which  satisfhowry
pexfbrsnce Is judged. Thus i an oversll o
mamsgement . pogram both onegoing
observations and on-golne  analvis s
mnportant for developing confidenee that 2
darn 15, v is oy perfieming seisfuctonily.
Ohbservations aud analyses complement each
gther, and neither can be entively substinned
$ior the other,

Iois wormal  peactice o perform
comprehensive  dam safery reviews
approximately every five ears oD
19873, In pary, the purpose of such reviews 15
w assess the effecwy on daom selery of aoy
chanzes in technical standards or the stae-of-
thevart, B s risk based approach is sdopted, the
risk assessment should be updated a8 parr of
the m}mgruhmm@ review. Any cheages 1o
sk sweessment inputs, such ay losding
sonditions, faotrs that would affecy predieted
performenue of the dam, the sonseguences of
failure, or other operstiona] oulcoroes should
be apdmed, In this wey g sk sssessmenr
becomes 4 “Tiving dooument™ which san be
wsed by decimon mekers o periodivally
reassess thelr curTent dunry o care position m
fight of of o bosiness consideations,
gynlving mmmmn} values, snd other factors

[REND TOWARD RISK BASED
APPROACH

Interest in the potential for applying risk based
approashes o dem safery decision mﬁiﬁnw b
aceelerated in the lest tee decsdes. An

inerensing gumber of organizadons have
begom 1o routinely use rigk based sppmanhes
in dam safery svaluadon These pow elude
the TS, Burean of Reclamation (Von Thun
aned Boart 19963, the Government of Bouth
Afrdeas (Ousthudzen et oal 1881, e
owvernment of the Netberlands (CUIR 1990y,
various Australisg dem owners and regolutors
{SMECRALC 1993}, snd B.C. Hydro (1993},
Many other orpanizadons are acotively
sonsidering vsing the risk based approsch.

Some faoors which have lesd fo the
increasing use of risk based approsches aee
sommon 1o dam owners and operatig i
different  countries. They  inelude te
llowing

1. The sheense of functivnsd features,
which are now considered o be the staeof-
theeart in dam deslon, by which were oot
incornornted in many existing dams {on
dowpstream ey I ecbackments @
dissipate pure pressure in the ovent of
,szig,niﬁmm sEepage).

The greater maguimde of sxreme
{*@ﬁm pase’ svalustion (design) food and
carthquake evears {Le PMF and MCE,
respertively), which are prescribed using
todey’s standards based epproaches, compared
with those for which existing dams werg
Sesionsd, or are capable of accommodationg,

3. The high cost of voreming stae-of-the-
art and exiveme ovent “defioiencies”, which
has lead to questions the Tustification for the
sandsrds, ocost  effectiveness, wnd dwe
diligence from a legal and overall business
perspestive.

When eonsidering the need for remedial
wirks e adidress siate-piabs-ant
“deficiencies”™ under 4 risk based approach,
the poal should be w confidentdy predict that
range of loading conditfons. Batisfhstory
performepee can be defined using tolerable
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visk oriteria such zs those sumpmarized in
Section &,

One of the following four outeommes could
result from g ik based svaloation of a
existing dem with state-ofthe-a and exrems
svent “deficiencies™

1. Acvept the oawming dam, without

modification, 1f 1 can be demonstrmed, with

sufficient confidesce, that the existing dam
can be sxpected to perfonm satisficronly, even
thougds It might not mest curens standands.

2. Modify the existing dam, 5o thet the
modified dam would be expeoted o perform
satisfactorily, with enfficient confidence, b
s ﬂmmwiy o fopred gtandands,

b Rewmove and reconstrust the s;iw’" m
m m rew damn would be expected
perform satisfhoorily,  with S&sﬁmmﬁ
carecfiderecs, aod roeet curvent stendlends,

&, Decornmission the dam so that it uo
longer poses w duoew o dowusieam
popularions e risk

The costs and risks associated with the
drastic action of removing an existing dam
smd  reoonstrusting B owould often b
waccepiably large, and the vesulting benefin
gk be q‘m*mﬁabiw o Mm Ty prove.
Mevertheless, o sonme cases this may be the
only way o aclueve the goal of satishowry
predicied - performsuce  with  sufficien
confidenos.

Satisfecwory perfbrmance vader losding
condiions  that are within the wmnge
gxperienced af wn existing dam, may be
demrnstrated. through e combmation of
mondieing,  swveillance, and engineering
analvsis. For ednome Hoods, sarthonsles, and
statie loading conditions, which are omside of
the range thay has been experienced since &
dere was copstucted, the sole wse of
momitoring and surveillance w detnonsivgs
satisfactory  porformanne v problemetic.
However, wmsting of material properfiss,

B

striwtural and swbility analyses, and the
wranster of sxperence from stoiler dams san
all be wsed W predicr performance uoder
sxtrene i’mdimz mmﬁfmm
pmmﬁﬁm wan often bvz-: mmwﬂ wztﬁ
ackditional testing, monioning, sod anelysis.
Risk based approsches focns on pradicting
dam perfrmence and the condidence {or
snoerininty) sssociated with these predictions.
I contast, the sole wse of naditionsl
approsches smphesires factors of safery and
compliance with standerds provides only
vague ndicadoms of the level of confidence
Har in being sttained in sobieving satisfactony
performsnes. Thus It b seldom slear if the
level of confidence {s unjustifiably excessive
or undestrably smatl

The megritdes of extreme gvaloation
svents have Inuressed pver the past fow
deeadex for varous resson, welnding the
Followingg

1. The “unknowable” petors of worst case
gvents.

2. Changing methodologies which tend 1o

produce increasiagly more  conservative
&&ﬁﬁﬁ oyeETilE.

A0 Diffieuly o deteomining the
plansibility of combinations of contthuting
facrors wsed 1o celeulate worst cage gvnnns
{eg very small loss sates coinciding with
worst case precipitation to define a probable
wstsiron Hood event).

4. The tendency $or design professionsls 0
favor more conservarive definfions of worst
LRSE EVEIS,

5. An improved undersandiog of the
poiential for inadequare performance of dams
and their foumdarions under dypanic selsmic
toads, ' "

gmy v of fovusd 5§ darn salery spdies
o xwm case sesnarios is thar deficiencies
gssociated with lower magoimds, more
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frequenty ocrurng, loading conditions, may
be ghven too Hile altention. Thus, by foousing

on the wost walikely facdon of ooe pereent of

the event magnitodes, ong might overlook the
e of evemis which are moch more lkely w
case fadlure of an existing dam. Ap seample
would be focusing oo the capability of &
spillweay o cope with & PMF while
defichensies under stalie (water) loads ars
giver Hitle attention.

4 BTANDARDE ¥
APPROACHES

RISK.  BASED

Wiz nse the term, “standards based approngh™,
o refer 1o the spprosch o design and
evaluatdon of dums s which a satisfactory
safery condidon is defuwd by either a)
compliance with prescribed  pocformance

measimes or loeding conditions; or ) use of

the curent stwe-oftheant {or pmctics),
meaming the penerally acospled preseu-day
a;:mm“a:h 1o dem design, evaluaddon, and
eomstraedon

The term, “risk based approas $7, i wsed
woreler o the approach o desien and
evalpation of dams in which an sooeptable
safety coudition is defined ustng infurmation
provided from a oisk assessment and other
desimon  loputs. Risk sssessment is 2
sesternatic process, wherein experionced dams
engineering professionals, provide decision
maker(s) with estimates of the risks ad
assocized uncertaintes of system responses,
outomes,  wd  consequences,  which
charsciorize the performance of an existiog
s s vimdous vemedial avtion altemarives,
wler g fall range of londing conditions.

It mishy appear that the choite bepween 2
sandards based v 2 rizk based approach s
betwesn a “clear vt stundards spproack, aod
a ik based approsch which might lead w the

sceeplance of a higher dsk of Bilure than
wonld be the case under the  standards
approach.  However, a standerds based
approsch 1% not mcmmﬂv A% chear s as Iy
righe Hrst appesr. For example, under the
standards  based  spprosch  professions
opinions 2nd poactice can vary over the
seleenon of appropriate design oriteda, A&
standands based approach does not ensme 2
“pero ik solution 1o a dam salety coneern.
Furthermore, 2 standards based approuch
frvolves “blind” risk gadentfs whersas these
wedeolls can be made wore explicit ynder the
risk based spprosch, Wa purely standards
based spproach s weed, it s wolikely that the
fptied sk tedeoffs will be undersiood by
the decision makers, thelr rechuical acdvisors,
other stakeholders, and thebr legal and
finmedal advisors. To conrasy, a pwoperly
copducted  and well communicated sk
azsessment can be sepected o provide all
pertize with weluble understanding and
insigins bt these potendal nsk madenfls. In
addivion, risk assessment can be axpected w
provider & basis for priordtizing remedial
works, 4 clesrer pichore of the poternial
benefits of non-sractizal IEHSUTES, stch 28
smergeney waming systetns; and ¢ bagis for
deciding on teppomry operating restrictions.

In some cases the ourcome of a sk
agsessment could he a decision W adopt
standards based desipn eriieda. In fact, the
standaxds based approach can be thought of s
2 prescribed point on s continuur of dilfferer
performancs steadards or design fevaluation}
loading conditions. The dsk based approach
san be peadily psed to sxaming @ mage of
these performance weasures o losding
conditions 1o evahmie the offesss o
j{‘ﬁti}fx}“}‘i??'ﬁ?’* ESRNISI0ES, COBt ef TR vEness,
and due dilisence, of deviadng from the
stamdards based spproach. Dn this way the risk
hased approach can be nsed o explore the
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spproptinieoess of 2 standeds besed
ﬁg}pm& Bole use of ¢ sondards based
approach without vsk psessment con lesd fo
the adoption of design orterta which nught be
unfusifiably comservative or lax for a2
partonlar dam
© . Therelsan wyumf difference betwesn
Khﬁt wazy in which the steodards and risk based
approaches treat mf erent worst case ovet
estimares. The standards based approach teads

siakeholders, fo provide infoonation inpats
thiat will be vsafil a1 each sage in te process,
aud on an apreed-upon schedule.  The
Wationed Research Counell (1995) refers o
this type of approach w sk assessment as
“deision driven™. Adopting such an approack
witl provide a basis for spproprigie and
i fiable Hmits on the level and detsil of risk
sssessnent efforte. This is mmporia sioee
thers i virmally oo end o the amount of

o wear  less conservalive and  mom effort which conld be pug into 2 detailed vsk
conerealive mtimares of evabetion evens pesessnent. & ix therclore Lmportanl o

without recopnition thay they differ in fhelr
Whelibood of vomuring. In the risk based
spprosch smaller probabiliges of soomrenes
{aomual sxcesdence probebilities) cen be

temember that risk assessment should becore
an end in ielf the end should be = quality,
well cormmmmicated end highly definaible dam
safety decision.

associated with rore conservative estimates Inelearly definiog the decision process the
of extreme evens. In this way, risk sssessent following s:;nmm s should be addressed:

ihin which
defferences in the degree of conservalism in
ewtrenne svent estimaies can be socountesd for
in selecting and Juuifving au evalmation avent
for & pardewdar dam. This van be dong using
the joint probability diswibaion for the
poomrence of varons conibmting frctors
which define sn evalvation event (eug. nftsl
reservodr lovel and snecedent motsture levels
for a food even). Balso provides o means for
guantifying the uneertaintes thet exist
defining worst case event sceparies.  Other
benefits of using & xisk based approach any
presented fn Bowles (19960 and Bowles
{18873,

mﬁmém a  Fomewink ow

5 ﬁﬁ%%{} THE DECISION '?R{}'CEE&%

Bt our eperience 1 s important w clearly
define the decision process that will be used o
make 5 Jdam safmy decision. Tdeslly s
should be done before g risk assessment Is
cunntenced s that the dsk assessooent san be

1. Whe are the decision makers?

3. What will be fhe mole for comumunity
somsudvation sod for the various sakeholders
in the decision provess?

5. What desision oriteria will he used by
the decision makers? This should inslude an
evalustion of the ertire formework in which
the damn safery decision will be made
inghading regulutory, Jegal, finenciel, buminess,
sconpmiy, environmenal, social, and other
considessiions.

4 Whar information from risk agsessin
meeded by the decision mokers mﬁ
takeholders Sronghour the decision prooess?

g T u‘

99,

& DECISION CRIVERIA

Various criteria van be usefud 1o judie vesudts
Froen sk wssessiment when 2 long term dem
safaty decision (Bowles 1996z) is to be made
{for a short term decisions see Section 9
They inchude e safety, sconomic, and other
types of criterin. Care must he wmhen that the

designed, i consultion  with  the selectod oriteria sre consisient with the dam
&
Attachment F
| Page 222 of 230
Sierra Club v. EPA 18¢v3472 NDCA Tier 10

ED_002061_00172725-00222



» Go . Table of Contents

safery decision famework and thay they serve
the dam safety decision process which is
identified atthe ouser of the risk sssessment
{see Section 3). A search for misrnationally
applicable dam safisty sk eviteria could result
in eriteriaowiich do not serve all dam owiners
i Al comntries coqually well, Ths
partouiarly e i as ds odlen the casewith a
striot standards spproach (0 acoommodating
exweme evins, the Tocus &3 o seleciing snd
meeting @ enterion, rather than priovitizing 2
sepence of risk reduction messures, giving
consideration wthe cost effectivensss of cacl
ERSITE.

Life sefbty s slwayy an Duportant
comsideration. 1 can be ovaluated using hoth
suctetad and Individual wiemble dsk oriteny
such a5 those in the ANCOLD (1964
Gridelines on Risk Assessment and by B
Fydeo (1993Y, Sosieta] eriteria are commonly
expressed ms BN ouress of ommulative
frequency, F, of i loss exeeeding varions
magnitades, M. T oprovides & meany of
judging the scale of potential e loss fram
individus filure modes, or combinations of
farture modes, for e single dam. Ovessll Kig
o cun also be evaloaiod ageingt an expected
armual B loss orivecdon as I UBBR (1897
In either cage s sl boportant to evaluate
individoal ife sefory  crireria to pssess the
potertial for individuals o be oxcessively
wxposed tothe risk of dap fathoe.

Poblic aod priveie investroents e
typically evaluated apaingt 2 bunefiveost or
vade of renom oriterdon. Dem safety projects
seldom falr well i sunh evaluations because
the probability of filore i5 ofien small and
thus the expected benefits are very small
relative 1o the ceradn nvestment of capital
and memicosnce fmds, (Out of nwwe than
sevenyy dam sefery risk assesswoents thar we
have completed woly ome bas shown 2
henelidcont  ratio  gremter  than  wmiy.

wd

Beoefiveost ratios could be ineoeased by
adding & wvalue for hupsn e o the
sssessrnerd of benefits, However, we fesl thar
this ralses serfous ethicd apd worad Bsues and
we do not meommend such sn spproach W
evaluating the benefits of increased public

W bave found that 2 nseful spproach o
considering the benefits of lncreased public
safety is o evaluate the cow effectivencss of
struenral and nov-grucheal aliematives. This
can be doue by caloulating @ costger-lifie
saved for each alterpafive and comparing
these with similar sosts for other fecilites
Hich expose the public to sk of e loss,
By parsoing alteratives with costsperdife
saved which are less than those in these other
felds, an owser is & legst being consistery
with the extent w which these other feld
wvest in public safety,  Core must be
exereised in selecting fields in which risks are
trilar in neture e those created by dams.
The 113, Office of Management zad Budse
(OB 19925 arund thet the cost ofizctiveness
spproach 5 2 "seasible”™ way o jusiily the
investnent of feders] government dollars, or
private funds as the resalt of regulations, in
public health and safery messures.

Cost effectivencss messores can also
provide o very usefil besis for prionitizeg
darm safery vestments such thay those which
are expected W oresult in the  grestem
reductions In risk for 2 ghven Tevel ol availeble
funding sre undertaken first  When this
approsch 5 applied 1o a portfolio of dams 1t
should maximize te me of (public) dsk
veducton 1o which the dam owoer 18 sxposed.
Tepically one can expect ther such an
approsach W priodtzation will lead 1o 8 bhgh
priovity befog given ip o dam safety progoam
w implementation of sarly warming Svstem
(EWS).  In this cese BEWSs would not
pecessarily he msed ss n subsinoe for
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structural options, butas an sarly and tvpically
very cost effective step in improving public
safety. I stroctun] messures are subseguently
mnplemented, oo EWS might be retatned as a
supplement to structarsl messures.

o sdditfon to thess life safery and
economic oriteria, considention should be
goven to fnancial, basioess, legal, and other
factors  whith the owner and  oths
stakeholders mnst ke tnio acooum to their
decision process.  This should nclude an
appropriae role for pomounity consuliation in
the overall decision process so that the dam
owner mests s social respousibilites as well
a5 U5 business objectves and repulatory
IS,

7 STAGED AFPROACH TO RIBK
ABGESEMENT

Mok of the wfrmion nesded to parform s

‘misk assessment s commonly developed o the

course of 8 waditonal perdodic comprehensive
g safety review, However, some sdlditfons]
work s always regquired o provide the
necessary inpet for a risk sssessment, The
apount of addivonsl work depends v the
soope and  level of detdl of the nsk

In conventional snpineering analysis 1 1s
ORI praciice to selent  passmeters
somservatively. o performing these anslyses
to provide inputs to sk assessment, it is
wsually desivable w0 rorun these analvess using
best estimates of parameters w obzin realizte
performemes predicdons.  Alse, I may be
usefol 1o ardalyee seps, perdally failed sections
o the case of progressive Salure mechanisms
thar would be ewpected o result from
foundation Hgeefacdon, for cwmmple. In
adididon, sensitivity analvses using ranges of
wvalues for kev input perameters, cap provide

valuable nformarion upon which to base dsk
sssessment mpuds and  judeements thee
experienced engineers are expected 1w make in
condneiing risk sssessments,

We advooste using a staged approack 1o
risk assessment. Under this approach, Taer
mere detatled steges are performed oaly i
warranted by the potential value added to the
denn safety decision making process theough
reductions in the level of uncermingy in sk
gasgssinent outputs. More detslled singes of
tisk assessment usually reguire thet mors
detatied mpuns be obiedosd from additionsl
field Investigations, testing, or ongineering
analyses,  Before proceeding with a more
detailed risk assesoment, the st cost thet &t
will smtail  should be woighed ageinst the
supecied fmprovemens i the quality of the
decision thar i to be made using rsk
sxsesmnant cupaits. This another sxarople of
making dam  safety risk assessment 2
“decision debven” antivity,

g OWNER AND
INVOLVEMENT

STAKEHOLDER

We have had direct sxperience with involing
wattr users  groups, tegulalors,  OWDers,
gperators, legal advisors, sepior manapement,
and politiclens i the dam safery decision
process using tisk assesgment. 8o far ow
mvolverent with compmumity groups hes been
mainly through owr ciems.  However, we
have foumd ther i most cases the
wnderstanding provided by the svstematic sod
iransparent risk assessment process has been
acclaimed by all parties. In our sxpericnce it
has been fmportant to involve these grouns
shroughowr the process and oot just o a
poesentation of & fial repore. Such a provess
of sootousl  ovolvement presends
communications challenges amd one must be
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caretl o presenting  peeldnary  risk
assesgment wsults o fey ewdhienies

Credibillty can be shaken f stenificant

changes acour in These results in ler stages of
the yisk sssessment. O course simila
difficoltios can exist with 2 ganderds based
approach i sonclusion based on prelimingy
amalyses are made public and sienificantly
Cdiffersnt conclusions are relessed  afier
atdditional analyses are completed. The open
and bonest communicstion of uncertainges is
bbby recommended. Also s recommended
that the technicsd risk sssessment team enlist
the  wmssistance  of  expers o wsk
commmeation and eomrtunity cousudtation.
Where they exdst, cornmunity consultation
requirements  comtsined in envircnmentsl
Toppast assessment processes mizht be nsed w
provide for comumunity consuliztion in dam
safery decison muking, However, care shoddd
b tahosn w0 avoid diheting dam safeyy ssuss.
We have mpestedly found that # Is
difficnly for loy people. and In meny cases
wechmeal penple. to have a holistic end
balanced perspective on dam saisy ssues
when & purely standards based approsch is
approach ofien masks the true navars of deam
safery memagemens which is nminsically 2
problem in risk management and decision
making under uncertainty. When a standards
approach 15 used, there i3 & danger of
mislending the public oo thinking that the
adoption of  smoderds  based  design
{evaluation) wrieds will provide sbsolute
protection agatnst the risk of dem failure (e
zevoisky. This is obvieusly false and the fact
ther damg that bave been bullt w meets
standards have failed proves the polot. Even
though following & risk based approach
presents chellenges tn risk compumication, we
have found the the sddidons] effort iz well
worthwhile considering the benefits of sharing

w

& more complete and hovest pictme of the tue
risks and uocertainties that are lnextricably
assoctured with dem safery decisions. This
has besn repestedly bome ot by cliont
testironials such s Walte {1985,

3 LONG TERM AN
DECISIONS

3 BHORT TERM

D safety nisk assessments have most
zommonty been conductad o provids mpus
o long twom decisions on the level apd

extrome events. Risk asvessment can also be
used o provide usefid Inpwts to short term
depisions, eluding emergencies and the need
for reservolr oporatips sestrictions  {for
sxample, USBR 1998 Three time frames

van be distingnished for such decistons:

1. Priorto comstrection of remedial widks;

2. During comstruction of sach phase of
rermedizd wodks; and

3. AL the completion of ssch phase of
remedial works,

The cutenme of these short term deisions
can be used to esipblish reservolr Jewel
resirietions during each phase of remedal
work, and perbaps the fiming of the works
with respect to seasoned reservolr inflows, At
the completion of sach phase of remedial
works, Tisk assessment can be wsed 10 provide
inpis o the decision to allow increased
wservoir levels oz 2 vesulr of the sddidonal
margin of safety added by those remedial
works.

I tong tenn decision applicatons of nsk
assesgroent the emphesis i on balancing risks,
eosts and bepefis over « long period of tme
when selesting an appropriare level of
oooteetion apaing extreme events,  When
using risk assessment b support of short ter
decisions the concern §s for the immanent

Wt

Attachment F
Page 225 of 230

Sierra Club v. EPA 18cv3472 NDCA ED_002061_00172725-00225

Tier 10



3o to Table of Contents

development of g failwe condition. In this
case the long term tme Bame cannot be
counied on for balaseing risks, costs and
benefits,  We suggest thar when wed in
support of shornt trwm decisions, sk
assessrpent should be used for the following
PRINERY pUrposes;

L To identify the relative risk (ikelihond
and consaguences) of potentially brumansnt
fathure modes; and

2. To reduee the risk of each Sihoe mode
through 2} ranegement amions (2.9, (eRervoir
operating restrictions, smergenny repairs); b)
fmproved detection of worsened conditions
that could lead v failore; o) contingency
plancing covering all aspeets of the owner’s
responsibilities, lncluding the decision and
notification steps that lead o inipating =
downstresm evacuation; and ) coordinetion
of contiogency plaoning with the losal
sthorities who are responsible for evactadon,

It mus be swessed thar the wee of sk

making cmergeney relesses.

5. Assessment of the adequacy of warning
time and ways © increase wanting toe and
it relabiiny,

10 CONCLUBIONS

We have stated thet the true setwe of dam
safety management is intvinsically 2 problem
i risk menageroent and decision making
wder weertainty.  Ip g woerdd o which
regulations are bocotming less presoriptive,
dams are being moved fom public o private
responsibilivy, thers Is growing compelition
for Hoancial resources, and the pubic is
beroming wore wisk averse and wants to be
more fpvolved in decisions which affect thetr
well being, the ponthmous risk managsroent
frampwerk con provide 2 vedoable approach
meeting  these  challenges. The risk
menagement appeoach should teat dams s

assessroent in support of short teom decisions wtegral suctures whose safety should be
st not delay tking immediale smerpency managed i a holiste manser. It should alse
acton, when such action is prodent asd ke Inte secount the uncertaintes which exist

nevessary. However, we belizve that, aven
when mmediate action has been wken, risk
assesmment cun be used 1o help guide the one
gorng Jecision prowess. Benelits of dis wse of
visk assessment in this shor tenm context
include the following:

1. Understanding of the development of
svent  sequences  which wmighy lead w
fenanent failbere,

2. Asmessroent of the need for additional

ax 2 result of the current Hmitations In owr
papabilities 1o predict and monbor dam
performance,

Risk assessrment is g component of the sk
managernesy epproach. Ir oprovides the
opportunity for engineering inpuls o be
comsidered song side the many other factors
that owners and others st consider when
meking dam  sefety decisions. o oow
euperiznoe 1t is mportant v cleady define the

imstrmmestation o identify changed devision provess that will be used. Adopting
sonditions. a “decision drfven”™ approsch to risk

5. Memification of oiticdd values of assessment will provide a busis for appropriate
performeanes  paoamsters for loitiating and justifiable Bodts on the level and detall of

- additiona] fpvestigarion o wmergeney aetion.

4. Assessment of the benefits of varlous
short term sesions such as reducing reservolr
levels, or improving response tmes for

risk assessment efforts with the gosl of
resching 2 guality, well communicatad and
highly defensibie dam safety deciston.
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I some sipations the fiunds nesded to
et exhreme evert standards simply de oot
exist. in many other tases reliance on & purely
standards based approach does oot provide
adeuete justification to comvinee lav denision
makers of the need to meet these stendards
apd 2 “sialomete™ hes resulted. We do not

argue with the desirability, and even the
mecessity, of meeting exireme event standards
in ey cases, However, we ohserve so many
cases In different conmiries, in which o sk
vedustion has been mm;gﬁ shed gven though

it is well recognized thet standards are 0ot
betng mer. We sugeest it lnonary cases ihﬁ
foros should be oo Mentifving and jusifiving
the vext most cost effective sk reduction
steps rarher than waiting 1o meel an exireme
svent standard,  In addition, comecting forall
stte-ofthe-art  “deficlencies™ i often
Mg%(:&iﬁﬁ mﬁi 'mu:é‘t he mﬁm&»d }w 'zi:k

T}z** imm mihsreven Whm axgxfmm: %@&a
are corrpleted 1o mest staddards, = dam may
rerosin. mmch  more & sk o the
malfunctioning  of  pate  sysiems, w©
inadeguately wained operstors, or w0 the
ahsenoe of a2 properly maintzived sardy
warning systen, than ¥t was to undercapacity
of & spillway, for sxample. OF cowrse sath
case st e Individoally evalvarsd, sod as we
have sought to caphasize, In some cases
standards based solutions will be justfied
When properly implemenied, risk sssessment
can serve as a2 valuable tool within 2
comprebensive visk memagsment Sumework
" for etfestive dam safety mansgement. We
forther suggest thar sush & comprehensive aod
mmmm ?gymémh in necessary for the
e :mwm of duty of cars of 8 A owner
gmi o assist iy mesting due diligeoee.

i1
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Guidelines for Cooperation
with the

Alaska [

n Safety Program

Appendix J
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